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Abstract
Predator-prey interactions involving an aquatic insect and zooplanktonic prey of different sizes were investigated to 
quantify prey mortality exposed to predators. Laboratory experiments were undertaken with the young and adult gerrid 
Rheumatobates crassifemur to test predation and size selectivity on the cladocerans Daphnia gessneri, Ceriodaphnia 
richardi, and Bosmina tubicen. Population fluctuations and spatial distribution of the gerrid were also evaluated in 
a small and shallow Brazilian lake throughout 12 months in fortnightly samples. The insects were more abundant 
in the littoral (mean density 7.0 ± 1.2 ind.m–2) compared to the limnetic zone. The period with the highest densities 
was late January to June, in both zones. Predation by young instars on Daphnia and Ceriodaphnia was significant 
(mean ingestion rate of 1.3 ± 0.1 D. gessneri and 0.7 ± 0.1 C. richardi per predator per hour). Adult insect fed only 
the large‑sized prey (mean ingestion rate of 1.0 ± 0.1 D. gessneri per predator per hour). Young gerrids have greater 
potential to prey on cladocerans than adults, and size selectivity occurred for both predators. Preference of adults 
by the larger prey is probably related to difficulties in manipulating smaller planktonic prey, such as Ceriodaphnia. 
Due to higher densities of insects in the littoral, higher predation on zooplankton in this zone is expected. This study 
does contribute to a better understanding of trophic interactions in tropical shallow lakes and is the first to investigate 
predation of a gerrid on cladocerans in laboratory experiments.

Keywords: predation, gerrids, aquatic insects, zooplankton, neotropical lake.

Distribuição espacial e temporal de gerrídeo (Heteroptera) e a predação 
sobre microcrustáceos de um lago tropical raso

Resumo
Foram investigadas as interações predador-presa, envolvendo inseto aquático e presas zooplanctônicas de diferentes 
tamanhos para quantificar a mortalidade das presas expostas a predadores. Experimentos de laboratório foram realizados 
com jovens e adultos do gerrídeo Rheumatobates crassifemur para testar a predação e a seletividade por tamanho das 
espécies de cladóceros Daphnia gessneri, Ceriodaphnia richardi e Bosmina tubicen. Flutuações populacionais e a 
distribuição espacial do gerrídeo também foram avaliadas em um lago brasileiro pequeno e raso durante 12 meses em 
amostras quinzenais. Os insetos foram mais abundantes no litoral (densidade média 7,0 ± 1,2 ind.m–2) em comparação 
com a zona limnética. Maiores densidades ocorreram de fim de janeiro a junho, em ambas as zonas. A predação dos jovens 
foi significativa sobre Daphnia e Ceriodaphnia (taxa de ingestão média 1,3 ± 0,1 D. gessneri and 0,7 ± 0,1 C. richardi 
por predador por hora). Adultos predaram somente a presa maior (taxa de ingestão média 1,0 ± 0,1 D. gessneri por 
predador por hora). Gerrídeos jovens têm um maior potencial para predar cladóceros que os adultos, e seletividade 
por tamanho ocorreu para ambos. A preferência dos adultos somente pela presa maior provavelmente está relacionada 
à dificuldade em manipular pequenas presas planctônicas como Ceriodaphnia. Devido às maiores densidades de 
insetos no litoral, é esperada maior predação sobre o zooplâncton nesta zona. Este estudo contribui para uma melhor 
compreensão sobre interações tróficas em lagos tropicais rasos e é o primeiro a investigar a predação de um gerrídeo 
sobre cladóceros em experimentos de laboratório.

Palavras-chave: predação, gerrídeos, insetos aquáticos, zooplâncton, lago neotropical.
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1. Introduction

Historically, the influence of invertebrate predators on 
lentic ecosystems has received less attention than vertebrate 
predators, but many studies have shown that they are 
important agents in structuring biological communities of 
lentic ecosystems (Hall et al., 1970; Zaret, 1980; Kerfoot 
and Sih, 1987; Arner et al., 1998). The impact and selectivity 
of a predator on prey communities of lentic ecosystems 
depend on many factors, as the joint effect of species of 
predators present in the environment (Hanazato and Yasuno, 
1989), prey size (Brooks and Dodson, 1965; Brooks, 1968; 
Hall et al., 1976), population density, duration of predation 
pressure (Eitam and Blaustein, 2010), foraging behavior, 
and prey defenses (Peckarsky, 1982). However, based on 
empirical and theoretical studies, it seems that the body 
size of both predators and prey is one of the most important 
factor determining the role of species in the community 
(Warren and Lawton, 1987; Cohen et al., 1993; Woodward 
and Hildrew, 2002; Woodward et al., 2005). Several authors 
observed that aquatic heteropterans exhibit a tendency to 
select prey by size, with preference for the largest ones, 
resulting in density reduction of larger species, without 
affecting smaller ones (Cooper, 1983; Scott and Murdoch, 
1983; Murdoch and Scott, 1984; Gilbert and Burns, 1999; 
Gergs and Ratte, 2009).

Aquatic insects are a diverse group of animals present 
in most water bodies. Diving beetles, waterbugs, chaoborid 
and dragonfly larvae are usually the top predators in 
fishless lakes and thus may greatly affect the structure 
and dynamics of food webs. Predation by invertebrates on 
zooplankton communities has been studied in Lake Monte 
Alegre, a tropical shallow lake in southeastern Brazil. 
Chaoboridae larvae is one of the main invertebrate predators 
(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). Water mites 
(Cassano et  al., 2002) and notonectids (Domingos and 
Arcifa, In press) also prey on cladocerans. However, little 
is known on potential predation of gerrids on zooplankton 
community. Moreover, because they are very abundant 
in the studied lake, a question emerged whether they can 
prey on microcrustaceans and consequently influence the 
structure of the zooplankton community in shallow tropical 
lakes, since this is the first study so far.

The family Gerridae (Heteroptera), whose species 
are popularly known as water striders, is the most diverse 
animal group associated with the water surface. These 
insects usually inhabit small streams to large rivers, ponds 
and lakes, and even the ocean. They are highly adapted 
to live over the water surface with regard to activities, 
such as locomotion, feeding, mating behavior, and for 
completing their life history (Andersen, 1982; Spence and 
Anderson, 1994). Differences can be found in the timing of 
gerrids life cycle, which apparently separated the peaks of 
abundance and microhabitat preference of several species 
(Cheng, 1966; Jamieson, 1973). A few species inhabit a 
wide variety of aquatic environments, but most species 

show a degree of habitat preference, such as the vegetation 
near the margins of ponds and lakes, flowing waters, 
and the open ocean or near coasts in areas fringed with 
mangrove (Vepsäläinen, 1973; Calabrese, 1977; Spence 
and Scudder, 1980; Cheng, 1985). For species associated 
with the littoral vegetation of freshwaters, younger instars 
tend to occupy areas with dense vegetation, whereas the 
largest individuals are usually found in areas with lower 
vegetation abundance (Nummelin et al., 1984; Wheelwright 
and Wilkinson, 1985). Gerrids are a predaceous group and 
seem to be generalist feeders (Cummins, 1973; Peckarsky, 
1982). They feed mainly on terrestrial arthropods that 
fall on the film of water surface tension and on aquatic 
invertebrates that maintain some degree of contact with 
the water surface (McLean, 1990). They can also feed on 
planktonic crustaceans, such as copepods, and fish larvae 
(Cheng, 1974). Cannibalism is common in this group, and 
probably is a response to crowding and food shortage 
(Nummelin et al., 1984; Nummelin, 1989).

Since most studies on invertebrate predation was 
carried out in temperate lakes, new insight on tropical 
lakes may be of great interest to know the potential role of 
predation in the structuring of prey communities. This is 
specially applied to gerrids, since predation of this group 
on planktonic species is little known in both tropical and 
temperate lakes. Therefore, this study contributes to a 
better understanding on the ecology of gerrids and their 
potential predation on cladocerans.

Our aim was to determine in laboratory experiments if 
juveniles and adults of the gerrid Rheumatobates crassifemur 
Esaki prey on three different sized planktonic cladoceran 
species by size selective predation and if there is difference 
of ingestion rate between young and adult predators. 
Prey are the large-sized Daphnia gessneri (~ 1.2 mm), 
medium‑sized Ceriodaphnia richardi (~ 0.6 mm), and 
small-sized Bosmina tubicen (~ 0.4 mm). We also evaluated 
spatial and temporal distribution of gerrids in the lake, 
because by knowing the zones of the lake and the periods 
of the year when population densities are higher, we can 
infer the local and time period when the potential predation 
would be greater. Our hypotheses were: I. the gerrid can 
prey on planktonic organisms, juveniles being more 
effective predators than adults; II. both juvenile and adult 
are size selective predators and ingest more individuals 
of the larger cladoceran than of the smaller ones; III. the 
gerrid population is more abundant in the littoral zone; 
IV. the species densities are related to water temperature, 
wind, and rainfall.

2. Materials and Methods

2.1. Study site
Lake Monte Alegre is located in southeastern Brazil, 

in the town of Ribeirão Preto-SP, inside the campus of the 
University of São Paulo (21º 10’ 04” S; 47º 51’ 28” W). It is 
a small, shallow, tropical eutrophic reservoir (area = 7 ha; 
maximum depth = 5 m; altitude 500 m a.s.l.) (Figure 1). 
The reservoir was created in 1942 from damming the 
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Laureano Creek, which belongs to the Pardo River basin. 
Its functioning is similar to a natural lake due to the lack of 
dam manipulation and a residence time (~ 45 d) relatively 
high for its dimensions. The margins and surroundings 
are covered by trees, and the aquatic vegetation is 
predominantly composed of the emergent macrophyte 
Ludwigia sp., distributed in narrow stands along most of 
the southwestern littoral of the lake. The climate of the 
region is Tropical, with two well-defined seasons: warm‑wet 
(October-April) and cool-dry season (May‑September) 
(Arcifa et al., 1990). The only filter-feeder planktivorous 
fish 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 (Castilho-Noll and Arcifa, 
2007a), the water mite Krendowskia sp. (Cassano et al., 
2002), and the backswimmer Martarega uruguayensis 
Berg (Domingos and Arcifa, In press).

2.2. Field sampling
The fluctuations and spatial distribution of R. crassifemur 

were analyzed in fortnightly samplings, from December 
2011 to December 2012. Superficial water temperature 
was measured by a probe (Yellow Springs™ Model 95) 
on each sampling event. Measurements of rainfall and 
wind velocity were obtained at a meteorological station 
(Center for Integrated Agrometeorological Information) 
located approximately 5 km from the lake. The gerrids were 
collected in the littoral zone, near the edge of macrophytes 
(1 m deep, with stands of the macrophyte Ludwigia sp.) 
and in the limnetic zone (5 m deep without macrophytes). 
We used a boat to perform superficial sweepings with a 
dip net (0.37 × 0.28 m; 500 µm-mesh) in 3 longitudinal 
transects in each zone, 10 m long each (Figure 1). We  tried 
to maintain a distance of 100 m among the transects in 

order to reduce spatial and temporal autocorrelation 
among replicates. Insects were preserved in ethanol 80% 
and individuals were counted to calculate the population 
density in each date. Insects were measured under the 
stereomicroscope to identify instars and their relative 
abundance in the population. The cladocerans used as 
prey in the experiments were collected with a plankton 
net (60 μm-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
Five experimental assays were performed following 

the described conditions and procedures (Table 1). Insects 
were kept in an environmental chamber (FANEM™, 
model CDG), at 25 °C and diffuse light, in 80 mL beakers 
filled with filtered lake water (glass fiber, Millipore™ 
AP20 – 0.8 to 8.0 µm). The predators were deprived of food 
for 24 h prior to the experiments, for standardizing their 
level of hunger. The culture of zooplankton was carried 
out in glass bottles attached to a plankton wheel, with 
addition of 1 mg C L–1 of the chlorophycean Desmodesmus 
spinosus Chodat (former Scenedesmus spinosus) every 
other day until they reach maturity (4-7 days). After the 
acclimation time of gerrids, feeding trials were made to 
analyze the consumption of the cladocerans by young 
(mean size 1.80 ± 0.03 mm) and adult gerrids (mean size 
2.99 ± 0.03 mm). In each experiment, only one species 
of prey was used.

Two treatments were set, with six replicates each: 
1. predator + prey (P+); and 2. control with prey only (P-). 
Each replicate contained 20 adult prey as Initial Density 
(ID) and 2 predators in (P+) treatment, according to Scott 
and Murdoch (1983) and Cassano et al. (2002). Before the 
beginning of the experiments, prey were randomly caught 

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).
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from the bottles without distinction between ovigerous and 
non-ovigerous females, and were placed in 1800 mL beakers 
(15 cm in diameter) filled with 500 mL (5 cm high) of filtered 
lake water (glass fiber, Millipore™ AP20 – 0.8 to 8.0 µm). 
Then, 1 mg C L–1 of D. spinosus was added to the beakers 
as food for microcrustaceans. Replicates were arranged in 
the chamber in a systematic way to avoid pseudoreplication. 
After 2 h, 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 individuals that were 
alive and NPD the individuals that died without influence 
of predators. These individuals are easily recognizable 
since damages were not perceptible in their bodies, such 
as crushed carapace or holes, and the internal parts were 
intact. EE was calculated only for the treatments (P-), and 
is the mean error in counting prey after the 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):

     /  IR IPc IPe T N= − ×  	 (1)

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

2.4. Statistical analyses
In order to find out possible interactions between the 

fluctuations of the gerrid population and abiotic factors, 
a Pearson correlation test (p ≤ 0.05) was used to analyze 

the relationships between the densities of gerrids and the 
factors: water temperature, wind, and rainfall. The mean 
densities of gerrids in the zones (littoral and limnetic) and 
seasons (warm-wet and cool-dry) were compared by the 
non-parametric Mann-Whitney test. Kruskal Wallis and 
Dunnett’s C tests were used to compare the mean relative 
abundance of instars (I to VI) during the whole period. 
The dispersion index (DI = σ2/μ), where σ2 is the variance 
and μ is the mean, was applied to infer aggregation of 
gerrids in the environment in each zone and sampling 
date. 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 χ2, 
small values meaning random distribution whereas large 
values (≥ 5.99; p ≤ 0.05) indicate aggregation (Bailey, 1987).

Mann-Whitney test was used to compare IP and NPD 
between the treatments (P+) and (P−), and Kruskal-Wallis 
to compare EE between experiments (1 to 5). Since the 
parametric test assumptions were filled (Shapiro-Wilk and 
Levene tests p <0.05), two-way analysis of variance (ANOVA) 
was applied to test the effect of different developmental 
stages of the predators (juvenile and adult) and different 
species of cladoceran prey (Ceriodaphnia richardi and 
Daphnia gessneri) on IR of the gerrids. The programs 
Statistica™ 8.0 and IBM SPSS Statistics were used 
to perform all statistical analyses using the significance 
level of 95%.

3. Results

3.1. Laboratory experiments
At the end of the experiments we counted the number 

of intact prey (IP), naturally dead prey (NPD), and 
calculated the experimental error (EE) and ingestion rate 

Table 1. Experimental conditions and the length (mean ± SD) of species: Prey - Bosmina tubicen; Ceriodaphnia richardi 
and Daphnia gessneri; Predator - Rheumatobates crassifemur.

Experimental conditions
Acclimation time 24 hours

Temperature 25º C
Containers 1800 mL beakers

Nº of replicates 6 replicates
Nº of predators 2 predators per replicate

Initial Density (ID) 20 prey per replicate
Experimental time 2 hours

Prey and length (mm) Predator and length (mm)
Experiment 1 D. gessneri R. crassifemur

1.11 ± 0.17 2.97 ± 0.08 (adult) ♂♀
Experiment 2 C. richardi R. crassifemur

0.64 ± 0.01 3.01 ± 0.06 (adult) ♂♀
Experiment 3 D. gessneri R. crassifemur

1.22 ± 0.11 1.80 ± 0.10 (juvenile)
Experiment 4 C. richardi R. crassifemur

0.65 ± 0.01 1.84 ± 0.10 (juvenile)
Experiment 5 B. tubicen R. crassifemur

0.44 ± 0.01 1.78 ± 0.08 (juvenile)
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(IR) (Table 2). Statistical differences of the means of IP 
between the treatments were found for the experiment 1 
(D. gessneri vs. adult; Mann-Whitney, n = 6, U = 0.0, p = 0.00), 
experiment 3 (D. gessneri vs. juvenile; Mann‑Whitney, 
n = 6, U = 0.0, p = 0.00), experiment 4 (C. richardi vs. 
juvenile; Mann‑Whitney, n = 6, U = 0.5, p = 0.00) and 
experiment 5 (B. tubicen vs. juvenile; Mann-Whitney, 
n = 6, U = 0.0, p = 0.00). However, the experiments with 
B. tubicen were performed only once, since this species 
agglomerated at the water surface of the beakers. Thus, 
independently of the presence of predator in the beakers, 
prey would die due to the impossibility to dive back 
into the water column. Thus, we decided not to use that 
species in further experiments due to misinterpretation of 
the results. The other two prey species did not show this 
behavior and dispersed in the water column, moving in 
search of food, including in the layer just below the film 
of surface tension of the water.

It was observed the effect of the instar (adult and 
juvenile) on IR of predators (ANOVA two-way F 1, 
20 = 16.18, p = 0.00), juveniles consuming more prey than 
adults (Figure 2). The effect of prey species (large‑sized 
D. gessneri and medium-sized C. richardi) on the IR was 

also different (ANOVA two-way F 1, 20 = 36.40, p = 0.00), 
D. gessneri being more consumed than C. richardi. Juveniles 
significantly preyed on both cladocerans, but fed more on 
D. gessneri than on C. richardi, whereas adults preyed 
only on D. gessneri (Figure 2).

Natural death of cladocerans (NPD) occurred in 
almost all replicates (Table 2). These individuals showed 
no evidence of predatory attack, and did not represent a 
problem in estimating IP, since they were easily recognized 
because of their conspicuous milky appearance and the 
intact structures. There was no difference in the mean 
NPD between the treatments, except for the experiment 3 
(D. gessneri vs. juvenile; Mann Whitney, n = 6, U = 1.00, 
p = 0.00) and the experiment 5 (B. tubicen vs. juvenile; 
Mann Whitney, n = 6, U = 6.00, p = 0.04). However, 
for the experiment 3 the mean NPD was higher in the 
treatment (P+), while in the experiment 5 it was higher 
in the treatment (P-). Thus, in the experiment 3, there was 
a likely influence of the predator on NPD of D. gessneri, 
because the mean was higher in the treatment (P+). On the 
other hand, in experiment 5, NPD was higher in the 
treatment (P-) because of the agglomeration of B. tubicen 
at the water surface, leading to death of the individuals 

Table 2. Mean (± SE) values of the variables (EE) experimental error (ind/replicate), (NPD) natural prey death (ind/replicate), 
(IP) intact prey (ind/replicate) and (IR) ingestion rate (prey pred.–1 h–1) 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 0.0 ± 0.0 0.3 ± 0.2 0.5 ± 0.2 20.0 ± 0.0 16.5 ± 0.6 1.0 ± 0.1
2 Adult Ceriodaphnia 0.5 ± 0.3 0.8 ± 0.4 1.5 ± 0.2 19.5 ± 0.3 19.5 ± 0.2 0.0 ± 0.1
3 Juvenile Daphnia 0.0 ± 0.0 0.1 ± 0.1 2.0 ± 0.3 20.0 ± 0.0 15.0 ± 0.3 1.3 ± 0.1
4 Juvenile Ceriodaphnia 0.2 ± 0.1 0.7 ± 0.3 0.7 ± 0.2 19.8 ± 0.1 17.0 ± 0.6 0.7 ± 0.1
5 Juvenile Bosmina 0.7 ± 0.2 1.3 ± 0.4 0.3 ± 0.2 19.3 ± 0.2 5.5 ± 1.0 3.5 ± 0.4

Figure 2. Ingestion rate (IR) (mean ± SE) of the cladocerans Daphnia gessneri and Ceriodaphnia richardi by young and 
adult Rheumatobates crassifemur.
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without predation. However, in the treatment (P+) of the 
experiment 3, the individuals trapped at the surface were 
preyed on. Thus, the influence of natural death in the 
experiments was negligible, so the effect of predators, 
which eventually could cause an imperceptible injury that 
would culminate in the prey death, was not detected in our 
experiments, except for experiment 3. Experimental error 
(EE) was null in 76.7% of the replicates of the control 
treatments, and no statistical difference was observed 
among all the five experiments performed, meaning that 
there was no interference of count error on the experimental 
results (Table 2).

3.2. Abiotic factors, fluctuations, spatial distribution 
and age structure

Lower values of rainfall and maximum wind velocity 
were recorded in the cool season, but mean wind velocity 
was higher in the warm season (Table 3). The densities of 
gerrids were not significantly correlated with temperature, 
wind velocity or rainfall. There was no difference between 

the mean density of the insects in the cool (6.9 ± 1.5 ind.m–2) 
and warm (9.2 ± 2.3 ind.m–2) seasons (Mann Whitney, 
n = 26, U = 39.00, p = 0.61).

There was a significant higher mean density of the 
insects in the littoral (7.0 ± 1.2 ind.m–2) compared with 
the limnetic zone (1.3 ± 0.4 ind.m–2) (Mann Whitney, 
n = 26, U = 73.0, p = 0.00). Higher densities were recorded 
between late January to June, for both littoral and limnetic 
zones (Figure 3).

There were significant differences in the abundance of 
the instars (Kruskal Wallis, n = 26, H = 16.51, p = 0.00), 
ranked in the following order: instar II > adult = instar 
I > instars III = IV = V (Table 4).

In the littoral zone, gerrids were mostly aggregated, 
especially when high density was recorded, and randomly 
distributed when density was low. Dispersion index (DI) 
in the littoral zone ranged from 0.5 to 61.3. In the limnetic 
zone, random distribution was observed in most samplings 
and DI ranged from 0.0 to 21.8.

Table 3. Minimum, maximum and mean (± SD) values of water temperature in the lake, wind velocity, and rainfall.
Warm-wet season Cool-dry season

Minimum Maximum Mean Minimum Maximum Mean
Water temperature (°C) 26.1 30.7 28.8 ± 1.3 22.3 26.1 23.7 ± 1.2
Wind velocity (m/s) 5.3 11.1 8.2 ± 1.5 4.5 16.0 7.8 ± 3.2
Rainfall (mm) 0.0 30.5 4.2 ± 8.7 0.0 19.1 1.8 ± 5.7

Figure 3. Density (mean ± SE) of Rheumatobates crassifemur in the littoral and limnetic zones, during 12 months and 
fortnightly samplings.

Table 4. Mean density (± SE) of the instars I to VI during the study period.
Instar n Density (ind.m–2) Post-Hoc

I 26 1.8 ± 0.5 B
II 26 2.7 ± 0.6 A
III 26 0.8 ± 0.2 C
IV 26 0.5 ± 0.1 C
V 26 0.4 ± 0.1 C

VI (Adult) 26 2.0 ± 0.7 B
Comparisons were made by Kruskal Wallis and Dunnett’s C tests (p < 0.05). Same letters mean there is no statistical difference.
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4. Discussion

Our results confirm the hypothesis that the gerrid 
R. crassifemur preys on cladocerans, and that juveniles 
are more effective predators than adults. Other studies 
also report higher predation pressure by young instars of 
heteropterans on Daphnia and Ceriodaphnia, in comparison 
to adults (Scott and Murdoch, 1983; Murdoch and Scott, 
1984; Murdoch et al., 1984; Domingos and Arcifa, In press). 
Accordingly, in our study, young instars were more effective 
predators than adults. Empirical data generally show that 
the larger the predator, the larger the prey it consumes 
(Claessen et al., 2000). Due to the fact that adult gerrid 
consumes only the large Daphnia we can suppose that the 
size range of prey offered was appropriate for juveniles 
but too small for adults. Thus, young instars are likely to 
have greater facility in capturing small prey than adults.

Our results support the hypothesis of size selective 
predation, since both adults and juveniles preyed more 
on the large-sized Daphnia than on the medium-sized 
Ceriodaphnia. The size of zooplankton prey is considered a 
key factor in the preference of predators in lentic ecosystems 
(Zaret, 1980; Brooks and Dodson, 1965). This idea has led 
to the generalization that some aquatic invertebrates are 
size selective predators. In accordance, Scott and Murdoch 
(1983), Murdoch and Scott (1984) and Gilbert and Burns 
(1999) observed that the heteropteran notonectids select 
prey by size, with a strong preference for the largest 
zooplankton species. Blaustein (1998) showed that Notonecta 
maculata Fabricius structured a zooplankton community 
by size selective predation, resulting in reduction of the 
density of larger species, without affecting the density of 
smaller ones, such as Ceriodaphnia sp. In this study, the 
exception occurred in the experiment with the small-sized 
B. tubicen, where predators presented the highest ingestion 
rate. But in this specific case, the results were biased by 
the prey behavior of agglomerating at the water surface, 
which facilitates predation. The two other cladocerans do 
not behave as Bosmina, but they must rise up to the water 
surface to be captured by gerrids. Since gerrids possess a 
well developed visual system, with relatively large eyes, 
vision and water vibration seem to be sufficient to trigger 
an attack. The lack of predation of C. richardi by adult 
gerrid was possibly owing to the smaller prey size and not 
to problems of detection.

The hypothesis that higher population densities of 
gerrids would be found in the littoral zone of Lake Monte 
Alegre was confirmed. A few studies have shown that 
gerrids tend to occupy the littoral zone, where aquatic 
vegetation can be abundant (Spence, 1981; Nummelin et al., 
1984). Macrophytes are probably a key factor influencing 
the distribution of this species of gerrid, since they 
are preferentially distributed at their edge in the lake. 
Rubenstein (1984) showed that the gerrid Gerris remigis 
Say remains in microhabitats with better food quality and, 
consequently, better reproductive capacity. In macrophyte 
stands of the lake, a wide variety of microhabitats can be 
found, that contribute to a greater diversity of invertebrates 
(Meschiatti and Arcifa, 2002; Cleto-Filho and Arcifa, 

2006), including planktonic cladocerans and copepods 
(Souza, 2015). Terrestrial invertebrates are also abundant 
in macrophytes, such as insects that eventually fall on 
the water, becoming vulnerable to predation (Domingos, 
2012 - personal observation). Shelter is another factor that 
influences gerrid preference by the littoral. In experiments, 
all species of gerrids showed habitat preference, avoiding 
those with low coverage, which are more influenced by 
wind and wave disturbance (Spence, 1981). Macrophytes 
can also provide shelter against predators, as shown by 
Cook and Streams (1984). They demonstrated in laboratory 
experiments, with Lepomis sp. as predator and notonectids 
as prey, that the presence of vegetation increases the search 
time of the notonectid by the fish, decreasing its capture 
success. However, predation on gerrids can be low due 
to secretions produced by the metathoracic scent glands, 
which make them distasteful to predators (Andersen and 
Polhemus, 1976). Accordingly, these insects are not a dietary 
item of fish species that share the same environment in Lake 
Monte Alegre (Meschiatti and Arcifa, 2002). Furthermore, 
macrophytes are a suitable oviposition site, since leaves 
and other plant structures are suitable for females to lay 
eggs, what is crucial because it can influence the survival 
of younger individuals against predation by older instars 
and another predators (Haskins, 1997). Aggregated 
distribution may result from the preference for certain sites 
for oviposition or shelter, where prey are more abundant 
or competition by food and space resources with other 
species is lower (Foster and Treherne, 1980).

Our results do not support the hypothesis that the 
fluctuations of the gerrid population were related to abiotic 
factors. As the population fluctuations were irregular 
throughout seasons in the lake, they were apparently not 
related with the abiotic factors, such as temperature, wind, 
and rainfall. In a study of population dynamics carried 
out in a whole season period, Jamieson (1973) observed 
differences in the timing of gerrid life cycle, which 
apparently separated the peaks of abundance of several 
species. In this study, the highest densities in the warm 
season, with a progressive increase from late January to 
April, coincided with the rise in primary productivity in the 
lake (Ferreira, 2013), and density decreases were probably 
related to the reproductive cycle of the R. crassifemur. 
Gerrids of tropical regions reproduce throughout the year 
(Cheng, 1966). Our results showed similar results, since 
all instars were found almost during all the study period, 
except from September to November when abundances 
were low and some instars were absent. A hypothesis 
that deserves to be further explored is that gerrids and 
notonectids avoid competition by lower temporal overlap. 
Both insects share similar ecological niches, but higher 
densities of the notonectid M. uruguayensis in the cool 
season (Domingos and Arcifa, In press), coincided with 
lower densities of gerrids.

4.1. Final remarks
In conclusion, this study contributed to enlarge the 

knowledge of invertebrate predation on the zooplankton 
community of tropical shallow lakes and on the ecology 
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of gerrids. Due to the preferential distribution of the gerrid 
population in the littoral zone, predation pressure would 
be greater on prey that are littoral inhabitants. Planktonic 
microcrustaceans prefer, in general, the limnetic zone, 
but can also be found in the littoral zone (Souza, 2015). 
However, larger cladocerans use less often the littoral 
as shelter against predation, because predation by fish, 
notonectids, and gerrids (Arcifa et al., In press; Domingos 
and Arcifa, In press; this study) is stronger in that zone.

In laboratory experiments with predators and prey of 
the lake, the maximum ingestion rates of 0.5 prey/h by 
Chaoborus (Castilho-Noll and Arcifa, 2007a), 1.2 prey/h 
by notonectid (Domingos and Arcifa, In press) are lower or 
similar to that of the gerrid (1.3 prey/h; this study). However, 
as the gerrid moves over the water surface, inserting only its 
sucking apparatus in the water, only cladocerans that reach 
the surface film are preyed on. The other invertebrates in 
Lake Monte Alegre, such as chaoborid larvae, which are 
more abundant in the limnetic zone (Arcifa et al., 2013; 
In press) and the notonectid, which is able to dive into 
shallow waters, are probably more efficient predators than 
the gerrid Rheumatobates crassifemur.
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