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ABSTRACT

This work aimed to determine which population features were important to the colonization process of Astyanax
altiparanae in the Corumbá Reservoir. The species presented wide spatial-temporal distribution, caught in all
months and sites. Higher CPE values were recorded upstream from the reservoir during the filli ng phase. In this
phase, reproductive activity was intense upstream and moderate in the tributaries. However, a fall i n abundance
of juveniles was observed after the formation of the reservoir. Among the most relevant population features to
grant a successful colonization were wide geographic distribution, abilit y to occupy and spawn in lentic habitats
and feeding flexibilit y.
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INTRODUCTION

Dammings have led to striking alterations in the
physical, chemical and biological attributes of a
river, with indirect influence on the ichthyofauna.
Alteration in fish community structure, with the
proli feration of sedentary species and the reduction
or even elimination of migrators, is common to all
dammings (Agostinho, 1992; Agostinho and
Gomes, 1997). Even after the formation of the
reservoir, non-cyclical disturbances related to the
operation of the dam have been observed. In
addition to contributing to community structure
instabili ty, they reduce species richness and stock
size. This unstable situation restricts the types of

organisms in reservoirs to those with great
physiological tolerance and behavioral adaptabili ty
(Agostinho et al., 1999). Thus, the successional
process progresses chaotically, resulting in the
reduction in the interdependence between the
species and in lower biotic stabili ty (Wetzel, 1990).
In the colonization process of new reservoirs, the
most successful species are those with higher
plasticity in their environmental demands, i.e. those
having specific responses to the alteration
dependents of the reproductive strategy (Rodrigues
et al., 1995). Agostinho et al. (1999) report that
small rapidly-developing eggs, high fecundity and
feeding flexibili ty are possible Astyanax
altiparanae pre-adaptations to the colonization of
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reservoirs. Suzuki (1999) relates that species with
more elaborate reproductive strategies encounter
diff iculties in the occupation of these environments
and tend to decrease or even disappear in recently-
formed environments.
In general, Astyanax species are among the most
resistant to the negative effects of dammings
because they possess a wide feeding spectrum,
small eggs with rapid development and abili ty to
thrive in many different environments. Astyanax
altiparanae, in particular, has been successful in
the initial occupation and in the long term in
reservoirs of the Paraná River Basin such as
Rosana, Três Irmãos, Salto Caxias, Apucaraninha
and Mourão (Agostinho et al., 1999; Luiz, 2000).
In the first years of the formation of the Corumbá
Reservoir, this species was among the most
abundant (UEM-Nupelia, 2001).
In this work, we sought to discuss the population
features related to the colonization success,
analyzing abundance and reproduction data
obtained before and after the construction of
Corumbá Reservoir.

STUDY AREA

The Corumbá Reservoir, closed in September
1996, is located in the lower third of the Corumbá
River, just above the backwater of the Itumbiara
Reservoir (Paranaíba River) in the same river. The
Corumbá River is one of the main tributaries of the
right bank of the Paranaíba River, one of the two
formers of the Paraná River. It is a plateau river
with a 34.000 km2 drainage basin and in large part
steep-banked with a narrow and rocky bed (Paiva,
1982).
The vegetation of the basin is classified as
"cerrado", varying from open grasslands to forests
and a tropical continental climate, with summer
rains. Annual precipitation is above 1.500 mm,
with maximum values in January and minimum
values in June. Annual average temperature is
20.5oC, with minimum in July (10oC) and
maximum in October (31.5oC), while relative
humidity fluctuates between 45 (drought) and 85%
(rains) (UEM-NUPELIA, 1997). Dry period is
from April to September and the wet is the other
months (UEM-NUPELIA, 2001).

MATERIALS AND METHODS

Ichthyofauna samplings were carried out monthly
in the area of influence of the Corumbá Reservoir
from March 1996 to February 2000, covering the
pre-damming (March 1996 - August 1996), filli ng
(September 1996 - February 1997) and post-filli ng
(March 1997 - February 2000) phases. The last
phase was subdivided into post-1 (March 1997 -
February 1998), post-2 (March 1998 - February
1999) and post-3 (March 1999 - February 2000).
When appropriate these phases are represented in
the graphs. Samplings were carried out at 11
different sites grouped into three categories:
reservoir - the Corumbá River channel in the
stretch flooded after the damming, with 4 sampling
sites (Pedra Lisa - LISA; Jacuba - JACU;
Corumbá-Pirapitinga - CPIR; Ponte - PONT);
upstream - the Corumbá River channel above the
flooded area and composed of three sampling sites
(Corumbá-Peixe - COPE; Moita - MOIT; Areia -
AREI); tributaries - two sites in the Pirapitinga
River (PIRA; SAPE) and two in the Peixe River
(LINI; PFOZ).
The fishing equipment used in the data collection
consisted of gill nets with varying mesh sizes (2.4 to
16.0 cm, measured diagonally between knots),
operated on the surface and bottom of the reservoir
sites and in the margins of the other sites. The nets
were exposed at each site for 24 hours and
examined at 7:00, 17:00 and 22:00. Seining nets
(20 m long with 0.5-cm meshes) were also operated
for caught of individuals youngs (<5 cm).
The following data were recorded from each
specimen caught: sampling date and site, fishing
equipment, depth and catch period, specimen
number, total length (Lt) and standard length (Ls)
(0.1 cm), total weight (Wt) (0.01 g), sex, gonadal
development stage (immature, beginning of
maturation, maturing, mature, semi-spent, spent,
recovery and rest, adapted from Vazzoler, 1996)
and gonadal weight (0.01 g). Mature and semi-
spent was considered “ in reproduction”.
Monthly average of the standard length (cm) in
different environments was calculated from fishes
caugth with gill nets and seining nets. Species
abundance was analyzed using catch per effort
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(CPE) values, expressed by the number of
individuals caught in 24 hours per 1000 m2 of net.
The spatial and temporal variation in the
reproductive activity of the species in the Corumbá
River Basin (before and after the damming) were
evaluated using the Index of Reproductive Activity
(IRA; Suzuki and Agostinho, 1997), given by the
equation:
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Where Ni = number of individuals in sample unit i;
ni = number of individuals "in reproduction" in
sample unit i; Nm = number of individuals in a
sample unit with high n; nm = number of individuals
"in reproduction" in a sample unit with high n;
GSRi = average GSR of individuals "in
reproduction" in sample unit i: GSRe = high
individual value of GSR; GSR = gonadal
weight*100/total weight. In this work, the
reproductive activity of the species was classified
as none (IRA = 0), incipient (0 < IRA < 5),
moderate (5 ≤ IRA < 10) and intense (IRA ≥ 10).
The differences in the considered variables were
analyzed using a bifactorial ANOVA [Statistica

in the GLM procedure (General Linear Models)],
with phases and sites as factors.
RESULT S

Astyanax altiparanae showed wide spatial-
temporal distribution in the area of influence of the
Corumbá Reservoir, being caught in all months and
at every site. Interaction between the factors
(phases and sites) was not significant in the
determination of abundance (F = 0.97; p = 0.45);
therefore, these results could be evaluated
separately. The phases varied significantly among
the analyzed sites (F = 32.8; p < 0.001). The sites
also had significant variation (F = 8.04; p < 0.005).
In the pre-damming phase, although occurring
widely, the catches were, in general, low. After the
damming, this species became very abundant in all
considered sites categories, including stretches not
directly affected by the damming. The highest
catches per effort were recorded upstream from the
reservoir during the filli ng period, falli ng gradually
in the years that followed. The catches in the
reservoir and tributaries were high and constant in
the first two years after the filli ng, with a slight
decrease in the third (Fig.1).
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Figure 1 - Average catch values of Astyanax altiparanae in the different sites and phases analyzed.
Vertical bar = average standard error.
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Seasonal fluctuations in abundance were verified,
with the highest values being recorded from
November to March of each year (Fig.2).
The standard length of the individuals caught
during the period varied from 2.5 to 10.3 cm, with
the highest values being observed in the pre-

damming phase in all the analyzed sites (Fig.3). In
the subsequent phases, the average lengths of the
individuals caught were shorter, indicating the high
presence of youngs after the damming, mainly in
the reservoir soon after the closing of the gates
(Fig.4).
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Figure 2 - Monthly catch variations in Astyanax altiparanae in the different sites considered.
Vertical bar = standard deviation. Vertical dotted li nes delimitate impoundment phases.

The reproductive activity of A. altiparanae was
relevant (moderate to intense) only at the sites
outside the reservoir during the filli ng, started in
September 1996, month of the dam closure. In the

filli ng phase, reproductive activity was very intense
in the stretches upstream from the reservoir and
moderate in the tributaries (Fig.4).
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It was only incipient in the dammed area. In the
first year after the damming, the opposite
phenomenon was verified. In the other years,
intense reproductions were recorded in all types of
sites, with the most intense and lasting being in the

reservoir (Fig.4). Despite the high reproductive
activity in all sites, a fall i n the abundance of young
individuals was verified after the formation of the
reservoir (Fig.4).
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Figure 3 - Monthly average of the standard length (cm) of Astyanax altiparanae in the different
sites analyzed. Vertical bar = standard deviation. Vertical dotted lines delimitate
impoundment phases.
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DISCUSSION

Astyanax altiparanae was revealed to be a species
with wide spatial-temporal distribution in the
studied stretch of the Corumbá Reservoir, having
been recorded at all sites and in every sampling
month. The high ecological valence of this species
has been reported at different sites, from streams to
the channel of large rivers (Agostinho et al., 1984;
Agostinho et al., 1997; Luiz et al., 1998; Agostinho
and Julio Jr, 1999; Garutti and Britski, 2000; Abes
and Agostinho, 2001) and from temporary lagoons
to large artificial reservoirs (Arcifa et al., 1991;
Agostinho et al., 1999; Okada et al., 2003). Its
abundance in the pre-damming phase was low, with
no relevant spatial variations. After the formation
of the reservoir, the species became very abundant
in the entire region, including stretches not affected
by the impoundment. This suggested the success of
the species in the colonization of the new
environment and its high mobili ty in the region.
Although the increase in abundance has been a
generally-occurring phenomenon in the region, the
intensity with which it occurred and its
maintenance over the years were different.
However, at the end of the period, species
abundance remained high, and at a similar level
different sites. Also, seasonal fluctuations in
abundance were observed, with the highest values
from November to March of each year. These
periods of rain and higher temperatures showed
that the seasonali ty in the catches was related to
greater feeding and reproductive activity, as well as
mobili ty, favoring catches using gill nets.
The higher catches per effort were observed in the
stretch upstream from the reservoir during the
filli ng phase. The adverse conditions connected to
the decomposition of flooded organic material
(anoxia of the deeper layers) probably led to
massive population dislocations of this species to
the stretches upstream during spawning. The fact
that the species did not reproduce in the interior of
the reservoir in this period, although capable of
doing so, as demonstrated by the Index of
Reproductive Activity values of subsequent years,
showed the nature of this dislocation.
The studies on the diet of A. altiparanae in the
Corumbá Reservoir (UEM-NUPELIA, 2001)
demonstrated the opportunism of this species. In
the first years after the formation of the reservoir, it

fed on items as diverse as upper plants, terrestrial
and aquatic insects, fishes, microcrustaceans,
detritus and algae. The striking predominance of
plants during this period contrasted with its
essentially insectivorous diet on the Upper Paraná
River floodplain (Hahn et al., 1997) and showed its
feeding flexibili ty, demonstrating that its feeding
strategy did not impose restrictions on reservoir
occupation. Changes in the diet of Astyanax species
were recorded by Fugi (1998) in the Segredo
Reservoir (Iguaçu River). In relation to the
morphological adaptations in the reservoir habitats,
the striking presence of the species in the limnetic
areas and margins at night and on the bottom
during the day, as reported by UEM-NUPELIA
(2001), showed its pre-adaptation to the
hydrodynamic conditions of these habitats.
Although native species that start to occupy
reservoirs usually search for the most lotic
stretches upstream from the reservoir or its lateral
tributaries to spawn (Suzuki and Agostinho, 1997),
Astyanax altiparanae seems to be more flexible in
this requirement, spawning in lentic environments,
including cultivation tanks (Andrade et al., 1985).
Another reproductive aspect that was shown to be
flexible was the spawning period. The duration of
the reproductive period gradually became longer in
the reservoir after the filli ng, with activity recorded
during the entire year, probably reflecting the lower
seasonali ty of the environmental conditions.
Andrade et al. (1985) reported that the species
could spawn in ponds between August and May.
This process was more seasonal at the sites outside
the reservoir, which also occured in other non-
flooded environments of the basin, including
marginal lagoons (Vazzoler et al., 1997). The
variations in the spawning periods and the abili ty to
spawn in lentic environments suggested that this
species had the capacity to respond rapidly to
environmental changes and high reproductive
flexibili ty, contributing to its success in the
colonization of new environments.
The high density of juveniles (< 5.0 cm) in the
reservoir in the months that followed the closure of
the gates contrasted with the virtual absence of
reproductive activity in this environment. These
juveniles were, however, probably the result of the
intense spawning that was observed at the upstream
sites. They were carried to the interior of the
reservoir, where the conditions of shelter and food
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availabili ty resembled those after extraordinary
floods in the downstream stretches of the Paraná
River (Agostinho et al., 2000).
The average standard length of the individuals
caught before the damming was longer in
comparison to those caught after the closure of the
dam. Rodrigues et al. (1989), analyzing the
population structure of Astyanax bimaculatus at
Bariri Reservoir (São Paulo State, Brazil ),
observed (over five years) a progressive increase in
the catch of individuals of shorter length classes
and a decrease in the catch frequency of individuals
of longer length classes.

This was due to a reduction in trophic level, an
increase in recruitment and a possible specific
mortali ty of adult individuals associated with the
fishery or pollution. In the present study, the fact
that the reduction in the average length of the
individuals caught in the li ttoral zone showed
seasonali ty, with lower values between July and
September, when the juveniles were more
abundant, allowed one to attribute this variation to
the recruitment of individuals young of the year.
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Figure 4 - Monthly variation in the values of the Index of Reproductive Activity (IRA; on the left) and in CPE
(number of ind./1000m2 of area) of individual youngs (< 5 cm; on the right) of Astyanax altiparanae in
the Corumbá Reservoir (Goiás State, Brazil ). Vertical dotted lines delimitate impoundment phases.
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After the formation of the reservoir, the catch of
youngs decreased, despite intense reproductive
activity, suggesting that they were highly preyed in
this phase. Cowan et al. (1997) attributed the main
cause of larval mortali ty to predation. The increase
in water transparency, facili tating the action of
visual predators, and the extraordinary increase in
predators such as Cichla monoculus ("tucunaré"),
Galeocharax knerii  ("peixe cadela") and juveniles
of Salminus maxill osus ("dourado") beginning in
the second year of the formation of the reservoir
(UEM-NUPELIA, 2001), were indications of this
process. During the first year of the reservoir the
first two species presented intense reproductive
activity, with a high incidence of juveniles (UEM-
NUPELIA, 2001). Although the "dourado" was not
recorded in reproductive activity, it had a large
increase in the abundance of its youngs in the
dammed area. Almeida et al. (1997) studied the diet
of predators of the Upper Paraná River floodplain
and found that the main prey size ingested was
approximately 5.0 cm, with high participation of
Astyanax bimaculatus (= A. altiparanae).
The high abundance of juveniles in the filli ng
period of the reservoir should be related to the total
catch maintenance of the species per effort in the
two subsequent years. However, the conspicuous
fall i n abundance, observed in the subsequent year,
was not proportional to that observed in the catches
of the last year. This meant that the extraordinary
reproductive success in the first year, result of an
overlap of various events connected to the filli ng
that favored the initial development of the species,
was not sustained in the medium term. This
phenomenon was, on the other hand, relevant to the
success of upper trophic levels. Thus, the
importance of the absolute abundance values of the
juveniles to predict net gear abundance was
relative, depending on predation.
The results obtained in this study shown that the
Astyanax altiparanae characteristics most relevant
to the successful colonization of reservoirs were
wide geographic distribution, the abili ty to occupy
and reproduce in lentic environments, and feeding
flexibili ty. It was also observed that the closure of
tropical reservoirs during fish reproduction could
have a positive impact on the first spawn, given
that the filli ng process simulated a large natural
flood.
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RESUMO

O presente trabalho visa entender quais as
características populacionais envolvidas no
processo de colonização do Astyanax altiparanae
no reservatório de Corumbá. As amostragens foram
mensais, de março/1996 a fevereiro/2000,
compreendendo as fases pré ((Março/1996-
Agosto/1996), enchimento (Setembro/1996-
Fevereiro/1997) e pós enchimento (Março/1997-
Fevereiro/2000), em 11 estações. A abundância foi
obtida através da captura por unidade de esforço
(CPUE). As variações espaciais e temporais na
reprodução foram determinadas através do índice
de atividade reprodutiva. A espécie apresentou
ampla distribuição espaço temporal, sendo
capturada em todos os meses e locais. Os maiores
valores de CPUE foram registrados a montante,
durante a fase de enchimento. Além disso, nesta
fase, a reprodução foi muito intensa a montante do
reservatório e moderada nos tributários. Entretanto,
constatou-se uma queda na abundância de jovens
após a formação do reservatório. Dentre as
características populacionais mais relevantes para a
colonização, destacam-se a ampla distribuição
geográfica, habili dade de ocupar e reproduzir em
habitats lênticos, além da flexibili dade alimentar.
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