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Abstract: Aim: Identify seasonal variations in the diet of juvenile living in the estuary of the Parnaiba
River Delta. Methods: Food items were identified through analysis of stomach contents, and later
submitted to analysis by regular methods for Frequency of Occurrence (FO), Frequency Numerical
(FN), Gravimetric Frequency (FW) and Relative Importance Index (IRI). Results: Juvenile diet of Elops
saurus that inhabit the lagoons in the Parnaiba delta was composed in order decreasing of importance
by Osteichthyes (Teleostei), Insecta and Crustacea in addition to Polychaeta and Nematoda. It was also
observed a high frequency of occurrence of fragments of plastics in the diet. In the rainy season, 17 items
were recorded in the diet, whereas in the dry season only 7 items were present. Relative Importance
Index showed high presence of the Teleostei fish (69.93%) on diet of E. saurus during the rainy season,
whereas during the dry period the insects of the families Corixidae (43.25%) and Dysticidae (39.16%).
Conclusions: With the study it was possible to identify that juvenile are piscivorous in the rainy season
when there is a higher availability of prey in the environment and insectivores in the dry season when
it reduces the supply of food, indicating feeding flexibility to environmental alterations.

Keywords: feeding; carnivory; feeding flexibility; Elops saurus.

Resumo: Objetivo: Identificar variagées sazonais na dieta de jovens que vivem no estudrio do
Delta do Rio Parnaiba. Métodos: Os itens alimentares foram identificados através da andlise do
conteddo estomacal, e depois submetidos a andlise pelos métodos Frequéncia de Ocorréncia (FO),
Frequéncia Numérica (FN), Frequéncia gravimétrica (FW) e Indice de Importancia Relativa (IRI).
Resultados: A dieta dos jovens de Elops saurus que habitam as lagoas no delta do Parnaiba foi composta em
ordem decrescente de importincia por Osteichthyes (Teleostei), Insecta e Crustacea, além de Polychaeta
e Nematoda. Também foi registrada elevada frequéncia de ocorréncia de fragmentos de plésticos na
dieta. Na estagio chuvosa, 17 itens foram registrados na dieta, enquanto que na estagio seca apenas 7
itens estavam presentes. O Indice de Importincia Relativa evidenciou a importincia dos peixes Teleostei
(69,93%) na dieta de E. saurus na estagio chuvosa, enquanto que, no periodo Seco destacaram-se os
insetos das Familias Corixidae (43,25%) e Dysticidae (39,16%). Conclusées: Com o estudo foi possivel
identificar que os jovens sdo carnivoros, especificamente, piscivoros na estagio chuvosa quando ocorre
maior disponibilidade de presas no ambiente e insetivoros na estagio seca, quando reduz a oferta de
alimento, evidenciando uma flexibilidade alimentar frente as alteracoes ambientais.
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1. Introduction

‘The Parnaiba Delta is formed by approximately
90 continental islands, located in Brazilian
Northeastern coast, encompassing the states of
Piaui, Ceard and Maranhio. Also knowledge as the
only delta in the Americas that empties into the open
sea (Guzzi, 2012). Estuaries are the mainly nurseries
habitats composed by streams, islands, bays, marginal
lagoons and wetlands, in which a large number of
species are found, representing essential habitats for
feeding, growing and reproduction for many fisheries
resources (Bittencourt, 2009). Among the fishery
resources in the Parnaiba River delta several species
of crustaceans and fish with high commercial value
belonging to the families Centropomidae, Sciaenidae,
Mugilidae, Ariidae, etc. (Farias et al., 2015).

The Elopiformes order also occurs in the area
being represented by the Elopidae and Megalopidae
families (Farias et al., 2015). Representatives of these
families live in marine and estuarine environments,
rarely found in freshwater sites, occurring in
tropical and subtropical seas (Adams et al., 2013),
in Atlantic and Pacific Oceans (Froese & Pauly,
2018). The species Elops saurus Linnaeus, 1766 is
the only representative of the Elopidae family with
distribution on all Brazilian coast (Hildebrand,
1963), where it is most common in the North and
Northeast regions of the country, being popularly
known as Ubarana.

The delta ecosystem of the Parnaiba River presents
high habitat complexity due to the canals (Igarapés),
90 islands, mangrove vegetation and lagoons whose
seasonal connectivity depends on the tidal regime and
the rainy season. The occurrence of juvenile of several
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species of the ichthyofauna of the Parnaiba River was
recorded in the lagoons, characterizing this habitat as
a nursery used as a shelter and feeding area by these
juvenile. In this context, the objective was to know
the food resources exploited by these juvenile, as well
as the interference of seasonal variables in the diet of
juvenile of E. saurus while remaining in the wetlands.

2. Material and Methods

The study area is located in the Parnaiba River Delta
Estuary, where two marine protected areas (Parnaiba
Delta Marine Extractive Reserve and Environmental
Protection Area) are located between the States of
Maranhio and Piaui, at coordinates 02°45°59” S and
41°50°41” W (Figure 1). The collections were carried
out in marginal lagoons (Salgadas, Poldros, Coqueiro
and Caju) through the use of hand trawls nets
(Picaré), during the development of the Common
Snook project, in cooperation with Rare (Brazil)
and UFPI, in the period July/2016 to May/2017.
Monthly data of the rainfall were obtained from the
agrometeorological station of the Instituto Nacional
de Meteorologia (INMET, 2018), located in the
Embrapa Meio-Norte, Parnaiba-PI. The regional
climate is tropical dry (as, according to the Képpen
classification) and is characterized by two distinct
seasons: a rainy summer and a dry winter, with
average annual air temperature of 30 °C and rainfall
of 1,200 mm.

The specimens of E. saurus that occur in the

lagoons of the Parnaiba River Delta ware considered
in the juvenile stage based Jones et al. (1978) that
determined standard length between 35-258 mm
and McBride et al. (2001) were found juveniles with
total length >50-400 mm.
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Figure 1. Study area highlighting the location of the Parnaiba River Delta Estuary.
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Fishes were transported to the Laboratory of
Ichthyology of the Federal University of Piaui
(LABIC) submitted to biometry to obtain weight
and total length followed by dissection, to remove
the stomach that was fixed in 10% formalin solution
for 24 hours and later preserved in alcohol 70%.

The analysis of the stcomach contents was aided by
Stereomicroscope and surgical materials, being carried
out the taxonomy of the best preserved items followed
by the steps of counting and weighing in analytical
balance (0.001 g precision). The unidentified content
was grouped into a category called remains, which
was composed of fragments of organic material from
the macro-categories (Osteichthyes, Crustacea and
Insecta), hair strands, and vegetables. Due to the high
frequency of occurrence of plastics were considered
as item in the analysis.

2.1. Data analysis

The degree of stomach repletion was analyzed
by the relation of stomach weight and total
weight of the fish, both were measured in grams
(Zavala-Camin, 1996).

The data were analyzed using the qualitative
methods of Occurrence Frequency (Hynes, 1950;
Hyslop, 1980), and quantitative Numerical and
Gravimetric Frequency (Hynes, 1950; Hyslop,
1980). Methods were combined in the Relative
Importance index proposed by Pinkas etal. (1971),
which was expressed as a percentage, to order by
importance the diet items of E. saurus juvenile.

3. Results

The mean monthly rainfall presented significant
variations (Kruskal-Wallis, H = 139, p = 0.00), with
the highest averages recorded in February and April
with 138 and 118 mm, respectively, resulting in
higher rainfall in the rainy season 125.48 mm and in
the dry season 19.19 mm (T test: -19.287, p < 0.01).

121 juveniles were analyzed, total length
varied between 12.9 to 30.5 cm and a total weight
of 14 to 98 g (Figure 2). During the study period, there
was no monthly variation of the total length for fishes
(Anova, F =2.278, p> 0.05) and total weight (Anova,
F = 1,882, p> 0.05). For the data grouped in dry and
rainy season, there was no significant difference for
weight (T test: 0.827, p = 0.409) and length (T test:
1.333, p = 0.184) of the individuals analyzed.

Juvenile diet of Elops saurus that inhabit the
lagoons in the Parnaiba delta showed carnivorous
behavior with tendency to piscivorous due to prey
availability in the habitat. Diet was composed in
order decreasing of importance by Osteichthyes
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(Teleostei), Insecta and Crustacea in addition
to Polychacta and Nematoda (Figure 3). It was
also observed a high frequency of occurrence of
fragments of plastics in the diet (Figure 3).

Among the categories of food items, the high
gravimetric frequency of the fish and the numerical
value of the insects and crustaceans were observed,
showing a balance between the frequency of
occurrence of fish and insects (Figure 3).

Seasonal variation analysis on diet of Elops saurus
was based from 94 stomachs of the fish collected
during rainy season and 24 in the dry season, among
which 118 had some content and only 3 were
empty. The degree of stomach repletion did not
show significant variation during the monitored
months (ANOVA, F = 2.187, p = 0.059) and
season (T test: -0.3313, p = 0.741).

In the rainy season, 17 items were recorded in
the diet, whereas in the dry season only 7 items were
present, with Ophichthydae, Gobiidae, Gerreidae,
Sciaenidae, Eleotridae and Haemulidae, Cameroon
Penaeidae and Insects of the Blatodea Family
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Figure 2. Mean (zstd. dev.) of the Total weight and Total
length of Elops saurus juvenile on the Parnaiba Delta
River in the period between July (2016) to May (2017).
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Figure 3. Food items of juvenile Elops saurus in Delta
do Rio Parnaiba (PI) between July 2016 and April
2017. Frequency of occurrence (FO), Frequency
numerical (FN), Frequency Gravimetric (FW) e Relative
Importance Index (IRI).
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absent. of Polychaeta and Nematoda (Table 1). In the numerical frequency, the diet presented
The occurrence of plastics in the diet was recorded  similarities between the rainy season, with the insects
only in the rainy season (Table 1). Osteichthyes were  Corixidae (33.15%) and Amphipod microcrustaceans
more frequent in the rainy season (36.71%), while  (18.71%), while in the dry season the insect families
in the dry season insects (64.40%) were affected by ~ Corixidae (49.25%) and Dysticidae (41.92%)
the Corixidae and Distycidae families, both with ~ (Table 1, Figure 4) although the Corixidac Family
27.12% (Table 1). was more abundant in the dry season.
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Figure 4. Frequency numerical (FN) and Gravimetric (FW) on diet of juvenile Elops saurus in the Parnaiba Delta
River in the period between July (2016) to May (2017).

Table 1. Seasonal analysis for Frequency of occurrence (FO%), Frequency numerical (FN%), Frequency Gravimetric
(FW%) e Relative Importance Index (%IRI) on diet of Elops saurus in Delta do Rio Parnaiba (PI) between July 2016
and April 2017.

ITEMS FO% FN% FW% %IRI

Rainy Dry Rainy Dry Rainy Dry Rainy Dry
Osteichthyes 36.71 8.47 18.90 0.94 93.74 9.41 72.43 2.1
Teleostei 25.95 8.47 9.80 0.94 81.66 9.41 69.93 211
Ophichthidae 0.63 0.00 0.18 0.00 0.00 0.00 0.00 0.00
Gobiidae 1.90 0.00 4.28 0.00 3.56 0.00 0.44 0.00
Gerreidae 6.33 0.00 4.10 0.00 6.70 0.00 2.01 0.00
Sciaenidae 0.63 0.00 0.18 0.00 0.10 0.00 0.01 0.00
Eleotridae 0.63 0.00 0.18 0.00 1.51 0.00 0.03 0.00
Haemulidae 0.63 0.00 0.18 0.00 0.21 0.00 0.01 0.00
Crustacea 10.76 10.16 35.12 1.13 1.25 34.22 4.35 7.14
Amphipod 6.96 1.69 18.72 0.19 0.42 0.13 3.93 0.01
Penaeidae 0.63 0.00 15.51 0.00 0.37 0.00 0.30 0.00
Decapoda 3.16 8.47 0.89 0.94 0.45 34.09 0.13 712
Insecta 12.89 64.40 34.77 96.06 0.80 44.42 8.24 85.14
Corixidae 8.23 2712 33.16 49.25 0.54 17.24 8.17 43.25
Dysticidae 0.63 2712 0.36 41.92 0.03 18.28 0.01 39.16
Hemiptera 1.27 8.47 0.53 4.70 0.02 8.59 0.02 2.70
Blattodea 0.86 0.00 0.19 0.00 0.07 0.00 0.01 0.00
Lepidoptera 1.90 1.69 0.53 0.19 0.14 0.31 0.04 0.02
Polychaeta 0.63 0.00 0.18 0.00 0.00 0.00 0.00 0.00
Nematoda 1.27 0.00 0.36 0.00 0.01 0.00 0.01 0.00
Plastics 3.16 0.00 0.89 0.00 0.00 0.00 0.08 0.00
Remains 35.44 16.95 9.98 1.88 4.28 0.00 14.89 5.62
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Gravimetric frequency showed large differences
with the predominance of the Teleostei Fish
(81.66%) in the rainy season, whereas in the dry
season they were insects (44.04%), Crustaceans and
Decapoda (34.09%) (Table 1, Figure 4).

Relative Importance Index showed high
presence of the Teleostei fish (69.93%) on diet of
E. saurus during the rainy season, whereas during
the dry period the insects of the families Corixidae
(43.25%) and Dysticidae (39.16%) (Table 1,
Figure 4).

4. Discussion

The juvenile of E. saurus that occur in the
lagoons of the Parnaiba River Delta are present
all year round and always in the juvenile phase,
of around 200 mm. The length observed in
the present study may be related to the fishing
equipment used, which may have influenced
the capture of juvenile stage, since the apparatus
may act selectively in the capture. According to
Thompson & Deegan (1982), the species in the
juvenile phase is eurialine, which can be found
in estuarine habitats of low salinity, but can
also be found in brackish estuaries and juvenile
are common in hypersaline bays and lagoons
(Cervigén et al., 1992) .

Juvenile diet of Elops saurus that inhabits the
lagoons in the Delta of the river Parnaiba presented
carnivorous food habit, with tendency to piscivory,
but also fed on crustaceans and insects. Similar
results to that found by Hiatt (1947), Odum &
Heald (1972), Santos-Martinez & Arboleda (1993)
and Smith (1997) registered a carnivorous habit,
where diet composition was based on small fish,
crustaceans and some aquatic insects, in addition
to sometimes crop residues. In other studies they
recorded a diet exclusively piscivorous (Sekavec,
1971; Zale & Merrifield, 1989).

Seasonally, the diet of the species in the rainy
season presented a greater diversity of food items
but with a predominance of fishes (Teleostei),
while in the dry season there was reduction in
the diversity of food items and predominance of
aquatic Insects. These characteristics in the rainy
season are due to the increase in the water and
organic matter supply, as well as, the expansion
of the connectivity between the diverse habitats
like marginal lagoons, canals and islands of the
ecosystem propitiating a greater supply of prey
mainly for fish in the rainy season. Also the use of
the habitat for feeding and reproduction from fish
species in Delta of Parnaiba, due increase in prey

Acta Limnologica Brasiliensia, 2020, vol. 32, el1

abundance for larvae and juvenile (Barletta et al.
2017). According to the studies of Peret (2004),
the animals that feed on fish have a food plasticity,
that is, they can adapt to the environment
conditions and feed from what is available. Cunha
(2017) found similar fish species composition and
seasonal variation for Weakfish acoupa Cynoscion
acoupa diet in the region.

In the dry season there is a decrease in the
diversity and abundance of prey due to the loss of
connectivity, being reflected in adaptations with
predominance of insects belonging to the families
Corixidae and Dysticidae. Although insects are
also important in rainy season, but more easy
prey in dry season due low fish abundance in
Delta. Bernardo et al. (2012) have shown that
the distribution of these insects is related to the
physical-chemical characteristics of habitats, where
they prefer higher temperature waters and low
turbidity and the availability of food resources.
Insects are extremely important in the feeding of
aquatic organisms, since they have a high nutritional
content (Wallace & Merritt, 1980), besides being
present in great abundance in the marginal lagoons,
an environment that shelters many species of fish,
among them E. saurus.

In chis study it was possible to observe
that the diet of E. saurus is based mainly on
fish, insects and crustaceans with high level of
feeding plasticity depend on prey abundance
in the environment (Dantas et al., 2015).
However, diet of some species is based on
the mentioned items; studies such as those of
Thompson et al. (2004), Browne et al. (2008)
and Ryan et al. (2009) showed that the ingestion
of plastic micro-particles, known as pellets may
be present in the stomachs of these animals.
Micro-particles are originated through chemical,
physical and biological processes that act in the
disintegration of plastic materials. Occurrence
of plastics in the diet of juvenile of E. saurus also
occurred seasonally, being associated to the rainy
season, probably accidentally ingested during
the capture of benthic prey (zoobenthos) that
occurred exclusively in the rainy season, such as
Penaeidae, Polychaeta and Nematoda shrimps, as
well as increase of Amphipod micro-crustaceans.
Pollution and environment degradation still
increase in estuarine habitat due many human
activities (e.g. metal, micro plastic and absence of
basic sanitation), reducing ecosystem capacity to
produce resource and maintain services (Barletta
& Lima, 2019).
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