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The aim of this study was to evaluate the effect of a supraseasonal drought on the ecological attributes of Plagioscion squamosissimus.
The fish were caught quarterly from February 2010 to November 2014 using gill nets in the reservoir of Santa Cruz, Rio Grande do
Norte, Brazil. The abundance of the species was evaluated with the catch per unit effort (CPUE) metric and then correlated with
the accumulated rainfall and water volume of the reservoir. The diet of the fish was evaluated using the feeding index (IAi). The
proportional similarity index (PS;) was used to evaluate the variation in the niches of the fish. The body condition was inferred
through the relative condition factor, and its variation was assessed with ANOVA. A reduction in the abundance of the species that
were positively correlated with the reservoir water volume was observed. The diet of the fish comprised shrimp, gastropods, fish,
insects, shrimp larvae, and vegetable matter, with shrimp being the major component. PS; showed the occurrence of individual
specialization during November 2013 and November 2014. The relative condition factor was not correlated with a reduction in the
water volume of the reservoir. The supraseasonal drought did not affect the relative condition factor, diet, and the trophic niche,
but it did affect the species abundance.

1. Introduction

Disturbances are often abrupt and sometimes random and
are responsible for major damage to ecosystems, causing
changes in the availability of resources and an impact on
biological communities, such as the mortality of individuals
[1, 2]. Disturbances can be of natural or anthropogenic origin,
and their effects have repercussions from the individual
to the ecosystem level [3]. Disturbances such as droughts
are increasingly common in several regions of the world,
particularly in arid and semiarid regions [4]. Among the
effects of droughts on aquatic organisms are changes in the

body condition of individuals, a decrease in the abundance
and biomass of species, a decrease in the availability of
resources, and intensification of competition and predation
[5-7].

Directly or indirectly, disturbances influence the niches
of species [8]. Despite the niche historically being considered
a species or population attribute, it was noted that several
species, rather than being categorized as generalists, in fact
comprise individuals that only use the niche of a population
subgroup [9]. One of the many factors influencing the
intrapopulation variation of niches is individual specializa-
tion. Such specialization is found in a range of species,
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including both vertebrates and invertebrates [10]. An indi-
vidual specialist is an individual that has adopted a narrower
niche compared with the general population [10]. Among
the factors driving niche creation is the variation in the diet
among individuals, which highlights the importance of eco-
logical interactions (e.g., intra- and interspecific competition,
predation) to the development of niches [11].

The South American silver croaker, Plagioscion squamo-
sissimus (Heckel, 1840), is a carnivorous Amazonian species
of the Sciaenidae family (Owen, 1846) [12], whose diet con-
sists primarily of fish and crustaceans [13]. The distribution
of this species has been increasing because of its introduction
into many Brazilian reservoirs, mainly to promote fisheries
[14]. This species is one of the most abundant in semiarid
reservoirs [15] and of the main fishery resources in the region,
representing an important source of income and animal
protein for human populations living close to the reservoirs
[16].

The aim of this study was to evaluate the ecological
responses of P. squamosissimus in a reservoir in the Brazilian
semiarid region to drought conditions. The aspects analyzed
were as follows: (1) the catch per unit effort (CPUE) in
number and biomass; (2) the correlations among accumu-
lated rainfall, reservoir water volume, and CPUE; (3) the
occurrence of individual specialization; and (4) the relative
condition factor. The hypotheses tested were as follows: (1)
the species abundance and relative condition factor decrease
with drought conditions and (2) the amplitude of the niche
diversity is lower during the drought period.

2. Materials and Methods

2.1. Study Area. The hydrographic basin of the Oriental
Northeast Atlantic occupies an area of 287,348 km* and is
characterized by caatinga vegetation and a semiarid climate;
the basin has average annual rainfall of 750 mm, predomi-
nantly concentrated between February and May [17]. How-
ever, during the last 6 years, a decrease in the annual rainfall
has been observed, with the exception of the years 2009 and
2011 (Figure 1). Among the small hydrographic basins located
in the hydrographic basin of the Oriental Northeast Atlantic
is the Apodi/Mossor6 basin, with an area of 14,271km?.
The basin includes 20 important reservoirs, all with water
volumes above 5 mim?, constructed for human uses, includ-
ing agriculture [18]. The Santa Cruz of Apodi Reservoir
(05°45'45" S and 37°48'00" W; Figure 2), in the Apodi/Moss-
oré basin, is classified as oligomesotrophic and has an area of
341.3 ha and the capacity to accumulate up to 600 million m>
of water [19].

2.2. Data Collection. Data were collected quarterly between
February 2010 and November 2014 at eight sampling points
distributed along the reservoir (Figure 2). Fish were caught
using gill nets placed at the reservoir bottom covering a total
area of 301.8 m?; the nets had a mesh size of between 12
and 70 mm and were 15m long and between 1.8 and 2.0 m
high. At each point, the nets were set at 05:00 p.m. and
removed at 05:00 a.m. the following day. For each individual
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FIGURE 1: Variation in annual precipitation in the Santa Cruz of
Apodi Reservoir, Brazil, between 2009 and 2014 [21].

collected, the total length (cm) (Lt) and weight (g) (Wt) were
measured. The specimens were dissected, and only stomachs
with food content were removed, fixed in 4% formaldehyde,
and preserved in alcohol; the stomach contents were sub-
sequently analyzed with a stereoscopic microscope. For the
feeding study, only individuals caught between February 2011
and November 2014 were analyzed. The food items found
were identified with the aid of specialized literature up to
the lowest possible taxonomic level and then were grouped
taxonomically for the analyses. The volume of the food
items was measured by liquid displacement in a graduated
cylinder [20]. The accumulated rainfall data (mm) and the
accumulated water volume of the reservoir (in %) were used
to infer the responses of P. squamosissimus to drought; data
were obtained from the offices of the Agricultural Research
Company of Rio Grande do Norte [21] in the city of Apodi
and the Secretariat of the State of the Environment and
Hydric Resources [17].

2.3. Data Analyses. To estimate the fish abundance, the
numeric and biomass data of the fish captured were trans-
formed into CPUE using the following formula: CPUE =
C/f, where C is biomass (CPUEb) or N number of captured
individuals (CPUEn) and f is effort in m? * h, where m? is
301.8 m® and h is 12h. The differences in the CPUE among
months were tested with a one-way analysis of variance
(ANOVA) followed by the Tukey test. The Pearson correlation
coefficients between the water volume of the reservoir and
accumulated rainfall with the CPUEb and CPUEn were
calculated. For the study of the stomach contents, 382
specimens that presented food in the stomach were analyzed
using the feeding index (IAi) [20], which combines the
frequency of occurrence and volumetric methods [22, 23].
To evaluate whether the diet changed between months, the
[Ai values were first ordered by nonmetric multidimensional
scaling (NMDS) [24] and then the differences between
months were tested by permutational multivariate analysis of
variance (PERMANOVA) [25]. The intrapopulation variation
in trophic niche and individual specialization was quantified
using the proportional similarity index (PS;), which calcu-
lates the degree of overlap between the diet of individuals and



The Scientific World Journal 3
624000 628000 632000
N ;
9364000 + + y [ 9364000
»
.
y
/ 20
9360000 : } al 9360000
of ,
i . G 2 4 5 Pt
J ’7‘2 oy o ‘\'_f‘mﬂ =N 3
9356000 1'5‘ + - L, 4: L 9356000
(Kilometers)
1 0 1 2
———
624000 628000 632000

FIGURE 2: Location of the Santa Cruz of Apodi Reservoir in the hydrographic Apodi/Mossoré River basin, Brazil. The black line indicates the

dam, and numbers (1-8) indicate the collection sites.

the population as a whole [9]. This metric is expressed by the
value of each individual (PS;) and the average population (IS)

[9]:

PS; =1-05) |pj—aj| = Y min(pya),
j J

where p;; is the frequency of prey type j in the diet of an
individual and g is the frequency of prey type j in the diet of
the population in general. If the amplitude of the IS reaches
1, the consumption of resources by individuals is equal to
that of the population as a whole and there is an absence
of specialization, whereas values close to 0 indicate strong
specialization [26]. Values of probability (P) were obtained
using the Monte Carlo procedure (999 simulations). The
body condition was inferred by the relative condition factor
calculated from the length-weight relationship variables.
Body condition infers the changes in body weight based
on the increase in length, with the relationship determined
according to the following equation: Wt = a x Lt’, where
Wt is the total weight (g), Lt is the total length (cm),
a is the intercept, and b is the slope [27]. Differences in
the relative condition factor among months were evaluated
with a one-way ANOVA followed by a Tukey test; Pearson
correlation coeficients were calculated to test the relationship
between the relative condition factor and water volume of
the reservoir. Statistical analyses were conducted using R
software (Development Core Team, 20100) at a significance
level of P < 0.05.
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FIGURE 3: The quarterly variation in precipitation and water volume
in the Santa Cruz of Apodi Reservoir, Brazil, between February 2010
and November 2014.

3. Results

A considerable decrease in the water level was evident in
the Santa Cruz of Apodi Reservoir during the study period,
from 91.37% of its capacity in February 2010 to 43.40% of its
capacity in November 2014. The precipitation ranged between
468 mm (May 2011) and 0 mm (November 2010, 2011, 2013,
and 2014), with the highest amounts falling in February and
May. The exception was in 2012, when precipitation was much
lower than expected in February and May and the greatest
reduction in water volume in the reservoir was recorded
(Figure 3).
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FIGURE 4: (a) Catch per unit effort estimated in biomass (CPUEb) and (b) number (CPUEn) of Plagioscion squamosissimus in the Santa
Cruz of Apodi Reservoir, Brazil, between February 2010 and November 2014. The median is shown with a horizontal line inside the box. The
minimum and maximum values are shown with short horizontal lines (“whiskers”). Different letters indicate statistical differences (Tukey,

P < 0.05).
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FIGURE 5: Quarterly percentages of the feeding index (IAi) for
each food item category of the stomach contents of Plagioscion
squamosissimus in the Santa Cruz of Apodi Reservoir, Brazil,
between February 2011 and November 2014.

A total of 1,273 specimens were collected with a TL
between 3.80 and 54.90 cm (average: 20.31; SD: 6.75) and
a TW between 2.70 and 2,233.52g (average: 120.31; SD:
141.95). The mean abundance in terms of CPUEDb was 6,008.21
(g/301.8 m?%12h) and that in terms of CPUEn was 50.02
(ind./301.8 m**12h). The highest monthly average CPUE
(i.e., the highest estimated abundance) based on the highest
biomass and highest number of captured individuals was
in February 2010: CPUEb = 15743 (g/301.8 m?%12h) and
CPUEn =118 (ind./301.8 m*x12 h), respectively. The ANOVA
was significant for CPUEDb (F = 3.1; df = 51.42; P < 0.05)
and CPUEn (F = 1.86; df = 51.29; P = 0.04) (Figure 4).
The correlations between the reservoir water volume and
CPUEb and CPUEn were positive and significant (r = 0.67;

P = 0.0l and r = 0.50; P = 0.02, resp.). In contrast, there
were no significant correlations between the mean annual
precipitation and the mean CPUEb and CPUEn (r = 0.42;
P =0.06 and r = 0.29; P = 0.24, resp.).

The diet of P. squamosissimus was composed of six items:
(1) shrimp (Macrobrachium amazonicum Heller, 1862) (IAi =
84.6 (17.4), 42.76%-100%), (2) fish (scales, bones, and muscle)
(IAi = 5.7 (10.2), 0%-40.72%), (3) insects (IAi = 8.3 (15.2),
0%-50.65%), (4) vegetable matter (IAi = 0.01 (0.03), 0%-—
0.36%), (5) gastropods (Melanoides tuberculata Miiller, 1774)
(IA1=0.01(0.04), 0%-0.21%), and (6) shrimp larvae (IAi=1.3
(5.2), 0%-20.75%) (mean (standard deviation), minimum-
maximum, resp.) (Figure 5). The NMDS ordination separated
three groups: (i) months with high consumption of insects,
specifically February 2011 (IAi = 33.62%), February 2012 (IAi
= 50.65%), and February 2014 (IAi = 28.57%); (ii) months
with high consumption of fish, specifically November 2013
(IAi = 40.72) and November 2014 (IAi = 8.54%); and (iii)
other months with high consumption of shrimp (IAi <
69.82%) (Figure 6). Significant difference in IAi was found
among months (F = 4.33; P = 0.01).

The individual specialization index (IS) ranged from 0.79
to 0.92. The IS values were close to 1, indicating a high
degree of similarity in the diets of individuals. In general, the
population comprised generalists, except during November
2013 (IS = 0.79; P = 0.05) and November 2014 (IS = 0.89;
P = 0.04), when the presence of specialists was recorded
(Figure 7).

The relative condition factor ranged from 0.009 in Febru-
ary 2014 to 0.039 in May 2012 (Figure 8). The average relative
condition factor also differed significantly among years (F =
278.9; df = 167.5; P < 0.05), and the Tukey test indicated
differences among months (Table 1). There was no significant
correlation between the water volume of the reservoir and
relative condition factor (r = 0.13; P = 0.56).
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4. Discussion

Although high precipitation occurred in 2009 and 2011, a
large drop in the reservoir water volume occurred due to
the rainfall scarcity from 2012 to 2015. The relationship of a
reduction of the reservoir water volume with a decrease in
the abundance of P squamosissimus confirmed the hypothesis
that the drought negatively affected the abundance of the
species; these two variables were positively correlated. Similar
results were described in the basin of the Guadalquivir River,
Spain, where the water volume was the main environmen-
tal factor responsible for the reduction of the abundance
of fish after an extended drought period [5]. A study of
fish assemblages in streams in the Mira estuary, Portugal,
similarly showed that the reduction in fish abundance was
significantly influenced by water level [28]. As drought results
in a reduction of the available habitat area, individuals of P,
squamosissimus were possibly forced into a smaller volume
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FIGURE 8: Variation in the relative condition factor of Plagioscion
squamosissimus in the Santa Cruz of Apodi Reservoir, Rio Grande
do Norte, Brazil, between February 2010 and November 2014.
The median is shown with a horizontal line inside the box. The
minimum and maximum values are shown with short horizontal
lines (“whiskers”).

of water, whereby a reduction in the availability of prey
resulted in a shift from a generalist to a specialist diet. In
agreement with this process, ecological interactions together
with disturbances can cause a reduction in the abundance
of species and may even result in permanent local effects
[29]. Moreover, drought can impair the reproductive success
and initial development of fish [7]. Therefore, directly and
indirectly, disturbances such as drought can result in changes
in patterns of species abundance [6], whereas recovery will
depend on the life history characteristics of the affected
species [30] as well as the frequency and intensity of the
disturbance [31].

The diet composition analysis showed that P. squamosis-
simus had predominantly consumed shrimp (Macrobrachium
amazonicum Heller, 1862), resulting in a considerable overlap
in the NMDS ordination. Similar to the present study, P.
squamosissimus was found to consume mainly shrimp in the
Piat6 Lagoon, Rio Grande do Norte [32]. The consumption
of shrimp has been reported for more than 50 species of
Amazonian fish, including P. squamosissimus [33, 34]. It is
likely that some life history aspects of P. squamosissimus in
the selection of their food partly explain such results. With
respect to the selection of the type and size of prey, several
factors are involved, including the limitations imposed by
the predator morphology, such as the size of the mouth, and
behavioral strategies, such as those involved in the hunting
and killing of prey [35]. Macrobrachium amazonicum is an
Amazonian species that can reach 30 cm in length and was
introduced in northeastern reservoirs of Brazil [36, 37]. Its
smaller body size compared with many other fish may be a
factor affecting the food selection of P. squamosissimus. The
relationship between the size of the prey and the predator has
been noted as a key factor in determining the foraging success
of aquatic communities [38]. An additional aspect that may
have influenced the food selection of P. squamosissimus is the
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fact that when compared with fish (a main food item for the
species in many aquatic environments), shrimp require little
investment in terms of time and energy in seeking, capturing,
killing, and consuming [39, 40]. The large consumption of
shrimp may also be related to the fact that shrimp have lower
mobility than fish, a characteristic that affects the chance
of an encounter between predator and prey [41, 42]. Thus,
considering that the investment in time and energy tends
to increase when prey items are large, the consumption of
small prey items such as shrimp may reflect efficient foraging
[38, 43, 44].

During months when high rainfall was recorded (Febru-
ary 2011 and 2014), food items brought in by the rainfall runoft
(e.g., insects) increased the contribution of less common
items to the fish diet, as evidenced by ordination analysis.
Similarly, the diversity of food resources increases during
the rainy season, with insects being of central importance,
which is attributed primarily to the rising water level and the
succession of aquatic plants [45]. During the drier months,
insects also contributed to the diet, as strong environmental
limitations on their abundance were absent. Insects toler-
ate periods of water scarcity [46], including those of the
Chironomidae and Culicidae families, which can tolerate
anoxic conditions [47, 48]. The NMDS analysis showed that,
during November 2013 and November 2014, the diet of P.
squamosissimus also differed due to higher consumption of
fish and shrimp larvae. The efliciency of a species’ ability
to seek, capture, and manipulate prey is related to the
size of the prey; therefore, smaller prey are considered a
highly important food resource of piscivorous species in the
Upper Parana River floodplain [49]. Thus, the supraseasonal
drought did not affect the diet of P squamosissimus. The
differences observed in this study were related to cycle rain-
dry of the region, even though it was weak during the studied
period.

The high degree of similarity in the diets of individuals,
mainly during November 2013 and November 2014, may
have occurred due to the decrease in habitat area and the
consequent ecological interactions such as intraspecific com-
petition once individuals were forced into a restricted space.
Ecological interactions can also promote changes in the
niches of individuals [50]. Empirical and theoretical studies
have shown that there is a positive association between
intraspecific competition and individual specialization [11].
At the same time, although the premises postulated by opti-
mal foraging theory assume that this interaction promotes
an increase in the range of the niche for the population as
whole as well as for individuals, many additional and yet
unknown factors may restrict such an increase [51]. However,
the present study did not find an association between drought
and individual specialization, even though the reduction of
the reservoir volume occurred over time and not only in a
specific month. Moreover, in reservoirs, the feeding strategies
of the predatory species are controlled to a larger degree by
the availability and susceptibility of their prey than by their
food preferences [52].

A decrease in the value of the fish condition factor is
expected with a decrease in the water level that usually
occurs during periods of drought [6, 53]; however, the relative

condition factor of P. squamosissimus was not correlated with
the reduction of the water volume of the reservoir. Previous
research in the reservoir showed that a reduction of the water
volume did not affect the fish condition factor because of
an increase in the availability of food of better nutritional
value [7]. In addition, the reduction of population abundance
decreases competition for food, preventing the condition
factor from decreasing.

5. Conclusion

The first hypothesis of the study was partially accepted; the
abundance of P. squamosissimus decreased with the reduction
of the water volume of the reservoir caused by the drought.
However, no decrease in the relative condition factor was
observed. The second hypothesis was not supported; the
amplitude of the niche was not lower during the drought
period.
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