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Abstract

South America has remarkable fish diversity, with many species regarded as ornamentals. Each year, ornamental fishes worth
billions of dollars are traded worldwide. In Brazil, in spite of its large geographic area and many different drainage basins,
the trade is restricted to the Amazon region. Considering that the ornamental potential is unknown in other basins, this work
aimed to assess the potential in the last remaining floodplain of the uppe&RRixan basin. Fish collections associated with
the PELD-CNPq project (Site 6) from 2000 and 2001 were analyzed. Fishes were collected with gill nets and beach seines in
lagoons, channels and rivers of the floodplain. To evaluate the ornamental potential, this analysis categorized all taxa recorded
as: (i) ornamental, (ii) potentially ornamental, (iii) lawful, and (iv) suggested lawful. A total of 101 taxa were captured, with
40.6% cited as ornamental in the literature and an additional 42.6% are considered as potentially ornamental. Of these taxa,
Brazilian legislation restricts the trade to only 10 species, mainly small Characiformes, which are abundant in many lagoons and
already well known in the market. CPUE and density catches differed among environments, with higher values for ornamental
and lawful taxa observed in lagoons. Some isolated lagoons showed extremely high lawful fish densities (over 3000 f)d./100 m
Considering our results, the upper Padiver floodplain has great potential for ornamental fisheries. The ornamental fishery
could be a new economic alternative to help alleviate the social poverty found in many cities along tt&eRteearDue to
the proximity of the floodplain to larger cities such as Maérand Paranavaestablishment of ornamental trade activities will
demand less capital and at the same time reduce problems associated with transport, aviamento and fish mortality. Species
richness and captures (density and CPUE) indicated an existing ornamental potential in this floodplain, but only future studies
will assure if stocks can endure pressures of such a selective fishery.
© 2004 Elsevier B.V. All rights reserved.

Keywords: Tropical fishes; Ornamental fisheries; Resource exploitation; Wildlife conservation; Fishery establishment; Legislation; Reservoir
impacts

* Corresponding author. Present address: Bloco H90, 5790, Avenida Colombo, 8702090GMgaiag, Brazil. Tel.: +55 44 2614607.
E-mail addressfmpelicice@ig.com.br (F.M. Pelicice).

0165-7836/$ — see front matter © 2004 Elsevier B.V. All rights reserved.
doi:10.1016/j.fishres.2004.09.005



110 F.M. Pelicice, A.A. Agostinho / Fisheries Research 72 (2005) 109-119

1. Introduction 2. Materials and methods

Maintenance of fishes inaquaria and ponds fororna- 2.1. Site description and data collection
mental purposes began more than one thousand years
ago, and is common today in both oriental and occi-  The study area is located in the last stretch of
dental culturesNills, 1998; Rowland and Cox, 1998 the Paraa River free from dams, delimited by
At present, fish-keeping cannot be regarded simply as porto Primavera and Itaipu reservoif@ig. 1). Data
a hobby, but as a worldwide market generating mil- \ere collected in association with the PELD/CNPq
lions of dollars annually. Around 350 million fishes are  project (Long Term Ecological Studies — Brazilian
traded each year, with the total value exceeding US$ Research Council) ‘A Pldnie Alagavel do Alto Rio
300 million (Bartley, 2000; Ministry of Agriculture of  parai, Site 6, during 2000 and 2001. Samples were
Netherlands, 2002 taken quarterly from 35 sites, covering four typical

Many questions can arise when this subject is in floodplain environments: connected lagoons (16),
discussion, involving mainly fish ecology and con- isolated lagoons (12), channels (4) and rivers (3;
servation. One important concern is that despite 0b- parar, Ivinhema and Ba rivers). Descriptions of the
vious benefits of the trade, such as employing thou- habitats and their physical/chemical properties can be
sands of people and attenuating environmental impactsfound in Vazzoler et al. (1997and Agostinho et al.
(Whittington et al., 2000; Norris and Chao, 200 (2004) Fishes were collected by gill-netting (lagoons,
may also bring considerable problems such as over- channels and rivers) and beach seining (connected and
fishing of native stocks or promoting introductions of jsplated lagoons). The former comprised a set of 11
exotic speciesAndrews, 1990; Fuller et al., 1999  nets with different mesh sizes: 2.4, 3-8, 10, 12, 14 and
To match conservation and exploitation objectives, de- 16 cm between opposite knots. Nets were exposed for
velopment of new fisheries should be properly orga- 24 h and checked at morning (8:00), mid-day (16:00)
nized, taking into account some limits and regulations and night (22:00). Shoreline areas of lagoons were
(Gullestad, 1998 seined during the day with a 20 m netwith 0.5 cm mesh.

In Brazil, even with its huge geographic area and Fishes were identified and abundance transformed to
many different drainage basins, the ornamental fish cPUE for gill net samples (ind./1000%24 h) and
trade is basically restricted to the Amazon region (espe- fish density for seine samples (ind./108)m
cially the Rio Negro and Xingu basins). This area sup-
ports one of the highest fish diversities in the world, 2.2. Evaluating the potential
with many species regarded as ornament@lkap,
1993, 200). The Paraa River basin, the second largest To evaluate the ornamental potential, we categorized
basin of South America, also has a remarkable ichthy- all taxa recorded as: (i) ornamentals, when the taxon
ofauna Agostinho and Julio, 1999In particular, the was cited in specific literature as ornamenfai€lrod
floodplain located in the upper PaéaRiver is an area et al., 1981, 1997; Mills, 1998 (ii) potentially orna-
that harbors many fish specigSgspar da Luz et al., mental, when only the genus was cited in specific lit-
2004, being the last river-stretch free from dams and erature; (iii) lawful, taxa allowed for capture and com-
characterized by annual flood cycles. The floodplain mercialization with ornamental purposes by IBAMA
comprises many different environments, each charac- (Brazilian Institute of the Environment and Renewable
terized by distinct fish assemblagésiiz et al., 2004. Natural Resources; Decree No. 62-N, of 10 June of
Despite the high fish species richness found in this 1992); and (iv) suggested lawful, taxa present in the
region, there is no ornamental fishery and no studies draft list proposed b¥hao (1998which expands the
have evaluated the ornamental potential. Considering IBAMA list to almost 400 species.
this absence of information, the present work aimedto  To identify habitats containing ornamental taxa, we
evaluate the ornamental potential in the upper Faran calculated the total number of ornamental and law-
River floodplain, discussing the feasibility of future re-  ful taxa in each environment (connected and isolated
source utilization and possible risks and benefits that lagoons, channels and rivers), collected by gill nets
could arise with its establishment. and seines. Fish CPUE and density were calculated
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Fig. 1. Regional map illustrating the upper Pa#iver floodplain, Brazil. The floodplain is formed by three main rivers (Rafiamhema and
Baia rivers), and is composed of many lagoons and channels during flood cycles.

for some target taxa in each environment. Total CPUE 3. Results

and density were calculated for ornamental and lawful

taxa among the four environments to determine which 3.1. Species richness

environment has the greatest ornamental fishery po-

tential. One-way analysis of variance (ANOVA) was A total of 101 fish taxa was collected during
used to test for differences in total capture among envi- the study period, belonging to the following or-
ronments. Statistically significant differences implied ders: Characiformes (50), Silurifomes (30), Perci-
ana <0.05, and means were compared using Tukey's formes (10), Gymnotiformes (7), Cyprinodontiformes
posthoc testg(< 0.05). CPUE and density valueswere (1), Myliobatiformes (1), Synbranchiformes (1) and
log(x+ 1) transformed to normalize distributions and Pleuronectiformes (1). Among the 101 taxa, 41 were
correct variances. Additionally, to explore annual dy- listed as ornamental (40.6%) and an additional 43 taxa
namics of lawful fish density in connected and closed (42.6%) were cited as potential ornament&ig( 2),
lagoons, mean density, coefficient of variation and the considering synonyms and erroneous classification.
range of densities were calculated quarterly during the Therefore, at least 40% of the taxa have been traded in
2-year period. the market, by the simple fact that they are present in
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Fig. 2. Number of taxa captured in the upper Par&iver flood-
plain. In figure: total, total number; A, number of taxa present in the
IBAMA list; B, number of taxa present in the draft list proposed by
Chao (1998)C, number of ornamental taxa; D, number of potential
ornamental taxa.

specialized publications. Summing both categories (84
taxa), 83.2% of all taxa recorded in the floodplain are
ornamental or potentially ornamental. Some of these
taxa are presented fable 1

Currently, Brazilian legislation allows only 180 or-
namental fish species to be traded (IBAMA Decree No.
62-N, 10 June 1992fentura and Rambelli, 1996In
the upper ParanRiver floodplain only 10 species are
included in this list, almost exclusively small Characi-
formes (eight speciegable 7). When the list proposed
by Chao (1998)is analyzed, the number of species
increases to 32Hig. 2). The total number of orna-
mental and lawful taxa recorded was similar among
environments Kig. 3). The highest ornamental rich-
ness was observed in lagoons, where almost all lawful
taxa were collected (a total of 9). Lagoons had a fauna

Number of Taxa

RI
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Categories

CH

Fig. 3. Number of ornamental and lawful fish taxa registered in dif-
ferent environments of the floodplain. Fishes were collected with gill
nets and seines (only in lagoons). Codes: CL, connected lagoons; IL,
isolated lagoons; CH, channels; R, rivers.
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Table 1
Some ornamental fish species captured in the upper ®&tamer
floodplain during 2000 and 2001

A B

Fish taxa

Myliobatiformes
Potamotrygonidae
Potamotrygon motor@Natterer, 1841)

Characiformes

Characidae
Astyanax altiparanaéGarutti and Britski,
2000)
Astyanax fasciatugCuvier, 1819)
Hemigrammus marginatygllis, 1911)
Hyphessobrycon equéSteindachner,
1882)
Moenkhausia intermedigEigenmann,
1908)
Moenkhausia sanctaefilomenae
(Steindachner, 1907)
Aphyocharax anisitgiEigenmann and
Kennedy, 1903)
Serrapinnus notomelg&igenmann,
1915)

Parodontidae
Apareiodon affini§Steindachner, 1879)

><><><
X % %

Curimatidae
Steindachnerina brevipinn@gigenmann
and Eigenmann, 1889)

Anostomidae
Leporellus vittatugValenciennes, 1849
Leporinus octofasciatuSteindachner,
1917)

Lebiasinidae
Pyrrhulina australis(Eigenmann and
Kennedy, 1903)

Gymnotiformes

Rhamphichthyidae

Rhamphichthys hahifMeiken, 193§

Gymnotidae
Gymnotusspp.

Sternopygidae
Sternopygus macrury$chneider, 1801)
Eigenmannia virescer(¥alenciennes,
1847)
Siluriformes
Callichthyidae
Hoplosternum littoralgHancok, 1828

Perciformes
Cichlidae

Astronotus ocellatugAgassiz, 1831 X

A =species authorized by IBAMA for capture and commercializa-
tion with ornamental purposes; B = species included in the draft list
proposed byChao (1998)
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composed by small-sized taxa, mainly Characiformes. 500
Differently, channels showed the lowest number of
lawful taxa (3), maybe because its fauna was com-
posed predominantly by medium-sized taxa, such as
Loricarichthys platymetopgi®arauchenipterus galea-
tus Serrassalmusnd Hoplias malabaricus besides
several anostomids and other Siluriformes. Similar to
channels, few lawful taxa were recorded in rivers.

®*  Ornamentals (A)
F3 156 =973, P < 0.00001

4001 o Lawful
Fyu56 = 11.32; P < 0.00001
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3.2. Captures (CPUE and density) 0

Connected Lagoons  Closed Lagoons Channels Rivers

. . Environment
Analyzing some ornamental and potentially orna-

mental taxa, gill net CPUE values differed greatly be- 600
tween habitats and between yedat{le 9. In addition, ® Omamentals (B)
CPUE varied notably within habitats, as indicated by & 500 Fym = 23.02 P < 0.00001
high standard error values. Small-sized Characiformes = | | * {™,, o (0
such asAstyanax altiparanaeMoenkhausia interme- o ’
diaandRoeboides paranensshowed higher CPUE in
lagoons. Medium-sized species were caught in all en-
vironments, but more frequently in rivers and channels.
Anostomids showed high captures in channels, while
Serrasalmus marginatusl. malabaricus P. galeatus

300

200

Fish Density (ind./100m?)

100

and L. platymetoporshowed h|gh CPUE ValueS in a.” ) Connected Lagoons Closed Lagoons

habitats. Gymnotids showed low CPUE valuesinallen- Environment

vironments, possibly due to gear selectivity. No trend

in CPUE values was observed between years. Fig. 4. Mean CPUE and fish density of ornamental taxa collected in

s . different environments of the floodplain, using gill nets (A) and beach
Similarly, density of some oramental taxa captured seines (B). Lawful taxa are those allowed for commercialization in

With. seines in lagoons differeq gr(_‘:'atly according t0 the ornamental trade. Data presented are not transformed and bars
habitat and yearTable 3. Again, high standard er-  represent standard errors of means.

ror values were observed, indicating that fish density

varied considerably among lagoons of a same category.Channels had the lowest value, with a mean CPUE
Small characids such &saltiparanagM. sanctafilom- of 120ind./1000 rfA net/24 h. Considering lawful taxa
enae Aphyocharax anisitshindSerrapinus notomelas  only, highest captures were recorded for isolated la-
predominated in isolated lagoons, showing high mean goons (mean of 100 ind./1000met/24 h).

density values (over 30ind./10%n Although there Significant differences were also observed in to-
was large variation in fish density between years, no tal density of ornamental and lawful taxa between
trend was observed. connected and closed lagoons, sampled with seines

Species showing the highest captures in (ANOVA; Fig. 4B). Isolated lagoons showed higher
Tables 2 and 3can be considered the most in- densities of both ornamental and lawful fishes, with a
clined to commercial harvest. Moreover, to maximize mean density over 350 ind./10Gfor both taxa cate-
fisheries in the floodplain (focusing on principal target- gories. Interestingly, lawful density was similar to or-
species), our results suggest that the environment asnamental density in both classes of lagoons, indicat-
much as the fishing gear should be considered. ing that the ‘ornamental assemblage’ is basically com-

When investigating trends for all ornamental and posed by species already allowed for the trade.
lawful taxa between habitats, significant differences  Analyzing quarterly variation in total density of law-
were observed in total gill net CPUE values (ANOVA; ful taxa, although isolated lagoons showed highest fish
Fig. 4A). Lagoons and rivers showed higher ornamental densities, no trend was detected among months and
CPUE, with approximately 250ind./100Gmet/24 h. between years in the two classes of lagodiable 4.



Table 2

Mean CPUE values (ind./1000°met/24 h) of fish caught with gill nets in different environments of the floodplain in 2000 and 2001 (standard errors in parenthesis)

Fish taxa Connected lagoon Isolated lagoon Channel River
2000 2001 2000 2001 2000 2001 2000 2001

Characidae

Astyanax altiparanae 2.87 (1.11) 604 (2.61) 2965 (16.24) 7643 (30,00) 272 (0.99) 611 (2.85) 679 (3.61) 1948 (10.11)

Moenkhausia intermedia 1550 (9.44) 2551 (17.46) 697 (38.47) 2660 (18.49) 713 (6.42) 102 (0.55) 6431 (46.89) 2219 (14.43)

Roeboides paranensis 7.095 (2.746) 167 (6.11) 3669 (15.61) 4416 (14.68) 306 (0.99) 679 (3.31) 1585 (4.98) 1177 (3.83)

Serrasalmus marginatus 147.80 (41.79) 844 (13.92) 6%B3(17.11) 3’7 (8.12) 3770(8.55) 3533(11.18) 47%55(20.08) 3778 (15.29)
Parodontidae

Apareiodon affinis - - - - 034 (0.34) - 529 (36.78) 3306 (17.04)
Anostomidae

Leporinus lacustris 267 (6.31) 15565 (4.10) 5265 (14.25) 1303 (3.81) 135 (6.05) 1698 (9.43) 679 (4.54) 634 (2.82)

Schizodon borellii 2551 (4.59) 1464 (2.24) 2650 (4.73) 475 (2.62) 2717 (5.37) 3091 (11.26) 1721 (4.48) 815 (3.44)
Erythrinidae

Hoplias malabaricus 34.72 (5.61) 4378 (12.18) 231 (5.05) 135 (3.40) 2004 (4.17)  3125(6.72) 1223 (3.07) 1676 (3.75)
Doradidae

Trachydoras paraguayensis  37.74 (25.20) 1208 (4.83) - - 510 (2.19) 815 (6.84) 5333 (27.14) 861 (3.81)
Auchenipteridae

Parauchenipterus galeatus 69.44 (8.80) 5118 (10.33) 640 (20.64) 361 (13.15) 1461(4.20) 3227 (7.15) 3080 (14.20) 176 (11.24)
Loricariidae

Liposarcus anisitsi 19.02 (3.37) 2063 (4.65) 1087 (3.02) 611 (1.48) 204 (0.84) 170 (0.82) 679 (2.85) 2038 (11.14)

Loricariichthys platymetopon 114.28 (15.86) 9617 (13.64) 7982 (16.81) 9MB5(19.22) 28&3(6.29) 4993 (14.17) 4438(16.39) 73B2(28.67)

V1T
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Table 3
Mean fish densities (ind./100% S.E.) observed in floodplain lagoons, sampled with beach seines in 2000 and 2001 (standard errors in
parenthesis)

Taxa Connected lagoon Isolated lagoon
2000 2001 2000 2001
Characidae
Astyanax altiparanae 2.85 (0.90) 261 (0.87) 6751 (38.84) 7498 (56.99)
Hemigrammus marginatus 12.46 (7.33) 799 (5.10) 1375 (7.90) 329 (2.87)
Hyphessobrycon eques 3.54 (2.08) 3174 (19.40) &8 (3.14) 1784 (12.73)
Moenkhausia intermedia 5.12 (3.61) 092 (0.55) 2286 (8.43) 161 (1.03)
Moenkhausia sanctaefilomenae 5.95 (1.98) 397 (2.10) 4258 (23.88) 492 (38.57)
Aphyocharax anisitsi 2.09 (0.750 290 (1.16) 1708 (8.90) 6179 (41.90)
Serrapinus notomelas 7.87 (2.68) 4442 (31.71) 1351 (47.79) 17%4 (121.65)
Curimatidae
Steindachinerina insculpta 4.33(2.18) 055 (0.23) 6083 (29.26) 284 (24.72)

Furthermore, a high variability within habitats and ket, Other taxa of the genefghyocharaxAstyanax
among months characterized fish density dynamics, ev- serrapinusLeporinus Ageneiosud_oricaria, Hypos-
idenced by high coefficients of variation and the range omus EigenmaniaRivulus Crenicichla Myleus Ci-

of densities observed. It is worthwhile to mention that  chjassomandLaetacaraseem to show marketfavora-
2000 and 2001 were atypical years, characterized by pjlity. Furthermore, taxa such ®tamotrygon motoro

an intense drought and the lack of flood cycles. Astronotus ocellatysis well as some species@ithla
and various Gymnotiformes can aggregate high indi-
3.3. Attractive species vidual values (however, it is important to note tiAat
ocellatusandCichla are introduced in this floodplain
Focusing on the most attractive taxd, sanctae- and must be viewed with care, because they are pisci-

filomenae A. anisitsj S. notomelasand Hyphesso-  vores and have caused impacts in other environments
brycon equesre the species very popular in both na- (Latini and Petrere, 2001

tional and international marketsl(inziker, 198%. Ad- Although esthetically attractive and peculiar, several
ditionally, A. altiparanaeHemigramus marginatyM. captured taxa are not cited as orname@dbontostilbe
intermediag Pyrrulina australisandHoplosternum lit- GaleocharaxErythrinus Brachyhypopomy$oroter-

torale are the species well known in the Brazilian mar- gus Loricariichthys Megalancistrusand Catathyrid-

Table 4
Mean density of lawful ornamental fishes collected with seines in lagoons of the uppea Raranfloodplain during 2000 and 2001
Connected lagoons Isolated lagoons
n x cv Range n X Ccv Range
2000
February 7 321 1.32 5.32-124.71 9 258 1.23 13.79-1037.46
May 7 6066 114 0-205.31 9 2289 1.48 2.46-1086.63
August 7 649 1.06 0-17.31 9 4080 2.34 0.38-2928.75
November 7 626 0.91 8.29-157.32 9 34 2.18 19.09-2355.32
2001
February 7 107 0.83 2.6-41.73 9 97 1.35 4.91-345.34
May 7 3063 0.76 0-60.15 9 9283 2.90 5.15-8071.12
August 7 19708 2.59 0.61-1355.67 7 3E2 2.24 4.31-2202.42
November 7 13313 2.05 0-742.13 6 484 0.91 14.98-123.55

Codesn, number of lagoonsg, mean density; CV, coefficient of variation; Range, range of density.
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ium. These taxa have potential to be valued in the namics in lagoons during 2000 and 2001, alterations
market. Some other genera, regarded as ornamentain fish density did not correlate with seasonal periods.
and registered in previous surveys of this floodplain In addition to capture variability, the absence of some
(Agostinho et al., 1997; Agostinho and Julio, 1999 species in this survey that were previously recorded in
were not caught in this studyApteronotus Phallo- other studiesAgostinho and Julio, 1999should bring
ceros Poecilig. AequidensTatia, Callychthys Pseu- some concern due to the lack of a historical exploita-
docetopsis Trichomycterus Corydoras Farlowella, tion. The flow regulation imposed by Porto Primavera
Bunocephaluand some small pimelodids. Reservoir may be causing strong modifications on fish
community structure.

In spite of the world famous fish diversity that char-
acterizes many Brazilian basingofve-McConnell,
1999, Brazilian legislation allows the capture and

In terms of taxa richness the upper PadRiver commercialization of only 180 fish species for orna-
floodplain seems to have great potential to develop an mental purposes, most of them found in the Amazon
ornamental fishery. Our results showed that 40.6% of region. Only 10 species are considered lawful in the
all taxa recorded were ornamentals and an additional upper Paraa River floodplain. Implementation of a
42.6% were potentially ornamental. Therefore, quali- broader list Chao, 1998 could both: (i) diminish ef-
tatively, almost the entire fish assemblage is appreci- fects of overfishing of some stocks by creating a more
ated in the ornamental trade. In addition, several other balanced exploitation, and (ii) improve the fishing yield
taxa not cited in specific literature may be attractive by increasing the number of lawful species. Neverthe-
to the market (colorful patterns and unique morpholo- less, legislation alone does not control biological com-
gies/ecologies). This perspective enhances the orna-merce such as ornamental fisheries. Inspection failures
mental potential, and we presume that the upper Raran and problems with taxonomic identification are the
River floodplain would not experience problems asso- main difficulties. Improvements are necessary within
ciated with lack of demand. the agency responsible for overseeing biological com-

Previous studies reported that fish assemblages inmerce in Brazil (IBAMA), from planning to inspec-
this floodplain are correlated with habitats character- tions.
istics, e.g. lagoons, channels and rivekgdstinho et A large amount of ornamental fish is harvested in
al., 1997; Luiz et al., 2004 Although each environ-  the Amazon region, mainly in floodplain habitats of the
ment tends to have a particular fauna, the number of Rio Negro Basin Chao, 2001 Total ornamental fish
ornamental species was similar among them. Lagoonsexported from Manaus can exceed 20 million individ-
showed the highest ornamental species richness, probauals annually, 80% of a single speci®afacheirodon
bly due to presence of small-sized taxa, which are more axelrodj. A single family involved in the trade can cap-
appreciated in the trade. Therefore, to preserve high ture and sell over 800,000 fishes during a single season
ornamental species richness in the floodplain, habitat (Chao, 1993 This raises animportant question: are the
integrity and functioning must be maintained. ornamental fish stocks in the upper Pa&iver flood-

The biota of the upper ParamRiver floodplain, as  plain similar to those found in the Amazon region? For

4. Discussion

well as its dynamics, is strongly influenced by flooding
cycles @Agostinho and Zalewski, 1995; Agostinho et
al., 1997; Vazzoler etal., 199 However, the two years
surveyed were characterized by the lack of a typical

several Amazonian river§antos and Ferreira (1999)
reported that total fish CPUE might range from 0.07 to
0.62ind./n%/24 h, a value close to the mean fish CPUE
observed in the present study (0.60 ind/24 h, pool-

flood pulse Petry et al., 2004 After closure of Porto ing data from lagoons, channels and rivers). Gill nets
Primavera dam in 1998, water control has changed tend to selectively catch medium and large-sized indi-
flood cycles, imposing severe reduction of water lev- viduals, and possibly these data do not include a large
els. Flood interruption, in the long term, may negatively amount of small-sized taxa, the most esteemed in the
influence fish populations of this system, particularly trade. Although direct comparisons are difficult, den-

species-dependent to some degree on the flood periodsity catches seem to indicate lower ornamental fish den-
(Suzuki et al., 200 Analyzing lawful fish density dy-  sities in the upper PararRiver floodplain when com-
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pared to the number of fish exported from the Amazo- Maintenance of ornamental fisheries in the Rio
nianrivers quoted above. Itis likely that ornamentalfish Negro basin is a good example of exploitation al-
productivity in the Paramfloodplain willnotmatchthat  lied to conservation of natural resourc&hg@o, 2001,

of the Amazon, but our results suggest that ornamen- Norris and Chao, 20Q2Employment of local people
tal fish density is high enough in some environments in the sustainable ornamental fish trade resulted in a
to support a controlled fishery system. Seine captures decrease of other deleterious economic activities (e.g.,
showed high ornamental fish density in lagoons, ex- slash-and-burn agriculture and cattle raising). In ad-
ceeding 5000 ind./100%{Table 4 in someisolated la-  dition, ornamental fishery yield has not declined even
goons, predominantly composed of lawful specimens. after some decades of intense fishery activithdo,
Therefore, quantitatively, the floodplain has a suitable 2001). Similarly, establishment of an ornamental fish-
ornamental potential. Because fish mortality is high ery may help relieve the poverty that is commonplace
when lagoons are almost drie@Kada et al., 2003 in many towns bordering the Pa@River and its flood-
Slarez et al. (20013uggest that some fishes could be plain. Specifically, in Porto®o Jog& and Porto Rico dis-
collected before isolated lagoons dry completely in the tricts (Paraa State), serious social problems are related
Pantanal system, although not all isolated lagoons dry to low per capita income and unemployment, which
out in the Paraa River floodplain. To maximize cap- reachesrates around 49% in Porto Rico and 54%mn S
tures, ornamental fisheries could focus mainly on such Jo% (Godoy, 20025 Fishermen only represent 3.5%in
habitats. each populationGodoy, 2002, in spite of river prox-

It is important to consider several social and eco- imity and the abundance of natural resources. With de-
logical aspects before establishment of fisheries. At creasing captures of commerciallyimportant migratory
first, acquisition of data concerning species biology, fishes in recent year$S(zuki et al., 2004 ornamen-
as well as spatial and temporal variations in popula- tal fishes could gain considerable importance as an al-
tion and community structure should precede any re- ternative income for these towns. Fisheries conducted
source exploitation plan. Unfortunately, much of this in a sustainable fashion may be antagonistic to other
information is unavailable in most tropical environ- more harmful activitiesNorris and Chao, 2002such
ments, including the Amazon region where a fishery as deforestation, broad scale burning (commdpfad-
has been conducted for many decades without pre- fiaextraction, acommercially important root similar to
cise monitoring (although this situation has changed Ginseng Agostinho, 199Y, cattle raising, overfishing
in the last decadeChao, 2001 The Paraa River and mining.
floodplain may be an ideal region to establish an or-
namental fish trade due to 20 years of research by
the Nicleo de Pesquisas em Limnologia, Ictiologia e 5. Conclusion
Aquicultura (NUPELIA; Nucleus of Research in Lim-

nology, Ichthyology and Aquaculture) of the Univer- The general consensus is that establishment of ex-
sidade Estadual de MariagMuch information is still ploratory activities involving sustainable collecting,
unavailable, but initial evaluations can be reasonably primarily regarding the amount of information required
conducted. as well as legislative procedures is difficult. Addition-

Problems related to the formation of aviamento sys- ally, taking problems related to introduction of exotics
tems (sensBrang, 200)1and fish mortality\{Vaichman as an example (the ornamental trade has been the sec-
et al., 200} could be minimized in the PararRiver ond main cause in the USAkuller et al., 1999 a great
floodplain, since itis located near well-developed cities abyss exists between the scientific community and the
such as Paranavand Marin@ (including an airport, ornamental fish industry. Problems due to ignoring or
only 170 km from the floodplain). Fishes could be sold using existing information improperly could compro-
in these cities or transported to other centers in the nearmise the feasibility of a profitable industry, with the
vicinity. Another advantage is the need of minor capi- loss of biodiversity as the final outcome. Any attempt
tal to establish exportation activities, which could come at resource utilization must heed all topics discussed
from the private sector (as a new economic niche) as here, especially because the upper PaRiver flood-
much as from the government. plain is the last remaining natural stretch of this basin
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Aspectos fsicos, biobgicos e socioec@micos. EDUEM, Mar-
inga, pp. 179-208.

a State Park (Parque Estadual do Ivinhema). Agostinho, A.A., Rodrigues, L., Gomes, L.C., T_hor_naz, S.M., Mi-
randa, L.E. (Eds.), 2004. Structure and Functioning of the Raran

_Our_ objec_tive was not to encourage resource €X- gy and its Floodplain, EDUEM, Marirég
ploitation. This study was essentially aimed atinforma- agostinho, A.A., Zalewski, M., 1995. The dependence of fish com-
tion and knowledge generation, demonstrating an addi-  munity structure and dynamics on floodplain and riparian ecotone
tional economic opportunity in the floodplain. Knowl- zone in Paraa River, Brazil. Hydrobiologia 303, 141-148.
edge generation is fundamental and prerequisite to theAndrews, C., 1990. The ornamental fish trade and fish conservation.

above ltaipu Reservoir and comprises an Environmen-
tal Protection Area (llhas eAfzeas do Rio Parapand

development of rational and sustainable resource uti-

lization. Bringing this information to the public domain

becomes an essential task, especially when the objec-

J. Fish Biol. 37 (Suppl. A), 53-59.

Axelrod, H.R., Burgess, W.E., Pronek, N., Walls, J.G., 1997. Dr. Ax-

elrod’s Atlas of Freshwater Aquarium Fishes, ninth ed. Tropical
Fish Hobbyist Publications Inc., Netune City.

tive holds conservation purposes. The floodplain has a Axelrod, H.R., Emmens, C.W., Sculthorpe, D., Vonderwinkler, W.,

huge potential to be responsibly exploited and estab-

lishing an ornamental fish trade may also facilitate bi-
ological conservation. However, the utilization of this
potential resource will demand more complex proce-

dures than provided by our evaluation (for instance, see

Begg et al., 1999 and only the initiation of activities
along with subsequent monitoring and research will re-
veal if the region can endure this kind of exploitation.
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