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Abstract The knowledge of the fish trophic structure has been
outstanding for providing relevant information on the
functioning of the ecosystem in which they are inserted,
mainly in dammed environments of semiarid regions that
suffer constant changes in the level of water, resulting in
alterations, especially in the feeding of the fish due to the
variation of the food resources throughout the year, causing
changes in the diet of the local ichthyofauna. Within this
context, the objective was to describe the trophic categories of
fish species in freshwater environments of the Rio Grande do
Norte state. Seven trophic guilds were recorded:
Detritivore/iliophagous,  Insectivorous,  Carcinophagous,
Piscivorous, Herbivorous and Omnivorous. Through the
results, it is observed that the fish species inserted in different
environments of the state present the same food pattern,
demonstrating flexibility on the diet, prevailing a generalist
alimentary habit.
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Introduction

In the Brazilian semi-arid region, due to prolonged
periods of drought and shallow soils, few aquatic
environments remain flooded throughout the year, creating the
problem of lack and low-quality water available for human
consumption (Cardoso et al 2012). Thus, to overcome the
periods of water scarcity, reservoirs were built to store water
in the rainy season for human consumption (Vieira et al 2010).
These reservoirs suffer a deficit in their water bodies,
associated with low rainfall, long periods of drought and high
evaporation rates, being able to change from completely dry

to overflowing (Montenegro et al 2010). These changes
influence in the life cycle of the species, especially in fish
feeding, through fluctuations in the abundance of food
resources throughout the year (Silva et al 2012).
Environmental effects are often limiting to species
development, since the environment encompasses a set of
factors that affect animals directly or indirectly (Silva et al
2015).

In these environments, it is also common practice to
introduce non-native fish species, to guarantee fishermen the
sustenance of their families and to contribute to the increase
of supply in the region (Gurgel and Oliveira 1987). Introduced
fish are relevant threats, because these animals are key
organisms in innumerable ecological interactions; widely
distributed, highly mobile and adapted to the environment
(Vitule 2009). As observed by Molina et al (1996) in the
Redonda Lagoon, Rio Grande do Norte, the peacock bass,
Cichla ocellaris, after being introduced caused severe impacts
to the ichthyofauna, extinguishing several native populations
of fish, extremely fast.

Another impact on the ichthyofauna of the reservoirs
of the semi-arid region may occur through the transposition of
the S&o Francisco River. Through two channels, North Axis
and South Axis, the water will be taken to important reservoirs
in the region: Armando Ribeiro Gongalves, Entremontes, Pau
dos Ferros and Santa Cruz, among others (Santana Filho
2008). In addition to modifying the physical and chemical
characteristics of the water, transposition may alter fish fauna
due to the introduction of new species, which may lead to
changes or situations undesirable of quality or environmental
conditions (Agra Filho 2010). It is important to note that
invasive species can cause loss of ecosystem functions, such
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as: coastal resources and decomposing products, spawning
sites and refuge for predators (Zohary and Ostrovsky 2011).
In addition, the principle of competitive exclusion states that
two or more species cannot coexist in the same niche
competing for the same resource (Gause 1934). Invasive
species, more tolerant of environmental oscillations, can
eliminate the native ones. Thus, considering the abrupt
reduction in the volume of reservoirs water and the low levels
of dissolved oxygen, non-native species can prevail in the
environment (Pompeu and Godinho 2006), and may lead to
their extinction due to interspecific competition for breeding
sites, refuge and food.

In this context, studies on trophic ecology in reservoirs
are necessary. The studies on fish feeding make it possible to
apply to either isolated species or to pairs of species, as well
as to more complex population and communities (Velludo
2007). The description of the food items consumed by all fish
species in a community is the starting point for the recognition
of a natural trophic structure (Mazzoni et al 2010). It is
necessary to know the trophic spectrum and the food activity
of the species in their environment to achieve success in
conservation efforts (Lima and Behr 2010).

Although reservoirs are common in the Brazilian semi-
arid region, few investigated about the impact of the flow
fluctuation caused by dams. Small-scale studies in reservoirs
in the semi-arid region show that fishes present changes in
dietary utilization and trophic structure due to changes in
resources affected by drought and oscillations in the volume
of water in the reservoirs (Oliveira et al 2016a; Oliveira et al
2016b; Oliveira et al 2018). In addition, the lack of rainfall in
recent years has aggravated the water scarcity, causing an
exacerbated decrease in the volume of water in the reservoirs,
and a change in composition and fish abundance (Sousa 2015).

The studies on natural fish feeding

The studies on natural fish feeding and the
establishment of the trophic structure have been outstanding
for providing relevant information about the functioning of the
ecosystem in which they are inserted. With the possibility to
understand the ecology of the species and their role in the
ecosystem and to identify the factors that determine the pattern
of fish feeding throughout their life cycle (Oliveira et al
2016b). In Brazil, in recent decades there has been an increase
in studies related to natural fish feeding, with a higher
concentration for the species of major commercial interest,
mainly of rivers and lakes in the North, South and Southeast
regions of the country. Knowing the diet and food interaction
of fish in natural or artificial environments with the
environment provides important ecological information, such
as the mechanisms that allow the coexistence and exploitation
of resources by several species (Goulding 1980) to understand
the behavior of these species in face of changes in

environmental conditions and food availability (Silva et al
2008).

Feeding studies also provide applications for isolated
species, as observed by Santos et al (2014). The authors
studied the food preference of juveniles of Oligosarcus
hepsetus, in controlled environment. Or for pairs of species as
observed by Taéfoli et al (2010) for the sympatric species of
Moenkhausia in a creek in the Center-West Region of Brazil.
As well as for population and communities, as described by
Souza et al (2017) with the species Plagioscion
squamosissimus in the Santa Cruz reservoir, Apodi-Mossord
river basin. And communities such as the research on the diet
of the ichthyofauna of the Itupararanga reservoir, located in
the state of S&o Paulo, by Ribeiro et al (2014).

From the feeding data it is possible to obtain
information on the basic aspects of the species biology, such
as reproduction, growth, adaptation and survival, as well as to
understand how individuals exploit, use and share the
resources of the environment (Silva et al 2012). In addition to
information on the interactions between species, and how the
trophic guilds are distributed in space and time. Thus, studies
on the diet of fish are of great importance because they are
directly related to obtaining energy and help to understand the
activities involved in the development, growth, reproduction
and maintenance processes of the organism (Bonato et al
2012; Ribeiro et al 2014).

Changes in diet and food structure

Most freshwater fish species have a wide range of food
strategies and tactics, consuming many items, favoring
adaptations to the new conditions imposed by the environment
(Hahn and Fugi 2007). Fish can improve their diet using the
most energetic resources or through the consumption of food
items with greater availability in the environment (Macarthur
and Pianka 1966), which will depend on the fish's ability to
seek, detect and ingest the prey (Abelha et al 2001). The diet
can still be altered when fishes explore a new region in the
environment (Gandini et al 2014). Due to spatial and seasonal
modifications of the habitat, considering that distinct locations
and periods have different abiotic and biotic conditions
(Abelha et al 2001) and from opportunistic behavior, from
substituting scarce items for others abundant (Davies et al
2008).

The composition and distribution of the species that
make up the trophic guilds in the community are dependent on
several factors such as habitat structure, food availability
(Ross 1986), community species richness and composition,
interspecific and intraspecific relationship, and factors
environmental (Ximenes et al 2011). Thus, guilds are
characteristic of place and period and influenced by habitat
structure, due to landscape change, erosion and deposition of
sediment, which create local peculiarities (Allan 2004). Due
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to these factors, dietary variations are predictable and gradual,
but abrupt changes in the environment such as those caused by
the dams (Hahn and Fugi 2007) and by oscillations in the
water volume of the reservoirs (Petry et al 2013) that cause
situations unpredictable for which only species with higher
food plasticity are adapted (Hahn and Fugi 2007). These
changes alter the physic-chemical characteristics of the water,
in which fish constitute the most affected group (Young et al
2011; Loures and Pompeu 2012).

The main effect of damming is the change in the natural
runoff regime, which leads to a change in the amount of food
resources and their use by the fish, which generally modifies
the trophic dynamics of the environment (Hahn and Fugi
2007; Abujanra et al 2009). The dam constitutes an
environmental filter for the species that, after damming, must
find the food resources in the reservoir for its individual
maintenance (Mérona and Vigouroux 2006), in this way,
changes in the fish composition may occur.

Due to these processes, some food sources undergo
rapid changes, which are perceived by all aquatic
communities, thus algae, vegetables, zooplankton, zoobentos
and fish undergo changes in their abundance and,
consequently, availability for their consumers (Agostinho
1999). These changes inevitably have the growth of some
opportunistic fish species, which replace scarce food items
with more abundant ones (Davies et al 2008) and decrease
and/or elimination of some species (Novakowski et al 2007),
generating changes of fish composition (Hahn and Fugi 2007).
Thus, the reservoirs can cause a disruption in the composition
of the guilds, through the introduction of new predators or
elimination of some ichthyofaunistic components, which can
modify the cascade relationships related to bottom-up and top-
down effects (Carpenter and Kitchell 1993), and negatively
influence the entire aquatic ecosystem.

Another striking feature in these reservoirs is the
presence of flows, in which they varied in an acyclic way,
which leads to changes in the limnological characteristics of
flooded areas, so that the fish respond differently to the
environmental variations imposed. The excessive reduction of
the level of the water of the reservoirs is a problematic that
calls attention, because with the low level can cause an impact
in the coastal region and in its surroundings, which can result
in loss of the coastal zone, nursery and refuge for juveniles,
with resulting loss of biodiversity (Winfried 2004). According
to Gandini et al (2014), the impact of the flow fluctuation
caused by dams is still poorly understood. Some authors
demonstrate the effects of flow oscillations on the abiotic
variables and the attributes of the fish assemblages, which
influences their composition, abundance (Petry et al 2013),
feeding (Medeiros et al 2014) and trophic structure (Corréa et
al 2009).

Feeding and trophic guilds of fish in the Brazilian semiarid

Considering that in the semi-arid region, low annual
precipitation affects the trophic categories of fish and the need
to understand these processes, it was intended with the review
to describe the trophic guilds of the fish species in sweet
environments of the state of Rio Grande do Norte. The review
will be restricted to these environments because they are
subject to seasonal fluctuations associated with temperature,
water level, rainfall regime, which alter the available food
resources, resulting in changes in fish diet in different
locations.

In the guild detritivore/iliophagous are species with
predominance of detritus/sediment in the diet. The
Steindachnerina notonota (Miranda Ribeiro, 1937) in the
reservoirs of Riacho da Cruz (Teixeira and Gurgel 2004) and
Pau dos Ferros (Oliveira et al 2016a) was listed. Hypostomus
pusarum (Starks, 1913), in the Marechal Dutra reservoir
(Pessoa et al 2013) and in Santa Cruz reservoir (Oliveira et al
2016b). Prochilodus brevis (Steindachner, 1875) and
Loricariichthys derbyi (Fowler, 1915) in the Pau dos Ferros
reservoir (Oliveira et al 2016a). Loricariichthys platymetopon
(Isbrucker and Nijssen, 1979) in the Santa Cruz reservoir
(Oliveira et al 2016b) and Curimatella lepidura (Eigenmann
and Eigenmann, 1889) in the Santa Cruz and Pau dos Ferros
reservoirs. The detritus/sediment resource is very valuable for
these species that present great ecological importance to these
ecosystems, since they contribute to the cycling of nutrients
from the environment (Oliveira et al 2016b).

Insectivores, represented by fishes that feed
predominantly of insects. In this guild are Astyanax
bimaculatus (Linnaeus, 1758) in the Boa Cicca Lagoon
(Canan et al 1997), in Jiqui Lagoon (Gurgel et al 2002) and
the Pau dos Ferros reservoir (Oliveira et al 2016a).
Crenicichla lepidota (Heckel, 1840) in the Redonda Lagoon
(Gurgel et al 1998). Triportheus signatus (Garman, 1890) in
the Jiqui Lagoon (Gurgel and Canan 1999) and in the Santa
Cruz reservoir (Oliveira et al 2016b). Trachelyopterus
galeatus (Linnaeus, 1766) in the Santa Cruz reservoir
(Oliveira et al 2016b). Astyanax fasciatus (Eigenmann, 1908)
and Moenkhausia dichroura (Kner, 1858) in the Pau dos
Ferros reservoir (Oliveira et al 2016a).

Carcinophagous is composed of species that present
essentially shrimp in their diet. In this guild, Plagioscion
squamosissimus (Heckel, 1840) was registered in the Piatd
Lagoon (Gavilan-Leandro et al 2009) and Santa Cruz reservoir
(Souza et al 2017). This species has been documented with
great trophic and opportunistic plasticity (Santos et al 2014;
Ferreira Filho et al 2014). Research carried out in reservoirs in
other regions indicates P. squamosissimus with piscivorous
habit, as in the Paranapanema and Tibagi rivers (Bennemann
et al 2006), Tieté (Stefani and Rocha 2009) and Sobradinho
reservoir (Santos et al 2014). However, this species was also
classified as carcinophagous in the ecological station reservoir
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of Tapacura (PE) (Ferreira Filho et al 2014). Therefore, the
diet of this specie in the state of Rio Grande do Norte, is
possibly related to the abundance and availability of shrimp
Macrobrachium amazonicum (Heller, 1862) in its reservoirs,
facilitating its predation. Following the theory of optimal
foraging proposed by MacArthur and Pianka (1966), in which
the organisms are adapted to obtain food with the highest
energy value by expending as little energy as possible.

In the herbivore, species with predominance of
vegetables in their feeding are classified. In this case,
Astyanax bimaculatus was recorded in the Santa Cruz
reservoir (Oliveira et al 2016b). However, recent study by
Oliveira et al (2018) in the Umari reservoir, recorded A.
bimaculatus as insectivorous. The species Leporinus taeniatus
(Fowler, 1941), Leporinus elongatus (Valenciennes, 1850) in
the Pau dos Ferros reservoir (Oliveira et al 2016a) and L. piau
in the Santa Cruz reservoir (Oliveira et al. 2016b) were also
documented in the herbivorous guild and in the Pau dos Ferros
reservoir (Oliveira et al 2016a). However, Durdes et al (2001)
attribute Leporinus species as omnivorous. This demonstrates
trophic plasticity for the species.

The piscivorous presents fish as the main item in its
diet. This guild was included Hoplias gr. malabaricus (Bloch,
1794), native species of the semi-arid region, in the Santa Cruz
(Oliveira et al 2016b) and Pau de Ferros reservoirs (Oliveira
et al 2016a), and Cichla monoculus (Spix and Agassiz, 1831)
in the Santa Cruz reservoir (Oliveira et al 2016b). The studies
on the food habit of C. monoculus in dammed environments
have recorded the diet of specie as specialized fish-eating
(Gomiero and Braga 2004; Novaes et al 2004; Capra and
Bennemann 2009).

The fish-eating habit for H. malabaricus in
environments of neotropical regions is well documented in the
literature (Corréa and Piedras 2008). Experimental studies in
mesocosms show that H. malabaricus plays an important role
in trophic structuring and regulation of forage species in
aquatic environments (Mazzeo et al 2010). Therefore, this
species deserves special attention to studies aimed at the
conservation of the ichthyofauna in dammed environments,
especially those considered small and medium sized.

Carnivorous, composed of species that exclusively
consume items of animal origin, such as Synbranchus
marmoratus (Bloch, 1795) in the Marechal Dutra dam
(Montenegro et al 2011). Serrasalmus spilopleura (Kner,
1860) in the Extremoz Lagoon (Raposo and Gurgel 2003); and
Cichla ocellaris (Schneider, 1801) in the Boa Cicca Lagoon
(Canan et al 1997). Sousa et al (2017) classified
Trachelyopterus galeatus in the Santa Cruz and Umari
reservoirs as carnivore, with predominance of mollusk and
fish in both. These authors demonstrated that the
predominance of a food item is related to the abundance of the
resource, in which demonstrated the opportunism of the
specie.

Omnivores present consumption of vegetal and animal
origin in similar proportions. In this category, Gurgel and
Canan (1999) recorded Leporinus piau as omnivorous with
insectivorous tendency in the Jiqui Lagoon. Yet Montenegro
et al (2011) studied the diet and population structure of L. piau
in a dam in the semi-arid region of Paraiba and classified the
specie as herbivorous with tending to the omnivore. Predation
tactics, morphology, oral apparatus and food availability are
directly related to food preference of species (Machado-
Evangelista et al 2015).

The determination of trophic guilds of fish in tropical
reservoirs is very complex (Oliveira et al 2016b), food
resources are few, where the main items found are vegetables,
aquatic and terrestrial insects, debris (allochthonous
resources), besides the plankton, benthos and fish
(autochthonous resources) (Gurgel et al 2005; Hahn and Fugi
2009). However, there may be temporal changes in the
availability of these resources, influenced by the oscillations
in the volume of water, mainly associated with the rainy
season, when the water level of the reservoir increases,
flooding the marginal vegetation, previously dry, increasing
the area of occupation of preys (insects, mollusks and
shrimps), which makes it difficult to capture these items. In
this period, occurs the addition of items of allochthonous
origin, such as plant material and terrestrial arthropods, that
fall on the surface of the body of water, depending on the
degree of marginal vegetation cover (Silva et al 2012). The
opposite occurs during drought, when water levels recede,
exposing previously submerged areas, decreasing habitat
diversity, making prey more vulnerable and facilitating
capture.

These changes in the availability of food resources are
an important aspect related to the trophic structure, since they
can cause changes in the diet of the fish or even their trophic
guild. As in the cases of L. piau registered as herbivore in the
Pau dos Ferros and Santa Cruz reservoirs; and as omnivore in
the Jiqui Lagoon. Astyanax bimaculatus recorded as an
insectivorous in the Boa Cicca Lagoon (Canan et al 1997) and
as herbivorous in the Santa Cruz reservoir (Oliveira et al
2016b). Recently, in a study developed by Oliveira et al
(2016a) in the Pau dos Ferros reservoir, the hypothesis was
confirmed that the decrease in water volume and spatial
differences influence the abundance of individuals in the
trophic guilds. Thus, the influence of decreasing water volume
affects the feeding resources and, consequently, on the diet
and trophic structure of fish in semiarid ecosystems of Rio
Grande do Norte state.

Final considerations
Based on the results presented, it is observed that most

of the species of fish inserted in different sweet environments
of Rio Grande do Norte, classified in seven trophic categories.
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Following a same food pattern, composed of resources of both
autochthonous and allochthonous origin, possibly taking
advantage of the most available items at any given time of the
year. They also demonstrated a feeding flexibility, with
species presenting generalist habit, in some cases temporarily
or spatially altering their trophic category. A strategy of
extreme importance for survival in neotropical environments
dammed, as it widens its range of resources, allowing
tolerance of more severe impacts, such as long periods of
drought.
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