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ABSTRACT

We assessed spatial and seasonal changes in the diet of Oligosarcus hepsetus in order to describe the
strategy developed by this species that allows their very high abundance in Lajes reservoir, Rio de Janeiro,
Brazil. Fish samplings were carried out using gill nets, deployed during ca. 12 and 24 hours, between
April 2001 and May 2002. A total of 289 individuals were examined, of which 97 showed gut contents.
We used the index of relative importance (IRI) to compare probable dietary shifts, and the frequency
of occurrence (% OC) to analyze possible ontogenetic influences on feeding. O. hepsetus showed
carnivorous habits, feeding preferably on fish and insects, the latter of which occurred in 71.0% of the
guts presenting contents. O. hepsetus consumed different items along the three reservoir zones: insects
(61.0% IRI) and Cichla monoculus (38.9% IRI) in the lower zone; Lepidoptera (57.0% IRI) in the middle
zone; and C. monoculus (77.0% IRI) in the upper zone. Food items changed seasonally with C. monoculus
predominating in autumn 2001, and Hymenoptera and Lepidoptera in the winter. In spring almost all
food was Lepidoptera (99.8% IRI), while in the summer Hemiptera dominated in the diet. In autumn
2002 Hemiptera (97.0% IRI) was dominant, in significant contrast with the previous autumn. Individuals
smaller than 190 mm SL fed heavily on insects, while fishes predominated in the diet of individuals larger
than 190 mm SL. Shifts in prey-capture ability among length classes suggest decreasing intraspecific
competition. A higher food plasticity seems to be the strategy employed by this opportunist species, which
used food resources available in the reservoir.
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RESUMO

Variacoes espaciais e sazonais na dieta de Oligosarcus hepsetus
(Characiformes, Characidae) em um reservatorio brasileiro

Foram analisadas variagdes na dieta de O. hepsetus conforme comparagdes espaciais e sazonais, com
0 objetivo de descrever a estratégia desenvolvida por essa espécie que permite sua elevada abundéancia
no reservatorio de Lajes, Rio de Janeiro, Brasil. As amostras foram coletadas utilizando redes de espera
com permanéncia aproximadamente de 12 e 24 horas, no periodo entre abril de 2001 e maio de 2002.
Dos 289 exemplares capturados, 97 peixes continham alimento no estdmago. A analise foi baseada no
indice de importancia relativa (IIR), enquanto eventuais influéncias ontogenéticas foram determinadas
pela freqiiéncia de ocorréncia (% FO). O. hepsetus apresentou habito alimentar carnivoro, alimentando-
se preferencialmente de peixes e insetos. O item Insetos apresentou relevante participagdo na dieta, ocor-
rendo em 71% dos estdbmagos que continham alimento. O. hepsetus consumiu diferentes itens entre as
tr€s zonas do reservatorio: insetos (61% IIR) e Cichla monoculus (38,9% IIR) na zona baixa; Lepidoptera
(57% IIR) na zona intermediaria; ¢ C. monoculus (77% IIR) na zona alta. No geral, ocorreram diferen-
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ciagdes durante todo o ciclo sazonal, em que C. monoculus predominou no outono de 2001 e Hymenoptera
e Lepidoptera, no inverno. Na primavera, a alimenta¢do foi basicamente constituida por Lepidoptera
(99,8% IIR), enquanto no verdo, Hemiptera predominou na dieta. No outono de 2002 foi registrado 97%
IIR para Hemiptera, diferindo do outono anterior. Individuos menores que 190 mm de comprimento-
padrdo (CP) consumiram preferencialmente insetos, enquanto os espécimes de maior tamanho (> 190
mm CP) alimentaram-se principalmente de peixes. Mudangas na captura de presas entre classes de tamanho
sugerem diminui¢do da competi¢do intra-especifica. A alta plasticidade na alimentacdo parece ser uma
estratégia usada por essa espécie oportunista, consumindo os recursos alimentares disponiveis no

reservatorio.

Palavras-chave: habito alimentar, dieta, Characiformes, reservatorios.

INTRODUCTION

Oligosarcus hepsetus (Cuvier 1829) is a very
common Characidae species that inhabits almost
all freshwater environments in southeastern Brazil
and prefers densely-vegetated shallow microhabitats
in small tributaries or littoral zones of the main
rivers. Most Oligosarcus species showed a
carnivorous feeding habit, feeding on insects,
crustaceans and small fish (Lowe Mc-Connel,
1975). In Lajes reservoir, the largest impoundment
in Rio de Janeiro State, O. hepsetus is one of the
most successful species, playing an important
ecological role within the trophic chain since the
juveniles are eaten by large piscivorous fishes
(SANTOS et al., 2001).

Trophic ecology studies of carnivorous species
are very useful to fishery monitoring and management
programs, since they provide important data about
regulation mechanisms in fish populations and com-
munities (Zavala-Camim, 1996). Remarkable sea-
sonal changes can take place in fish diets and
according to area. These are primarily related to shifts
in food resource composition and availability, which
are associated to reproductive pulses and physico-
chemical changes in aquatic ecosystems. Diet also
can be influenced by ontogenetic effects, which for
their part are usually related to morphological changes
that lead to shifts in prey selection and capture
(Nikolsky, 1963; Wooton, 1992). Therefore, fish-
diet knowledge provides information essential to
autoecological research as it supplies additional data
on the trophic structure of an entire ecosystem (Basile-
Martins et al., 1983).

Feeding studies on the fish community of Lajes
reservoir have focused only on Cichla monoculus,
an introduced piscivorous species, while little attention
have been given to other native carnivorous species
(Santos et al., 2001). No studies on trophic ecology
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of O. hepsetus have been reported either for Lajes
reservoir or for other artificial lakes of southeastern
Brazil. Likewise, few researchers have focused on
spatial and temporal dietary switches, as influenced
by biotic and abiotic variations, in the Oligosarcus
species (Hartz et al., 1996; Gealh & Hahn, 1998). Since
a previous study of the Lajes reservoir had shown the
fish community patterns as changing spatially and
seasonally (Araujo & Santos, 2001), we investigated
the diet of O. hepsetus, relating the spatial-seasonal
changes of its food intake with the peculiar
environmental characteristics of this reservoir. Possible
ontogenetic effects as well as the relationships
between the O. hepsetus diet and the ecology of other
reservoir fish species also were considered, in order
to evaluate how its feeding strategy could have led
to the high success of this species in the impoundment.

MATERIAL AND METHODS

Study area

Located on the upper slopes of the hills of the
southeastern Brazilian coast, Lajes reservoir (22°42’-
22°50’S; 43°53°-44°05’W) is a major impoundment
in Rio de Janeiro State. The reservoir, located at ca.
415 m above mean sea level, occupies about 30 km?
and is a well-preserved oligotrophic lake, surrounded
by stretches of Atlantic Forest in which no large urban-
industrial centers are located (Aratijo & Santos, 2001).

According to Santos et al. (2001), the reservoir
is divided into three zones (Fig. 1) having different
environmental characteristics: (1) the upper zone,
situated near the reservoir headwaters at the entrance
of the main tributaries. The slope is mainly plain
with few steep areas. Depth is shallow compared
to other zones, and the marginal area is occasionally
colonized by aquatic macrophytes; (2) middle zone,
located between the upper and the lower zones,
which is the largest area and comprises a great
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number of bays, several islands, and exitless
waterways; and (3) lower zone, situated near the dam,
where sharp slopes and greater depths predominate,
and in which macrophytes and other submersed
shelters are lacking.

Fish sampling and data analysis

Two sampling programs, using gillnets 20 m
long x 1.5 in height, with mesh size ranging from 2.5
to 5.5 mm, were designed to collect fishes. From April
2001 to January 2002, nine gillnets were set at
three-month intervals in each reservoir zone. From

May 2001 to May 2002, twelve to fifteen gillnets were
installed only in the lower zone, except in months
included in the preceding program. Nets were kept
in the water for 12 and 24 hours for the first and last
sampling programs, respectively.

All fishes were preserved in ice in the field,
and subsequently transferred to the laboratory, where
they were counted, weighed (to nearest 0.1 grams),
measured (to 1.0 mm), and dissected for digestive
tract analysis. All food items were examined using
a stereoscopic microscope and identified to the lower
taxonomic level possible.
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Fig. 1 — Lajes reservoir with sampling sites indicated (*).
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They were counted, weighed (0.001 grams), and
measured (0.01 mm). Gut contents in individuals were
analyzed by the index of relative importance (IRI)
(Pinkas, 1971), which deals with numerical (% NM)
and gravimetrical (% GR) percents and frequency of
occurrence (% OC), where IRT=% FO x (% FN + % FP)
x 100. The percent IRI (% IRI) was calculated dividing
the IRI values from each food item by the sum of all
IRI values.

The IRI was compared among zones (lower,
middle, and upper), and seasons as follows: autumn
2001: April to June; winter: July to September; spring:
October to December; summer: January to March;
and autumn 2002: April to May. The frequency of
occurrence (% OC) was also calculated for each food
item along the length classes (mm) so as to detect
possible ontogenetic influences on the diet.

RESULTS

A total of 289 individuals were examined, of
which 97 (33.56%) showed some gut content,
ranging in standard length (SL) from 130 to 224
mm. The diet was comprised by insects (56.04%
IRI) and fishes (43.9% IRI): Cichla monoculus
(43.0% IRI); Lepidoptera (36.0% IRI); Hemiptera
(14.0% IRI); and Hymenoptera (6.0% IRI). Other
minor components of the diet, e.g., Pimelodidae,
Astyanax spp., nonidentified fishes, Trichoptera, and
Coleoptera contributed less than 1.0% IRI (Fig. 2).

60

Insects (69.9% IRI)

The diet changed along the reservoir zones
(Fig. 3): insects (61.0% IRI), namely Lepidoptera
(40.0% IRI), Hemiptera (12.0% IRI), and
Hymenoptera (9.0% IRI), and C. monoculus (39.0%
IRI) were the main items consumed in the lower
zone; Pimelodidae, Astyanax spp., nonidentified
fishes, Trichoptera, and Coleoptera contributed less
than 1.0% IRI. In the middle zone, Lepidoptera
(57.0% IRI), C. monoculus (30.0% IRI), and non-
identified fishes (13.0% IRI) occurred in the gut
content, while C. monoculus (77.0% IRI),
Pimelodidae (6.0% IRI), and Hemiptera (12.0% IRI);
nonidentified fishes, Lepidoptera, and Hymenoptera
amounted to 4.0% IRI.

Seasonal dietary shifts were found (Fig. 4).
C. monoculus was the major prey in autumn 2001
(97.0% IRI), with nonidentified fishes and
Lepidoptera showing little contribution (2.0 and
1.0% IRI, respectively). Lepidoptera (49.0% IRI)
and Hymenoptera (46.0% IRI) dominated during
winter, with little contribution of Pimelodidae (4.0%
IRI) and C. monoculus (1.0% IRI). Lepidoptera
was the almost exclusive prey in spring (99.0%
IRI), while nonidentified fishes and Hymenoptera
provided the remaining items. Hemiptera (94.0%
IRI) was the main item in summer, followed by
C. monoculus, Hymenoptera, Trichoptera,
Coleoptera, and Lepidoptera. In autumn 2002,
Hemiptera (97.0% IRI) dominated in the diet,
followed by Astyanax spp. (3.0% IRI).
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Fig. 2 — Index of relative importance values for O. hepsetus in Lajes reservoir. Insects: A = Lepidoptera, B = Hemiptera, C =
Hymenoptera, D = Trichoptera, E = Coleoptera. Fishes: F = C. monoculus, G = nonidentified fishes, H = Pimelodidae, I = Astyanax
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Fig. 3 — Spatial index of relative importance (IRI) values for O. hepsetus in Lajes reservoir. Insects: A = Lepidoptera, B = Hemiptera,
C = Hymenoptera, D = Trichoptera, E = Coleoptera. Fishes: F = C. monoculus, G = nonidentified fishes, H = Pimelodidae, I =
Astyanax spp. Examined stomachs (n) by zone: lower (81), middle (4) and upper (12).

Oligosarsus hepsetus consumed both insects
and fishes along all the length classes (Table 1).
Individuals smaller than 190 mm SL fed heavily on
insects, mainly Lepidoptera and Hemiptera, with fishes
(restricted to C. monoculus and Astyanax spp.) having
minor dietary importance. Fishes predominated in

the diet of individuals larger than 190 mm SL, with C.
monoculus and Pimelodidae being the major items
consumed. Lepidoptera and Hemiptera showed lower
contributions. O. hepsetus smaller than 150 mm SL
did not eat Hymenoptera, although this food item
frequently occurred in stomachs of larger individuals.
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Fig. 4 — Seasonal index of relative importance (IRI) values for O. hepsetus in Lajes Reservoir. Insects: A = Lepidoptera, B =
Hemiptera, C = Hymenoptera, D = Trichoptera, E = Coleoptera. Fishes: F = C. monoculus, G = nonidentified fishes, H = Pimelodidae,
I = Astyanax spp. Seasons with respective examined stomachs (n): I = autumn 2001 (41), II = winter (24), III = spring (15), IV =

summer (13), V = autumn 2002 (04).

DISCUSSION

Oligosarcus hepsetus showed a carnivorous
food habit in Lajes reservoir, feeding solely on
insects and fishes and changing diet over the seasons
and the reservoir zones. These major items were
also found in the diet of other congeners in distinct
ecosystems. Hahn et al. (1997) and Gealh & Hahn
(1998) recorded a carnivorous diet in Oligosarcus
longirostris in the Segredo reservoir, Parana, where
juveniles ate fishes, crustaceans, and insects while
adults fed exclusively on fishes. Vieira (1994) repor-
ted a similar food habit for Oligosarcus solitarius
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from several lakes of the Doce river, Minas Gerais,
with juveniles feeding on insects and prawns, while
adults consuming only fishes. HARTZ et al. (1996)
found high prey diversity in Oligosarcus jenynsii guts,
with fishes, decapod crustaceans, and insects (mainly
diptera) being the major items. The exclusive insec-
tivorous-piscivorous habit suggests a specialized diet
for O. hepsetus in Lajes reservoir. However, the shifts
in major items consumed along the zones and seasons
suggests a rather opportunistic strategy for this species,
which switches from an insectivorous to piscivorous
diet and vice versa according to resource availability.
Nikolsky (1963) and Wooton (1992) have affirmed
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that spatial and seasonal shifts in fishes diet are very
common, and usually associated with prey
reproductive pulses and environmental changes in
an ecosystem; food availability is another important
factor dictating these changes in the diet.

The predominantly insectivorous habit in the
lower and middle zones, which are comprised by
allochthonous resources, probably reflects the rela-
tively low productivity of these zones, which is related
to high transparencies and depths, steep margins, and
lack of macrophytes. On the other hand, the pisci-
vorous habit developed in upper zone seems to be
associated to the higher capacity of this zone to support
autochthonous organisms, mainly fishes. Among all
food items, Lepidoptera and Cichla monoculus were,
respectively, the allochthonous and autochthonous
resources most used by O. hepsetus.

O. hepsetus changes its diet markedly
according to the season. C. monoculus was the
dominant prey in utumn 2001, while insects
dominated in the other seasons. Lepidoptera and
Hymnenoptera were the main food items in winter,
Lepidoptera in spring, and Hemiptera in summer
and autumn 2002. High numbers of juvenile C.
monoculus (SL < 100 mm) during autumn are
common in the reservoir due to summer spawning
(Fontenele, 1982), which is possibly linked to the

high proportion of C. monoculus found in the diet
in autumn 2001. The reasons for no occurrence
of C. monoculus in the diet in autumn 2002 are
unknown, but delays or weak reproductive peaks
in that period could explain this dietary shifts.

Size could be a further constraint on food
selection. The individuals caught for this study were >
130 mm SL. Hartz et al. (1996) also reported that
Oligosarcus jenynsii (Giinther, 1864) ranging from
106 to 264 mm TL fed on insects, fishes, and other
smaller items.

There was a trend for the larger-sized O.
hepsetus (> 190 mm SL) to feed mainly on fishes
when compared to smaller individuals that ate mostly
insects. Gealh & Hahn (1998) found similar results
for O. longirostris in Segredo reservoir, with smaller
individuals eating insects, crustaceans, and fishes,
while larger ones (> 160 mm SL) were exclusively
piscivorous. Larger-sized O. hepsetus (> 190 mm SL)
were apparently able to eat more rewarding prey:
larger, heavier, and probably more energetic, since
length increase is related to morphological changes
(e.g., gape size and swimming speed) that could favor
fish capture. Ontogenetic shifts in the diet also can
be associated to a decrease in intraspecific
competition, with smaller individuals preferentially
eating insects and larger ones consuming mostly fishes.

TABLE 1
Frequency of occurrence (% OC) by food item and length classes (mm) of O. hepsetus.
130-150 150-170 170-190 190-210 210-230
Insetos 63.6 94.8 83.3 54.5 35.7
Lepidoptera 36.4 46.7 28.6 23.1 17.6
Hemiptera 27.3 15.5 28.6 3.8
Hymenoptera 133 7.1 19.2 11.8
Trichoptera 2.2 7.1
Coleoptera 2.2
Fishes 36.4 23.7 333 63.6 85.7
C. monoculus 18.2 20.0 7.1 423 52.9
Non-identified 18.2 14.3 7.7 11.8
Pimelodidae 3.8 5.9
Astyanax spp. 7.1
st]::)’;?:c':;e(‘;) 1 38 12 22 14
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No cannibal behavior was shown for O.
hepsetus in Lajes reservoir, while the other carni-
vorous species, C. monoculus, showed intense
cannibalism in certain period of its life cycle
(SANTOS et al., 2001). This could mean that this
native carnivore is capable of using a greater
variety of food resources than is the nonnative
piscivorous C. monoculus, thus minimizing ne-
gative intra-specific relationships.

These two species also exhibited complex
predator-prey interactions. According to SANTOS
et al. (2001), O. hepsetus showed a low contribution
to the C. monoculus diet (< 3.0% IRI), while in the
present study C. monoculus comprised the major
prey eaten by O. hepsetus (43.0% IRI). Therefore,
O. hepsetus seems to play a key role in the reservoir
food web, acting as prey for large piscivorous fishes
and predator for smaller ones.

To sum up, the insectivorous-piscivorous habit
showed by O. hepsetus, using both autochthonous
and allochthonous resources that changed at both
spatial and seasonal scales might explain the success
of this species in Lajes reservoir. Additionally, O.
hepsetus could be an important biologic constraint
for C. monoculus.
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