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Progress Report on Fisheries Development

in Northeastern Brazil

II. Reservoir Fisheries of Northeastern Brazil

W. D. DAVIES1

INTRODUCTION

THE UNITED STATES Agency for International Development
has been providing assistance to the Government of Brazil
in freshwater fisheries since 1966 under a program entitled,
"Fish Production, Processing and Marketing." The DNOCS2

has the responsibility for inland fisheries; assistance has been
made available to DNOCS through agreements administered
by SUDENE.3 The USAID project agreements to date have
consisted of monetary and technical assistance contracted to
the United States Bureau of Commercial Fisheries 4 (from
1966 to 1971) and the Auburn University Agricultural Ex-
periment Station International Center for Aquaculture (from
1969 to 1974).

The project goal established for this assistance is to create
within DNOCS a freshwater fisheries group capable of plan-
ning and conducting practical research programs in the fields
of fish culture, fisheries biology, and food technology. The
objectives are to increase fish production in northeastern
Brazil through proper management of the freshwater fisheries,
improve fish processing methods, and to introduce intensive
fishculture techniques. Once these objectives are achieved,
then a certain degree of progress can be made in improving
the general well-being of the people by increasing the amount
of protein available for human consumption and by creating
opportunities for capital investment.

This report will summarize and evaluate USAID assis-
tance in fisheries biology, with special emphasis on the Au-
burn University Contract AID/csd-2270, Task Order No. 4
(November 1970-August 1972). A brief description of the
Drought Polygon of northeastern Brazil, the reservoir fish-
eries, and the marketing systems will be followed by sections
on past and present strategy, project status, and recommenda-
tions for future action.

BACKGROUND
The Drought Polygon

Nine states comprise the area of northeastern Brazil, from
Bahia in the south to Piaui in the north. Except for the littoral

1 Assistant Professor, Department of Fisheries and Allied Aqua-
cultures.

2 Departamento Nacional de Obras Contra as Secas (National
Department of Works Against the Drought).

tSuperintendencia do Desenvolvimento do Nordeste (Superin-
tendency for the Development of the Northeast).

'Now the National Marine Fisheries Service.

zone and the area west of 440 West Longitude, all of the
above states are included in an area termed the Drought
Polygon. This area consists of approximately 1 million square
kilometers, or about 70 per cent of northeastern Brazil. The
littoral zone usually extends several miles inland to where
the land rises to form a low plateau. Characteristic geo-
graphical features are intermittent streams and low, rounded
remains of Precambrian igneous extrusions. The permanent
rivers of this region are the Parnaiba and the Sao Fran-
cisco (4).

FIG. 1. Map of northeastern Brazil showing the Drought Polygon.

The plateau region is plagued by frequent droughts and
poor soil fertility. Even in non-drought years, there is usually
a 6- to 8-month period with little or no rainfall. As a result,
the region is experiencing slow economic development (9).
Also, the diet of the people is markedly inadequate in pro-
teins, especially in the high quality proteins which are present
in meat and fish products. The present low dietary level has



FIG. 2. Average monthly precipitation (1912-1967, Nov.-July) for the
State of Ceara, Brazil.
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FIG. 3. Average monthly precipitation (1912-1967) for northeastern Brazil
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reservoirs. Of these, 254 are classified as public reservoirs;
117 contain 2 million cubic feet or more of water (unpub-
lished DNOCS statistics). These reservoirs were used at
first for water storage to serve as oases during periods of
drought, and later for irrigation, hydro-electric power, and
fish production.

Characteristic physical and chemical features of these wa-
ters are as follows: temperature differences from top to bot-
tom (less than 30F) are usually not sufficient to prevent
mixing of the water column by wind action. However, during
calm periods, water greater than 10 meters in depth can be-
come devoid of oxygen. Alkalinity remains between 55 and
88 p.p.m., pH 7.0 to 8.0, and salinity 60 to 100 p.p.m.
Yearly variation in surface elevation can be as great as three
meters. During the rainy season (March-July), the reservoirs
often will overflow (3).

DNOCS has the responsibility for managing the freshwater
fishery resources. They have established fish hatcheries at
Ico, Ceara (Lima Campos); Maranguape, Ceara (Amanari);
Caico, Rio Grande do Norte (Itans); and Itiuba, Bahia
(Jacurici). They also have a Center for Fisheries Research
at Pentecoste, Ceara, a Division of Fisheries and Fish Cul-
ture in each of four regions to collect fishery statistics, and
a Directory of Fisheries and Fish Culture for administrative
purposes. The Fisheries Services within DNOCS are depicted
in the following abbreviated organizational chart.

Organization of Fishery Services within DNOCS

Ministry of the Interior
Director General, DNOCS

General Directory of Administration
Directory of Finance and Records

General Directory of Irrigation
Directory of Studies and Projects
Directory of Irrigation
Directory of Fisheries and Fish Culture

Center for Fisheries Research
Division of Fisheries and Fish Culture

Directory of Works and Equipment
Directory of Regions (4)

Division of Administration
Directory of Irrigation

Division of Studies and Works
Division of Assistance
Division of Fisheries and Fish Culture

Fish Hatchery Stations
Division of Water and Dams

Since 1945, fishery activities within DNOCS have been
mainly concerned with production of fingerlings to stock new
impoundments and the collection of fishery statistics. For
example, once a dam has been closed, a DNOCS fisheries
team will usually poison the natural population of fish to
eradicate the various species of piranha. They will then
stock the reservoir with several species of fish that have been
acclimated from the Amazon, Parnaiba, and Sao Francisco
rivers. Once populations are established, fishing is permitted.
Fishermen must register their gear and pay a small fee per
unit of gear as indicated in Table 1.

At present, each fisherman must report to a guard station
each day he fishes to record and weigh his catch. Regula-
tions which are currently imposed on the fishery take the
form of gill net mesh restrictions, quantity of gear, and closed
seasons.
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FIG. 5. Monofilamenl gill nets, the main type of fishing gear used in the
reservoirs of northeostern Brazil, are usually set in the evening and fished
the following morning.
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FIG. 7. Freshwater Fisheries Resource Management personnel chart (asterisks indicate sections now functioning).

rectly associated with the program. They returned not only
with improved technical abilities, but with a much better
attitude toward applied research work. Also, four partici-
pants from the CONVENIO DPAN and other sectors within
DNOCS have recently returned from a 2-month tour of fish
hatchery and laboratory facilities in the United States (5).

Additional assistance and training was provided by con-
tracting consultants from Auburn University for periods up
to 10 weeks in 1966, 1967, and 1968. Teams consisting of
three men each worked with Brazilian counterparts at sev-
eral reservoirs and local fish hatcheries to determine the po-
tential for increased fish production. Various methods of
stock assessment that provided a logical framework for plan-
ning continued studies were introduced. Several of the 1966
team's recommendations, namely that the natural fish pro-
duction from reservoirs could not be substantially increased
and that a program of intensive fish culture in small ponds
be initiated, were significant in that they altered the em-
phasis of the CONVENIO DPAN from fishery biology and
food technology to intensive fish culture (1).

A short-term marketing study conducted under USAID
sponsorship in 1967 upheld the feasibility of using intensive
fish culture for increasing the food supply and decreasing
protein deficiency in northeastern Brazil (6). A typical mar-
keting study, to be conducted simultaneously with the de-
velopment of intensive fish culture systems, was recom-
mended to ascertain the extent of the market potential.

To date, 54 ponds, with a total surface area of 4 hectares,
and a field laboratory have been constructed on a site near
Pentecoste, Ceara. A fish culture specialist contracted from
Auburn University arrived in October 1969, to assist in fish
culture research activities. A program of technological as-
sistance in fish culture and extension is presently scheduled
through June 1974.

8

CURRENT STRATEGY

Objectives
Technical assistance in fisheries biology of reservoirs will

terminate with Task Order 4, Auburn University-Brazil Con-
tract, AID/csd-2270 in August 1972, culminating almost 6
years of advice and direction to the project. The broad ob-
jectives of Task Order 4 were to assist the Brazilian counter-
part biologists in developing management policy from existing
research findings and to advise on present and future ac-
tivities.

Upon my arrival in Fortaleza in October 1970, I found
that although a tremendous amount of data had been col-
lected very little had been accomplished in their analysis to
form a basis for management recommendations and scientific
publications. Although the two Brazilian counterparts as-
signed to the project were diligent workers, they were not
aware in many cases of methods of analysis basic to fishery
investigations.

After becoming familiar with the desires and needs of my
counterparts and the reservoir fisheries in general, I pro-
posed the following work schedule:

1. To accompany the Brazilian biologists on all of their
field trips (usually 5 to 10 working days per month) in order
to introduce new field methods and recommend revisions in
existing ones.

2. To actively assist in the summary, analysis, and publi-
cation of existing data.

8. To demonstrate acceptable procedures for sampling
programs and in the design and analysis of experiments.

4. To increase the harvestable production in terms of
pounds of fish through the introductions of new species.

5. To assist in the preparation of proposed recommenda-
tions for the rational exploitation of the fishery resources.

I .
Extension

Fish
Technology

Fishing
Technology

t r--- -I- _~ " I ~ _ _ _~_ I
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Using the information gained from the tagging demonstra-
tion of traira in Reservoir Forquillia, the total catch as re-
ported by DNOCS, and the adjusted units of effort for gill
nets, hooks, and thrust baskets, the surplus reproduction for
this species was calculated. Actually, three levels of surplus
production were calculated using adjusted and unadjusted
rates of fishing mortality. When tag returns were adjusted
for tag, loss and tagging mortality, the surplus production was
calculated to be 30 per cent greater than the present average
commercial catch, thus indicating that the population is be-
ing harvested somewhat below the optimum rate.

Obviously such studies are of considerable importance in
determining the status of a fishery and in estimating potential
yield. It is recommended that surplus production be de-
termined for all commercially important species once esti-
mates of fishing mortality are available. However, each
estimate must be carefully interpreted in terms of the ac-
curacy and precision of each factor entering into the compu-
tation and the correctness of basic assumptions inherent to
this method.

PRESENT STATUS

The actual impact of technical assistance in fisheries biology
can best be evaluated in qualitative terms such as institutional
growth and maturity and expansion of human skills. Ad-
mittedly, a quantitative evaluation in terms of increased
production of freshwater fish products would be more ap-
propriate. However, a greater period of time is needed to
adequately verify such indicators. For example, because of
the variation in annual weight yield from reservoir fisheries,
at least 8 to 10 years of information will be needed to verify
a 10 per cent increase in yield.

Expansion of Human Skills

Up to the time the CONVENIO DPAN was formed, Bra-
zilian biologists working in the Northeast had little formal
training in fishery science. Their research efforts had been
qualitative and descriptive rather than quantitative, resulting
in information that was not readily transformed into man-
agement policy.

Thissituation has improved to the extent that counterpart
biologists can plan and execute studies to gain specific in-
formation. For example, DNOCS recently requested an im-
mediate recommendation on whether the fishery of a large
reservoir could be industrialized, i.e., the addition of large
outboard motor boats and the construction of cold storage
facilities. The proposed plan called for a relatively large
cash expenditure and would require a substantial increase in
catch of commercially important species to justify the costs.
Whether such an increase in effort would cause an appreci-
able decrease in catch per effort unit and eventually result
in a reduced yield can best be answered by an understanding
of the rates of growth, mortality, and recruitment for the in-
dividual species concerned. However, the counterpart bi-
ologists, having gained an appreciation for the principles of
population dynamics, were able to use available catch and
effort data to approximate the amount of fishing the resource
could accept on a sustained basis.

Long range plans developed: by counterpart biologists re-
flect an increased appreciation for sampling and experimental
error. In past studies, a small number of samples or insuffi-
cient replication in an experiment often resulted in estimates
of low precision and of questionable value. In this respect,

their plans now give careful consideration to economy of
effort and the resources available.

Institutional Growth

The CONVENIO DPAN is recognized by DNOC as an
effective scientific institution capable of administering pro-
grams in fish culture and fishery biology, and they have
pledged continued support to this institution when USAID
contributions cease. To ensure the continued development
of CONVENIO DPAN and the fisheries project, the following
recommendations are offered:

1. Additional academic training in the special field of
population dynamics would be desirable. Such a program
should include instruction in automatic data processing tech-
niques so that returning participants can take advantage of
Sthe computer time that is becoming increasingly available in
the Fortaleza area. DNOCS should provide graduate degree
scholarships for project personnel at the University of Sao
Paulo Department of Biological Sciences, where such train-
ing is possible.

2. It is essential that program personnel receive training
in the special fields of fish diseases and parasites and fish
nutrition. This training could be carried out in Brazil during
a 3-week program by a team of two professors from the In-
ternational Center for Aquaculture, Auburn University. An
ideal location for this training would be the DNOCS Train-
ing Center which is located less than a mile from the Pen-
tecoste Fish Culture Research Station. Adequate facilities
exist for 26 individuals, which would permit approximately
10 biologists from other government agencies to participate
in the program. It is recommended that AID provide special
training funds for this assistance upon the request of the
Brazilian Government.

3. It is possible that individual projects within the CON-
VENIO DPAN have their roles too narrowly defined. As a
result, cooperation between projects, especially in sharing
facilities and manpower, could be improved. In this respect
it is recommended that the Director of the CONVENIO
DPAN review the activities of each project to define areas
of mutual interest where cooperation is possible. The result
will be an institution much more effective in using available
resources.

4. Although a library exists within the CONVENIO
DPAN, it is not functional. No method exists for indexing
the location of material or the deposition of items loaned.
As a result, books and subscriptions obtained are largely
unusable. Attempts to, organize the library in the past have
been unsuccessful because individuals assigned the task were
not qualified or were not hired on a permanent basis. It is
therefore recommended that DNOCS hire a qualified librarian
on a permanent basis to organize and expand the existing
facility.

Marketing and Distribution of Fish Products

The marketing and participant training programs recom-
mended in the report, "Short-Term Marketing Study of the
Intensive: Freshwater Fisheries Development of Northeast
Brazil," (6) were not implemented. In this report, the author
described, the existing marketing and distribution systems as
archaic and unsanitary. In 19.72 there has been no improve-
ment in the system. Although this report was concerned
with market development in conjunction with the develop-
ment of intensive fish culture systems, the same ills affect
the marketing and distribution of the commercial catch from
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the reservoir fisheries. As a result, both projects would
benefit from the findings of the study.

Because the present marketing system is recognized to be
a limiting factor to future development of the freshwater
fishing industry of northeastern Brazil, it is recommended
that action be taken to determine the market potential for
handling, marketing, and distribution. If the Government of
Brazil requests USAID technical assistance, suitable counter-
part personnel could come from the newly formed graduate
program in agricultural economics, School of Agronomy, Uni-
versity of Ceara. The Government of Brazil could provide
support through in-country training scholarships in fish mar-
keting.

CONCLUSIONS

Technical assistance rendered under the Auburn University
Brazil Contract, AID/csd-2270, Task Order No. 4, served
to consolidate the results of previous assistance in fishery
biology of reservoirs and to stress the importance of more ad-
vanced methods of assessing fish stocks, of sampling, and of
design and analysis of experiments. Obviously the form of
advice required changes with advancements in institutional
development and increasing human skills. In this case, in-
puts provided were appropriate because of progress made
under previous technical assistance in fishery biology.

The freshwater fish stocks of northeastern Brazil are being
moderately to heavily exploited. As a result, rather precise
estimates of population parameters are required for devel-
oping management policy. In tropical areas, fisheries are
usually based on a number of species. However, in north-
eastern Brazil the number of commercially important species
in any one reservoir is not great, usually numbering between
3 and 8. The currently recommended approach is to analyze
the data for each species separately, taking into account any
interactions, and add the results together. However, as new
species are introduced, this approach may prove to be un-
workable. An alternate approach would be to treat the
species complex as a unit and relate fishing effort to the com-
bined catch of all species.

The Brazilian counterpart biologists are well aware of these
options. They now have the necessary technical skills and
understanding to conduct basic studies on growth, mortality,
and gear selection characteristics, and to use these data to
determine management policy. Additional inputs into this
project, such as scholarships for advanced graduate studies
and equipment purchases, can and should be supplied by the
Brazilian Government.

To ensure the continued development of the CONVENIO
DPAN and the fisheries biology project, additional AID in-
puts are desirable. These are special training funds for a
3-week course in fish diseases and parasites and fish nutrition
to be presented in Brazil, technical assistance for at least 1
year in the fields of fishery marketing and economics, and a
once-a-year visit by a specialist in fish population dynamics
to evaluate expected gains.
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APPENDIX
FISH SPECIES COMMON TO RESERVOIRS OF NORTHEASTERN BRAZIL

Common name

Acclimated species

Apaiari*
Tucunare comum
Tucunare pinima*
Tilapia0

Pescada do piaui*
Pescada AMC*
Piau verdadeiro
Curimata pacu0

Pirarucu
Regional species
Beiru0

Piaba chata
Piaba nao pintada
Piabucu
Piau comum'
Curimata comum
Traira0

Pirambeba
Piranha
Sardinha
Bodo
Cangati*
Guaru
Moreia branca
Moreia preta
Mucu
Timbiro

Family

Cichlidae
Cichlidae
Cichlidae
Cichlidae
Sciaenidae
Sciaenidae
Characidae
Characidae
Arapaimidae

Characidae
Characidae
Characidae
Characidae
Characidae
Characidae
Characidae
Characidae
Characidae

Poeciliidae
Cobiidae
Gobiidae
Synbranchidae
Engraulidae

Species

Astronotus ocellatus
Cichla ocellaris
C. temensisTilavia rendalli

Plagioscion squamosissimus
P. surinamensis
Leporinus sp.
Prochilodus sp.
Arapaima gigas

Curimata sp.
Astyanax sp.

Hyphessobrycon paryellus
Curimata elegans
Leporinus friderici
Prochilodus cearensis
Hoplias malabaricus
Serrasalmus sp.
Serrasalmus sp.
Triportheus angulatus
Plecostomus plecostomus
Trachycorystes galeatus
Poecilia vivipara
Awaous transadeanus
Eleotris pisonis
Synbranchus marmoratus
Pterengraulis atherinoides

* Indicates commercially important species.
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