
AGENCY FOR INTERNATIONAL OEVELOPMENT FOR AID USE ONLY 
WASHINGTON, D. C. 20523 I ~ aa

BIBLIOGRAPHIC INPUT SHEET IJ h .u 
APRIMCT M0-00GI.~ ~ A~RYltr 

I.SUJEC 
 AgrculureAMOO-OOOO-G514
CLASSI-

FICATION B. SECONDARY
 

Fisheri es --Brazi l
 
2. TITLE AND SUBTITLE 

Progress report on fisheries development in northeastern Brazil. II: reservoir
 
fisheries of northeast Brazil
 
3. AUTHOR(S)
 

Davies,W.D.
 

4. DOCUMENT DATE 5.NUMBER OF PAGES S. ARC NUMBER 

1972 14p. ARC
 

7. REFERENCE ORGANIZATION NAME AND ADDRESS
 

Auburn
 

8. SUPPLEMENTARY NOTES (Sponsoring Organization, Publishera Availability) 

(InResearch and development ser.no.2)
 

9. ABSTRACT 

10. CONTROL NUMBER II. PRICE OF DOCUMENT 

PN-RAA-933
 

12. DESCRIPTORS 13. PROJECT NUMBER 

Brazil
 
Fresh water fishes 14. CONTRACT NUMBER 
Reservoirs CSD-2270 GTS 

15. TYPE OF DOCUMENT 

AID 590.1 (4-74) 



Project: A.I.D./cid-2270 INTERNATIONAL CENTER FOR AQUACULTURE 
Task Order No. 4 RESEARCH AND DEVELOPMENT SERIES NO. 2 

NOVEMBER 1972 

SFortalez 

Progress
f 

/ Fisher 
!.) - '.,eCife r. 

Fisheries
Salvador 

S-Development 
in 

06rasil ia 

(Northeastern 

Brazil
 

. Ro International Center for Aquaculture 
-.--- r Agricultural Experiment Station 

AUBURN UNIVERSITY 
R. Dennis Rouse, Director Auburn, Alabama 



ACKNOWLEDGMENT 
The author would like to acknowledge the excellent co

operation given by every Brazilian with whom he conferred, 
and to especially acknowledge that cooperation, good will, 

and fiiendship displayed by Odilo Freire Dourado and Joao 
de Oliveira Chacon, counterpart biologists of the fisheride 
biology project. 



--

Progress Report on Fisheries Development
 

in Northeastern Brazil
 

ILReservoir Fisheries of Northeastern Brazil
 

W. D. DAVIES' 

INTRODUCTION 

TiHE UNITF.D STATES Agency for International Development 
has been providing assistance to tileGovernment of Brazil
in freshwater fisheries since 1966 under 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 )e 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 All) csd-2270, Task Order No. 4 
(Novemlber 1970-August 1972). A brief description of the 

Drought Polygon of northeastern Brazil, the reservoir fish-
eries, and [he 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 

'Assistant Professor, Departient of Fisheries and Allied Aqua- 
cultures. 

Denartaniento Nacional (IeObras Contra as Secas (National
Departnent of Works Against the Drought).

"Superintendencia do Desenvolvinento do Nordeste (Superin
tendency for the Development of tie Northeast).

Now the National Marine Fisheries Service. 

° 
zone and the area west of 44 Vest 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). 
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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 ismarkedly inadequate inpro

tsins, especially in the high quality proteins which are present 
in meat and fish products. The present low dietary level has 
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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 
compared with monthly precipitation for 1970, a drought year. 

only been maintained by bringing new, marginal lands into 
production. Chemical fertilizers, farm mechanization, and 

irriation practices have not iasyet been brouglt into en-
era use. The present rate of increase of the population is2.4 per cent annually. 

The DNOCS 
As a means of countering the effects of the drought, the 

Government of Brazil has been constructing reservoirs in 
this region. Since 1945, DNOCS has been the responsible 
agency and has constructed or assisted in the construction 
of approximately 850 reservoirs. These are estimated to rep-
resent about two-thirds of the major available sites for large 

reservoirs. Of these, 254 are ciassified 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 1(;0 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. The\, have estal)lished fish hatcheries at 
Ico, Ceara (Lima Campos); Maranguape, Ceara (Amanari); 
Caico, Rio Grande do Norte (Itans); and ltiuba, 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 ald Fish Culture for administrative 
purposes. The Fisheries Services within DNOCS are depicted 
in the following abbreviated organizational chart. 

Organization of Fishery Services within I)NOCS 

Ministry of the Interior 
Director General, I)NOCS 

Directory of Administration 
Directory of Finance and Records 

Itirectory of Irrigation 
Directory of Studies and Projects 
Directory' of Irrigat ion 
Directors' of Fisheries and Fish Culture 

Center for Fisheries Research 
Division of Fisheries and Fish Culture 
of Works and Equipment 
of Regions (4) 

Division of Administration 

Directory of Irrigation 
Division of Studies and Works
livision of Assistance 

Division of Fisheries and Fish Culture 
Fish Hatchery Stations 

Division of Water and Dams 

Since 1945, fishery activities within DNOCS have been 
aince ih rctioti oinrin o stoc newmainly concerned wvith p~rodutetion 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, Parnail)a, 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 
seasoms. 
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FIG. 4. Reservoir Oros, with a surface area of approximately 35,000 hectares (87,500 acres) is the largest impoundment in the State of Ceara. 

"Ait.B 1. MONt ttV COSTr P.tS UN IT FOH 'ARIOUS T'PES O- is .l)()tt cqunal to the Vield of fish fr'omn marine fisheries in 
FtSIN; (G.EAII Usii) IN THE RLsRVOlt FItsERIu's the Northeast as showin in Table 2. 

OF NONIITIIEASTEIIN 1IiAZIL 

Getar Unit Cost, 	 TAttLE 2. ES'rttAT*E) LANDINGS FIROM il'IUSlIWATEI 
Cruzeiros U.S. dollars 	 AND MARINE FItSHE IES 

Cast net (Cotton) 1 Year Total Brazil Nrtheast
 
greater than 2 in. 
 1.50 0.25less than 2 In. 0.75 0.13 Metric tos Metric tonsCast net (nylon). 1 	 1......1966 ... 368,367 91,258greater than 2 in.......... 	 2.50 0.43 ...
1967 	 361,680 99,685less than 2 in............ 	 2.00 0.34 1968 .... 
 . 114,529. -. 98,240Sinking gill net ............. I 
 in. 0.03 ...... ......___.............
 

Floating gill net ............ 2 in. 0.05
Hand line (one hook) 1 1.00 0.17 Freshwater fish production has increased in recent yearsLong line .........- ........hook 0.03 .lue mainlh' to 
 fisheries developing on newly impounded

Pole and line .............. 1 1.00 0.17

Canoe (without ilotor) 1 	 0.25 The increase, however, may also reflect........ 1.50 waters. reported

Canoe (with motor) ..........
1 	 15.00 2.55 more efficient efforts by DNOCS in gathering catch data.

Table 3 shows the yield from reservoirs on which DNOCS 
Ra~te of exchange its
of July, 1072: Cr 1.00 =U.S. $0.17. has estimated total catch (2). 

The distribution by state for the 77 reservoirs under 
Freshwater Fisheries 	 DNOCS jurisdiction in 1968 is presented in Table 4. The 

contribution bv state to the total catch for that year is also
Production 
 inchtded. 
The freshwater fisheries of northeastern Brazil are presently The reservoir fisheries in Ceara are prodceing near aver

yielding approximately 40,0010 metric tons per year with an age yields per unit of area when compared with other tropi
equivalent dollar value of about 6.6 	 nillion. This production cal, inland lake fisheries. Based on DNOCS catch statistics 
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and the reported area for four reservoirs, yields per hectare 
were calculated, and are presented in Table 5. 

TAiLE 3. FiEtisiWATEn Fl:at PilOD)UCTION FIOM PUBILIC 
IiEsEnvoitts LINOEII DNOCS CONTROL 

Nunier ofYear Total proutction reservoirs reprn
senlted in total 

Metric tons 
1950 ..................... 
 626 
 12
1951 ....................... 
 1,041 12

1952 .... ..... ................. 755 12
1953 ...................... 
 639 
 12
1954 .. ...................... 
 489 121955................ 
 .. .. . 492 121956 ............................... 
 .. 921 16 
1959 ...........................
1,839 221960 .1961 .... ........................... 2 ,3,352
 22 

6,-- 254461962 ......... ......... 
 . 7,798 261963 ..... ----------... 10,125 271964 ............ 
 ... ... 8,660 531965 .............. 
 .. 10,387 661966- 11,082 661967 10,016 661968 11,936 77 

AHLI: 4. DISritlurTIoN AND 1968 CATC:z Fol DNOCS HlEsEItSOt5is 

StateNuiner of 
reservoirs Catch 

Metric tonsizti 7118Ceara 36 8,047Ii. C. do Norte 7 370iarail)a 11 1,970Pernantht ico 3 539Alagoas 53Sergipe . 3 2Bahtia 

Mhiknas Gerais . 

6 8:34 

1 25 

TAIILE 5. Ytnt.t) P4lt IIE.CTAUL FOIR Fount--- DNOCS RESEiVOIRS _ _Floating 

leservoir ielorted Yieldarea 1965 1966 1967 1968-
iHectares Kg./ha' Kg./ha. Kg./ha. Kg./ha. 

Arras 9,625 260( 228) 236(208) 144(127) 112(98) 
Miranda 5,024Lima 110( 97) 7.3( 64) 54( 47) 92(81) 

Campas 1,514 54( 47) 59( 52) 
 86( 76) 87(77)Forquillha 987 84( 74) 59( 52) 52( -16) 71(62) 
Nitnlbers in parentheses show Ib./A.

Gear 
GearThe principal type of fishing gear used in tile reservoir 

fisheries is the tnonofilament gill net, although other types of
gear are common. These nets 
were first introduced in 1957,

and withint a few v'ears they completely replaced 
 cotton nets.Current regulatiotns 1)1ohi]hit the use of a mesh smaller than 
9 centimeters (stretch measurement) for sinking nets and5 centimeters for floating nets (3.54 and 1.97 inches re-spectively). These nets are usually 50 to 100 meters (164 
to .328 feet ) iii len gthI, I to 2 metersdlepth, and bung ott a one-half (3.3 to 6.6 fcet ) finbasis with a minimum offloats and weights. Twine size is usually between 0.20 aid0.30 millimeters in diameter. 
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FIG. 5. Monofilament gill nets, the main type of fishing gear used in thereservoirs of northeastern Brazil, are usually set in the evening and fished 
the following morning. 

gill tnets are commonly used to take sardinhlilt 
(Trilur'hrus attgulatts)sinking nets ptrimtarily and heirit (Cttriala sp.), whilecearensis), peseadia tike ctrimta cotinm (irchIlod stra(h1is d0 piati (Plagioscion1lbres,oln squanto.sissintls).~a (emits[i

traira (sops 9 5alabari't(), pian comit
derici), and (12porini fri.pian verdadeiro (Leporitus sp.). Float lines 
are used exclusively forlilies are Lraira, whil,used nmlinlv for pescacla dio ong lines atd lalodpiauli. A pole and line 
is the, preferred gear for tutiinare (Cichla tcn('nsi andCichtla ocellaris) anid alpaiari (A.stronotis ocelatus). 

Fishermen 
Fishermen coinmonl\ lie on i vmargin of the reservois\'here they also tend st;intll farns. Recent surve s have shown 

that although a fisherman may register his geai" each month,he will fish atgreater number 'of, las duritg the months fromt
August to February. During the rest of tile %ear he is occupied \itlh Cultivating his land or w\orking on the farms of 
l'ge landowners. 

The portion ef his catch that he sells during the .'ear isWorth approximately 1,920.0(0 cruizeiros (U.S. $326.09), 
Which is less thaImilie ini innin wageregion (Ci $2,188.80 per year, Ceara, est abl)ished for thIis1972). lie wyill receive ot, the av'erage (I1 $1.00 per kilogram (U.S. $0.08 perpound) for his catch, which eventually sells for CR $2.00 

http:2,188.80


FIG. 6. Long lines baited with small freshwater shrimp are used mainly
for taking pescnda do piui (Plgioscion squamosissimus). 

to CIH $:3.Ot per kilogram (U.S. $0.I1 to 0.2:3 Per" potitd) 
itt ur'ati markets. 

The average fishermnt has six dependents who will con-
sume about 2(0 per cett of his catch. He usually owns his 
catoe, hooks, tiets, and lites, but in miny cases these items 
were fitaticed tihrotgh the ittermediarv who buys his catch. 
fie hIas st fficieutt illicone to purchaise a bicycle atid I radio, 
but lieustally caunot afford to setd his children to tilelocal 
schools. 

Marketing 


Receit stutdy groups have inidicated that tiledetnat id for 
fish products illnortheiastern Brazil exceeds the supply. I-low-
ever, freshwater fish products iii this region have traditioniallh 
beei a low priced food item when compared to pork, poul-
try, atd beef as showu in Table 6. 

"AItlE f. HACaE ix ltuct. 
Itl,)uc'rs, \JAY, 

Pro t = =c 

P'rod oct 

\Wholefreshwater fish 
Whole saltwater fishSalted fish opridtcts 
Grountd~ beefPork leg 
Whole chicken 

Pl.:,tKILOtIAM Foil Fisi .xD MEAT 
1972, FOirALrZA, Cl.AItIA 

in= l.Cries 

Rantge inl price per lb).

CR U.S. 

1.50- :3.50 0.11-0.19 
:3.50- 8.00 t1.19-0.62
2.00- 5.00 0.150.39 
4.00. 6.0(0 t0.31 -0.465.00- 7.00 0.39-J.54 
8.50-12.00 0.65-1.09 

The low price of freshwate- fish products is palrtly die to 
(he usually poor quality of tlie product. The audlitng, dis-
tributio aid mat-keting systems are outdated atid isaunitary.
For ex.mple, fish htided iti the moriig arie never evisceratedl. 
Fish calptured by gill nets may have beet dead in the wate-r 
from 6 to 12 hnt'rs. The watrmi water (82-86' F) encourages 
fzvtnatic atud bacterial aiction resultig itl '.)id putrifica-1

riot,Ifthe fish are ,o sold before they begini to bloat, theytre sallted iand sunldried. 
Thie distributioni system itivolves niiddle-ieti who trntsport 

resh anid salted fish products to markets by truck, bic'ycle, 
r ott foot. Arout i d larger reservoi's, fish a- ofte lihell ill 
C-Cchests for seeert ant atre ratsportedda's id tnisualIly, twice
t week to ttilltinati-kets. There the fish aire sold directly) retatilers h n stls inted to sewho mintatin atills iltile mar-kets aind tostreet t 
'elders who carry their product from house to house. Fresh 

and salted fish products are supplied to interior, rural mar
kets from local reservoirs. 
Very few retailers have facilities for holding fish more than 

a day. As a result they characteristically buv less fish than 
th ey could possibly sell to protect themselves from loss. 

PAST STRATEGY 

Agreement Organization 
At the beginning of this prog'am, the Bureatu of Com

mercial Fisheries contract personnel proposed to increase 
protein, production through freshwater fisheries resource man
.,geoieut. A primarv consideration was the establishmet of 
ftt
nctiomal institutio,, withit, L)NOCS capable of developing 

at1d applviig managemen t prit ciples. ThItis tnlit was toi be 
t,tded bv finaicial cotitribiutionis from CONTAP5 (through

SUDENE), USAID, and I)NOCS. After several delay's, thebasic str'uctuirte for Iheadlquart ers at id laborato,'y space was
rented iisJuly 1967. hedqdditiosl 9 mo rthswere needed to
roeilJl%,6.desigit Ai dtow 9muhweeIee oand co,,struct facilities for )iological. limiological, 
and teehnblogical research. This institution was called the
CONVENIO DPAN';; the suggested orgattizatioti atil stalling 
are showo itt the clart on the following page.

The plati called for devehoping a close workitg relatiotlship
with -(uietild Braziliat goverineti ageicies, tliese Iieittg
SUDENE aid SUEI)IPEL which have the responisibilitv for 
program supervisioi aid ftditig respectivel'. Also, it* was 
essential that the finictiot s of the t\ew researcl group be 
well defitel withit the I)NOCS striictitre so as to avoid 
du plicatioti of eflort at d to pro'ide fo a clear chtain of coin

matd. As a result, the CONVENIO I)PAN was adtinmistrativel plaCed IIider tile direct io,i Of I). Osmat-l' FoItenele, 
Dire'ctors of Fisheries atd Fish Cultre (7,8.10).

It was partly due to thes, earl' orgatizatioial problems
that two of the three Bureau of (:ormmercial Fisheries cot,
tract personnel were statioted iii Recife, Periatabuico, with 
the Agriculture and Rutral Developniciit Divisiot. USAll). 
rather thai iii Fortaleza, Ceara, where the CONVENIO
DPAN is located. Ait obvious drawlback to this arragelue,,t
\wa.Is the difficulty it imposed oti tech litical assistatts in fish

biology wfietn tihey tried acconli their,iiig Brazilian 
(ittepas(tti t1Wotlefcouuterparts oil1a,, of the field trips. 

Agreement Inputs 
DNOCS persotel (usually 10 to 13) assigned to the 

project often had cotsiderable field experience as fisheries
biologists; however, they isiiallv held tiniversity degrees ill
 
the fields of agronomy, agricnltut-al engitceriig, veteritn'y
 
mediie, pharmacy, or ehentistrv. It additioi, they nsall
had little as
experiet ice workitg .at iiterliSCiplitiav g-olip.

Because of this, elphasis was platced ott partiiciplit tirait,
itg early iinthe program. To date. 6 participants have re
ceived special 9-month courses at various unitiversities in the 
United Staites. Three have received traitiig ii food pro
cessinig, oIiC ill fisheries biology, 'tile itlitn tmolog', aitd onie ill 
fish culture. Five of the six participatts have remained di

"Conselho (It' Coo(Technicatl cnica AliancoCooperationracto "lrt- it. para o ProgressoCotncil of the Alliance for Progress).Now the Suit-Seretaria oe Cd'etieratao Econoniea de Teenieat 
InternitcionaIl-S U I N (Sit,)-office ffr Intirnational Etoiitnic and 
Technitcal Cooperation). 

"I)t-senvlveniento (fat t -scat tlos Au-dl-s (IoNordeste (Devehopinent of the Northeastern leservoir Fisheries).Siperintendenciat do )esetnvolviiento (lat lesca (Suiperinei
dency for Fisheries De\'eloptit ). 
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DPANI 
SERVICES 

Research Exte sion 
# I ~# I I * 

Reservoir Fish Technology Intensive Fish Fishing
Biology and Chemistry Fish Culture Technology Technology

I I. 

Limnology Economics 
I I

River Fishing

Biology Technology


I I 
Intensive Marketing

Fish Culture
 

Administration Operations 

Procurement Paying Facilities Equipment 
I* IAudit and Personnel Construction Transportation

Accounts Maintenance 

Library 

FIG. 7. Freshwater Fisheries Resource Management personnel chart (asterisks Indicate sections now functioning). 

rectlv associated with the program. They returned not only CURRENT STRATEGY
 
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 Technical assistance in fisheries biology of reservoirs will 
DNOCS have recently returned from a 2-month tour of fish terminate with Task Order 4, Auburn University-Brazil Con
hatchery asd laboratory facilities in the United States (5). tract, AlD,/csd-2270 in August 1972, culminating almost 6 

Additional assistas~ce and training was provided by con- years of advice and direction to the project. The broad ob
tractiog consusltants from Atburn University for periods up Jectives of Task Order 4 were to assist the Brazilian counter
to 10 weeks in 1966, 1967, and 1968. Teams consisting of part biologists in developing management policy from existing
three mes each worked with Brazilian counterparts at sev- research findings and to advise on present and fututre ac
eral reservoirs and local fish hatcheries to determine the po- tivities. 
tential for islscreased fish 1)rodssctiOli. Various methods of Upon my arrival in Fortaleza in October 1970, 1 found 
stock assessment that provided a logical framework for plan- that although a tremendous amount of data had been col
.iihg continsued studies were introduced. Several of the 1966 lected very little had been accomplished in their analysis to 
team's recommendations, namely that the natural fish pro- form a basis for management recommendations anCIscientific 
ductioll from reservoirs could not be substontially increased publications. Although the .wo Brazilian counterparts as
and that a lprogram of intensive fish culture isn small ponds signed to the project were diligent workers, they were not 
be initiated, were sigificant in that they altered the em- aware in many cases of methods of analysis basic to fishery 
Ipasis of the CONVENIO DPAN from fishery biology antd investigations.'
food technhology to intensive fish culture (1). After becoming familiar with the desires and needs of my

A short-term marketing study conducted under USAID counterparts and the reservoir fisheries in general, I pro
spionsorship in 1967 upheld the feasibility of tising intensive posed the following work schedule: 
fish culture for increasing the food supply and decreasing 1. To accompany tile Brazilian biologists on all of their 
protein (leficienscy in nrthleastern Brazil (6). A typical mar- field trips (usually 5 to 10 working days per month) in order 
ketitsg study, to be conducted simultaneoush, vith the de- to introduce new field methods and recommend revisions in 
velopment of intensive fish culture systems, was recom- existing ones. 
mended to ascertain the extent of the market potential. 2. To actively assist in the summary, analysis, and publi-

To date, 54 ponds, with a total surface area of 4 hectares, cation of existing data. 
and a field laboratory have been constructed oin a site near 3. To demonstrate acceptable procedures for sampling
Pentecoste, Ceara. A fish culture specialist contracted from programs and in the design and analysis of experiments.
Aulburn University arrived iii October 1969, to assist iin fish 4. To increase the harvestable production in terms of 
culture research activities. A program of technological as- pounds of fish through the introductions of new species.
sistance int fish culture and extension is presently scheduled 5. To assist inl the preparation of proposed recommenda
through June 1974. tions for the rational exploitation of the fishery resources. 
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In many cases, it would have been impossible to recom
mend more efficient methods of operation without becoming 
totally familiar with the reservoir fisheries, the market and 
distribution systems, and the life style and needs of the fish
ermen. It was considered equally important to be aware 
of the cost of data coillecting in terms of total cash expendi
tures and manpower requirements so that adopted proced
tires could be continued without USAID or CONTAP finan
cial contributions. 

Initial Recommendations 
A first step was to limit field activities to two reservoirs 

(rather than four) and to restrict activities to collecting data 
essential for developing management policy. Two reservoirs 
that were characteristic in size and age of many of the public 
reservoirs in northeastern Brazil were chosen. These Were 
lorquilha, and Banabuiu, 987 and 9,000) hectares in surface 
area and 22 and 7 years in age respectively. 

Experimental Gill Net Studies 
Initial recommendations dealt with modifying routine sam

pie survey techniques so as to obtain data of greater pre-
cision. For example, DNOCS biologists, while conducting
routine gill net selection studies, were not standardizing the 
length, depth, and twine size of the individual nets, thus 
making a definitive detennination of gill net selection difficult. 
Previouslv collected data were adjusted in the final analysis 
using factors obtained )y experimentally fishing a series of 
old( and newv (uniform) nets. These data, along with in
formation on growth and mortality, will provide the basis 
for recommending mesh size regulations. 

Continued routine fishing of experimental gill nets is rec
omnmended until the net selection characteristics for com
mercially important species are determined. In addition to 
length and weight nicasuirenents already being taken, girth 
measurements should be recorded and the relationship be-
tween total length and maximum girth determined. From 
this information the relationship between the girth for mean 
selection lengths and mesh size, which is helpful to under-
standing how fish are retained in the net, can be estimated, 

Fishing Effort 
Routine sampling of the commercial catch at guard sta-

tions provided an opportunity to estinate the effort actually 
being applied to the fishery. For example, when gill nets,hooks, and thrust baskets ali being used to capture a 

species, the relative fishing power of each type of gear must 
be determined to gauge individual units of effort. Once 
overall effective fishing powver is determined, catch per effort 
unit is easily calculated and is an essential factor in many
methods of analysis. 

Periodic samplinig of the guard stations should continue Ol 
several reservoirs to determine effort as it is applied to each 
species. A non-uniform probability sampling scheme has 
been proposed based on the number of fishermen reporting 
to a guard station and sampling those stations chosen during 
a 1-week period each quarter. 

Tagging Studies 
There are several methods for estimating fishing and na-

tural mortality for a commercially fished population. One 
method, a tagging program, was carried out on Reservoir 
Forquilha. The success of the program required the full co-

VF_ 
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FIG. 8. Fishery guard with a curimata pacu (Prochilodus sp.). 

operation of the fisherinet. Arrnog'mCits for proumpt pay
ment of tag returns and a genuine show of gratitucle were 
effective in achieving this cooperation. Also, special studies 
carried out in ponds gave an indication of tag loss and tagging 
mortality. This study, while mainly serving as a denonstra
tion, has already provided essentil information for c(nnputa
tion of maximum sustained yields for tie trair' fishery. 

Traira were chosen because of their case of capture. Fishin excellent x)ndition for tagging could he caught with thrust 
baskets. However, informtion of this type is needed for 
other commerciall]% important species. One method for col
lectiiga large mber of fish for tagging is with a boat
mounted electric shocker. However, a suitable portable generator (230 volts AC with rated output of 3,00) watts) has 

not been located in Brazil. Because oif the importance of 
this information for developing management policy, efforts 
should le made by DNOCS to import a suitable generator. 

Fisherman Survey 
A fisherman survey was initiated to obtain specific informa

tion on the economic status of a fishing family, methods of 
processing and distribution of the catch, and the status of 
the market during various times of the year. This iiforma
tion is essential for evaluating proposals for fishing coopera
tives and proposed purchases of outboard motors, larger ves
sels, and other equipment. Fishermen are interviewed when 
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they weigh and record their catch at the guard statiol.0111' 
current information isrequested as it is difficult for the fish
ermen to relate past events without exaggeration. Surveys 
of this type should continue and he conducted in conjunction 
with periodic sampling of the guard stations. 

Species Introduction 
Studies were introduced to investigate the food halits, 

growth potential, reproductive requirements, and habitat oc
'tupied for several fish species. This knowledge is essential 

lor choosing species for introduction into reservoirs to in
crease production. It is very likely that the successful intro
duction of a new species w'ill have some affect on existing 
populations. A gain in harvestable prochtction is sometimes 
possible at the expense of existing populations with little or 
I10 comlercial %alue; for example, the introduction of a 
commercially valuable predator that feeds on species having 
a lows' market value. 
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FiG. 9. The tucunare or peacock bass is normally taken with a pole and 

line baited with freshwater shrimp or piabos. This species is Cichla 

temensis. 


As pa3rt (If this progtrtn, thme etfect (If ati accidently-ititro-
dluced poplathion of tucuttire (13 olther fish p~opulatiotis iin 
Reservoir Ilatmalllio is heitlg stimdiedl. The tttcutare is a pied-
.itor" ,tihaits the tuargini of reservoirs. It is a fitte food 
fish, havtti-- few spimes firtn flesh, atid cotntributtes sig-g mid 
nifiatntly to the tmonetarv \,ahte f the cotmmercial catch in 
reservoirs whet it is presett. The results of these studies to 
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FIG. 10. The pa cho or plrarucu (Arapoimo gigos) has been introduced 

into several reservoirs in the Northeast. Almost oil of the larger individuals 
entering the catch are harpoonod. 

da te i dic itethadtthettiltm t it ts a vee\' efiieit 1prelatitr
that restricts itsfeeditng fotthe itost ipart to ma'giital areas. 
l iireasof ten .ti3t0 to p tareTese it'o I1I0 k ilogranis ect 

(gIc )t t of' (It ~ ~t)er:t e) 31101'ir ai emritheJ lsp' a, of tict'lial'e, while total 

t (f that ) jtoeigoti h l wcies idtoni a cund m(hargni 

chlul .saxailisi) piaha chlta (Astyana~x sp. )- is mitch re
(Itte'ed from wIhat tual for oIthIer ittis cot sideted t esert'oit's 

potential (If thle 
predato,'-prey' relatiolhip~s wsill betwieeni reservors Ilust 

IlThe food reiretuet ts tucut tare and how 
vat,'I ° d ' ' ° htttlclerstoo befo ' ' retcollmet ' il ng itrodtctt is into t er 

reserv'oirs. A first step would he to cotnduct exlperifletltal 
tstd ies iinpm ioIs tsi g tttct are t1cin Ilit atioti with ot her 
seces However, pesett I)NOGS Poliy prohibits tIle it
troclitticti, (f this spce ivttol watersheds whlere it does tot 
alreadly exist. As a result, tttctliiare hatve tl(It beett ititroduced 
(131the Petitecoste Fish Cttlture Research Statiott, whlete such 
stttdlies could mocst logically take place. it is recotmmettded 
that D)NOCS recomtsidet tllis policy to thme extent that both 
;pecies (If ttie, lbe pertvtitted otto thletiire t'IIIe ititrothtced 
Pentecoste statioti fot expe,'itnela iptrl~ses 

Publications 
Techtnical publicatiotns ae an imprtant part of any re

search program. This is especially trie itnBrazil whlere there 
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is a1ser'city of' plilislieEI iniloriatiol on tilebiology of indi-
geiious fishes. The relctalee of counterpart biologists to
publish daita from sample surveys and experimental studies 
Vils(ile in alarge part to an Imlniawarcless of convenient 

methods of analysis. To cointer this, several sets of typical
dtao were chosen a~sexamples and a,ilvzed using accepted
imethods. ,ii cases interpretation of results stressedall the 
management implications. Tihe following manuscripts were 
prepared for publication illthe journal, Bok'til do DNOCS:1.Age and Growth of Curinata Comtm (Irochihou.
C'eare'l.i.) in Reservoir Pereira (it \liraiida Cearil.

2. A Preliinarv Analysis of Timbo Sampling in Reservoir 
Pereira de ,liran da, Cear'. 

3. Selectivitv of' Moiofilament Gill Nets for Peseada do
Piani ('lagions'ion squaio.isinri.s) in Reservoir Pereira de
.Miranda, Ceara. 

4. Conmputation of Surplus Production for Traira (lloIplia.s

nialabarictis) in Reservoir Forquilla, Ceara.
Age and Growth of Curimoto Comum 

The growth chlaracteristics of itfish species has imptortant
malagelent i plic'atiolis. For exam ple, tileexpected growvthl
in length over time is Il important consideratioi in setting
gill net restrictions, while growth in weight is ised inl sev-
eral nctIlods for estinlit i i vield. Indivduahl lengths, weights,
ald suale saullples of c(-lr'ata collnim collected from lies-
ervoir Pereira de Miranda (1966-1.970) were analzed to(lenoinst rate niethocds f.or ealehlatin g growth.

Sctales Of cimiita conIinI Ihive Well defir ed iigs tIlat Can
consisteiit lv be idetiified by traiined olbservers. The rings 
are
i1formed during the spalinig migratioi tliat takes plateduring the Iiiglit of the rainy seasn. At this time there is 
reduced growth d ie to a cessat io of, feceding aid tile form-
tioiof1sex prochits. Tiis stud, vdalidatetd these 'iigs asallinli, and tle assigned ages wele then used to colnpute
the \on l3ertalanlv growdi equation in 'iiglh. 

* 
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FIG. 11. A good catch of curimata comum (Prochilodus cearensis). Most 
of these fish appear to be in their second year. In Reservoir Pereira
do Miranda this species will reach an average lengih of 25.3 cm. (9.9 in.)in 1 year, 33.7 cm. (13.2 in.)in 2 years, and 44.8 cm. (16 5 in.) in 3 years. 

It is recoleinrneied lthat the scail method for cleternitilig
ige be tried for oter species Ihiaviig sim ilai- spaviing I biti.
These hiltide phil v'erdadeiro (Lcpeoria us sp.), sirdiili i(Triporthuns. angulatas), piau comumn (Leporibux frierici),
aind beiru (Curimata sp.). 

Other methods must be used for species that have niulltiple
spawnls iII any oIe year ind, aisa result, do not develop i
well-defined mark on their scales. Tliese a'e ;iapiari (Astro

otits.oceflatus), tuciare (Cichla ('lli'sis and C. oc('llari.).
pesea(a (1e piani (Ilagioscion .Sqluaniosimoss'uits ) and traira
(loplias ilalakaricus). In this ease, increased growth re
corded friom tag recaptures could be used. Length-freqlecy
tabulations have not been, helpful iii separating age groups. 

Samples from Fish Populations Token by

Rotenone (Timbo)


The use of powdered tibo or other rotenione cOntainiing
products for sampling fish pepultions is common throughout
the world. An anal\'sis of 29 population samples taken by
rotenoe in Reservoir Pereira de Miranda during the periol
1966-1970 was usedI to demonstrite the varialbilily among
samnples for estimates of standinlg crop, relative abllldlnce of 
species, proportional baauce of groups of species, and the
relative strength of ye'-classes. In addition, tile mIn1,,,er of sam ples eqjire(I 11.or si ila Ihabitatsr was estnlited for
Vairiois liIrits alid levels (If confideni ce. 

Tihe puirpose was to den strate tile desiralbility' of proper
planoig in researlh acti'ities. Clearl- it is desirale to aivoid 
tiki g the nu lIr of, sam ples so slall that ('stliates are 

too inmprecise 1t) I isefi il. Fe Iuial]lv it is desiral)le tI avoid
takilig mo1re0sai pIes thiii aeU ('('lI d' to redi.icc Uosts (If all
power ;iiel inat(rial.

iecaise of* the extlelrn e \aina'iIilit' of these data ud tile
relatively Ihigh cost of' sam pliig ti itwith lijo, is recoin 
mele" thIat tlis proedure he used oiil v when iinitiating 
sthuld oii a I\ew reservoir Ioiteif.\t lie tnajori\v of speciespresent or wI ieilarge io i leis ofl i ish eehed" 

ti'e Iiological studies.
 

arh for qualit a-

Experimental Gill Net Studies 
'e ilno ofilaienit gill Iiet is the priiieipil ts\pe of fish ii
 

gear used it liete reservoir fisheries of iortlheasernl Brazil.
 
Kiiowledge oIf' 
 Ihe selectioii clianacteristics of these ne(ts is
essential for proper miageiiei t of tile fishery. For example,tIlese data, ill .addition to ii1.ormlatioil on growt Ii and nior
tality, provide a hasis for 'reconmneidig iiesi size restric
tioiis.
 
The atch of peseacdl do piali frorii experi Ital gilliet ting was aialyze Ito determiiie Ihe selectio ih laacteristics 

~~of,thIese inicts. fT uiithiors first assi im ed a i ormla I freqcyIl~ (~distrilution .1id estilnated its palainlet'rs fion iatios of'caiches from suecessive ilets. Froni latitthese it appeared

tha jistificatii existed to recoini
It suffieient id that the
 
alloiwable mieshi 
 size ble reduced f'romn 9 to 7 c('ittimneters(stretch measuiremeit) ill waiters where pescila do piaui aur'
prinari 
 ,ytake . t rttle ep rlil aIt is recomnuended Ili roltin' g l etlgexperiner taI gill netting
shiould eontinte until sufficient data exist for determ ining net 
sUiectie, io halracteristics for l'rilllta coitin, traira, piau
comuii, auld piu verdildeiro. It will thei le possible to 
recoinieii(dIa comnpromise mesh size that best suits the multi
species reservoir fisher'. 

Surplus Production 
Attaineiit of the mnaximnuin sustained vield is sometimesCoisileredl the iimi olbjective of fishery inaigement. Pro-

Is ails estimaitiig su1staineiyieldl usuallv consider rates of
reertlitlnelit, growth, aind iatural mortalit v. However, one
proposal relates potential ststained yield of a1populaItion to
its ab.ndance and rate of fishiig. 
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Using the information gained from the tagging demonstra-
tion of traira in Reservoir Forquilla, 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 shing 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 opt'.num rate. 

Obviously such studies are of considerable importance in 
determining the status of a fishery aind 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 he ca,'efill interpreted ina terms of the ac-
curacy and precision of each factor entering into the compu-
tatiui; and the correctness of basic assumptions inherentthis method. to 

PRESENT STATUS 

The actual impact of technical assistance in fisheries biology 
can best he evaluated in qualitative terms such as institutional 
growth and maturity and expansion of human skills. Ad-
mittedly, a (111,a1661tive evaluation in terms of increased 
production of freshwater fish products would be more ap-
propriate. Ilowever, 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 %'carsof information will be needed to verify 
a 10 per cent increase in yield. 

Expansion of Human Skills
Up to ihe time the CONVENIO DPAN was formed, Bra-zilian biologists working in the Northeast had little formal 

(raining in fishery sienge. Their research efforts tld been 
qulitraiig ind sheriie ratheir researchntefaortshadung 
illulitmation andestve rather than quantitative, resultingagement policn 

This situation,has improved to the extent that counterpart
biologists can plan audI execute studies to gain specific in-

fomnation. For example, l)NOCS recently requested 
 an im-
mediate recommendation on whether the fishery of a large
reservoir could be industrialized, i.e., the addi(ion of large
outboard motor boats and the construction of cold stPnge
facilities. The proposed plan called for a relatively large
cash xl.emmeriture and would reqi e a substantial increise i 
catch of commercially important species to justif the costs. 
Whether such in increase in effort would cause an appreci-
able decrease in catch per effort umnit 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-
dividiIal species concerned. IHowever, the counterpart bi-
ologists, having gained an appreciation for the principles of 
population dynamics, were -Able to use available catch andeffort data to approximate the aniomnt 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 -ease. 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 he desirable. Such a program
should include instruction in automatic data processing teeh
niques so that returning participants can take advantage of 
the computer time that is becoming increasingly available in 
th Fortaleza area. DNOCS should provide graduate degree
scholarships for project personnel at the University of SaoPaulo Department of Biological Sciences, where such train
ing is possible.

2. It is essential that program personnel receive trainingin 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 1)NOCS 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 wvithin the CON-
VENIO I)PAN have their roles too narrowly defined. As a
result, Cooperation between projects, especially in sharingfacilities 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 resultwill 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 ere not hired on a permanet 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 recoim

mended in the report, "Short-Term Marketing Study of the 
Intensive Freshwater Fisheries Development of NortheastBrazil," (6) were not implemented. In this report, the author 
described the existing marketing and distribution systems as 
archaic and uIsanitarv. In 1972 there has been no improve
ment in the system.' Although this report was concerned 
with market development in conjumction with the develop
ment of intensive fish culture systems, the same ills affect 
the marketing and distribution oi the commercial catch from 
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tile reservoir fisheries. As a result, both projects would 
benefit from tile findings o 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 Governmeni 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 fisherybiology of reservoirs and to ::tress the importance of more ad-
vanced methods of assessing fish siocks, of sampling, and of 
design and analYsis of experiments. Obviously the form ofadvice required changes with advancements in institutional 
development and increasing human skills. In this case, in-puts provided were appropriaie because of progress made 
under previous technical assistance in fishery biology.

The freshwater fish stocks of northeasterni Brazil are being
moderately to heavily exploited. As a result, rather precise
estimates of pol)pulation parameters are required for devel-
oping management policy. In tropical areas, fisheries areusually 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 between3 and 8. The currently recommended approach is to analyze 
the data for each species separately, taking into account aly
interactions, and add the results together. However, as new 
species are introduced, this approach may prove to be oin-workable. An alternate approach would be to treat the 
species complex as a unit and relate fishing effort to lie coin-bined catch of all species. 


The Brazilian counterpart biologists are well aware of tese 

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 it)

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 coltilued deelopment of tile CONVENIO
DPAN and the fisheries biology project, additional All) in-
puts are dlesirable. 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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FIsu SPECIES COMMON TO RSEICVOIS OF NOuTnIEASTEIN BRIAZIL 

Comuon name Family Species 

Acclimated 
Apaiari0 

species 
Cichllidae Aslronotis ovcelhattus 

Tucunare comumn* Cichlidac Cichla icellaris 
Tuciunare pinimna* 
Tilapia*lscada do piaui*
Pescada AMC* 

Cichlidae 
Cichlidne
Sciaenidac 
Sciaenida 

C. temensis 
Tilapia rendalli
Plagioscion squainoslssinUs 
P. surinamensis 

Piau verdadeiro* 
Curinmata pacu* 
iirarucu* 

Characidae 
Characidae 
Arapaimidae 

Leporin us sp. 
Prochilodus sp. 
Arapaima gigas 

Regional species 
Beini* 
Piaba chata 
Piaim nao pintada
Piabhucl 

Characidae 
Characidae 
Characidae 
Characidae 

Curiunatasp. 
Asl yanax sp.
Iphesobrycon iaryellos
Curimala elegan.s, 

Pi1 comum* Characidae Leporints friderici 
Curimata conhuiu* Characidae Prochilodus cearensis 
Traira* 
l'irambela 
Piranha 

Characidae 
Characidae 
Characidae 

iloplias inalabaricts 
Serrasaloos sp.
Serravaliuossp. 

Sardinha 
Bidh,
Cangati*Guart 

Characidae 
Loricariidae 
AuchenipteridaePoeciliidace 

Triportheis angulatos
I'h'coston)iis lecostou.s 
TrachyicoriistesgaleatisPoeciliacivipara 

Moreia branca (obiidae Awaous transadeanos 
Niorcia preta 
Mueu 

(ohiidae 
Synbranchidae 

Elhotrispisonis 
S inbranchius oarmnoratus 

Timbiro Engralidm, Pteremgraulis atherinldes_-
Indicates commercially important species. 


