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ABSTRACT

Reservoirs play an important ecological, economic, and social role,
interfering gqualitatively and quantitatively with the hydrographical
network and with several mechanisms in the major river basins of the
world and in all continents. In Brazil, as in many other countries,
reservoir construction has been used as a basis for regional
development, being a catalytic agent for several multipurpose actions
in the watershed. The protection, recovery and optimization of
multiple uses of these artificial ecosystems, can only be achieved if a
sound ecological basis is constructed, with long term observations,
experimental studies, and theoretical approaches, in which seasonal
changes, the ageing process of the reservoir under anthropogenic
actions, and the interactions of the reservoirs with the watershed, are
followed up. The application of principles of theoretical ecology will
be extremely useful in the implementation of ecotechnological methods
for reservoir recovery and management. This approach has been
extensively developed at the Lobo-Broa reservoir watershed, as well as
other reservoirs of the Tieté River Basin in the State of Sdo Paulo. In
this paper, the authors discuss the need for a theoretical basis for the
application of ecotechnologies on reservoirs, An overview of the
reservoir problem in Brazil is given as an introduction to a discussion
on conservation and management of these artificial ecosystems.



INTRODUCTION

Monitoring of the ecological changes resulting from reservoir
construction, and the ageing of these artificial ecosystems after filling-
up, is a theroretical and practical study of general significance.
Reservoirs are a qualitative and quantitative reference in the
hydrographical network, and their interactions on the watersheds
reflect the anthropogenic influences and human uses of the terrestrial
and aquatic ecosystems. Reservoirs can, therefore, be used as an
information system concerning the various uses of the watershed
(MARGALEF et al, 1976) and as such an important toocl for regional
planning, acting as a catalytic agent for alternative strategies.

Reservoirs are constructed for a number of reasons, including
hydroelectricity production, irrigation, stream and river regulation,
biomass production, water storage for industrial or domestic use,
navigation and recreation. Even when constructed for just one reascn,
such as hydroelectricity, multiple uses prevail for some time following
the regional insertion of the reservoir. They are complex systems to
manage, Being intermediate between rivers and lakes, several
characteristic features should be taken into account, which relate to the
functioning of the reservoir (or reservoirs in a cascade} to water use
[single or multi-purpose), to the regional climate and hydrological
cycle, and to human impacts.

In this paper, besides giving an overview of the general features
of reservoirs and problems relating specifically to reserveirs in Brazil,
we discuss some principles of theoretical ecology applied to these
artificial acuéy#ems, to the watershed, and the uses of ecotechnologies
for reservoir/warérshed recovery and management. We also to
summarize the application of ecotechnologies to watershed/reservoir/
lake ecosystems, using the current research, recovery and management
of the Lobo-Broa watershed and reservoir as an example.

THE RESERVOIR PROBLEM IN BRAZIL
RESERVOIRS IN BRAZIL

In Brazil, reservoirs play an important ecological, economic and
social role, being key ecosystems for regional planning in many of the
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states, The tradition of constructing small reservoirs for water supply,
and later for biomass production (fish stocks), in the northeast of Brazil
is more than 100 years old. In the southeastern and southern regions,
several small reservoirs (5 to 30 x 10"m”?) were also constructed
. approximately 50—60 years ago with the purpose of hydroelectricity
production (TUNDISI, 1986a, 1989).

The extensive reservoir system in the southeastern, southern and
northeastern regions was built up successively in the last 30 years as a
consequence of the need for energy supplies. Most of the large
reservoirs were planned only for hydroelectric power, although multiple
uses were developed later. In the last 20 years a large number of
reservoirs for the storage of drinking water have also been constructed
in many urban centres. For example, the town of Sdo Paulo (12 million
inhabitants), now has 13 large reservoirs for water supply, mainly for
domestic use.

Figure 1 shows the largest reservoirs in Brazil. Besides producing
several changes in the natural regions, with direct and indirect impacts,
all these artificial ecosystemns, have to be managed for multiple uses in
order to avoid the impairment of water quality, as well as for economic
reasons such as a better water use, while considering the increasing costs
of treatment. Food supply and recreation are other important activities.

Four main problems affect these artificial ecosystems:

al spread of water borne diseases;
b} increasing contamination with high levels of toxicity;
¢} rapid eutrophication and

d) silting.
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Fig. 1. Reservoirs of [he Porant/Lo Plolo Bosin, (Medified from BONETTO ef af, 1987),

RESERVOIRS IN THE STATE OF SAO PAULO

The construction of reservoirs in S#io Paulo was the most recent
stage of land occupation in the state, This case illustrates very well the
overall problems introduced by reservoir construction, and the conflicts
generated by multiple uses. Today, all the major rivers have large
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reservoirs in cascades. Considering this reservoir system in relation to

economic development, population growth, and widespread
agroindustry, it becomes evident why these artificial ecosystems are key

indicators in watershed uses, and as a result basic Instruments for
regional planning. The main uses of reservoirs in Sdo Paulo include:
hydroelectricity, transportation, recreation, irrigation, sport-fishing,
commercial fisheries, and water supply. The conservation and/or
recovery of these ecosystems poses a number of problems related to
their multiple use, and the conflicting interests of industrial and social
activities not least involving their loecation in basin (upstream/
downstream).

MIDOLE TIETE RIVER RESEAVOIRS

Fig. 2. A series of reservoirs in the middle Tieté River Upper Lo Ploto basin. An exomple of
integroted use for nydropower, generoling severol impocts ond providing epportunity for
regional planning and inteqrated manogemeni for mulbiple uses. In the shoded oreq the APA
(Environmental Profection Aren) of Corumbolai.

RESERVOIRS IN THE SEMI-ARID REGION

Small impoundments in the semi-arid region of northeast of Brazil
were constructed with the aim of regulating rivers, irrigation, fish
farming and water storage (size—one million up to 10 million m’).
These small systemns present the following problems: salinization,



54

spreading of water-borne diseases (schistosomiasis}, growth of aquatic
weeds, and loss of water quality. Large reservoirs in the 530 Francisco
region were constructed mainly for hydroelectric power, but also for
irrigation and fish production. These reservoirs in cascade, present
several ecological problems, including: increasing eutrophication and
toxicity; silting; widespread changes in the fish fauna: the need for
relocation of human populations and compensation for loss of
agricultural land and crops, a central problem in the social conflicts in
this area.

LAKE PARANOA IN BRASILIA

Created during the construction of Brasflia in the 1960s, Lake
Paranod (surface area 3Bkm?) provides an extreme example of
eutrophication. This hypereutrophic reservoir is today the subject of a
comprehensive research and monitoring programme. A recovery project
was initiated in 1987, supported by the United Nations Development
Programme (UNDP} {SOMLYODY et al, 1889).

LARGE RESERVOIRS IN AMAZONIAN TRIBUTARIES

Management of these large ecosystems is complex due to their
large area, dendritic pattern, and the drowned tropical rainforest.
Downstream effects are severe, along with serious conflicts involving
amerindians and other local inhabitants (TUNDISI, 1989}. The large
dams in operation in the tropical forests of the Amazon also present a
series of problems of an entirely different nature. Besides the waste of
valuable timber, and the |oss of a diversified and rich fauna and flora
{the loss of genetic variations, including probably species of medical
interest), the decay of the drowned vegetation produces eutrophic and
contaminated water, with high concentrations of hydrogen sulphide,
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The general effects on the reservoirs in the Amazon region may be

listed as follows:

Chemical effects

Aerobic decomposition
Anaerobic decompaosition
Oxygen reduction

Production of methana
Production of hydrogen sulphide
Chemical precipitation
Eutrophication

Increased acidity

Increased corrosion

Production of hydrogen

Biological and human effects

Loss of environmental “‘services”
Loss of timber

Loss of wildlife habitat
Proliferation of waterweeds
Curtailed multiple use

Increased disease vectors

Impaired water quality
Impediment to access

Physical effects

Reduction of reservoir volume

Reduction of vertical circulation
Mechanical interference with multiple uses
Mechanical interference with the dam
Biological and human effects

An attempt to compare Amazonian reservoirs with African ones
is not feasible: the African reservoirs have been built mostly in savanna
regions; the hydrogeo-chemistry and ionic composition of the water of



56

the Amazon tributaries is different from the African rivers; and the pH
of the Amazon waters is low and acidic (JUNK & MELLOQ, 1987).

This brief synthesis of the reservoir problem in  Brazil
demonstrates the need for sound management and recovery
programmes based on an ecotechnology with a sound ecological basis
(TABLE 1).

TABLE 1

MAIN RESERVOIR USES IN BRAZIL

Hydroelectricity

Water storage for irrigation

Storage for drinking water Biomass production (fish cultivation)

Extensive fisheries

Transportation

Recreation

Tourism

Water storage for cooling purposes

MAIN PROBLEMS OF RESERWVOIRS IN BRAZIL

Eutrophication

Increased toxicity and general contamination

Silting and a rapid filling-up with sediment

Spread of water-borne diseases

Salinization (northeast)

Anoxic hypolimnion and severe downstream impacts

(mainly in Amazonian reservoirs)

Low diversity of fish fauna, compared to rivers

High internal load (in eutrophic reservoirs) and toxic sediment

Extensive macrophyte growth {Eichornia crasssipes, Pistia stratioides)
associated with eutrophication

Loss of arable land

Relocation of human populations, including amerindians
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GENERAL FEATURES OF RESERVOIR ECOSYSTEMS

The interactions of a reservoir, or reservoirs, with the watershed
15 a dynamic process, given the watershed’s uses, and its geographic

location (geomorphological and climatic characteristics), which
determine the basic features of the reservoir system, namely
morphometry, seasonal cycles, and, to a limited extent, the chemical
composition of the water. Temporal and spatial scales must be
considered in relation to seasonal cycles, size, water storage and water
uses. In many cases, reservoir drainage basins are elongated, with
spatial gradients in suspended sediments, water quality and
productivity. Gradients in reservoirs can be more pronounced than in
lakes due to the withdrawal of water from various depths (RYDING
& RAST, 1988). Reservoirs are much younger than lakes, and most of
them develop a compartmentalized dendritic pattern.

Retention time wvaries widely depending on reservoir uses
hydrological cycles, and water availability. Retention time is a key
factor in reservoir hydrology and ecology. Various patterns of flow
occur in reservoirs, depending on the watershed's characteristics, such
as the river network, declivity and the level {or levels) and quantities
of water withdrawal., These patterns may have a strong influence on
biomass loss to the downstream ecosystem, and on water level
fluctuations, as well as the physical, chemical and biological conditions
upstream and downstream. A number of vertical and horizontal
circulation patterns occur in reservoirs, depending again on climate,
and also on l|evel of outlets, wind action, and degree of
compartmentalization [TUNDISI, 1990a, 1990b). Flushing rates and
retention times are regulated by the operation of the reservoir
according to with the hydrological eycle and to the multiple uses of the
reservoir water. Reservoirs in a cascade are, in many instances,
controlled with a single operational procedure (TUNDISI, in press,
1991). Water level fluctuation, a consequence of uses and the
hydrological cycle, is another strong factor in the ecological functioning
of the system.
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PRINCIPLES OF THEORETICAL ECOLOGY APPLIED
TO WATERSHEDS AND RESERVOIRS

Certain principles of theoretical ecolegy can be applied to the
river/reservoir system and the watershed in order to understand
mechanisms, interactions and key processes, These are:

a) The seccession of terrestrial and aquatic ecosysterns. Filling-up
a reservoir abruptly ceases succession in the terrestrial ecosystem and
creates a new pattern. Under the influence of anthropogenic activities,
succession may take one of a8 number of directions in any specific
reservoir, The filling phase has a distinct successional pattern
(MATSUMURA-TUNDISI et al, 1891),

b) The puise concept. Pulses in the watershed may be related to a
number of factors, including those related to climate and hydrology.
Human activities, including agriculture, discharge of pollutants and
water withdrawal, produce pulses of varied magnitudes and frequencies
{STRASKRABA et al, 1992, in press).

c) The ecotone concept and the mosaic. Spatial variations in the
system and spatial heterogeneity are important characteristic features.
Ecotones, such as wetlands, the reservoir shore, and the riparian forest,
are key sub-systems in the mechanisms involved in the functioning of
the reservoir system. Sustainable productivity, high degrees of
denitrification, and high biological diversity are some functional
properties of ecotones which maintain heterogeneity and mosaic
patterns. Spatial heteregeneity enhances biological diversity
(JORGENSEN & LOFLER, 1990).

d} Connectivity. Connectivity between subsystems and
compartments is another concept that must be taken into account
when considering watershed/reservoir interactions. Transportation of
elements, substances, and organisms between subsystems is qualitatively
and quantitatively important. Climatological functions, such as
precipitation and wind, are transport factors. Upstream/downstream
processes and their connections with the reservoir have also to be
understood. The measurement of fluxes is essential to quantify
connectivity {PIECZYNSKA, 1990: WETZEL, 1990).
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e) Spatial heterogeneity and biclogical diversity. Maintenance of
spatial heterogeneity is of prime importance for biological diversity. A
balance between preserved areas and areas for agricultural/industrial/
recreational use is essential for conservation/restoration programmes.
Preserved areas maintain "‘seed species” of plants and animals, that can
be used for repopulation and recovery of biological diversity (KIRA,
1888).

f) Theoretical approaches to the refationships between terrestrial
and aquatic ecosysterns. It is of prime importante to consider organic
and inorganic matter transfer from terrestrial to aquatic ecosystems,
the role of ecotones as “'filters”’ of contaminantes and pollutants, the
role of large vertebrates in the transference of organic matter from one
gystem to anather, and the characteristics of biological diversity of both
terrestrial and aquatic systems and the mutual influence each have on
the other. Quantification of these interactions is most helpful In
understanding the relationships.

The principles of theroretical ecology applied to the river/reservoir
systems are very helpful in understanding how these ecosystems
respond to disturbance, their possible recovery, and the dynamic
changes which occur.

ECOTECHNOLOGY, RESERVOIR MANAGEMENT
AND RECOVERY

Ecotechnology must provide alternative options for management,
with approaches based on supporting ecosystem recovery, the
adaptation of ecosystems to anthropogenic stress, and the use of
natural ecosystems for recycling waste material, and as a source of key
species for reintroduction. Another important basic principle is a
knowledge of the feedback mechanisms, and regulation of ecosystem
processes, which in reservoirs is enabled through the regulation of flow
rates. A practical problem for the application of these technologies
is the recognition of the compartmental structure (vertical and
horizontal), which can be extensively used most especially in the larger
systems.

TABLE 1 gives a synthesis of principles and ecotechnological
methods that can be applied to watershed/reservoirs. TABLE 2 provides
a summary of ecotechnological methods and the problems to solve, and
TABLE 3 summarizes ecotechnological methods,
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TABLE 2 — THEORETICAL PRINCIPLES AND THEIR USE IN
WATERSHED RESERVOIR RECOVERY (modified from Straskraba
et al. 1992)

PRINCIPLE

USE

Bottom up effects

Top down effects

Limiting factors concept

Sub-system interactions

Negaﬂua feedback
Connectivity

Ecological succession

Ecosystem adaptability and
Ecosystem self-organization

Ecosystem spatial heterogeneity
Biological diversity

Competition

Pulse effect theory

Colonization

Chemical factors determining
biological production

Biomanipulation

Eutrophication on reduction,
upper limits

Watershed/reservoir interactions
Phyto-nutrient relationships
Upstream/Downstream

Reservoir ageing

Ecosystem response to
Anthropogenic influences

Protection of headwaters and
shoreline

Reforestation, wetlands,
ecotone’s protection

Introduction of exotic species

Regulation of water withdrawal
Maintenance of riparian forest

Exploitation of pelagic
gnvironment




61

(Sa13ads auLIaAL 10} Uoieldepe 10AIBsaT 10f
saibojouyaa) Jo Jusllidojais(]) “(s12a05 auliaAlY)
saldads ysi) aAileu Jo UOIIINPOJIUIaY

‘(paziwiido uvonualal Yiim) mofjybnoiyy
D3[]0AU03 YIIM S1I0AIaS3) |jews Jo aduanbag
salielnglil Jo uawpunodunald

‘(Spuefiam [eraijilie JO U0IINJSUOD)
‘(spueiiam jo Alanodas pue aaueudjuiepy)
UOIIBAIBSUOD PUB AJBADIAI PUBjIEMN

"fALA0D34 J3ALL JO) 21eSqnS [B1311111Y)
‘uoieuabAxoas 18A1Y

uonejljiqeyas yUeq J9AfH

uo|leJ0lsad JAMY

($a10ads anIeu y1im sadogs jO Uojje1abaray )
(uoipelaban ueLedls O UOSS3ING)
sainads amleu YlIM UDI1BISAI0LaY

woneabanay “(sadrjoesd
jeanynoabe  Suipryour  ‘spoylaws  jesanas  Ag)
|04IU02 UOISOI]

AOH13W

‘uoileliojdxa ayaiu AJISISAID PUB 3SeaIdU|
"saldads ameu Jo
AlsIanp pue uoilanposd SSewoiq JO a5ealdu|

"$82.Un0s Juiod wouy peoj aanpay

"Aujenb sajem anoudu)

"UoljeuIWeILOD pue uonedydolina aonpay
‘1ndui [eualew papuadsns aonpay

"saloads
_paas,, 10 aoueuuIRp -AlsIanlp sa10ads asealau|
"UOIIBUILIBILOS pue uoilediydodinag asealda(

J10AJ3531 0] peO| 4 ‘N ‘8dnpay
"81e415qNS O AJISI3AIp asealou|
"sian1d U uollajdap uabAxo aanpay
"uoiealydoilna Jaall adnpay

-Anauaboialay jeneds asealou|
“afueyoal Jalem punolb anoaduw)
"110A1953] 0] pRO| 4 ‘N JO 8588123(]
"Hodsuel] Juawn pas aanpay

Buiyjis aonpay
JAT0S 01 W31804d

INIWIDVYNYIN ANV AHIA0DIH ‘NOILYAHISNOD HIOAH3SIY
/AIHSHILVYM OL a317ddv SQOHLIW TVIIDOTONHIFLO0O3 40 AHVYINWNS V — € J78VL



62

4318M O [EMEIDLTIM
anipJajas pue uoilenbas moybnasy | )
allil uoualal Jo |0J1uon)

"YIMOJE J28su1 {0 j0ua7) f550)
481eM aNISS3INI PIOAE O] SSQAYTOLBLL PasIaIgns
/pasiwa  jo buydnon) cfsaoeds aaneuw  jo
Uonanpoguial pue spuels ajAydossew jo joug?)

‘(spuels apdydosoew jo aueuajusepy)
U0z |es0131) jo Juawabieuepy

‘fele1sqns jerdigilie jo asey) fsaidaas
8ANEU YUM UollejaBianal pue auiaioys feraiyriie

Bunonasuoy  ‘auyjaioys  jeimeu  Buinsasaly)
juaiuabeuew ajoys e

swaysAs Jayynq se sease pansasaid Jo aoueuajuIBpy

QOHLIN

'$3ssa00.d |e2160|028 WEBISUMOD JO

|03uog) “Aljjenb Jajem jo Juawanoidl| ialiew
papuadsns pue snilap Jo |0JIU0Y) SWoo|q
|efije ajgensapun pue uonesiydonna o joiuo)

'saymu Buipsay yum spaig a11enbe

2PIACI4 “salsyy 10} spunolfi Asasinu apiao.y
‘AlljenD jalem anosdw) pue peoj Juawipas
a5Baida(] 'ssewolq altAydoioew/uoijAyduad
10/pue snyjilap se pooj oiuebio jo Ajddns

Yum saysiy Buipincud uonesiydonna Jo |osiucn

'S3LS|} 10J POD4 pue $31RIGILIBAU| 1O}
BIEASQNS SPIA0.Y "SIUBUIWEILIOD JO PEO| 32NPay
"UoIS0Ja jueq pue Indu| Juawipas aonpay

"53lJads amiey
A3y Jo uonanponuiay "uonejndodal 10}

sainads A9y jo sayis pue ‘Anauaboualay |eiieds
aseatou) "bun|is pue uonesiydonna aonpay

IATOS OL W31804d

U032 - g 37EVL



it
WO

1661 ‘ISIONNL 0661 'HIT407 ® NISNIDHOr -686L

'HIQIIMNITIOA ® NISNITHOr ‘8861 "wHIN ‘9861 'SAE1 'VEVHASYHLS ‘9861 "FINITISSOHT ® HISLIN
‘0861 'NISNIOHOr (0861 1961 'JHOONIE ® NNYIWHIN ‘9961 '8 18 A3701Y S32UN0s (RIS Wal) paidepe ajge)

(sanbiutyaa) Jaylo pue buixi jei14eA Ag)
uoijesauad bl jo uoONpay

(saioniqiay jo buizeil Buiseasou))
uonejndiveworg

HoAgsas Jo auo2 Jiberad jo uoiepiojdx 3
safies W aimng  ysi4 salbojouydal  [elanasg
“Jlo/uasal ayl Ul $3109ds aAIBU JO UOIIONPOJIUIEY

"($anbjuy3a] UG ]EIIHIE] [EIGASS
wmupdo  xnuz  C‘uoielse  "uoipedjiensadg)
buixiw Jorsasay

‘2IBYISIP JUBLLIPSES J0] 18)1N0 WOHI0q JO 851)
fworioq 01 aeydsoyd 8310}

0] Uoilelse R Sanbiuyaal [eJ3LYDd  [esaAas)
"JUSLLIPas |0 UOI18|0SI |BIIWIBYD pUB |BACLUaY

QOHLIW

10308y Bupwn| w abuey)
‘ipmoub uouedolAyd jo uoissaidag

‘uoileaiydosina aonpay ‘Ajoeded
Buipeo| |ewalul aanpay ‘ymoub jebje aonpay

- JIoAIEsa] J0 sayoiu Buipaay jo uoneyojdxa
pue AlisJanip.sa1dads asessou| auoz dibejad

J0 uoI1e110|dXa aseaJou| "SSeLOIq YSi) S5EaJ0U|
*JJOAJIS3) 3Y] JO BINJINULS

|eaiaa jo afiueys "ywmolb |ebje aonpay
‘uonealydosine pue buipeo| jeusajul aanpay

‘uoiiesiydoiina asealnaq
‘Buipeo| |eulajul aanpay
JAT0S OL W31804d

‘ol — g 378V.1



THE LOBC-BROA WATERSHED AND RESERVOIR
CASE STUDY

This small watershed {280 km" ) was chosen for the development
of an intensive ecological project in 1870, mainly due to its proximity
to a series of reservoir systems which could provide comparative
studies, for its convenient location, and its properties for physical
modelling and experimental research,
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The description of the principle functions involved in this
ecosystem, such as wind and precipitation, and their interactions with
the watershed and the reservoir, the coupling of primary productivity
with biogeoghemical cycles, the diversity of the biological community,
and seasonal patterns, was surnmarized by TUNDISI {(1986a,b). Besides
providing first hand information on the environmental processes, the
objectives of the basic research were designed to produce a basis for
management, conservation and the recovery of the system. The
implementation of several methods and techniques in the last five years
have helped in the establishment of the current framework for action.
The first step was the creation of an Environmental Protection Area of
1.000 km', including the entire Lobo/Broa watershed, and several
slopes where primary forest is still present, The second step was the
recognition of several important (qualitatively and quantitatively)
sub-systems that reguired protection. The third step was to define
a recovery programme, with the problems identified by the research
activities, Table 4 shows the ecotechnological methods currently in use,
and the ecological principles supporting them. Table § gives the basic
characteristics of the Lobo-Broa watershed wich were used for
management and regional planning. Currently underway is the
evaluation of each sub-system and the numerous processes involved
{including biogeophysical, social and economic aspects) (GOLDESTEIN
et al,, 1991},
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TABLE 5 — BASIC CHARACTERISTICS OF THE LOBO-BROA
ECOSYSTEM AND THE CORUMBATAI ENVIRONMENTAL
PROTECTION AREA (APA), USED FOR MANAGEMENT
AND REGIONAL PLANNING

— Biology of the terrestrial and aguatic systems: description of fauna
and flora.

— Ecology of terrestrial and aquatic systems: driving functions,
succession, interactions, main mechanisms,

— Climatology and water balance, hydrology.

— Water quality of rivers, reservoirs, wetlands.

— Geology and soils,

— Socioeconomic basis of the watershed: land use, agricultural
development (large scale /small scale), industrial systems (including
agroindustry). Regional water uses (domestic, irrigation, hydropower,
industrial uses).

— Recreational and touristic value of the region.

— Preserved areas and rare species.

— Human health and aquatic systems.

— Magnitude of impacts: agroindustry, mining operations, recreation,
water uses, deforestation, wildlife exploitation.

The activities also include a strong emphasis on environmental
education throughout the region, and the continuous decodification of
the research findings to the general public.
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THE ROLE OF LONG TERM STUDIES IN CONSERVATION
AND MANAGEMENT

The transfer of the results of basic research to management and
regional planning Is not easy. Translating ecological principles to
technological solutions implies a highly coordinated interdisciplinary
approach, complicated by the dynamic nature of the ecosystems and
the impacts produced by man. Long term ecological research can
provide the necessary basis for understanding dynamic processes and
events, and produce significant inputs to management. A minimum of
prediction for ecosystem responses is essential for management. This
implies the need for long series of cumulative information, including
simultaneous observation at several organizational levels such as
populations, communities, ecosystems and landscapes (LIKENS, 1989;
FRANKLIN, 1989),

Long term studies also provide a basis for the development of a
continuous monitoring procedure. Monitoring in the aquatic system,
for example, functions as a sensor of changes in the terrestrial system,
This monitoring is a key tool for management. Preimpoundment
monitoring and evaluation is also fundamental in the preparation of
Environmental Impact Assessment for reservoir construction.
Frequently EIAS in reservoirs, especially those in Brazil, emphasize
structures rather than processes. A change towards a more dynamic
approach, with a better evaluation of impacts, is necessary, and can be
produced only with long term monitoring and research before
impoundment (TUNDISI, 1881). Long term ecological research can
alsc contribute to our understanding ecosystems subjected Tto
disturbance, their responses, environmental variables involved, and
changes in populations and communities. According to TILMARN
{1989), three levels of long term ecclogical research are important:
observational and comparative, experimental, and the development of
theory. VOLLENWEIDER (1990} suggests that long term research with
two approaches, in depth single-case and comparative cross-sectional,
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is extremely useful for providing a basis for the management of the
problem of eutrophication,

CONCLUSIONS

The transfer of basic ecological principles to ecotechnology
applied to watershed/reservoir systems is fundamental for their
management and conservation. Although reservoirs cause considerable
impacts and numerous changes in watersheds and rivers, it is important
1o consider the gualitative gain produced by reservoir construction in
most cases, and their role in enhancing regional development in many
countries. Reservoir construction also provides an important
opportunity for the development of basic, integrated, ecological
research, essential for management and planning activities,

It is fundamental to stimulate the use of ecotechnology, in water
resource management and the improvement of watershed protection
and multiple associated activities. Monitoring the permanent
biogeophysical changes in the watershed and river/reservoir systems as a
consequence of economic alterations over time provides the key for the
management actions and planning activities. Equally important from a
qualitative and quantitative point of view is the preparation of human
resources with a strong theoretical basis and practical experience in the
field.
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