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Abstract

Notonectids are widely distributed in freshwaters and can prey on zooplankton in temperate lakes. However, its role in
structuring the zooplankton community is unknown in tropical lakes. Thus, our objective was to study the notonectid
Martarega uruguayensis in a Brazilian tropical shallow lake to evaluate its potential as a zooplankton predator.
Its horizontal distribution was analized in the lake throughout one year in fortnightly samplings. Backswimmers were
more abundant (mean density 162.9 & 25.8 ind.m™) in the cool-dry season, with a strong preference by the littoral zone
(mean density 139.9 + 17.5 ind.m2). Laboratory experiments were undertaken with young and adult notonectid and the
two most abundant cladocerans, Daphnia gessneri and Ceriodaphnia richardi, as prey. Predation by backswimmers
in the laboratory showed that only juveniles fed on microcrustaceans (mean ingestion rate of 1.2 + 0.2 Daphnia and
1.0 £ 0.2 Ceriodaphnia per predator per hour), without size selectivity. Adult insects probably have difficulties in
detecting and manipulating small planktonic organisms. On the other hand, young instars might influence zooplankton
community, especially in the littoral zone of the lake. This study does contribute to a better understanding of trophic
interactions in tropical shallow lakes and is the first to investigate the predation of a notonectid on microcrustaceans
from Lake Monte Alegre.
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Distribuicio e flutuacio de notonectideos (Notonectidae)
em um lago tropical raso e a predacio sobre microcrustaceos

Resumo

Notonectideos sdo amplamente distribuidos em aguas continentais e podem predar zooplancton em lagos temperados.
Porém, seu papel na estruturagdo de comunidades zooplanctonicas ¢ desconhecido em lagos tropicais. Entdo, nosso
objetivo foi estudar o notonectideo Martarega uruguayensis em um lago tropical raso brasileiro para avaliar seu
potencial como predador do zooplancton. Sua distribuigdo horizontal foi analisada no lago durante um ano em coletas
quinzenais. Os notonectideos foram mais abundantes (densidade média 162,9 + 25,8 ind.m?) na estagéo fria-seca,
com nitida preferéncia pela zona litordnea (densidade média 139,9 + 17,5 ind.m2). Foram feitos experimentos de
laboratdrio com jovens e adultos de notonectideo e as duas espécies de cladoceros mais abundantes, Daphnia gessneri
and Ceriodaphnia richardi, como presas. No laboratdrio, somente os jovens predaram os microcrustaceos (taxa média
de ingestdo 1,2 £ 0,2 Daphnia e 1,0 £ 0,2 Ceriodaphnia por predador por hora), sem haver seletividade. Os insetos
adultos provavelmente tém dificuldade em detectar ¢ manipular pequenos organismos planctonicos. Por outro lado, os
estadios jovens podem influenciar a comunidade zooplanctdnica, especialmente na zona litoranea do lago. Esse estudo
contribui para uma melhor compreensao sobre interacdes troficas em lagos tropicais rasos e € o primeiro a investigar
a predagdo de um notonectideo sobre microcrustaceos do Lago Monte Alegre.

Palavras-chave: predagio, Heteroptera, insetos aquaticos, zooplancton, Lago Monte Alegre.

1. Introduction

Predation in lentic ecosystems is one of the most  of predation in prey communities would depend on many
important ecological interactions directly influencing  factors, such as the joint effect of vertebrate and invertebrate
zooplankton community structure (Hall et al., 1970; Zaret,  predators, duration of predation pressure, prey size, density
1980; Kerfoot and Sih, 1987; Arner et al., 1998). Therole  of predators and prey selectivity (Brooks and Dodson,
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1965; Brooks, 1968; Hall et al., 1976; Peckarsky, 1982;
Hanazato and Yasuno, 1989; Eitam and Blaustein, 2010).
In addition, predators can influence prey communities, not
only by direct effects of consumption, but also through
sub lethal effects, such as injuries that might kill prey.

The aquatic insects known as backswimmers (Heteroptera:
Notonectidae) are invertebrate predators that can play a
major role in shaping the structure and the abundance of
zooplankton population in several freshwater environments
(Nesbitt et al., 1996; Blaustein, 1998; Hampton et al.,
2000). They are mainly associated to the littoral areas
with stands of macrophytes, although they can also inhabit
the limnetic zone, as their distribution pattern depends
on both biotic and abiotic factors (Bennett and Streams,
1986; Bailey, 1987; Streams, 1987a; Gilbert et al., 1999;
Foltz and Dodson, 2009). Notonectids normally explore
the water surface, although they are also able to dive to at
least 0.5 m (Streams, 1992). They usually attack prey by
grabbing them with their fore and mid legs, piercing them
with the rostrum, and injecting digestive enzymes before
sucking the inner content (Streams, 1987b). They have
a broad diet that includes several aquatic organisms,
such as rotifers, crustaceans, mosquito larvae, tadpoles
and aquatic insects (Hirvonen, 1992; Blaustein, 1998;
Gilbert and Burns, 1999; Hampton and Gilbert, 2001;
Saha et al., 2010; Jara et al., 2012; Fischer et al., 2012,
2013). A few papers have shown that there is a decreased
appetite associated with adults (Scott and Murdoch,
1983; Murdoch and Scott, 1984), while Gilbert and Burns
(1999) showed the opposite. Furthermore, they often feed
on terrestrial organisms trapped on the water surface
that become vulnerable to predation, such as bees, ants,
and mosquitos. Their ability and preference to feed on
zooplankton and insect larvae have been observed in the
laboratory (Murdoch and Sih, 1978; Sih, 1982; Scott and
Murdoch, 1983; Murdoch et al., 1984; Murdoch and Scott,
1984; Streams, 1987b; Gilbert and Burns, 1999; Hampton
and Gilbert, 2001; Walsh et al., 2006; Gergs and Ratte,
2009; Gergs et al., 2010; Saha et al., 2010; Fischer et al.,
2012, 2013), in outdoor containers (Murdoch and Sih,
1978; Murdoch et al., 1984; Arner et al., 1998; Eitam and
Blaustein, 2010) and natural habitats (Nesbitt et al., 1996;
Blaustein, 1998; Hampton et al., 2000).

Most studies on invertebrate predation were carried
out in temperate lakes, so new insight on tropical lakes
may be of great interest to know the role of predation on
the structuring of prey communities. Studies carried out
on the biotic and abiotic aspects of the tropical shallow
Lake Monte Alegre, in southeastern Brazil, resulted in the
knowledge of the major factors involved in structuring the
zooplankton community in this ecosystem. Predation by
water mite (Cassano et al., 2002) and Chaoboridae larvae
has emerged as the most important factor in structuring
the zooplankton community (Arcifa et al., 1992, 2015;
Arcifa, 2000; Castilho-Noll and Arcifa, 2007a, b), whose
impact is stronger during the warm season (Arcifa et al.,
1992, 2015), and influencing the vertical migration of
microcrustaceans (Minto et al., 2010). However, there are
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other invertebrate predators that have never been studied in
this environment and might affect zooplankton community,
such as notonectids. Therefore, this study does contribute to
a better understanding of the trophic interactions in tropical
shallow lakes and also of the ecology of a notonectid.

This study is part of a larger project on interactions in
the lake and the structuring of communities. The aim was
to determine experimentally the potential predation of the
young and adult backswimmer Martarega uruguayensis
(Berg) on the most abundant and frequent zooplankton
species in Lake Monte Alegre, the cladocerans Daphnia
gessneri Herbst and Ceriodaphnia richardi Sars. Fluctuations
of the backswimmer population, age structure, and spatial
distribution were evaluated to detect periods and zones of
the lake where predation upon microcrustaceans would be
potentially more intense. The hypotheses are that predation
of the young M. uruguayensis on the two cladoceran
species would be more intense than predation by adults,
and that the notonectid population is more abundant in
the littoral zone, where it could exert a potentially higher
predation pressure.

2. Material and Methods

2.1. Study site

Lake Monte Alegre (21°10°04” S,47°51°28” W)isa
small, shallow, tropical and eutrophic reservoir (area=7 ha,
maximum depth =5 m; altitude 500 m a.s.1) (see Figure 1).
It is located in southeastern Brazil, in the town of Ribeirao
Preto (SP), inside the campus of the University of Sao
Paulo. The reservoir was closed in 1942 by damming the
Laureano Creek, which belongs to the Pardo River basin.
The lake was used initially for irrigation and recreation,
but since the 1980s it has been used for research and
teaching, besides having an ornamental value. Although
it is a reservoir, the functioning of Lake Monte Alegre is
similar to a natural lake due to the lack of dam manipulation
and a residence time relatively high for its dimensions
(~ 45 days). Currently, the margins and surroundings are
covered by dense terrestrial vegetation, mostly trees and
herbaceous plants. The aquatic vegetation is predominantly
composed of the emergent macrophyte Ludwigia sp.,
distributed in narrow stands and occupying some regions of
the littoral area. The region has a tropical climate, with two
well-defined seasons: warm-wet (October-April) and cool-dry
season (May-September) (Arcifa et al., 1990). The only
filter-feeder planktivore is the adult of the exotic cichlid
Tilapia rendalli Boulenger, which is not abundant (Arcifa
and Meschiatti, 1993). The main invertebrate predators are
the dipteran Chaoborus brasiliensis Theobald, the water
mite Krendowskia sp. and Martarega uruguayensis, which
is the only notonectid specie.

2.2. Field sampling

Population fluctuations and spatial distribution of
M. uruguayensis were studied in fortnightly samplings
during one year, from December 2011 to December 2012.
On each sampling event, backswimmers were collected in
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the littoral zone, near the edge of macrophytes (1 m deep
with stands of Ludwigia sp.) and in the limnetic zone
(5 m deep without macrophytes). Samplings were carried
out by superficial sweeping with a dip net (37 x 28 cm;
500 um-mesh) in three longitudinal transects, 10 m long
each, in both zones (see Figure 1). The transects were
sufficiently separated to ensure independence of samples.
After samplings, superficial water temperature was measured
by a probe Yellow Springs™® Model 95. Insects were
preserved in ethanol 80% and individuals were counted
to calculate the population densities in each date and were
measured under a stereomicroscope to identify instars and
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the relative population abundance. The cladocerans used
as prey in the experiments were collected with a plankton
net (60 um-mesh) by three vertical hauls. They were
cultivated at the laboratory to obtain a sufficient number
of individuals for the experiments.

2.3. Laboratory experiments

Experiments were carried out in an environmental
chamber (FANEM™® model CDG), at 25 °C and diffuse
light. Overall, four experimental assays were performed
following general conditions and procedures as shown in
Table 1. The culture of cladocerans after field samplings
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Figure 1. Map of Lake Monte Alegre. The sampling sites are transects of 10 m (3 in the littoral and 3 in the limnetic zone).

Table 1. Experimental conditions and the length (mean + SD; mm) of species: Prey - Ceriodaphnia richardi and Daphnia

gessneri; Predator - Martarega uruguayensis.

Experimental conditions

Acclimation time
Temperature
Containers
N° of replicates
N° of predators

24 hours
25°C
1800 ml beakers
6 replicates
2 predators per replicate

Initial density (ID) 20 prey per replicate
Experimental time 2 hours
Prey and length Predator
Experiment 1 D. gessneri M. uruguayensis
1.11+0.17 6.58 +£0.19 (adult) 39
Experiment 2 C. richardi M. uruguayensis
0.72 +0.08 6.62 +0.16 (adult) 39
Experiment 3 D. gessneri M. uruguayensis
1.14+£0.17 3.02 £ 0.21 (juvenile)
Experiment 4 C. richardi M. uruguayensis
0.61 £0.05 3.32 £+ 0.39 (juvenile)

110

Braz. J. Biol., 2017, vol. 77, no. 1, pp. 108-117



Distribution of backswimmers and predation on microcrustaceans

was carried out in glass bottles attached to a plankton
wheel, with addition of 1 mgC.L! of the chlorophycean
Desmodesmus spinosus (Chodat) (former Scenedesmus
spinosus) every other day. The backswimmers used in the
experiments, collected with a dip net described in the previous
section, were kept at the laboratory in the environmental
chamber, in 80 mL beakers filled with filtered lake water
(glass fiber, Millipore™® AP20). They were deprived of
food for 24 h prior to the experiments, for standardizing
the level of hunger. Feeding trials were set up separately
to analyze the consumption of cladocerans by young and
adult instars of the notonectid. In each experiment, only
one species of prey was used. We set two experimental
treatments with six replicates each: 1. predator + prey
(P+); and 2. control with prey only (P-). Each replicate
contained 20 prey as Initial Density (ID) and 2 predators
in (P+) treatment (according to Scott and Murdoch, 1983;
Cassano et al., 2002). Densities in the experimental trials
were close to low densities found for Martarega (38 ind.m?)
and microcrustaceans (10 ind.L™) in the lake.

After the acclimation time, the notonectids were placed
in 1800 mL beakers filled with 500 mL of filtered lake
water. Then, 1 mgC.L™" of D. spinosus was added to the
beakers as food for cladocerans, and they were arranged
in a systematic way to avoid pseudoreplication (Hurlbert,
1984). After 2 hours, predators were removed from the
beakers and the following variables were evaluated:
Intact Prey (IP), Natural Prey Death (NPD), Experimental
Error (EE) and Ingestion Rate (IR). IP represents the
individuals that were alive and NPD the individuals that
died without any predator influence. These individuals
are easily recognizable because they have no damages,
such as crushed carapace or holes, and the internal parts
are intact. EE was calculated only for (P-) treatments and
it represents mean error in prey counting after experiment
ends, since the number of individuals in (P-) should be
the same at the beginning and the end of the experiment;
it was calculated by the Initial Density (ID) minus Intact
Prey (IP) in the control treatment (P-). The estimated IR of
prey eaten per predator per hour was calculated following
Gilbert and Burns (1999) (Equation 1):

IR = [Pc — IPe | TxN (1

where (IPc) is the Intact Prey in the control treatment (P-),
(IPe) is the Intact Prey in the experimental treatment with
predators (P+), (T) is time in hours and (N) is the number
of predators in the treatments.

2.4. Statistical analyses

The mean densities of M. uruguayensis in the littoral and
limnetic zones and in the warm-wet and cool-dry seasons
were compared by the non-parametric Mann-Whitney test.
One-way analysis of variance (ANOVA) was applied to
compare the mean relative abundance of instars (I to VI)
during the whole period in the lake. To determine the size
of the instars, a histogram was built with the frequency
of each size class of the notonectid using the collections
in the field. Thus, the histogram peaks corresponded to
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the size of each instar. The dispersion index (DI = ¢%/p)
was used to infer notonectid natural aggregation in each
lake zone and sampling period. The index was used to
test the null hypothesis that the observed distribution
pattern is random. The DI with n-1 degrees of freedom
is approximately distributed as %, small values meaning
random distribution while large values (> 5.99; P <0.05)
indicate aggregation.

Mann-Whitney test was used to compare [P and NPD
between the treatments (P+) and (P-), and Kruskal-Wallis
was applied to compare EE between experiments (1 to 4).
Two-way analysis of variance (ANOVA) was used to
test differences in IR of young and adult predators on
prey species (C. richardi and D. gessneri). All statistical
analyses were conducted using the software Statistica™®
8.0 at significance level of 95%.

3. Results

3.1. Fluctuations, spatial distribution and age structure
of Martarega uruguayensis

In the littoral zone, the highest densities of M. uruguayensis
occurred during the cool season (mean surface temperature
23.7 + 1.2 °C) and the lowest density occurred in the
warm season (mean surface temperature 28.8 + 1.3 °C)
(see Figure 2). The mean density of the insects in the cool
season (162.9 +25.8 ind.m2) was significantly higher than
in the warm season (87.3 + 14.7 ind.m?2) (Mann-Whitney,
U =39.00, P = 0.02). High values of standard error of
the means may be explained by insect aggregation in the
environment, resulting in high density variations among
replicates. In the limnetic zone, densities were almost
nil in all periods (see Figure 2). A significant higher
mean density of backswimmers was found in the littoral
(139.9 + 17.5 ind.m™?) compared with the limnetic zone
(0.05+0.01 ind.m?) (Mann-Whitney, U= 0.00, P = 0.00).

The trend in age structure was similar during the
whole sampling period (see Figure 3). Adults comprised a
significant percentage of the population sampled through
the year. The mean relative abundance of adults ranged from
39.0+3.3% to 65.8 +5.7%. For the other instars the mean
relative abundance ranged from 0.2 +0.2% to 22.2 + 1.4%.
There were significant differences among the relative
abundances of the instars (ANOVA, F 5, 210 = 215.9,
P =0.00), the adult means differing from all the means
of young instars (Tukey HSD, P = 0.00).

In the littoral zone, backswimmers were aggregated
in all the sampling dates, with the dispersion index (DI)
ranging from 20.7 to 1457.0. In the limnetic zone, there
was a trend to random distribution in all the samplings,
DI ranging from 1.0 to 2.0.

3.2. Laboratory experiments

We counted the number of Intact Prey (IP), Natural Prey
Death (NPD) and also calculated the Experimental Error
(EE) and Ingestion Rate (IR) at the end of the experiments
(as shown in Table 2). The average numbers of IP between
the treatments of the experiment 1 (D. gessneri vs. adult
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Figure 2. Density (mean + SE) of Martarega uruguayensis in the littoral and limnetic zones, during 12 months and fortnightly
samplings.
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Figure 3. Relative abundance (mean + SE) of instars I, II, III, IV, V, and adult Martarega uruguayensis, during 12 months.

Table 2. Mean (+ SE) values of the variables Experimental Error (EE) (ind/replicate), Natural Prey Death (NPD)
(ind/replicate), Intact Prey (IP) (ind/replicate) and Ingestion Rate (IR) (prey. pred.! h™!) in the treatment (P+) containing
predator and prey and in the treatment (P-) containing only prey.

Experiment Instar Prey EE NPD IP IR
P- P- P+ P- P+ P+

1 Adult Daphnia 03+02 03+02 05+03 197+02 192+05 0.1+0.1

2 Adult  Ceriodaphnia 03+0.2 02+02 03+03 197+02 197+0.2 0.0+0.1

3 Juvenile Daphnia 03+02 08+03 0.8+03 197+02 152+1.0 12+0.2

4 Juvenile Ceriodaphnia 0.5+02 03+02 02+02 195+02 155+08 1.0+0.2
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notonectid) and 2 (C. richardi vs. adult notonectid)
were not significantly different. In the experiment 3
(D. gessneri vs. young notonectid), and 4 (C. richardi
vs. young notonectid), the average number of IP in the
(P-) treatment was statistically different from that of (P+)
treatment (Mann-Whitney, U = 0.0, P = 0.00 for both).
The effect of the predator instar (adult and juvenile) and
the prey species (large Daphnia gessneri and medium-sized
Ceriodaphnia richardi) on the IR showed that young instars
significantly preyed on both cladocerans (see Figure 4).
There was no effect of prey species on predator IR, and
young instars fed on similar number of D. gessneri and
C. richardi (as shown in Table 3).

Occasionally, cladocerans died naturally without
any evidence of predator attack. Such individuals did not
represent a problem in estimating IP, since they were easily
recognized (conspicuous milky appearance with intact outer
and inner structures). Natural Prey Death (NPD) occurred
in all experiments and did not differ between the treatments

Table 3. Two-way ANOVA for effects of predator instar
(juvenile and adult) and prey species (Daphnia gessneri
and Ceriodaphnia richardi) on the ingestion rate (IR) of
Martarega uruguayensis.

(P+) and (P-) for any experiment (as shown in Table 2).
In the control treatments, the EE was null in 62.5% of the
replicates, and there was no statistical difference (Kruskal
Wallis, H=0.51, P=0.91) comparing the mean EE among
all the four experiments (as shown in Table 2).

4. Discussion

The hypothesis that a higher population densities of
notonectids would be found in the littoral zone of the
Lake Monte Alegre was confirmed, agreeing with other
studies that have shown that backswimmers tend to occupy
the littoral zone where aquatic vegetation is abundant
(Bennett and Streams, 1986; Bailey, 1987; Gilbert et al.,
1999). Significant factors that affect the distribution of
backswimmers are the habitat size, amount of shade,
depth, substrate type, water temperature, characteristics
of macrophytes, presence of predator and prey diversity
(Giller and McNeill, 1981; Foltz and Dodson, 2009;
Schilling et al., 2009). Prey abundance and diversity is
a plausible hypothesis in Lake Monte Alegre, since the
diversity of microhabitats in the littoral and the proximity
of'the terrestrial environment can provide a greater supply
of resources than the limnetic zone, which might explain
the notonectid preference by the littoral. Littoral harbor a
large variety of potential prey from the terrestrial habitat,
such as insects that fall on the water, becoming vulnerable
to predation (A.R. Domingos pers. obs). In the littoral,
invertebrates are also abundant within macrophyte stands
(Meschiatti and Arcifa, 2002), besides planktonic organisms
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Figure 4. Ingestion rate (IR) (mean + SE) of the cladocerans Daphnia gessneri and Ceriodaphnia richardi by young and

adult Martarega uruguayensis.

Braz. J. Biol., 2017, vol. 77, no. 1, pp. 108-117

113



Domingos, A.R. and Arcifa, M.S.

at their edge (Arcifa et al., 2013) and in the benthos of
shallow areas (Cleto-Filho and Arcifa, 2006). Another aspect
is that backswimmers are distributed near the upper layer
of the water (Streams, 1992) and, therefore, the shallow
littoral zone would favor the search and capture of prey
like cladocerans and other aquatic organisms inhabiting
the water column. Macrophytes in the littoral also play
an important role in the reproduction of backswimmers,
since they can use the stems to lay eggs (Nessimian
and Ribeiro, 2000). The aggregated distribution of the
backswimmers in the littoral zone can occur by the quality
of sites for oviposition, amount of prey, better conditions
for refuge in macrophyte stands and anti-predatory behavior
(Gilbertetal., 1999; Bailey, 1987, 2010). The occurrence of
such aggregation explains the wide variation in abundance
among our samples.

The predominance of older instars leads us to question
on the microhabitat preference by different instars of the
notonectids. As adults are always more abundant than
all other instars it is possible that juveniles do not live
in the same microhabitat of adults. Therefore, they were
underrepresented in the samples due to a niche partition,
and horizontal and vertical stratification between adults
and juveniles. Maybe young instars are distributed within
the macrophyte stands, instead of at their edge, where
sampling was made. Several studies indicate that segregation
between young instars and adults usually occurs for some
species of notonectids, juveniles migrating to or remaining
in areas with fewer adults (Murdoch and Sih, 1978; Sih,
1982; Bailey, 1987; Gilbert et al., 1999; Hampton, 2004).
We were unable to sample quantitatively in the middle of
macrophyte stands to compare to the sampling made at
their edge, because superficial sweepings with a dip net in
longitudinal transects were prevented by the macrophyte
structure. However, we observed, without quantification,
that in this microhabitat young instars were more frequent
than adults. Therefore, due to limitations of the sampling
method used, it was impossible to accurately detect
juveniles at the sampling site, resulting in a higher relative
frequency of adults.

The hypothesis that young M. uruguayensis would be
a predator of the two planktonic species was confirmed,
since only young instars effectively preyed on C. richardi
and D. gessneri. Higher predation pressure by juveniles on
Daphnia and Ceriodaphnia, in comparison to adults, was
also found by another studies (Scott and Murdoch, 1983;
Murdoch and Scott, 1984), differing from Gilbert and Burns
(1999), who found that large instars of notonectids preyed on
more cladocerans than small ones. Murdoch et al. (1984) also
showed that adult Notonecta sp. preferred at least one size
class of mosquito larvae than Ceriodaphnia sp. On the other
hand, young instar of Notonecta sp. selected Ceriodaphnia
sp. in relation to the other surface prey, such as Drosophila.
Adult backswimmers are not morphologically adapted to
feed on small prey (Ellis and Borden, 1970). Thus, they
are likely to have greater facility in capturing prey larger
than microcrustaceans, such as terrestrial insects on the
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water surface, aquatic insects and larvae (Quiroz-Martinez
and Rodriguez-Castro, 2007; Fischer et al., 2012), which
are abundant in the littoral zone of Lake Monte Alegre,
such as Chironomidae (Cleto-Filho and Arcifa, 2006).
But the capture of small sized microcrustaceans by adults
do not worth the energy expenditure with the attack for
greater difficulties of detection and handling, and the low
nutritional content of prey.

There is strong evidence that prey size is a key factor
for predator’s preference in aquatic environments, leading
to the generalization that aquatic invertebrate predators are
size selective (Brooks and Dodson, 1965; Zaret, 1980).
In fact, several authors observed that notonectids exhibit a
tendency to select zooplanktonic prey based on their size,
with a clear preference for the largest ones, indirectly favoring
smaller and supposedly less competitive zooplankton species
(Cooper, 1983; Scott and Murdoch, 1983; Murdoch and
Scott, 1984; Gilbert and Burns, 1999; Walsh et al., 2006;
Lindholm and Hessen, 2007; Gergs and Ratte, 2009).
Blaustein (1998) showed that Notonecta was responsible
for structuring the community by size selective predation,
resulting in density reduction of larger Daphnia, without
affecting the density of the smaller Ceriodaphnia. In our
study, there was no size selective predation on the larger
zooplankton prey offered (Daphnia), since no differences
were observed in ingestion rates of C. richardi and D. gessneri
by young M. uruguayensis. This result, which differs from
other mentioned studies, may have been influenced by the
structural simplicity of the experimental containers when
compared to the lake conditions. The containers were
small-sized and homogeneous, without refuge for prey.
Since environmental heterogeneity can provide spatial
refuges with reduced predation risk, the homogeneous
environment could facilitate prey capture. Thus, any
encounter of young instars with prey probably produced
a stimulus, resulting in attacks, regardless of prey size.
In this case, despite differences between the laboratory and
lake conditions, these results show, at least qualitatively,
the potential predation of M. uruguayensis on cladocerans
(C. richardi and D. gessneri) from Lake Monte Alegre.

Another important issue is that the influence of Natural
Prey Death was negligible in the experiments, so the effect
of predators, which eventually could cause an imperceptible
injury that would culminate in the prey death, was not
detected in our study. Since the experimental error was
constant, there was no interference on the experimental
results.

In conclusion, this study contributed to enlarge the
knowledge upon invertebrate predation on the zooplankton
community of the tropical shallow Lake Monte Alegre
and also on the ecology of notonectids. The younger
individuals of M. uruguayensis potentially feed on the
microcrustaceans D. gessneri and C. richardi in the lake.
The predation pressure is concentrated in the littoral zone
where higher densities of notonectids were found, with a
greater impact during August and September.
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