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Abstract This study evaluated the effect of season-
ality on diet composition and overlap in fish species
inhabiting the littoral zone of a small lake. We
analyzed whether the way the species exploit food
resources may help explain their coexistence. Fish
samples were collected in a lake in the Upper Parana
River floodplain in September (dry period) and
December (rainy period) of 2010. The diet of six
species was evaluated through stomach content anal-
ysis, which showed that the most consumed resources
were microcrustaceans, aquatic insects, aquatic higher
plant and algae. Diet composition was significantly
different between periods for all species studied. Diet
overlap values were low in both periods, but trophic
segregation was even higher in the rainy period,
indicating that with greater abundance of food
resources, species could exploit preferential resources.
Trophic segregation, evidenced by the low overlap
values in both periods, indicates the absence of
interspecific competition, which may explain the
coexistence of these species in the littoral zone of this
small lake.
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Introduction

Floodplains have high habitat heterogeneity, including
rivers, channels and lakes, which are subjected to a
large temporal variability in the hydrological regime
(Junk et al. 1989; Thomaz et al. 2007; Agostinho et al.
2009). In the Upper Parand River floodplain, there is
an intense regulation of water flow by dams located
upstream, but the flood pulse is still the main driving
force determining the structure and functioning of
communities in this ecosystem (Agostinho et al.
2004). Therein, the rainy period covers the months
from October to February with monthly averages
higher than 125 mm, and the dry period, from June to
September, with averages lower than 80 mm (Agos-
tinho et al. 2004).

Littoral zones of floodplain lakes are colonized by
extensive macrophyte stands that provide structure and
high habitat complexity (Dibble et al. 1996; Agostinho
et al. 2007; Thomaz et al. 2008; Dibble and Thomaz
2009). Because of this complexity, these areas contain
high diversity and abundance of small-sized fish
(Delariva et al. 1994; Meschiatti et al. 2000; Neiff
et al. 2009; Dibble and Pelicice 2010; Cunha et al.
2011; Gomes et al. 2012) which have particular
behavior patterns, such as low swimming activity and
high exploitation of interstices among the roots
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(Priyadarshana et al. 2001). The habitat provided by
macrophytes is favorable for these fish owing to the
high availability of food resources like algae and
invertebrates (Melo et al. 2002; Colon-Gaud et al. 2004;
Bickel and Closs 2008; Thomaz et al. 2008; Murakami
et al. 2009; Mormul et al. 2010; Colares et al. 2013).

Invertebrates represent an important food resource
for fish, and their abundance is affected by seasonality
(Takeda and Fujita 2004; Lansac-Toha et al. 2004,
Colares et al. 2013), which may change the diet
composition of fish. A trend observed for small-sized
aquatic invertivorous species inhabiting the littoral zone
of lakes is a high consume of insect larvae in the dry
period and microcrustaceans in the rainy period (Casatti
et al. 2003; Russo and Hahn 2006). Besides, greater
abundance of food resources are often found during
rainy periods (Prejs and Prejs 1987; Junk et al. 1989;
Esteves and Galetti 1995), when increased availability
of terrestrial resources is expected (Abujanra et al. 2009;
Novakowski et al. 2008; Walker et al. 2013).

Temporal variation in food availability also influ-
ences the partitioning of resources among Neotropical
fish (Jepsen et al. 1997), and measures of trophic niche
overlap can determine the degree of segregation
between species (Corréa et al. 2011). However, studies
have shown different results, such as greater overlap in
conditions of higher (Zaret and Rand 1971; Delbeek
and Williams 1987; Tofoli et al. 2010) and lower
(Goulding 1980; Prejs and Prejs 1987) food availabil-
ity, and trophic segregation in periods of greater
availability of resources (Pelicice and Agostinho 2006;
Walker et al. 2013). Despite this controversy, food has
been considered the main mechanism of ecological
segregation for fish, and food partitioning is an efficient
way to explore all food resources in a habitat, allowing
the coexistence of species (Gerking 1994).

In Neotropical floodplains, there are several small
shallow lakes isolated from the main river channel,
which are flooded only during major floods, as in the
case of Traira Lake, where this study was conducted.
At this stage of hydrological cycle, the dispersal of
species shifts the assemblages of fish that commonly
live in the littoral zone of lakes (Gomes et al. 2012).
However, these environments are subjected to local
influences, such as rainfall, and are characterized by a
reduction in area, volume of water and depth during
dry period, when it is expected stronger biotic
interactions like predation and competition, whereas
during rainy period, these interactions can be
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minimized (Junk et al. 1989; Gomes et al. 2012). In
this context, the present study analyzed seasonal
variations in the use of food resource by small fish
inhabiting littoral zone of a floodplain lake, by
comparing the diet between a severe drought (Septem-
ber 2010) and a rainy period (December 2010). We
hypothesized that diet composition and overlap are
affected by seasonality. We predicted an increase in
consume of terrestrial resources and low overlap
values during rainy period. This prediction was based
on the assumption that the availability of terrestrial
resources increases in the rainy period (Abujanra et al.
2009; Novakowski et al. 2008; Walker et al. 2013) and
that greater availability of resources in this period
provides trophic segregation (Pelicice and Agostinho
2006; Walker et al. 2013).

Materials and methods

The Upper Parana River floodplain (22°50'S and
53°15'-53°40'W) lies in the upper section of the area
corresponding to National Environmental Protection
Area of Parana River, which is the last dam-free
stretch of Parana River in Brazilian territory. It is a
system that includes rivers, channels and lakes
belonging to the sub-basins of the rivers Parana, Baia
and Ivinhema. Traira Lake is located in Baia River
sub-basin, between the coordinates 22°44'45.6"S;
53°20'21.6"W. It is a small lake (0.47 ha), rounded,
with 2.1 m mean depth, 108.9 m length and 292.4 m
perimeter. It is an isolated lake, 350 m distant from the
main river, having a marginal levee 3 m high. Banks
are dominated by grasses (95 %); aquatic vegetation
in the littoral zone is abundant, composed of macro-
phytes rooted with floating leaves, free floating and
emergent.

Samplings were conducted in September 2010,
period of severe drought, and December 2010, rainy
period (Fig. 1). Littoral zones were sampled with
seining nets (10 m length, 0.5-cm mesh size). Fish
were anesthetized with benzocaine before fixation for
further analysis. Fish were identified and measured,
and the stomachs were removed and fixed in 4 %
formaldehyde. Voucher specimens were deposited in
the Fish Collection of the Center for Nicleo de
Pesquisas em Limnologia, Ictiologia e Aquicultura
(Nupélia), State University of Maringa (Aphyocharax
anisitsi NUP 461; Hyphessobrycon eques NUP 14252;
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Fig. 1 Daily variation of rainfall values during the sampling
period. Arrows indicate the sampling days (September 18 and
December 4)

Moenkhausia forestii NUP 14257; Psellogrammus
kennedyi NUP 14395; Serrapinnus notomelas NUP
1402; Serrapinnus sp. NUP 16470).

Twenty species were caught during the dry period
and 13 during the rainy period, from which we
selected the six that occurred in both periods and
represented 94.5 and 75.0 % of the total caught in the
dry and rainy periods, respectively. We analyzed 177
individuals belonging to these species: A. anisitsi
Eigenmann and Kennedy 1903 (standard length (SL)
range = 2.5-3.0 cm; n = 18); H. eques (Stein-
dachner 1882) (SL = 2.1-2.8 cm; n = 28); M. for-
estii  Benine, Mariguella and Oliveira 2009
(SL = 2.6-3.3 cm; n = 29); P. kennedyi (Eigenmann
1903) (SL = 2.3-4.0 cm; n = 38); S. notomelas (Ei-
genmann 1915) (SL = 2.0-2.6 cm; n = 31); Serrap-
innus sp. (SL = 1.3-2.1 cm; n = 33). The percentage
of empty stomachs was low, ranging between 1.4 % in
M. forestii and 7.6 % in P. kennedyi, while S.
notomelas and Serrapinnus sp. had all stomachs with
food. For diet analysis, food items were identified and
quantified by the volumetric method (Hyslop 1980),
using a glass counting plate (Hellawell and Abel
1971).

To test whether the species diet composition
differed between periods (September and December),
we applied a permutational multivariate analysis of
variance (PERMANOVA), using Bray—Curtis dissim-
ilarity of log-transformed data matrix containing the
volumes of food items. Type III sums of squares were
used to account for unbalanced statistical design. We

used 9999 permutations to estimate the significance of
pseudo-F statistics derived from PERMANOVA.
Analyses testing differences between groups of sam-
ples (periods) in the multivariate space, as PERMA-
NOVA, are sensitive to differences in the dispersion of
samples (individuals) between groups (Anderson
2005). Thus, when the results of PERMANOVA
showed significant differences in the diet of species
between the periods, we used a permutational analysis
of multivariate dispersions (PERMDISP; Anderson
2004) on the basis of the distance of samples
(individuals) from the mean of the group (period).
This analysis indicates the variability of diet between
individuals of the same species in each period and
evidences significant differences between periods. A
permutational ANOVA was run to determine which
species differ in relation to individual diet variability.
The F statistics of this analysis was tested by Monte
Carlo method using 999 randomizations. All multi-
variate analyses were run in R Programming Envi-
ronment using the Vegan package (The R Project for
Statistical Computing, http://www.r-project.org/).
Diet overlap between species was calculated using
$=1-05 (L, [P — Py),
where P,; and P,; are the proportions (volume) of
food item i used by species x and y, and 7 is the total
number of food items. Overlap values range from 0 to
1; values >0.6 are considered biologically significant
(Zaret and Rand 1971). These analyses were run in
EcoSim version 6.18 (Gotelli and Entsminger 2004).

Schoener Index:

Results

There were 14 food items identified in the diets of
studied species: nine of aquatic origin and five of
terrestrial origin. The diet of H. eques, S. notomelas
and Serrapinnus sp. was composed solely of aquatic
resources regardless of the period (Fig. 2). Aphy-
ocharax anisitsi consumed only aquatic resources in
the dry period, and in the rainy period, 20 % of the diet
consisted of terrestrial resources. For M. forestii,
aquatic resources were the most consumed, but those
of terrestrial origin accounted for 30 % of the diet in
the dry period and 20 % in the rainy period. Similar
proportions of aquatic and terrestrial resources were
consumed by P. kennedyi both in dry and rainy periods
(Fig. 2e).
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Aphyocharax anisitsi mainly consumed aquatic
invertebrates, but there was significant difference in
diet between periods (Fig. 3a; Table 1). In the dry
period, various items were important in the diet
(Copepoda, represented exclusively by Cyclopoida,
Chironomidae, Hemiptera and Ephemeroptera), while
in the rainy period, Copepoda, predominantly Cala-
noida, was the dominant item, followed by Araneae.
The results of PERMDISP showed that the variation in
diet between individuals was relatively high in both
periods, but there was no significant difference
between periods (Fig. 4a; Table 2). Diet composition
of H. eques was significantly different between
periods, with dominance of Chironomidae larvae in
the dry period and Copepoda (predominantly Cala-
noida) in the rainy period (Fig. 3b; Table 1). The
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results of PERMDISP evidenced significant differ-
ences in interindividual variability of H. eques diet
between periods, higher in the dry period (Fig. 4b;
Table 2).

The diet of M. forestii was composed predomi-
nantly of invertebrates (volume > 60 %), followed by
aquatic plant in both periods, but with significant
seasonal difference in diet (Fig. 3c; Table 1). Ephe-
meroptera, Hemiptera and Coleoptera were consumed
exclusively in the dry period, while Cladocera and
Orthoptera in the rainy period. There was an increase
in the consumption of Chironomidae and a decrease in
the consumption of Araneae in the rainy period. The
diet of individuals varied in both periods, but
PERMDISP detected no significant seasonal variation
(Fig. 4c; Table 2). Psellogrammus kennedyi basically
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Table 1 Results of permutational multivariate analysis of
variance (PERMANOVA) applied to species diet data between
dry and rainy periods

Species PERMANOVA

Aphyocharax anisitsi Fi16 = 2.46; p = 0.0295
F126 = 19.25; p < 0.001
F\27 = 2.69; p = 0.009
Fi36 = 3.89; p = 0.008
Fi29 = 3.08; p = 0.017

F31 = 2.68; p = 0.038

Hyphessobrycon eques
Moenkhausia forestii
Psellogrammus kennedyi
Serrapinnus notomelas

Serrapinnus sp.

consumed plants in the dry and rainy periods, but the
diet varied significantly between periods. In the dry
period, aquatic and terrestrial plants had similar
percentages, and in the rainy period, terrestrial plants
made up 49.0 % of the diet and aquatic plants, 20.1 %

25
0<I_I_I_I_I_L 0

Ch Ep Ap Al

25

Te Ro ClI Ch Ap

(Fig. 3d; Table 1). Differences were also found in the
consumption of Chironomidae, which represented
3.0 % in the dry and 21.6 % in the rainy period. Diet
variability among individuals was not significantly
different between dry and rainy periods (Fig. 4d;
Table 2).

The diet of S. notomelas consisted of algae, aquatic
plants and invertebrates, with significant difference
between periods as a result of high and exclusive
consumption of Ephemeroptera in the rainy period,
and Rotifera in the dry period (Fig. 3e; Table 1). The
variability in the diet among individuals was not
significantly different between periods (Fig. 4e;
Table 2). The diet of Serrapinnus sp. varied signifi-
cantly between periods (Fig. 3f; Table 1), although
algae have been the most consumed item in the dry and
rainy periods; Rotifera, Cladocera and Chironomidae
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Table 2 Results of permutational analysis of multivariate
dispersions (PERMDISP) applied to species diet data in the dry
and rainy periods. Average distance from the centroid (D),
F statistics and p values estimated by 999 randomizations

Species Dry Rainy F )4
D D

Aphyocharax anisitsi 0.52 0.54 0.0418  0.8406
Hyphessobrycon eques 041 0.23 7.4011 0.0114
Moenkhausia forestii 0.48 0.50 0.0434  0.8365
Psellogrammus kennedyi 042  0.47 0.5072  0.4809
Serrapinnus notomelas 041 045 0.4614  0.5024
Serrapinnus sp. 032 024 3.3742  0.0758

were more consumed in the rainy period, and aquatic
plants in the dry period. Serrapinnus sp. had the diet
with the lowest interindividual variability in both
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periods, with no significant seasonal difference
(Fig. 4f; Table 2).

Diet overlap values were low in both periods, but
were even lower in the rainy period (Fig. 5). Of the 15
pairs of species analyzed, 10 exhibited lower overlap
values in the rainy period. Values greater than 0.6 were
observed between S. notomelas and Serrapinnus sp. in
the dry period, and between A. anisitsi and H. eques in
the rainy period.

Discussion

The resources most consumed by fish species in the
littoral zone of Traira Lake were aquatic invertebrates,
aquatic higher plant and filamentous algae. Seasonal-
ity significantly affected the diet composition of all
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Fig. 5 Dietoverlap values for pairs of species in the dry and rainy
periods. Aa = Astyanax altiparanae; He = Hyphessobrycon
eques; Mf = Moenkhausia forestii; Pk = Psellogrammus ken-
nedyi; Sn = Serrapinnus notomelas; Se = Serrapinnus sp

species, indicating the consumption of different food
items and/or different proportions of these resources
between periods. Nevertheless, the species maintained
the same feeding habits in both periods: A. anisitsi and
H. eques were invertivorous, M. forestii was omniv-
orous, P. kennedyi and S. notomelas were herbivorous,
and Serrapinnus sp. was algivorous. These results are
explained by differences in the abundance of resources
between dry and rainy periods, and by feeding habits
of each species (Esteves and Galetti 1995; Russo and
Hahn 2006; Neiff et al. 2009; Pereira et al. 2011;
Carniatto et al. 2012). On the other hand, except for H.
eques, there were no significant differences in
interindividual variation in diet between periods.
These results indicate that although the period affects
the availability of food resources for fish (Takeda and
Fujita 2004; Colares et al. 2013), the species showed
the same pattern of interindividual variation in the use
of resources. Thus, seasonal differences are exclu-
sively associated with changes in diet composition of
the population between periods. Only H. eques
showed significant interindividual variation between
periods; this variation was lower in the rainy period
when occurred high consumption of Copepoda by
most individuals.

Aphyocharax anisitsi and H. eques, which con-
sumed predominantly aquatic invertebrates in both
periods, showed pronounced seasonal changes in the
diet. The higher consumption of microcrustaceans in
the rainy period by these two fish species has been

recorded in several lentic environments (Casatti et al.
2003; Russo and Hahn 2006). The remarkable increase
in the consumption of Calanoida by A. anisitsi and by
H. eques is a strong indication of the increased
abundance of these microcrustaceans in the lake
during the rainy period. Colares et al. (2013) studied
macrophyte stands in this same floodplain and
reported greater abundance of microcrustaceans in
the rainy period. The temporal availability of this
resource may be responsible for the shift in the diet of
these species, but the decrease in the consumption of
Chironomidae cannot be attributed to a reduced
abundance in the environment, because M. forestii
and P. kennedyi increased the consumption of this
resource in the rainy period. In addition, Chironomi-
dae larvae are among the most abundant insects in
floodplain ecosystems (Takeda et al. 2003; Pinha et al.
2013; Ragonha et al. 2013), where they are consumed
by fish throughout the year (Mérona and Rankin-de-
Mérona 2004; Fugi et al. 2007; Novakowski et al.
2008). These results suggest that A. anisitsi and H.
eques have a preference for Calanoida copepods; thus,
under conditions of high availability of these micro-
crustaceans, the consumption of Chironomidae
decreases.

In relation to S. notomelas, algae and aquatic higher
plants comprised the majority of its diet, which is
probably facilitated by the fact that this species
preferentially occupy macrophyte stands (Casatti
et al. 2003; Pelicice et al. 2005; Dibble and Pelicice
2010; Carniatto et al. 2012), whose submerged
portions sustain a high abundance of filamentous
algae (Biolo and Rodrigues 2013), which should also
occur with Serrapinnus sp. The feeding habits of S.
notomelas has been described as essentially algivorous
(Casatti et al. 2003; Pelicice and Agostinho 2006;
Hahn and Loureiro Crippa 2006). Seasonal differences
for both species were mainly associated with the
increase in Ephemeroptera in the diet of S. notomelas
and a slight increase in the consumption of Cladocera,
Rotifera and Diptera by Serrapinnus sp. in the rainy
period. In this way, Melo et al. (2004) reported that
seasonal changes (dry and wet periods) influence the
temporal variation of Ephemeroptera nymphs, as some
species migrate to macrophyte roots in the high water
period, which thus explains the exclusive and high
consumption of this invertebrate by S. notomelas in the
rainy period. Seasonal variations in diet of S. notome-
las seem to be a consistent pattern related to variation
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in hydroperiod, because another study on this species
also showed high consumption of algae in the dry
period and of Cladocera in the rainy period (Carniatto
et al. 2012).

Although seasonality has a strong effect on the
availability of food for fish (Neiff et al. 2009;
Novakowski et al. 2008; Tofoli et al. 2010; Walker
et al. 2013), other factors including feeding habits and
strategy of each species may have influenced the use of
resources in each period. Aphyocharax anisitsi and H.
eques, considered invertivorous (Loureiro Crippa et al.
2009; Corréa et al. 2009; Carniatto et al. 2014),
consumed aquatic invertebrates independent of the
period, while P. kennedyi consumed higher plants with
the increase in terrestrial plants in the rainy period,
suggesting that the ability to consume certain prey
plays a key role in the use of resources. For example,
Calanoida copepods have a well-developed ability to
escape from predators (Nassal et al. 1998), which
requires that the predator is active and able to capture
them, which may be the case of A. anisitsi and H.
eques that exploited this resource when it was
theoretically more abundant. On the other hand,
consumption of plants does not require very active
fish, which may be associated with P. kennedyi that
consumed more terrestrial plant in the rainy period,
when these resources are carried into the aquatic
environment and become available and easily con-
sumed by fish (Novakowski et al. 2008; Pereira et al.
2011).

Diet overlap values for the species studied were low
in both periods; however, the trophic segregation was
even greater in the rainy period, indicating that with
greater abundance of food resources, species could
exploit the preferential resources. Low overlap values
have been found for fish assemblages in lentic
environments, both in the rainy and dry periods,
indicating tendencies of trophic specialization (Mér-
ona and Rankin-de-Mérona 2004; Novakowski et al.
2008). Nevertheless, some studies have shown trends
of higher diet overlap among fish species in conditions
of greater food availability (Zaret and Rand 1971;
Delbeek and Williams 1987). Trophic segregation is
considered a key factor for coexistence of fish species
(Schoener 1974; Ross 1986), which may explain the
low diet overlap in both periods, preventing inter-
specific competition. Furthermore, temporal fluctua-
tions in the availability of food resources influence the
partitioning of resources among Neotropical fish
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(Jepsen et al. 1997). In this study, an example was
the consumption of Chironomidae by various species
but in different periods; in the dry period, these insects
were used most by A. anisitsi and H. eques, in the rainy
period, by M. forestii and P. kennedyi, which can
minimize interspecific competition. In addition, other
resources, such as Calanoida copepods, seem to be
more available in the rainy period, and the species able
to consume them might take advantage of the high
seasonal abundance.

Finally, the results showed that seasonality influ-
enced diet composition of all species studied, with the
largest changes observed in the proportion of items
consumed between periods, while the feeding habits of
the species did not change, indicating well-defined
diets. The trophic segregation, evidenced by the low
overlap values in both periods, indicates the absence
of interspecific competition, which may explain the
coexistence of these species in the littoral area of this
small lake.
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