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Abstract

The aim of this study was to compare the food composition of Rhamdia quelen in four distinct order rivers. It was
performed at a low part at the basin of the Sorocaba river in systems classified as first (Anastacio stream), second
(Nego stream), fifth (Tatui river) and sixth (Sorocaba river) orders. Collections were performed every month between
January and December of 2011. The stomach contents were examined by using the alimentary index (IAi) and compared
by the non-parametric method non-metric multidimensional scale ranking (NMDS) with the Spearman rank correlation.
A diet difference was observed for individuals of the smaller systems (Anastacio and Nego streams) and the larger ones
(Tatui and Sorocaba rivers), represented respectively by allochthonous and autochthonous organisms compounding their
diets. Marginal vegetation and its interaction with the water conditions may respond to these composition differences.

Keywords: Sorocaba river basin, alochthonous items, autochthonous items, opportunist fish, Atlantic. Rain Forest.

Diferencas na alimentacio de Rhamdia quelen em quatro diferentes ordens
de sistemas loticos

Resumo

Este estudo teve como objetivo comparar a alimenta¢do de Rhamdia quelen em quatro diferentes ordens de sistemas
l6ticos. O estudo foi realizado em um trecho da parte baixa da bacia do rio Sorocaba, em sistemas de primeira (Anastacio
stream), segunda (Nego stream), quinta (Tatui river) e sexta (Sorocaba river) ordens. As coletas foram realizadas
mensalmente entre janeiro a dezembro de 2011. Os conteudos estomacais foram analisados pelo indice alimentar (IAi)
e comparados pelo método de escalonamento multidimencional ndo-metrico (NMDS), juntamente com a correlagdo
de Spearman. Foi percebida uma diferenga na dieta dos individuos dos sistemas menores, corregos Anastacio ¢ Nego
e os rios maiores, rios Tatui e Sorocaba. Nos corregos Nego e Anastacio houve maior incidéncia de itens de origem
aloctone na dieta, enquanto que nos rios Tatui e Sorocaba foi observado o inverso. A diferenga nos itens consumidos
pode depender da ordem dos sistemas loticos e da interagdo entre a vegetagdo marginal com o sistema aquatico.

Palavras-chave: rio Sorocaba, itens aldctones, itens autdctones, oportunista, Mata Atlantica.

1. Introduction

The study of food utilization should play as an
opportunity to add an interesting component to discuss
theoretical aspects as reference to species replacement
by spatial, temporal and trophic composition of niches
(Schoener, 1974), and contributes to other purposes
for the knowledge about the basic requirements of the
species living in a certain community. It also helps for
the comprehension about the trophic organization of one
natural system and the quantitative evaluation related to
biologic mechanisms intervening at the species interactions,

The determination of the natural diet, as well as to get
information about other aspects associated to feeding has
been pointed out to be essential for the comprehension
about the fish population ecology components, and also
for the other organisms living within the community
(Hahn et al., 1997). The acquisition of new data about
food sources used by fishes can help for the understanding
about their behavior (Hahn et al., 1997), and may furnish
subsides for the construction of preservation theoretical
bases or even for the foundations to create better structures
to rearing of some species for economical purposes.

such as predation, competition and other aspects (Esteves
and Aranha, 1999).
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The family Heptateridae represents one of the largest
radiations of neotropical catfishes and is composed by
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150 to 200 valid species, distributed from northern Argentina
to southern Mexico (Bockmann and Guazzelli, 2003).
Rhamdia quelen (Quoy and Gaimard, 1824) is distributed
from southern Mexico to the River Plate, one of the most
euritopicos neotropical fish, living in small streams, lakes
and larger rivers, dwelling during day light under or beneath
wood logs and rocks (Menezes et al., 2007). It seems to
be more conspicuous in still waters (Barreto and Aranha,
2005). Its behavior suggests a benthonic way of life and a
broad feeding spectrum, by feeding on terrestrial and aquatic
insects, crustaceans, plants and fish (Casatti et al., 2001;
Casatti and Castro, 2006). Its behavior suggests it to be
an opportunistic benthonic predator, obtaining the food
without revolving the substrate. According to Schulz
and Leuchtenberger (2006), the individuals live more
frequently at about 2 meters depth and uses to be more
active during the morning and at late afternoon, avoiding
temperatures under 18°C.

Many references related to parameters about biological
information to R. quelen are missing or are quite disperse
at the specific literature (Gomes et al., 2000), as most of
such references are directed to pisciculture and rearing
under artificial situations (Gomiero et al., 2007), as the
species is considered to be important for pounding in
southern Brazil (Behr et al., 1999; Pereira et al., 20006).
As references about the natural diet of the species are
scarce, mainly by the fact that the species uses to live in
many distinct habitats, the main goal of this study is to
compare the food use of individuals in four distinct lotic
systems. Comparisons were made among first, second,
fifth and sixth order water streams.

2. Material and Methods

Fish and environmental data were obtained from the
Sorocaba river basin, located in Sdo Paulo State, in a
subarea known as the superior medium Tieté. The main
river within the system is the Sorocaba river and is
recognized as part of the subsystem of the Tieté river basin
(Smith et al., 2003; Villares Junior and Goitein, 2006;
Villares Junior et al., 2011). Three important tributaries
flow to the Sorocaba river: The Sarapui, Tatui and Guarapd
rivers. Some other smaller streams and marginal lagoons
contribute to the enlargement of the environmental variability
(Villares Junior and Goitein, 2006).

The sampling sites are located in four distinct order
streams: Anastacio (first order; 23°19°57" 'S and 47°47°07"W),
Nego (second order; 23°19°52"'S and 47°46°50" " W), Tatui
(fifth order; 23°19'43"'S and 47°46°46""W) and Sorocaba
(sixth order; 23°19°09™"S 47°46°45""W).

The Anastacio stream's width is less than one meter
and its mean depth hardly attains one meter. Nego stream
is a little wider, as it may reach 2 meters, while its mean
depth varies between 1,5 and 2 m. Tatui river flows to the
Sorocaba river and attaining at its lower place about 10 and
20 meters with a depth varying between 1 and 3 meters.
The Sorocaba river width is quite larger and its width goes
to 30 to 50 meters, and depth between 1 and 6 meters.
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(Villares Junior and Goitein, 2006; Villares Junior, 2011).
The marginal vegetation is relatively in a good preservation
state at the study sites.

The sampling devices were used according to the
characteristic of the water environmental dimensions. In the
Tatui and Sorocaba rivers, fish were caught using distinct
gill nets, whose meshes between opposite knots measured
3,0;4,0; 5,0 cm. At the Nego and Anastacio streams traps
and sieves were used as the dimensions limit collections to
such devices. Samples were collected every month from
January to December 2012. So, 12 samplings were made.
Such samples were gathered separately for each of the
three sites, and totalized 12 samplings. The fishing effort
was performed in a 75 m? area covered with gill nets and
ten traps. After these activities fish were transported in ice
for posterior freezing until handling.

The stomach contents named food items were identified
until the least possible taxonomic level and analyzed using
the alimentary index (IAi) proposed by Kawakami and
Vazzoler (1980). This index is calculated using the expression
TAi = [Fi x VI/Z(Fi x Vi)]x 100, where i = feeding item,
Fi = frequency of occurrence (%) and Vi = item volume
(%). Food items were observed and identified by using
an stereomicroscope.

The [Ai data were analyzed by utilizing a non-parametric
non-metric multidimensional scale ranking (NMDS) with
Bray-Curtis similarity matrixes (Clark and Warwick, 2001)
to analyze the food items similarity and among the four
sites. The comparison statistical analysis was performed
among three sites using Spearman's rank correlation (5%)
(Fritz, 1974). The statistical analyses were performed using
PAST 2.15 Software (Hammer et al., 2001).

3. Results

The specimens of Rhamdia quelen were collecte in a
number of 193 individuals, from which 32 were in Nego
stream, 22 in Anastacio stream, 68 in the Tatui river and
71 in Sorocaba river. The stomach analysis showed the
diet of R. quelen to be composed by a diversity of food
items (17 distinct items), both from autochthonous and
allochthonous origin (as show in Table 1).

According to the TAi analyses a distinction for the diet
composition of individuals from the Anastacio and Nego
streams and the larger water systems can be perceived
(Figure 1). The smaller stream individuals feed more on
alloctonous items, whereas those from the larger rivers
use more autochthonous items as food. The Spearman
correlation analysis (5%) indicated the existence of a strong
correlation between the Anastacio and Nego streams and
between the Tatui and Sorocaba rivers (as show in Table 2).

4. Discussion

The analysis about feeding of R. guelen at the distinct
lotic studied systems has shown a marked difference
between the individuals of the smaller systems and
those of the larger ones. In all the places where the study
was performed there is riparian vegetation in preserved
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Table 1. Alimentary index (IAi) values of Ramdia quelen in Nego and Anastacio streams, and Tatui and Sorocaba rivers.

Alimentary item

Anastacio stream

Nego stream

Tatui river

Sorocaba river

Autochthonous item

Fish 3.30 2.20 39.60 76.00
Diptera immature 12.50 14.60 12.40 5.70
Decapoda - - - 0.50
Mollusca - - - 2.00
Odonata immature 0.30 - 0.60 0.20
Allochthonous item
Diptera adult 4.60 6.10 0.50 0.50
Orthoptera 8.40 5.70 0.30 0.20
Plant 7.10 11.20 2.30 3.10
Hymenoptera 18.50 13.30 2.30 1.20
Blattaria 6.00 5.70 - 0.20
Oligochaeta 15.40 7.50 32.20 7.20
Coleoptera 9.70 11.20 0.70 0.30
Aranae 0.20 1.50 0.60 0.10
Isopoda 0.20 0,40 0.20 -
Hemiptera 3.60 4.50 0.30 -
Lepdoptera 6.20 6,00 - -
Sediment/Detritus 2.00 10.52 1.60 2.50
0.3 Table 2. Statistical comparison (Spearman rank correlations)
° ]sop%?a of alimentary index (IAi) of Rhamdia quelen between
024 sites of study. The significant correlations coefficients (rs)
Lepidoptera o @ Hemiptera R (p <0.01) are highlighted in bold.
Y °“"°P‘e“‘COle;2irZ[m aut o Sor.o caba Tatui river Nego
r;; 00 4 fhmenopiers o Pl ® Sediment/detritus :)donat — river stream
z ® Dipiecn fmmatine Tatui river 0.6987 - -
8 0.1 4 Oligochacta Nego stream  0.3945 0.5722 -
Anastacio 0.0278 0.5126 0.8547
021 LI stream
03 A ® Decapdda
b ' ‘ ' . ' ¢ Mollusen situation. If a direct influence of the neighbor vegetation
04 03 02 01 00 01 02 03 may have an influence, as such conditions may play an
Coordinate 1 important role for aquatic systems and their inhabitants,
® uiriver ® and this interface between both systems can be intensified
02 ] (Barrela etal., 2001; Rezende and Mazzoni, 2005). At the
smaller streams the vegetation bends completely over the
or | . water, and this is called as riparian vegetation. Alloctonous
o Anasticio organisms may be more frequently furnished to the
“-é oo | e aquatic system, and this was confirmed by the presence
E of arthropods and terrestrial vegetation.
© Some studies concerning lotic systems of low order
1 R pointed the conspicuous presence of items for R. quelen
Nego whose origin is from the outside. Gomiero et al. (2007) has
027 ® orocaba river sfeem identified 19 food items in two rivers of the Atlantic forest
presenting a higher importance within the stomach contents
03 048 0% 016 000 o046 032 o of this species and some vegetal material, suggesting its diet

Coordinate 1
Figure 1. Graphic representation of the non metric
multidimensional scaling analysis (NMDS) of the diet of
Rhamdia quelen: (a) alimentary itens, (b) collection sites.
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to be omnivorous, but predominantly carnivorous. Casatti
(2002), by studying this species in a first order stream
(Sao Carlos Stream) registered a high consummation of
Araneae, Hymenoptera, some vegetal and Trichoptera and
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On the other hand, in larger aquatic systems the species
uses to consume in a higher importance autochthonous
items. Brasil-Sousa et al. (2009) found in a 6" order
river (Macaé river) a consume based predominantly
on autochthonous items, mainly formed by crustaceans
and fish, and defined R. quelen as a carnivorous species
specialized for crustaceans and fish in higher amount,
followed by other items in a lesser importance (53 items).

The elevated incidence of fish remnants within the
stomach contents seems to confirm such a tendency of
food intake by the species in this stucy as also happened at
the Corumba reservoir (GO) (Luz-Agostinho et al., 2006),
the same being confirmed by Gomes et al. (2000) by
characterizing the species as omnivorous but highly
piscivorous.

The autochthonous origin of the food items when
R. quelen lives is larger systems seems to represent a lesser
influence of the marginal vegetation and may suggest
the species to display an opportunistic behavior, but in
any case the marginal vegetation may play an influence
by furnishing resources to the autochthonous organisms
found within the stomach contents of R. quelen (Alvin
and Peret, 2004).

The presence of a riparian forest, such as flooding pulses
may be essential for the production and transportation
of nutrients to the freshwater fishes (Agostinho and
Zalewski, 1995) and other aquatic organisms, meaning
that rivers are never auto-sufficient, and so depending
on the external resources. Some food items have been
abundant in all the analyzed systems, and insects during
their immature stages (Chironomidae larvae and pupae)
use to be the main consumed invertebrate and are in some
way also dependent on the external resources (Alvin and
Peret, 2004). An important parameter of the external
(terrestrial) influence to maintain the fish an general water
community may be represented by the continuous entrance
of the organic matter to the aquatic system, in a clear
difference to what happens to the sea (Corbisier et al., 2006),
as a food resource to the autochthonous organism living
in the rivers, as the aquatic insects also depend on the
flooding situations when such resources are incorporated
to the aquatic medium. (Walker et al., 1990). Aquatic
insects are important items in the diet of fish found in
flood plains (Hahn et al., 1997) and its wide distribution
in water bodies allows the capture of different species of
neotropical fishes (Alvin and Peret, 2004). This is also stated
by Vidotto-Magnoni and Carvalho (2009) who observed
Odonata nymphs and Chironomidae pupae as the main food
resource for R. quelen at the Nova Avanhandava reservoir
to which fish small crustaceans and vegetal material should
represent only a complementary food.

The food availability has been considered as a primordial
factor to characterize the kind of items representing the
feeding of freshwater fishes, who may be seen as the ways
by which on may see what is the most abundant food
resource in the water medium (Kahilainen and Lehtonem,
2003). So, it may be difficult to classify the species
other to a generalist feeder (Brasil-Sousa et al., 2009).
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Such a plasticity may be an expected fact, as the normal
instability of the freshwater systems may preserve the
species which have developed a means of survival within
such lotic systems by adapting to distinct food resources
(Lowe-McConnell, 1999), a commonly observed fact
among the neotropical fishes (Gerking, 1994).

In this context we can say that R. quelen behaves as an
opportunistic species that exploits the resources available
at the environment and the intensity of consumption of
food items of allochthonous and autochthonous origin
may depend on the order of lotic systems and the kind of
interaction between the marginal vegetation and the water
system, and it consists mainly by allochthonous items
to the diet of fishes in environments of lower order and
autochthonous items in those living in larger environments.
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