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ABSTRACT. Regions affected by upwelling show environmental characteristics that may change the
distribution of the species. This study evaluated the influence of environmental factors on the spatiotemporal
distribution of two caridean shrimps, Nematopalaemon schmitti and Exhippolysmata oplophoroides, in a region
of the Brazilian coast affected by Cabo Frio upwelling. Shrimps were collected monthly from July 2010 through
June 2011 off Macaé off the northern coast of Rio de Janeiro State, at six locations: three at 5 m, and the other
three at 15 m depth. Shrimp abundance was compared among seasons and sampling sites. Nematopalaemon
schmitti (n = 1200) was more abundant at 5 m depth while E. oplophoroides (n = 2176) occurred predominately
at 15 m. There were significant seasonal fluctuations in the distribution of the species in the region, resulting
from variation in bottom temperature. The presence of the South Atlantic Central Water (SACW) favors the
decrease in the abundance of N. schmitti and highest abundance of E. oplophoroides. The abundance of E.
oplophoroides and the percentage of organic matter were significantly and positively correlated. The organic
matter content in the sediment and water temperature was among the most important variables affecting seasonal
distribution of the species. The distinct environmental characteristic between the bathymetric regions were a
determinant factor in their spatial distribution.

Keywords: Nematopalaemon schmitti, Exhippolysmata oplophoroides, abiotic factors, abundance, spatio-
temporal distribution, habitat, SACW, Rio de Janeiro.

INTRODUCTION

The distribution and abundance of benthic organisms
may be influenced by many biotic and abiotic factors
(Bauer, 1992; Dall et al., 1990). The abiotic factors that
shape the coexistence of the caridean shrimps are
primarily controlled by habitat types and are influenced
by seasonal water temperature changes, salinity
fluctuations (Bilgin et al., 2008) and by water masses,
through transport and accumulation of nutrients
(Coelho-Souza et al., 2012). Sediment also plays an
important role in the distribution of carideans because
the sediment preferences are related to their burrowing
ability (Pinn & Ansell, 1993). Furthermore the organic-
matter content can be used as a food source for a high
number of preys that feed on this material (Fransozo et
al., 2005; Almeida et al., 2012).

Coastal upwelling systems are usually the result of
horizontal differences in the surface layer of the ocean,
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driven by the wind. Upwelling involves the ascent of
cold, nutrient-rich water from subsurface layers to the
surface, favoring primary production in the euphotic
zone, where mass and energy are transferred through
food webs; these physical processes highly impact
marine life where they occur (Magliocca et al., 1979;
Lehmann & Myrberg, 2008; Merino & Monreal-
GOmez, 2009). As a result, upwelling regions are the
most productive areas of the ocean (Coelho et al.,
2012). The main upwelling area along the Brazilian
Coast is off Cabo Frio, state of Rio de Janeiro (23°S),
and occurs more frequently and intensely in spring
(October to December) and summer (January to March)
(Calado et al., 2008; Coelho-Souza et al., 2012). This
phenomenon, when combined with the intrusion of
South Atlantic Central Water (SACW) with tempera-
tures below 20°C and salinities between 34.6 and 36.0
(Miranda, 1985), makes the Cabo Frio region and
adjacent areas highly productive and important for the



150 Latin American Journal of Aquatic Research

distribution and abundance of benthic communities (De
Léo & Pires-Vanin, 2006). Studies of Magliocca et al.
(1979) and Paviglione & Miranda (1985) indicated the
occurrence of periodic events of the coastal upwelling
off Cabo Frio, with its influence extending up to the
proximity of the Cabo de S&o Tome (22°S).

The white belly shrimp Nematopalaemon schmitti
(Holthuis, 1950) is distributed from Venezuela to
Brazil (Ferreira et al., 2010). The redleg humpback
shrimp or spine shrimp Exhippolysmata oplophoroides
(Holthuis, 1948) occurs from North Carolina (USA), to
Uruguay (Christoffersen, 1998). Even though these two
caridean species are currently not commercially
exploited, they are part of the trophic structure of soft-
bottom environments. Additionally, N. schmitti and E.
oplophoroides are the most abundant species among the
caridean shrimps in Macaé region, an area located near
of the upwelling in the Cabo Frio region (Silva et al.,
2014; Pantaledo et al., 2016). These authors studied the
composition and assemblages of shrimps (Penaeoidea
and Caridea) in this region; however, the knowledge
about the spatial and temporal distribution of the
species in this area is scarce.

The Rio de Janeiro State has the highest fishery
productivity of the southeastern region of Brazil
(IBAMA, 2007), and N. schmitti and E. oplophoroides
form part of the bycatch of penaeid shrimp fisheries,
such as Artemesia longinaris Spence Bate, 1888,
Pleoticus muelleri (Spence Bate, 1888), Xiphopenaeus
kroyeri (Heller, 1862), Farfantepenaeus paulensis
(Pérez-Farfante, 1967), Farfantepenaeus brasiliensis
(Latreille, 1817) and Litopenaeus schmitti (Burken-
road, 1936) (Costa et al., 2000; Fransozo et al., 2009;
Pantaledo et al., 2016). The impact of bottom-trawl
shrimp fishing in coastal locations has caused
significant losses in the biomass and biodiversity of
non-consolidated environments (Pauly et al., 2002;
Castilho et al., 2008).

Considering the upwelling system in the Cabo Frio
region, which is of great importance for the biological
enrichment of the water and the fishery activities in the
region, this study analyzed the spatial and temporal
distribution of the caridean shrimps N. schmitti and E.
oplophoroides off Macaé, Rio de Janeiro, located
within the Cabo Frio upwelling area. This study tested
the hypothesis that the abundance of these species
varies depending on environmental factors such as
bottom temperature and salinity, sediment texture, and
organic-matter content.

MATERIALS AND METHODS

Study area

The municipality of Macaé on the northern coast of Rio
de Janeiro is located within the limits of the environ-

mental protection area of the Santana Archipelago, near
the influence of the Cabo Frio region (Fig. 1). The
particular orientation of the Rio de Janeiro coast, with
coastline changing abruptly from north-south to east-
west direction, moves the coastal water away from the
coast and toward the ocean, and favors the intrusion and
spread of the SACW. This water mass occurs at the
thermocline depth in the open ocean, which intrudes
over the inner continental shelf near the bottom, and
eventually upwells to the surface near the coast
(Moreira da Silva, 1971; Gonzalez-Rodriguez et al.,
1992; Campos et al., 2000; Mahiques et al., 2005). The
rise of the SACW determines the local upwelling
events, and the magnitude of these events is influenced
by winds, the configuration of the coast and by the
ocean-bottom topography of the Cabo Frio region
(Stramma & Peterson, 1990; Rodrigues & Lorenzetti,
2001).

Sampling of specimens and environmental factors

Shrimps were sampled monthly from July 2010 through
June 2011 to minimize the possible effect of local
trends. Six sampling sites were selected at depths of 5
m (sites 1-3) and 15 m (sites 4-6). A GPS was used to
record the position of each sampling site.

The commercial fishing boat used for trawling was
equipped with 10 m-long double-rig fishing nets, with
a 20 mm mesh size and an 18 mm cod end. Each
sampling site was trawled for 30 min at a constant speed
of 2.0 knots, covering an area of approximately 18,500
m?. During each monthly collection, samples of bottom
and surface water were collected with a Van Dorn
bottle at each sampling site; temperature was measured
with a mercury thermometer (0.1°C scale), and salinity
using an optical refractometer (0.1 scale).

Sediment samples were collected seasonally
(winter: July-September; spring: October-December;
summer: January-March; autumn: April-June) at each
site, using a Van Veen grab with a sampling area of
0.06 m? to determine mean grain size of the sediment
() and organic-matter content (OM) determination. In
the laboratory, samples were oven-dried at 70°C for 72
h. For grain size analysis, a 100 g subsample was taken
from each site and then treated with 250 mL of a NaOH
solution (0.2 mol LY) for 20 min, to separate the silt and
clay particles, and was then rinsed on a 0.063 mm sieve
to remove the remaining silt and clay. The subsample
was oven-dried again for 24 h at 60°C, and the
remaining sediment was rinsed on sieves of different
sizes: 2 mm (gravel); 2.0 to 1.01 mm (very coarse
sand); 1.0 to 0.51 mm (coarse sand); 0.50 to 0.26 mm
(medium sand); 0.25 to 0.126 mm (fine sand), and
0.125 to 0.063 mm (very fine sand); smaller particles
were classified as silt-clay. The portions retained on
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Figure 1. Location of sampling sites off Macaé, Rio de Janeiro State, Brazil. Sites 1, 2, 3 were located at 5 m depth and

sites 4, 5, 6 at 15 m depth.

each sieve were weighed on an analytical balance
(0.0001 g) to determine the percentage of each grain-
size fraction. The particle size classes were expressed
in ¢ = -logz (grain diameter in millimeter), and the
following size fractions were obtained: gravel (<-1),
very coarse sand (-1 ¢ < 0), coarse sand (0 ¢ < 1),
medium sand (1 ¢ < 2), fine sand (2 ¢ < 3), very fine
sand (3 ¢ < 4), and silt and clay (> 4) (Tucker, 1988;
Costa et al., 2007). From these grain-size percentages,
measurements of central tendency were calculated to
determine the most frequent granulometric fractions in
the sediment samples. These values were calculated
based on data extracted from cumulative frequency-
distribution curves of the sediment samples; subse-
quently the formula M = @16 + @50 + ¢84/3 was
applied (Tucker, 1988).

Sediment samples were classified into three size
classes (see Magliocca & Kutner, 1965): Class A;
medium sand (MS), coarse sand (CS), very coarse sand
(VCS), and gravel (G > 0.25 mm) accounting for more
than 70% of the sample weight; Class B: fine sand (FS)
and very fine sand (VFS) comprising more than 70% of
the sample weight (0.25; 0.0625 mm); Class C: more
than 70% of the sediment is silt and clay (S+C).

For organic matter (OM) content determination, 10
g from each site was taken from each of the oven dried
sediment samples, placed in porcelain crucibles and
then heated in an oven at 500°C for 3 h. The percentage
of organic matter was estimated as the difference

between the initial and final weight of the crucibles
(Mantelatto & Fransozo, 1999).

Data analysis

Tests for homoscedasticity (Levene test) and normality
(Shapiro-Wilk test) were performed as pre-requisites
for the temporal and spatial abundance data sets. All the
data sets for the two species were not normally
distributed; shrimp abundances per sampling site and
per season were compared using the the Kruskal-Wallis
test, with later paired comparisons by the Dunn’s test.

The influence of environmental factors on the
abundances of the two species was evaluated through a
time-series analysis by cross-correlation with the
Statistica 7.0 software (StatSoft, Inc). All statistical
procedures followed Zar (1999), and the level of
significance was set at P < 0.05.

The data for abiotic factors were plotted against the
presence of N. schmitti and E. oplophoroides for each
sampling location. The analysis of these relationships
consisted of distributing the total results for these
factors into value classes of abiotic factors (tempe-
rature, salinity, sediment texture, and organic-matter
content). The number of captured specimens and the
frequency of repetitions of the values for each class of
the factors were determined by the relative frequency
of individuals at each sampling site (Costa et al., 2004,
2005).
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RESULTS

The water temperature ranged from 18 to 24.5°C (mean
20.8 £ 1.8) in the bottom and from 19.5 to 26.0°C at the
surface (mean 22.8 + 1.8). Bottom salinity varied
between 35 and 39 (mean 36.9 + 0.8) and between 29
and 39 at the surface (mean 36.4 + 1.5). Mean monthly
surface temperature ranged from 20.5 (July) to 25.7
(March), and bottom temperature fluctuated between
19.4°C (January) and 22.9°C (October) (Fig. 2). The
mean surface salinity ranged from 35.2 (December) to
37.4 (November) and bottom salinity ranged from 35.7
(December) to 38 (April) (Fig. 3).

The highest average bottom water temperature was
found in site 2 (21.9°C). On the other hand, the lowest
values (19.8°C) were recorded in sites 5 and 6 (Table
1). Average temperature values changed with depth,
being lowest highest in deeper sites (15 m). The
average temperatures at 5 and 15 m depth were 21.6 +
1.6°C and 19.9 + 1.7°C, respectively. The average
bottom salinity was lowest at Site 6 (36.6) and highest
at Site 5 (37.3) (Table 1). Average bottom salinity was
similar among the sites: at a depth of 5 m, the average
salinity was 36.8 + 0.8 and a depth of 15 m was 37.0 +
0.8.

Medium sand and very fine sand predominated at
the shallower sites (5 m), and silt and clay at the greater
depth (15 m). The highest concentrations of organic
matter were found at the points with the highest
amounts of silt and clay (15 m) (Fig. 4).

A total of 1200 individuals of N. schmitti were
collected, and the species was most abundant at Site 3
(n = 930). Individuals of E. oplophoroides (n = 2176)
were most abundant at Site 4 (n = 730). The abundances
of both species differed significantly between the
depths (Table 2). Nematopalaemon schmitti was more
abundant at the shallower sites (5 m), which also
contained less organic matter. Exhippolysmata
oplophoroides was more abundant in deeper water (15
m), where organic-matter concentrations were high
(Fig. 5).

The abundances of the two species differed
significantly between seasons. Nematopalaemon
schmitti was more abundant in winter (93.2%). The
abundance in winter was statistically different from
autumn abundances (1.1%) (Kruskal-Wallis, P = 0.02;
H = 8.98; 3 df). Exhippolysmata oplophoroides was
showed highest abundance in spring (54.2%) and
winter (38.9%). The abundance in spring and winter
was statistically different from autumn abundances
(3.1%) (Kruskal-Wallis, P = 0.00; H = 15.40; 3 df)
(Table 2).
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Figure 2. Monthly mean values and standard error (box),
and range (whiskers) of surface and bottom water
temperatures in the Macaé region, Rio de Janeiro State,
Brazil, from July 2010 to June 2011.
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Figure 3. Monthly mean values and standard error (box),
and range (whiskers) of surface and bottom water salinity
in the Macaé region, Rio de Janeiro State, Brazil, from
July 2010 to June 2011.

Nematopalaemon schmitti showed the highest mean
number of individuals at sites with water temperatures
between 20 and 21°C, salinity of 37 to 38, and lower
organic-matter concentrations (0 and 3), with sediment
composed of very fine sand (3 < ¢ < 4) and medium
sand (0 < ¢ < 1) (Fig. 6). The numbers of individuals
were negatively correlated with low organic-matter
content (as observed graphically). There was no statisti-
cally significant correlation between the abundance of
this species and environmental factors (cross-
correlation, P > 0.05). In contrast, E. oplopho-roides
showed the highest mean number of individuals at
temperatures between 20 and 21°C and 24 to 25°C,
salinity of 35 to 36, and organic-matter concentrations
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Table 1. Mean, standard deviation (SD), minimum and
maximum bottom temperatures and salinities for each
sampling site in the Macaé region, Rio de Janeiro State,
Brazil, from July 2010 to June 2011.

Bottom temperature Bottom salinity

Site (<) - -
Mean + Min  Max Mean + Min  Max
SD SD

1 21.2+17 190 245 37.1+0.7 36.0 38.0
2 219+15 200 245 36.6+09 350 38.0
3 216+15 195 240 36.8+0.8 350 38.0
4 202+19 180 245 37.0x06 36.0 38.0
5 198+14 18.0 225 373+10 350 39.0
6 198+1.7 18.0 225 36.6+08 350 38.0
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Figure 4. Grain size categories and organic matter content
of the sediment at each site sampled, in the Macaé region,
Rio de Janeiro State, Brazil. Granulometric class: Class A
(gravel, very coarse sand, coarse and medium sand), Class
B (fine and very fine sand) and Class C (silt + clay).
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between 21 and 24; the species showed a preference for
medium sand (0 < ¢ < 1), and silt and clay (¢ > 4) (Fig.
6).

The abundance of E. oplophoroides was signifi-
cantly and positively correlated with the percentage of
organic matter (cross-correlation, P < 0.05; Fig. 7), and
this analysis revealed the highest correlation in the
increase in the abundance of individuals two months
before the amount of organic matter in the sediment
decreased (Fig. 7).

DISCUSSION

The results of this study revealed a well-defined
distribution pattern between N. schmitti and E.
oplophoroides, with higher abundances of the species
in different seasons, and distinct distributions in space,
where environmental characteristics of the sampling
site played a key factor to explain the patchy
distribution of these two caridean shrimps in Macaé.

Bottom and surface temperatures obtained in this
study were, during most of the year, low compared to
those usually found in the tropical region, which may
be related to the location of the sampling area near the
coastal upwelling system of Cabo Frio (Valentin,
1984). Sancinetti et al. (2014, 2015) showed that the
environmental conditions (temperature and salinity) in
the Macaé region differ from those that are usually
found in tropical regions. As a result of the influence of
the Cabo Frio upwelling, the low mean temperatures
and the high nutrient concentrations throughout the
year create conditions resembling the cool-temperate
southern part of the continent (Sancinetti et al., 2015).

The temperature decreased more sharply when a
thermocline was present due to the influence of the
SACW (during spring and summer) when upwelling
events were more pronounced, mainly by the
prevalence of northeasterly winds (Barth et al., 2007;
Calado et al., 2008). This phenomenon could be
observed during spring-summer of the present study
with a decrease in bottom temperature, indicating the
presence of the SACW (Fig. 2).

There were seasonal fluctuations in the distribution
of the two caridean shrimps studied in the region
resulting from variation in bottom temperature. The
presence of the SACW promoted a decrease in the
abundance of the N. schmitti and highest abundance of
E. oplophoroides in the spring.

Fransozo et al. (2009) studying the distribution of
N. schmitti in Ubatuba Bay, Brazil, concluded that
lower temperatures were determinant for the increase in
the abundance of this shrimp during the winter. Results
of the present study revealed, however, that decreased
abundances of N. schmitti occurred at temperatures
lower than those recorded off the Ubatuba region,
suggesting that the optimum temperature for this
species is around 20°C.

According to Almeida et al. (2012), the decreased
abundance of N. schmitti in spring and especially in
summer may indicate a seasonal migration, occurring
together with the transport of the biodetritus and plants
fragments over the substrata, as a consequence of the
intrusion of the SACW. This hypothesis is consistent
with our results: the occurrence of this water mass
likely induced the animals to migrate to other areas with
more favorable temperature conditions because when
SACW reaches the bay, it causes a decrease in
temperature.

Studies highlighting the use of different areas
during the animal’s life cycle, suggest that environ-
mental variables, especially temperature, influence the
habitat selection of several caridean shrimp species:
Crangon crangon (Linnaeus, 1758) (Spaargaren, 2000;
Siegel et al., 2005), Palaemon adspersus Rathke, 1837
(Bilgin et al., 2008), Palaemon elegans Rathke, 1837
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Table 2. Seasonal abundances of Nematopalaemon schmitti and Exhippolysmata oplophoroides at each sampling site in the
Macaé region, Rio de Janeiro State, Brazil, from July 2010 through June 2011. Different letters indicate significant

differences (Kruskal-Wallis, P < 0.05).

Nematopalaemon schmitti

Site
Season 1 > 3 7] 5 6 Total
Winter 180 21 912 1 0 4 11184
Spring 37 6 8 3 0 0 5418
Summer 3 0 10 2 0 0 1578
Autumn 13 0 0 0 0 0 138
Total 233~ 274 930~ 6P 08 48 1200
Exhippolysmata oplophoroides

Winter 344 44 99 122 29 208 8462
Spring 59 2 3 562 428 126 11802
Summer 4 13 22 9 18 17 83
Autumn 0 1 1 37 27 1 67°
Total 407 60 1252 730° 502° 352° 2176
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Figure 5. Mean number of sampled individuals of Nematopalaemon schmitti and Exhippolysmata oplophoroides and
percentage of organic matter in the sediment at each sampled site in the Macaé region, Rio de Janeiro State, Brazil, from

July 2010 to June 2011.

(Janas & Spicer, 2008), and N. schmitti (see Almeida et
al., 2011).

The increase in abundance of E. oplophoroides
occurred in spring, coinciding with a decrease in
temperature (Fig. 2); therefore, the species is possibly
more tolerant to cold temperatures. In a study on E.
oplophoroides in Ubatuba, Brazil, Fransozo et al.
(2005) reported that this species was influenced by
temperature variations due to currents. The authors
suggested that when SACW reaches the bay, it causes
the confinement of this shrimp population in shallower
areas (<20 m). However, according to these authors,
abundance was not determined only by a specific group
of abiotic factors, but also by biotic factors, such as the
concentration of organic matter.

The organic matter content in the sediment is a
factor that influenced the occurrence of E. oplophoroides
in Macaé because this species showed a stronger
preference for sites with high levels of organic matter
content. Sediment characteristics usually influence the
abundance patterns of decapod crustaceans (Furlan et
al., 2013). Additionally, organic material deposited
among sediment particles serves also as a food source
for some benthic organisms (Bertini & Fransozo,
1999).

Nematopalaemon schmitti was more abundant at
shallower sites, where the sediment was mainly
composed of very fine sand with little organic matter,
which may be interpreted as sediment preferences
probably related to its burrowing ability. Marine shrimps
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burrow to hide from predators, and therefore require a
suitable substrate for rapid burying and hiding (Freire
et al., 2011). Exhippolysmata oplophoroides was
caught in higher abundance in water 15 m deep, with
higher concentrations of organic matter and muddier
substrate, which revealed a close relationship to
sediment properties. These properties (such as the
organic debris) serve as a protective habitat for many
caridean species, and strongly influence the establish-
ment of caridean shrimp populations (Fransozo et al.,
2005). Also, these environmental conditions enable the
maintenance of caridean populations, particularly
females with embryos (Bauer, 1985; Fransozo et al.,
2005).

The presence of debris deposits and high organic-
matter concentrations can provide a sheltered
environment that allows E. oplophoroides to establish
at a given site, and may also serve as food source for
prey of these shrimp. Sumida et al. (2005) proposed
that changes in the levels of chlorophyll-a in the Cabo
Frio region could be attributed to upwelling, even
during winter. In the Cabo Frio region, high
concentrations of chlorophyll-a occur with a subse-
quent organic enrichment of the sediment during
upwelling periods. This is probably a result of the
higher primary productivity due to these events,
because part of the organic matter generated is
transferred to the benthos (Sumida et al., 2005).

The species N. schmitti and E. oplophoroides
occurred nearby the coast as indicated in the literature
(Fransozo et al., 2005; Almeida et al., 2012; Silva et
al., 2014). Silva et al. (2014) inferred this distribution
due to the local hydrodynamic conditions, proximity to
the continent, as well as due to the input from the Macaé
River.

Other factors such as competition and predation
may also influence the abundance of shrimps
(Spaargaren, 2000; Almeida et al., 2012); however, the
organic matter content in the sediment and water
temperature of the area of the present study offered the
most probable explanation for the differences among
the abundance patterns of the two caridean shrimps in
the Macaé region.

According to the results obtained in the present
study, the two caridean species showed different
distributions in time and space: the distinct
environmental characteristics between the bathymetric
regions were a determinant factor in their spatial
distributions, and their possible migration was related
to environmental factors analyzed.
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