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Abstract: Aim: In this paper we assessed the effects of flooding (low and high water
period) on the feeding activity and diet composition of Serrapinus notomelas in patches
of the macrophyte Eichhornia azurea in a shallow floodplain lake (upper Parand River
Floodplain, Brazil). We also assessed the variations of diet composition and feeding
activity along the diel cycle. Methods: Traps were used to catch the fish inside of
macrophyte patches monthly from June/2007 to May/2008. A total of 1038 stomachs
were examined. We assessed the feeding activity with the mean stomach fullness degree
method. To summarize and support the results of diet composition in the different periods
(low and high water periods) and times (dawn, light period, and dusk), was applied a
nonmetric multidimensional scaling (NMS). Results: The feeding activity of S. notomelas
did not differ between low and high water periods, but it differed along the diel cycle.
The feeding activity was higher during the light period and dusk, at both the low and
high water period. The diet composition differed significantly between low and high
water periods, and also along the diel cycle. In the low water the diet of S. noromelas was
composed mainly by algae and in the high water by Cladocera. Algae were consumed
mainly during the light period while Cladocera in dawn and dusk. Conclusions: Our
results indicate that the oscillations in the water level affect the diet composition, but
not the feeding activity of S. notomelas. These seasonal changes are probably related to
the temporal abundance of food resources, thus, when Cladocera density was low (low
water), S. notomelas consumed mainly algae but when Cladocera was more abundant
(high water), it became a common food resource.
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Resumo: Objetivo: Neste estudo nds avaliamos os efeitos do regime hidrolégico
(seca e cheia) e do ciclo didrio (hordrios) na atividade alimentar e na composi¢io da
dieta de Serrapinus notomelas em bancos de Eichhornia azurea em um ambiente raso da
planicie de inundagao do alto rio Parand, Brasil. Métodos: Os peixes foram amostrados
mensalmente, entre junho/2007 ¢ maio/2008, com armadilhas colocadas dentro dos
bancos de macréfitas. Foram examinados 1038 estdmagos. A atividade alimentar foi
avaliada através do grau de enchimento médio dos estdmagos. Para sumarizar e interpretar
os resultados da composicio da dieta por periodo (seca e cheia) e ciclo didrio (hordrios)
foi aplicada uma NMS. Resultados: A atividade alimentar de S. notomelas nio diferiu
significativamente entre os perfodos de seca e cheia, mas foi significativamente diferente
durante o ciclo didrio. A atividade alimentar foi mais intensa no perfodo diurno e ao
entardecer tanto na seca quanto na cheia. Diferengas significativas na composi¢io da dieta
foram verificadas, entre os periodos de seca e cheia, e entre os hordrios do dia. Na seca, a
dieta de S. notomelas foi composta principalmente por algas e na cheia por Cladocera. As
algas foram consumidas mais intensamente no periodo diurno e Cladocera ao amanhecer
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e ao entardecer. Conclusdes: Nossos resultados indicam que o regime hidrolégico afeta
a composicao da dieta de S. notomelas, mas nao afeta a atividade alimentar. As variacoes
sazonais na composi¢io da dieta provavelmente estao associadas as variacdes temporais
na abundancia dos recursos alimentares regidas pelo regime hidrolégico. Assim, quando
a densidade de Cladocera foi baixa (seca), S. notomelas consumiu predominantemente
algas, mas quando Cladocera foi abundante (cheia) passou a ser um recurso alimentar

importante para S. notomelas.

Palavras-chave: Serrapinus notomelas, atividade alimentar, Rio Parand, Eichhornia

azured.

1. Introduction

Aquatic macrophytes mediate ecological
interactions in freshwater ecosystems (Savino
and Stein, 1982; Pelicice and Agostinho, 2006;
Thomaz et al., 2008; Dibble and Pelicice, 2010)
and thus, this vegetation is an important component
of freshwater habitats. The upper Parand River
and its floodplain are highly colonized by several
species of macrophytes, especially Eichhornia azurea
(SW.) Kunth, which occurs in channels, lakes and
backwaters in high biomasses (Bini, 1996).

High fish abundances and diversity are recorded
inside macrophyte patches in this floodplain
(Agostinho et al., 2007; Dibble and Pelicice, 2010;
Cunha et al., 2011). The structural complexity
provided by these plants can strongly mediate the
competitive and predatory interactions by providing
prey refuges, sustaining more diverse communities
(Meerhoff et al., 2007; Padial et al., 2009). In
addition, submersed structures of macrophytes
provide adequate substrate for bacteria, algae and
detritus which contribute to increase invertebrate
abundance associated to these plants (Junk, 1973;
Melo et al., 2002; Rodrigues and Bicudo, 2004;
Thomaz et al., 2008; Mormul et al., 2010). As a
consequence, fish benefit in such habitats by elevated
diversity and quantity of food (Casatti et al., 2003;
Pelicice and Agostinho 2006; Kovalenko et al.,
2009). For example, Loureiro-Crippa et al. (2009)
showed that autochthonous resources were the
most exploited type of food by six small fish species
in the upper Parand floodplain, and that aquatic
macrophytes provide these foods.

The hydrological regime is considered a key
factor in river floodplain systems and the alternation
between flooding and drought periods determine
the structure and functioning of these systems
(Junketal., 1989; Thomaz etal., 2007). In the upper
Parand River floodplain the pattern of abundance of
benthic and zooplankton invertebrates, important
food for fish, is strongly affected by the periodic
fluctuations in water level (Takeda and Fujita,
2004; Lansac-Toha et al., 2004). The connectivity

between habitats increases during the flood allowing
exchange of nutrients and organisms among them
(Thomaz et al., 2007). In this period it is expected
an increase in the availability of allochthonous food
resources and a reduction of the autochthonous food
supply, thus the floods change the nature of the
available food (Abujanra et al., 2009). In fact, several
studies have shown the effects of the water levels
on fish diet composition in floodplain ecosystems
(Almeida et al., 1997; Luz-Agostinho et al., 2008),
and on the feeding activity (Luz-Agostinho et al.,
2009).

Temporal variation in fish activity (Pelicice
and Agostinho, 2006; Gel6s et al., 2010) can also
occur along diel cycles. According to Pelicice and
Agostinho (20006) patterns of diel activity can be
associated to feeding behavior or mechanisms to
avoid predation. Despite the studies about the
seasonal (e.g., Almeida et al. 1997; Hahn and
Loureiro-Crippa, 2006) and diel (e.g., Pelicice and
Agostinho 2000) variations in fish feeding activity
and/or composition, these studies rarely measure
changes in both temporal scales simultaneously for
a same fish species.

In this investigation we assessed the use of food
resources by Serrapinus notomelas (Eigenmann,
1915) that colonizes patches of the macrophyte
Eichhornia azurea. This fish species is a small
Characidae (sub-family Cheirodontinae) that
is rarely longer than 40 mm, and shows high
abundances in lakes in the upper Parand River
floodplain, in part due to their opportunistic life
strategy (they present multiple spawning and
mature quickly) (Piana et al., 2006). Considering
the importance of macrophytes as forage habitat for
small fishes and that the flooding regime can alter
the composition and quantity of food resources
available to the fish, the goal of this paper was to
test if flooding regime affects the feeding activity
and diet composition of Serrapinus notomelas. In
addition, variations of diet composition and feeding
activity along the diel were also assessed.
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2. Material and Methods

Our samplings were carried out in a shallow
lake (Leopoldo backwater) in an island of the
Upper Parand River Floodplain, Brazil (22° 45’
24” S and 53° 16’ 08” W; Figure 1), to which it
is permanently connected through a canal. Its
shores are colonized by forest, with predominance
of trees of the genera Croton, Cecropia and Inga.
The littoral zone is colonized mainly by Eichhornia
azurea (the dominant species), E. crassipes (Mart.)
Solms, Salvinia auriculata Aubl., Oxicaryum cubense
(Poeppig & Kunth) and Polygonum spp.

Samplings were carried monthly from June
2007 to May 2008; this period corresponds to
low water (June-November 2007) and high water
(December 2007 to May 2008) periods. These
periods represent quite well also less and high
precipitation, respectively.

Eichhornia azurea patches were selected as
sampling habitats. This is a rooted macrophyte with
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long floating stems, roots at the nodes and emergent
leaves. This plant was dominant in the lake thorough
the sampling period. We sampled fish with Plexiglas
box-like traps (minnow traps kind; see details in
Dibble and Pelicice, 2010). These traps remain
floating and are specially designed to sample the
layer close to water surface, where macrophytes roots
and stems are concentrated. Three traps were used
in each sampling occasions (totalizing 36 samplings)
and they remained for 24 hours inside the patches.
To assess diel variations in feeding activity and
diet composition fish were collected at every four
hours (7:00 AM, 11:00 AM, 3:00 PM, 7:00 PM,
11:00 PM and 3:00 AM). Fishes were anaesthetized
with eugenol and fixed in 10% formalin, and
voucher specimens were deposited at the Museum
of the Universidade Estadual de Maring4, Parand
State. Nup. 6283.

All fish were identified, counted and measured
(standard length); after fish evisceration a numerical
scale was used to assess (by visual inspection) the
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Figure 1. Study area and location of the sampling site in the upper Parand River floodplain, Brazil. ® Leopoldo

backwater.
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degree of stomach’s fullness: 0 = empty stomach;
1 = 1-25% of stomach volume occupied by food;
2 =25-75%; and 3 = 75-100%. Stomachs classified
as 2 or 3 were preserved in 4% formalin for diet
analyses. A total of 1038 stomachs were examined.
Diet was assessed in 561 stomachs contents (which
had 2 or 3 degree of fullness) by the volumetric
method, which expresses the relationship between
the volume of a given food item and the total
volume of all food items, as a percentage (Hyslop,
1980). Food items were determined to the most
detailed taxonomic level possible.

The feeding activity was assessed by the
mean stomach fullness (Msf), expressed by:
Msf=(N¥0) + (N *1) + (N,*2) + (N,*3)/N, where
N,, N, N, and N, correspond to the number of
individuals with stomach fullness of 0, 1, 2 and 3,
respectively, and Vis the total number of analyzed
individuals.

To assess whether there were differences between
the mean stomach fullness, we applied two-way
ANOVAs: Factor 1: periods (low and high water);
Factor 2: times (dawn (7:00 AM), light period
(11:00 AM and 3:00 PM), and dusk (7:00 PM));
and their interaction. The assumptions of normality
and homoscedasticity were tested using the
Shapiro-Wilk and Levene tests, respectively. When
the interaction of the two-way ANOVA was not
significant, we applied a Tukey test to determine
which level differed.

To summarize and support the results of diet
composition in the different periods (low and high
water periods) and times (dawn, light period, and
dusk), was applied a nonmetric multidimensional
scaling (NMS) (Kruskal, 1964). Sorensen distances
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were computed and the general NMS procedure
outlined by McCune and Grace (2002) was
adopted. Random starting configurations were
used, the number of runs with the real data
was 100 and the stability criterion was standard
deviations <0.005 in stress over 100 iterations.
This analysis was performed on the data matrix
of total volume of each item in both hydrological
periods and diel times. To test the significance
of between-group differences a permutational
multivariate analysis of variance (PERMANOVA;
Anderson, 2001) was used on the transformed data
with Bray-Curtis dissimilarities between samples.
Two-factor permutations were used to identify
significant differences among periods and times,
and their interactions. The sampling design has to
be balanced to apply PERMANOVA and thus, we
used a sub-sampling applying the option “subset/
random” of the software Statistica 7.0. NMS and
PERMANOVA were computed using the software
PC-Ord® 5.0. The statistical significance level
adopted was p<0.05.

3. Results

3.1. Feeding activity

A total of 1038 stomachs (905 in low water
and 133 in high water) were analyzed: 205 in the
dawn, 648 in the light period, and 143 in the
dusk. The samplings corresponding to 11:00 PM
and 3:00 AM were excluded because of the small
number of individuals captured (total of 42).
The mean stomach fullness values did not differ
between low and high water periods (F1;33 = 0.48,
p = 0.496; Figure 2). Considering the diel cycle,
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Figure 2. Seasonal and diel feeding activity of Serrapinus notomelas sampled in patches of Eichhornia azurea between
June 2007 and May 2008. Middle point = mean value; Box = standard error; and whiskers = standard deviation.
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the mean stomach fullness was higher during the
light and dusk period in both low and high water
period (Figure 2). The light period and dusk differed
significantly from the dawn, in both low and high
water period (F ., = 4.22, p = 0.024; Tukey’s test
p < 0.05; Figure 2).

3.2. Diet composition

The most consumed food item by S. notomelas
in the low water period (455 stomach contents
analyzed) was algae, which represented more than
70% of the diet in all months except September
(47.2%) (Table 1). Cyanophyceae predominated in
June (54.6%), July (32.3%) and October (49.4%),
Zignemaphyceae in August (29.1%), and November
(37.4%). Cladocera was the most consumed item in
September (41.4%). In the high water period (117
stomach contents analyzed), S. notomelas consumed
predominantly Cladocera (mainly Diaphanosoma
spp., Daphnia spp. and Moina spp.) This item
represented more than 80% of the diet in January,
February and April (Table 1). In December and May
Cladocera represented 25.4 and 13.4% of the diet,
respectively. In these last two months, the species
consumed mainly algae Zignemaphyceae (52%
and 69.3%). In March S. notomelas was not catch.

Diel changes in the diet of S. notomelas were also
observed, with higher consume of algae in the light
period (55.98% -297 stomach contents analyzed)
and an increase in the consume of Cladocera in the
dusk (60.24 % 125- stomach contents analyzed)
and dawn (70.8% -139 stomach contents analyzed)
(Table 2).

Nonmetric multidimensional scaling
summarized diet composition and separated low
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and high water. After 54 iteractions, the stability
criterion was met with a final stress of 26.11 (Monte
Carlo test: p = 0.006) for 2-dimensional solution.
The proportion of variance represented by each axis,
based on the r* between distance in the ordination
space and distance in the original space was 0.34 for
axis 1 and 0.22 for axis 2, totalling 0.56. Low and
high water periods were separated along NMS axis 1
(Figure 3a). The diet in the low water was composed
mainly of algae, while in the high water it was
predominantly composed by invertebrate, especially
Cladocera (Figure 3¢). Separation of diel times along
axes was not clear (Figure 3b); however, in the light
period S. noromelas consumed mainly algae, and
in the dawn and dusk it consumed predominantly
Cladocera (Figure 3¢; Table 2).

PERMANOVA based on the Bray-Curtis
distances detected a significant difference among
periods (Pseudo-F = 23.13, Pperm = 0.0002) and diel
times (Pseudo-F = 8.54, Pperm = 0.0002). However,
the interaction was significant (Pseudo-F = 3.89,
Pperm = 0.0002). Pairwise comparisons (Method
1 - Other factor and interaction partitioned out;
Anderson, 2001) showed that diet composition in
the dawn was significantly different from the light

and dusk periods (Table 3).

4. Discussion

The high complexity of the E. azurea roots
(Dibble and Thomaz, 2006) may partially explain
the high density of S. notomelas associated to this
macrophyte, because it provides greater protection
against predators. In addition, because of their
structural complexity, the roots of this plant

Table 1. Seasonal changes in diet composition (% of volume) of Serrapinus notomelas sampled in patches of

Eichhornia azurea between June 2007 and May 2008.

Food items Low water High water

June July Aug Sept Oct Nov Dec Jan Feb Apr May
Algae 775 7441 747  47.2 76.5 84.7 60.7 10.3 14.5 0.8 823
Cyanophyceae 54.6 32.3 7.5 3.0 49.4 20.0 0.8 0.5 3.5 9.0
Zignemaphyceae 17.7 23.8 291 25.8 17.4 374 52.0 6.0 6.4 0.4 69.3
Chlorophyceae 1.2 0.1 2.6 0.8 0.3 2.3 0.6 0.2
Oedogonophyceae 2.8 16.2 26.0 14.9 8.6 21.9 7.2 3.1 4.3 3.4
Bacillariophyceae 0.9 1.2 8.4 2.7 0.8 3.1 0.1 0.3 0.1 0.4 0.6
Other algae 0.3 0.5 11 * 0.4
Invertebrate 226 259 252 52.8 23.6 15.3 39.1 89.6 85.5 99.2 17.6
Testate amoebae 0.1 3.1 8.4 4.7 1.0 0.5 2.9 0.1 0.7
Rotifera 0.1 0.3 0.1 0.4 0.5 1.0 1.8 0.1 0.1 43 0.9
Copepoda 0.9 0.2 0.3 0.4 0.4 23 * 0.6 0.6
Cladocera 19.5 19.7 93 414 16.6 7.6 254 89.3 847 82.1 134
Diptera 2.0 2.6 6.2 4.0 4.1 5.1 4.8 0.2 8.5
Other invertebrate** 0.9 1.9 14 0.7 1.9 * 43 2.0

* = values < 0.01; **Hydracarina, Bryozoa, Ostracoda and Ephemeroptera.
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Table 2. Diel changes in diet composition (% of volume)
of Serrapinus notomelas sampled in patches of Eichhornia
azurea between June 2007 and May 2008.

Food items Time

Dawn Light Dusk
Algae 29.19 55.98 39.76
Cyanophyceae 14.25 14.69 8.11
Zignemaphyceae 10.28 22.20 17.81
Chlorophyceae 0.03 1.37 0,55
Oedogonophyceae 3.76 14.40 11.01
Bacilariophyceae 0.85 2.82 2.09
Other algae 0.01 0.49 0.19
Invertebrate 70.81 44.02 60.24
Testate amoebae 0.59 3.82 1.68
Rotifera 0.50 0.25 0.23
Copepoda 1.23 0.22 0.23
Cladocera 61.78 35.81 57.21
Diptera 5.53 3.35 0.40
Other invertebrate* 1.17 0.57 0.48

**Hydracarina, Bryozoa, Ostracoda and Ephemeroptera.

Table 3. Pairwise comparisons for factor Time; Level
1 = Dawn; Level 2 = Light period; Level 3 = Dusk.

Level vs. Level t P
1vs.2 3.3373 0.0002
1vs. 3 3.5928 0.0002
2vs. 3 1.3110 0.111

represent a propitious habitat for foraging to small
fish which feed mainly on algae and invertebrates,
as evidenced by our results. In general, there is a
direct relationship between invertebrate abundance
and physical complexity of macrophytes (e.g.,
Thomaz et al., 2008). Other studies indicate that
S. notomelas can also be associated with beds of
other macrophytes species, such as Egeria spp.
(Pelicice et al., 2005), or occur in multispecific
beds (including Eichhornia spp.) (Casatti et al.,
2003). In the same floodplain, but in a different
period (2003 to 2005), S. notomelas was especially
abundant in the macrophytes Cabomba furcata and
Nymphaea amazonum (Dibble and Pelicice, 2010).
The spatial distribution of animals results from a
compromise between several costs and benefits,
especially the avoidance of predation and the search
for optimal feeding and environmental conditions
(Iglesias et al., 2007)

The mean stomach fullness values were
consistently high independently of the period
showing that the flooding regime did not affect the
feeding activity of S. notomelas. On the other hand,
the mean stomach fullness values were significantly
higher in the light and dusk periods indicating a
more intense feeding activity in these periods. This
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finding is in accordance with those by Pelicice and
Agostinho (2006) who observed marked diel feeding
patterns for seven small-sized fish species associated
with the submersed macrophyte Egeria spp., the
majority of which presented diurnal activity, and
only one was strictly nocturnal. However, different
patterns can be found in other small fish species.
For example, tetra fishes (small-bodied) have more
intense activity during the night, probably as a
behavioral response to decrease in pressure by the
visually oriented predators (Gelds et al., 2010).

The diet of S. notomelas was composed exclusively
by aquatic resources, and differed significantly
between high (mainly Cladocera) and low (mainly
algae) water periods, showing the effects of flooding
regime in the diet composition of this species. This
finding differs from others: for example, this fish
fed predominantly on algae in macrophyte beds in
the Rosana Reservoir, and in some isolated lakes of
the Parand River, independently of the period of the
year (Casatd et al., 2003; Pelicice and Agostinho,
2006; Hahn and Loureiro-Crippa, 2006). However,
the Rosana Reservoir is not under the influence of
seasonal water regimes, and the samples in lakes of
the Parand River was carried out in a dry year - 2001
(Loureiro-Crippa et al., 2009). Thus, besides
showing the importance of flooding regime on
fish diet our results highlight that S. notomelas diet
varies in different ecosystems and under different
conditions (e.g., dry versus rainy years).

The changes in the food used by S. notomelas
are probably related to the temporal abundance
of feeding resources, as indicated by density of
the invertebrates which were collected together
with fishes. In the low water, Rotifera and Testate
amoebae were the most abundant groups while
in the high water, Cladocera, Copepoda and
copepodids predominated (C.C. Bonecker, unpubl.
data). On the other hand, the Upper floodplain
lakes have higher phytoplankton densities during
low water periods (Carvalho et al., 2001). Thus,
when Cladocera density was low and algae is highly
abundant (low water), S. notomelas consumed
mainly algae but when Cladocera was more
abundant and algae is less abundant (high water),
Cladocera became a common food resource. In
addition, Diaphanosoma, Daphnia and Moina were
among the main Cladocera consumed and they
were also the most abundant in the zooplankton
in this period (C.C. Bonecker, unpubl. data).
In accordance with our results, another study
carried out with the plankton in the Upper Parand
Lakes, showed that planktonic species such as
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Moina minuta and Diaphanosoma birgei are more
abundant during the high water period (Lansac-
Toha et al., 2004). Despite the elevated density
of copepodids, these organisms were not used as
food probably due to the small size. In addition,
copepodids and Copepoda (a highly abundant
resource which was less consumed), have better
capacity to move than Cladocera, getting their
capture more difficult (Fregadolli, 1993). Effects of
hydrological regime on diet composition have been
also observed in vegetated wetlands in the floodplain
of Parand River in Argentina, where most of the
dominant fish species collected at low water phase
was classified into algivore/detritivore category,
whereas at the high water phase the abundance of
invertebrate feeders fish tended to increase (fish
consumed mainly microcrustaceans and insects in
this period) (Neiff et al., 2009).

Diel variations of the consumed items may be
the result of a tradeoff between predation avoidance
and food availability. In the periods with low light
intensity, especially in the dawn, S. notomelas
probably consumes Cladocera in the border of
macrophytes patches, where these organisms
concentrate (C.C. Bonecker, unpublished). On
the other hand, in the light period more algae was
consumed, suggesting that the fish feeds in roots
inside the patches where microalgae are highly
abundant (Murakami et al., 2009). This finding
can be explained by protection against visual
predators, i.e., S. notomelas uses well structured
habitats (E. azurea patches) as refugia when light
is more intense. Another hypothesis to explain
diel variation in S. notomelas diet can be associated
with horizontal migration by some zooplankton
organisms. Horizontal migration of the cladocerans
Bosmina longirostris and Diaphanosoma birgie, for
example, was observed by Iglesias et al. (2007) who
found these organisms in higher densities in the
submerged plant beds during the night. The last
hypothesis is reinforced by findings of Pelicice et al.
(2005), who observed that S. notomelas is resident
and do not leave the macrophyte patches during
day/night periods.

The feeding resources used by S. notomelas
suggest the importance of E. azurea beds as feeding
habitats for this species because the main feeding
items consumed such as algae Oedogonophyceae,
Zignemaphyceae and Cyanophyceae, are associated
with E. azurea (Murakami et al., 2009). In addition,
the Cladocera Diaphanosoma, despite being
typically planktonic (Lansac-Téha et al., 2004),
can carry horizontal migration toward submerged
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plant beds (Iglesias et al., 2007). Accordingly, the
movement of zooplankton organisms between the
pelagial and littoral zones in lakes of Parand River
floodplain is more evident during the high water
period (Lansac-Toha et al., 2004).

We conclude that the flooding regime did not
affect the feeding activity of S. notomelas, while
the diet composition was highly associated with
the flooding regime, and the main resources used
by species are associated with E. azurea patches.
Thus, we infer that S. noromelas needs a physically-
structured habitat to perform important ecological
functions, such as feeding and refuge.
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