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Abstract: Aim: The diet of Plagioscion squamosissimus present in the Santa Cruz Reservoir, Rio
Grande do Norte, Brazil, was investigated, evaluating the influences of spatial and temporal variations
and abiotic factors in the utilization of food resources. Methods: The samplings were performed
quarterly between February 2011 and November 2014. Of the 525 specimens captured, 375 presented
food items in the stomachs. The diet was determined using: (i) Feeding Index (IAi); (ii) and the
graphical interpretation of the food strategy through non-metric multidimensional scaling (NMDS)
analyzes, the differences in diet being tested from Permutational Multivariate Analyzes of Variance
(PERMANOVA). To verify if environmental variables influence the Canonical Correspondence
Analyzes (CCA) were used, using the data from the IAi the environmental data, being the significance
of the axes tested through Monte Carlo simulations. Results: The species feed mainly on items of
animal origin, vegetable being a resource ingested accidentally. The diet was composed of shrimp, fish,
insect, mollusk and vegetable, the latter rarely found. The shrimp was the main item (92.57%) and the
insects (7.24%) accessory items. Spatial and temporal ordering demonstrated that the species didn’t
present variation in diet composition, as well as a low association between diet and environmental
variables. Conclusion: P squamosissimus is characterized as carcinophagous, due to the predominance
of shrimp in its diet, evidencing that the species is adapted to the conditions offered by the Brazilian
semi-arid environment.

Keywords: food strategy; lentic ecosystem; Plagioscion squamosissimus; Neotropical semi-arid.

Resumo: Objetivo: Investigou-se a dieta de Plagioscion squamosissimus presente no reservatorio
de Santa Cruz, Rio Grande do Norte, Brasil, avaliando as influéncias das variagoes espacial e temporal
e de fatores abidticos na utilizagio dos recursos alimentares. Métodos: As coletas foram realizadas
trimestralmente, entre fevereiro de 2011 e novembro de 2014. Dos 525 exemplares capturados,
375 apresentaram itens alimentares nos estbmagos. A dieta foi determinada utilizando: (i) Indice
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Alimentar (IAi); (ii) e a interpretagio gréfica da estratégia alimentar, através de andlise de Escalonamento
Multidimensional Nao Métrico (NMDS), sendo as diferencas na dieta testadas a partir de Andlises
de Variancia Multivariada Permutacional (PERMANOVA). Para verificar se as varidveis ambientais
influenciam na dieta foram realizadas Andlise de Correspondéncia Candnica (CCA), usando os dados
do IAi e os dados ambientais, sendo a significincia dos eixos testada através de simula¢oes de Monte
Carlo. Resultados: A espécie se alimentou principalmente de itens de origem animal, sendo vegetal
um recurso ingerido de forma acidental. A dieta foi composta por camario, peixe, inseto, molusco
e vegetal, este tltimo raramente encontrado. O camario foi o item principal (92,57%) e os insetos
(7,24%) itens acessérios. A ordenagao espacial e temporal demonstrou que a espécie ndo apresentou
variagdo na composicao da dieta, assim como apresentou uma baixa associa¢do entre a alimentacio e
as varidveis ambientais. Conclusao: P squamosissimus caracteriza-se como carcinéfaga, em fungio do
predominio de camario em sua dieta, evidenciando que a espécie estd adaptada as condi¢des oferecidas

pelo ambiente do semidrido brasileiro.

Palavras-chave: estratégia alimentar; ecossistema léntico; Plagioscion squamosissimus, semidrido

Neotropical.

1. Introduction

In aquatic environments, variations in
temperature, water level and rainfall are common
throughout the year, resulting in cyclical changes
in the abundance of available food, resulting
in changes in fish diet (Oliveira et al., 2016a;
Souza et al., 2017). Hydrological variations are
also responsible for the quantitative and qualitative
changes in the availability of food resources, and
at certain times some food sources undergo rapid
changes becoming scarce or abundant, such as in
the rainy season (Gandini et al., 2012; Silva et al.,
2012). Another important factor to consider is the
great spatial-temporal heterogeneity found in these
environments, since in high water periods new
habitats for feeding, in which the fish frequently
pass, influencing the type of food ingested and
the abundance of fish (Loures & Pompeu, 2012;
Gandini et al., 2014).

In semi-arid freshwater ecosystems, water level
fluctuations often occur because of prolonged
drought, which is a result of irregular rains and
high temperatures, characteristic of the region’s
climate, with little depth (Aragjo et al., 2016).
These characteristics, associated with the long
period of drought, had a fundamental role in
the policy of damming rivers to overcome water
shortages and favor the development of fishing
(Novaes et al., 2014), besides the introduction of
allochthonous fish over time. An important point
is that the success of introduced species implies, for
the most part, competition, predation, inhibition
of reproduction, modification of the environment,
transfer of parasites or diseases and hybridization
(Agostinho et al., 2007).

The ichthyofauna of the semi-arid watersheds
represents the result of ecological processes that
determined the adaptation of species to the climatic
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conditions and the hydrological regime of the
region (Costa Lima et al., 2017). However, the
modification of these environments was performed
without any concern with the biota and for a long
time there wasn’t knowledge of the consequences
that the ecosystem would suffer (Agostinho et al.,
2007). All these aspects support the need for research
on food ecology, because from the knowledge
of the fish diet, the specific abundance of the
items consumed and the role it produces in the
ecosystem, it is possible to better understand the
inter-relations between the community components
and to support future management practices and
conservation of these ecosystems.

Among the species introduced in this region are
the white hake, Plagioscion squamosissimus (Heckel,
1840), which exhibits nocturnal benthic-pelagic
behavior and inhabits lakes and river banks of
white, clear, black and mixed waters (Siqueira-Souza
& Freitas, 2004; Yamamoto et al., 2004),
demonstrating this versatility in the exploration of
the environment, which is why it can adapt perfectly
in artificial ecosystems. This characteristic of the
high tolerance of the species to the environmental
variations surpasses the performance of the native
species and can still result in reduction or local
extinction due to competition, predation and
parasitism, which can trigger initiate a cascade effect
in the whole community (Reis & Santos, 2014).

In the Northeast of Brazil, the diet of
P squamosissimus is based on the consumption
of shrimp, characterizing it as carcinophagous
(Gavilan-Leandro et al., 2009; Ferreira Filho et al.,
2014; Santos et al., 2014; Gurgel-Lourenco et al.,
2015; Oliveira et al., 2016b). In other regions of
Brazil, the diet was based on the consumption
of fish, thus characterizing the species as a
piscivorous (Santos, 1995; Almeida et al., 1997;
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Hahn etal., 1997; Braga, 1998; Hahn et al., 1999;
Cassemiro et al., 2005; Bennemann et al., 2006;
Santos et al., 2014).

In this way, the pressure by this introduced
species on the native communities motivated a more
thorough investigation in relation to food ecology
and possible variables in the availability of food
resources, such as variations in space and time, and
the influence of environmental factors in the diet.
Thus, the diet of Plagioscion squamosissimus present
in the Santa Cruz Reservoir, Apodi, Rio Grande do
Norte, Brazil, was investigated qualitatively and
quantitatively, as well as the possible influence of
spatial-temporal variation and abiotic factors on the
use of food resources.

2. Materials and Methods
2.1. Study area

The Santa Cruz Reservoir is in the Apodi-Mossord
River Basin, Apodi, Rio Grande do Norte, Brazil
(Figure 1). This reservoir is the largest in this basin
with a capacity of approximately 600 million m? of
water (SEMARH, 2014) and was built in 2002 with
the objective of irrigating 9,236 ha in the Apodi,
controlling the flood and to regulate the flow of
the Apodi-Mossoré River, to serve as a buffer for
the waters of the Sio Francisco River, and to ensure
water supply to 27 cities in the Upper West Potiguar
(Pacheco & Baumann, 20006).

2.2. Abiotic data collection

The variables of water temperature (°C),
transparency (cm), hydrogen ionic potential (pH),
electrical conductivity (uS.cm™), dissolved oxygen
(mg/]) and total dissolved solids (TDS) (g/L) were
measured to characterize the environment and to
verify possible relation between limnological surface
water variables and diet of the species under study,
through a multiparameter meter (HORIBA, U-50)
and the transparency (cm) verified by the Secchi
disk. Obtained in three moments: (i) installation
of gillne, (ii) expense (iii) withdrawal of gillnets.
For the characterization of rainfall, precipitation
data were used through the Agricultural Research
Company of Rio Grande do Norte (Empresa
Brasileira de Pesquisa Agropecudria - EMBRAPA).
‘The characteristics of the environments, the soil
is sandy with no erosion and presence of stones.
The marginal vegetation is formed by grasses and
shrubs, being considered narrow and very narrow.

2.3. Fish catch

The sampling was done quarterly between
February 2011 and November 2014, in eight
points distributed along the reservoir as follows:
points 1 and 2 near the dam, 3 and 4 in the central
part, 5 and 6 in the transition area, 7 and 8 at the
mouth of the river (Figure 1). The catches were
standardized, and at each point were placed
11 waiting gillnets with meshes ranging from
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Figure 1. Santa Cruz Reservoir is in the Apodi-Mossord River Basin, Apodi, Rio Grande do Norte, Brazil. The positions

of collection sites 1 and 8 are shown.
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12 to 70 mm (between adjacent nodes), which
were installed at 5:00 p.m., with two outfalls at
9:00 p.m. and 5:00 a.m. After capture, the fish
were transported for identification procedures and
biometrics in the laboratory, where the stomachs
were removed for analysis of the contents, being
discarding the voids and conserving those with
content.

2.4. Food content analysis

Stomach contents were analyzed under a
stereomicroscope, being the item identified to the
lowest possible taxonomic level, using specialized
bibliography (McCafferty, 1981; Needham &
Needham, 1982; Merritt & Cummins, 1996).
Then, the volume of the items was obtained
through graduated beakers or through petrified
plate (transformed in ml) (Hellawell & Abel,
1971). After that, the frequencies of occurrence
and volume were calculated (Zavala-Camin,
1996), whose association gives the calculation of
the Feeding Index (IAi) (Kawakami & Vazzoler,
1980), in percentage, described by the equation:
IAi = [Fo. Fv/Z (Fo. Fv)] x 100. To evaluate the
preferential food items and determine the dietary
habits of the species, it was used the scale proposed
by Rosecchi & Nouaze (1985), where IAi > 50%
represents a preferred item; IAi between 25% and
50% secondary item, and IAi < than 25% accessory
item.

2.5. Statistical analysis

The Feeding Index (IAi) of P squamosissimus
was calculated for all points and months sampled,
and these data were used in a similarity matrix
using the Bray-Curtis similarity index. To verify
spatial and temporal organization in the diet of the
species, the results of this procedure were used in
Non-Metric Multidimensional Scaling (NMDS)
analyzes, and to test differences in diet were
realized Permutational Multivariate Analyzes of
Variance (PERMANOVA) through the Bray-Curtis
similarity index. To verify if the environmental
variables influence in the diet, Multivariate
Canonical Correspondence Analyzes (CCA) was
used, using the data of the IAi of the species and
the environmental data, determined in each point
and month of sample, being the significance of the
axes tested through simulations of Monte Carlo
(1000 simulations). The PAST (Paleontological
Statistics software) program version 3.14 was used
to analyze the data (Hammer, 2017).
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3. Results

A total of 525 specimens were captured, of which
only 375 presented food items in the stomachs.
The food spectrum of Plagioscion squamosissimus
revealed that the species fed mainly on items of
animal origin, being an ingested resource of an
accidental form. The diet was composed of five
items: shrimp, fish, insect, mollusk and vegetable,
the latter rarely found. The shrimp considered as the
main item ([Ai = 92.57%) and insect (IAi = 7.24%)
as an accessory item in this reservoir (Figure 2).

The region where the Santa Cruz Reservoir
was located presented a very characteristic
seasonal variation of the semi-arid, with irregular
precipitations. In relation to the physical-chemical
variables of the water, in general, it is a basic
pH environment, with dissolved oxygen varying
between 9 and 4 mg/l and temperature fluctuating
around 32 °C to 26 °C. As for the related values
transparency varied between 317 and 231 cm.
Conductivity and total dissolved solids (TDS)
presented low oscillations during the study period
(Figure 3).

Regarding the temporal variation in the diet,
the item shrimp prevailed in all sample, except for
February 2012 and November 2013, whose food
index values were respectively 39.16% in February
and 56.3% in November. It is observed that in the
months of August the insect item was absent or in
low concentration, as well as the mollusk was only
observed in the months of February and May in
low concentration. Even though it wasn’t the main
item, the fish was present in the food in almost all
analyzed months, except for November 2011 and
August 2012, where the feeding of the species was
100% shrimp.

In the months of February and May of 2011 the
food was more varied (Table 1). And in the period
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Figure 2. Feeding Index (%) of the Plagioscion
squamosissimus, collected quarterly, between February

2011 and November 2014, at the Santa Cruz Reservoir,
Rio Grande do Norte, Brazil.
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Figure 3. Transparency data (cm), Rainfall (mm) (a), pH, Dissolved Oxygen (DO) (mg/l) (b), Conductivity (pS.cm-1),
Total Dissolved Solids (TDS) (g/l) (c), water Temperature (°C) (d), collected quarterly, between February 2011 and
November 2014, at the Santa Cruz Reservoir, Rio Grande do Norte, Brazil.

Table 1. Feeding Index (IAi), month and year of sample, of Plagioscion squamosissimus, collected quarterly, between
February 2011 and November 2014, at the Santa Cruz Reservoir, Rio Grande do Norte. N° - number of stomachs

analyzed.

Year Mouth N° Shrimp Fish Insect Mollusk Vegetable
201 February 30 91.08 1.16 7.71 0.04 0.02
May 44 94.57 1.08 3.35 0.01 0.99
August 36 99.26 0.27 0.47
November 9 100
2012 February 10 39.16 14.46 46.39
May 34 99.12 0.37 0.51
August 20 100
November 23 90.84 9.08 0.08
2013 February 19 90.9 22 6.7 0.1
May 19 87.5 4.1 8.3 0.1
August 8 82.9 171
November 12 56.3 38.9 4.9
2014 February 5 71.43 0 28.57 0
May 40 90.21 6.45 3.18 0.16
August 6 100 0 0 0
November 60 94.76 4.75 0.46 0.02

when the precipitation was greater, there was a
higher insect presence in the feed. The shrimp item
was the most abundant in all points, with mollusk
between the less abundant items only being present
in the individuals caught in the years of 2013 and
2014 and vegetables in 2011 and 2014. Fish and
insect although being less abundant was part of the
species diet in the four years under study (Table 2).

The temporal ordering (February, May, August
and November: 2011 - 2014; NMDS stress = 0.03,
Axis 1:0.92 and Axis 2: 0.35; PERMANOVAF 1.91,
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p=0.10) and spatial (points from 1 to 8: 2011 - 2014;
NMDS stress = 0.04, Axis 1: 0.94 and Axis 2: 0.46;
PERMANOVA F 1.60, p = 0.09) presented that
the species had no variation in the diet between
the months and sample points during the study
period (Figure 4), which may be related to the high
consumption of shrimp in all months and points
sampled. The Canonical Correspondence Analysis
(CCA, Figure 5, Table 3) indicated a low association
between the data of the Feeding Index (IAi) and the
environmental variables for the months and points
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Table 2. Feeding Index (IAi), point and year of sample, of Plagioscion squamosissimus, collected quarterly, between
February 2011 and November 2014, at the Santa Cruz Reservoir, Rio Grande do Norte. N° - number of stomachs
analyzed.

Year Points N° Shrimp Fish Insect Mollusk Vegetable
201 1 7 98.44 1.56
2 9 99.02 0.79 0.19
3 5 88.75 0.39 10.86
4 8 98.20 1.80
5 16 96.72 0.21 3.06
6 29 97.96 1.35 0.69
7 16 86.42 13.56 0.01
8 30 97.29 0.48 2.18 0.05
2012 1 4 96.30 3.70
2 17 94.35 4.32 1.34
3 7 92.16 3.13 4.70
4 4 100.00
5 6 100.00
6 5 98.87 0.56 0.56
7 16 99.22 0.78
8 29 90.99 8.15 0.86
2013 1 3 100.00
2 4 100.00
3 1 100.00
4 1 100.00
5 5 98.04 1.96
6 3 79.72 12.49 7.79
7 14 98.27 0.94 0.63 0.16
8 15 45.86 43.95 9.55 0.42 0.21
2014 1 2 100.00
2 0
3 4 100.00
4 28 86.91 2.64 10.21 0.24
5 7 98.04 0.44 1.31 0.22
6 2 66.67 33.33
7 3 100.00
8 66 81.52 7.74 8.39 2.35
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Figure 4. Non-Metric Multidimensional Scaling (NMDS) of the Plagioscion squamosissimus diet for the months
(a) (+ February; 0 May; X August; © November; 2011 - 2014) and sample points (b) (+ 1;02;X3; 0 4; A5;06,07; V8;
2011 - 2014) at the Santa Cruz Reservoir, Rio Grande do Norte, Brazil.

Acta Limnologica Brasiliensia, 2018, vol. 30, €110



Spatial-temporal analysis of the diet...

. *Mollu
4.5 Vege
4
*Fish
3.04
24
(o] :‘l -
- ‘Rain
S 154 S Inse

od 811 \
N.13 o 1 mf )
Cond B¢ " fzﬁm 7 p813

0.0 Al3: *Fish
N éﬁmn =

T T T T T T T T T T

30 15 00 15 30 45 00 25 50 75 100
CCAl

*Vege

(@) (b)

Figure 5. Canonical Correspondence Analysis (CCA) between the Plagioscion squamosissimus Feeding Index (IAi)
data for the months (a) of February (F), May (M), August (A), November (N) from 2011 to 2014, and sample points
(b) from 1 to 8 from 2011 to 2014 at the Santa Cruz Reservoir, Rio Grande do Norte, Brazil.

Table 3. Statistical Analysis of Canonic Correspondence Analysis (CCA) between the Plagioscion squamosissimus
Feeding Index (IAi) data and the environmental variables for the months and sample points, sampled quarterly,

between February 2011 and November 2014, at the Santa Cruz Reservoir, Rio Grande do Norte, Brazil.

. Figure 4. a Figure 4. b
Statistical resume Axis 1 Axis 2 Axis 1 Axis 2
% Explanation of axis 65.79 24.32 62.20 26.63
Species/Environment Correlation 0.17 0.06 0.08 0.03
Monte Carlo simulation “p” 0.46 0.23 0.05 0.02

of sample, in this way, the environmental variables
don’t influence the type of items consumed.

4. Discussion

The study of the diet of Plagioscion
squamosissimus was possible to classify the species
as carcinophagous, corroborating studies by
Gavilan-Leandro et al. (2009) and Oliveira et al.
(2016b) in Rio Grande do Norte. This has also been
demonstrated for the temporal variations, so the
shrimp is the item that stands out. Although this
isn’t considered a common behavior for the species
in other regions of Brazil, as observed in the work
carried out on the floodplain of the Alto Parand
River (Almeida et al., 1997; Hahn et al., 1999),
Barra Bonita dam, Piracicaba (Braga, 1998), which
characterized the species as piscivorous.

Bennemann et al. (2006) say that even if the
main food of this species in its natural habitat is
fish, with the reduction in its availability it becomes
opportunistic, replacing it with another food that
is abundant. In the case of our study, the shrimp
substitute fish, and probably the animal only makes
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this change when the shrimp is less abundant.
Although the shrimp item was the main in all
aspects analyzed, it was possible to perceive a certain
variation in the secondary items and accessories in
the different factors analyzed, with this the species
can also be considered generalist and opportunistic.
Therefore, changes in diet can be caused by spatial
and seasonal changes in habitat, considering that
distinct locations and periods have different abiotic
conditions and food supply (Moraes et al., 2013;
Santos et al., 2014).

During the rainy season, there was a greater
tendency to specialize in food (shrimp and fish).
On the one hand, the greater diversity and
abundance of resources can induce their timely
use, resulting in a more generalist food spectrum;
on the other hand, tendencies to specialization can
be explained by the choice of the most important
energy items, among the many offered. It was
observed that in 2011 and 2012, where rainfall
was higher, the appearance of fish in the diet in
almost all points, even in small proportions, due
to their occupation in this place, due to the greater
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availability of food and shelter found in marginal
vegetation transported from other neighboring
ecosystems. According to Barbosa (2002) the
vegetation also contributes to a contribution of
external material in the body of water that can
influence the transparency of the water. Still,
shading in this region inhibits phytoplankton
growth by making food scarcer for shrimp, in
which case fish and insects are more readily available
becoming main in the diet.

The characteristics of the environment itself
are fundamental for species adaptation in tropical
ecosystems, as temperature and luminosity directly
contribute to the proliferation of phytoplankton,
the main food of shrimp. Consequently, there
being more food available for shrimp, there will
also be more food availability for the fish, reducing
intra and interspecific competition, thus favoring
greater reproduction. In addition, when the amount
of food is sufficient the animal will not need to
have much energy during the foraging. According
to Oliveira et al. (2016a), the dietary habits of a
species of fish may vary from one locality to another
depending on the availability of the trophic resource
and the environmental conditions. The shrimp
is a prey of easy capture and abundant variation
temporal or spatial was not identified.

The water properties reported here did not
interfere with feeding, since the results of the
parameters evaluated were, for the most part,
within the values considered compatible with
their survival (P4ddua, 2017) and did not suffer
sudden variations throughout the year and at
the points studied. Among these parameters, the
temperature presented typical amplitude for the
tropical region, there being no sudden variation of
this parameter, which could imply a variation in
the oxygen rates in the water, because the higher
the temperature, the lower the dissolved oxygen
content (Coelho & Santos-Wisniewski, 2016).
These variables affect fish physiology, as observed
by Gurgel-Lourenco et al. (2015) in reservoirs in
the semi-arid region, where the fish activity was
influenced during the highest values of temperature
and pH. The alkaline pH recorded is characteristic
of brackish water, especially this parameter, in
general, did not present variations outside the range
considered susceptible to the biological community
(< 5.0 or > 9.0) (Buzelli & Cunha-Santino, 2013).
In relation to the concentrations of dissolved oxygen,
although it is a parameter that reflects the presence
of organic matter (Coclho & Santos-Wisniewski,
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2016), here they did not demonstrate mains
associations with the species.

Therefore, there was not variation in diet in
relation to the catch period and the availability of
the items consumed was related to the characteristics
of both the body of the reservoir and the marginal
area. The spatial distribution and in relation to the
period did not have a strong impact on the food
habit of the species in the studied period, which
can be explained by abiotic characteristics that are
not very discrepant between reservoir compartments
and low precipitation. However, rainfall was an
important parameter in the availability and capture
of insect and fish. However, the water temperature,
transparency, pH, conductivity, dissolved oxygen
and total dissolved solids did not influence the food
habit of the species.

It was evidenced that in periods of lower
precipitation (2012 and 2013) there was a decrease
in shrimp consumption by the species, with an
increase in the contribution of items such as fish
and insects. In the rainy season, according to
Gavilan-Leandro et al. (2009), with the increasing
volume of water, the shrimp disperses leaving their
refuges. On the other hand, shrimp during drought
are at the bottom and are less caught (Rabelo &
Aratjo-Lima, 2002). During the driest months,
insects also contributed to the diet, as they tolerate
periods of water scarcity, including those of the
Chironomidae and Culicidae families, which can
tolerate anoxic conditions (Beserra et al., 2010).
It is possible that this same pattern may be occurring
in the Santa Cruz reservoir, which explains the
increase in shrimp consumption in the months of
lower precipitation and the highest contribution of
insects and fish in the diet of 2 squamosissimus. It is
worth noting that in reservoirs, feeding strategies of
predatory species are controlled to a greater degree
by the availability and susceptibility of their prey
than by food preferences (Novakowski et al., 2007).

Although shrimp has been the main food
resource in the species diet, it has been proven
that fish and insect also make an important
role in their diet. 2 squamosissimus can present
variation between fish and insect as an accessory
item when considering different environments
or regions. It was also observed that the specie
presented carcinophagous food habit, due to the
predominance of shrimp in the diet, differentiated
from other populations studied in their original
habitat, but demonstrates the behavior like other
populations studied in the semi-arid region
(Gavilan-Leandro et al., 2009; Santos et al., 2014;
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Gurgel-Lourengo etal., 2015; Oliveira et al., 2016b;
Souza et al., 2017). This fact evidenced that the
species could adapt to the conditions offered by the
environment, benefiting from the most abundant
and available autochthonous resources, favoring its
colonization.
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