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Abstract

Most studies on mechanisms regulating fish larvae processes have focused on assessing the isolated effects of food
distribution and feeding behavior. However, in natural ecosystems, fish larvae may strongly interact with zooplankton
organisms in an array of complex, direct and indirect interdependencies. This study analyzed the spatial distribution,
diet and feeding behavior of early stages of Hypophthalmus edentatus and Plagioscion squamosissimus, two fish
species co-occurring in an isolated floodplain lake, during the light-dark cycle. Larvae fed more actively during dark
periods (dusk and night) when they migrated toward the surface of the lake, and remained on the bottom and fed
less during light periods (day and dawn). Cladocerans represented the most frequent prey in the diet of H. edentatus
larvae. In turn, P. squamosissimus larvae initially preferred cladocerans and, as they developed, included calanoid
copepods in the diet. Significant differences were detected in the frequencies of food items consumed during larval
development, which could be related to a better ability of the most developed stages to explore the environment in
search of other prey.

Keywords: diet, predation, feeding preference, trophic strategy, zooplankton.

Efeitos do ciclo claro-escuro na distribuicao espacial e na atividade alimentar
de larvas de peixes de duas espécies coexistentes (Pisces: Hypophthalmidae e
Sciaenidae) em uma lagoa de planicie de inundaciio Neotropical

Resumo

A maioria dos estudos de mecanismos que regulam os processos de larvas de peixes se concentra na avaliagdo
dos efeitos isolados da distribui¢do do alimento ¢ do comportamento alimentar. No entanto, em ecossistemas
naturais, as larvas de peixes podem interagir fortemente com os organismos do zooplancton em uma série de
interdependéncias complexas, diretas e indiretas. Este estudo analisou a distribui¢ao espacial, dieta e comportamento
alimentar dos estagios iniciais de vida de Hypophthalmus edentatus e Plagioscion squamosissimus, duas espécies
de peixes coexistentes em uma lagoa isolada de planicie de inundagao, durante o ciclo claro-escuro. As larvas se
alimentaram mais ativamente durante os periodos escuros (crepusculo e noite) quando ascenderam em direg@o a
superficie da lagoa, enquanto durante os periodos luminosos (dia e amanhecer) permaneceram no fundo e pouco se
alimentaram. Os cladoceros foram as presas mais frequentes na dieta de larvas de H. edentatus. Por sua vez, larvas
de P. squamosissimus inicialmente preferiram cladoceros, e a medida que se desenvolveram incluiram copépodes
calanoides na dieta. Diferencas significativas foram detectadas nas frequéncias dos itens alimentares consumidos
durante o desenvolvimento larval, o que poderia estar relacionado a uma melhor capacidade dos estagios mais
desenvolvidos em explorar o ambiente na busca por outras presas.

Palavras-chave: dieta, predagdo, preferéncia alimentar, estratégia trofica, zooplancton.
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1. Introduction

The combined investigation of feeding behavior and
spatial distribution of food resources allows the elucidation of
ecological relationships between fish species (Temming etal.,
2002; Neves et al., 2015). Feeding strategies of fish larvae
are complex. Factors such as composition and availability
of food (Sanchéz-Velasco, 1998), development of the
digestive tract, visual acuity and swimming performance
of larvae (Makrakis et al., 2008), and the lighting cycle
(Probst and Eckmann, 2009) are important to understand
these relationships.

Studies have shown that the lighting cycle is the main
driving factor in the distribution of fish larvae in the water
column. This includes light-dark or day-night cycles, which
are bright or dark periods separated by brief crepuscular
periods (dusk, dawn) when light changes rapidly, and the
decrease of light during the nightfall that stimulates the
migration of larvae toward surface layers, while the increase
of illumination in the morning induces the movement
to deeper layers (Donner and Eckmann, 2011; Mehner,
2012; Picapedra et al., 2015). During crepuscular periods,
light levels minimize the risk of predation and allow the
visualization of food in the surface layers (Scheuerell and
Schindler, 2003). This behavior is seen as a multi-adaptive
strategy, conferring advantages in avoiding predators,
bioenergetics efficiency and foraging on zooplankton
(Scheuerell and Schindler, 2003; Donner and Eckmann,
2011; Mehner, 2014).

The species Hypophthalmus edentatus (Spix,
1829) (Hypophthalmidae, Siluriformes) and
Plagioscion squamosissimus (Heckel, 1840) (Sciaenidae,
Perciformes) have a prominent position in the region
studied in the present work, especially because of their
economic importance and ecological aspects. H. edentatus
is a planktivorous filter-feeding fish (specializations of
gill rakers) (Lansac-T6ha et al., 1991) and has had great
significance for commercial fishing, especially after
the damming of the Itaipu Reservoir, when a sudden
increase in its stock took place (Ambrosio et al., 2003).
P. squamosissimus is a piscivore that was introduced in
1967 into the Pardo River by the Companhia de Energia
de Sao Paulo (CESP). Consequently, it spread throughout
the Parana River basin (Torloni et al., 1993). These two
species have become successful and are among the dominant
species in many environments of the Upper Parana River
floodplain (Langeani et al., 2007), including in areas of
environmental protection, such as the Parque Nacional
de Ilha Grande (Daga et al., 2009; Baumgartner et al.,
2010; Mendonga et al., 2015) and the Parque Estadual das
Varzeas do Rio Ivinhema (Reynalte-Tataje et al., 2011).

In the Upper Parané River floodplain, the distribution
of fish larvae abundance has been studied mainly in relation
to hydrological factors (e.g. Baumgartner et al., 2008;
Silva et al., 2011; Gogola et al., 2013). However, studies
on how trophic processes affect the survival of fish larvae
are missing. Studies combining diet ontogeny of fish larvae
with the distribution of the food resource are still scarce
(e.g. Santin et al., 2005; Makrakis et al., 2008).
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Avoiding predators and ensuring food are influent
factors on the spatial distribution patterns of species
(Pearre-Junior, 2003). Based on this assumption, this
study tested the hypothesis that fish larvae are distributed
differently in the water column during the light-dark cycle
in the Xambré Lake, causing important changes in predation
on zooplankton, given the visual foraging nature of fish
larvae. We intended to answer the following questions:
(1) Does the abundance of larval stages (pre-flexion, flexion
and post-flexion) differ between sampled depths (surface
and bottom) in the different periods of the light-dark cycle?;
(ii) Is there any relationship between the distribution of
larval density and selected zooplankton groups?; (iii) Is
there any preference period for larvae feeding?; (iv) What
are the frequent and dominant food items of larval stages?

2. Material and Methods
2.1. Study site

The studied environment is an isolated marginal lake,
Xambré Lake, approximately Skm long, 1km wide and
3m deep. The Xambré Lake is located on the left bank of
the Parana River, within the limits of the Parque Nacional
de Ilha Grande. It has an extensive floodplain area on
its right margin that separates it from the Parand River
(Figure 1). Currently, it is maintained by groundwater and
a small stream. Its connection with the Parana River was
sporadic in years with very high floods; the last record
was in 1996. However, after the construction of the Porto
Primavera Reservoir, there have been no such floods to
connect the lake with the Parand River (Daga et al., 2009;
Mendonga et al., 2015).

2.2. Sampling

Monthly samplings were taken from October 2012 to
September 2013. Fish larvae were collected in two horizontal
transects at two water layers in the Xambré Lake - surface
(0.3 m) and bottom (3 m) - at four different times - day
(16:00), dusk (20:00), night (04:00) and dawn (08:00).
For fish larvae sampling on the water surface, we used a
conical-cylindrical plankton net (500 pm mesh size), which
was trawled by boat for 10 min at low speed (5 km h').
For bottom collections, a plankton net of the same mesh
size was attached to an iron sled frame and dragged for
the same time. Both nets had a mechanical flowmeter
(Flowmeter General Oceanics™) attached to the net frame
for obtaining the filtered water volume. The captured fish
larvae were anaesthetized with benzocaine hydrochloride,
in compliance with resolution #714 of 20 June 2002 of the
Conselho Federal de Medicina Veterinaria, which regulates
euthanasia procedures and methods for animals used in
research. After this procedure, the material was fixed and
stored in plastic flasks (500 ml), filled with 4% formalin,
buffered with calcium carbonate.

Zooplankton samples were concomitantly collected
with fish larvae. Zooplankton samples were taken using a
motorized pump to filter 200 L of water per sample through
a conical-cylindrical plankton net (60 pm mesh size).
Samples were fixed and stored in plastic flasks (500 ml),
filled with 4% formalin, buffered with calcium carbonate.
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Figure 1. Location of transect sites in the Xambré Lake, Upper Parana River floodplain, Brazil.

2.3. Laboratory analysis

Fish larvae were sorted from the rest of the material
in a Bogorov acrylic plate under a stereo-microscope
(10x magnification). Larvae were classified according
to the degree of notochord flexion and development
of the caudal fin supporting elements, as proposed by
Nakatani et al. (2001), into the stages: (i) pre-flexion: from
the beginning of the exogenous feeding to the beginning
of the notochord flexion with the emergence of the caudal
fin supporting elements; (ii) flexion: from the notochord
flexion through the formation of the caudal fin supporting
elements to the beginning of pelvic fin formation; and
(iii) post-flexion: from the beginning of pelvic fin formation
to the segmentation of ray fins, embryonic fin absorption
and the emergence of scales. Then, the data on larval
abundance were standardized to a volume of 10 m? of
water filtered, according to Nakatani et al. (2001).

Zooplankton abundance was determined by counting
the individuals using a Sedgewick-Rafter chamber under
an optical microscope (10 to 100x magnification range).
This counting was performed in sets of three sequential
sub-samples obtained by a Hensen-Stempell pipette,
evaluating 7.5 ml from each sample in total. Zooplankton
was classified into four functional groups: microfilterers
(rotifers and nauplii), cladocerans, calanoids and cyclopoids.
Specific bibliography for each study group was used for
identification of the organisms. The total abundance was
expressed in individuals per m™.

To investigate the diet of fish larvae, we analyzed
348 individuals of H. edentatus and 659 of P. squamosissimus.
Digestive tubes were removed and placed on slides and
examined under optical-microscope (40x magnification).
In pre-flexion and flexion larvae, the entire digestive tract
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was analyzed, and in post-flexion larvae, the stomach and
only the anterior two thirds of the intestine was analyzed
because of the high degree of digestion of food items in the
final portion. The contents were quantified and the items
identified at the group level and, whenever possible, at
lower taxonomic levels. To identify the preferred period of
the day in which feeding occurs, we analyzed the degree of
digestion of food items consumed by fish larvae, according
to the following criteria: (i) low: when the item was found
largely intact; (ii) medium: when only the carapace, or part
of'it, was found sufficiently preserved; (iii) high: when the
item had lost its original shape and had a highly digested
carapace (Sanchez-Velasco, 1998).

2.4. Statistical analysis

To test differences in the abundance of different
ontogenetic stages (pre-flexion, flexion and post-flexion)
of fish species (H. edentatus and P. squamosissimus) and
zooplankton groups (microfilterers, cladocerans, calanoids
and cyclopoids) between the surface and the bottom of the
lake, we applied a one-way analysis of variance (one-way
ANOVA) to each period of the light-dark cycle, with
p <0.05 considered significant. We tested for data normality
with the Shapiro-Wilk test, and for homoscedasticity, with
the Levene test. When the assumptions of ANOVA were
not met, we used a nonparametric analysis of variance
(Kruskal-Wallis test) to test for differences between medians.

Multiple linear regressions were applied to test the
influence of zooplankton in determining the vertical
position of fish larvae during the light-dark cycle, with
p <0.05 considered significant. For this analysis, we used
the weighted mean depth values (WMD) of fish species
and zooplankton groups. The average depth during the
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different hours of the day for each zooplankton group and
fish species was calculated according to the equation of
Frostand Bollens (1992): WMD = (Xnixdi) / (Xni),
where ni is the density (individuals per m) of the population
i and di is the depth of the sample 7, which is considered
as the midpoint of each depth layer.

To analyze the feeding ontogeny of the larvae, we
used the frequency of occurrence (FO) method, whereby
the number of stomachs in which a particular item is
found is expressed as the percentage of the total number
of examined stomachs containing food. We also used
the dominance (D) method, analyzing the percentage of
the number of times that a particular item is numerically
dominant (occurs more often) in a stomach, according to
the total of the stomachs (Hyslop, 1980). A permutational
multivariate analysis of variance (PERMANOVA) was
used to determine whether the composition of food items in
the diet differed between ontogenetic stages of the larvae.
For this, we used the matrix of frequency of occurrence.
Jaccard distance was used as a dissimilarity measure and
9,999 permutations were run to evaluate the significance
of the pseudo-F of PERMANOVA (p < 0.05).

We calculated ANOVAs and multiple linear regressions
in Statistic 7.1 (Statsoft, 2005), and PERMANOVA in PAST
1.68 (Hammer et al., 2001). Before analysis, all data were
log-transformed [(log x+1)] to homogenize variances.

3. Results

Early stages of development of H. edentatus and
P, squamosissimus exhibited a clear preference (one-way
ANOVA, p < 0.05) for the bottom during light periods
(day and dawn), and were distributed throughout the
two layers at dark periods (dusk and night). Pre-flexion
H. edentatus larvae showed differences during day and
dawn; flexion larvae, during day, dusk and dawn; and
post-flexion larvae, during day and dawn. In turn, pre-flexion
P. squamosissimus larvae showed differences during day
and dawn; flexion larvae, during day, dusk and dawn; and
post-flexion larvae, during day (Figure 2).

Among zooplankton groups, the abundance of
microfilterers at the surface and the bottom were not
significantly different, indicating that organisms were

distributed along the water column without preference
for any layer during the light-dark cycle. However,
differences (one-way ANOVA, p < 0.05) were observed
in the distribution of microcrustaceans, which had a clear
preference for the bottom during light periods (day and
dawn) and for the surface during dark periods (dusk and
night). Cladocerans, calanoids and cyclopoids copepods
showed differences during day, dusk, night and dawn
(Figure 3).

Multiple linear regressions pointed out significant
correlations (p < 0.05) between the WMDs of fish
larvae and zooplankton, except between fish larvae and
microfilterers. The distribution of H. edentatus larvae
was correlated with that of cladocerans, calanoids and
cyclopoids; and the distribution of P. squamosissimus
larvae was correlated with that of cladocerans, calanoids
and cyclopoids (Table 1).

The degree of digestion of prey consumed by H. edentatus
larvae revealed that over 58% of the prey had a low degree
of digestion during dusk, night and dawn periods, unlike
individuals caught during the day, in which 79% of the
prey consumed were found in a more advanced degree
of digestion (medium and high level) (Figure 4a). As for
P, squamosissimus larvae, the degree of digestion revealed
that more than 60% of the prey consumed had a low level
of digestion during dusk and night periods, while during
day and dawn periods, over 69% of the prey were already
in more advanced degrees of digestion (medium and high)
(Figure 4b).

The diet of H. edentatus larvae was mainly composed
of cladocerans, but there were also copepods, rotifers,
algae and insect larvae. Cladocerans were the most
frequent prey throughout the larval period, and Bosmina
hagmanni Stingelin, 1904 and Ceriodaphnia cornuta Sars,
1886 were the dominant items in the diet, while rotifers
and young and adult copepods were the least frequent.
The diet of P. squamosissimus larvae was basically
composed of cladocerans, copepods, rotifers, insect larvae
and aquatic mites. Cladocerans, especially B. hagmanni,
were the most frequent and dominant item in the diet of
pre-flexion larvae, while calanoid copepods, especially
Argyrodiaptomus furcatus (Sars, 1901), were the most
frequent and dominant for the flexion and post-flexion

Table 1. Multiple linear regressions summary for fish larvae (Hypophthalmus edentatus and Plagioscion squamosissimus)
weighted mean depth (WMD) versus the zooplankton (microfilterers, cladocerans, calanoids and cyclopoids) at that WMD.

Dependent variable Inngie;)(:znt slope intercept r )4

Hypophthalmus edentatus microfilterers -0.361 2.529 0.01 0.376
cladocerans 1.372 -0.261 0.43 <0.001

calanoids 1.394 -0.300 0.44 <0.001

cyclopoids 1.272 -0.052 0.33 <0.001

Plagioscion squamosissimus microfilterers -0.108 2.229 0.00 0.722
cladocerans 0.952 0.539 0.32 <0.001

calanoids 1.035 0.393 0.29 <0.001

cyclopoids 0.932 0.590 0.26 <0.001

r? = coefficient of determination; p < 0.05 indicate significant correlations.
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Figure 2. Spatial variation in the mean density of larval stages of Hypophthalmus edentatus and Plagioscion squamosissimus
during light-dark periods in the Xambré Lake. Symbol: mean value of density; bar: standard error. Asterisks values indicate

significant differences (p < 0.05) between the depths.

larvae. Rotifers, young stages of copepods (nauplii and
copepodids) and cyclopoid copepods were the least
frequent in the diet (Table 2). Significant differences in the
frequency of occurrence of food items were evidenced by
PERMANOVA for the ontogenetic stages of H. edentatus
(pseudo-F=14.92, p < 0.001) and P. squamosissimus
(pseudo-F=16.95, p < 0.001).

Braz. J. Biol., 2018, vol. 78, no. 4, pp. 763-772

4. Discussion

Data on the spatial distribution patterns of larval
abundance of H. edentatus and P. squamosissimus in the
Xambré Lake demonstrated that even larvae with lower
swimming performance (pre-flexion) performed migrations
in the water column during the light-dark cycle. After the
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flexion of the notochord (flexion and post-flexion stages),
larvae are able to control passive drift, and become able

to move toward deeper environments in search for shelter

and food, while pre-flexion larvae usually presented
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difficulty to move and often depended almost entirely on the
movement of water to displace, until flexion of the notochord
(Grioche et al., 2000). However, the lentic characteristic
of the environment combined with the development of
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Table 2. Frequency of occurrence (FO) and dominance (D) of food items in the diet of larval stages (PF = pre-flexion,
FL = flexion and FP = post-flexion) of Hypophthalmus edentatus and Plagioscion squamosissimus. n = number of analyzed

stomachs.
Hypophthalmus edentatus Plagioscion squamosissimus
Food items Pre-flexion Flexion Post-flexion Pre-flexion Flexion Post-flexion
n=157 n=135 n=56 n=171 n=220 n=268
FO D FO D FO D FO D FO D FO D
Rotifera
Brachionus 3.7 - 9.7 2.9 - - - - - 0.5 0.6
calyciflorus
Filinia opoliensis - - - - - - - - - - -
Filinia terminalis 0.9 - - - - - - - - - -
Keratella americana - - - - - - - - - - -
Cladocera
Bosmina hagmanni  80.1 86.6 958 87.1 100 755 269 39.1 42 39.2 447 303
Ceriodaphnia 30.1 74 666 8.6 959 143 7 54 9.1 09 143 33
cornuta
Ceriodaphnia 2.8 - 22.2 - 20.4 - 0.5 - 0.6 - 2.7 0.6
silvestrii
Daphnia gessneri - - 1.3 - - - - 1.8 - 17.1 33
Diaphanosoma - - - - - 23 1.2 0.6 - 3.8 -
spinulosum
Moina minuta 5.6 1.2 11.1 14 285 2 9.3 7.6 1.2 0.9 7.1 -
Unidentified 94 48 1.3 - 16.3 82 163 195 8.5 36 16 5.8
Copepoda
Cyclopoida nauplii - - - - - 0.5 - - - - -
Calanoida - - - - - 93 108 73 2.7 121 1.9
copepodites
Cyclopoida 0.9 - - - - 2.3 1.2 - - 4.9 -
copepodites
Argyrodiaptomus - - - - - 11.7 7.6 426 428 71.8 49
furcatus
Mesocyclops sp. - - - - - - - - - 0.5 -
Thermocyclops - - - - - - - - - 0.5 -
minutus
Unidentified - - - - - 6.4 76 9.1 9.9 5.5 33
Others
Algae - - 1.3 - - - - - - - -
Chaoborus sp. - - - - 10.2 - - - 0.6 - 10.5 1.3
Hydracarina - - - - - - - - - 0.5 0.6

swim-bladder at pre-flexion stage (Partridge et al., 2011)
allows the vertical displacement of larvae at this stage in
the water column.

For most organisms, avoiding the surface layers during
light periods is commonly considered as an antipredator
behavior (Williamson et al., 2011; Mehner, 2012).
The migratory behavior exhibited by fish larvae is probably
a defense against visual predation by piscivorous fish.
The stay in the bottom during light periods is an effective
strategy for survival in the early stages of life, as help
them avoid predators in the pelagic zone. The migratory
behavior of larvae may be further induced by the isolation
of the Xambré Lake, as this implies an extremely high
risk of predation due to the abundance of piscivorous fish
(mainly adult P. squamosissimus) that cannot disperse to
other environments of the floodplain.

Braz. J. Biol., 2018, vol. 78, no. 4, pp. 763-772

The linear regressions between the WMDs of fish larvae
and of microcrustaceans revealed significant correlations
(p < 0.05) and suggest that fish larvae simultaneously
follow the migration of microcrustaceans through the
water column. According to Donner and Eckmann (2011),
some fish species adapt their migration to coincide with
the ascent of zooplankton that may also occur in such a
way as to synchronize it to the light-dark cycle. This way,
diel migration in the early stages of fish life would play an
important role in their survival and maximize food intake.
However, the higher digestibility of prey consumed during
the light periods (day and dawn) suggest that larvae do
not actively feed in these periods. Instead, we suggest that
larvae feed most actively at dusk and night, when they
migrate along with their prey toward the surface, where
the lower degrees of digestion of prey were observed.
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It is likely that the permanence of larvae at the bottom of
the lake during the day and dawn poses a limitation on
the feeding activity, as the reduced light penetration at
the bottom may hinder the visibility of prey. According
to Werner (2002), most fish larvae are visual predators
and need adequate light to locate their prey. However,
the reduction of light at the bottom is beneficial for the
larvae, as this environment limits the success of visual
predators to locate them.

Diurnal and nocturnal feeding activity must be related
to different light intensity, leading to the alternation in the
period of time of light and dark phases of the day (Carvalho
and Soares, 20006). Probst and Eckmann (2009) found
evidence of “crepuscular windows”, noting that, especially
at dusk, fish larvae seem to use this light window to search
for prey. Hunter (1968) suggested that with adequate light,
as when there is a full moon, some fish are able to feed at
the surface at night. When migration toward the surface
occurs, fish larvae are probably able to see their prey
against the illuminated surface of the environment, which
increases the contrast between the prey and the bottom
(Cech and Kubecka, 2002). Crepuscular feeding has been
also observed during the diel migration of juvenile salmon
(Oncorhynchus nerka, Walbaum, 1792) (Scheuerell and
Schindler, 2003) and may be related to the greater feed
efficiency during light windows in crepuscular hours,
where fish and zooplankton would be equally abundant.
The intensity and duration of feeding during crepuscular
and nocturnal periods are decisive for food uptake of
planktivorous fish, because the abundance of zooplankton
available for fish is usually higher at night, thus potentially
facilitating higher crepuscular and nocturnal feeding rates
than those rates during the day (Mehner, 2012).

The interaction between fish and zooplankton plays an
important role in structuring communities, acting directly on
the density, biomass, diversity, and behavior of organisms
(Brooks and Dodson, 1965; Zaret, 1980). The consumption
of zooplankton prey is usually linked to the size, shape,
pigmentation and escape ability of these organisms as well
as to the vision, preference, hunger and feeding behavior
of predators (Zaret, 1980; Makrakis et al., 2008).

H. edentatus larvae consumed mainly the cladocerans
B. hagmanni and C. cornuta at all stages of development.
The preference of H. edentatus for cladocerans may be
related to the opportunistic characteristic of these larvae
(Makrakis et al., 2008), which feed on the most abundant
prey in the environment. This is endorsed by traits of the
cladocerans, namely, the slow movement, the contrasting
eyes and pigmentation that increase their visibility and
make them more vulnerable to predation (Zaret, 1980;
Rezende et al., 2011). Rotifers and copepods were less
frequent in the diet. The lower consumption rate of rotifers
may be related to their smaller size and lower pigmentation
in relation to cladocerans. Copepods, in turn, are larger and
more visible than cladocerans, but are better swimmers,
what hinders capture (Zaret, 1980).

P. squamosissimus larvae basically consumed
cladocerans and calanoid copepods (mainly A. furcatus),
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and more predominantly copepods at the flexion and
post-flexion stages. Makrakis et al. (2005) and Neves et al.
(2015) associated the preference for calanoid copepods
in P. squamosissimus diet during the larval period with
increased visual acuity, swimming ability and protraction
of'the jawbone. These characteristics facilitate the capture
of copepods by these fish larvae despite the larger size
and greater agility of copepods in relation to rotifers
and cladocerans. Young stages of copepods (nauplii and
copepodids) were less frequent in the diet of larvae, possibly
due to lower visibility compared to adults.

The PERMANOVA detected significant differences
(p < 0.05) in the frequency of occurrence of items
consumed between ontogenetic stages of H. edentatus
and P. squamosissimus larvae. The ontogenetic change in
the diet could be related to a better capacity of the most
developed stages (flexion and post-flexion) to explore the
environment in search of larger prey (Mayer and Wahl,
1997). The consumption of larger prey such as calanoid
copepods, chironomid larvae (Chaoborus sp.) and water
mites, found mainly among post-flexion larvae, can support
the idea that they try to maximize the gain of energy
available in order to compensate for energy expenses with
attacks, capture and ingestion of food (Nunn et al., 2012).

In summary, our results provide strong evidence that
fish larvae feed preferably during the migration toward the
surface in dark periods, as a strategy of larvae to detect their
prey close to the illuminated surface, besides the benefit
of reduced risk of being predated. On the other hand, the
permanence of fish larvae in the darker layer (bottom) of
the lake during light periods represents a strategy against
visual predators; however, this behaviors seems to hinder
their predation on zooplankton. We are able to assert that
there are clear evidences of temporal organization in the
feeding activity of H. edentatus and P. squamosissimus
during the light-dark cycle. Based on the nocturnal activity,
we can suggest the hypothesis of a circadian rhythm for
this species, synchronized by the light-dark cycle and/or by
the cycle of availability of food. Our findings also showed
that the diets of H. edentatus and P. squamosissimus were
mainly made up of microcrustaceans. H. edentatus consumed
mainly cladocerans, but presented a more diverse diet
in the final stage (post-flexion); and P. squamosissimus
initially preferred cladocerans but expanded its preference
to larger prey, such as copepods as the development stage
of larvae advanced.
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