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Abstract

This study evaluated the abundance and spatial-temporal distribution of the shrimp Xiphopenaeus kroyeri in the coastal
region of Macaé, state of Rio de Janeiro, southeastern Brazil. Monthly samples were obtained from March 2008 to
February 2010 in six stations located in Inner (5, 10 and 15m depth) and Outer (25, 35 and 45m depth) areas. It was used
a commercial fishery boat equipped with an otter-trawl net (3.5 m mouth width, mesh size 20mm and 15mm in the cod
end). Water samples were taken for determination of temperature and salinity, and sediment samples for determination
of texture and organic matter content. A total of 7146 shrimps were sampled. About 95% of all shrimps were caught in
the shallow area, i.e., depths <20m. Greatest abundances were recorded in winter and spring. No significant correlation
was observed between sediment (phi) and abundance. The distribution of X. kroyeri in the studied area was closely
related to seasonal cold waterfront of the South Atlantic Central Water (SACW) and temperature was the main factor
affecting the species abundance.
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Abundancia e distribuicdo espaco-temporal do camarao
Xiphopenaeus kroyeri (Decapoda: Penaeidae): uma espécie
em explotacio no sudeste do Brasil

Resumo

Este estudo avaliou a abundancia e a distribui¢ao espagco—temporal do camardo Xiphopenaeus kroyeri na area costeira
da regido de Macaé, estado do Rio de Janeiro no sudeste do Brasil. As coletas foram realizadas mensalmente de
margo de 2008 a fevereiro de 2010 em seis transectos localizados na area interna (5, 10 e 15m profundidade) e na area
externa (25,35 e 45m profundidade). Foi utilizado um barco de pesca comercial equipado com uma rede de arrasto
tipo otter-trawl (3,5m abertura de boca, 20mm de malha e 15mm de ensacador). Foram obtidas amostras de agua para
determinagdo da temperatura ¢ da salinidade e amostras de sedimento para determinagdo da granulometria e teor de
matéria organica. Um total estimado de 7146 camardes foi amostrado. Aproximadamente, 95% de todos os camardes
foram capturados “Inner Area”, ou seja, profundidades <20m. As maiores abundancias foram registradas no inverno e
na primavera. Nao houve correlagéo significativa entre o sedimento (phi) e abundancia. De acordo com os resultados
deste estudo, a distribuicdo do X. kroyeri na area de estudo esta intimamente ligada a sazonalidade da frente térmica
da ACAS e a temperatura ¢ o principal fator que afetou a abundancia da espécie.

Palavras-chave: abundancia, fatores abioticos, Penaeidae, ACAS.

1. Introduction

The shrimp Xiphopenaeus kroyeri iis restrict to the  are records of its occurrence in Virginia (United States)and
Western Atlantic, from North Carolina (United States) to  Rio Grande do Sul (Brazil) (D’Incao et al., 2002). In general,
Santa Catarina (south Brazil) (Holthuis, 1980), although there it lives exclusively in the marine environment throughout
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its life cycle, and its greatest abundances are reported in
shallow depths (<30m) (Boschi, 1963). This specie is an
important fishery resource globally (Gillett, 2008) and the
second most important fishery resource in southeastern Brazil
(Castro et al., 2005). The Southeastern-South Brazilian
continental shelf suffers with high levels of extraction
by artisanal and industrial fisheries, with main targeted
species including the most profitable shrimp species such
as the pink shrimp Farfantepenaeus brasiliensis (Latreille,
1817) and F. paulensis (Pérez Farfante, 1967), the white
shrimp Litopenaeusschimitti (Burkenroad, 1936) and the
Atlantic seabob shrimp Xiphopenaeu skroyeri (Heller,
1862) (Valentini et al., 1991a, b; D’Incao et al., 2002;
Branco, 2005; Costa et al., 2005).Due to this intense
commercial exploitation, in the last few years there has
been a decline in shrimp natural stocks (IBAMA, 2006;
Vasconcellos et al., 2007).

Xiphopenaeus kroyeri is classified by the Brazilian
government as overfished (Brasil, 2004). Therefore,
ecological studies about this species, including fishing
grounds, are extremely relevant for proposing adequate
conservation and management measures.

Ecological studies concerning crustaceans were
conducted in southeastern Brazil (Fransozo et al., 2002;
Castro et al., 2005; Costa et al., 2007,2011; Almeida et al.
2012b; Heckler et al., 2013; Silva, 2013), principally on
the coast of Sdo Paulo. However, they are scarce on the
coast of Rio de Janeiro, especially on the study region,
Santana Archipelago, in Macaé (RJ).

The region studied here is a multiple-use Marine Protect
Area. Protect Areas constitute a clearly defined geographical
space, recognized, dedicated and managed, through legal or
other effective means, to achieve the long-term conservation
of nature with associated ecosystem services and cultural
values (Dudley, 2008). This new overall IUCN protected
area definition supersedes the 1999 Marine Protect Areas
(MPAs) definition in marine areas.

The multiple-use MPA of Santana Archipelago is
localized in a region with peculiar characteristics due to
the dynamics of water masses and upwelling event that
provides an increase in the concentration of nutrients in
the water and thus increases the primary productivity.
Despite the peculiarities, only the studies of Semensato
and Di Beneditto (2008) and Sancinetti atal. (2014, 2015)
focusing on the reproduction of Artemesia longinaris
Spence Bate, 1888 were performed in the region.

The establishment of an effective system of protected
areas composes the global strategy for the conservation of
biodiversity. The spread of the concept that aquatic protected
areas are essential for biodiversity conservation of the
oceans and continental waters is increasing, allying itself,
in the 90s, the idea of that are essential to maintaining the
fishery yield (Dayton et al. 2000; Hyrenbach et al., 2000;
Halpern and Warner, 2002; Gell and Roberts, 2003; Brasil,
2007). Several authors have stated that the establishment
of these protected areas is an excellent instrument for
recovery threatened or collapsed stocks (Bohnsack, 1998;

Braz. J. Biol., 2016, vol. 76, no. 3, pp. 764-773

Ferreira and Maida, 2001; Lubchenco et al., 2003; Russ
and Alcala, 2011; Almeida et al., 2012a).

The aim of this study is to analyze the influence of
the depth and abiotic factors (temperature, salinity, texture
and organic matter content of sediment) on the abundance
and spatial and temporal distribution of X. kroyeri in the
study region.

2. Material and Methods

Samples were obtained monthly from March 2008 to
February 2010 in Macaé, state of Rio de Janeiro (22°22°33” S
and 41° 46°30” W), in the Marine Protect Area of Santana
Archipelago. According to Castro-Filho et al. (1987), the
region of Macaé is influenced by the oceanic currents of
Brazil (T>20°C, S>36) and Malvinas (T<15°C, S< 34).
Due to the confluence of both currents between latitudes
25°S and 45°S of the Western South Atlantic observed
in certain periods of the year, there is the formation
of water masses like the South Atlantic Central Water
(SACW: T<20°C, S<36.4), accounting for part of the
convergence of the subtropical gyre and giving rise to the
Cabo Frio upwelling, which extends between latitudes
23°S e 29°S (Campos et al., 1996, 2000; Silveira et al.,
2000; Acha et al., 2004). This upwelling is enhanced by
coastal winds and by the break of the continental shelf
(approximately 50 km) driven by the meandering pattern
and eddy of the Current of Brazil (Castro and Miranda,
1998; Campos et al., 2000). The combination of these
factors leads to intrusion of cold and nitrate-rich waters
from the SACW into the coast (Acha et al., 2004) altering
the physical conditions and also enhancing water nutrient
concentrations (Valentin, 1984). Consequently, the primary
productivity of Brazilian Southeast increases, particularly
in Cabo Frio, Rio de Janeiro State (23°S) (De Léo and
Pires-Vanin, 2000).

Sampling was carried out in six stations (5, 10, 15, 25, 35,
and 45m depth) parallel to the coast line (Figure 1).
The shallowest stations were categorized in this study as
the “Inner Area” (5, 10 and 15m depth), whereas the deepest
ones were categorized as “Outer Area” (25, 35 and 45m
depth). A shrimp fishing boat equipped with an otter-trawl
net with an opening of 4.5m, 200mm mesh size and 15mm
in the cod end was used. The stations were trawled over a
15 minutes period at a constant speed of 2.0 knot through
a lkm stretch. In the laboratory, shrimp were identified
following Pérez Farfante and Kensley (1997) and Costa et al.
(2003).The total wet weight (in grams) was obtained
for each species in each trawl. A 300g sub-sample was
randomly selected and all the individuals were counted
and examined according to sex and length. Thus, based
on the subsample and the total biomass, the estimate of
the total number of individuals of each species in each
station was determined. When the catch did not exceed
300g, all shrimps were measured (lowest sample size was
01 individual).

Salinity and temperature (°C) were measured monthly
in the surface and near the bottom in each station using
a Van Dorn bottle. In the laboratory, salinity was verified
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Figure 1. Study area evidencing the upwelling region and the sampling area. Location of stations (5-45 m of depth) and
major ocean currents of the South Atlantic. ACC: Antarctic Circumpolar Current, MC: Malvinas Current, SAC: South
Atlantic Current, SEC: South Equatorial Current, BC: Brazilian Current (Modified from Peterson and Stramma, 1991).

with a manual salinometer calibrated with distilled water.
Water temperature was verified with a mercury thermometer
immediately after sampling in a thermic isolated container in
the shade. Depth was determined using an echobathymeter
coupled with a Global Positioning System (GPS). Sediment
samples were also collected in each season of the year
in all sampling station using a Van Veen grab (0.06 m?).
Details of the methods used to measure those parameters
are described by Negreiros-Fransozo et al. (1991).
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The periods under upwelling influence were identified
through the Temperature-Salinity diagram (T-S) and by
monthly difference between the highest surface temperature
and the lowest bottom temperature.

Shrimp abundance (dependent variable) was compared
temporally between years (years I: March 2008 to February
2009; year II: March 2009 to February 2010) and seasons
(independent variables): autumn (March-May), winter
(June-August), spring (September-November) and summer

Braz. J. Biol., 2016, vol. 76, no. 3, pp. 764-773



Abundance and spatial-temporal distribution of the of Xiphopenaeus kroyeri

(December-February) using an analysis of variance
(nested ANOVA) (a 5%) model, with seasons nested
within years; it was also compared spatially between the
station(independent variables) using an analysis of variance
(one-way ANOVA) (a 5%) model. A post-hoc Tukey test
was used to assess differences between stations.Normality
of the data was examined by Levene’s test.

The relationship between abiotic factors (salinity,
temperature, phi and organic matter content) and the
abundance of individuals was assessed with Multiple
Linear Regression analysis at the 5% significance level.
For selecting the best model to represent the abundance of
individuals in relation to the abiotic variables were generated
models with all combinations of environmental variables
that the number of shrimp is a constant. These models
were compared using the Akaike Information Criterion
(AIC). The best model was the one with the lowest AIC,
which combines increased verisimilitude and parsimony
(Sakamoto et al, 1986). According to Burnham and
Anderson (2004), models with differences in AIC <2 do not

show a statistically significant difference. Analyzes were
performed with R software (version 3.1.2) using Vegan
package (Oksanen et al., 2011).The data were transformed
by natural logarithm for the purpose of satisfying analytic
premises (Zar, 1996).

3. Results

During the study period the water masses Coastal
Water (CW), Tropical Water (TW) and South Atlantic
Central Water (SACW) were identified. It was evident
the influence of SACW during spring-summer months in
both years, and in autumn (March-April) of the second
year (Figure 2).

The smallest mean value of bottom salinity was recorded
during March/2009, mainly in Inner Area (27.0+1.00), when
it was compared to Outer Area (31.7+3.21). Contrarily,
the greater values were verified in December/2008
(38.8+0.12) and October/2009 (37.01.00) in Inner Area,
and April/2009 and Mach/2008 (37.7+0.58 e 37.3+0.58)
in Outer Area (Figure 3).
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Figure 2. T-S Diagram showing the temporal variation of water temperature and salinity during the sampling period at
upwelling area studied, Southeastern coast of Brazil. CW: Coastal Water; TW: Tropical Water; SACW: South Atlantic Central
Water. (Autumn: March-May; Winter June-August; Spring September-November; and Summer means December-February).
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The smaller mean values of bottom temperature were
observed in spring and summer of both years, mainly in
January/2010 and November/2009 in Inner and Outer
Area, respectively. The opposite was observed in winter
with greater mean bottom temperature values (Figure 4).

The sediment in the Inner Area was composed mainly
of medium sand and fine sand (phi varied from 1.23 (£0.5)
to 2.79 (¢1.6)), and a low percentage of organic matter.
In Outer Area the sediment was composed mainly of silt
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and clay (mean values above 5.49) and a greater content
of organic matter (Figure 5).

A total of 7146 individuals were collected during the
present study. About96% of all shrimps were caught in
the shallow area, i.e., depths <20m (Figure 6). The highest
shrimp abundances occurred during winter and spring.
Conversely, lowest abundance occurred during summer
and autumn, particularly during summer 2009.The analysis
of variance (nested ANOVA) indicates no significant
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Figure 3. Average, maximum and minimum salinity values for each month in “Inner Area” (5, 10 and 15 m) and “Outer
Area” (25, 35 and 45 m), sampled from March 2008 to February 2010.
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Figure 4. Average, maximum and minimum temperature (°C) values for each month in “Inner Area” (5, 10 and 15 m) and
“Outer Area” (25, 35 and 45 m) sampled from March 2008 to February 2010.
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Figure 6. Average, maximum and minimum number of individual for each station sampled from March 2008 to February

2010.

difference in temporal comparison abundance between
seasons (F=0.96; p=0.45) but it was marginally significant
between years (F=3.32; p=0.07).The analysis of variance
(one-way ANOVA) indicates significant difference in
spatial comparison abundance between stations (F=35.0;
p=0.00) (Table 1).

The multiple regression analysis performed using the
selected environmental variables (salinity, temperature,
organic matter content and phi) and the abundance of
Xiphopenaeus kroyeri (r*=0.4, p<0.001, F=1.2E-15,
n=144) can be expressed by the following relationship:
A=-154+7.1t+4.8s — 1.4om; where: A= abundance;
t= bottom temperature (partial correlation = 4.6,1>=0.2,
2<0.001); s = bottom salinity (partial correlation =2.3,
r’=0.02, p<0.05), om= organic matter content (partial
correlation= -2.5, r>=0.3, p<0.05). The abiotic factors
temperature and salinity were positively correlated with
the number of collected individuals, nonetheless organic

Braz. J. Biol., 2016, vol. 76, no. 3, pp. 764-773

matter content was negative correlation. No significant
relationship was observed between sediment (phi) and
abundance (p> 0.05). The variable depth was not included in
this analysis, considering that abiotic variables temperature
and salinity are heavily related to the depth, the use of this
variable trend analysis results.

4. Discussion

The distribution of X. kroyeri in the study area is
intimately associated with the seasonality of the thermal
front of SACW. This close association was also observed
by Pires-Vanin et al. (2013), on the north coast of Sdo
Paulo, where the seasonality of SACW affected macrofauna
benthic invertebrates distribution patterns. Furthermore,
Dall et al. (1990) and Costa and Fransozo (2004) stated
that temperature is a major determinant parameter in the
temporal distribution of organisms, especially for penaeid
shrimp.
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The intrusion of SACW in the spring and summer which
promoted decrease in the values of bottom temperature
especially in deeper areas, allowing individuals to occupy
shallower areas, where temperatures remained higher
average (> 22 °C). In contrast, the absence of this water
mass during the fall and winter provided a rise in the
bottom water temperature and consequently an increase
in the abundance of X. kroyeri, especially in transects
positioned in deeper areas. In the study by Nakagaki and
Negreiros-Fransozo (1998) was also observed variations
in the abundance of this species due to greater penetration
of SACW in regions closer to the coast. Similar results
were observed by Fransozo et al. (2002) and Costa et al.
(2007) for X. kroyeri, everyone conducted in Ubatuba,
northern coast of Sao Paulo state.

Several authors have suggested that penaeoid shrimp
distribution is strongly modulated by the texture and organic
content of the substrate (Rulifson, 1981; Dall et al., 1990;
Sanchez, 1997; Costa et al. 2007). Our results contradict
these assertions since no correlation was found between
X. kroyeri and texture of the sediment, and a negative
correlation was observed between their abundance and
organic matter content of the substrate. A possible hypothesis
is that this result is a reflection of the high catch of X.
kroyeri in the shallower areas where the organic matter
content is low; this shrimp species occurs at temperatures
above 21°C (Costa et al., 2007) and in the present study
area, stations with predominantly muddy sediments showed
lower temperature than 21°C.This leads to assume that
the temperature in these areas is the primary factor in the
establishment of individuals of this species.

The sediment in shallow areas was predominantly
medium and fine sand and, conversely, the outer area
was characterized by sediment composed of silt and
clay. Garcéz (2007) explained this by the formation of
a tombolo submarine (submerged sandy track) between
the beach and the Archipelago de Santana included in the
study area. This sandy strip provides in shallow areas a
removal of fine sediments by wave action, establishing an
irregular facies pattern of medium and very coarse sand.
The muddy sediments occur preferentially above 15 meters
depht. This result also supports the conclusion that the
species has a great plasticity in relation to sediment type.
Other studies such as those developed in Ubatuba, Sao
Paulo State (Freire et al., 2011; Costa et al., 2007) found
that this species prefers muddy sediments, which in this
study area occurred in shallower portions.

According to the study results, the temperature is the
main factor modeler of abundance and spatial-temporal
distribution of X. Kroyeri, being controlled by the variations
in temperature caused by the SACW intrusion in the region.
Thus, in periods that occurs most influences of the cold
waters of SACW in the coast of Macaé, shrimps migrate
to shallower depths where the temperature remains higher
means. Likewise, the abundance of X. kroyeri suffer
temporal variations, being modulated by the higher or
lower SACW influence.
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