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Temporal variation in fish community in the tailrace at Três Marias
Hydroelectric Dam, São Francisco River, Brazil

Raquel Coelho Loures 1,2 and Paulo Santos Pompeu2

Damming rivers to generate hydroelectric energy causes a series of changes in the environment, including impacts on the
ichthyofauna. Knowledge of the fish community immediately downstream from a hydroelectric dam can help to reduce the
negative effects of dam operation, such as fish entrance into the draft tube during turbines maintenance. We evaluated the
temporal variation in fish community composition and abundance, near Três Marias Hydroelectric Dam (TMD), and its
relationship with abiotic variables. Samples (n = 18) were carried out using gill nets in the tailrace of the dam, over the course
of a hydrological year, at six time points during a 24-hour period. Abiotic data were also sampled to assess the relationship with
the biotic data. In the tailrace, Characiformes showed the highest richness, while Siluriformes were the most abundant. Of the
33 species sampled, six were migratory. The fish community was significantly different between the dry and wet seasons, with
higher abundances during the wet season. In the wet season, the frequency of migratory species in the community rose from
0.7 to 18.3%, and Pimelodus maculatus accounted for 14.5% of the overall abundance. We observed that Characiformes
captures occurred mainly in the morning, with peak activity between 5:00 and 9:00 h. Siluriformes showed greater nocturnal
activity and were largely captured between 17:00 and 21:00 h. Synchronizing operational maneuvers that represent high risk
to the fish with periods of low abundance in the tailrace, i.e., during months of low precipitation, may be a measure to reduce
the impact of the operation on the downstream fish community.

O barramento de rios para implantação de hidrelétricas causa uma série de modificações no ambiente, gerando impactos sobre
a ictiofauna. O conhecimento sobre a comunidade de peixes encontrada imediatamente à jusante pode auxiliar na redução de
impactos gerados pela sua operação. Assim, avaliamos as variações temporais na comunidade de peixes próxima à Usina
Hidrelétrica de Três Marias quanto à composição de espécies, abundância e suas relações com variáveis abióticas. Foram
realizadas 18 coletas com redes de emalhar no canal de fuga da usina, durante um ano hidrológico, em seis horários ao longo
de 24 h, quando também foram obtidos dados abióticos. Foi observado que no canal de fuga da usina, Characiformes
apresentou uma maior riqueza, enquanto os Siluriformes foram os mais abundantes. Das 33 espécies coletadas seis eram
migradoras. A comunidade de peixes foi significativamente diferente entre os meses de seca e chuva, com maior abundância
no período de chuva. Neste período, a frequência das espécies migradoras na comunidade subiu de 0,7 para 18,3%, sendo que
Pimelodus maculatus representou 14,5% da abundância. A maior captura de Characiformes se deu no período da manhã com
pico de atividade de 5:00 às 9:00 h. Os Siluriformes apresentaram maior atividade à noite, principalmente das 17:00 às 21:00 h.
Conciliar manobras que oferecem mais riscos para os peixes com o período de menor abundância no canal de fuga, ou seja, nos
meses de baixa pluviosidade, pode ser considerada medida para reduzir o impacto da operação sobre a comunidade à jusante.
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Introduction

Hydroelectric generation accounts for more than 76% of
the energy produced in Brazil (EPE, 2010). Damming rivers to
implement hydroelectric dams is considered as a discontinuity
in the concept of the river continuum (Vannote et al., 1980;
Stanford & Ward, 2001), causing a series of changes in the

environment that can affect aquatic fauna, especially fish
(Barletta et al., 2010). Downstream from the dam, there are
changes affecting fluctuations in natural discharge and control
of the flood regime (Baxter, 1977; Freeman et al., 2001; Gehrke
& Harris, 2001; Zdankus et al., 2008). Damming interrupts
fish migration (Dugan et al., 2010), causes gas supersaturation
due to the incorporation of atmospheric gases by spillways
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and turbines (Schisler & Bergersen, 1999; Urban et al., 2008),
affecting certain fish species due to maneuvers of turbines
and spillways (Andrade et al., 2012; Schilt, 2007) and can
increase levels of predation as a result of the high density of
fish that accumulate immediately downstream (Agostinho et
al., 2007). Dams also affect downstream populations by
altering water quality and habitat conditions (Balciunas &
Zdankus, 2007; García et al., 2011), with consequences for
both resident and migratory fishes (Lessard & Hayes, 2003).

It is believed that hydrodynamic conditions in the stretches
immediately downstream from a dam may attract fish onto the
tailrace (Schilt, 2007; Agostinho et al., 2007). However, other
environmental factors that also may determine species distributions
remain poorly studied. In most hydroelectric dams, it is common
to see large concentrations of fish aggregation downstream from
the dam, in the tailrace (Agostinho et al., 2007). The presence of
these aggregation is a concern for the electric energy segment
because many power dams operations put ichthyofauna at risk
(Ferguson et al., 2006; Schilt, 2007; Loures, 2009).

Several studies that address changes in fish community
downstream from power dams, assess: differences from before
and after damming (Mérona et al., 2005; Penczak & Kruk,
2005; Mérona et al., 2010), the processes of habitat
fragmentation that interrupt migratory routes (Oldani &
Baigún, 2002; Pelicice & Agostinho, 2008; Godinho & Kynard,
2009) and the effects of discharge and flood pulse on the
communities (Agostinho et al., 2004; Bednarek & Hart, 2005;
Welcomme et al., 2006; Godinho et al., 2007; Bailly et al.,
2008). However, few studies have investigated the fish
community in the tailraces of dams and how their knowledge
can help reduce the impacts generated by its operation
(Ferguson et al., 2006; Schilt, 2007; Nestler & Goodwin, 2001).
Thus, we evaluate temporal variations in fish community
immediately downstream from the Três Marias Hydroelectric
Dam on the species composition and abundance and their
relationships with abiotic variables.

Material and Methods

Study area
The São Francisco River basin is the third largest in Brazil,

covering an area of 638,576 km2, which corresponds to 7.5% of
the country and 40% of the Minas Gerais State. The basin is
fully contained within Brazilian territory and is of great importance
in the country, not only due to the volume of water transported
across a semiarid region, but also because of the hydroelectric
potential and its historical and economic contribution to regional
development (ANA, 2009). The São Francisco River is 2,863 km
long, originating in the Serra da Canastra in the State of Minas
Gerais, flows in a south-to-north direction across the States of
Bahia and Pernambuco, where the course turns to the southeast.
The river’s mouth to the Atlantic Ocean is located between
Alagoas and Sergipe. The estimated hydroelectric potential of
the hydrogeographic region is approximately 25,320 MW, and
10,380 MW of this potential is already installed, supplying energy
for 16% of the country (MMA, 2006).

Currently, there are 18 dams in operation in the São Francisco
River basin, and nine of them are located in the São Francisco
River itself. The Três Marias Hydroelectric Dam (TMD),
officially called “Bernardo Mascarenhas”, is located on the
São Francisco River (18°12’49”S 45°15’42”W) in the
municipality of Três Marias (Fig. 1). The dam is 75 m high and
2,700 m long. It was inaugurated in 1961, and started the
operation in July 1962. The installed capacity is 396 MW, with
six generation units of 65 MW each. The nominal drop is 46.1
m, and energy is generated by Kaplan turbines with maximum
discharge of 150m3/s. The spillway is of the controlled-surface
type, with seven gates and a maximum capacity of 8,700 m3/s
(Cemig, 2006). The turbinate water is taken from the hypolimnion
of the reservoir (50 - 60 m deep), which has a lower temperature
and dissolved oxygen level than the surface water. The
temperature of the river water downstream from the dam can
vary from 22.6 to 28.5°C, and the dissolved oxygen content can
range from 1.89 mg/l in the summer to 7.76 mg/l in the winter.
Turbidity is lower during periods of drought and higher in periods
of heavy precipitation, ranging from 0 to 1000 NTU (Sampaio &
López, 2003). The patterns of precipitation and discharge
downstream from the dam over the past ten years (Mar 2001 to
Mar 2011) show a regularity in the discharge over time and a
concentration of precipitation from November to March (Fig. 2).

Fish collection
We sampled fishes monthly from April 2010 to September

2010 and fortnightly from October 2010 to March 2011, with a
total of 18 samples. At each sample we set gillnets in the
backwater of the tailrace over 24 hours and checked for fishes
six times at 1:00, 5:00, 9:00, 13:00, 17:00, and 21:00 h. We used
10 m gill nets with mesh sizes varying from 3 to 16 cm (opposite
knots length), with an approximately effort of 160 m². Fishes
were identified and a group of voucher individuals was
deposited at the Ichthyological Collection of the Federal
University of Lavras (CIUFLA).

Abiotic data sampling
Limnological and hydrological data were used to assess

the relationships between fish abundance and richness and
abiotic factors in the TMD tailrace. Therefore, the acquisition
of data followed the days and times of fish sampling in the
backwater of the tailrace. We used a multiparameter probe
(Horiba U10) to acquire water parameters, pH, dissolved oxygen
(DO) and temperature (°C). Data regarding precipitation and
discharge (turbinate and spill) for the study period were
obtained from Cemig Geração e Transmissão S.A.

Data analysis
We evaluated fish community by an ordination based on

species abundance, running a nMDS (nonmetric
multidimensional scaling) test in the statistical program Past,
using the Bray-Curtis index. The difference between dry and
rainy seasons was tested by ANOSIM (analysis of similarity),
and the contribution of each species to the dissimilarity was
assessed by a SIMPER (Similarity Percentage) test.
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In order to investigate the relationships between abiotic
variables and the richness and abundance of fish, throughout
the study period, we performed multiple regressions. The
abundance of the ten most common species was also tested
separately. It was necessary to normalize the abundance of
each species using log10 (n+1), where n was the number of
individuals of a species. We proceeded the statistical analysis
(α=0.05) using Statistica 10.0 (StatSoft, 2010).

Results

We sampled 995 individuals belonging to 4 orders, 11
families, 24 genera and 33 species (Table 1).  The orders
Characiformes (29.8%) and Siluriformes (69.7%) together
represented 99.5% of the total capture. Our sample included
six migratory species and one exotic to the São Francisco
River basin, Metynnis maculatus.

In the São Francisco River, downstream from the dam, the
mean DO ranged from 2.2 to 7.6 mg/l over the course of a
hydrological year, with higher values during the winter (Fig.
3a). The pH varied between 6.4 and 8.2, with higher values
during the fall. The temperature, as expected, showed the
opposite trend, with lower values observed in the winter and
a gradual increase toward its maximum in the summer. The
temperature ranged from 22.3 to 26.3 oC (Fig. 3a).

During the study period, the total discharge of the TMD
ranged from 420.0 to 2,677.0 m3/s, with a daily average of
544.0 m3/s (Fig. 3b). In the second half of March 2011, there
was an average spill of 814.1 m3/s, which elevated the total

discharge during that month. It was also necessary to open
the spillway in other months, but with lesser discharges: May
- 66 m3/s and December - 59 m3/s. The average turbinate water
discharge in the twelve months of the study was 507.6 m3/s.

From April to October (dry season), the average monthly
accumulated precipitation in the region of the TMD was 30.6
mm, and during July and August, there was no rain in the

Fig. 1. Três Marias Hydroelectric Dam. Sampling location at the tailrace is indicated by the arrow (Photo: Francisco de Andrade)

Fig. 2. Precipitation and discharge regimes downstream from
the Três Marias Hydroelectric Dam over the last 10 years
(March 2001 to March 2011). Source: Cemig Geração e
Transmissão S.A.
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Table 1. List of fish species sampled in the tailrace at Três Marias Hydroelectric Dam on the São Francisco River. Surveys were
conducted between April 2010 and March 2011. The table presents the total number (N) and relative abundance (%). a =
migratory species, b = exotic species.

Species  Abundance 
Voucher N % 

CHARACIFORMES    
Acestrorhynchidae    
 Acestrorhynchus lacustris (Reinhardt, 1874) (CIUFLA 510) 2 0.20 
Anostomidae    
Leporellus vittatus Valenciennes, 1849 (CIUFLA 511) 10 1.01 
Leporinus obtusidens (Valenciennes, 1837)a (CIUFLA 512) 5 0.50 
Leporinus reinhardti Lütken, 1875a (CIUFLA 513) 6 0.60 
Leporinus taeniatus Lütken, 1875 (CIUFLA 514) 128 12.86 
Schizodon knerii (Steindachner, 1875) (CIUFLA 515) 15 1.51 
Characidae    
Astyanax lacustris (Lütken, 1875) (CIUFLA 499) 4 0.40 
Astyanax fasciatus (Cuvier, 1819) (CIUFLA 500)  27 2.71 
Brycon orthotaenia Reinhardt, 1864a (CIUFLA 501) 1 0.10 
Metynnis maculatus (Kner, 1858)b (CIUFLA  502) 3 0.30 
Pygocentrus piraya (Cuvier, 1819) (CIUFLA 503) 5 0.50 
Salminus franciscanus Lima & Bristski, 2007a (CIUFLA 504) 12 1.21 
Salminus hilarii Valenciennes, 1850a  (CIUFLA 505) 2 4.92 
Serrasalmus brandtii Lütken, 1875 (CIUFLA 506) 49 0.10 
Tetragonopterus chalceus Spix & Agassiz, 1829  1 0.30 
Triportheus guentheri (Garman, 1890) (CIUFLA 507) 3 0.20 
Prochilodontidae    
Prochilodus argenteus Spix & Agassiz, 1829a (CIUFLA 508) 5 1.81 
Prochilodus costatus Valenciennes, 1850a (CIUFLA 509) 18 0.50 
PERCIFORMES    
Sciaenidae    
Pachyurus francisci (Cuvier, 1830) (CIUFLA 516) 3 0.30 
Pachyurus squamipennis Agassiz, 1831 (CIUFLA 517) 1 0.10 
GYMNOTIFORMES    
Sternopygidae    
Eigenmannia virescens (Valenciennes, 1836) (CIUFLA 518) 2 0.20 
SILURIFORMES    
Auchenipteridae    
Trachelyopterus galeatus (Linnaeus, 1766) (CIUFLA 519) 1 0.10 
Doradidae    
Franciscodoras marmoratus (Reinhardt, 1874) (CIUFLA 520) 401 40.30 
Loricariidae    
Hypostomus cf. margaritifer (Regan, 1908) (CIUFLA 521) 21 2.11 
Hypostomus francisci (Lütken, 1874) (CIUFLA 522) 1 0.10 
Rhinelepis aspera Spix & Agassiz, 1829 (CIUFLA 523) 46 4.62 
Pimelodidae    
Bergiaria westermanni (Reinhardt, 1874) (CIUFLA 524) 17 1.71 
Pimelodus fur (Lütken, 1874) (CIUFLA 525) 4 0.40 
Pimelodus maculatus Lacépède, 1803a (CIUFLA 526) 148 14.87 
Pimelodus pohli Ribeiro & Lucena, 2006 (CIUFLA 527) 26 2.61 
Pseudopimelodidae    
Cephalosilurus fowleri Haseman, 1911 (CIUFLA 528) 4 0.40 
Lophiosilurus alexandri Steindachner, 1876 (CIUFLA 529) 4 0.40 
Pseudopimelodus charus (Valenciennes, 1840) (CIUFLA 530) 20 2.01 

Total  995 100.00 

area. During the period considered to be the wet season
(November to March), the average monthly accumulated
precipitation was 212.0 mm, with the highest precipitation in
late December and early January (Fig. 3b).

The analysis of nMDS and ANOSIM (p = 0.0004)
indicated that fish community was significantly different
between dry (April to September) and wet (November to
March) seasons (Fig. 4). The species that contributed most
to the dissimilarity observed were Franciscodoras
marmoratus ,  Pimelodus maculatus  and Leporinus

taeniatus, all with higher abundance during the wet season
(Table 2).

Considering the groups formed by nMDS analysis and
the periods of fishes activity, we could observe that, during
the dry season fish were more captured during the day,
between 5:00 and 9:00 h (Fig. 5). Characiformes fishes were
the most representative in this time while Siluriformes were
captured in lower abundances and were restricted to the
interval between 13:00 and 21:00 h. During the wet season,
the abundance of fish was higher at all times when compared
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to the dry season. The Characiformes remained with a peak in
captures during the day from 5:00 to 9:00 h, while the
Siluriformes, most abundant in this season, were more
captured at night, especially from 17:00 to 21:00 h (Fig. 5).

We did not find any correlation between the measured
water physical and chemical parameters and the total
abundance of fish, but total discharge (turbinate and spill)
and precipitation explained 73% of the variance observed in
the number of individuals captured (Table 3). Species richness
was explained by total discharge and precipitation (Table 3).
Of the 10 most abundant species, only for Hypostomus cf.
margaritifer, Leporinus taeniatus, Pimelodus pohli and
Pseudopimelodus charus we did not find significant
relationships between abundance and abiotic variables tested
(Table 3). The abundance of A. fasciatus was negatively related
with the variation of DO (r2=0.22). Temperature explained the
variance in abundance of Franciscodoras marmoratus (44%)

and of Serrasalmus brandtii (37%). Both precipitation and
temperature were positively correlated with Pimelodus
maculatus abundance, and pH was negatively correlated with
it. Discharge explained 80% of the variance in Prochilodus
costatus abundance and, together with precipitation, it also
explained 63% of the abundance of Rhinelepis aspera.

Fig. 4.  Multivariate ordination (nMDS) of fish sampled from
April 2010 to March 2011 in the tailrace at Três Marias
Hydroelectric Dam. Each point represents a sample, and the
symbols “cross” and “black square” correspond to dry and
wet seasons, respectively.

Table 2. Principal species contributing to community
dissimilarities (SIMPER) during the dry and wet seasons in
the area in the tailrace at Três Marias Hydroelectric Dam.

Species  Average abundance 
Contribution Dry Wet 

Franciscodoras marmoratus 30.01 0.20 40.00 
Pimelodus maculatus 15.37 0.80 14.40 
Leporinus taeniatus 11.79 6.40 9.60 
Serrasalmus brandtii 3.89 4.40 2.70 
Pimelodus pohli 3.70 0.20 2.50 
Astyanax fasciatus 3.02 0.20 2.60 
Rhinelepis aspera 2.39 0.00 4.60 
Hypostomus cf. margaritifer 1.93 1.40 1.40 
Pseudopimelodus charus 1.57 0.00 2.00 
Salminus fransciscanus 1.29 0.20 1.10 
Bergiaria westermanni 1.01 0.00 1.70 
Leporellus vittatus 0.91 0.00 1.00 
Pygocentrus piraya 0.85 0.00 0.50 
Schizodon knerii 0.82 0.00 1.50 
Prochilodus costatus 0.80 0.00 1.80 
Leporinus obtusidens 0.70 0.40 0.30 
Leporinus reinhardti 0.58 0.20 0.50 
Triportheus guentheri 0.42 0.40 0.10 
Cephalosilurus fowleri 0.41 0.00 0.40 
Lophiosilurus alexandri 0.39 0.00 0.40 
Others 2.48 0.80 2.60 

Fig. 3. Variation of abiotic variables in 18 samples, from April
2010 to March 2011. a) water physical and chemical parameters;
b) daily average of total discharge (turbinate and spill) in m3/s
and daily accumulated precipitation (mm).
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Fig. 5.  Frequency of individuals from Characiformes and Siluriformes orders, and all individuals (Total), in the tailrace at Três
Marias Hydroelectric Dam, captured at different hours during the dry and wet seasons.

Discussion

Since the late XVIII century, ichthyofauna surveys of São
Francisco River basin has been carried out (Sato & Godinho,
1999). However, for the region of Três Marias, the most

important work on fish systematic was not published until
1984, where 73 species were recorded for the region of Três
Marias and 132 for the entire São Francisco River Basin (Britski
et al., 1984), becoming a landmark for studies of fish in the
basin and considered indispensable to all those interested in
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studying the fish fauna of the region (Alves et al., 2011).
Currently in the São Francisco River basin, a total of 205
species of native fish have been recorded, and the orders
Characiformes and Siluriformes account for 74% of species
richness (Alves et al., 2011). In the TMD tailrace, although
Characiformes had the highest species richness, Siluriformes
were the most abundant. This composition was also observed
close to the dam, downstream Samuel Hydroelectric Dam on
the Jamari River in the State of Rondônia. After the formation
of the reservoir, there was a reduction in the abundance of
Characiformes, and Siluriformes became prevalent, mainly due
to an increase in the abundance of a Pimelodus species
(Santos, 1995). During the period of highest abundance in
the tailrace, we observed fishermen capturing “curimbas”
(Prochilodus spp.) with cast nets, whereas the gill nets we
applied only captured 18 individuals. Thus, the selectivity of
the fishing gear used may be underestimated the fish
community, once the capture depends on the activity of the
fishes as well as body size (Hubert, 1996).

In Três Marias, the São Francisco and Parnaíba Valley
Development Company (Companhia de Desenvolvimento do
Vale São Francisco e Parnaíba – CODEVASF) conducts regular
monitoring with gill nets in two stretches of the river
downstream from the TMD. The nearest sample point is more
than 1 km away from the tailrace. In 2010, these monitoring
results showed a fish community composition different from
that observed in the tailrace in our study, with a predominance
of Characiformes in both richness and abundance (CODEVASF,
unpublished data). This finding could indicate that, for studies
investigating the direct impacts of a power dam on fish
community (such as injuries caused by turbines and entrapment
in the draft tube), samples far from the tailrace may not represent
the community most susceptible to those impacts.

We observed that lower values of dissolved oxygen in
tailrace water occurred during warmer months, most likely
due to thermal stratification of the reservoir and a bottom
water uptake to electricity generation by the dam (Sampaio &
López, 2003). In addition, the increased water temperature
during this period may have decreased the solubility of

oxygen. Low DO concentrations can affect the swimming
performance of fish and reduce fertility rates, but the limit is
species-specific (Portz et al., 2006). The water temperature in
the tailrace begins to rise in November, with highs in the
summer. It is known that the water temperature increase can
be a trigger for some species to initiate upstream migration
toward their spawning sites (Lowe-McConnell, 1999). In
general, most natural freshwater systems have a pH ranging
from 5.0 to 10.0 (Portz et al., 2006), similar to the values found
in TMD tailrace.

Fish migrate to find better environmental conditions,
shelter, food and appropriate locations to finish their
development and to reproduce (Lowe-McConnell, 1999). In
dams that do not have fish passages, such as TMD, fishes
can concentrate at the base of the dam trying to reach
upstream stretches, during juvenile migration (known as
“arribação”) or spawning migration (known as “piracema”)
(Agostinho et al., 2007; Godinho & Kynard, 2006). We did
not observe an increase in abundance from April to July,
characteristic of “arribação” (Godinho & Kynard, 2009).
However, the highest proportion of Characiformes captured
in these months, it was also found near the dam in 2007, when
the most pronounced juvenile migration in the last four years
occurred in the São Francisco River (Rodrigues, 2009). During
the wet season (November to March), which coincides with
the breeding season of many species of the São Francisco
River (Alves et al., 2011), the highest abundance of fish was
observed in the tailrace. During this period, the frequency of
migratory species in the community rose from 0.7 to 18.3%,
and P. maculatus accounted for 14.5% of this abundance.

The difference in the composition of fish community
between dry and wet months was a result of an increase in
the abundance of two species of Siluriformes: Franciscodoras
marmoratus and Pimelodus maculatus. The latter species is
the one most impacted by turbine maneuvers and draft tube
dewatering at TMD (Andrade et al., 2012). In both cases there
is a high risk of fish mortality or injuries. Pimelodus maculatus
is a species with high swimming performance when compared
to temperate fish, and shows preference for swimming near

Table 3. Statistical relationships between abiotic variables and total abundances (all species), species richness and most
abundant species sampled in the tailrace at Três Marias Hydroelectric Dam. The values presented are from statistically
significant models.

Variables 
Model Abiotic variables (t / p) 

F P r2 DO pH Temperature Total 
discharge Precipitation 

Total abundance 19.92 <0.001 0.73 - - - 3.73/0.002 3.53/0.003 
Richness 8.58 0.003 0.53 - - - 1.83/0.087 2.88/0.011 
Species         
Astyanax fasciatus 4.99 0.043 0.22 -2.23/0.043 - - - - 
Franciscodoras marmoratus 11.81 0.004 0.44 - - 3.43/0.004 - - 
Pimelodus maculatus 0.90 0.003 0.71 - -3.11/0.009 2.41/0.035 - 2.76/0.018 
Prochilodus costatus 51.83 <0.001 0.80 - - - 7.2/<0.001 - 
Rhinelepis aspera 10.38 0.020 0.63 - - - 2.70/0.019 2.37/0.035 
Serrasalmus brandtii 7.58 0.016 0.37 - - 2.75/0.016 - - 
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the bottom of the channel and walls of the dam structure.
This behavior probably contributes to these mortality events,
once fish can access the draft tube more easily (Santos et al.,
2008). Thereby, as a measure to reduce the impact on the
community, we recommend conciliate activities more risky to
the fish with periods of lowest abundance in the tailrace (i.e.,
in the months of low precipitation).

Siluriformes are a nocturnal group (Burgess, 1989), whereas
Characiformes present a more diverse pattern of activities with
a diurnal peak (Pompeu & Martinez, 2006). These patterns were
confirmed by the present study. During the dry season, the
Characiformes were more abundant than Siluriformes, and the
higher captures of fish occurred in the morning, with peak
activity from 5:00 to 9:00 h. In the wet season, the abundance
of fish increased at all times, with a predominance of Siluriformes,
especially at night from 17:00 to 21:00 h. The TMD does not
program neither execute maneuvers that may represent risk to
the fish, such as turbine dewatering and stop/startup, at night
(Cemig, unpublished data). Considering our results, this
measure could reduce the risk of fish mortality, especially during
the wet season. During this season, if a turbine stops at night,
when the abundance and activity of fishes in the tailrace is
higher, the probability of fish enter into the draft tube increase.
Thus, the risk of mortality would be higher leading to greater
impacts on fish community. We suggest that complementary
studies should be developed in order to evaluate the presence
of fishes not only in the tailrace, but also inside the draft tube
during day and night.

The total discharge and precipitation explained more than
70% of the variance observed in the number of individuals
sampled in the tailrace. Furthermore, these variables explained
the change in richness over time. Fish exhibit a spectrum of
life cycle stages associated with the seasonality of tropical
waters. In tropical rivers, seasonal differences are mainly
driven by changes in the water level (Lowe-McConnell, 1999).
Additionally, precipitation and temperature may trigger
spawning migrations (Parkinson et al., 1999). Despite the
control of river discharge due to regulation by the TMD, it
was observed that 80% of the abundance of the migratory
species Prochilodus costatus was explained by variation in
the total discharge of the dam. Along with precipitation, the
discharge also explained 63% of the variance in the abundance
of Rhinelepis aspera. Although this species is considered
migratory in the Paraná river basin (Agostinho et al., 1986;
Agostinho et al., 1995), the characteristics of egg and larval
individuals from the São Francisco River indicate that R.
aspera does not require long reproductive migrations, like
Pimelodus maculatus (Sato et al., 2003, Sato & Godinho,
2003). The increase in abundance in response to precipitation
and discharge observed in this study, could be a sign that
this species also migrates along the São Francisco River.

Three species responded to temperature change:
Franciscodoras marmoratus, Serrasalmus brandtii and
Pimelodus maculatus. Abundances of P. maculatus were also
positively correlated with precipitation and negatively
correlated with pH. The importance of precipitation to increase

the abundance of Siluriformes downstream from dams has
been previously documented (Pompeu & Martinez, 2006), as
well as the role of temperature as a trigger for breeding
(Parkinson et al., 1999; Sato et al., 2005). However, the role of
pH is not supported in the literature. As P. maculatus and R.
aspera, the eggs and larvae of F. marmoratus indicate that
this species does not require long reproductive migrations
(Sato et al., 2003). More studies are needed to assess whether
the increase in water temperature is indeed a trigger for this
species to initiate reproductive migrations. The drop in DO
levels during the wet season explained the abundance of
Astyanax fasciatus in the tailrace. In general, fish tend to
avoid sites with a low DO level (Portz et al., 2005), so it would
be interesting evaluate if the abundance increase was related
to environmental stimuli or some other biological factor that
we did not assess.

The system of production and transmission of electric
energy in Brazil can be considered unique in the world due to
its size and distinct characteristics. The National
Interconnected Power System (Sistema Interligado Nacional
– SIN) is formed by companies from five administrative
regions: South, Southeast, Midwest, Northeast and part of
the North. Only 3.4% of the electricity capacity of production
in Brazil occurs outside of the SIN, in small isolated systems
located mainly in the Amazon region. The Electric System
National Operator (Operador Nacional do Sistema Elétrico –
ONS) is responsible for coordinating and controlling the
operation of existing electric facilities in the SIN, with
surveillance and regulation by the Brazilian Electricity
Regulatory Agency (Agência Nacional de Energia Elétrica –
ANEEL) (ONS, 2011). In practice, this structural organization
means that, the power companies must submit operational
maneuvers programming to ONS approval. Thus restrictions
to dam operation concerning different aspects
(electromechanical, electric, civil, social and multiple-use,
discharge control and environment) should be analyzed jointly
by the electric sector and regulatory agencies (Cavallari, 2009).
Operate a power dam with less risk of mortality to downstream
fish community is a challenge faced by the hydroelectric
companies. In order to determine better ways to operate with
less risks to fishes, besides the knowledge of fish community
near the dam, it is necessary to consider a number of other
restrictions and legal procedures to get the approval from the
ONS for a change in generation.

Nevertheless, information regarding community and
behavior of fish downstream dams may improve the arguments
between environmental and operational areas from a power
company. Moreover together with regulatory agencies from
the electric sector, such information can help define procedures
with better cost-benefit operational-environmental relations.
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