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Abstract

The present study is inspired by the great wealth of species exhibited by the ichthiofauna. Not only concepts and tech-
niques of ecology deserve attention, but also knowledge in other biological areas, such as zoology and anatomy, are
necessary. The intention of the present work is to discover the morphology of fish through the study of the digestive
tract morphology, associating it to diet data, in order to better understand the biology of four fish species of the up-
per Parand River floodplain. The samples were collected quarterly in the year 2000 with gillnets of different meshes.
The stomach content was analyzed under a stereoscopic microscope and the frequencies of occurrence (FO) and
volumetric (FV) and the alimentary index (IAi) were calculated. Various morphologic characteristics were analyzed
and schematized using a light chamber. The species were grouped into two trophic guilds - insectivores (Astyanax
altiparanae and Parauchenipterus galeatus) and piscivores (Serrasalmus marginatus and Hoplias aff. malabaricus).
The first two, although consumers of insects, preyed on different alimentary groups, notably Hymenoptera in the
case of A. altiparanae and Coleoptera in the case of P. galeatus. Serrasalmus marginatus and H. aff. malabaricus
consumed mainly fishes. However, only pieces of prey were usually found in the stomach content of the first species,
whereas whole fishes were found in the stomach content of the second. Astyanax altiparanae exhibited character-
istics that allowed it to obtain food in several compartments of the water column. Similarly P. galeatus consumed
food resources that were available in all aquatic compartments, although the abilities to capture, to manipulate and to
absorb food differed, as shown by the importance of teeth plates and pharyngeal teeth. Serrasalmus marginatus and
H. aff. malabaricus, although resembling each other in many aspects of the digestive tract morphology, differed in
the strategies used to capture prey. The analysis showed that, according to the main food item of the diet, the species
were grouped into two trophic guilds. However, those within the same category used different feeding methods, and
similarity in items consumed does not imply the same group of morphological characteristics.

Keywords: fishes, tropical region, alimentary spectrum, morphology.

Alimentacio e analise morfolégica do trato digestério de quatro espécies de peixes
(Astyanax altiparanae, Parauchenipterus galeatus, Serrasalmus marginatus e
Hoplias aff. malabaricus) da planicie de inundacio do alto rio Parana, Brasil

Resumo

A grande riqueza de espécies exibida pela ictiofauna estimula a investigacdo e ndo apenas conceitos e técnicas de
ecologia merecem atengdo, mas também o conhecimento em outras dreas da biologia, como zoologia e anatomia, se
fazem necessdrias. A intengdo do presente trabalho foi conhecer a morfologia de peixes através do estudo da morfo-
logia do trato digestdrio, associd-lo aos dados de dieta, contribuindo para conhecer a biologia de quatro espécies de
peixes da planicie de inundagio do alto rio Parand. As amostras foram obtidas trimestralmente no ano 2000 com redes
de espera de diferentes malhas. O contetido estomacal foi investigado sob microscépio estereoscopico, e as freqiién-
cias de ocorréncia (FO) e volumétrica (FV) e o indice alimentar (IAi) calculados. Foram avaliadas diversas caracte-
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risticas morfoldgicas e esquematizadas sob cAmara clara. As espécies foram agrupadas em duas categorias tréficas
— insetivoros (Astyanax altiparanae e Parauchenipterus galeatus) e piscivoros (Serrasalmus marginatus e Hoplias
aff. malabaricus). As duas primeiras, embora consumidoras de insetos, exploraram grupos alimentares diferentes,
destacando-se Hymenoptera para A. altiparanae e Coleoptera para P. galeatus. Serrasalmus marginatus e H. aff.
malabaricus consumiram peixes, entretanto apenas pedagos de presas foram mais freqiientes para a primeira e peixes
inteiros para a segunda. Astyanax altiparanae exibiu caracteristicas para obter o alimento em varios compartimentos
da coluna d’dgua. Da mesma forma, P. galeatus aproveita os recursos disponiveis em todo o ambiente aquético, porém
as caracteristicas para capturar, manipular e aproveitar o alimento diferiram e para essa espécie ressalta-se a importan-
cia das placas dentigeras e dentes faringeos. Serrasalmus marginatus e H. aff. malabaricus, embora se assemelhando
em muitos aspectos da morfologia do trato digestdrio, diferiram nas estratégias de captura das presas. As andlises de-
monstraram que, de acordo com a dieta, considerando-se o alimento principal, as espécies foram enquadradas em duas
guildas tréficas e, mesmo aqueles englobados na mesma categoria, usaram estruturas diferentes para obter o alimento.

A similaridade nos itens consumidos ndo implica em um mesmo grupo de caracteristicas morfoldgicas.

Palavras-chave: peixes, regido tropical, espectro alimentar, morfologia.

1. Introduction

The study of the fish trophic ecology has stimulated
much interest and encompasses diverse aspects. The
great wealth of species found in rivers, lakes and seas,
and the diverse forms and colors exhibited by them, pro-
vokes interest in their role in nature. In such investiga-
tion, not only concepts and techniques of ecology, but
also knowledge of other biological areas such as zoology
and anatomy, are necessary. Wootton (1990) suggests
that to know the biology of fish in relation to their food
intake, some basic subjects, such as: what, when, where
and how much can be consumed, deserve investigation.

In general, the attribution of trophic guilds is based
only on diet leading to possible errors. In this context,
Barbieri et al. (1994) affirm that isolated interpretations
of the stomach content composition can result in incor-
rect ecological conclusions because a multiplicity of fac-
tors (ontogenetic and environmental) interferes with the
diet.

In the same way, it is not recommended to make
inferences regarding the alimentary habits of the spe-
cies based only on morphological aspects, since the
species can show morphological arrangements that in-
dicate the exploitation of a particular food type, but an
alimentary habit different from that expected may be
found from diet analysis, as described by Bone et al.
(1995).

In this way, the intention of the present work was
to discover the morphology of fish through the study of
the digestive tract morphology, associating them to the
diet data, thus contributing to the understanding of the
biology of four fish species of the upper Parand River
floodplain.

2. Material and Methods

The research was conducted in the upper Parand
River floodplain located between the coordinates
22°40-22° 50° S and 53° 15°-53° 40’ W (Maack, 1981;
Paiva, 1982).

To obtain the diet data, the species Astyanax
altiparanae Garutti and Britski, 2000, Parauchenipterus
galeatus (Linnaeus, 1766), Serrasalmus marginatus
Valenciennes, 1847 and Hoplias aff. malabaricus (Bloch,
1794) were collected quarterly in the year 2000 (Table 1)
with gillnets of various meshes.

Eleven individuals of A. altiparanae, 71 of
P. galeatus, 52 of S. marginatus and 27 of H. aff.
malabaricus were analyzed. The stomach contents
were investigated under a stereoscopic microscope,
at the smallest taxonomic level possible. The date of
occurrence and volume (mL) of the diet components
were obtained. The frequencies of occurrence (FO)
and volumetric frequency (FV) (Hynes, 1950; Hyslop,
1980) were calculated and hence the alimentary index
(IAi1) (Kawakami and Vazzoler, 1980).

A% =Y 100

Y (FOXFV) M

where: IAi = alimentary Index; FO = frequency of occur-
rence; FV = volumetric frequency.

After considering the main item that embodied the
fishes in the trophic guild, the contribution of each com-
ponent was verified.

For the morphological analysis, 15 individuals of
A. altiparanae, 10 of P. galeatus, 11 of S. marginatus
and 10 of H. aff. malabaricus were used. Each was
weighed and measured. They were considered adults,
in agreement with the first maturation length data of
Nakatani et al. (2001).

The observations were made in fresh and preserved
(in formaline 10%) individuals. Aspects such as mouth
position, presence and arrangement of teeth (mouth and
pharynx) were verified. The analysis of the gill rakers
was done in the first arch on the right side. After a ventral
incision, the organs were removed and measured. The
stomach shape and the presence of the pyloric cecum
were verified.

Braz. J. Biol., 68(3): 671-679, 2008



Feeding and morphological analysis of the digestive tract of fishes from the upper Parana River floodplain, Brazil

Table 1. Number of individuals collected in each sampling phase.

February May August November Total
Astyanax altiparanae 4 2 5 11
Parauchenipterus galeatus 28 19 2 22 71
Serrasalmus marginatus 27 8 3 14 52
Hoplias aff. malabaricus 10 3 12 2 27
The amount of folds in the intestine was measured. = Ephemeroptera  (37.0%), Hymenoptera (16.8%),

It was then unfolded and the intestinal length (Li),
which extends from the pyloric valve to rectum (in cen-
timeters), was obtained. The intestinal quotient (QI)
(Angelescu and Gneri, 1949; Barbieri et al., 1994) was
calculated according to the equation:

where: QI = intestinal quotient; Li =
Ls = standard length.

In this text, average values are referred to, with a re-
spective deviation pattern (d.p.).

The structures of the digestive tract were schematized
under a light chamber coupled in stereomicroscopic.

To summarize the feeding data, a detrended corre-
spondence analysis (DCA) was applied (Gauch-Jr, 1982;
Graham and Vrijenhoek, 1988), based on the volume
of the alimentary items, using PC-Ord version 4.01 and
Statistica version 7.1 software.

2

intestine length;

3. Results

The A. altiparanae diet was composed not only of
insects, including several families and several stages of
development, but also other items such as other inver-
tebrates, microcrustaceans, scales, algae, high plant and
organic detritus. For the main contributions, the items
were grouped into four categories: insects, algae — high
plant, scales and other (other invertebrates, microcrusta-
ceans and organic detritus).

The insects contributed, in values of IAi, to 65.4% of
the diet, followed by algae-high plants (23.8%), scales
(4.5%) and other items (6.3%) (Figure 1-al). Within the
components of the insect category, Hymenoptera con-
tributed to 64.2%, followed by Ephemeroptera (19.7%),
Diptera (6.0%), Coleoptera (5.3%), rest of insects (3.5%)
and Hemiptera (1.3%) (Figure 1-a2).

The diet of P. galeatus, compared to A. altiparanae,
was quite varied, having items such as insects, mollusks,
other invertebrates, fish, fungus, algae, high plant, organic
detritus and detritus/sediment. The main items were veri-
fied by grouping the diet in four categories: insects, other
items (mollusks, other invertebrates, fungus, organic de-
tritus and detritus/sediment), fish and algae — high plant,
having alimentary index values (IAi) of 52.3%, 35.9%,
7.3% and 4.6%, respectively (Figure 1-b1).

Among the insects, the great variety of orders and
families in several development stages is emphasized.
The insects, which contributed to more than half of the
diet, were represented mainly by Coleoptera (39.3%),
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Hemiptera (2.8%), Odonata (2.2%) and other insects
(Blattodea, Diptera, Homoptera, Isoptera, Lepidoptera,
Orthoptera, Trichoptera, still including eggs and the rest
of insects) (2.0%) (Figure 1-b2).

The alimentary spectrum of S. marginatus was com-
posed of fish, insects, other invertebrates, mollusks, al-
gae, high plant and organic detritus. The items, grouped
in four categories, were fish, representing 94.4% of the
diet, followed by algae — high plant (2.5%), other (oth-
er invertebrates, mollusk and organic detritus) (1.6%)
and insects (1.6%) (Figure 1-c1). The main item, fish,
is the result composed of a collection of leftovers, such
as pieces of fins and muscle (97.8%), Moenkhausia
intermedia (Eigenmann,1908) (1.5%) and other ele-
ments (scales, Roeboides paranensis (Pignalberi, 1975)
and Siluriformes) (0.7%) (Figure 1-c2).

Hoplias aff. malabaricus fed on insects, other in-
vertebrates, represented by the shrimp Macrobrachium
amazonicum (Heller, 1862), fish, algae, high plant and
organic detritus.

Fish made up 81.7% of the diet, followed by shrimp
(17.8%) and other items (insects, algae, high plant and
organic detritus) (0.5%) (Figure 1-d1). Among fish, the
leftovers were most important (51.1%), followed by
Steindachnerina insculpta (Ferndndez-Yépez, 1948)
(36.7%), Cyphocharax modestus (Fernandez-Yépez,
1948) (6.4%), H. aff. malabaricus (2.4%), Myloplus
laevis (Eigenmann and McAtee, 1907) (2.0%) and other
items (Moenkhausia intermedia, Satanoperca pappaterra
(Heckel, 1840) and scales) (1.4%) (Figure 1-d2).

The similarity between the diets, in other words,
how the species are grouped based on the food type,
was verified through detrended correspondence analysis
(DCA) (eigenvalues for axis 1 = 0.88 and axis 2 = 0.64)
(Figure 2a). The items were grouped in 10 categories —
insects, other invertebrates, microcrustaceans, mollusks,
shrimp, fish, Basidiomicota, algae, high plant and detri-
tus/sediment. The main contributions to the separation
of the species, due to a larger correlation, were insects,
shrimp and fish for axis 1 and insects, mollusks, shrimp
and high plants for axis 2.

The species ordination allowed us to observe that,
among the four species, P. galeatus was the one that
consumed the largest amount of items, i.e., practically
all. The great alimentary spectrum of A. altiparanae and
S. marginatus was still seen. As for the piscivorous, in
spite of their being considered specialists due to their
morphological characteristics, a diversity of items was
consumed. However, a clear segregation among the spe-
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cies along axis 1 of illustration 2b is seen, creating 2
different groups: 1) S. marginatus/H. aff. malabaricus
and 2) P. galeatus/A. altiparanae, according to the main
composition of the diets (Figure 2a).

Astyanax altiparanae has a high and flat body side-
long, with a terminal mouth that when opened, presents
certain protrability (Figure 3-al). The teeth are pen-
tacuspidate and arranged in two rows on the maxilla
(an internal and an external one) and a row on the jaw
(Figure 3-a2). It does not have palatine or pharingeal
teeth.

It has four gill arches, the last one being attached
to the branchial cavity. The rakers are long and with lit-
tle space between them (Figure 3-a3). The stomach is of

saciform type with delicate walls (Figure 3-a4). In the
area of the pylorum are the pyloric ceca.

The intestine has two folds. The intestinal quotient is
1.35 (s.d = 0.37).

Parauchenipterus galeatus has a cylindrical and pro-
longed body and the head is slightly flat ventrally. The
species has a terminal mouth, although lightly superior,
being considered prognate. The head has a pair of bar-
bels on the maxilla and two on the jaw (Figure 3-b1).

The maxilla and jaw possess short and sharp little
teeth arranged in plates, mainly in the anterior region.
Immediately behind the area of the teeth plates, there is
a gathering of gustative buttons (Figure 3-b2). The buc-
cal cavity, close to the pharingeal region, has two round

Braz. J. Biol., 68(3): 671-679, 2008
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bony plates, like two cushions, covered by small conical
teeth (pharingeal teeth).

It has five gill arches, the last minor and linked to the
wall of the branchial cavity.

The gill rakers are short and round on the tip with a lot
of space and covered with a mucus layer (Figure 3-b3).

The stomach is saciform, but the walls are very thick
and rigid (Figure 3-b4). The pyloric ceca are absent.

The intestine, in spite of having only two folds, is
quite pleated. The intestine also has rigid walls and a
wide diameter compared to A. altiparanae. The intesti-
nal coefficient indicates that length is smaller than body
size (QI =0.96; s.d. = 0.09).

Serrasalmus marginatus is a sidelong predator with
a high and flat body. It has a superior mouth with light
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protrability when opened. On the nostrils there is a quite
pronounced skin in the form of an arch (Figure 3-c1).

Tricuspidate teeth are set in a row, on the maxilla and
on the jaw. Triangular palatine teeth are present in the
buccal cavity, arranged in a row (Figure 3-c2).

This species has five gill arches, with the last one at-
tached. The gill rakers are short, sharp and spaced, being
concentrated in the curvature of that organ (Figure 3-c3).
The remainder of the surface is covered by rudimentary
traces.

The stomach is saciform with a thin and elastic wall
(Figure 3-c4). In the pylorum area are the pyloric ceca.

The intestine has two folds and is practically equal to
the body size (QI = 1.07; s.d. = 0.19).

Hoplias aff. malabaricus has a prolonged and cy-
lindrical body. The head is prolongated and over almost
all the surface sensorial cephalic pores are present. The
mouth is wide and superior (Figure 3-d1).

The maxilla and jaw have, externally, a row of sharp
irregularly-spaced conical teeth. The teeth of the anterior
region of the jaw are larger than those of the posterior
region and there are depressions in both parts to fit them.
Still in the buccal cavity, a row of small conical teeth
with the end turned back are arranged in the palatine area
(Figure 3-d2).

The species has four gill arches, the last smaller and
attached to the branchial cavity wall. The gill rakers are
quite small, spaced and with a round tip (Figure 3-d3).
The rakers are concentrated on the gill arch curvature and
the remaining surface is covered by rudimentary rakers,
being just small saliencies covered with small thorns.

The stomach has a “J” shape with rigid walls, al-
though very elastic (Figure 3-d4). There are pyloric ceca
in the pylorum area.

The intestine, of narrow diameter, has two folds and
is smaller than the body size (QI = 0.83; s.d. = 0.09).

4. Discussion

From to the species gastric content analysis, it was
seen that A. altiparanae and P. galeatus are carnivorous
species, more precisely insectivores, due to the preva-
lence of insects in the diet. The species were embodied
in that same trophic guild, in previous studies by Peretti
and Andrian (2004). The diet of A. altiparanae was com-
posed of items of animal and plant origin, which may
lead to its classification as omnivorous, but in accordance
with the statements of Andrian et al. (1994a), the species
should be considered omnivorous with a tendency to in-
sectivory due to the prevalence of insects.

Cassemiro et al. (2002) evaluated the diet of
A. altiparanae in the area of the Salto Caxias reservoir,
Parand, and observed a clear tendency to herbivory, al-
though the diet was complemented by several orders
of insects and microcrustaceans. Andrian et al. (2001)
identified A. bimaculatus as an opportunistic species,
with omnivorous habits and a tendency toward herbiv-
ory-insetivory, in the area of the Corumba reservoir.
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Figure 3. Scheme of the digestive tract structures of the four studied species. 1 = barbel; 2 = nasal membrane; 3 = sensorial
cephalic pore; 4 = pentacuspidate teeth; 5 = teeth plate; 6 = gustative buttons; 7 = tricuspidate teeth; 8 = conical teeth;

9 = palatine teeth; 10 = gill rakers; 11 = gill filaments.

Andrian and Barbieri (1996) registered, as components
of the P. galeatus diet, insects, mainly Coleoptera and
Hymenoptera, other invertebrates, fish remains and high
plant material, demonstrating that their diet is composed
of aquatic and terrestrial items. This is in agreement with
the statements of Lagler et al. (1977) who consider that
many fish species have flexible diets, using resources
more readily available in the environment, only a few
being strictly carnivorous or herbivorous.

Astyanax altiparanae and P. galeatus are fish that
feed, in general, on items of the same origin, but they

differ in relation to the predominance of insect orders
(Hymenoptera and Coleoptera) consumed.

In relation to the characteristics of the digestive tract,
A. altiparanae, which possesses a terminal mouth, is ca-
pable of exploring several compartments of the aquatic
environment where it looks for food, in agreement with
Rotta (2003). Parauchenipterus galeatus has a terminal
mouth, but slightly superior, and prognata that enables it
to take in food at the water surface. However the pres-
ence of barbels on the maxilla and jaw indicates that the
species can also explore deeper areas of the water bodies

Braz. J. Biol., 68(3): 671-679, 2008
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and that there is not a preference for exploring a par-
ticular compartment. This is the reason why both diets
contain insects that fall onto the water surface or that are
at the bottom as Diptera larvae. This is in agreement with
the statement made by Zavala-Camin (1996), relating to
sea rays, who affirms that teeth shape is not only a con-
sequence of the food type, but could also depend on the
characteristics of the water bed. This explains the pres-
ence of teeth plates in P. galeatus and the detritus and
sediment ingestion, when compared to A. altiparanae.

In rivers and small lagoons, the insects have an im-
portant role in fish diets and are usually present through-
out the year, although they are more available in flood
periods. The adult insects can float or sink when they fall
into the water or they can be weighed down by the rain.
They can also be captured by specialized fish when they
land close to the water surface. Among larval forms, the
aquatic ones are used more as food, but terrestrial lar-
vae are also taken (Zavala-Camin, 1996). Andrian et al.
(1994b) describe that in the middle of the communities
found in the upper Parand River floodplain, the insect
community is one of the most important. The main orders
are Chironomidae and Ephemeroptera, which constitute
part of many diet species, including A. altiparanae and
P. galeatus.

For a prey to be included in a predator diet, it needs
to be localized, pursued, captured, manipulated and
ingested (Mittelbach, 2002), Ingestion of the compo-
nent items of the diet also depends on their palatability
and the presence of gustative buttons on the surface or
around the buccal cavity, which influences the choice.
A concentration of them in P. galeatus was seen close to
the teeth plates.

After being apprehended, the food is manipulated
and processed mainly in the oro-branchial cavity. The ap-
prehended food is swallowed whole or cut, as in the case
of the plant material ingested by A. altiparanae, which
is torn or has the surface scraped by pentacuspidate
teeth. Astyanax bimaculatus (Linnaeus, 1758) studied by
Lobén-Cervid and Bennemann (2000) in the Tibagi riv-
er, Parand, fed on insects, among them Ephemeroptera,
Hymenoptera and Coleoptera, plant material and scales.
The last two are easier to consume because of the teeth
type. Parauchenipterus galeatus ingests big insects of
very quitinous bodies, such as Scarabaeidae beetles, and
uses teeth plates to knead the animal bodies and leave the
content more exposed.

The gill rakers, although longer and fewer spaced in
A. altiparanae when compared to P. galeatus, also con-
tribute to item apprehension, mainly the smaller ones,
which explains the presence of insect larvae in both
diets. Microcrustaceans appeared in the A. altiparanae
diet, corroborating the affirmation of Zavala-Camin
(1996) that the smaller the space between rakers, the
smaller the food particles retained. Besides, rakers are
more numerous in A. altiparanae than in P. galeatus. In
P. galeatus a mucus layer was observed covering rakers
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which also aids in the apprehension of benthonic items,
such as aquatic insect larvae on the water bed.

The saciform stomach, in both species, is in con-
formity with the wide range of items ingested by them,
but the walls are found to be more rigid and resistant in
P. galeatus, which explains the presence of hard items,
such as insects, mainly Coleoptera, in the stomach con-
tent.

The intestine in both is relatively short, which is
typical of carnivores. The values of the intestinal quo-
tient were measured in accordance to Weatherley and
Gill (1987), and varied from 0.7 to 1.5 for carnivores
and from 1.0 to 1.3 for omnivores. The differences in
the intestinal quotient values between A. altiparanae and
P. galeatus allow one to infer that the first species should
be considered as omnivorous with an insectivory tenden-
cy. Those authors still affirm that the intestine length can
be the main adaptative specialization in trophic ecology
of fish. Even among the carnivorous fish, the intestine
length is related to prey size, being larger in those that
consume smaller animals, such as A. altiparanae. The
presence of plant material in the gastric content demon-
strates that the food needs more time in contact with the
intestine for better nutrient absorption.

The piscivores are defined as carnivores that prima-
rily consume fish. However, when observed in detail,
piscivorous behavior is complex and flexible, dealing
with different types of prey (Mittelbach, 2002). From
S. marginatus and H. aff. malabaricus diets, it was pos-
sible to identify items of origin other than fish. The in-
gestion of insects and plant material was verified, the
latter being the result of lunges of the predators on prey.
Moraes and Barbola (1995), studying the feeding and
the morphology of the digestive tract of H. malabaricus
in the Lagoa Dourada, Ponta Grossa, found in the adult
phase a diet based exclusively on fish and its fragments.
However, a fraction of plant fragments was also found,
which, according to the authors, should be understood
as accidental, due to the voracious character of the spe-
cies that swallows parts of the vegetation that is close by
when attacking the prey.

Resende et al. (1996) identified fish as a predominant
item in the diet of S. marginatus and H. malabaricus.
However, in the stomach content of the first species, only
fin rays and scales were found, indicating that the habit
of the species is not always to ingest the whole prey but
mutilate it. The rest of plants, detritus, sand and crusta-
ceans were also verified. The diet of the second species
was composed mainly of whole fish, but plant material
and shrimps were also consumed. These results were
corroborated by this study.

Although the two species consumed fish, the strategies
to obtain food are different. While H. aff. malabaricus
ingests mainly whole prey, S. marginatus cuts them
into pieces, although some whole fish were also found.
Janovetz (2005), in experimental studies on the piranha
Catoprion mento (Cuvier, 1819), that feeds basically on
scales and pieces of fins, mentions several research stud-
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ies on how the lepidofagic habit is dispersed, on morpho-
logic diversity and attack behavior, and how nutritious
and advantageous that food source is.

Besides, other structures are associated to food
capture. For instance, it was observed that the nos-
trils of S. marginatus are more developed than in
H. aff. malabaricus and that the presence of a membrane
in the border of the nasal cavity can be used for the wa-
ter movement inside it, making chemical stimulus more
pronounced.

In H. aft. malabaricus, the presence of cephalic
pores, dorsal and ventral, was observed. These senso-
rial pores probably have a function in prey detection and
could feel the mechanical stimulus of the water move-
ment before moving toward it.

The mouth of both is superior and quite wide,
but a difference exists in relation to teeth type. In
S. marginatus, the tricuspidate teeth are used to cut parts
of the prey, while the canine teeth of H. aff. malabaricus
are appropriate to catch the prey. The presence of pala-
tine teeth with the extremities turned back, in both spe-
cies, and distributed in a row, may have as functions
avoiding the prey escaping from the oro-branchial cav-
ity and avoiding tearing skin and exposing the muscle
of the prey to be better digested and absorbed (Jobling,
1995). Small teeth were also verified on H. malabaricus
tongue. As most of the fish (carnivorous) ingest whole
food, the more common function of the jaw teeth is to
hold food, aided by the vomer, palatine and tongue teeth
(Zavala-Camin, 1996).

The gill rakers in both species are short and well
spaced, and probably only serve to guarantee that the
prey stays in the oro-branchial cavity. The number of
rakers was small, but always accompanied by other rudi-
mentary ones being distributed on the gill arches.

The shape of the stomach varied, being saci-
form for S. marginatus and a “J” shape or sifonal for
H. aff. malabaricus (Suyehiro, 1942), being very elastic
in both cases.

Jobling (1995) describes the piscivorous intestine as
quite short. In general it is smaller than the total length of
the fish, which is explained by the food quality and by the
ease of digestion. The intestinal quotient results showed
that the organ, on average, has practically the same
length as the standard length of the fish (S. marginatus)
or is inferior to it (H. aff. malabaricus). In spite of the
short intestine, nutrient absorption can be increased by
the presence of the pyloric cecum.

In conclusion, the analyses demonstrated that in
agreement with the diet, considering the main food items,
the species were embodied in two trophic guilds - in-
sectivores (Astyanax altiparanae and Parauchenipterus
galeatus) and piscivores (Serrasalmus marginatus and
Hoplias aff. malabaricus). Even embodied in the same
guild, the structures used to obtain food are different and
the similarity in the consumed items does not imply the
same group of morphologic characteristics. Each spe-
cies, finally, uses a different group of characters to obtain

food. This is important to avoid competition and alimen-
tary overlap, phenomena that would reduce survival and
fitness of the species.
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