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Background. Construction of dams alters the physical, chemical, and ecological characteristics of the aquatic
environment and modifies fish behaviour and the community composition. Few studies have shown the diel and
seasonal fish distribution in tropical reservoirs, mainly in the proximity of the dam, where the risk of injury and
death of fishes, which try to migrate downstream, is high. Thus, the data obtained in these regions can encourage
actions that may attenuate the impacts on ichthyofauna. Hydroacoustic sampling is an effective tool to study
fish behaviour and their spatial distribution in water bodies. In this context, the aim of this study was to evaluate
the spatial and seasonal distribution of fish in the reservoir of Trés Marias (Minas Gerais, Brazil), immediately
upstream of the dam, using hydroacoustic and gillnet sampling.

Material and methods. Hydroacoustics and gillnet sampling were carried out both during the day and at night,
and during the rainy and dry seasons. For the acquisition of hydroacoustic data, we employed an echosounder
(BioSonics DT-X Digital Scientific) with a split-beam digital transducer. For the biological data, gillnets of
different mesh sizes were set.

Results. Hydroacoustic data showed significant differences in fish depth between day and night surveys, with
fish remaining in deeper water during the day, a phenomenon known as Diel Vertical Migration. Furthermore,
hydroacoustic data showed that smaller fish (estimated by “target strength”) concentrate at smaller depths. There
was no significant difference in the size of fish between seasons. Limnological and operation variables were not
related to the fish abundance. Distribution maps showed that during the day fishes were distributed in areas more
distant from the dam, while at night they were closer to the dam. Gillnets sampled 127 individuals of 22 species
and 57.5% of the collected specimens were migratory species.

Conclusion. These results can contribute to the understanding of fish behaviour in reservoirs, as well as provide
an empirical basis for the development of novel fish management measures for Neotropical dams.
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INTRODUCTION

Brazil has one of the largest inland water complexes
in the world, characterized by the presence of many rivers
of substantial length, width, and depth. National energy
demands have led to the damming several of Brazilian
rivers and the construction of many hydroelectric power
plants. Indeed, during the latter half of the 20th century,
the construction of reservoirs for energy generation
increased considerably in South America (Agostinho et
al. 2008). Consequently, the majority of Brazilian rivers

and basins are or will be influenced by dams, such as the
Amazon River basin, where huge dams have been built
and several others are planned to be built in the next few
years (Winemiller et al. 2016).

The formation of a storage reservoir, as in the case
of Trés Marias dam lake in the Sdo Francisco River,
modifies the limnological dynamics of the previous
lotic environment to lentic one (Agostinho et al. 2008),
generating negative impacts both downstream and
upstream from the dam. The reduction of water velocity
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leads to higher deposition of organic matter at the bottom
of the reservoir, which may reduce the water turbidity
and cause instability in benthic communities, influencing
the availability of food for fish and to increase the risk of
predation. Some areas of the reservoir may still become
uninhabitable for some species of fish due to thermal
stratification (Agostinho et al. 2007) and others, like
areas closer to the dam, to present a high risk of death and
injury to fish that try to migrate downstream (Coutant and
Whitney 2000).

Fish migration patterns in Neotropical reservoirs are
still poorly known. Some phenomena have been described
in the literature such as the daily vertical and horizontal
migrations, mainly for temperate lakes and reservoirs
(Prchalova et al. 2008, Muska et al. 2013). Abiotic and
biotic factors such as physical-chemical parameters,
habitat complexity, competition, and predation have been
suggested as regulators of these behaviours (Fernando and
Holcik 1991, Gaudreau and Boisclair 1998). However,
little is known about the distribution of fish in Neotropical
reservoirs and the knowledge about their distribution can
provide information on the factors that can interfere in
their feeding, migration, reproduction and growth.

In Brazil, studies on fish distribution in reservoirs
show that littoral zones are important areas because they
are highly productive environments due to the large input
of nutrients and food resources (Agostinho et al. 2007),
as well as to spatial heterogeneity due to the presence of
wood, aquatic macrophytes, rocks and substrates (Aratijo-
Lima et al. 1995). According to Agostinho et al. (2007),
the pelagic areas of the reservoir are sparsely populated
due to the conditions offered. Considering this scenario,
we tested the hypotheses that the littoral zones and regions
near tributaries will present higher fish abundances, and
vertical migration will produce daily patterns of depth
distribution, regardless the season, the dam operation and
the variation of the limnological factors.

Hydroacoustics is considered one of the best
approaches to describe spatial and temporal distributions
of fish species (Simmonds and MacLennan 2005).
According to Lucas et al. (2001), despite some limitations,
such as the difficulty in taxonomic identification of fishes
and impossibility of sampling close to the surface or
bottom, which can be compensated with gillnet sampling,
this technique is of high value for fish behavioural
studies (Brandt 1996, Simmonds and MacLennan 2005).
Moreover, it is not an intrusive approach and allows for
rapid sampling of the entire water column, thus providing
information regarding density, distribution and size of the
detected organisms (Simmonds and MacLennan 2005,
Parker-Stetter et al. 2009).

InBrazil, relatively few studies have used hydroacoustic
data to evaluate fish distribution, and the majority of them
have been conducted in marine environments (Sumida et
al. 2004, Madureira et al. 2005, Bezerra-Neto et al. 2012).
However, considering the studies conducted in freshwater
environments (Rotta et al. 2012, Bezerra-Neto et al. 2013,
Prado and Pompeu 2014, Loures and Pompeu 2015, Prado
and Pompeu 2016), three were from the Trés Marias Dam

Reservoir (Prado and Pompeu 2014, Loures and Pompeu
2015, Prado and Pompeu 2016).

Although many ichthyofauna studies have been
conducted in reservoirs, data for areas adjacent to the
dams are scarce. Considering the impacts caused by the
construction of dams and the demand of knowledge about
the reservoir fish distribution, the aim of this study was to
assess spatial and seasonal variation in the fish distribution
in the reservoir of Trés Marias Dam, in a stretch
immediately upstream of the dam, using hydroacoustics
and gillnetting sampling.

MATERIALS AND METHODS

Study area. This study was conducted at the reservoir
of Trés Marias Dam (TMR), in the upper Sao Francisco
watershed, located in Minas Gerais state, Brazil
(18°12'51"S and 045°15'51"W) (Fig. 1). The TMR was
inaugurated in January 1961, to regulate the Sdo Francisco
River for multiple purposes including navigation, irrigation,
sanitation, and hydroelectricity (Cachapuz 2006).

The dam is 2700 m in length and 75 m high, and its
reservoir holds a total volume of 19 528 hm* (Cachapuz
2006). When the reservoir attains its maximum level, the
flooded area corresponds to 1050 km? and 21-10° m? volume.
The maximum depth may exceed 60 m (Sampaio and Lopez
2003). The plant generation capacity is 396 MW divided
into six Kaplan turbines 66 MW each and maximum water
discharge of 150 m*s™' each. It has a controlled surface
spillway with 8,700 m*: s' maximum capacity (Cachapuz
2006). The reservoir water is classified as warm monomictic
(Esteves et al. 1985) and presents thermal stratification
during summer. During periods of heavy rain, spillages are
common (Prado and Pompeu 2014).

The mean annual rainfall of the region ranges from
1200 to 1300 mm and the mean temperature is 21.9°C
(Esteves et al. 1985). There are two well-defined seasons:
the rainy period from October to March and the dry
period from April to September (Prado and Pompeu
2014). The reservoir water comes mainly from the Sao
Francisco River and some tributaries like Sdo Vicente,
Paraopeba, Extrema, Sucuriu, Indaia, Ribeirdo do Boi,
and Borrachudo (Esteves et al. 1985).

The maximum and minimum depths observed in the
sampled area of the reservoir were 52.07 m and 5.57 m,
respectively (Fig. 1). The deepest region seems to coincide
with the former main riverbed of the Sdo Francisco River
before the reservoir formation, and at the left bank, the
deepest portion seems to be related to the tributary that
flowed next to the sampling area, the Borrachudo River
(Fig. 1). The water temperature showed a greater variation
during the rainy period (February and November) and the
dissolved oxygen presented greater variation between day
and night in the months of August and November (Table
1), similar data were found by Prado and Pompeu 2016.

Trés Marias Dam is a barrier between the middle
and upper stretches of the Sdo Francisco River in Minas
Gerais State. The reservoir has a considerable number of
fish species and at about 8% of them are migratory, such as
Salminus hilarii Valenciennes, 1850; Prochilodus argenteus
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Fig. 1. Sampling area highlighting the transects conducted during hydroacoustic data collection and bathymetric profile
of the study area at Trés Marias Reservoir, Minas Gerais State, Brazil, in November 2011 when the reservoir level

was 565.7 m above sea level

Table 1

Values of limnological variables for the months of February and November (rainy) and May and August (dry)
of 2011, sampled before beginning hydroacoustic data acquisition, in a stretch immediately upstream
of Trés Marias Dam, Minas Gerais State, Brazil

. Dissolved oxygen Temperature Transparency Turbine flow
Month Period pH [mg - L] [°C] [m] [m-s]
February Day 8.04 7.63 29.40 3.02 546
May Day 7.49 5.84 25.80 2.15 464
August Day 7.71 8.50 23.90 3.66 575
November Day 7.97 6.93 26.0 1.95 751
February Night 8.06 7.62 30.10 3.02 546
May Night 7.40 5.75 25.80 2.15 464
August Night 7.52 7.10 24.98 3.66 575
November Night 6.91 8.00 24.56 2.94 751

Spix et Agassiz, 1829; and Pimelodus maculatus Lacepede,
1803 (see Sato and Godinho 2003).
Acoustic data. Hydroacoustic data collections were
conducted during the rainy season in February and
November, and in the dry season, in May and August
of 2011, and pooled per season. Sampling events were
conducted during the day (0800) and at night (1800)
periods. In each sampling event, three transects, each one
about 7 km long, 400 m from each other, were conducted,
in a small motorboat travelling at a constant speed (7 km
- h") across the reservoir immediately upstream from
the dam and parallel to it (Fig. 1). The transect closest to
the dam was at about 250 m away. In the other hand, the
further one was more than 1 km away from the dam.

To conduct the samplings transects with the boat at
a constant speed of at about 7 km - h™! were conducted.

The boat was equipped with a BioSonics DT-X Digital
Scientific  echosounder (BioSonics Inc., Seattle,
Washington, USA), with a split-beam 6° digital transducer
at 123 kHz, installed laterally on the boat, and held 0.5 m
below the water surface, oriented vertically towards the
reservoir bottom. This orientation is indicated because of
the reservoir depth and reverberation that occur when the
beam gets to the surface. A Differential Global Positioning
System with a highly sensitive 17X NMEA 0183
VHS Garmin antenna was coupled to the system. The
Visual Acquisition software (ver. 6.0) was used for
visualization, acquisition and data storage (BioSonics
Inc.). In the field, the equipment was calibrated using a
tungsten carbide sphere before the beginning of the data
collection following the procedures recommended by
Foote et al. (1987) and BioSonics Inc.
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Sampling design and echosounder configuration

parameters were determined and validated in a pilot study
that assessed efficiency by the degree of coverage and
coefficientofvariation(<0.25),followingrecommendations
of Parker-Stetter et al. (2009) and Simmonds and
MacLennan (2005). The maximum depth detected in the
sampling area during the pilot study was 52.07 m. Based
on these results, the parameter configuration was set at 5
pings per second with 0.5 ms of pulse length, according
to Parker-Stetter (2009). An acoustic energy threshold
of —100 dB was set. Limnological variables, as water
temperature and pH, were measured before beginning
acoustic data acquisition, to ensure the echosounder was
properly set up.
Gillnet sampling. In order to validate the hydroacoustic
data (Jurvelius et al. 2011), the collection of fishes in the
studied area was performed, thus information on fish
species composition and real size of individuals were
obtained. The combination of both techniques become the
results more reliable (Loures and Pompeu 2015).

Three sets of gillnets, each 10 m long and 1.6 m high,

of different mesh sizes (stretch mesh) 3, 4, 5, 6, §, 10,
12, 14, and 16 cm, were used. The nets remained for 24
h and were checked every 12 h, at 0600 and 1800. The
nets were set in a pelagic region close to the dam (Fig. 1)
at three different depths (up to 10 m, between 10 and 30
m and over 30 m) using buoys and fenders. The sampling
was conducted one day before the hydroacoustic data
collection. Collected fishes were anaesthetized with clove
oil, sacrificed, and fixed in 10% formalin and identified
according to Britski et al. 1984. Then the fishes were
preserved in 70% alcohol, and voucher specimens were
deposited in the Ichthyological Collection of the Federal
University of Lavras (CI-UFLA).
Statistical analyses. Hydroacoustic data were processed
in Echoview software, version 4.8 (Echoview Software
Pty Ltd., Hobart, Tasmania, Australia). To be considered
a fish track, at least three single echoes, from the same
target (any object or organism detected in the water
column), no more than three pings distance from each
other, were required. Near-field and far-field areas were
calculated following Parker-Stetter et al. 2009 and were
not included for the analysis. Fish tracks were counted
(echo counting) to generate abundance estimates since no
fish schools were observed. Since a fish presents values
of target strength (TS), ranging from —65 dB to —25 dB
(Brandt 1996), the Echoview was set to detect single
targets in this range of threshold. TS is a logarithmic
measurement of the proportion of energy transmitted by
the transducer, which is reflected by the target (Simmonds
and MacLennan 2005). For fish, the TS value varies with
the size and shape of the swim bladder (Parker-Stetter et
al. 2009). Therefore, TS measures can be used as a proxy
of fish size (Foote et al. 1987).

The relation between limnological variables and fish
abundance were tested by linear regression. The same
analysis was performed to test the relation between fish
tracks abundance and turbine discharge. During the study,
no spill by the dam was observed.

Comparisons between the mean depth (squared root
transformed for normalization) of fishes during day
and night and between the rainy and dry seasons were
conducted through Factorial ANOVA. A t-test was used
to compare the mean and Kolmogorov—Smirnov test to
compare the distribution s of fish TS between seasons. Fish
depth distribution was also assessed through histograms
of fish track densities per depth classes, considering the
projection area of the 6° wide echosounder beam angle.
A simple linear regression was conducted to verify the
relation between the fish TS and their respective depth.
Such analyses were conducted in the Statistica 10.0
software (Stasoft).

ArcGIS 9.3.1 software was used to interpolate fish
track data through the Inverse Distance Weighting
(IDW) method, to graphically assess the abundance and
location of fishes and verify the reservoir depth. Such
analyses are based on spatial dependence, which assumes
that the closer one point is to another, the greater the
correlation between their values will be. Thus, a higher
weight is attributed to the closer samples than to those
further from the point to be interpolated. Therefore, the
model consists of multiplying the sample values by the
inverse of their respective distances for the interpolation
of values (Childs 2004). To generate the map of fish
distribution, the sampling area was divided into a grid
composed of 30 m by 30 m cells (900 m?). Once there is no
methodology that specifies the exact value to choose cells
size, the size was defined through tests, which identify the
best scale that incorporated the necessary and appropriate
fish records values of the sample points for interpolation
analysis and presentation of the results. Each cell resulted
in a mean number of fishes detected by the echosounder
that was then interpolated to adjacent cells. Furthermore,
the reservoir bathymetric map was prepared in the same
software using data from hydroacoustic collections
conducted in November 2011, when the reservoir level
was 565.7 m above sea level (Fig. 1).

RESULTS

Concentrated greater abundances of fishes were
detected closer to the dam at night, regardless of the
season (Fig. 2), while during the day a higher abundance
of fishes in the areas distant from the dam and near the
Borrachudo River mouth was observed. No significant
relation (P > 0.05) was found between fish abundance and
pH (r = -0.37), DO (r = —0.36); temperature (» = 0.03),
transparency (r =—0.07), or turbine discharge (» = —0.27).

Hydroacoustic surveys recorded 16 191 fishes, with
the majority (58%) being detected in the rainy season.
In relation to the sampling period, a higher number of
fishes were recorded at night, especially during the rainy
season. In the dry season 3259 fishes were recorded during
the day and 3689 at night, while in the rainy season, 3156
fishes were detected during the day and 6087 at night.

Significant differences were observed regarding the
fish depth between day and night (F, .. = 9926; P <
0.01) and between rainy and dry seasons (£, |, = 206; P
< 0.01), as well as when the interaction of both variables
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Fig. 2. Fish distribution in Trés Marias Reservoir, Minas Gerais State, Brazil, in dry and rainy seasons during day and
night samplings; map demonstrate the mean number of fish detected by the echosounder interpolated in cells of

900 m?
was considered (F ,, = 174; P <0.01). In both seasons,
during the night fish were concentrated close to the
surface, while during the day they were found deeper in
the reservoir (Fig. 3). Such daily differences in depth were
more pronounced during the rainy season when fish were
located deeper during the day (Fig. 3).

Most of the fish detected presented TS scores between
—60 and —45 dB, and significant differences in TS mean
were not observed between the seasons (F, ;= 0.04; P
= 0.83; Fig. 4). However, the distribution was different
(KS = 22.68; P <0.001) with a greater number of fishes
with low TS values detected in the rainy season compared
to the dry season (Fig. 5).

A significant but weak relation (» = 0.40; P < 0.001)
between TS and fish depth was observed during the dry
season for both day (» = 0.35) and night (» = 0.32), and
also during rainy season for both day (» = 0.42) and night
(r=0.24) (Fig. 5). In general, the majority of the fish with
lower TS were detected in shallower water, and during the
night they concentrated closer to the surface. Fish with
higher TS values were observed in a greater range of
depths in the reservoir.

Gillnet samplings resulted in the collection of 127
individuals belonging to 22 species. The most abundant
were Pimelodus maculatus®, Leporinus reinhardt,

" CFull species names, including the authority and year, are provided in Table 2.

Hypostomus margaritifer, and Cichla kelberi (Table
2). Five of the 22 sampled species were considered
migratory (Sato and Godinho 2003) and corresponded
to 57.5% of the total abundance. About 67% of the
total individuals were sampled at night and 68.5% were
sampled in the rainy season (Table 2). Some species
were only sampled at night (Eigenmannia virescens,
Franciscodoras marmoratus, Hypostomus margaritifer,
Leporinus  taeniatus, Serrasalmus  brandtii, and
Triportheus guentheri), while others were only during
the day (Astyanax fasciatus, Cichla piquiti, Leporellus
vittatus, and Leporinus obtusidens). Still Cichla kelberi,
Leporinus reinhardti, and Pimelodus maculatus were
sampled in both periods. Eleven species were captured
only at the surface gillnet, Astyanax fasciatus only at
the intermediate depth and 4 species only at the bottom.
Pimelodus maculatus, the most abundant species, were
captured at all depths. (Table 2).

DISCUSSION

The formation of a reservoir leads to severe and
irreversible changes in the natural regime of rivers, thus
altering habitats and ecosystem functioning in aquatic
communities (Agostinho et al. 2008). At the sampled area,
fish seemed to prefer regions closer to the Borrachudo
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River mouth as well as areas near the reservoir shore,
during the day. A study conducted in Brazilian reservoirs
showed that fishes preferred the shore areas, in which the
presence of branches, macrophytes, stones, and substrate
provide a favourable environment for their vital function
(Araujo-Lima et al. 1995). Moreover, these areas represent
a highly productive environment due to the high input of
nutrients and food resources (Agostinho et al. 2007).
During night time in both rainy and dry seasons,
regions closer to the dam presented the greatest abundance
of fish. This pattern might be associated to the daily
horizontal migration of fish, a behaviour already observed
in reservoirs in natural temperate lakes (Gliwicz et al.
2006, Muska et al. 2013) but not yet evidenced in tropical

reservoirs. This migration may vary according to the
direction (inshore to offshore, or the opposite) (Gliwicz,
et al. 2006), ontogeny (Werner and Hall 1988), and
according to the size of the lake (Gliwicz, et al. 2000).
Abiotic factors such as temperature, dissolved oxygen,
and insolation can interfere in these movements (Imbrock
et al. 1996, Garner et al. 1998). However, in this study, the
analysed limnological variables did not present significant
relation with this pattern. Moreover, ecological factors
related to feeding and the probability of predation can exert
a great influence in this migration (Muska et al. 2013).
There may be some unstudied environmental or abiotic
factor influencing such behaviour. However, with the data
gathered in this study, it was not possible to make any
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assumptions. One hypothesis is the influence of the dam’s
artificial lights which may influence the attractiveness of
fish due to a larger number of preys whether they are other
fish or other invertebrate organisms, but a specific study is
required to explicitly test this hypothesis.

The daily variation in the depth that fish were detected
in both seasons, deeper portions during the day and
shallower portions at night, characterizes the phenomenon
known as the Diel Vertical Migration (DVM) (Mehner
et al. 2007). Opportunities for food, escaping from
predators and bioenergetics efficiency may explain the
occurrence of such behaviour (Mehner et al. 2007), as
well as limnological characteristics like light penetration
(Matthews 1998), temperature (Magnuson et al. 1979),
dissolved oxygen (Prado and Pompeu 2016), and pH
(Jones et al. 1985). Few studies carried out in Brazil have
observed DVM and the majority of them were related to
zooplanktonic communities (Bezerra-Neto et al. 2009,
Silva et al. 2009, Ghidini and Santos-Silva 2011). Only
two studies have identified this phenomenon in fish
assemblages, Picapedra et al. (2015) in lakes in Mato
Grosso do Sul state and Prado and Pompeu (2016), also in
the TMR. The study of Picapedra et al. (2015) evidences
the feeding preference of fish larvae during the night, a
favourable period to visualize their prey on the surface,
and stayed in deeper portions during the day as a protection
strategy against predation. According to Mehner (2012),
the abundance of zooplankton available for fish feeding is
higher at night, which leads to higher feeding rates in this
period. On the other hand, the study conducted by Prado
and Pompeu (2016) showed that limnological variables
such as dissolved oxygen and water transparency were
related to DVM. However, the authors did not find a
significant relation between the variables related to the
operations of the dam and fish distribution, a result also
found in this study. This shows that both biotic and abiotic
factors can influence the fish DVM.

A significant relation was observed between
TS of fishes (proxy of body size) and the depth they
were detected during the day and night in both seasons.
Interactions between biotic and abiotic factors determine
the composition and structure of fish communities
(Jackson et al. 2001). However, predation is known as
one of the most important factors influencing community
structure (Zaret 1972). Predators in general, but mainly
piscivores, may be influenced by prey spatial distribution
and behaviour (Oliveira and Goulart 2000). Preys are
usually found in darker habitats during the day to avoid
predators (Clark and Levy 1988), thus, generally found
in deeper regions. Therefore, smaller fish (lower TS) tend
to aggregate in order to be protected from predation,
or for feeding and reproductive strategies, as observed
in the presently reported study, whereas larger fishes
(higher TS) were found to be more randomly distributed
throughout the water column. However, no schools were
detected in this study.

The hypothesis that there is vertical variation in the
distribution of the fish immediately upstream of the
Trés Marias Dam, between the diurnal and nocturnal
periods and rainy and dry seasons, was confirmed with
the presented data. However, the factors that explain
such variation are still to be elucidated. In Trés Marias
Reservoir, the presence of some piscivorous species was
confirmed with gillnet sampling such as Salminus hilarii,
Serrasalmus brandtii, Cichla kelberi, and Cichla piquiti
(Table 2). This may indicate that predator-prey interactions
may have an important influence on the fish distribution of
this reservoir, which corroborates with the hypothesis that
ecological interactions, mainly between predator—prey,
in general play a fundamental role in the distribution of
fish in reservoirs (Zaret 1972, Oliveira and Goulart 2000,
Picapedra et al. 2015).

Studies on fish behaviour, such as their temporal and
spatial distribution, are essential for the implementation
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Table 2

Diel and seasonal changes in the number of fish individuals detected in the Trés Marias Dam Reservoir, Brazil

N Exp. TS [dB]
Taxon COM Depth ——88 @™

Day Night Rainy Dry Total Min Max
Engraulidae
Anchoviella vaillanti (Steindachner, 1908) — 1 — 1 1 s -55.0 —
Acestrorhynchidae
Acestrorhynchus lacustris (Liitken, 1875) — 1 — 1 1 s —49.6 —
Anostomidae
Leporellus vittatus (Valenciennes, 1850) 1 — 1 — 1 s —45.9 —
Leporinus obtusidens (Valenciennes, 1837) M 1 — — 1 1 s —44.0 —
Leporinus reinhardti Liitken, 1875 M 2 16 14 4 18 s, 1 -52.8 424
Leporinus taeniatus Liitken, 1875 M — 3 3 — 3 s —49.6 —46.8
Schizodon knerii (Steindachner, 1875) 1 3 2 2 4 ] -50.3 405
Characidae
Astyanax fasciatus (Cuvier, 1819) 1 — 1 — 1 i —49.0 —
Pygocentrus piraya (Cuvier, 1819) — 1 — 1 1 ] —41.6 —
Salminus hilarii Valenciennes, 1850 M 3 4 5 2 7 s, 1 —43.1 -40.7
Serrasalmus brandtii Litken, 1875 — 7 6 1 7 s, 1 -56.9 43.1
Triportheus guentheri (Garman, 1890) — 3 3 — 3 ] -52.8 =503
Erythrinidae
Hoplias intermedius (Glinther, 1864) 1 3 3 1 4 s —43.2 -39.0
Cichlidae
Cichla kelberi Kullander et Ferreira, 2006 E 4 4 4 4 8 S -45.1 -359
Cichla piquiti Kullander et Ferreira, 2006 E 1 — 1 — 1 b —42.1 —
Sternopygidae
Eigenmannia virescens (Valenciennes, 1836) — 1 — 1 1 s —46.8 —
Doradidae
Franciscodoras marmoratus (Liitken, 1874) — 1 1 — 1 b —44.7 —
Loricariidae
Hypostomus margaritifer (Regan, 1908) — 10 10 — 10 ] 453  42.0
Pimelodidae
Bergiaria westermanni (Liitken, 1874) 4 1 1 4 5 b —48.4 455
Pimelodus fur (Liitken, 1874) 3 1 3 1 4 b -503 456
Pimelodus maculatus Lacepede, 1803 M 20 24 26 18 44 s,i,b =519 404
Pimelodus pohli Ribeiro et Lucena, 2006 — 1 1 — 1 s —48.4 —
Total 42 85 85 42 127 — -56.9 359

COM = comments, M = migratory species, E = non-native species; N = number of fish specimens collected, Exp. TS = expected target
strength; Depth = depth where fish were caught, s = surface, i = intermediate, b = bottom; the expected target strength of fish was determined

according to minimum and maximum size of the individuals.

of fish passage facilities, especially considering the
movement from upstream to downstream in dammed
rivers. The hydroacoustic methods used in the presently
reported study were efficient in collecting spatial and
temporal data on fish distributions. Considering the results
of the presently reported study, and the ones presented
by Prado and Pompeu (2014), it is plausible to suggest
that the passage of migratory fishes by spillways may be
possible at night, as fishes prefer shallower regions of
the water column, closer to the dam. This could improve
or allow the efficiency of downstream fish passage (if
present at the dam), and reduce the risk of fish passage
through the turbines. Besides, this alternative route would
represent lower cost and labour since no structural change
(only operational and legal) would be necessary (Larinier
2008). However, the presence and density of non-native
species should also be considered, since it could affect

downstream stretches of the river. Furthermore, this study
confirmed the presence of several migratory species in
the reservoir, reinforcing the need for future studies to
evaluate the existence and the extent of migratory fish
passage through the dam.

The use of echosounder in fish distribution studies
revealed behavioural patterns over time and space. The
preferential habitat, which can vary daily and/or seasonally,
can indicate some structuring factors of the fish distribution in
the reservoir, such as predation. The fish movements (vertical
and horizontal) in the reservoir showed in this study, added
to the gillnet sampling information, may help to answer
some important questions about the preferential habitat
in which some species may be inserted (such as migratory
and non-native ones). However, to identify the factors that
influence the distribution and behaviour of fish in reservoirs,
studies considering complementary limnological data and
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studies on trophic evaluation of fish populations within the
reservoir are required. In addition, to use the hydroacoustic
technique associated to other techniques such as fish tagging,
eDNA, and gillnetting sampling may provide important
information about fish distribution for planning actions
that mitigate some dam impacts, as well as for improving
ichthyofauna monitoring strategies in reservoirs.
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