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ABSTRACT

This study aimed to identify shiftsin the Serrasalmus brandtii L itken, 1875 diet related to body size.
Specimens were collected from April 1992 to January 1993 at the Cajuru Reservoir, in the Pard River,
Sdo Francisco River Basin, by seining the shore with nets of nylon, 1 mm opening, and with gill nets.
Stomach contents of 152 individuals measuring 15-192 mm SL were examined. Food items were
identified and weighed separately. For qualitative analysis, the frequency of occurrence method was
used. The relative importance of each food component was determined based on the alimentary in-
dex (1A). The frequencies of occurrence data were subjected to cluster analysis using the Canberra
coefficient of dissimilarity and UPGMA as the cluster method. Distinctive gradual changes in food
habits, associated with body size, were identified in this species. The smaller individuals fed predomi-
nantly on microcrustaceans and insect larvae. The intermediate size classes ingested insects, fish fins,
fish scales, and chunks of fish flesh, in this order of importance. For the larger pirambebas, fish was
the most abundant food category identified, followed by insects.
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RESUMO

M odificacdes na dieta da pirambeba Serrasalmus brandtii L itken, 1875
(Osteichthyes, Serrasalminae), em relacdo ao tamanho cor péreo no reservatoério Cajuru,
bacia do rio S&o Francisco, Brasil

Este estudo teve por objetivo identificar mudancas na dieta de Serrasalmus brandtii L titken, 1875,
em funcéo do tamanho corporal. Os peixes foram coletados no reservatorio Cajuru, rio Parg, bacia
do rio S&o Francisco, por meio de arrastos naregido litoranea e de redes de emalhar, entre abril de
1992 e janeiro de 1993. Foram analisados os contelidos estomacais de 152 individuos, medindo 15-
192 mm CP. Os itens alimentares foram identificados e pesados separadamente. Para andlise qualitativa
aplicou-se 0 método de freqliéncia de ocorréncia e para andlise daimportancia relativa das categorias
alimentares na dieta, o indice alimentar (1A,). Os dados de frequiéncia de ocorréncia dos itens foram
submetidos a analise de agrupamento, utilizando coeficiente de dissimilaridade de Canberrae UPGMA
como forma de agrupamento. Evidenciaram-se modificacfes graduais e marcantes na dieta em funcéo
do tamanho corporal dessa espécie. Os individuos menores alimentaram-se predominantemente de
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microcrustaceos e larvas de insetos; as classes intermediérias ingeriram insetos, nadadeiras, escamas
e pedacos da musculatura de peixes; ja as pirambebas maiores, peixes e insetos, respectivamente, foram

as categorias alimentares mais abundantes.

Palavras-chave: Serrasalmus brandtii, tamanho corporal, alimentacdo de peixes, reservatério, similaridade

INTRODUCTION

Piranhas and pirambebas are widely spread
fishes in South Americathat proliferate in lentic
environments (Barbosa, 1980). They have pisci-
vorous habits (Nico & Taphorn, 1988; Braga, 1975;
Northcote et al., 1986; Bistoni & Haro, 1995) and
are known to be mutilating predators, feeding on
fish fins, scales, and other body parts of their prey
(Goulding, 1980; Lefo et al., 1991; Machado-Allison
& Garcia, 1986; Nico & Taphorn, 1988; Northcote
et al., 1987). The body growth of these fish is
followed by morphological changes (Machado-
Allison & Garcia, 1986) that influence their food
habits (Winemiller, 1989), accounting for the
different trophic levels occupied by them during their
life history.

The purpose of thiswork was to evaluate the
ecological role played by individuals of different
sizes of the pirambeba Serrasalmus brandtii L Utken,
1875 in the Cajuru Reservoir through the analysis
of their stomach contents.

MATERIAL AND METHODS

Study area

The Cajuru Hydroelectric Power Plant
reservoir belongs to the Companhia Energética de
Minas Gerais (CEMIG) (Fig. 1) and is located at
Carmo do Cajuru, in Divinépolis and Claudio
counties. This reservoir was formed in 1959 by
damming the Par4 River, one of the main tributaries
of the upper S8o Francisco River (Cetec, 1983). Its
total flooded areais 27 km? and its maximum stored
water volumeis 192 x 10° m3(Mello, 1978). Studies
of fishesfeeding at this reservoir have already been
devel oped for the Cheirodontinae subfamily species
Serrapinnus heterodon (Eingenmann, 1915) (Alvim
et al., 1997, 1998) and for young Serrasalmus
brandtii (Alvim et al., 1999).

The species studied

The pirambeba S brandtii (Fig. 2) has been
reported for the Sdo Francisco River Basin (Britski
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et al., 1988) and for the northeastern river basins of
Brazil (Magalh&es et al., 1990; Braga, 1975). Asdo
other species of the Serrasaminae subfamily, S brandtii
possesses asingle sevies of tricuspid and cutting teeth
in the pre-maxillary and dentary bones, and compressad
and high body shape (Britski et al., 1988).

Locally also referred to as “cavaca’, the
pirambeba S. brandtii is one of the most abundant
speciesin the Cajuru Reservoir (Alves, 1995). The
collected specimens of S. brandtii are deposited in
the Museu de Zoologia da Universdade de S&o Paulo
and registered as MZUSP 51468 and MZUSP 51478.

Methods

Fish specimens were collected from April 1992
to January 1993 with a seine (mesh size = 1 mm)
on the shore and with gill nets (mesh size from 30
to 160 mm between opposing knots). Immediately
after capture, the fishes were fixed in 10% formalin
solution and then preserved in 2% formalin solution
until dissection.

In the laboratory, 152 specimens were weighed,
measured (Standard Length), and had their somach
contents examined under a stereomicroscope. Food
items were identified and weighed separately. The
specimens were grouped into size classes, each one
with a representative number of individuals and
coefficient of variation (CV) not exceeding 16%.
Quantitative analysis was performed based on the

stomach repletion degree (GR), according to Santos
(1978) (Expression 1). The frequency of occurrence
(Hyslop, 1980) was used for analyzing the diet
qualitatively. The relative importance of each food
category was determined using the alimentary index
(IA,), according to Kawakami & Vazzoler (1980)
with changes (Expression 2).
— _(On, + 1n, +2n, + 3n,)

R= D
(nO + nl + n2 +n3)

nF'—P' ~ 100 2
a(F "~ P)

i=1



DIET RELATED TO BODY SIZE IN Serrasalmus brandtii 119

where:

‘GR = stomach repletion degree;

n, = number of specimens with degree of
repletion O;

n, = number of specimens with degree of
repletion 1;

n, = number of specimens with degree of
repletion 2;

n, = number of specimens with degree of
repletion 3;

IAi = alimentary index;

Fi  =relative frequency of occurrence of

food category i;
Pi = relative gravimetric participation of
food category i.

The absolute frequencies of all food items
obtained for each size class were subjected to cluster
analysis using the Canberra dissmilarity coefficient,
and UPGMA as clustering method, using the
NTSY S-PC 2.0 program (Exceter Software). The
cophenetic correlation coefficient (r) was caculated
to evaluate dendrogram deformation in relation to
the original distance matrix.

RESULTS

The 152 specimens measured from 15 to 192
mm SL were grouped into eight size classes. Only
three individuals had empty stomachs, and no size

classes showed aGR of less than 1.5 (Fig. 3).
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Fig. 1 — Map of the Cajuru Reservoir.
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Fig. 2 — Specimen (32 mm standard length) of S. brandtii captured in Cajuru Reservoir.

The pirambeba S. brandtii showed digtinctive
diet shiftsrelated to body size (Fig. 3). Twenty-two
food items were identified and categorized as
microcrustaceans, insects, fish, and plant remains.
The microcrustaceans included Cladocera, Copepoda
(nauplii, copepodids, and adults), and Ostracoda.
The insects comprised Chironomidae larvae, larval
and adult Coleoptera, Hemiptera, Hymenoptera,
Trichoptera, nymphs of Ephemeropteraand Odonata,
and parts of other unindentified insects. The fish
category consisted of fish fins, fish scaes, fish flesh
chunks, and small whole fish. The plant remains
included seeds, fragments of roots, stalks, and leaves.

Microcrustaceans (the majority of them
Cladocera) were the most important dimentary item
in the diet of the individualsin the two smallest size
classes, but were aosent in the somachs of S brandtii
from the 75-95 mm sze dass. The smdlest pirambebas
also ingested insects (e.g., Chironomidae) and fish,
though in small intensity. These two food items had
a greater importance in the diet of the largest
pirambebas, with fish items predominating. The main
insects ingested were Chironomidae in the smallest
size class (15-25 mm), Ephemeroptera and Odonata
nymphsin the intermediate size classes (25-35mm to
115-135 mm), and Coleopterain the largest size class
(3 135 mm). Plant remains represented only aminor
percentage of stomach content in all size classes.

Distinctly piscivorous patterns related to body
sizewereidentified (Fig. 4). Already in the smallest
size class, the pirambebas fed on fish fins and scales.
Fish fins were the mgjor food component in all size
classes up to 75-95 mm. Observations on the
ichthyocenosis revealed alarge number of Tilapia
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rendalli (Boulenger, 1897) (pecimens deposited and
registered as MZUSP 51477) individua s with mutila:
ted caudal fins (Fig. 5), indicating that this species
isthe mgor prey. The extent of cauda damage ranged
from small cutsto total loss of the caudal peduncle.
The mgjor itemsin the diet of the largest pirambebas
were fish flesh chunks and whole small fish.

The dendrogram resulting from the cluster
analysis revealed five feeding phases (Fig. 6). The
smallest size class (phase 1) showed the highest
diversity of food items and was separated from the
other size classes by adistance of approximately 0.61.

The 25-35 mm and 35-55 mm classes (phase
I1) formed a sub-group whose food habits were more
similar to those of the largest size classes and showed
a higher food specificity. The diet of the 55-75 mm
pirambebas (phase |11) was a so more similar to that
of thelarger size classes. The 75-95 mm and 95-115
mm size classes (phase V) were grouped together
with the two largest classes (phase V), as both had
very similar diets consisting mainly of fish.

DISCUSSION

The first two feeding phases (up to 35 mm)
showed diets consisting of microcrustaceans,
Cladoceramostly; insect larvae; fish fins; and fish
scales (see Alvim et al., 1999 for details of the
smallest-size class diet), similar to other piranhas
and pirambebas of comparable size. Nico & Taphorn
(1988) reported the ingestion of microcrustaceans,
larvae of Chironomidag, and other invertebrates by
Pygocentrus notatus juveniles (10 to 19 mm) in the
Orinoco River Basin.
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Fig. 3 — Stomach repletion degree (GR) and relative importance of preys in the diet of S. brandtii.
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Fig. 4 — Fish-eating habits of S. brandtii related to body size.

Machado-Allison & Garcia (1986) described
the diet shifts and morphology of three Serrasalminae
(Pygocentrus notatus, Pristobrycon striolatus, and
Serrasalmus rhombeus) and found that individuals
up to 40 mm standard length fed intensively on
microcrustaceans and insects, and also exhibited

mutilating piscivorous habits. Sazima & Zamprogno
(1985) described a similar diet for Serrasalmus
spilopleura larvae and juveniles up to 19.5 mm
standard length and observed the presence of pieces
of fins of several fish species in the stomachs of
individuals measuring more than 24 mm.
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Concerning fin-eating habits, Nico & Taphorn
(1988) found fins of other fish to be an item of mgjor
importance in the diet of the young of five species
of the Serrasalmus genus. According to Northcote
et al. (1986) and Northcote et al. (1987) mogt of the
damage in the fins of fish in the Americana Reservoir
(SP) was attributed to S. spilopleura individuals that
forage near the littoral vegetation. If not “grazed
down” too far, fish fins regenerate rapidly and, thus,
can be considered a renewable food resource
(Northcote et al., 1987). The massive preying on the
fins of tilapias may be related to the latter’ sforaging
habit in the river bottom, common in cichlids, which
exposes their caudal fins to pirambeba attacks.
Northcote et al. (1987) and Sazima & Pombal-Jr.
(1988) aso observed massive preying on the cau-
dal fin of other cichlids (Tilapia rendalli and
Geophagus brasiliensis) by S. spilopleura.

Insectivory and piscivory have been reported
for the pirambeba S. brandtii. Bedé et al. (1993)
found aquatic insects and fish to predominatein S
brandtii somach contents in the Pampulha Reservoir
in Belo Horizonte. Magalhdes et al. (1990) described
an essentially carnivorous diet showing no
seasonality, for S. brandtii, it consisted of aquatic
and terrestrial insects, crustaceans (decapods) and,

preferably, fish, Pompeu (1999), in studying the food
habits of S. brandtii in marginal lakes of the Sdo
Francisco River, found seasonal and ontogenetic
differencesin the diet of this species, and related
their piscivorous behavior to food available in the
environment, attributing an opportunistic feeding
habit to the pirambeba.

Plant remains were described as afood item
of piranha species in the Amazon (Goulding, 1980)
and in Venezuela (Machado-Allison & Garcia, 1986).
Theingestion of plant materid by the piranha species
studied by Nico & Taphorn (1988) was considered
accidental, i.e., thought to occur secondarily, along
with intended prey items. The low consumption of
plant remains by S. brandtii can be thought of as
unintentional, but this requires further studies,
because all size classes showed this food category
in their gut content.

Cluster analysis alowed the identification of
five feeding phases for the size classes of Serrasalmus
brandtii studied. The smdlest individuas (15-25 mm)
with the greatest food item spectrum were
distinguished from the others by a distance of 0.61.
Astheindividuals' length increases, this distance
decreases in the direction of the piscivorous feeding
specificity.

Fig. 5 — Specimens of Tilapia rendalli with mutilated caudal fins, collected in the Cajuru Reservoir.
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Fig. 6 — Dendrogram resulting from cluster analysis by the UPGMA method, using Canberra metric (r = 0.905).

However, there are phases when individuals
retain the same feeding characteristics longer.
Considering that the biological growth process of
individuals describes curves with decreasing
inclinations, it can be said that more time is spent
on the same size increment. Thus, change in the S,
brandtii feeding habits in phase | to the next is
relatively fast. The changein feeding characterigtics
of individudsin phase 1 is dower because they retain
the same ones until reaching 55 mm, and the growth
curve in this phase probably has alow inclination.

In the next phase, the individuals remain until
reaching an increase of 20 mm. In phase 1V, they
continue until an increase of 40 mm, and in phase
V they are highly similar, because the piscivorous
incidence increased substantialy, justifying the low
difference level. This demonstrates the use of the
similarity measure as an instrument to describe diet
shift processes of the pirambeba Serrasal mus brandtii
at the Cgjuru Reservair as afunction of body growth.

Ontogenetic diet shifts have been demonstrated
for piscivorous (Machado-Allison & Garcia, 1986;
Nico & Taphorn, 1988; Winemiller, 1989) and scde-
eating (Hahn et al., 2000) tropical fish. Early life
stages of these fishes commonly present a diet based
on microcrustaceans and insects. This diet gradualy
changes as morphological changes occur during
growth. Species of Serrasalmus genus studied by
Winemiller (1989) showed a shift to adiet composed
primarily of fish components between 20 and 40

mm. In Cguru Reservoir young Serrasalmus brandtii
of 15 mm aready ingested fish fins, but only from
the 55-75 mm size class fish became the most
abundant food category. The zooplankton ingestion
extend to sub-adult age, when the Serrasalmus
brandtii diet was comprised of insects and fins and
chunks of fish. The ingestion of microcrustaceans
and insects by S. brandtii in its early stages of
development on the shoreline of the reservoir is
shared by Serrapinnus heterodon (Alvim et al.,
1997) and probably with other fish species
encountered in this environment, such as Astyanax
sp. and other small-sized species of the Characidae
family (Alves, 1995), but the diet of these species
still needs to be studied. In conclusion, the young
Serrasalmus brandtii, which is very abundant on
the shoreline of the reservoir, mainly occupy the
third trophic level of food chains, as do other fish
species that feed on invertebrates. Sub-adults and
adults of S brandtii may aso occupy ahigher trophic
level when they ingest smdl whole fish, but thisitem
is not very abundant, even in the largest size class.

Individuals of Serrasalmus brandtii in different,
but close, stages of development influence differently
each prey population and may constitute distinct
functional unitsin the reservair. Young Serrasalmus
brandtii exert pressure on the populational structure
of invertebrate prey, because they ingest whole prey,
afunction that diminishes as the individuals increase
in sze and intensfy their mutilaing piscivorous habits.
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