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in the execution of such projects [Vieira 1984; Brasil
sd.). This chapter introduces some objective data
on this question

The problem is not new —neither in Brazil nor
in the rest of the world. Since the 1950s, planning
and political decisions in other countrics have
sought to establish the real ecological implications
of dams. In the United § as
specific characteristics (Legore 1984]; in Canada,
others (Effer 1984), which in turn differ from the

of Xingu Dams

Introduction

HE CONSTRUCTION OF & system of dams on the
Xingu River (Eletrobras and CENEC 1980) will
mean important alterations in the levels of the
area’s terrestrial and aquatic ecosystems - one

of the most complex (Golley 1983], least known
and studied (Halle et al. 1978), and most threatened
on the planet (Caufield 1984; USA NASA 1985)
The sum of the average discharges of the Danube,
Po, Rhine, Nile, Loire, Seinc, and Ebro rivers
represents approximately the average discharge of
the Xingu. In these circumstances, the building of
a system of dams-— 1l as the resulting
ecological impact in terms of area flooded, altera-
tions in the hydrological behavior of the river
downstream, and the development of economic ac-
tivities inherent to construction—will bave a
crucial effect on the future functioning of these
systems.

Ecological impacts are unavoidable in the con-
struction of any dam, although its negative effects
are frequently presented after the fact as un-
foreseeable when in reality they were merely un
foreseen. In Brazil, the procedures currently util-
ized to measure the ecological impact of develop-
ment projects arc still little developed, and the per
tinent legislation is insufficient. In view of this
situation, legitimate concerns have been voiced not
only from all segments of Brazilian socicty but also
from around the world: that the ecological dimen-
sion in dam construction is belittled and insuffi-
ciently treated. This concern is justificd; the situa-
tion brings together, on the one hand, a large-scale
projcct in an complex and little-k

es of the European Economic Communi-
ty (Lee and Wood 1984). But there are major points
of convergence. Our concern is not to condemn or
justify a system or proposed project, but rather to
include an analysis of the dam's probable ecological
impact relative to the projects decision and
execution — the same as you would include analyses
of cconomic, social, and financial impact. This pro-
cess allows, through adequate scientific methods,
4 detailed and precise dimension to the conflict ex-
isting between wtilizing and conserving natural
resources. It is what is called the evaluation of
ecological impact (Canter 1984), or environmen-
tal impact, as some authors term it
The term environmental suggests several reflec-
tions on the ambiguity and use to which this term
has been put. For ccologists, an environment
doesn't exist in strict terms, unless one clearly
defines one or several forms of adaptation. A single
of ccological ~ the
cutrophication of a lake due to problems of pollu-
tion, for example — has distinct meanings depend-
ing on the environment considered. For the fish, the
results are agic since algae proliferate in an almost
unlimited manner in the new context, to cite only
one example

MAN\‘ AUTHORS sAY that when the effects of
humans are added to the evaluation of ecological
impact, the study becomes environmental. The
main reason stems from the fact that the human
population bears characteristics completely distinct
from other animal populations, including its rela-
tionship to nature. A human-nature relationship
does not exist; it is, rather, a relationship among
humans through nature. In this sense, nature ought
t0 be considered as the obiect of social relations,
not as an end in itself. Every crisis in the use of
nature is simply a reflex of a crisis in social
relations.

In introducing “man” or “communities” into their
studies, the supposed environmental impact
assessments seek to have projects determined b
restricted social groups accepted. These groups
in nature an abiet capable of afrming,extending,

ce

region and, on the other, the tradition of state

an their own social position.
Preferably, these problems should be treated by
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will the decide on its execution

specialists in the areas of e

fology. It is not up to the ecologists to ven-
o et this eld, or, worse i, to provide their
services —consciously ot not—(0 such dangerous

ons (Miranda 1984

B ecss of assessment, whether it be in
North Americs, Europe, or Japan, has little or
nothing to do with what in Brazil is called the
Relatério de Impacto sobre o Meio Ambiente
(RIMA) (“Impact Report on the Environment”), €x-
tremely insufficient and limited in terms of clari-
fying the conflict in question, when it is duly
presented. The experience with the RIMAs com,
Pleted for other dams, above all in the north an
P ortheast regions of Brazil [Eletrobrds 1986, would
be even one more motive for concer in the case
of the Xingu River (Monosowski 1983; Schacffer
1986).

© the purposes of illustration, this chapter
br::gt togeiher some reflections on what would
effectively represent a process of ecological impact
assessment for a project such as that planned for
the Xingu River, werc it to be implanted in a
developed country (Edwards 1984) or even in cer-

In truth, it scems difficult to admit that a coun-
try such as Brazil, which makes a point of boasting
ta title of the eighth largest economy in the world,
cannot cmulate what is being done in this field in
Southeast Asia—above all, because this concern bas
been turned into one of the requirements for proj
ect financing (World Bank 1983). A recent issuc of
Science magazine addressed the changes in World
Bank policy in relation to the cavironmental ques-
tion, using as an example the case of the Brazilian
Amazon, where the impacts of development pro-
jects on ecology and indigenous populations «w:m:l
1986) are specifically considered (Magalhies anc
Hummel 1987). It is clear that the ccological im-
pact of the Xingu project (loan areas, construction
orks, containment dikes, roads, transmission
lines, etc.) is somewhat greater and more complex
than we address in this chapter. Here, through a
‘mall example, we seek first to illustrate the im-
portance of the ecological question, now and in the

future. In the second part of this chapter, we will
analyze the direct ecological impact of the lake to
be created on the several terrestrial and aquatic

in ions of the region by apply-

tain countries
We attempt to apply in this case the same methods
used in Thailand (Manual of NEB 1979].

AtLAND, 1 1975, the National Environmental
Quality Act (NEQA] created the Office of the Na-
tional Environmental Board (ONEB], more or less
the equivalent of what in Brazil would be the Na-
tional Council for the Environment Conamal
{Brasil 1984/86]. Thai law, howcves, establishes a
procedure for approval of environmental impact
Studies very differcnt from the Brazilian case [Brasil
1986), and shows that the ONEB has broad powers
of decision and regulation. In the case of en-
Vironmental problems, the analysis is done before
the projects are approved. The proponent initially
prepares the Terms of Reference (TOR), which con.
Tain specific requirements for that project. The TO

iS examined by the NEB (National Environmental
Board), connected to the ONEB, and must be ap-

vironmental impact assessment. In general, some
agency or institution with proper credentials
prepares the EIA, which will be approved or reject

by the NEB in 90 days. If rejected, the proponent
will revise the ELA on the points required and will
resubmit it to the NEB, which reexamines it \:mlun
30 days. As long as the project does not fulfill any
of the stages under the NEB's responsibility, it must
return to the preceding stage. If approved, the result
{s sent to the government, through the Parliamen:
tary Cabinet, whence it will proceed through the
National Economic and Social Development Board
and, from there, to the relevant ministries. Only
after the project passes through all of these stages

two loc:
ing part of an internationally wtilized and recog

12ed method: the Habitat Evaluation System
(HES) {US Army Corps of Engineers 1980). This
Study presents a numerical and cartographic
qualification and quantification of this impact on
the locales referred to and the principal conse
quences for the fauna of these habitats.

T conclusion, we will discuss some minimum
requirements that any Brazilian would certainly
‘gtee to—we live on one and the same planct, and
this dam affects one of its most delicate parts
Would that those responsible for the project and the
exceutors of the project also share them!

Methodological Aspects of Ecological Impact
Assessment for Dam Construction Projects
The parameters utilized internationally in assess-

ing dam projects’ impact on the environment are

well-established, perhaps better than for any other
Kind of projcct. The reason is simple: dams ang

their reservoirs profoundly alter the environment.
Their impacts are diffcrentiated in time, and they
affect distant regions, both upstream and

downstream from the site, in irreversible ways. To
such a degee it is standard in other countrics to
require, for the environmental question, a detail,
ing of the studics in stage A, which is only requires

at this level for other scgments in a later stage, stage
B. On the other hand, experience shows that in
those countries which duly conducted impact
studies, not only were the projects’ main objectives
ieved, but gains were made in energy produc-
tion, agricultural production, fiood control, water
supply, navigation, the quality of life of the popula-
tions, and so on—with a minimum of environmen-

1 losses

" bor humid tropical regions, cven Thailand offers

valid examples as initial points of reference. The
Pa Mong Optimization and Downstream Effects
Study, prepared by the Committee of Mekong in
1976, and the Environmental Study of Nam Pong
Dam and Reserwir Project of 1978, despite their
having been done more than 10 years ago, still have
great relevance to the Brazilian case. The fact s that
the dam and its reservoir, electrical production and
its transmission, and rural development inherent
10 the project ought to all be evaluated together
This impact assessment in countries such as
Thailand involves the physical resources (hydrology
of the surface waters, quality of the surface and sub-
surface waters, soils, geology, scismology, basin ero-
sion, sedimentation in the reservoirs and
tributaries, local climate, etc|, the ecological
resources (terrestrial and aquatic flora and vegeta
tion, terrestrial and aquatic faunal populas
population areas, fish, forests, aquatic biolog
the use values for the society (navigation, electrica
energy generation, water supply, irrigation, agro-
industry, mining, tourism,
aquaculture, agriculture, diversified use of lands,
roads, and railroads, ctc.], and the elements of im-
portance for the quality of life of the populations
{settlements, relocation of populations, archacolog

etc),

ical sites, public health, endemic diseases, nutri-
tion, historic and cultural aspects, etc.). It s in this
perspective that various countries have developed
ecological impact assessments for dams (Schorr
1984, Canter 1985; Canter et al. 1987). The
methods utilized, although diversified, converge
toward the same cnd. Given the limited scope of
this chapter, we will consider only one of these
methods.

One of the methods most utilized for assessing
impacts at the level of ecosystems and habitats to-
day is the Habitat Evaluation System (HES)
developed by the US Army Corps of Engineers
{1980). The basic phases for conducting these
studies are outlined in the diagram on page 80. For
utilizing this method, it is assumed fundamental-
Iy that the presence or absence, abundance and
diversity of an animal population in a habitat or
community are determined by basic biotic and
abiotic factors that can be casily quantified. In other
words, the carrying capacity of a habitat for a given
specics or group of species is correlated with basic
chemical, ], and biotic features of the
habitat. Although more complex biological interac
tions, such as predation, competition, and sickness,
also affect wildlife populations, the HES assumes

-
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that if the necessary req
ist in a given habitat, then a viable population o
this species will be—or potentially will be able to
be —supported by this habitat. The HES considers
groups of specics and size of habitats, and the quali-
%y of these are combined to evaluate the project im-
pacts at different levels. )
"As can be observed in the figure, the first step is
0 describe and obain the types of habitat and land

literature fincluding reports, satell
photos, cartograp! uments, etc.| [Miranda et
al. 1986). In sclected cases, the work includes m
i

use for the areas.
“Hfabitat Quality Index” (HQ) viable, through the
Key variables for each habitat, as, for example, the
index of sinuosity of rivers, the utilization of
“paired Weighting Systems" for terrestrial
ccosystems, and so on. The third step is to calculate
the possible “Habitat Unit Value” (HUV) to be
quantificd through 2 broad-based review of the

| analyzed:

assessments is sy
quirements that could

permit the correction or
Jimitation of undesirable ecological effects are
determined.

Preliminary Evaluation of the Impact of the
Xingu Dams on Terrestrial and Aquatic Habitats

A Portion of the River and  Part of the Method

This chapter could not apply the methods for
habitat cvaluation to the totality of the arca
affected, directly ot indirectly, by the system of
ams on the Xingu River—we would not have the
means to do this, nor is this the purpose of our

images, etc|—without field s

necessary resources—did not, in this case, permit
the application of the totality of the habitat evalua-
tion method (Brasil 1980).

‘Nevertheless, by way of illustration, and in a
preliminary way, an initi uation of the
Pabitats that exist and will exist after the construc-
tion of the dams was for two distinct arcas
of the Xingu River. The perspective for ecological
hange has been minimized. Many habitats about
‘which there were doubts were not mapped, despite
the absolute certainty of their existence, It was
preferable to stick to what appeared as indubitable
10 the few documents available, without consider-
ing the indirect ccological impacts of the dam con-
Struction. Certainly, in the arcas studied, the
habitats are more complex and possess features not
detailed in this chapter. But, even so, this
minimum of ecological qualification and quan-
tification of the arca allows for illustrating the
magnitude of the dircet ecological impact of this
\indertaking, cven though only a portion of the river
{s being considered through a part of the method
for asscssment of habitats. For this, the following
representative areas near Altamira (Pard| were
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area 1—Babaquara Reservoir
map 1: 340-370 & 9,625-9,645 UTM*
map 2: 340-370 & 9,600-9,620 UTM
area 2—Cararad Reservoir
map 3: 410-440 & 9,625-9,645 UTM
map 4: 410-440 & 9,600-9,620 UTM
“UTM=Universal Transverse Mercator
Terrestrial and Aquatic Habitats on the Xingu
cupying an area of 6.5 million km? (approx-
imately 57 percent of the continent), the
azon River Basin constitutes the largest and
most complex system of river drainage on the
planct. Given the characteristics of the region,
which contains a good part of the earth’s pluvial
precipitation and has a slow drainage as a result of
the weak altitudinal gradients of the Amazn;n

detected and mapped will be the object of a suc-
cinct presentation, above all with reference to their
status with and without the dams. Table 1 sum-
marizes the essence of these results in the present
situation. Table 2 presents the probable gualitative
and quantitative evaluation of these habitats after
:l';:n construction of the Babaquara a
s.

Impacts on the Faunal Populations and Population Areas

As we have seen before, the area near the dams
of the Xingu has a great diversity of habitats—
approximately 50—some almost unequaled in the
Amazonian world. Almost all of the habitats
located at the level of the Xingu River channel will
be :;:.hmnpd where the system of dams foreseen

Plains, the rivers of !hi{.blsin are

exten-

sive areas of seasonal inundation.

The local base level, the Amazon River, is the
main sink for the runoff from important tributarics
that drain part of the Guiana Highlands to the
porth, and from the southern Amazonian
hig] Due to the characteristics of their
topographical profile, which include sections with
sharp altemation of altitudes [contacts of the
Amazon Plain with highland areas|, these
tributaries are interesting from the point of view
of hydroelectric development, as is the case of the
Xingu River.

With a length of 1,500 km from its sources in the
Brazilian central highlands to its mouth on the
Amazon [the equivalent of double the Rhine River
and hal the Volga River), the Xingu drains an area
of 540,000 km?, or twice the size of West Germany,
with a flow of 7,100 cubic meters per second runn-
ing through im) it indigenous areas in the state
of Pard. This river belongs to the group of Amazo-
‘nian rivers called “black-water rivers,” that is, those
with a low detritic load in suspension, even in the
rainy seasons, and consequently a reduced rate of
dissolved mineral salts.

When the reservoirs of the Xingu Hydroelectric
Complex are formed, important natural areas will
be flooded, diverse habitats that have been preserv-
ed from anthropic action, most of which are the
result of fluvial action over the last 5 million years.

Based on the available documents, it was possi-
ble to detect, qualify, and quantify about 30 differ-
ent habitats in the two arcas studied. The car-
tographic results are shown on Maps 1, 2, 3, and
4 presented in the appendix. Despite their
preliminary character, these results illustrate the
‘magnitude of the ccological problem that the dams
will cause. With more information, it would cer-
tainly be possible to go into greater detail; perhaps
the number of habitats to consider would be closer
to 50 (Bailey 1985). This is a figure which in itself
illustrates the ecological diversity of a river the size
of the Xingu. In temperate climates, rarcly does one
get 10 habitats, which are characterized by a much
poorer display of fauna and flora. The main habitats

by the project is :
number of faunal populations specific to these
habitats is very important; it has the notable feature
of belonging to one of the most complex ecological
Systems in terms of fauna/vegetation relations
(Begon and Mortimer 1981).

L THE MABITATS OFFERED BY the fuvial and riverine
environment, principally in the Xingu River Chan-
nel, the faunal populations arc very characteristic.
The levels of the banks, secondary channels,
islands, sandbanks, and so on abound in numerous
aquatic and marsh birds, principally the maguari
(Ardea cocoi), various herons, the cormorant

inga anhinga), the jacana (Jacana spinosal, and
50 0n. On the Xingy, gulls |Phaetusa simplex) hunt
on and frequent the sandy beaches, as do large
numbers of wild ducks, which feed and reproduce
in the biotopes offered by the flood lakes, intra-
island lakes, and ‘marginal dikes, which will disap-

pear totally.

‘Sandbanks and islands are habitats of reproduc-
tion, obviously vital for the subsistence of specics.
Each year in these habitats, large freshwater turtles
lay thousands of cges, such as the Podocnemis ex-
pansa, which reaches a weight of 70 kg and lays be-
tween 80 and 200 cggs at a time. It is enough to
point out that cven the populations that live in the
tributarics of the Xingu are capable of migrating
hundreds of kilometers to lay their eggs in the sand-
banks of the river cach year. Without adequate
measures, the dams will present an insurmount-
able obstacle for these animals, as well as others
that circulate through the river (fish in spawning).
Populations that lived in interaction will be
transformed into subpopulations at the level of
each lake formed by the dams. There are even cer-
tain species of birds, such as the batuiras and
bacataus, that build their nests at the level of the
islands due to the absence of predators in this kind
of habitat. The chicks are raised in these locales
until they reach adult age.

With the disappearance of these habitats, the
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faunal populations will unde im;

Qqualitative and quantitative m in 3::’::‘
of the giant turtles, the avifauna, and crocodiles
(Caiman crocodilus —nearly 2 meters in length).
They will suffer extreme changes in their popula-
tion dynamics as they lose a large part of the
habitats in which they reproduce and raise their

" lnthe

the aquatic habitats, there are notable ichthy-
ological fauna, such as the giant pim\n:nd{‘.:lz-
paima gigas), the largest freshwater fish in the
world, and che piraiba (Brachyplastytoma), as well
i their

fish, batrachi iles, among

which are riverine anacondas, boa constrictors, and
1979).

cn;clodl.lz (Padua lr:iﬂCombn Filho
ignificant number of mammals d

part of |;hﬂr lives inllqu.nic babiuu‘m;?nek:
canals, streams, etc.), swimming, immersi

looking for prey o for shelter: freshwater dolx?&pﬁm‘:
or botos (Sotalia and Inia); otters (Lutra), and the
largest of all known otters, the Pteranura brasilien-
sis; tapirs (Tapirus terrestris, large mammals that
can weigh up to 180 kilos and spend the greater part
of their time in water, feeding on algac and river-

cellent taste, such as the tambaqui (Colossonta)
and the tucunarés (Cichla). mm&&f‘:‘ﬁ:ﬂ
as well as its tributaries, bring together ccological.
ly favorable conditions for large numbers of birds
and mammals to feed and reproduce on, as well as

tom and the largest i
i e s Bt flowiel '2‘..51‘1‘
which weigh about 60 kilos and live on the banks
of the Xingu, its tributaries, and in the perennials
and flood lagoons. The capyvarais exclusively her-
ivorous and represents, together with the tapir, an
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important source of protein for the indigenous and

verine populations.
"\ the terra firma habitats occupied by broad-
leafed foliage, even the habitats of the beaches and
riverbanks abound in reptiles such as the gigantic
crocodile (Melanosochus niger], which can reach
lengths of 6 meters and which has an important
role in controlling piranha populations. In the areas
of less dense forest live land turtles (Geochelone
tabulata), which represent an important food
source for the indigenous populations

Among the principal terra firma mammals are
the jaguar (Panthera oncal, the largest feline in the

‘Habitat

Main river (km|
Main river [ba)*
Sinuasity index

Minor chasnels {furos] k|
‘Sinuasity index

Paranis (km)
Sinuosity index
Towaps )
Sisuosity index
Tributarics (km)
Sinuosity index

Raids (oo

Total aress [in bectares]

Americas, which weighs around 100 kilos. There
are also anteaters, among which one finds the
striped anteater (Mymercophaga tridactylus), the
largest of the family [weighing approximately 70
kilos), and the anteater (Tamadua tetradactylus),
which is very numerous in these terra firma
habitats. Among various species, the cervidae
(Mazama gouazabiral; the peccary (Tayassu pec
cari), equivalent to the wild boar in neotropical
regions; and various armadillos, including the giant
armadillo {Prodontes giganteus|, which can weigh
up to 70 kilos; arc all exploited 4s protein sources
and for commerce
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Terrestrial and Aquatic Habitats:

Predicted Alterations

The Main River

Given its altitudinal gradient, the Xingu River
can be considered in its totality as a highlands
river, since a large part of the sinuous line of its
valley is located in the south Amazon highland.
It can be considered to be the interface between
lhchi;hlmdponiun-ndlhem-mr in, the
contact point between (mi‘lxy s of the

ition and
of the Amazonian geosyncline. Rapids and water-
falls are common in this ares, providing
testimony of differential geological contact,
forming truncations in the minor bed and the
consequent appearance of distinctive deposits in
the anterior portion and canyons of rapid runoff
duc to thresholds. This bar formation will be
of

the a
bed, islands, cavities, and so on, as can be o
served in Maps 1, 2, 3, and 4 in the appendix.
In some areas of the Xingu, the clusters of
diaclascs are striking, providing testimony of a
structural conditioning in the pattern of local
drainage, giving rise (0 a system of specific
islands {Map 3). Comparing Tables 1 and 2 shows
that in the two areas there will be a complete
change in this complex habitat that represents
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rands in the region (para “sea”, nds “similar
f:f‘) They are derived from the wandering of the
minor bed over the alluvial plain, abandoned as
marginal fluvial segments (see Map 3). It can
also be observed from Tables 1 and 2 that these
habitats will be completely compromised, given
that a total of 134 km in area 1 and 143 km in
arca 2 will be covered by the dam's waters, The
presence of this habitat is notable on all maps;
however, it is worth noting its e in
relation to the main river in the central portion

Map 2.
The Igarapés

These are short, narrow water courses with
well-defined basins, found in both virzea and
terra firma (from the Tupi: fgand “canse”;
“trail"}. They consist of elements more from the
drainage of tertiary plateaus than from the virzea
(see Map 2). They are responsible for the removal
of sediments from tertiary drain surfaces, con-
ditioning the evolutionary role of the footplain
slopes. They contain very typical fauna and
vegetation. The comparison of Tables 1 and 2
shows the disappearance of 324 km in area 1 and
460 km in area 2 after dam construction. This
habitat is densely prescnt in all areas analyzed,
and is notable on the upper portion of Map 2,
on both banks of the main river,

The Tributaries
These Is of i Satevischaie &

the sheet of water of the Xingu,
10 the loss of 69 km, or 8,225 hectares, in area
1, and 50.5 km, or 7,300 hectares, in area 2. This
will be substituted by a sheet of water from
reservoir lakes covering 31,550 hectares in area
1 and 21,768 hectares in arca 2. The spatial
dimension of this habitat can be abserved prin-
cipally in Maps 1, 2, and 4, which show the
diversity of fluvial forms subordinate to it.
The “Furos”

Minor channels which, in the virzeas, form
@ system of communications between the main
river and its nearest tributaries, between virzea
lakes, and so on, the “furos” constitute in some
areas a true fluvial network. Such features are
the result of interfluvial breaks of the high virzea
that drains the floodplains. By contrasting Tables
1and 2, we see that the furos will totally disap-
pear, corresponding to 37.8 km in arca 1 and 1.5
km in ares 2. Although presenting difficulties in
their identification on the scale used, their signi-
ficant presence can be noted on Map 2, on the
lower portion next to a substantial island
sandbank.

The Paranis

ing as complementary waterways to the
main runoff, the parands consist of cxtensive,
wide, deep branches of large rivers which on the

foodplain form a large island. They are called

the large rivers and igarapés. Often, they are base

level for considerable arcas on the scale 1:50,000,

presenting islands and sandbanks mainly near

their mouths (sce Map 4). Their downstream

dynamic is governed by the debit of the main

river. Tables 1 and 2 also show complete disap-
the tri i i

ter
of the project, the loss of these habitats being
on the order of 25 km in area 2. The sinuosity
index will go from 3.6 (a value that indicates
diversificd biotopes) to the simplest possible
value: 1. Map 2 shows an important tributary of
the Xingu, the Bacajd River, occupying a con-
siderable extent of space in relation to the ares
mapped, on the lower left portion of Map 4.

The Rapids and Cataracts

Differences in water levels produced by
differentiated lithologic contacts give rise to
rapids and cataracts (the latter present
difficulties in their identification on the scale
used), which, due to their particular hydric cir-
culation, create zones of high axygenation in the
river bed. They are difficult to observe and map
with the available documents, but their disap-
pearance in the areas of flooding will be total.
These habitats can be noted principally on Map
4, in its cenwal position, and upriver and
downriver of the Bacaji River.

|more]
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The Island Lakes

ot G

These appear on islands which have thi
uon.ldy::mlnuzbevll{em isolated

by parands; thus they
migrations of the minor bed (Map 3. The tables
demonstrate that these habitats will com
ly disappear—73 in arca 1 and 38 in area 2. With
accp\imoiMlpJ,thuehnbimmiwuqd

on most maps; they can be especially noted in
the upper portion of Map 4.
The Virzea Lakes

Th lacustrine depressions in the in-
s alluial plains that contain h.?‘

fluvial discharge during times of high water. A
Tables 2 demonstrates that after
e d o o Tk vl coas (2 o8

Th systems

terming deposits of virzea

o dbyby[bedepﬂsilo{ll’ndydﬂ’ﬂm
ied by streams

lakes are found

u‘hlel‘lnld;.Ih l:hny ts, or built

pear and it in area 2, the loss being total.
Mlhuu;h?nf:y have a reduced presence in the
areas analyzed, they can be noted in the upper
portion of Map 4.
The Islands
Islands in diaclasis Elaborated on the basis
atindiﬁuv::'ﬁdmimd:mmby_lhﬂwl‘mcn

in areas
distinct lnhok:gi:ll contacts, for example,
upstream from the ful

1

difficult to map on the basis of the documents
available. They should increase after the dams.
are constructed, and will come to have a hydric
dynamic very different from their present one.
The islands in diaclasis are striking in the up-
per portion of Map 3, where structural control
in the morphology of local drainage is visible.
b Islands of detritic accumulation These are
topographical forms situated in the bed of the
canal, formed by the interaction between water
flow and movement of sediments, resulting in
irregularities produced in the bed of the alluvial
They are comprised mainly of sandy

gravel particles interspersed with fine material
(silt, clay). They can be related to phases of
ana; morpho-genetic features on the
li:holngiul barring of the bed bottom

etc). T
mutability due to the inconsistency of the con-
stituent material. Almost all the islands map-
ped fit into this case, which in determined por-
tions of the river constitutes an impressive com-
plex whole (Map 4).

quantification of the disappearance of
these islands in the two areas analyzed amounts
to a total of 240 in arca 1 and 459 in area 2, the
loss being total. It is important to point out the
dense presence of such habitats in the lower left
portion of Map 4.

bl. River mouth islands Formed by uncon-
solidated detritic material, these have developed
duc to local difference in the velocity of flow be-
tween the main river and its tributary.

In periods of very high water, when the water
level of the main river rises more quickly than
that of the tributary, the process of "damming”
the tributary waters occurs, restricting their
velocity and provoking material deposits, These
deposits are generally comprised of fine detritic
material (clayey silt] in the immersed portion
and gross material in the submerged base. This
babitat, plainly visible in Map 4, will disappear
after the concretization of the project. Map 4
represents & river mouth island of consi

is a vertical rise and, in the period of low waters,
lateral washout. The island ravine is created
when the difference of level occurs abruptly at
the island banks. These can be observed in the
sections represented by Maps 1, 2, 3, and 4 in
distinet locations and dimensions, of great im-

t0 411.2 hectares in area 1 and 92.5 hectares in
area 2 for the sandbanks, and 35.5 km and 32.5
km, respectively, for abrupt ravines. Such
habitats occur in all maps, and their marked
Ppresence can be seen in Map 2.

d. Island beaches Similar to the fluvial beaches
in terms of genesis and evolution, the island
beaches are features homologous to adjacent
areas of island sandbanks and virzea sandbanks.
The loss of this habitat corresponds in area 1 to
65 km, and in area 2 to 14 km of extension.
Despite the difficulty in interpreting these
habitats with the material available, their signi-
ficant presence can be noted in Maps 1, 2, and 4,

The Fluvial Beaches

These are depositional features characterized
by soft gradient, located on the banks of the large
rivers, tributaries, and streams, They present &
granulometric composition that can vary from
fine sands o gross sands with gravel, resulting
from recent sedimentation by nonsoluble
detritic load in the water flow. This process is
determined in most cases by the dynamics of
local river circulation. An analysis of Tables 1
and 2 shows the total dissppearance of this
habitat. This habitat also presented difficultics
in its identification; however, its presence can
be verified in the lower portion of Map 3.

The Virzea Sandbanks

The successive inundations of the alluvial
plains provoke periodic increments of sediments
that may be similar to cordons or more exten-

spatial representativity, at the mouth of the
Bacajd River.

b2, Tributary islands These islands correspond
10 type B, but are of smaller proportions, situated
on tributary rivers of the Xingu. They are
characteristic of the downstream portion of these
tributaries, formed as much by the type of gra-
dient (slow) as by the decrease of velocity of flow
provoked by the local base level. Tables 1 and 2
show the complete loss of this habitat, smoun.
ting in arca 2 0 a total of 18 islands. In Map 4,
along the bed of the Bacaid River, the importance
of these islands can be noted.

c. Sand banks and island ravines These arc
fluvial depositional surfaces situated on levels
topographically superior to the surface of the
island, laborated by the scasanal variation of the
fiuvial bed; in the period of high waters, there

sive areas in higher levels on the
floodplain. These features are formed in the
virzea sandbanks. During the process of dry
weather, these may suffer erosion, thus creating
forms in depression that can contain lakes or
furos. When the virzea sand banks present
semicircular forms, their genesis is associated
with a development on the inner part of a
meandering curve. In the specific case of the
island sandbanks, fuvial degradation/aggrada-
tion action connected to seasonal behaviar of the
parands can be observed. An analysis of Tables
1 and 2 shows the total disappearance of these
habitats, representing 375 hectares in area 1, and
637 hectares in area 2. Except for Map 3, these
habitats are notable on most maps, their occur-
rence being visible on Maps 1 and 4, on the left
bank of the Xingu

\more)
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meen?bn@hxwl&ﬁhninuul,mdm
km in area 2. Present on all maps, their relevant
occurrence can be noted on Maps 3 and 4 at the
areas most distant from the main river.

Terra Firma

The complex of lands in which periodic flood-
ing does not occur is known regionally as terra
firma. This logical unit presents local

nuz;forthehﬂlysylﬂ:ma,themﬂooded
5 bo, T

This m feature is formed by
the successive deposits of sediments in suspen-
sion in ‘channels are in the
phase of 1 3 a ondi wd‘::
periods t rep sul
system with difficult and runoff,

esp in area 2. This
habitat is present principally in Maps 1 and 2.

The Planed Toplands
This is a form of residual relief formed by ter-
diplanati rised of tabular

‘maps, with its main occurrence bei visible on
Maps 1 and 2 along the banks of the main river.
The Terraces

These features are found below the so-called
“terra firma” and are also known as tesos (raised
not reached by flood). They were ed
the Pleistocene era by its on paleo-
alluvial plains that were rewor] in the Hol 3
era, with colluvial-alluvial sediments con-
tribu dn;mtheirﬁl:i&'l‘hzymsimtedﬁom
20 to 30 meters the actual alluvial plains
and do not suffer flooding. They are actually found
carved by the dense network of streams that con-
dition the ap&eunnce of small int 5
Together with the alluvial plains, these habitats
have a relevant spatial importance, but will com-
letely in the

P dinpx;al areas analyzed, corres-
pondipgtﬂ, hectares in area 1 and 6,560 hec-

maps, and can be seen ially on Map 1, prin-
cipaﬂy on the right b::r:f“ge ‘main river.

with a particular behavior.
buelcvel,ahtgoeon:'tufdle{oodﬁlldeposimlooL
luvia, slopes of via, talus) will disappear. The
phoeiotthemooitofthendimennmondby
surface flow wi bethccamli&self,withthe:lfope
ized by an Te-

et
moval and translocation ‘sgdimgnm.Thhcmnd

the new dynamic of the slopes will mpmm‘h“
new dynamic of the slopes com| ise
thedgnaitynfhmizon by constant removal of

organic and clayey material, which could also give
intense fi tion of ravin

rise to p of

Tables 1 and 2 demonstrate the magnitude of the

pmdunsofumﬂmnhnwillbeomebohwd

after flooding, affecting in area 1 6,175 hectares

mpmetuofso7hnlmdinm24,300
{with a perimeter of 197 km). The occur-

all rence of this habitat can be verified on all maps,
presence in Maps 2 and

;viahmespecidlynouble
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At the treetop level in terra firma habitats live
a large number of birds and mammals. Among
these are the common sloth, the royal sloth
(Bradypodidae), the howler monkeys, and especially
the macaco-pregoes (Cebidae), with a long and
prehensile tail, endemic to the Amazon.

While the artificial lakes are filled, when the
dams close, the fauna will be more or less affected
depending on the average depth of the lakes. In
some places the filling will be slow, allowing some
species to escape floods. This process necessarily
brings about a greater density of faunal populations
in the areas where these animals take refuge. Thus,
ecological disequilibrium will occur around the
reservoirs, widening the direct impact of flooding.
At that time, the possibility arises of organizing
rescue expeditions for species that are found
marooned on treetops or in more elevated regions.
The effect of this operation, significant in that it
will partially assuage public opinion, will be almost
nil with regard to minimizing the ecological im-
pacts. On the contrary, depending on the destina-
tion of the animals captured, this strategy could
provide a source for new disequilibrium, as in the
example of “Operation Curupira.”

These brief remarks regarding the areas that will
be inundated do not exhaust the question of the
ecological impact on the fauna. On the contrary,
habitats will be eradicated not only on the level at
which they will be submerged by water, but also
in the loan areas, used for the construction of dams
and numerous containment dikes for lakes; in the
removal of wood for the various phases of construc-
tion; and in the occupation of areas by worker
towns, technicians, and so on. The development of

_‘_&__——

uarantee that t

new economic activities will bring more deforesta-
tion. Illegal hunting, still limited to the areas near
Altamira and along the several water courses today,
will increase dramatically.

HE QUALITATIVE AND QUANTITATIVE LOSS Of ter-
restrial habitat units on the Xingu River will be
significant, and will promote profound changes in
the structure of the populations and population
areas. These changes must be monitored for early
detection of anomalies, indication of areas to be
protected, preserved, conserved, and so on (Godron
1979), in the sense of minimizing the ecological
impact on the fauna.

To monitor changes in the dynamics of the faunal
populations and population areas implies the
definition of programs of follow-up research, with
allocation of financial, logistical, and human
resources to identify the new possible types of
equilibria, interactive or not, that will be estab-
lished among population areas, vertebrate popula-
tions, and the habitat (Barbault 1981). For exam-
ple, it is necessary to detect on the banks of the
future reservoirs which places could serve as new
egg-laying sites for the aquatic turtle populations
(Podocnemis expansa). It is necessary to determine
the reproductive success of the turtles in these new
“reproduction habitats,” for they would be insigni-
ficant if there were significant predatory pressure
on the eggs, the newborns, or the adults. This kind
of verification can only come through follow-up
studies of these processes. The understanding

Jinkings/AGIL
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judge the positive and negative dimensions of this
Toject.
P e rest of this chapter will present the mini-
mum content that can be expected of the final
report with regard to:

a) ecological systems;

b) flora and vegetation;

c) faunal populations and population arcas,

{d) synthesis at different levels of the system of
dams; e

(e} action proposals for monitoring future
ecological administration of the system of dams in
the Xingu Basin.

The Study of the Xingu Basin’s Ecological Systems
There are currently a series of intemnationally
developed methods and techniques that permit
Sesion. of the rgiors eoological
and_quantification of the regions <o
: -regional level by the existing  systems. This initial inventory and eval uation
::ﬂns:n::‘l: c‘i?r::zc! :fadmm Interacting with this  should be undertaken in a szm:-denxl:d i ::5
fager conditoning factor i the divrsity o the - aras Rooded and areas adiacent (o che dams and
phsical eovionmentcrossed by the Xingu, whEre i a exploratory way in the arc of the bus be
Several gealogicl, scomorphological, ithoiogcal,  pyeen paralll S and 1245 whle.Inth st lewl
and pedological structures form the locus of a €x-  of study, the work should be ezeculcd:ln ey
iremly variableHuman gecuparion and use ot fayescles (150,000t L10000, and o the ec-
e Thisdiversity anges from wban centers uch gn level on medium. scales’ (1250,
ira to indigenous villages. Thus, the ac- 560 (00 ;
it o e s s vegratian, Ghetauna) L0000 e s i o b the
populations, and the population areas should be  ¢igeence of about 40 distinet environments or
studied at the ccological system level The jyshicats that will be directly altered by the con-
characterization of the ecological systems that will gy cqion of the dams, just in the immediate areas
be flooded or altered by the dams should be ex- ¢ ihe 1y locales studied on the Xingu and its
ecuted in the most specific manner possible. tributaries, A bicrarchized legend of these habitats
In this sense, the work to be done should Present 4 of heir furure ccological perspective with the
thros Jevela of seslcs construction of the dams has already been prepared
{a) the probable effects of the dams on the principal  Sonstruction of the dams has alfeacy been Prepaced
ecosystems or habitats of the region; X i Licenies
[b} the probable effects of the dams on the actual
floral and faunal resources of the region;
(c] a synthesis, by dam, subsystem of dams, and for
the proposed system s a whole, of the probable
effcts of the rocessof implantation, insalaton,
anagement of the reservoirs
e s founlensintary studics would, bic
example, make viable an evaluation and com-
parison of ecological recovery for the different alter-
natives for fall division, cnergy development,
hydrological management of the dams, tracing of
the transmission line, localization of the work
areas, worker residential units, loan areas, and so

king conser-
achieved will provide elements for mal
vationist monitoring methods adequate, which will
make the maintenance of giant turtle populations
viable in this system of dams.

Considerations That Should Be Presented on
the Ecological Effects of the Proposed Dams

Preliminary Analysis

A preliminary analysis of the documents
available on the scction of the Xingu permits an
initial definition of the nature of the studies
necessary to evaluate and compare the ecological
repercussions of the system of dams as currently
proposed, within the methodological framework

reviously used
P The drainsge area of rately 510,000 km?
covers a great variety of ccological situations de-

for a later one-site field reconnaissance, which also
has already been done fon the scale of 1:50,000),
could be gencralized with more deails for the en-
tire area by those responsible for the project.
When preparing the final report —with objective
data that might permit the definition of options for
those responsible in terms of the implementation
of the dams—various internationally utilized
ecological indices should be calculated to quantify
the effects of the two levels of flooding actually pro-
posed. The results should be represented

an
distributed to multi-disciplinary teams, and made

erested in this project
 inally, this study should also contain a chapter  comprehensible to anyone interested in this p

indicating proposals for the ccological monitoring
of the area. A zoning of the Xingu Basin must be
presented, indicating the areas destined for utiliza-
tion, preservation, conservation, and protection for
the ccological systems considered. Each onc of
these four concepts requires specific planning and

The Study of the Xingu Basin's Flora and Vegetation

In Amazonia, it has been common to present
floral inventories as a basis for evaluating the
ecological effects of dam construction. l'hcs&[
‘monitoring strategies. Only with these elements  studics arc frequently prepared on the basis of

and do not
ian soc th the ofthe general n
lﬁﬁnﬁiﬁ'ﬁ‘;ﬁﬂih’, "be able to comprehend and  offer a mapped represcntation of their results It is

not uncommon to see a confusion of concepts and
definitions in the description of the fiora and
vegetation, and et from th an evalua-

Hydroclectric Dams on Brazil's Xingu River and

be presented. The first study already provides good
indications for critical areas in terms of utilization
and ion. Th

tion of ecological effects is expected to emerge.
With the data currently available on the re; on,
could be affirmed, with great probability of ac-
curacy, that there will be practically no significant
alterations in the region's flora. However, the prob-
able changes at the vegetation level will be of great
magnitude, Thus, it is sufficient to point out that,
even running the risk of  tautology, the flora repre.
sent the list of plants that grow in a given placc.
All those of the same species are designated by the
same specific name, and all species are treated on
the same plane (the common and the rare, the
small and the large). The flora result from ancient
actions and translate a whole botanical history.
This is particularly important in regions such as
the Xingu Basin—above all in its southern part—
given the climatic fluctuations that occurred dur-
ing the Quaternary era.

Vegetation, on the other hand, is the organized
spatial emergence of the flora in interaction with
4 region's physical conditions. In this sense, the
vegetation is comprised of the complex set of plants
(frequently considered vasculars) that grow in a
given place. The vegetation always represents a cur-
rent datum, sensitive to variations as a function of
the human presence in the area and of other fac-
tors. When compared with the flora, it is a very
dynamic dimension. The different floral species fill
diverse roles depending on their importance in
terms of effective size and functions. The
preliminary study of the vegetation of the Xingu
River Basin, and principally of the areas that will

flooded, shows that this is comprised of com-
plex wholes or very variable, and varied, vegetal
communities from one place to another. These
communities represent diversified uses for the
fauna and for humans, above all the indigenous
populations.

To evaluate the ecological effect of the dams on
the flora and vegetation, it scems pertinent, at the
level of inventory, to consider vegetal formations,
forms of vegetation, the dominant species and their
diverse functions (production, protection of soils,
hunting, etc.]. This study implies a more detailed
preliminary cartographic analysis {1:100,000), based
on aerial photography (1:40,000) and field surveys.
The maps should simultaneously contain the
habitat and vegetation units on the scale of
1:100,000, as well as their respective planimetry.

The actual use of lands should be mapped and
translated into indices and rates of occupation; the
degree of artificialization, measured by the greater
or lesser influence of humans on the vegetation and
physical surroundings, analyzed for the whole of
the basin; the variables which interfere in the ac-
tual phytodynamics identified and described in a
succinct manner. Indications on unconsidered
aspects in terms of phytodynamics, which will oc-
cur between the upstream and downstream areas
of determined dams in the proposed system, should

s y study of the
area’s vegetation will provide specific indications
as 1o the portions of territory that should be pro-
tected and conserved. The nature of these actions
and the strategy adequate for their planning, im-
plantation, and future monitoring should also be
indicated in their main lines in the report, as  basis
for future decision and a guarantee of their clarity
for the public and national and international scien-
tific community.

‘The Study of the Xingu Basin's Faunal
Populations and Population Areas

Frequently, considerations of the ecological
cffects that dams have on animal communities aim
to give a repertoire of the principal species present
This being the case, they undertake a faunal inven-
tory of the principal populations found in a given
arca. This kind of purely qualitative survey does not
take into account the principal relations existing
between the faunal populations and different
ecological situations. Since the structure of the
habitat and food resources available in each type
of “surrounding” conditions the presence of distinct
faunal populations, it is fundamental to give an
ccological direction to the analysis of fauna, as
much in terms of populations as population areas,

‘The faunal population areas can be considered
as an assemblage of species sensitive to the same
biotic and abiotic factors of the physical surround-
ing. It is these factors that impose a distinctive
character on each one of the population areas of
biocenosis, Ecologists today utilize statistical-
mathematical methods for detecting, qualifying,
and hierarchizing these ecological factors. Faunal
population areas correspond to the level of percep-
tion of the biotopes. They present a greater o lesser
number of species (specific richness), depending on
the natural resources offered by the biotopes and
on the level of specialization of the species that
comprise them. In this sense, they should be con
sidered as a point of departure in the cvaluation of
the ecological effects of the dams, above all in the
case in question. In fact, the Xingu Basin cor-
responds to an important area of transition between
the very distinet faunal and ecological domains of
central Brazil and Amazonia

Not all species perform equal roles at the level
of faunal population arcas. Some arcas have species
of ubiquitous tendency, very frequent and of great
ecological tolerance, for they are present in almost
all types of "surroundings.” Other faunal population
areas are comprised of specialized specics,

h of d ’ where
certain ecological conditions hold. These interac-
tions among the principal kinds of “surroundings”
and the large faunal population arcas must be con-
sidered, even if in a preliminary way, in the cco.
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logicalinventory of the Xingu Basin fauna. Several
rigorous scientific methods permit an initial
evaluation of this dimension, providing elements
to evaluate the probable ecological cffects of the
system of proposed dams on the region's fauna
The ccological effects on the faunal population
areas of the project in question have to be evaluated
in the complex whol of the Xingu sub-basins I
is important to determine the ecological microfac-
tors that condition the spatial distibution of the
main population arcas and faunal biotopes. Fiel
work should offer a more precise characterization
of these biotopes. It is important to present a list
of the populations existing in the arca, with a suc-
cinct commentary on the ecology of the principal
species and their future evolutionary tendency
following the implementation of the program of
dams on the middle Xingu. In a complementary
fashion, a preliminary evaluation of the most
characteristic faunal population areas for the main
biotopes and the functional nature of their relations
{locations of reproduction, food, ecotopes that per-
form a role as refuge arcas for particular population
areas, ctc.) should be offere:

v AN IITIAL ANALYSIS of these major types of
biotopes and populstion areas, it is sufficient to
quantify them as to their specific richness (total

and average) and their respective ecological com-

lexitics. These can be measured through the
Sifferent internationally utilized indices of diver-
sity [Hilfa - intr-blocope diversity, Higamma
diversity of the number of ccological niches real-
ized; H'beta = index of inter-biotope similarity|
These algorithms are practical and objective in-

struments for characterizing and evaluating the
ecological complexity of different types of biotopes
and faunal population areas. Thus, for certain rare
biotopes with complex faunal population arcas that
will be reduced by dam construction, these indices
of diversity can provide indications and precise
directions on places that should be protected and
conserved. In an analogous way, various biotopes
should increase significantly with the construction
of the dams, and these consequences need to be
™ imaii it i necessary o indicate the indices of
ecological diversity that should be utilized in mon
itoring the populations, the faunal population areas,
and their respective biotopes with the aim to pro-
tect, preserve, and conserve them in the future

Preliminary Synthesis of the Proposed Ecological
ﬁ:mm by Dam, Dam Subsystem,
and Total System in the Xingu Basin

Despite the scenarios that exist for implanting
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the system of dams, it is important (o present a syn-
thesis according to the most probable main alter-
native. Thus, the synthesis should consider cach
dam. For each case, a synthetic dossier must sum-
marize the essential aspects of the ecological,
floral-vegetational, and zooecological studies,
presenting in the form of tables the essential
numerical and cartographic information obtained
in the afferent studies. The synthesis by dam sul
systems should be organized according to the
ecological significance of the data obtained in the
preceding stages. It is not possible to define a pirori
what these subsystems would be, bu they will
represent homogeneous wholes in terms of prob-
lems of ecological effects and planning stratcgy. At
the level of the system to be implanted as 3 whole,
it is important to consolidate the preceding stages,
this will permit a global vision of the problems
related to the process of implantation of the reser-
voirs and their probable effccts on the environment
and the anticipated projects.

Tt should be taken into consideration that the
projects for construction of hydroelectrics, through
the formation of reservoirs, generally result in new
access routes to the areas upriver in the
hydrographic basin; this also has impacts on the
forest, wildlife, exploitation of mineral deposits,
and agricultural practices in this same basin.

Proposals for Planning the Monitoring and
Future Ecological Administration of the Xingu Basin
Given the developmentalist character of the
Xingu dams, principally benefiting mining projects

2. The new situation of fishing in the reservoir
should be outlined, including plans for managing
the fish populations and also the expected effects
on the fishing situation of the rivers that will be
altered, especially in the lacunary zones downriver.
The evolution of the submerged vegetal mass and
its ecological consequences also must be con-
sidered and evaluated

3. A comparison of the new situation to the old
and a description of the plans for managing the
replacement of lost fishery biomass is a minimum
requirement on this topic.

Aquatic Ecosystems

First, the expected situation in the reservoir
should be described, anticipating changes in the
physical, chemical, and biological propertics, in
cluding the water column and bentonic region.

The effects on the affected lacunary and
waterlogged zones must be evaluated, including
changes in salinity, probable effects of primary pro-
ductivity of the food chains, considering as much
the biological life of the water column and the ben-
tonic region. Monitoring programs to evaluate con-
ditions must be outlined before and after the dams
in order 10 establish basic data. These will be util-
ized, if nccessary, in planning corrective measures,
including sampling details, and physical, chemical,
and biological analyses of the aguatic zones
affected; the frequency of sampling needed to give
statistically valid information for all seasons of the
year; as well as describing a priori the analytical

in their ,
of the ccological impacts of this undertaking
should present a balance between the quantity of
units of valuc for habitats lost and gained, as muc]
with the arca fiooded as with the drastic changes
that may occur in the pattern of flow and quality
of water, in the reservoir area and in the river
system downriver. It should also present a detailed
mapping of the units that will have to be monitored
and improved with the new situation following the
implantation of the project.

Tt is urgent that elements be proposed for a future
monitoring and a possible global evaluation of the
impacts of the Xingu dams on the ecological
resources. An indication of the possible topics to
be considered is provided here, considering the

: :

methods for the the data
and the access that civil society will have to these
works and results.

3. The monitoring of the management program
for aquatic ecosystems should be part of the proj-
ect's operationalization. It must be delineated for
a continuous cvaluation that can be done over the
years, measuring the effect of the project on the
modification of aquatic ecosystems. To describe
viable corrective measures when required is also
an important component (fish runs, artificial
beaches for reptilian egg-laying, etc.)

Terrestrial Fauna

1. The impact of the project on the wildlife in
theh basin above the reservoir and also

of the dams in terms.

Fisheries Productivity

1. Loss of production should be evaluated, before
the project is begun, on the fish existing in the
riverine system. These losses can be caused by the
reduction of areas flooded downstream, by the
decrease in the production of fish in the zone of the
rivers below the dam where the change in hydrol-
gy will be greater. Also, the reduction of nutrients
downriver result when the dam interferes with
fishing activity, as well as with migratory species,

in the downriver zones affected by the change in
the hydrological regimes, and by changes in the ac-
cess routes to the basin, must be described, in-
cluding as much the region of the reservoir as the
roads and infrastructures that will be constructed

2. The impact on the fauna that will be inun-
dated and plans for the rehabilitation and rescuc
of the same should be presented with indication
of who will execute them and how they will be
execut

3. The new natural resource (wildlife] that will
be formed by the reservoir and plans for its manage-
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ment should be detailed. Specifically, for some
regions, schemes should be presented to guarantee
the conservation and protection of the population
and population areas most affected.
4. The plan and resources necessary for the
establishment of wildlife reserves in the
raphic basin must be presented in detail as
an integral part of the planning of the projcct (as
a way of compensating for the loncs ol wﬂdhle
created by the i s and details.
on how will be llloclwd lnd ad-
inistered | |Codmn 1979).

Terrestrial Ecosystems
The impact of the projects on the flooded
ecosystems should be foreseen, including:
1. the estimated loss of primary productivity of
|h¢ forests and other terrestrial ecosystems;
2. the accelerated depreciation of these
ecosystems increased by the new access routes as
much by the new lake so created as by the new
roads and infrastructures that will be built;
3. the present and fature status of the farcsts in
the hydrographic basin and meu role in the con-
servation of water and of the
4. the measures proposed ks prcscrvlng the role
s in the hydrographic basin and
tion of the loan arcas, work

of these ecosystel
the future rehabs
areas, and so on.

Formation of the Reservoir
The environment of the new mmu should be
described ahead of time, includ:
1. the new potential for ﬁmu 10 be created and
the plans for its administration, including_the
of fish
for lhe explohnmn commem.hmmn, and

2 lhe uu of the reservoir for the pzwnun of
wildlife and for scientific res
3. the physical, chemical, and biological proper-
ties of the new body of water, including the col-
umn of water and the bentonic region —for exam-
others

«hn could occur;

the growth of aquatic plants in the reservoirs; and

10. other problems related to the reservoir and
that are not normally discussed in the Environmen-
tal Impact Report.

Conclusions
‘The relations between ecology and development
are tragically difficult in Brazil Economi

social imperatives have led those respansible to see
in ccologists perennial censors of their actions.
Ecologists in turn look on development projects
with extreme distrust, for, in these cases, there ex-
uu a tradition of crimes against the environment,
impunity. It is urgent that a dialogue
of trust be reestablished; this does not mean agree-
‘ment between ecology and development at the level
of the projects, above all when they reach the
magnitude of the system of dams proposed for the
Xi

ingu.

The direct ecological impact of the proposed
system of dams will be enormous, certainly the
Jargest that the country has known. It is not limited
to the artificial lake that will be created, the con-
sequences of which in terms of the disappearing

habitats have been preliminarily considered here.
Despite its limited character, this small study of
habitats in this illustrates the diversity of
eoolo;xul shunlmn and the need for an assess-

pacts within internationally
rtooﬁmud qn.a]nanv:, numerical, and carto-
graphic parameters. The considerable number of
containment dikes, the dams themselves, the areas
that supply earth and material for construction, the
roads, the installation of work areas, residential
units for technicians and workers, the building of
transmission lines — all are among the main direct
ccological impacts of this undertaking. In this
sense, this ecological impact analysis is but a pale
reflection of what the direct alterations promoted
by the project are, should it come to be realized.
These losses in natural resources are losses not only
for the present but also for the future; it is an ir-
remediably lost potential with no future perspec-
tive. But there also exist indirect and differentiated
ecological impacts in time. These will be more
serious. They are connected to the predatory and
familiar to the

4. the problem of stability of and
dikes, including protection against crosion created
by wave action and preventive measures against
possible breaks Ilbﬂve all in the numerous contain-
ment dikes found in the project);

5. sanitary control on the p:xiphcry of the new
rescrvoir;

6. the systematic, systemic, and effective regula-
tion of the use of upstream and downstream areas
for agriculture and other purposes (Spedding 1979);

problems created by

7.
levels of surface waters should be researched,

8. whether the trees that will be flooded will be
removed or maintained and how their genetic
preservation will be accomplished;

9. the problems for monitoring and controlling

region o legal Amazonia: extension of nonproduc-

ve pastures; indiscriminate deforestation; open-
ing of roads, mines, and mining areas disorderly
growth of cities and towns; increases in illegal hun-
ting and illegal exploitation of lumber and forest
species; invasion of forest reserves and indigenous
territories, and 50 on.

Tm COUNTRY NO LONGER ACCEPTS development at
any price; it wants to know what impacts the proj-
ect will have, who its beneficiarics will be, who it
will hurt, and who it is paying. Moreover, the coun-
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try wants (o decide and t0 be heard. Referen
bydroelectrics, this question has demanicd oo L
creasing cffort on the part of companies thar BAILEY. R
generate and distribute energy to “manage the 1. 195 — “The factor of scale in ecosystern mapping"".
terferences connected to the environment”” The e rmsgen, .4 ol
case of the Xingu River will perhaps represent the e s,

occasion for orercoming determined confcts and BANCO MUNDIAL

listrust, ¢ extent that these questi — "“Brasil: progrs
e duly considered. Therear excllent eqump;):: 180 Noreest o Tt 11 propa o £
ek levél crate sentamentos”. Relatdrio interno de avaliacao
m-«, for Bzl to consider I chis sense, i HESE PR Rt
enough to comply with the law. It is not BARBAULT R

enough to present the RIMA. The dimens; coloie des popuia peuplement
work, the ecological characteristics of .bf‘;“,'.;? g::':‘“‘:'“" 2“""'“"“ -
and the dircct and indirect impacts of the proposed

project demand a wider evaluation on the part of oy V5. & MORTIMER, M.

the government and proponent agencies. In the s :.:ﬁ At Bty o il
framework of current entlegslation, the RIMA, cven i gy o ok et Publ
if it is prepared, would be insufficient to deal
satisfactorily with all the factors involved in i chis SANTER. Ly
question. It is up to the public -
the proponents (o take the initative 1o oyermenne
the narrowness of current legislation and the
studies prescated up until now. It is not by hiring
Some consultants, however competent they may be, CANTER, LW,
that all ecological questions inherent to the dame 1985 — “"’,‘;,:"' quality monitoring. Chelsca, Le-

« pact studies in the United
States"", In Clm B e % (Eds.) Perspecti-

es on environmental impact assessment, Dor-
drecht, D. Reidel, pginas 1524

and reservois o be created on the Xingu will be kil
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The new Constitution will create S G v  oreion. oot
pertinent 1987 — Ground
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measures evaluate thelr ecologieal imn CAUNIELD, c.

ures necessary to
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