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Abstract: Aim: To study the distribution, structure, size and density of fish in the
karst lake: Lagoa Central (Lagoa Santa, MG - surface area: 1.7 km2; mean depth: 4.0 m;
and maximum depth: 7.3 m). Methods: The hydroacoustic method with vertical beaming
was applied, using the echosounder Biosonics DT-X with a split-beam transducer of
200 kHz. The analysis of the acoustic data was performed with the software Visual
Analyzer (Biosonics Inc.). Thematic maps of density echoes associated with fish, estimated
by the technique of echo-integration, were made using the kriging interpolation. The
density and vertical distribution of insonified fish were estimated using the technique of
echo‑counting. Results: The lake had a mean density of 0.89 echoes associated with fish
per m2, showing large spatial variations in the density of fish. The size estimated for the
echoes associated with fish range from 2.7 to 15.9 cm (mean = 5.3 cm). Conclusions: The
use of hydroacoustic to obtain rapid and realistic estimates of fish abundance and vertical
distribution of the fish stock was successful.
Keywords: ichthyofauna, density, fisheries, Lagoa Santa.
Resumo: Objetivos: Estudar a distribuição, densidade e estrutura de tamanho de
peixes nas águas da Lagoa Central (Lagoa Santa, MG - área: 1,7 km2; profundidade
média: 4,0 m; e profundidade máxima: 7,3 m). Métodos: O estudo utilizou o método
hidroacústico com orientação vertical. Uma sonda Biosonics DT-X, equipada com um
transdutor split-beam de 200 kHz, foi utilizada. A análise dos dados acústicos foi feita
com o programa Visual Analyser (Biosonics Inc.). Mapas temáticos de densidades dos ecos
associados a peixes, estimadas através da técnica de eco-integração, foram confeccionados
utilizando a interpolação kriging. Já o número e distribuição vertical dos peixes insonificados
foram determinados utilizando a técnica de eco-contagem. Resultados: A Lagoa Central
apresentou uma densidade média de 0,89 ecos associados a peixes por m2, indicando grandes
variações na densidade dos peixes em áreas particulares do lago. A estimativa de tamanho
dos ecos associados a peixes variou de 2,7 a 15,9 cm (média = 5,3 cm). Conclusões: O uso
de hidroacústica para obter estimativas rápidas e realistas de abundância de peixes e
distribuição vertical da população de peixes foi bem sucedida.
Palavras-chave: ictiofauna, densidade, recurso pesqueiro, Lagoa Santa.

1. Introduction
The measurement of fish density from traditional
methods (e.g. nets and traps) demands a great effort,
time and financial resources (Uieda and Castro,
1999). The use of nets, for example, is rather
limited in determining the spatial distribution

and the behavior patterns of fish populations. An
alternative to these traditional procedures is the
recent development of hydroacoustic equipments
(Trevorrow, 1998; Mehner and Schulz, 2002;
Ehrenberg and Steig, 2003; Chen et al., 2009). The
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fishing sonars enable the continuous visualization
of the pelagic zone and allow the study of aquatic
organisms that have biological structures filled
with gas and, therefore, reflect the sound waves
depending on the density difference between these
structures and the environment. Those reflections
are detected along the navigation throughout the
water column (Simmonds and MacLennan, 2005).
The use of hydroacoustic technologies on
fishing research showed a substantial development
in the 1970s, when the echo-integration technique
was introduced. This technique allowed estimates
of schools density, unlike the echo-counting
technique that had been employed (MacLennan
and Holliday, 1996). Since then, the use of the
method for assessment and management of fisheries,
species identification and acoustic characterization,
behavioral and trophic relationships studies have
been widely described in literature (Gerlotto,
1993; Paramo et al., 2003; Vehanen et al., 2005).
Among the advantages of acoustic methods, we
can emphasize the fact that it is a non-invasive
method allowing the exploration of large areas
in a relatively short period of time with high,
spatial and temporal, resolution (Godlewska and
Jelonek, 2006). Echo sounding can provide basic
information not only on fish stocks and spatial and
temporal distribution, but also on zooplankton
(eg Chaoborus), which is the main food resource
of juvenile fishes and of some adult species
(Godlewska and Jelonek, 2006). Another aspect
to consider is that the hydroacoustic technique
offers the possibility of obtaining simultaneous data
on the lake sediments, bathymetry, and coverage
of submerged macrophytes (Wheeler, 2005;
Winfield et al., 2007a, b).
Recent technological developments, including
significant reduction in size, plus the high degree
of sophistication of hydroacoustic instrumentation
(hardware and software) have led to an increase in the
use of this technology in freshwater environments,
particularly lakes (Wanzenböck et al., 2003).
However, the use of hydroacoustics for the assessment
of the fish fauna of the continental lentic ecosystems
in Brazil has not followed the same trend viewed
in other countries. Although many studies have
demonstrated the application of those techniques
in the marine environment (Travassos et al., 1999;
Madureira and Rossi‑Wongtschowski, 2005),
adaptations to Brazilian inland waters are virtually
absent (Krumme, 2004).
This study aimed to carry out a hydroacoustic
survey on the Central Lake in order to get echo
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records potentially assignable to fish and to group
them into echo-types or echo-standards considering
the backscattered acoustic energy, the values of
target strength and spatial and vertical distribution.

2. Material and Methods
2.1. Study area
The study was conducted in Central Lake, also
known as Lagoa Santa, in the municipality of Lagoa
Santa, Minas Gerais (19° 38’ S and 43° 53’ W),
about 40 km north of Belo Horizonte (Figure 1).
This is an exorheic lake, at 740 m altitude, with
catchment area of 12.7 km2 a perimeter of 6467.20
m, surface area of 1.7 km2, volume of 7 × 106 m3,
and maximum and average depth of 7.3 and 4.0 m,
respectively (Brighenti et al., 2011).
Lagoa Santa lake system belongs to the
“Lagoa Santa Karst”. For many years, this region
attracted the attention of researchers, mainly from
paleontology and botany and, despite the high
number of springs and lakes, limnological studies
in these environments only began in the seventies
(Carvalho et al., 1977).
As all water bodies surrounded by urban
areas, the Central Lake has suffering large
impacts of urbanization, resulting in increasing
rates of eutrophication and sedimentation
(Santos et al., 1998). Impacts on the diversity of
fishes were detected by Pompeu and Alves (2003),
who noted the disappearance of 70% of the
19 species recorded by Johannes Reinhardt, who
made the first fish survey in 1850. The most famous
was the extinction of Characidium lagosantense,
a small fish typical of the region, probably due

Figure 1. Localization of Lagoa Santa town, Minas Gerais
state, Brazil.
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to: (a) obstruction of natural communication
with rio das Velhas, formerly held by the stream
Bebedouro (now channeled and heavily polluted),
(b) introduction of exotic species, and (c) the
elimination of marginal and submerged vegetation
(Pompeu and Alves, 2003). Nine fish species are
know for the lake, Astyanax lacustris, Eigenmannia
micróstoma, Hoplias malabaricus, Rhamdia quelen,
Pamphorichthys hollandi, Serrapinus heterodon,
Cichla cf. monoculus, Hoplias lacerdae, Hoplosternum
littorale and Tilapia rendalli, being the last four
alien species.
2.2. Acoustic survey
The hydroacoustic study in Central Lake was
held on April 28, 2008, during the day, using the
echosounder Biosonics DT-X (Biosonics Inc.)
equipped with a digital transducer split-beam,
200 kHz, 6.6°. The digital echo sounder was
coupled with a differential global positioning
system (DGPS) AgGPS 132 (Trimble Co.). The
GPS receiver had the coordinate data adjusted
in situ from the satellite differential corrections
(OmniSTAR, Inc.). Thus, the data collected by the
positioning unit were adjusted in real time, allowing
to obtain an error less than 100 cm at the position
of the boat.
The transducer was set on a metal frame on
the side of the vessel, positioned approximately
0.5 m below water surface, with the sonar beam
vertically oriented. Before the beginning of acoustic
recordings, the echosounder was calibrated using
a standard target of known Target Strength (TS),
a 36 mm tungsten carbide sphere provided by the
equipment manufacturer. The calibration sphere was
placed to about 5 m below the transducer positioned
in the beam sonar, and approximately 2,000 pings
were recorded to estimate the level of individual
acoustic reflection (Target Strength – TS). The TS is
the ratio between the energy that is reflected from a
target and the amount of energy that focuses on this
target (Simmonds and MacLennan, 2005). This test
indicated that the system had an offset of 1.5. The
Visual Analyzer software version 4.1 (Biosonics Inc.)
was supplied with this compensation value for
analyzes. In the prospecting, the echo sounder was
adjusted to a pulse duration of 0.4 ms and a pulse
rate of 5.0 pings per second (Table 1), the echo
sounder default values.
To ensure efficient cover of the whole lake
surface, an acoustic scan was conducted in ten
transects parallel and perpendicular to the maximum
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length of the pond (Figure 2), the speed of the vessel
was maintained at approximately 8 km.h–1.
Transects were previously defined using
the software GPS TrackMaker; At first it was
bounded on the line outside the Central Lake
(Lagoa Santa, MG) using a high resolution
satellite image obtained from Google Earth .
This image was georeferenced from control points
collected in the vicinity of the lake with a D-GPS
(Differential Global Positioning System) GTR‑A
(TechGeo Ltda.). The georeferencing and scanning
of border line were carried out in Didger 3.0
(Golden Software Inc.). The border line was
imported to GPSTrackMaker and transects were
drawn with the aid of the tools of this program and
imported to the Garmin GPS via a serial cable.
The total distance covered during the entire
study was 8.7 km, representing a degree of coverage
Table 1. Parameters of initial settings of echo sounder
(Biosonics DT-X - split-beam, 200 kHz) to collect field data.
Parameter
Water temperature (ºC)
Salinity (ppt)
Assumed sound speed (m.s–1)
Transducer depth (m)
Pulse duration (ms)
Pulse rate (pps)
Absorption coefficient (dB.m–1)
Detection threshold (dB)
Transducer beam width (3 dB angle)
Directivity index (dB)

28.0
0.0
1504.16
0.5
0.4
5
0.00693
–130
6.6
–29.26

Figure 2. Bathymetric chart of central Lake (Lagoa Santa,
MG, Brazil) showing the ten transects followed during
the acoustic survey.
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(d) 6.6. The degree of coverage (d), as proposed
by Simmonds and MacLennan (2005), relates
the extension of acoustic scanning and the surface
prospected, obtained by the Equation 1:
d=

D
A

(1)

where, D = total length of the Cruise track; and
A = size of the area being surveyed. According to
these authors, to an appropriate level of coverage,
the value of “d” should not be less than 4.0.
The information processed by the echo sounder
were visualized in real time and stored in individual
files for each transect in a notebook connected to
the acoustic equipment (via ethernet). The Visual
Acquisition software version 5.0 (Biosonics Inc.) was
used for visualization, digital storage, configuration
and control of the entire system.
The environmental conditions at the day of the
acoustic research were assessed by measurements
of water temperature (°C) and concentration of
dissolved oxygen (mgO2.l–1), taken through vertical
profile at every 0.5 m at the deepest region of
the lake, using the multi-parameter probe Yellow
Springs (YSI model 556).
2.3. Post-processing of acoustic data
The hydroacoustic data were submitted to a
post-processing using software Visual Analyser 4.1
(Biosonics Inc.). The first step was to edit the lake
bottom in the software manually. Two types of postprocessing were used, the echo-counting for the
analysis of vertical distribution of the spectrum of
TS and echo-integration to estimate the fish density.
Analysis of the vertical distribution and of the
TS range was performed by echo-counting using
40 log R (TVG - Time Varied Gain) function to
compensate the range dependence of the echo and
the threshold value of the acoustic energy –60 dB
for omit echoes of fish smaller than 2 cm and other
unwanted echoes as air bubbles and insect larvae.
Echo-counting obtains the number of fish observed
and, thereafter, estimates the backscattering crosssection (sigma ou σbs) of the fish-targets that
corresponds to the effective surface reflection of
their acoustic energy, assuming a standard spherical
reflection, and is related to the proportion of the
incident energy which is bacskattered by the target
(Target Strength – TS).
The fish-targets length was estimated by Love
equation (1977) (Equation 2):
TS = 19.4 Log (L) - 0.9 Log (F) - 63.7

(2)

where, TS = target strength (dB); L = total length
of the body (cm) e F = frequency (kHz).
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The density of fish-targets was made using the
echo-integration method, corrected by 20 log R
TVG function. In this method, the total voltage
reflected by the echo-integrator was converted to
the absolute densities per unit area by scaling the
voltage values in the average sigma value determined
in the echo-counting of each transect. After the
analysis we obtained the number of fish-echoes
associated with each transect that, using covered
area and observed volume (volume of the sonar
beam), were converted into density values per unit
area (organisms per hectare). In the spatial density
distribution of the echoes associated with fish was
used kriging interpolation method, using the Surfer
program version 8.0 (Golden Software Inc.). The
geostatistical method has been proposed by several
authors (e.g, Świerzowski, 2003; Monteoliva and
Schneider, 2005), for interpolating data of fish
abundance.

3. Results
3.1. Water temperature and dissolved oxygen
concentration
Measurements of temperature in water indicated
the virtual absence of thermal stratification, which
is typical of tropical lakes for this time of year
(Figure 3). There was little variation in temperature
between the surface and the bottom (less than 1 °C).

Figure 3. Vertical profiles of temperature (°C) and dissolved oxygen (mg O2.l–1) in Lagoa Santa (April 28,
2008).
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The water column was well oxygenated, from surface
to bottom (more than 7 mgO2.l–1).
3.2. Vertical distribution
Figure 4 shows the vertical distribution of
insonified targets in Central Lake during the
acoustic survey. The results demonstrate that the
organisms were distributed mostly between 3 and
6 meters deep, averaging 4.2 meters (Figure 4).
Such behavior can also be revealed in Figure 5,
which illustrate an echogram of the pelagic zone
(transect 8), where the targets were insonified almost
entirely below 3 feet deep.
3.3. Fish density and body length estimates
The average TS value obtained by echo-counting
in Central Lake was –52 dB, varying from –42.4 dB
to –57.4 dB. Were detected 106 fish-targets and their
length (according to Love equation, 1977) varied
from 2.7 a 15.9 cm, averaging 5.3 cm (Figure 6).
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The densities of the fish-echoes showed a high
spatial heterogeneity, with higher concentration
near the coastal zone (Figure 7). The densities
ranged from 0 to 18 ind.m–2, with an average of
0.89 ind.m–2.

4. Discussion
This was the first study using the hydroacoustic
technique in a natural lake of Minas Gerais State
(Brazil). The study was able to detect that there are
two notable patterns in the spatial distribution of
fish: (a) higher concentration near the coastal zone
and (b) prevalence of individuals at greater depths,
preventing surface water, which indicates that the
presence of high dissolved oxygen concentrations
throughout the water column favored the occurrence
of fish in deeper waters during the day. Additionally,
this study was able to estimate the total fish density
in the lake. The estimate echoes associated with fish
is consistent with the hypothesis that the lake has
a low fish density.
Regarding the high fish density close to the
coastal zone, this pattern is consistent with the

Figure 4. Vertical distribution of all insonified targets
through echo-counting technique, by depth strata, in
Lagoa Santa, April 28, 2008.

Figure 5. Example of an echogram (transect 8) from
vertical sounding realized at Lagoa Santa, April 28, 2008.

Figure 6. TS distribution (A) and body length distribuition in centimeters (B) of all echoes associated with fish
acquired by echo-counting, Lagoa Santa, April 28, 2008.
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Figure 7. Surface model (kriging) of fish-targets density
distribution per unit area (ind.m–2) derived from echointegration data collected in Lagoa Santa, April 28, 2008.
Data obtained by probing with the Biosonics DT-X.

described in the literature about fish spatial
distribution in reservoirs. Once, true pelagic species
are rare in South American waters (Agostinho et al.
1999; Gomes and Miranda, 2001).
The echoes associated with fish at depths less
than 1 meter were probably subsampled by the echo
sounder as a consequence of the transducer depth
(0.5 m) and the “dead zone” that is formed in the
region immediately below it. Another reason could
be linked to the escape of organisms due to the
advancement of the boat during the survey. It would
be interesting, in future studies, measure the noise
of the vessel. A possible solution to these vertical
approach difficulties, like the sampling of coastal
regions and surface layers of the water column, can
be the use of horizontal hydroacoustic, in which the
transducer is positioned horizontally in the water
column. Several authors have used this technique
successfully in acoustic survey at shallow areas
(Kubecka and Wittingerova, 1998; Knudsen and
Sægrov, 2002; Monteoliva and Schneider, 2005),
however the horizontal hydroacoustic serve only
for echo-counting and not for echo-integration.
The echoes associated with fish differ from
the pattern of a typical echogram (shape of “V”
inverted). This is due to the pulse duration and
rate configured during the survey. For a better
resolution of individual targets is desirable shorter
pulse duration, while the longer duration is used for
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long ranges, since the SNR (signal to noise ratio)
becomes poor, due to weakening of the signal
(Acoustics Unpacked). In turn, the pulse rate sets
the rate at which the acoustic energy is sent to the
water column. The rate choice is based on the depth
of the environment in order to avoid “shadows”
of the bottom in the data. The greater the depth,
greater should be the interval between pulses, as a
result lower is the ideal pulse rate (Peltonen et al.,
2006).
With the results obtained through this research,
we can conclude that the use of hydroacoustics
techniques can eliminate some distortions
traditionally contained in censuses and studies of
fish fauna in reservoirs and lakes. The monitoring of
fish populations by hydroacoustic methods has the
advantage of not being destructive and to be fast.
Another key issue concerns the ease of operation and
portability of the equipment, allowing prospecting
in small boats with a small staff. We suggest carrying
out the hydroacoustic survey concurrently with the
traditional collection to calibrate the transformation
algorithms TS in body length and biomass,
customizing them to the species found.
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