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ETHNOICHTHYOLOGY AND FISH CONSERVATION IN THE
PIRACICABA RIVER (BRAZIL)
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CEP: 13083 970, Campinas (SP), Brazil

ABSTRACT.—The impounded portion of the Piracicaba River sustains a recently
established small scale fishery. The aims of this work are to verify the knowledge
of Piracicaba River fishermen about fish biology and behavior, and to compare
this knowledge to scientific information. We interviewed 22 fishermen with ques-
tionnaires and photographs of ten fish species. The fishermen showed a detailed
knowledge about fish diet, predators, spatial and temporal distributions, repro-
duction and migratory patterns. Fishermen know better the common and com-
mercially valuable fishes than the rare ones. Important factors influencing local
ethnoichthyological knowledge are the value and abundance of the fishes, their
usefulness in the fishery, and the frequency with which fishermen observe some
of the biological attributes (such as feeding habits) of fishes. Much of the folk
knowledge agreed with observations from the scientific literature. Fishermen un-
derstand the trophic relationships among native and exotic fish species, and they
know the migratory patterns and the habitat preferences of the most valua'ble
fishes. Such folk information may contribute to fishery management sFrategles.
These results show that the folk knowledge held by small scale tropical fishermen
is important for improving biological research.

Key words: Ethnobiology, tropical freshwater fishes, fishery, reservoir, freshwater
fishermen.

RESUMO.—A regiao represada do Rio Piracicaba sustenta uma pesca ria comerqal
de pequena escala, estabelecida recentemente. Os objetivos des_te tl"abalho consis-
tem em: verificar o conhecimento que 0S pescadores do Rio Plra(:lca.ba possuem
sobre a biologia e comportamento dos peixes e comparar este conheametnto pop-
ular com as informacoes cientificas. Foram entrevistados 22 Pescadores, atravésj
de questiondrios baseados em fotografias de dez espécies de peixes. Os’ pescado;es
entrevistados apresentaram um conhecimento detalhado soﬁbre a‘dlete't,.pred a-
dores, distribuicao espacial e temporal, reprodugao e padroes migratorios o'::
peixes. Os pescadores conhecem melhor os peixes comuns € de valor ;oclir:ema
do que as espécies raras. O valor e a abundéncia dos peixes, sua ut_111 a tbl:)all:a
0 pescador, bem como a observagao fregiiente pelo pesc.ador dg atributos ;\0 0-
gicos das espécies abundantes, sa0 fatores importantes influenciando odcc:; (:;::
mento etnoictiolégico local. Muitas das informagoes or}undas dog peifa 005 S _
contram-se de acordo com observagoes registradas na literatura cientifica. Os !.)es
cadores conhecem bem as relagoes alimentares entre espécies de Pe?xe; n-atn ?:ei
exdticas, bem como os padroes migrat6rios € habitats Preferencnalst c:s r;v:l e
mais valiosos. Estas informagdes populares podem contribuir para est?; e;ozai;’ =
manejo da pesca. Estes resultados demonstram que mesmo pescarias trop
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pequena escala e estabelecidas recentemente sao importantes como um recurso
cultural, que deve ser utilizado para guiar e auxiliar na pesquisa bioldgica.

RESUME.—La zone de retenue du fleuve Piracicaba soutient une récente pécherie
de petite échelle. Cette étude a pour but de déterminer la connaissance des pé-
cheurs du fleuve Piracicaba en matiére de biologie et de comportement des pois-
sons et de comparer cette connaissance populaire aux informations scientifiques.
Nous avons interviewé 22 pécheurs en utilisant des questionnaires et les photog-
raphies de dix espéces de poissons. Les pécheurs interrogés ont démontré une
connaissance détaillée de I'alimentation des poissons, de leurs prédateurs, de leur
répartition géographiques et temporelle, et de leur mode de reproduction et de
migration. Les pécheurs connaissent mieux les poissons ordinaires et les poissons
commerciaux que les espéces rares. L'ethnoichtyologie locale dépend essentielle-
ment de la valeur marchande et de I'abondance des poissons, de leur utilité pour
les pécheries, et de la fréquence avec laquelle les pécheurs observent certains des
attributs biologiques des poissons—modes d’alimentation par exemple. Les con-
naissances populaires correspondent en grande partie aux observations scienti-
fiques. Les pécheurs comprennent les relations alimentaires entre les especes in-
digenes et et les especes exotiques et ils connaissent les modes de migration et
I'habitat préféré des poissons les plus prisés. Les résultats de cette étude montrent
que les connaissance populaire dans les pécheries tropicales de petite échelles

peuvent contribuer aux stratégies de gestion des pécheries et aux progres de la
recherche biologique.

INTRODUCTION

Ethnobiological studies have been furnishing new biological information
about insects (Posey 1983), reptiles (Goodman and Hobbs 1994) and fish (Johannes
1981). Such information, if properly interpreted using a biological sciences frame-
work, may be useful to biologists (Johannes 1993). Biological folk knowledge re-
mains little studied, and is being threatened by the disappearance of indigenous
people or their customs, as well as by the influence of urbanization and market
economy on resource-use strategies (Johannes 1978; Posey 1983; Wester and
Yongvanit 1995).

There are two ethnobiological theories dealing with the basis of folk knowl-
edge. The utilitarian view argues that people should know useful organisms with
more detail (Hunn 1982). The mentalistic view states that folk knowledge is pri-
marily influenced by factors other than the usefulness of the organisms, such as
their abundance in the environment (Berlin 1992).

Ethnoichthyological research provides evidence that both river and marine
small-scale fishermen have well established knowledge of fish biology and clas-
sification (Begossi and Garavello 1990; Johannes 1981; Paz and Begossi 1996)-
Comparative studies show that folk knowledge is usually in accord with scientific
data (Marques 1991; Poizat and Baran 1997). For example, Pacific island fisher-
men’s information regarding marine fish reproduction helped scientists in the
management of fish stocks (Johannes 1981). Northeastern Brazilian fishermen
mer}tioned that the estuarine fish Arius herzbergii eats insects (Ephemeroptera)
during certain months of the year. This information was investigated and con-
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firmed by fish stomach content analysis, thus revealing a new food chain for
tropical estuaries (Marques 1991).

Biological research alone may not be sufficient to gather the amount of data
required to manage most tropical nearshore marine fisheries, due to lack of time
and money. In such cases, fishery management may be more successfully accom-
plished if it is also based on contributions from fishermen’s knowledge (Johannes
1998). A similar situation occurs in tropical freshwater environments, such as
South American rivers, where fishery management suffers from a scarcity of pub-
lished information on fish biology (Bayley and Petrere 1989; Bohlke et al. 1978;
Petrere 1989). In this context, ethnoichthyological studies may be a useful man-
agement tool, bringing to light information which may serve both as guidelines
for biological research (Marques 1991; Poizat and Baran 1997) and as a quick and
inexpensive way to assessing biological data (Chapman 1987; Johannes 1981,
1998).

Southeastern Brazilian rivers and reservoirs drain industrialized regions and
have been harvested by fishermen, who typically live in small fishing villages
located near urban centers (Castro and Begossi 1995; Silvano and Begossi 1998;
Vera et al. 1997). Such villages can be regarded as small “cultural units,” subject
to a distinctive set of political, economic, social and ecological characteristics: The
small scale commercial fishery at the impounded Piracicaba River is of relatwgly
recent origin, as it started around 1962 with the creation of the Barra Bonita
Reservoir (Torloni 1994). This fishery has been threatened by environmental mod-
ifications such as dam construction, pollution and deforestation (Silvgno and Be-
gossi 1998). It is likely that the fishery will decline, with a concqmltfant los§ of
folk knowledge; this has already happened in the polluted upper Piracicaba Rl\'zer
(Silvano 1997). We believe that such knowledge should be documt?nted, consid-
ering its potential usefulness for fish conservation. The main (?bjectlve of the pre-
sent study is to document the knowledge of Piracicaba River fishermen about fish
biology and behavior. We also intend to investigate the basis for sucl:I knowledge,
to compare it with ichthyological scientific data, and fir_lally to point out some
ethnoichthyological information that may be applied to fishery management.

METHODS

The Piracicaba River in Southeastern Brazil is 115 km long, draining an ur-
banized region and receiving discharges of industrial efﬂuenfs and domestic sew-
age. Barra Bonita Reservoir, created in 1962 with the damming of tbe lower P.ll't
acicaba River, has small fishing villages with active fishermen lmng fll$ng 1t?
banks (Silvano 1997). We carried out this study in two of the:_?,e vnllageb. afI}(:l!lua
and Ponte de Santa Maria da Serra (Figure 1), inhabited by six and seven 1is e;
families, respectively. These villages are located about IQO km from the city 0f
Piracicaba, Sao Paulo State, southeastern Brazil. For details about the locat.lltl)n 0
the study sites see Silvano and Begossi (1998). Many houses in I?oth ‘g']?ges
belong to tourists, being visited only during weekends and vacations (Silvano

1997)

: . - - - : We
! i fish now or had fished in the past

We interviewed men and women who 15 stions about fish diet, pred-

developed a standardized questionnaire with six que
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FIGURE 1.—Map of Brazil showing the Piracicaba River basin and the fishing villages of

Tanqua and Ponte de Santa Maria da Serra.

ators, seasonal occurrence, habitats, reproduction, and migratory movements. The
questions were asked in a manner understandable by the interviewed fishermen,
who were allowed to answer in as much time they wanted. For each fish, a color
photograph was shown, in the same randomized order for all people interviewed.

The questions were:

1) What is the name of this fish?

2) What does this fish eat?

3) Which animals or other fishes prey on this fish?
4) Where does this fish live?
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TABLE 2.—Comparison of the number of doubts among ten fish species (X2, .05 = 57; p <
0,01) and six biological attributes (x%;, 5 = 120; p < 0,01).

Number Number
Fish species of doubts Biological attributes of doubts
Astyanax bimaculatus 9 diet 23
Hoplias malabaricus 8 habitat 4
Liposarcus aff. anisitsi 11 migration 23
Pimelodus spp. 9 predators 4
Plagioscion squamosissimus 8 reproduction 66
Prochilodus lineatus 8 seasonal occurrence 13
Rhamdia sp. 23
Salminus maxillosus 12
Steindachnerina insculpta 9
Tilapia rendalli 36

5) When is this fish found here?
6) Does this fish move along the river? To where?

Duration of interviews varied, depending on the knowledge and objectivity of
the interviewed person. We selected ten fish species for study among the 43 reg-
istered in the Piracicaba River fish landings (Silvano 1997). They represent a wide
range of fishes that are common and rare, native and exotic, great and small in
size, valuable and discarded (Table 1). Comparisons along these gradients should
provide some insight into factors influencing the acquisition and maintenance of
fishermen’s folk knowledge. The number of interviewed people varied slightly for
the different fish species because some people could not complete the question-
naire. We compared fishermen’s information with data from the scientific litera-
ture, following Marques (1991). All fish mentioned in this study were collected
and identified for verification. The zoologist Ivan Sazima? identified the mammals
and reptiles cited as fish predators, which were not collected.

Answers given such as “I do not know”’ (DNK) were considered uncertain
knowledge. Considering that fishermen should best know the fish species or bi-
ological aspects with the smallest number of DNK, we compared the number of

DNK answers among the fish species and the biological attributes through a chi-
square test.

RESULTS

We interviewed 17 men and 5 women, corresponding to about 80% of the
resident fishers in the two villages. The common and scientific names, abundance,
and economic value of the ten fish species studied are listed in Table 1. Of these,
the cascudo (horn-scaled catfish-Liposarcus aff. anisitsi, Loricariidae [Figure 2]),
the corvina (Plagioscion squamosissimus [Heckel], Sciaenidae [Figure 3]) and the
tilapia (Tilapia rendalli [Boulenger], Cichlidae) are exotic to the Piracicaba River

basin. Considering the great variety of answers gathered, we show only those
mentioned by at least 20% of interviewees.

Factors Ipﬂuencing Folk Knowledge—Fishers showed more doubts (less knowledge)
about Tilapia rendalli and Rhamdia SP- (X% 6.00s = 57; p < 0.01; Table 2), which were
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FIGURE 2.—The cascudo, Liposarcus aff. anisitsi.

FIGURE 3.—The corvina, Plagioscion SqUAMOSISSIMUS.
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FIGURE 4.—A simplified model of the food web in the Piracicaba River, following fish-
ermen’s information about saguiru diet and predators. Numbers inside small boxes corre-
spond to the percentage of interviewees that mentioned the respective trophic link. Below
the scientific names of some of the fish, are fish diets reported in the scientific literature;
letters refer to sources: (a) Fugi et al. 1996; (b) Bistoni et al. 1996; (c) Braga 1995.
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rare and of low economic value (Table 1). Some of the best known fish species
are of high economic value, such as the traira (Hoplias malabaricus [Bloch], Ery-
thrinidae), Plagioscion squamosissimus, the corimba (Prochilodus lineatus Steindach-
ner, Prochilodontidae), and the lambari (Astyanax bimaculatus [Linnaeus], Chara-
cidae), or are abundant in the fish landings, such as the mandi (catfish—Pimelodus
spp., Pimelodidae; Tables 1 and 2). Considering biological aspects, fishermen had
more doubts about reproduction than about fish habitats and predators (x? s, ;.05
= 120; p < 0.01; Table 2).

Comparison of Folk Knowledge with Biological Literature.—A simplified folk food web
for the Piracicaba River fishes was constructed, based on fishermen citations re-
garding fish diets and predators. Each link of the food web, represented by ar-
rows, corresponds to a certain proportion of fishermen’s responses during inter-
views. The width of the arrows reflects the proportion of citations referring to a
particular feeding relationship. In Figure 4 and Table 3, the fish diets according
to scientific literature (letters referring to the sources) are presented below the
fish scientific names. There are four levels in the food web: primary consumers,
primary carnivores, secondary carnivores and top predators, allowing the assign-
ment of feeding guilds for the fishes. It was possible to distinguish food specialist
(one or two kinds of food) from generalist (three or more kinds of food) fishes.
Specialists were piscivorous (Plagioscion squamosissimus, Hoplias malabaricus, the
dourado [Salminus maxillosus, Valenciennes]) and detritivorous (Prochilodus lineatus,
Liposarcus aff. anisitsi) species. Generalists were omnivorous fishes such as Pime-
lodus spp., the bagre (a catfish—Rhamdia sp., Pimelodidae), and Astyanax bimacu-
latus (Characidae).

Fishermen mentioned about 23 species of fish predators, corresponding to 11
fishes, 5 birds, 4 reptiles and 3 mammals, the most cited being represented in
Figure 4. Accordingly with, respectively 35, 26 and 17% of fishermen, piranhas
(Serrasalmus spilopleura [Kner], Characidae; Figure 5), otter (Lutra longicaudis [Ol-
fers]), and turtles (Phrynops geoffroanus [Schweigger] and Hydromedusa tectifera
[Cope]) usually attack fishes that are entangled in the nets. The piranha, the most
cited predator, preys on all ten fish species studied.

Fishermen mentioned a great diversity of habitats occupied by the fishes,
which could be separated into lacustrine (Hoplias malabaricus, Liposarcus aff. anis-
itsi, Steindachnerina insculpta, Tilapia rendalli), stream (Astyanax bimaculatus, Rhamdia
sp.), and river (Prochilodus lineatus, Salminus maxillosus, Pimelodus spp.) species,
with A. bimaculatus and Plagioscion squamosissimus being mentioned as habitat gen-
eralists (see Table 4).

We observed that fishermen distinguished among migratory and sedentary
fish species, and they recognized many kinds of fish migratory movements, from
great longitudinal to short lateral migrations (Figure 6). According to fishermen’s
answers regarding seasonality, Pimelodus spp. occur mainly in the winter, H. mal-
abaricus and P squamosissimus were common during spring, whereas P. lineatus
and S. maxillosus were most abundant in summer. The seasonal occurrence of the
migratory P lineatus and S. maxillosus was associated with rainfall (Table 5).

As mentioned in the section above, we had fewer answers about fish repro-
duction than about other biological characteristics. In spite of this, fishermen did
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FIGURE 5.—The piranha, Serrasalmus spilopleura.

mer"ltion that the majority of Piracicaba River fishes reproduce during summer,
which generally agrees with published data (Table 6).

DISCUSSION

Factors Influencing Folk Knowledge—Our results indicate that the folk knowledge
of Piracicaba River fishermen is more detailed for abundant and useful species,
especially those that are commercially valued. Gimilarly, river and maritime Bra-
zilian fishermen classify useful fish with more detail (Begossi and Figueiredo
1995; Begossi and Garavello 1990).

With regard to biological aspects, information about fish reproduction may
be difficult for Piracicaba River fishermen to acquire, since fish usually reproduce
infrequently in time. Furthermore, knowing when fish lay eggs has no direct
usefulness to the fishery. Conversely, information about fish habitat is important
for the Piracicaba River fishermen, as a good catch depends on the fishermen’s
ability to set gillnets in appropriate places. Elsewhere, researchers have shown
that knowledge about fish spatial distribution influences river, maritime and es-
tuarine fishing strategies (Chapman 1987; Marques 1991; Petrere 1990). Tech-
niques of attracting wanted fish species by increasing aquatic habitat heteroge-
neity were documented for fishing communities from the northeastern Brazilpan
estuary (Marques 1991), African lagoons (Hem and Avit 1994) anc% India I:nal‘{tlmc
coast (Cruz et al. 1994). Such habitat manipulation does not occurin the Piracicaba

River fishery, perhaps due to its recent nature. . _
Piracicaba fishermen showed a good knowledge about the saguiru (Steindach-



Vol. 22 No. 2

SILVANO and BEGOSSI

296

(6861 Te 19 eparn) uonejadaa ayy uowe
'2I0US A3 Jedu SIdjem MO[[eYs Ul ysy afrudan( jo speoys
‘(6861 TUTURWOY FQ6T LPIIN) ‘SONB[ ‘SITOAIISI ‘sweang
(S661 Te 32 oy
-Unso3y) I9jeMm I[PPIW Je pue WOHOq aYy} U0 ‘SIIOAIISIY

(S661 ‘Te 312 oqunsoly) siojem Jsej ‘SIoATy
(£861 ©350D) 210ys
9} TeIU WORO( Y} U0 “(Ge61 ‘T 32 oqunsofy) sweons
(9661 Te 12 13ny) s3o] padrawqns pue uone)
-23aA 3y Suowre wop0q a3 uo pasy ‘(Se61 ‘Te 12 oyun
-s08y) suooBe[ ur so saqruaan( “s:oatr £dnano synpe
(€661 T 32 TUOI0]) DIOYS Ay} ILaU ‘SIOJeM
uado ‘Pae1d pue sxpox padowgns Suowe ‘suooTe pue
SITOAIRSaI Se ons ‘sjejiqey 1vjem jmb ‘uonnquysip opim
(v661 T8 30 e[[aIRg) WOROq Ay
uo (Ge61 e 32 oyunsofy) SI10AIISDI ‘[PUURLD J9ALI uTew

punoj jou
(6£61 Uty pue Yury)
spouad A1p Sunmp aioys ayy 1eau ‘(g6 eparn)) woy
-10q a3 uo ‘uoye3adaa ayy Juowre ‘(9ep1 Te 39 ApuLsAY)
s1orem mojpeys ‘spunod Areroduay ‘si1o0a1asar ‘suooSey
(S661 ‘T8 12 oyunsoly ‘p8e1
BpaI)) I9jeM J[PPIW pue 2DBLINS ‘S19Jem jsej pue j3amb
‘saroatasal ‘spunod Lrexodwey ‘sureans uonnqrysip apim

(8€) uonea3an ayy Juowre ‘(g) uooSey
(£7) PuURY 1AL urewr “(zg)

9I0Ys ayj Ieau (zg) siogem mojreys ‘(9¢) uooSey
(£2) s11em mo[[eys “(9¢) wonoq oy}

U0 “(Gp) sIajem 3sej ‘(6G) [PUURLD JDALI UTeur

(zg) spoo1 “(zg) Puuey 19ALL UTeWT ‘(SF) weans

(S2) Puuey AL
urew ‘(0g) uoodey ‘(09) s3o| padiawqns Suowe

(¥7) 210ys ayy 1eau ‘(67) 2oed Aue

‘(67) wonoq ayy uo “(g¢) PUUEYD I9ALI UTRW
(07) s3em mojreys

"(05) woypoq ayy uo (9) [PuuEY AL uTew

(9¢)
uone)adaa ayy Juowre ‘(9¢) uooSey (cc) syoo1

(£2) 210Yys ayj 1eau
“(06) pnuw s,won0q ay; uo ‘(0g) uoneaSan
ay} Suowre ‘(pg) uooSey /(gg) s1apem Mmof[eys

(¥7) 210Yys ay3 1edU “($7) [PU
-UeLp IoALl urew ‘(67) jeliqey Aue ‘(g¢) weans

Hivpuaa vidvyi ]
vidnasur vuruYOPPUIIS
SNSOIIXVIUL SNUILUIYS

ds mipuvipy

SNJvaUL] SNPOII04]

snu1ssisounbs uorasor8v] g
‘dds snpojawug
1spsiup “jye snaavsodiy

snarvquivw svijdopy

Snpnovulg Xvuvh}sy

2INJRIDNI] [eI130[0Iq UT PapI0IaI JeJIqeE]

uawIdYSy 03 Surpiodoe jejiqer

sanads ysiy

(‘T 91qeL ur axe sapads ysy yoea 105 pamaratayur usuIadYsy Jo s1aquiny)) jejiqey Jenogaed
e pajonb jeyy usurIaysy jo juadiad are sisayuaed ur SON[EA 2INJLIN] DYHUIDS pue siomsue siaysy 0} A[Surpiodde syejqey Usti—+ J14V.L



Winter 2002 JOURNAL OF ETHNOBIOLOGY 297

Marginal Lagoons

H. malabaricus (23) b
P. lineatus (20)d

k Barra Bonita Reservoir
Piracicaba River

between
river and
does not migrate marginal
upriver during floods and lagoons
down river during receding water

P. lineatus (80) a P. lineatus (20)

S. maxillosus (77) a

H. malabaricus (45) a Pimelodus spp.(65) b

T. rendalli (38) S. insculpta (55) ; i
L. aff. anisitsi (36) A. bimaculatus (52) between river and reservoir
S. insculpta (36) a L. aff. anisitsi (45)

Rhamdia sp. (32) P. squamosissimus (38)

P. squamosissimus (24) ¢ Rhamdia sp. (32)

\ Pimelodus spp. (20) T. rendalli (24)

FIGURE 6.—Fish migratory movements according to Piracicaba River fishermen. Numbers
in parentheses are the percentages of interviewees that pointed out the movement for the
respective fish species. Letters refer to the scientific sources that agree with the information
given by the fishermen: (a) Vazzoler and Menezes 1992; (b) Godoy 1975; (c) Petrere 1985;
(d) Agostinho et al. 1995.

nerina insculpta; Table 2). This fish has no commercial value and psually is dis-
carded. Saguiru (fishes from the Curimatidae family, including S. insculpta) com-
prised about 35% of the total catch in the Barra Bonita reservoir fishery durir}g
1985 and 1986, declining afterwards (Silvano and Begossi 1998). This d‘ecrease in
abundance suggests that saguiru could have been more abundant or 1mport§nt
in the past. Besides this, knowing the habits and behavior c'nf a prey species like
S. insculpta can help Piracicaba fishermen to find larger Piscworous anf:l valuab.le
fishes, such as Hoplias malabaricus, Plagioscion squamosissimus and Sa'lmmus maxil-
losus. Amazon fishermen usually track small prey fishes in order to find the want-
ed piscivorous ones (Goulding 1979).

Fishermen also know in detail fish diets and predators (Table 2), although
such information may not be directly useful, as Piracicaba fishermen usually do
not use bait. Information about fish feeding relationships may have an mdl_rect
value in the fishery, however, as the diet of a fish is usually related to its habitat.
Furthermore, fishermen can minimize fish loss from predator atte.lcks if thfey avoid
setting gillnets in places with high predator abundance. Notw1thsta.nd1nfg chh
proposed usefulness, the observed detailed folk knowledge rega_rdmg eeding
relationships can be also merely due to a high frequency of observation: fxsherme;n
frequently clean fish and see stomachs contents, and pre_dators are al§o cc;mmon 1y
observed eating fish entangled in the gillnets. Concerning the conflict of mental-
istic versus utilitarian views in ethnobiology, Clément (1995) argged that both
utility and observed criteria such as color and morphology could influence hi:]'k
biological classification, being associated aspects of the same process. Perhaps this
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conclusion could be also applied to the Piracicaba River fishing villages studied.
There, the acquisition of folk knowledge about fish may be associated with the
frequency of observation of biological events, whereas diffusion and maintenance
of this knowledge possibly depends on its direct usefulness for the fishermen.

Besides exploiting a recent and constantly changing environment, Piracicaba
River fishermen exhibited a developed knowledge about fish, even for exotic spe-
cies, such as Plagioscion squamosissimus and Liposarcus aff. anisitsi. This indicates
that folk knowledge has been diffusing in quick and efficient ways among such
small fishing villages in southeastern Brazil.

Comparison of Folk Knowledge with Biological Literature—Piracicaba River fishermen
recognized several trophic relationships among fishes. Such relationships form a
complex food web, with approximately four levels and several links. Marques
(1991, 1995) also recognized complex food webs, with five levels, based on the
information provided by estuarine and river fishermen of northeastern Brazil.
Tropical river fishes have complex and diverse trophic relationships (Lowe-
McConnell 1987). At least some of this complexity is revealed through ethnobiol-
ogical research, which indicates aspects deserving further investigation. Accord-
ing to the Piracicaba fishermen, detritus is at the basis of the food chain, being
the main food for primary consumers and comprising the bulk of the diets of
Prochilodus lineatus and Liposarcus aff. anisitsi (Figure 4, Table 3). This agrees with
biological studies, which show that detritivorous fish, such as prochilodontids and
loricariids, are the basis of many tropical aquatic food webs, being important in
nutrient recycling (Bowen 1984; Catella and Petrere 1996; Flecker 1996). Thus we
can expect, based on our ethnoichthyological information, that detritus is an es-
sential energy source to Piracicaba River fish and fishery, as observed in other
tropical, undisturbed wetlands (Duque et al. 1998).

The predatory fish Serrasalmus spilopleura was the main fish predator men-
tioned by the Piracicaba River fishermen, who said that S. spilopleura bites off
pieces of fish, preferring caudal fins (according to 17% of interviewees). The pro-
liferation of this fish may be an effect of Piracicaba River damming, as serrasal-
mids often increase in abundance after a river is dammed (Santos 1995; Sazima
and Zamprogno 1985). As mentioned by Piracicaba River fishermen, S. spilopleura
was observed feeding opportunistically on a variety of other fish species, muti-
lating the fishes and biting off pieces of the caudal fins (Sazima and Machado
1990; Sazima and Pombal 1988). At the Pantanal Wetlands, the serrasalmids exert
a great influence on all fish communities, constraining the behavior and use of
space of various fish species (Sazima and Machado 1990). Our results suggest a
similar effect of S. spilopleura predatory behavior on the Piracicaba River fishes,
which inhabited a dammed river.

The otter, Lutra longicaudis, was also quoted by most of the Piracicaba River
fishermen as a fish predator. Emmons (1990) observed that L. longicaudis is an
aquatic mammal that feeds predominantly on fish, with diurnal and nocturnal
habits, inhabiting clear water and running rivers. Furthermore, this species is
currently threatened, mainly by habitat destruction, and its biology and ecology
are poorly known (Fonseca et al. 1994). Considering that L. longicaudis is usually
rare in silt-laden lowland rivers (Emmons 1990), such as the Piracicaba, fisher-
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men’s information indicates that populations of this mammal species may still
occur in the dammed and polluted Piracicaba River. This information may be
useful in reinforcing the need to conserve and restore the ecological integrity of
the Piracicaba River Basin, through reduction in water pollution and protection
of the riparian forests.

Piracicaba River fishermen associated the seasonal occurrence of large migra-
tory fishes with the rainfall period, thus using climatic clues to predict fish tem-
poral abundance. In fact, an increase in rainfall is one of the factors that releases
the reproductive stimulus and migratory behavior of these fishes (Agostinho et
al. 1995; Welcomme 1985). Climatic factors, such as winds, floods and tides are
essential clues to assess the migratory movements of the fishes that sustain es-
tuarine fisheries in northeastern Brazil (Cordell 1978; Marques 1991) and even for
a maritime turtle fishery in Nicaragua (Nietschmann 1972).

Piracicaba River fishermen also mentioned some unknown biological features,
such as the timing of reproduction of Pimelodus Spp. and Tilapia rendalli, the mi-
gratory movements of Rhamdia sp. and T rendalli, and all the biological charac-
teristics of Liposarcus aff. anisitsi. We also observed some contradictions between
fishermen’s answers and the biological literature, especially with respect to mi-
gratory behavior, an aspect poorly known to biologists. For example, fishermen
mentioned Astyanax bimaculatus as migratory (Figure 6), although it has b?en re-
garded as sedentary (Vazzoler and Menezes 1992). In these cases, biological re-
search could be conducted at the Piracicaba River in order to verify whether
fishermen’s assertions match scientific observations.

CONCLUSIONS CONCERNING ETHNOICHTHYOLOGY AND
FISH CONSERVATION

As discussed previously, information acquired with 1.’ira.ci.cal:fa River fisher-
men about fish biology is generally supported by t'he sc1ent1f1c l1t‘erature, espe-
cially regarding fish diet and habitat. Even considering that biologists often deal
with the same genus or species from other rivers, the observed concordance be-
tween folk and scientific knowledge indicates that folk knov»tledge probably ap-
proaches biological reality, and provides useful support for fishery managemen(;
decisions. We thus could point out at least three areas whelje these resulFs n{oul
be useful for fish conservation and fishery management actions on t}_1e Piracicaba
and other rivers: seasonality, effects of exotic fishes, and fish migration and hab-

itat.

Occurrence—Folk information about the seasonal

occurrence of fish at the Piracicaba River agreed with fisherly data recqrded dur-
ing one year (Table 5). This agreement indicates that an ethnmchthyologlcal sur\;efzy
may be a useful way to monitor fish species abundance \Yhen thelte is not ?u i-
cient time or money to gather detailed fishery data or expenmental fish samp_mgs.
Poizat and Baran (1997) also observed fishermen folk knowle?dge was c01.151stenc’;
with the results of an experimental fishing survey concerning the spatial an

temporal distribution of African estuarine fishes.

Quick Appraisal of Seasonal Fish
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Estimates of the Effects of Exotic Fishes on Native Fish Fauna.—Invasion or introduction
of fish into tropical rivers and reservoirs had been often prejudicial to the native
ichthyofauna, which usually suffers the adverse effects of predation and compe-
tition from exotic species (Lowe-McConnell 1993; Stiassny 1996). Human induced
environmental changes, such as the damming of a river, could favor the prolif-
eration of exotic species (Crivelli 1995). Currently, there is lack of biological studies
directed to the interactions with native and non-native fishes for the majority of
Brazilian river basins where fish introductions have occurred. The corvina (Pla-
gioscion squamosissimus) and the cascudo (Liposarcus aff. anisitsi) are exotic to the
Piracicaba River basin, originating, respectively, in the Brazilian Amazon and Up-
per Parana basins. While the former was intentionally introduced with the pur-
pose of enhancing fishery yields (Torloni 1994), the latter possibly had invaded
the Piracicaba River. The abundance of the corvina and the cascudo in the fish
catches on the Piracicaba River increased respectively after 1986 and 1993 (Silvano
and Begossi 1998). The dissemination of these exotic taxa probably had been af-
fecting the native fish community, yet we do not exactly know the nature and
extent of those effects. Although P. squamosissimus was studied by Braga (1995),
the biology of L. aff. anisitsi remains unknown. In the present study we provided
folk information about the biology of these two species. We believe that such
information, if properly interpreted and checked with scientific findings, could
help in the understanding of the interactions between exotic and native fish spe-
cies in the Piracicaba River basin.

According to the majority of fishermen interviewed, detritus is a main food
source for the exotic Liposarcus aff. anisitsi and the native corimbata (Prochilodus
lineatus), suggesting that these two species may have been competing for food.
This information should be tested through biological studies, considering the im-
portance of the corimbata to the Piracicaba River fishery (Silvano 1997).

Small characiform fishes, such as Astyanax bimaculatus and Steindachnerina in-
sculpta, were mentioned by Piracicaba fishermen as important prey species for
piscivorous fish, including the introduced Amazonian fish, Plagioscion squamosis-
simus (Figure 4). Braga (1995) conducted a study of the P squamosissimus diet
through stomach contents analysis, observing that A. bimaculatus was one of its
main food items. This feeding interaction was also mentioned by 75% of the
Piracicaba River fishermen interviewed. Furthermore, respectively 80% and 45%
of fishermen mentioned A. bimaculatus as food for Hoplias malabaricus and Salminus
maxillosus, two native Piracicaba River piscivorous fishes (Table 3). This study thus
indicates that the introduction of P. squamosissimus may have been adversely af-
fecting the native Piracicaba River fish community, both through predation pres-
sure on the A. bimaculatus population and competition for food with H. malabaricus
and 5. maxillosus. In other tropical freshwater habitats, such as the African lakes,
the introduction of predatory fish species severely disrupted the fisheries and
caused the extinction of many native fish species (Lowe-McConnell 1993).

Information about Fish Habitats and Migratory Behavior—Piracicaba fishermen fur-
nished information about fish habitat preferences and migratory routes. A con-
siderable amount of effort is necessary to assess this kind of data through biolog-
ical research. Piracicaba River fishermen mentioned that the aquatic vegetation is
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a habitat for Hoplias malabaricus, Liposarcus aff. anisitsi and Tilapia rendalli (Table
4), plus Plagioscion squamosissimus (19%), Prochilodus lineatus (15%) and Steindach-
nerina insculpta (18%). The aquatic vegetation is an important refuge and feeding
ground for freshwater fishes (Junk et al. 1983; Lowe-McConnell 1987; Sazima and
Zamprogno 1985), which reinforces the need for biological studies directed at
corroborating or refuting the suggested importance of riparian and submerged
vegetation for the Piracicaba River fishes.

There is need for detailed studies of fish migration in the Piracicaba and in
other Brazilian rivers. Our results may help in filling this gap, as Piracicaba fish-
ermen mentioned nine fish species as migrating up and down the river, especially
Prochilodus lineatus and Salminus maxillosus; P, lineatus also moves between the river
and marginal lagoons (Figure 6). Both these species must migrate in order to
reproduce (Vazzoler and Menezes 1992), and juveniles of P, lineatus grow in mar-
ginal lagoons, moving to the river when adults (Agostinho et al. 1995). Fisher-
mer's answers indicate that P lineatus and S. maxillosus may be undergoing mi-
grations in the Piracicaba River, in spite of the dam downstream. This hypothesis
should be verified through migratory studies, in order to support management
measures directed to ensure the continuity of the migrations and the reproduction
of these two commercially important fish species.

Our study demonstrates that ethnoichthyological knowledge is not only re-
stricted to indigenous fishing people, which harvest the same region over the
course of centuries or millennia. Small-scale commercial fishermen also show a
detailed folk knowledge, even over the course of a few generations. Tropical ar-
tisanal fisheries have been widely subjected to external influences, such as habitat
degradation and market pressure, which have threatened not only the fish st.ocks,
but also the fishing communities. It is an imperative task to document and mter.-
pret fishermen's folk knowledge, especially in the tropics, for it could enable sci-
entists to work together with fishermen in devising measures aimed at conserving
both the fish and fishing culture.

NOTES

Erratum. In this article, the term “fishermen” designates both the men and the women

interviewed in the Piracicaba River fishing communities.

1 Voucher specimens are deposited at the fish collection of the Museu de Z(?ologia da U:"nivt
ersidade de Sao Paulo (MZUSP), CP 42694, 04299-970, Sdo Paulo (SP), Brazil. Only Salminus
maxillosus was not collected; it was identified with color photographs.

2 Dr. Ivan Sazima, Departamento de Zoologia and Museu de Histér?a Natural, Universidade
Estadual de Campinas, C.P. 6109, 13083-970, Campinas (SP), Brazil.
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