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Abstract: Aim: This study aims to demonstrate the potential of hydroacoustics 
in the study of behavior of the invertebrate Chaoborus and fish in neotropical water 
environments; Methods: Synoptic campaigns were conducted in May and June-2008 
in Dom Helvécio and Carioca lakes, at the Parque Estadual do Rio Doce (MG), and 
Nado reservoir, Belo Horizonte (MG). The acoustic scattering of targets was studied 
using a downward-oriented split-beam 200 kHz echosounder; Results: We detected clear 
echo signals from fish and Chaoborus larvae, which can be viewed in high density in all 
environments studied. The normal migratory behavior of the larvae of Chaoborus could 
be easily monitored in the Dom Helvécio Lake and the Nado reservoir. However, this 
behavior was not seen in Carioca Lake; Conclusions: This study revealed the potential 
application of acoustic approaches to study the behavior of fish and zooplankton organisms 
in freshwater aquatic systems.
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Resumo: Objetivos: O presente estudo tem como objetivo demonstrar as 
potencialidades da hidroacústica no estudo do comportamento do predador invertebrado 
Chaoborus e de peixes em ambientes aquáticos tropicais; Métodos: Foram realizadas 
campanhas diurnas e noturnas em maio e junho/2008 nas lagoas Dom Helvécio e 
Carioca, no Parque Estadual do Rio Doce e no reservatório do Nado em Belo Horizonte 
(MG). O espalhamento acústico dos alvos foi estudado utilizando-se uma ecossonda com 
transdutor digital “split-beam” de 200 kHz direcionado verticalmente para o fundo do 
lago; Resultados: A ecossondagem nos permitiu detectar eco-sinais claros provenientes 
de peixes e das larvas de Chaoborus, que estavam presentes grande densidade em todos 
os ambientes estudados. O comportamento migratório normal das larvas de Chaoborus 
pôde ser acompanhado facilmente na Lagoa Dom Helvécio e no reservatório do Nado. 
Entretanto, tal comportamento não foi visualizado na Lagoa Carioca. Conclusões: Os 
resultados mostrados neste estudo revelaram o potencial de aplicação da abordagem 
acústica no estudo do comportamento de peixes e organismos zooplanctônicos em 
sistemas aquáticos de água doce.
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Hydroacoustic assessment of fish…

Here, we used an echosounder with a high 
frequency split-beam transducer to determine 
vertical distribution of Chaoborus and fishes through 
qualitative acoustic observations in three Brazilian 
lentic systems (Dom Helvécio and Carioca lakes, 
and Nado reservoir). These environments were 
chosen since they harbor dense populations of 
Chaoborus larvae and have been subject of previous 
zooplankton studies using traditional sampling 
methods (Fukuhara et al., 1993; Bezerra-Neto and 
Pinto-Coelho, 2007; Bezerra-Neto et al., 2009).

2. Material and Methods

2.1. Study areas

Nado Reservoir is a shallow, meso-eutrophic 
reservoir with a surface area of 1.5 ha and a volume of 
40 × 103 m3. The maximum depth (zmax) is 7.6 m and 
the mean depth (zmean) is around 2.7 m. It is located 
in Belo Horizonte city, Minas Gerais State (altitude 
790 m above sea level), in Southeastern Brazil. It 
has a stable thermal stratification that persists from 
August to May, with only one circulation period 
per year during June-July. The epilimnion is well 
oxygenated, with development of intense anoxia 
in the hypolimnion during the stratification period 
(Bezerra-Neto and Pinto-Coelho, 2007).

The lacustrine region of the Rio Doce Valley 
is the largest Lake District in Brazil. This unique 
system is located in a dammed valley along the 
middle course of the Rio Doce River, state of Minas 
Gerais, Brazil. In this area, there are approximately 
130 lakes, 42 of them located within the Rio Doce 
State Park (PERD), which has an area of 36,000 ha 
and preserves the largest remaining fragment of 
the Atlantic Forest in the state of Minas Gerais 
(Latini et al., 2005). Dom Helvécio is the largest 
and deepest lake of this region, and is located inside 
PERD’s limits (Meis and Tundisi, 1997). It is an 
oligotrophic, dendritic-shaped water body with a 
warm monomitic circulation type (stratification 
period between September and May), and highly 
stable metalimnion (Matsumura-Tundisi and 
Tundisi, 1995). Carioca Lake is another system 
located inside the reserve. The lake’s shoreline is 
1,718 m long, and its area is 14.1 ha. The deepest 
point is 11.8 m, and the mean depth is 4.8 m. It is 
mesotrophic and warm-monomictic, with a short 
circulation period during winter (June to August). 
The lake is stratified during the rest of the year 
(Bezerra-Neto et al., 2009).

1.  Introduction

Understanding spatial and temporal dynamics 
of predators and preys is one of the most important 
goals in aquatic ecology. However, these studies are 
often hampered by the difficulties in surveying both 
groups of organisms at the same time. Despite its 
importance, direct and simultaneous observations 
of the spatial distribution of fish and zooplankton 
communities are rare and limited because of the 
large effort required for sampling and analysis 
using traditional methods (i.e. fishing and plankton 
nets and plankton traps). Thus, non-destructive 
approaches, such as acoustic methods for qualitative 
and quantitative in situ observations of zooplankton 
and fish distribution, are promising tools for 
the understanding and monitoring of aquatic 
ecosystems (Lorke et al., 2004).

Hydroacoustic techniques involve the emission 
of sound waves that propagate through water 
column, are reflected back after encountering 
objects (biological or not) and are subsequently 
received, stored and processed by acoustic receptors 
(MacLennan and Simmonds, 2005). Thus, 
the identification of organisms by this method 
depends on the presence of biological structures 
capable of reflecting the sound. Fishes, for 
instance, are potential targets for hydroacoustic 
studies due to the presence of the swimbladder, 
(Bertrand et al., 1999; Viravong et al., 2006). 
Although increasingly used in assessments of 
abundance and distribution of freshwater fish 
populations (Gerlotto, 1993; Bertrand et al., 1999; 
Paramo et al., 2003; MacLennan and Simmonds, 
2005), hydroacoustics techniques are still rare in 
zooplankton studies (Lorke et al., 2004). One 
exception is the large number of studies evaluating 
the vertical distribution of Chaoborus (Diptera: 
Chaoboridae) larvae. These organisms can be easily 
registered by acoustic equipments as they have 
two pairs of hydrostatic air sacs on larvae, one in 
the thorax and another in the seventh abdominal 
segment (Eckmann, 1998; Malinen et al., 2005; 
Knudsen et al., 2006; Jurvelius et al., 2008).

Recent technological developments, including 
significant reduction in size and cost associated 
to the hydroacoustic instruments sophistication, 
both hardware and software, have promoted an 
increase in the use of this technology in freshwater 
environments, particularly in temperate lakes 
(MacLennan and Simmonds, 2005). However, 
ecological studies using the hydroacoustic 
techniques in Neotropical fresh water systems are 
virtually nonexistent (Krumme, 2004).
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Biosonics Inc.). For Chaoborus sp. visualization 
and background noise removal, an acoustic energy 
threshold value of –70 dB was applied following a 
previous study (Jones and Xie, 1994). The filtering 
of –70 dB is enough to detect the Chaoborus larvae 
with a good margin of error and also excludes the 
background noise (Jones and Xie, 1994). In order 
to differ fish echoes from those of invertebrate 
plankton or other targets smaller than 2 cm, an 
–50 dB acoustic energy threshold value was applied. 
The –50 dB value ensures that only large fish are 
detected while neglecting smaller individuals and 
larvae (Trevorrow, 1998; Frouzova and Kubecka, 
2004).

The spectrum of acoustic reflection of the target 
(target strength – TS) was performed by echo 
counting (single target analysis) to obtain directly 
the number of targets observed. Thereafter, the 
average targets section of acoustic backscatter (sigma 
or σbs) is estimated, that corresponds to the effective 
surface reflection of acoustic energy, and is related to 
the rate of individual acoustic reflection (TS). Then, 
the software Visual Analyzer measures the size of the 
echo on the basis of pulse length and the correlation 
factor. Finally, the program generates a text file (.txt) 
with the depth data, TS and geographic coordinates 
of each target.

The length of the individuals associated to 
echoes was estimated using the equation proposed 
by Love (1977):

TS = 19.4 Log (L) – 0.9 Log (F) – 63.7

where, TS = individual acoustic reflection (dB); 
L = total length (cm) and F = frequency (kHz).

3. Results

Carioca lake water column was stratified 
during the day in which survey were conducted 
(May 13, 2008). Water surface temperature was 
between 27-28 °C and bottom temperature was 
23 °C. Dissolved oxygen concentration decreased 
sharply towards the hypolimnion, with values lower 
than 1 mg O2.l

–1 below 8 m deep (Figure 1a). In 
May 12, 2008, Dom Helvécio Lake showed the same 
stratification pattern. The 10 m deep epilimnion 
had temperature and oxygen concentration 
values ranging from 27-28 °C, and 6-7 mg O2.l

–1, 
respectively. A strong oxycline occurred after the 
decrease of water column temperature, below 
11 m, with oxygen concentrations reaching almost 
zero throughout the whole hypolimnion. In Nado 
reservoir, temperature and water dissolved oxygen 
from June 9, 2008 showed that the thermocline 

2.2. Field campaigns

Hydroacoustic surveys were performed during 
day and night (12:00 to 08:00 PM) of 12 and 
13 May, and 6 June 2008, in Dom Helvécio and 
Carioca lakes, and Nado reservoir, respectively. 
Acoustic data were sampled at stationary and 
zigzag survey in order to obtain information 
about vertical distribution of Chaoborus larvae 
and fish individuals. Stationary echosounding 
was performed in a fixed station located in the 
limnetic zone of the studied systems. For zigzag 
survey, acoustic scans was conducted along transects 
while vessel speed was maintained approximately 
invariable (about 8 km/h). Fieldwork was performed 
using a DT-X digital echosounder (BioSonics, 
Inc., Seattle) equipped with a 200 KHz split-beam 
transducer of 6.6° beam width. 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. The echosounder ping-rate was set 
to 5.0 pings s–1, and the pulse duration to 0.4 ms 
throughout whole data sampling.

Information processed by the echosounder was 
visualized in real time through echograms, and 
stored in individual files for each recording time 
(stationary mode) and transect (zigzag transects). 
Visual Acquisition software (version 5.04; Biosonics 
Inc.) was used for visualization, digital storage, and 
system control.

Zooplankton samples were additionally 
collected in the studied sites during the night in 
order to identify the echo-signal detected in the 
water column. Sampling depths were determined 
based on the apparent target density detected 
on the echograms. Two conventional samples of 
zooplankton were collected at each site, through 
vertical hauls using a net with 200 µm mesh, 
and the collected material were preserved in 
formalin/sucrose solution (4%). Environmental 
conditions in the days of acoustic recording were 
determined through water temperature (°C) and 
dissolved oxygen concentration (mgO2.l

–1). The 
measurements were taken from the lakes surface to 
bottom (vertical profile every 0.5 m) using a Yellow 
Springs multiparameter probe (model YSI 556).

2.3. Acoustic data processing

Hydroacoustic data were further processed 
with Visual Analyser software (version 4.1; 
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Hydroacoustic assessment of fish…

During the night, larvae swarms moved to the water 
column surface layers given the marked decrease 
in echo-signals concentration below 11 m depth 
(Figures 4a, b).

In Nado reservoir, Chaoborus were acoustically 
visualized only in anoxic regions (i.e., below four 
meters deep) during the day and fish echo-signals 
were visualized in the oxygen-rich water column 
layers (mean TS = –49.5 dB, Figure 5). During 
early evening (17:15) Chaoboridae larvae began 
to rise towards surface, initially with an increase 
of acoustic scattering in the anoxic hypolimnion, 
probably due to an arrival of organisms that were 
buried in the sediment throughout the day in this 
layer (Figures 6a, b). During the night, invertebrate 
echo-signals (mean TS = –62.5 dB) began to occupy 
almost the entire water column, outnumbering fish 
echo-signals, which were, until then, present in the 
surface layers as single targets (Figure 6).

Data from conventional sampling confirmed 
that all three studied environments had high 
densities of Chaoborus larvae (Table 1). Cladocera 
and Copepoda were additionally identified 
in different densities in the samples (data not 
shown). However, compared with Chaoborus, these 
organisms are small (less than 2 mm) and, since they 
do not have gas-filled cavities, represent a negligible 
contribution in the acoustic scattering observed in 
the echograms.

began almost at the surface, ending at 2 m deep, 
as the hypolimnion begins (Figure 1c). Oxygen 
concentration showed a peak at 1 m deep (7 to 
8 mg O2.l

–1), followed by a gradual decrease until 
values close to zero below 4 m.

Examples of Carioca Lake echogram transects 
show that the water column was filled with 
Chaoborus both during day and night (Figure 2). 
We also observed that there was a marked decrease 
in the occurrence of echo-signals in the littoral 
regions during daytime (Figure 2a). The average 
TS of the Chaoborus larvae echo-signals detected in 
the water column was –60.9 dB. According to the 
TS equation, this corresponds to organisms with 
approximately 1.4 cm. When a filter was applied in 
order to remove invertebrate echo-signals (–50 dB), 
we found that there were no adults fish echo-signals 
in the water column (data not shown).

In Dom Helvécio Lake, the detected fish and 
invertebrate echo-signals were spatially segregated 
during the day (Figure 3). Chaoborus larvae (mean 
TS = –63.5 dB) were acoustically visualized below 
11 m deep (Figure 3a). This depth coincides with 
the beginning of the anoxic hypolimnion of Dom 
Helvécio Lake during the studied period (Figure 1). 
In turn, some fish echo-signals, with average TS of 
–45.9 dB and estimated size about 10 cm, could be 
seen just above the thermocline, in the oxygen-rich 
layers of the water-column (Figure 3b). Vertical 
migration of Chaoborus larvae in Dom Helvécio 
Lake can be seen in the echogram shown in Figure 4. 

a b c

Figure 1. Vertical profiles of temperature (°C) and dissolved oxygen (mg O2.l
–1) in (a) Carioca (13 May 2008) and 

(b) Dom Helvécio lakes (12 May 2008), and (c) Nado reservoir (09 June 2008).
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forming swarms. These swarms filled almost all 
water column (Carioca Lake) or segregated in the 
bottom of lakes rising towards surface layers during 
the night (Dom Helvécio Lake and Nado reservoir).

4. Discussion

Our results show the potential of applying 
an acoustic approach in order to understand 
simultaneously fish and zooplankton distribution 
in freshwater lentic systems. Vertical echosounding 
in the three studied lakes allowed us to detect 
clear signals upcoming from these two acoustic-
distinctive organisms. Fishes were detected 
primarily as single targets in Dom Helvécio Lake 
and Nado reservoir while Chaoborus larvae was 
acoustically detected in all studied environments 

Figure 2. Echograms showing the acoustic backscattering of swarms of Chaoborus during the day (up) and night 
(down) in transects performed in Carioca Lake on 13 May 2008. Arrows shows the low density of Chaoborus larvae 
in the littoral zone during the daytime. Uncompensated TS (TSu) echograms are displayed with a 40 log TVG and 
a threshold of –70 dB.

Table 1. Chaoborus density (individuals.m–3) and 
standard deviation from conventional sampling at the 
studied areas. 

Lentic systems Chaoborus density
Carioca Lake 781 ± 134
Dom Helvécio Lake 329 ± 64
Nado reservoir 1550 ± 109
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Hydroacoustic assessment of fish…

Heteroptera (Corixidae) are also potential targets 
among susceptible freshwater invertebrates to capture 
using echo-sounding methods (Kubecka et al., 
2000) since several species within these groups 
carry air bubbles when sink into the water column.

Previous studies have reported Chaoborus TS 
around –64 dB at 225 kHz in a small laboratory 
tank (Jones and Xie, 1994) and mean values 
ranging from –64.3 to –60.5 dB at 200 kHz 
for Chaoborus flavicans larvae in Lake Myravatn 

The zooplankton found in all studied water 
bodies was very diverse. For instance, rotifer species 
(e.g. Navicula anuraeopsis, Brachionus angularis, 
Brachionus falcatus, Keratella tropica) as well as 
microcrustaceans species (e.g. Thermocyclops spp., 
Bosmina spp. and calanoids). However, echo-surveys 
have failed to register other organisms such as 
Rotifera, Cladocera and Copepoda due to the 
absence of gas-filled cavities in these organisms. 
Besides Chaoborus, aquatic Coleoptera and some 

a

b

Figure 3. Echograms with signals from vertical beaming in transect performed in Dom Helvécio Lake on 12 May 
2008. Echograms were recording during the daytime (4:00 PM) and shows the acoustic backscattering of Chaoborus 
(a - threshold of –70 dB), and detected fish (b - threshold of –50 dB). The contour line below 1 mg O2.l

–1 is represented 
by dashed line.
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an accurate target classification it will be necessary 
many features that are not measured in the existing 
survey techniques especially in those ones that use 
an acoustical sensor that is optimized for biomass 
assessment.

Chaoborus larvae diurnal vertical migration 
(DVM), a pattern that could be clearly observed in 

(Norway; Knudsen et al. 2006). Thus, our results 
are in accordance with these studies since Chaoborus 
frequency response, varied from –63.5 to –60.9 dB 
at 200 kHz. Although such variation do exists, 
whether these signals could be used or not to 
differentiate species remains an open question. 
According to MacLennan and Holliday (1996) for 

a

b

Figure 4. Echograms showing the vertical distribution of Chaoborus larvae during the day (a - 4:00 PM) and night 
(b - 6:00 PM) in transect performed in Dom Helvécio Lake on 12 May 2008. TSu echograms are presented with a 
40 log TVG and a threshold of –70 dB. The contour line below 1 mg O2.l

–1 is represented by red dashed line.

24



Hydroacoustic assessment of fish…

are carried out at a low speed or using stationary 
mode. In such cases, fishs are characterized by small 
horizontal traces whereas bubbles appear as sloping 
traces rising up to the surface (Ostrovsky et al., 
2008). According to Gosselin and Hare (2003), 
Chaoborus spp. larvae, mainly in the fourth instar, 
bury themselves in anoxic sediment layers, where 
methanogenesis occurs, during DVM. These 
authors have observed that Chaoborus larvae disturb 
sediment surface while entering and exiting this 
compartment, thus contributing for bioturbation. 
The large volume of gas bubbles emanating from 
the sediment observed in Nado reservoir during 
mass Chaoborus spp. larvae emersion suggests that 
these organisms have an influence on the methane 
emissions, through bioturbation during DVM. This 
assertion is based upon the fact that no expressive 
number of bubbles was found in Nado reservoir 
echograms before and after larval sediment exit.

The application of hydroacoustic methods 
for stock assessment and fisheries management, 
behavioral and intra-specific trophic relationships 
has been widely described in the literature (Gerlotto, 
1993; Paramo et al., 2003; Vehanen et al., 2005). 
Among the advantages of the acoustic methodology 
compared to traditional sampling methods, it is 
the fact that this non-invasive method offers the 
possibility of exploring large areas in a relatively 
short period of time, collecting data of high spatial 
and temporal resolution, as exemplified in this 
study. Furthermore, the hydroacoustic technique 

Dom Helvécio Lake (Figure 4) and Nado reservoir 
echograms (Figure 6), corroborates with other 
studies on zooplankton diurnal vertical migration 
in these habitats (for instance, Fukuhara et al., 
1993; Bezerra-Neto et al., 2009). One of the 
most accepted explanations to DVM of Chaoborus 
larvae is avoiding spatial overlap with the predator 
(Ringelberg, 1999), in the case fish individuals. In 
Carioca Lake, the absence of DVM may be a result of 
ecological release due to the introduction of exotics 
piscivorous fish (e.g. Pygocentrus nattererii and 
Cichla cf. ocellaris). According to Bezerra-Neto et al 
(2009), ecological release was caused by a reduction 
in predation pressure by planktivorous fish that have 
disappeared from the water column of the Middle 
Rio Doce lakes. The process of biodiversity loss in 
the fish fauna is owing to the introduction of exotic 
fish (Latini and Petrere, 2004), that affected native 
fish communities, causing the local extinction of 
some species and reduction in the abundance of 
juveniles of others (Sunaga and Verani, 1991; 
Godinho et al., 1994). The absence of fish in the 
limnetic region was observed during the acoustic 
survey (Figure 2), since there were no echo-signals 
related to fishes in Carioca Lake.

Nado reservoir echograms (Figure 6) show 
yet another application for hydroacoustic studies: 
the monitoring of gas emission (e.g. methane; 
Ostrovsky, 2003) in aquatic environments. Bubbles 
and fish were easily distinguished on our deep 
sections of the echograms when acoustic surveys 

Figure 5. Echograms showing the vertical distribution of Chaoborus larvae during the day in transect performed 
in Nado reservoir on 09 June 2008. TSu echograms are presented with a 40 log TVG and a threshold of –65 dB.
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than visual analysis represent the major challenges 
(MacLennan and Holliday, 1996).

Despite the limitations in targets classifications, 
acoustics methods have become well established in 
many areas of marine and freshwater investigations. 
Thus, the benefits set out in the previous lines 
assert the importance of applying these studies in 

offers the possibility of obtaining simultaneous 
data on the lake sediments, bathymetric features 
of the bottom of the water body and the cover of 
submerged macrophytes (Winfield et al., 2007a, b). 
However, the technique still needs some advances, 
for example the species identification through 
echo-signals and statistical developments rather 

a

b

Figure 6. Excerpts of echograms collected by stationary hydroacoustic in Nado reservoir on 09 June 2008, showing 
the vertical distribution of Chaoborus larvae during the day (a - 5:00 PM) and night (b - 6:00 PM). TSu echograms 
are presented with a 40 log TVG and a threshold of –65 dB.
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neotropical ecosystems as a way to assess fish and 
plankton biomass and their behavior in comparison 
to studies developed in temperate ecosystems.
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