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  Abstract          The predictability of certain environmental factors that aff ect the life cycle of the seabob 
shrimp  Xiphopenaeus   kroyeri  (Heller, 1862) was evaluated in a study of its reproductive biology in an area 
adjacent to Babitonga Bay, State of Santa Catarina, Brazil. Monthly sampling was conducted from July 2010 
through June 2011 at depths of 5, 8, 11, 14, and 17 m. 76 004 individuals were obtained, with a pronounced 
peak in absolute abundance in austral autumn (34 208), coinciding with the annual closed season from 
March to May. Grain size composition of the sediment showed the closest relationship to the distribution 
of individuals (multiple linear regression,  P <0.05), related to their burying habit. The observed correlations 
between the abundance of reproductive males (bearing spermatophores) and females with spent gonads 
(cross-correlation,  P <0.05), and between reproductive males and reproductive females (with a 1-month 
lag) suggest that the peak of reproductive males preceded the peak of female ones. This result agrees with 
the pattern expected for females, which copulate in post-ecdysis (spent gonads). Spawning seemed to 
take place at greater depths, as evidenced by the concentration of reproductive females in these areas. The 
reproductive activities observed here confi rm that this species follows a tropical/subtropical reproductive 
pattern, spawning continuously throughout the year, with the highest peaks in spring and autumn. The data 
indicate that the juvenile recruitment period observed in August-September resulted from the reproductive 
output noted in April–May. Additionally, the reproductive period recorded in November led to the juvenile 
peak observed in March–May. 
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 1 INTRODUCTION 

 Popularly known as the “seabob shrimp”, 
 Xiphopenaeus   kroyeri  (Heller, 1862) is widely 
distributed in the western Atlantic Ocean, from 
Virginia (United States) (≈37°N) to Rio Grande do Sul 
(Brazil) (≈30°S), and is commonly found at depths up 
to 25 m (Costa et al., 2000, 2003; D’Incao et al., 2002). 
The continuous exploitation of these commercially 
important crustaceans is causing a rapid decrease in 
shrimp stocks, overloading not only stocks of this 
species, but also stocks of the bycatch fauna (Castilho 
et al., 2008a). Trawling on soft bottoms has led into 
signifi cant losses on spawning biomass and 
biodiversity. Moreover, the seabob shrimp is one of 
the most important species targeted by the artisanal 
fi sherman in southern Brazil, besides being among the 

top ten penaeid species caught worldwide (Pauly and 
Christensen, 1995; Pauly et al., 2002; Gillett, 2008; 
Silva et al., 2013). D’Incao et al. (2002) noted the need 
for improvements in the regulation of this fi shery. 
According to some studies (Pires, 1992; Nakagaki and 
Negreiros-Fransozo, 1998; Costa et al., 2007; 
Grabowski et al., 2014), to achieve such improvements, 
it is essential to increase our knowledge of the biology 
of this species, which plays an important role in 
maintaining the stability of benthic communities. 
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Coordenação de Aperfeiçoamento de Pessoal de Nível Superior (CAPES) 
(Ciências do Mar, No. 23038.004310/2014-85) 
 ** Corresponding author: raphaelgrabowski@gmail.com 



126 CHIN. J. OCEANOL. LIMNOL., 34(1), 2016 Vol.34

 Dall et al. (1990) found that the behavior of penaeid 
shrimps is aff ected by their physiological processes, 
which are closely related to environmental features. 
Fransozo et al. (2002), Costa et al. (2004) and Castilho 
et al. (2008b) found that salinity, temperature and 
sediment texture (i.e., grain-size composition and 
organic-matter content) are the most infl uential factors, 
and also tend to vary widely both spatially and 
temporally. 

 Two kinds of reproduction are known: A) 
continuously throughout the year (continuous 
pattern), or B) restricted to a period of the year 
(discontinuous), usually related to winter temperatures 
(Dall et al., 1990). 

 Closer to the Equator, crustaceans show a trend 
toward continuous spawning. In tropical regions, the 
spawning activity of penaeids is continuous, but 
usually presents a bimodal reproductive pattern, with 
a fi rst minor peak in autumn and a massive investment 
in spring (Garcia, 1988). Finally, cold temperate 
penaeids tend to spawn seasonally, restrict to the 
spring-summer period (Dall et al., 1990). 

 The main breeding grounds for Penaeoidea are 
likely to be those areas with a higher abundance of 
females with developed gonads, because after the 
females reach gonadal maturation, they will spawn 
within a few hours (Yano, 1995). Although Dall et al. 
(1990) stated that the species of the genus 
 Xiphopenaeus  Smith, 1869 reproduce over the 
continental shelf and occupy estuarine environments 
in their post-larval stage, several studies conducted in 
coastal waters of the state of São Paulo, Brazil, have 
found that  X .  kroyeri  does not follow this pattern 
(Castro et al., 2005; Costa et al., 2011; Heckler et al., 

2013, 2014). Castro et al. (2005) and Costa et al. 
(2011) assumed that  X .  kroyeri  cannot tolerate the 
wide variations in salinity that are common in 
estuaries. Similarly, Kutkuhn (1966) found that these 
shrimp rarely (or never) penetrate estuaries, either as 
adults or as juveniles. 

 This study describes the reproductive ecology of 
the seabob shrimp in an area adjacent to Babitonga 
Bay on the northern coast of the state of Santa 
Catarina, Brazil, investigating the relationship of 
environmental factors to the distribution of 
individuals, reproductive periodicity, juvenile 
recruitment and sex ratio. 

 2 MATERIAL AND METHOD 

 2.1 Study area 

 Shrimp and environmental factors were sampled 
monthly from July 2010 through June 2011 at fi ve 
sites parallel to the shoreline and at diff erent depths 
(5, 8, 11, 14 and 17 m) near Babitonga Bay (Fig.1). 
This bay is located on the northern coast of the state 
of Santa Catarina, near the towns of Joinville, Itapoá 
and São Francisco do Sul. The area has a rich fauna, 
although studies have been limited to crustaceans, 
fi shes, birds and aquatic mammals (Rodrigues et al., 
1998). 

 2.2 Sampling 

 Sediment was obtained monthly, using a Petersen 
grab. The samples were packed individually and 
frozen to minimize loss of organic matter. At the 
laboratory, the sediment was dried in an oven 70°C 
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 Fig.1 Map of the study area, highlighting the sampled stations in an area adjacent to Babitonga Bay, Southern Brazil 
 Modifi ed from Grabowski et al., 2014. 
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for 72 h. From each sample, a 10-g subsample was 
ash-weighed to determine the organic-matter content 
and 100 g was used to determine the grain-size 
distribution, according to Mantelatto and Fransozo 
(1999) and Castilho et al. (2012). 

 Bottom water samples were taken monthly, with a 
Van Dorn bottle, to measure salinity and temperature, 
for which an optical refractometer and a mercury 
thermometer were used. 

 Biological sampling was conducted in 30-min 
trawls using a shrimp boat outfi tted with double-rig 
nets (mesh size: 3 cm; total mesh gap: 11.5 m; boat 
velocity during trawls: 1.6 knots; total distance 
traveled during trawls: approximately 0.5 miles) 
(Grabowski et al., 2014). Specimens were packed in 
a box containing crushed ice for later analyses. When 
biomass exceeded 500 g, a subsample was taken for 
morphometric analysis, i.e., measurements of shrimp 
carapace length (CL) (distance from the posterior 
margin of the carapace to the post-orbital angle) 
using a caliper (to the nearest 0.1 mm). During the 
shrimp-fi shing closed season, sampling were 
performed in accordance to the federal laws, as to the 
requirements given by the responsible management 
agencies. 

 2.3 Temporal and spatial distribution 

 Homoscedasticity was tested by means of the 
Levene Test. Data with unequal variances were log-
transformed ( x +1) prior to further analyses. The 
abundance of individuals was compared to their 
spatial and temporal distribution using a variance 
analysis (ANOVA factorial), followed by the Tukey 
test, by depth and austral seasons (winter: July through 
September, and so on). The relationship of 
environmental factors to the abundance of individuals 
was tested with a multiple linear regression (MLR) 
for all the statistical analyses used, we adopted a 
signifi cance  level of 5% (Zar, 1999). 

 2.4 Reproductive biology 

 The presence of the petasma in males and the 
thelycum in females indicated each sex. The gonadal 
development stage in females was determined by 
macroscopic examination of ovaries, based on color 
and the volume of this organ. Ovaries of females 
categorized as immature (=juveniles - IM) varied 
from thin, transparent strands to thicker strands; 
classifi ed as spent (SP; adult females not in a 
reproductive period) if they were white and much 

larger and thicker than those of immature females; as 
developed if they were light green; or mature if they 
were green to dark green, occupying the entire dorsal 
part of the abdomen as well as part of the cephalothorax 
(more details in Almeida et al., 2012; Castilho et al., 
2015). The spawning intensity of this population was 
estimated by the percentage of the combining females 
with developed or mature gonads, which were 
considered reproductive females (RE), in relation to 
the total number of adult ones (SP+RE) (Castilho et 
al., 2008a). The adult condition in males was 
determined by macroscopic observation of the 
petasma. In juveniles, the endopods of the fi rst 
pleopods are completely separated, while in adults 
these structures are linked (Boschi and Scelzo, 1977; 
Bauer, 1986, 1991). The maturity of adult males was 
classifi ed according to the development of 
spermatophores in the terminal ampoule (ejaculatory 
duct). This was convenient because spermatophores 
were visible through the exoskeleton (Chu, 1995). 
When the spermatophores were not visible by 
macroscopic observation, the adult male was classifi ed 
as lacking spermatophores (SP). If spermatophores 
were visible and occupied part (developing) or all 
(developed) of the terminal ampoule, males were 
classifi ed as spermatophore-bearing males (RE) 
(Castilho et al., 2012, 2015). Thus, the reproductive 
activity of the population was estimated by the 
abundance of reproductive females with developing 
and fully developed (mature) gonads and 
spermatophore-bearing males. 

 To determinate temporal oscillation in the eff ects 
of specifi c factors on reproduction, cross-correlation 
analyses were performed. In cross-correlations, two 
series of data are compared as a function of time lag 
(n), using the Pearson correlation coeffi  cient to 
measure relationships between values of the fi rst data 
series and values of the second series from months 
earlier (in negative lags) or later (in positive lags). 
Correlation coeffi  cient values at lag 0 are equivalent 
to the standard Pearson correlation (STATSOFT, 
2011). However, we considered lag coeffi  cient values 
higher than 0.5 (positive or negative) as biologically 
signifi cant when the analysis was statistically 
signifi cant ( P <0.05). According to Dancey and 
Reidy’s (2011) categorization, the correlation with 
coeffi  cient 1 is perfect, 0.99–0.7 strong, 0.69–0.4 
moderate, and 0.39–0.1 weak. 

 The periods and locations of juvenile recruitment 
were estimated from the proportion of immature 
individuals in the population. 
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 3 RESULT 

 3.1 Environmental factors 

 Mean monthly salinities ranged from 31.0 
(September) to 35.5 (May/June) (Table 1). Mean 
salinities increased with depth, from 32.6 (5 m) to 34 
(17 m) (Table 2). 

 The mean monthly bottom temperature ranged 
from 18.2°C (August) to 26.1°C (February) (Table 1). 
The overall mean bottom temperature varied spatially 
from 21.8°C at 17 m to 22.8°C at 5 m (Table 2). 

 Organic-matter content (%) was higher at depths of 
5, 11 and 17 m and lower at 8 and 14 m deep (Table 
2). Phi decreased with depth, since the deeper sites 
consisted mainly of fi ner grains and silt+clay 
(Table 2). 

 3.2 Spatial and temporal distribution 

 We estimated a total abundance on 76 004 
individuals. The highest peak was observed in May 
(19 320), and the lowest number in December (719). 
Abundance was highest in autumn (34 208) and lowest 
in spring (5 468). Spatially, a peak was observed at 5 m 
(36 057), and the lowest abundance at 17 m (3 674). 
The distribution of individuals diff ered signifi cantly 
among both seasons and depths (ANOVA,  P <0.05), 
and the numbers found in spring and at 14 and 17 m 
diff ered from the other seasons and depths (Tukey, 
 P <0.05) (Figs.2, 3). Environmental factors signifi cantly 
aff ected the distribution of the abundance of this 
species (MLR,  R ²=0.23;  P =0.006 1;  F =4.04). Seabob 
shrimp showed a positive association with phi values 
and a negative association with the organic-matter 

 Table 1 Temporal variation for environmental factors collected from July 2010 through June 2011 in an area adjacent to 
Babitonga Bay, Southern Brazil 

 Month 
 Temperature (°C)  Salinity  Phi  O.M. (%) 

 Mean±SD  Min  Max  Mean±SD  Min  Max  Mean±SD  Min  Max  Mean ±SD  Min  Max 

 Jul. 10  19.4±0.42  19.0  20.0  34.5±0.42  34.0  35.0  3.8±0.68  2.7  4.4  1.4±0.80  0.6  2.6 

 Aug.  18.2±0.57  17.5  19.0  34.0±0.89  32.0  34.0  3.8±0.68  2.7  4.4  1.6±0.73  0.8  2.8 

 Sep.  19.5±0.50  19.0  20.0  31.0±0.89  31.0  33.0  4.4±0.55  3.7  5.3  6.7±4.29  2.2  12.2 

 Oct.  20.1±0.25  19.9  20.5  32.0±0.45  32.0  33.0  4.5±0.58  3.7  5.3  8.0±6.70  1.2  16.7 

 Nov.  22.4±0.82  21.0  23.0  33.0±0.82  31.5  33.0  4.2±0.84  2.8  5.1  4.6±4.90  0.6  12.7 

 Dec.  24.6±0.42  24.0  25.0  32.0±0.67  31.5  33.0  4.2±0.88  2.8  5.1  5.0±5.34  0.6  13.9 

 Jan. 11  25.6±0.82  25.0  27.0  34.0±1.64  31.0  35.0  3.7±0.99  1.9  4.4  2.4±1.30  1.6  4.6 

 Feb.  26.1±0.22  26.0  26.5  32.0±0.84  31.0  33.0  3.7±0.96  2.0  4.3  1.8±0.91  1.1  3.2 

 Mar.  24.7±0.27  24.5  25.0  33.0±0.45  32.0  33.0  3.8±0.96  2.1  4.4  2.0±1.44  0.6  4.3 

 Apr.  23.2±0.57  22.5  24.0  35.0±0.45  34.0  35.0  3.8±0.98  2.1  4.4  2.0±1.35  0.6  3.8 

 May  22.3±0.27  22.0  22.5  35.5±0.45  34.5  35.5  4.3±0.26  4.1  4.7  2.4±1.61  1.3  5.2 

 Jun.  21.0±0.00  21.0  21.0  35.5±0.42  35.0  36.0  4.3±0.32  4.0  4.8  2.2±1.36  0.8  4.3 

 O.M.: organic matter content; Min: minimum values; Max: maximum values; SD: standard deviation. 

 Table 2 Spatial variation for environmental factors collected from July 2010 through June 2011 in an area adjacent to 
Babitonga Bay, Southern Brazil 

 Depth (m) 
 Temperature (°C)  Salinity  Phi  O.M. (%) 

 Mean±SD  Min  Max  Mean±SD  Min  Max  Mean±SD  Min  Max  Mean±SD  Min  Max 

 5  22.8±2.72  19.0  27.0  32.6±1.56  31.0  35.5  4.2±0.50  3.7  5.1  4.0±4.53  1.1  13.9 

 8  22.5±2.61  18.5  26.0  33.3±1.68  31.0  36.0  4.5±0.15  4.3  4.8  2.0±0.56  1.2  3.0 

 11  22.2±2.62  18.0  26.0  33.3±1.45  31.0  35.5  4.4±0.43  4.2  5.3  4.4±4.88  1.4  16.7 

 14  22.0±2.65  18.0  26.0  33.8±1.39  31.0  35.5  3.7±0.71  2.7  4.5  2.1±2.19  0.6  6.8 

 17  21.8±2.71  17.5  26.0  34.0±1.29  32.0  36.0  3.5±1.10  1.9  4.4  4.2±3.90  0.6  12.9 

 O.M.: organic matter content; Min: minimum values; Max: maximum values; SD: standard deviation. 
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content. No associations between bottom salinity/
temperature and the abundance of shrimp were found. 

 During the whole sampling period, we collected a 
total of 226.78 kg of  X .  kroyeri . Nevertheless, we 
observed a both wide spatial and temporal variation in 
the total weight obtained, with the highest value 
recorded in May (30-min trawl: 53.75 kg), and a mean 
weight of 3.78 kg for each 30-min trawl performed 
along the study period. 

 3.3 Reproductive biology 

 A total of 4 007 individuals of  X .  kroyeri , including 
2 285 (57%) females and 1 722 (43%) males, was 
analyzed to evaluate their reproductive biology. 

 Males were present from the fi rst size classes, in 
which the majority of them were juveniles. 
Reproductive individuals fi rst appeared in the size 
class of 12–14 mm, indicating the likely size at onset 
of sexual maturity. All males above 16–18 mm were 
adult (Fig.4). 

 The percentage of females was highest in the size 
class of 10–12 mm, the majority of them immature. 
An increase in the percentage of reproductive females 
was observed only above 16–18 mm, size class in 
which all of the females were in its reproductive stage 
(Fig.5). In size classes from 12 to 16 mm contained 
increasing proportions of adult females. 

 Reproductive females were collected throughout 
the study period, with percentage peaks in November, 
February, and April (Fig.6). The abundance of 
reproductive females was correlated with the monthly 
values of bottom salinity, with a 1-month lag (cross-
correlation,  P <0.05;  R =0.764). The highest 
percentages of spent-females occurred in shallow 
waters (<11 m), while the reproductive females one 
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was higher at 5 m, 11 m and 14 m depth (Fig.7). 
 The highest percentages of reproductive males 

occurred mainly in shallow waters (Fig.7), and were 
present throughout the study period, with higher 
percentages in October, January, and May (Fig.8). 
These males were more abundant in months preceding 
the reproductive periods for females, with a 1-month 
lag, as October and January percentage peaks 
preceded of the reproductive females of November 
and February, respectively (cross-correlation,  P <0.05; 
 R =-0.627) (Figs.6, 8). Reproductive males showed a 
correlation with the monthly mean bottom salinity, 
with a 1-month lag (cross-correlation,  P <0.05; 
 R =0.720). Abundance of reproductive individuals 

(males and females) did not show correlations with 
the monthly means of temperature, phi and organic-
matter content (cross-correlation,  P >0.05). 

 The recruitment period showed two peaks of 
number of juveniles in September and May (Fig.9). 
The highest proportions of juveniles were recorded in 
August, September, December, and June (Fig.9). 
Juveniles were more abundant at lower depths (around 
80% of all juveniles obtained) (Fig.7), and the number 
of immature individuals showed no correlation with 
the number of reproductive males and/or females 
(cross-correlation,  P >0.05). Juvenile individuals also 
did not show signifi cant relation to any of the 
environmental factors sampled in this study (cross-
correlation,  P> 0.05). 
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 4 DISCUSSION 

 This study showed that the seabob shrimp 
completes its life cycle in the area adjacent to 
Babitonga Bay. This area contained juveniles and 
adults of both sexes, with a wide size range, suggesting 
that this species does not depend on estuarine 
environments to complete its life cycle. The 
environmental factors most closely related to the 
abundance of  X .  kroyeri  were grain size and bottom 
temperature; these crustaceans were more abundant 
in shallower, warmer water. 

 4.1 Ecological distribution 

 Shrimp were collected throughout the sampling 
period, although with an increase in abundance during 
autumn. Nakagaki and Negreiros-Fransozo (1998) 
and Costa et al. (2007, 2011) reported similar 
observations in coastal waters of the State of São 
Paulo, as did Branco et al. (1999) and Branco (2005) 
off  Santa Catarina. This increase in abundance may 
be related to the three-month closed season (March to 
May) adopted by the national environmental resources 
managing agency (IBAMA, Instituto Brasileiro do 
Meio Ambiente e dos Recursos Naturais Renováveis) 
to protect shrimp stocks. The reproduction and 
recruitment periods (peaking in autumn in this study) 
are probably the cause of the increase in abundance. 

 The seabob shrimp was found at all the sampling 
sites used for this study, with the highest abundance 
recorded at the 5-m depth. Similar results were 
obtained by Costa et al. (2007) and Castilho et al. 
(2008b) for this species in coastal waters of São 
Paulo. The present results are within the distributional 
limits proposed by Costa et al. (2003), who found this 
species preferentially in coastal waters. The fi ne-
textured sediment at these depths turn the burying 
activity much easier, once it is easier for the shrimp to 
move fi ner grain, what makes them prefer this kind of 
substrate. When buried, shrimp are protected against 
predators, and also their metabolic demand decreases 
(Ruello, 1973; Dall et al., 1990; Simões et al., 2010). 
According to Penn (1984), the preference of penaeoids 
for specifi c kinds of substrate is related to the capacity 
of each species to perform gas exchange in each kind 
of substrate. Costa et al. (2007) assumed that this 
relationship could act as a limiting factor or allow the 
expansion of the bathymetric distribution of species 
in certain locations. Costa et al. (2005) and Castilho et 
al. (2008a), studying respectively  Sicyonia   dorsalis  
Kingsley, 1878 and  Artemesia   longinaris  Bate, 1888, 

stated that penaeid shrimps show a preference for 
fi ne-grained substrates. 

 The abundance of  X .  kroyeri  could also be 
associated with the higher temperatures in shallower 
waters, because very low temperatures could limit the 
occurrence of these shrimp (Costa et al., 2007; 
Castilho et al., 2008b). The Babitonga Bay is located 
in a subtropical region which belongs to the Atlantic 
upwelling zone, comprehended from 23°S to 29°S. 
The opposing fl ow of the Brazil (subtropical) and the 
Malvinas (subantartic) currents dominates the open 
ocean circulation in Western Atlantic Ocean, and both 
meets on average 36°S. During winter, the water 
temperature is vertically homogenous, while during 
summer the South Atlantic Central Water (SACW) 
infl uences the region (Acha et al., 2004; Marafon-
Almeida et al., 2008) Near Babitonga Bay the shrimp 
were most abundant in intermediate temperatures (21 
to 25°C), although the relationship between 
temperature and abundance of individuals was not 
statistically signifi cant, as also observed by Castro et 
al. (2005), Costa et al. (2007, 2011) and Lopes et al. 
(2010). In contrast, Castilho et al. (2008b) reported 
that bottom temperature aff ected the spatial abundance 
of  X .  kroyeri  and  Pleoticus   muelleri  (Bate, 1888). 
This can be noted when observing the diff erence in 
reproductive peaks among these two species, once  P . 
 muelleri  shows its reproductive peak a few months 
before than  X .  kroyeri ’s one (Nov.–Jan. and Feb.–
Apr.) (Castilho et al., 2012, 2015). In the study carried 
out by Castilho et al. (2015) in southeastern Brazil, 
such negative infl uence of SACW over the 
reproductive cycle of  X .  kroyeri  became even clearer 
when observing a later reproductive peak from April 
to May 2002, as a possible consequence of a stronger 
infl uence of SACW during Oct.–Nov. 2001. 
Additionally, Castilho et al. (2008b) assumed that the 
intrusion of SACW, with temperatures as low as 15°C 
is, a temporal limiting factor to tropical species and 
opportune to cold temperate regions species. Thus, 
temperature is an important factor limiting the 
distribution of  X .  kroyeri , although diff erent species 
of penaeids may respond diff erently, depending on 
the locations where the specimens are collected. 

 Castilho et al. (2008b), Lopes et al. (2010), and 
Heckler et al. (2014) also found that the abundance of 
 X .  kroyeri  was not related to mean salinity. In contrast, 
some studies have highlighted salinity as a key factor 
aff ecting this species’ abundance (Costa et al., 2007, 
2011). As suggested by Castilho et al. (2008b) and 
Heckler et al. (2014), the range of salinity and 
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temperature values in the study region may not have 
been wide enough to cause changes in the shrimp 
distribution. Gunter et al. (1964) showed that salinity 
aff ected shrimp abundance patterns in an area where 
salinity levels ranged from 5 to 35. In the present 
study, samples were taken only in the marine 
environment, with salinities from 31 to 36. This 
infl uence would probably be more apparent in 
environments with salinities below 30 (Costa et al., 
2011). 

 The correlation between the organic-matter content 
and the abundance of shrimp was negative, in 
accordance with observations by Castilho et al. 
(2008b) and Costa et al. (2011). However, these 
results diff er from those of Castro et al. (2005), who 
found no relationship between organic matter and the 
abundance of juveniles of  X .  kroyeri . Costa et al. 
(2007) found a positive relationship between the 
organic-matter content and the abundance of  X . 
 kroyeri . The spatial variation in the organic-matter 
content also did not seem to follow a clear pattern 
among the sampling sites. 

 The negative correlation between the distribution 
of the shrimp and the organic-matter content may be 
related to other environmental factors or ecological 
interactions that exert greater infl uence on this 
species’ life cycle, leading them to seek more 
favorable environmental conditions. According to 
Krebs (2001), habitat selection considers a balance of 
chemical, physical and biological environmental 
factors. The ideal habitat must provide a variety of 
factors that together allow a species to establish itself 
in a certain location. For instance, the substrate 
texture, or factors other than those examined here 
may be operating, since the organic-matter content 
was measured only in the substrate, without 
considering decomposing organic matter or the 
availability of food on the substrate surface. 

 4.2 Reproductive biology 

 The higher abundance of females observed here is 
in accordance with the results obtained by Castro et 
al. (2005), De Campos et al. (2011) and Heckler et al. 
(2013). Nakagaki and Negreiros-Fransozo (1998) and 
Lopes et al. (2010) also found a male-biased sex ratio, 
which, according to Heckler et al. (2013) could be 
attributed to the segregated distribution of sexes 
observed in some months. Variations in a 0.5 sex ratio 
could be justifi ed by distinct sex-responses to natural 
mortality or migration, beside the diff erent occupation 
in the habitat (Nakagaki and Negreiros-Fransozo, 

1998; Castilho et al., 2008a). On the other hand, 
Castilho et al. (2008a) also observed a higher 
abundance of females of  S .  dorsalis , suggesting that 
in this case the sex ratio was in fact female-biased. 
According to Lopes et al. (2010), a higher abundance 
of males is less common for this species and might 
occur, for instance, when females migrate to deeper 
areas during spawning periods. It is also important to 
note that for this species, as for other species of 
Penaeoidea, females reach larger sizes when compared 
to males of equal age. Such pattern was confi rmed by 
Grabowski et al. (2014), when analyzing growth and 
longevity of  X .  kroyeri  in this region. 

 Branco (2005) showed that this species has a long 
spawning period, with reproductive females present 
throughout the year. In this study,  X .  kroyeri  followed 
a tropical/subtropical pattern (Garcia, 1988), with the 
presence of reproductive females throughout the year, 
suggesting a continuous reproductive pattern, with a 
peak of individuals in spring (November) and another 
in autumn (April). This pattern is similar to fi ndings 
by Nakagaki and Negreiros-Fransozo (1998), Castro 
et al. (2005) and Heckler et al. (2013), in studies on 
the coast of São Paulo, as well as by Branco (2005) on 
the coast of Santa Catarina and by Santos et al. (2003) 
in coastal waters of Bahia. According to Dall et al. 
(1990), several penaeid shrimp species have two main 
reproductive periods each year, typically in 
September–November and March–May, with peculiar 
responses from each species to diff erent local 
environmental features. In general, penaeid species 
located near the Equator tend to show continuity in 
spawning, although not fully homogeneous from 
month to month. The present study showed that the 
seabob shrimp follows this pattern, even in coastal 
waters of subtropical Southern Brazil. 

 Species with a closed thelycum mate just after 
ecdysis, when the female is in the spent gonadal stage 
(Dall et al., 1990). Accordingly, this study showed a 
correlation between the number of reproductive males 
and females, with a 1-month lag, i.e., higher 
percentage of males produce spermatophores one 
month before the females mature their gonads, 
proving that mating occurs in the shallower depths 
with reproductive males and spent females. Heckler 
et al. (2014) reported a similar pattern of congruency 
in the distribution of reproductive males and non-
reproductive females in coastal waters of São Paulo. 
In accordance with Dall et al. (1990), just after mating, 
females apparently migrate to greater depths (in this 
case to 14 m), where spawning would occur, since 
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this demographic class was more concentrated in 
these locations. These features were also noted by 
Juneau (1977) in coastal waters of Louisiana, Gulf of 
Mexico, who considered that this species mates and 
spawns in off shore regions (deep waters), or else that 
this species migrates to other states along the Gulf to 
reproduce. 

 Bimodal spawning and recruitment patterns similar 
to those observed in this study are common at low 
latitudes (tropical/subtropical regions) (Dall et al., 
1990). Similarly, Nakagaki and Negreiros-Fransozo 
(1998) reported the presence of immature individuals 
from February to May, attributed to spring spawning 
events. This indicates that the period of most intense 
reproduction in April and May will originate the 
juveniles recruited in August and September, while 
the November reproductive period will originate the 
juveniles that appear from March to May. Such 
statement grows stronger observing the obtained 
cohorts used for the growth analyses conducted by 
Grabowski et al. (2014) in the same region that the 
present investigation. In such study, it is possible to 
note peaks in the number of smaller individuals 
recruiting in the population in the August–September 
and the March–June periods. 

 The higher abundance of juveniles in shallow 
waters (8 and 11 m deep) suggests where the juvenile 
recruitment is taking place. According to Stoner 
(1988), the preference for a certain type of substrate 
changes throughout the life cycle in penaeids, and 
juveniles tend to show a preference for fi ner sand. 
Ruello (1973) also noted that juveniles prefer fi ne 
sand. Because they have limited excavating ability, 
juveniles would expend more time and energy when 
moving through larger and/or heavier sediment 
particles, as suggested for  X .  kroyeri  by Heckler et al. 
(2014), in coastal waters of São Paulo. 

 4 CONCLUSION 

 This study complements current knowledge of  X . 
 kroyeri , one of the most heavily exploited species by 
the trawling fi shery. The results presented here can be 
useful in establishing effi  cient fi shery management 
policies or improving existing policies. In view of the 
high economic value of  X .  kroyeri , the information 
from this study can also be used to detect possible 
decreases in these stocks and prevent their collapse. 

 References 

 Acha E M, Mianzan H W, Guerrero R A, Favero M, Bava J. 
2004. Marine fronts at the continental shelves of austral 

South America: physical and ecological processes. 
 Journal   of   Marine   Systems ,  44 (1-2): 83-105, http://dx.doi.
org/10.1016/j.jmarsys.2003.09.005. 

 Almeida A C, Baeza J A, Fransozo V, Castilho A L, Fransozo 
A. 2012. Reproductive biology and recruitment of 
 Xiphopenaeus   kroyeri  in a marine protected area in the 
Western Atlantic: implications for resource management. 
 Aquatic   Biology ,  17 (1): 57-69, http://dx.doi.org/10.3354/
ab00462. 

 Bauer R T. 1986. Phylogenetic trends in sperm transfer and 
storage complexity in decapod crustaceans.  Journal   of  
 Crustacean   Biology ,  6 (3): 313-325, http://www.jstor.org/
stable/1548173. 

 Bauer R T. 1991. Sperm transfer and storage structures in 
penaeoid shrimps: a functional and phylogenetic 
perspective.  In : Bauer R T, Martin J W eds. Crustacean 
Sexual Biology. Columbia University Press, New York. 
p.183-207.  

 Boschi E E, Scelzo M A. 1977. Desarrollo larval y cultivo del 
camarón comercial de Argentina  Artemesia   longinaris . 
 FAO   Informe   de   Pesca ,  159 : 287-327, http://www.fao.org/
docrep/005/ac866s/AC866S35.htm. 

 Branco J O, Lunardon-Branco M J, Souto F X, Guerra C R. 
1999. Estrutura Populacional do Camarão Sete-Barbas 
 Xiphopenaeus   kroyeri  (Heller, 1862), na Foz do Rio 
Itajaí-Açú, Itajaí, SC, Brasil.  Brazilian   Archives   of  
 Biology   and   Technology ,  42 (1): 115-126, http://www.
scielo.br/pdf/babt/v42n1/v42n1a16.pdf. 

 Branco J O. 2005. Biologia e pesca do camarão sete-barbas 
 Xiphopenaeus   kroyeri  (Heller) (Crustacea, Penaeidae), na 
Armação do Itapocoroy, Penha, Santa Catarina, Brasil. 
 Revista   Brasileira   de   Zoologia ,  22 (4): 1 050-1 062, http://
www.scielo.br/pdf/rbzool/v22n4/a34v22n4.pdf. 

 Castilho A L, Bauer R T, Freire F A M, Fransozo V, Costa R C, 
Grabowski R C, Fransozo A. 2015. Lifespan and 
reproductive dynamics of the commercially important sea 
bob shrimp  Xiphopenaeus   kroyeri  (Penaeoidea): synthesis 
of a 5-year study.  Journal   of   Crustacean   Biology ,  35 (1): 
30-40, http://dx.doi.org/10.1163/1937240X-00002300. 

 Castilho A L, Furlan M, Costa R C, Fransozo V. 2008a. 
Reproductive biology of the rock shrimp  Sicyonia   dorsalis  
(Decapoda: Penaeoidea) from the southeastern coast of 
Brazil.  Invertebrate   Reproduction   and   Development , 
 52 (1-2): 59-68, http://dx.doi.org/10.1080/07924259.2008. 
9652273. 

 Castilho A L, Pie M R, Fransozo A, Pinheiro A P, Costa R C. 
2008b. The relationship between environmental variation 
and species abundance in shrimp community (Crustacea: 
Decapoda: Penaeoidea) in south-eastern Brazil.  Journal  
 of   the   Marine   Biological   Association   of   the   United  
 Kingdom ,  88 (1): 119-123, http://dx.doi.org/10.1017/
S0025315408000313. 

 Castilho A L, Wolf M R, Simões S M, Bochini G L, Fransozo 
V, Costa R C. 2012. Growth and reproductive dynamics of 
the South American red shrimp,  Pleoticus   muelleri  
(Crustacea: Solenoceridae), from the southeastern coast 
of Brazil.  Journal   of   Marine   Systems ,  10  5-108 : 135-144, 



134 CHIN. J. OCEANOL. LIMNOL., 34(1), 2016 Vol.34

http://dx.doi.org/10.1016/j.jmarsys.2012.07.004. 
 Castro R H, Fransozo A, Mantelatto F L M, Costa R C. 2005. 

Population structure of the seabob shrimp  Xiphopenaeus  
 kroyeri  (Heller, 1862) (Crustacea, Penaeoidea) in the 
littoral of São Paulo, Brazil.  Scientia   Marina ,  69 (1): 105-
112, http://dx.doi.org/10.3989/scimar.2005.69n1105. 

 Chu K H. 1995. Aspects of reproductive biology of the shrimp 
 Metapenaeus   joyneri  from the Zhujiang Estuary, China. 
 Journal   of   Crustacean   Biology ,  15 (2): 214-219, http://
www.jstor.org/stable/1548949. 

 Costa R C D, Fransozo A, Melo G A S, Freire F A D M. 2003. 
Chave ilustrada para identifi cação dos camarões 
Dendrobranchiata do litoral Norte do Estado de São 
Paulo, Brasil.  Biota   Neotropica ,  3 (1): 1-12, http://www.
biotaneotropica.org.br/v3n1/pt/abstract?identifi cation-key+ 
BN01503012003. 

 Costa R C, Fransozo A, Castilho A L, Freire F A M. 2005. 
Annual, seasonal and spatial variation of abundance of the 
shrimp  Artemesia   longinaris  (Decapoda, Penaeoidea) in 
south-eastern Brazil.  Journal   of   the   Marine   Biological  
 Association   of   the   United   Kingdom ,  85 (1): 107-112. 
http://dx.doi.org/10.1017/S0025315405010908h. 

 Costa R C, Fransozo A, Freire F A M, Castilho A L. 2007. 
Abundance and ecological distribution of the “Sete-Bar-
bas” shrimp  Xiphopenaeus   kroyeri  (Heller, 1862) 
(Decapoda: Penaeoidea) in three bays of the Ubatuba 
region, South-Eastern Brazil.  Gulf   and   Caribbean  
 Research ,  19 : 33-41, http://www.researchgate.net/
publication/220013252_ABUNDANCE_AND_ECOLOGICAL_ 
DISTRIBUTION_OF_THE__SETE-BARBAS__SHRIMP_ 
XIPHOPENAEUS_KROYERI_(_HELLER__1862_)_(_
DECAPODA__PENAEOIDEA_)_IN_THREE_BAYS_OF_ 
THE_UBATUBA_REGION__SOUTH-/file/72e7e514b091ee44fb.
pdf. 

 Costa R C, Fransozo A, Mantelatto F L M, Castro R H. 2000. 
Occurrence of shrimp species (Crustacea: Decapoda: 
Natantia: Penaeidea and Caridea) in Ubatuba bay, 
Ubatuba, Sp, Brazil.  Proceedings   of   the   Biological   Society  
 of   Washington ,  113 : 776-781, http://biostor.org/reference/ 
81006. 

 Costa R C, Fransozo A, Pinheiro A P. 2004. Ecological 
distribution of the shrimp  Pleoticus   muelleri  (Bate, 1888) 
(Decapoda: Penaeoidea) in Southeastern Brazil. 
 Hydrobiologia , 529(1-3): 195-203, http://dx.doi.org/10. 
1007/s10750-004-6410-x. 

 Costa R C, Heckler G S, Simões S M, Lopes M, Castilho A L. 
2011. Seasonal variation and environmental infl uences on 
abundance of juveniles of the seabob shrimp  Xiphopenaeus  
 kroyeri  (Heller, 1862) in southeastern Brazil.  In : Pessani 
D, Froglia C, Biaggi E, Nurra N etc eds. Behaviour, 
Ecology, Fishery. Museo Regionale di Scienze Naturali di 
Torino, Turin. p.45-56.  

 D’Incao F, Valentini H, Rodrigues L F. 2002. Avaliação da 
pesca de camarões nas regiões Sudeste e Sul do Brasil. 
1965-1999.  Atlântica ,  24 (2): 103-116. http://www.lei.
furg.br/atlantica/vol24/1502.pdf. 

 Dall W, Hill B J, Rothlisberg P C, Sharples D J. 1990. The 

biology of the Penaeidae.  In : Blaxter J H S, Southward A 
J eds. Advances in Marine Biology. Academic Press, 
Manhattan. 489p. http://www.sciencedirect.com/science/
bookseries/00652881. 

 Dancey C P, Reidy J. 2011. Statistics without Maths for 
Psychology, 5 th  ed. Prentice Hall. 648p.  

 De Campos B R, Branco J O, D’Incao F. 2011. Crescimento do 
camarão-sete-barbas ( Xiphopenaeus   kroyeri  (Heller 
1862)), na Baía de Tijucas, Tijucas, SC (Brasil).  Atlântica , 
 33 (2): 201-208, http://dx.doi.org/10.5088/atlântica.v33i2. 
1442. 

 Fransozo A, Costa R C, Mantelatto F L M, Pinheiro M A A, 
Santos S. 2002. Composition and abundance of shrimp 
species (Penaeidea and Caridea) in Fortaleza Bay, 
Ubatuba, São Paulo, Brazil.  Modern   of   Ap  p  roaches   to   the  
 Study   of   Crustacea , 117-123, http://dx.doi.org/10.1007/ 
978-1-4615-0761-1_19. 

 García S. 1988. Tropical penaeid prawns.  In : Gulland J A ed. 
Fish Population Dynamics: the Implications for 
Management. Wiley and Sons Ltd, Chichester. p.219-249.  

 Gillett R. 2008. Global Study of Shrimp Fisheries. FAO 
Fisheries Technical Paper Rome. 475p.  

 Grabowski R C, Simões S M, Castilho A L. 2014. Population 
structure, sex ratio and growth of the seabob shrimp 
 Xiphopenaeus   kroyeri  (Decapoda, Penaeidae) from 
coastal waters of southern Brazil.  Zookeys , (457): 253-
269, http://dx.doi.org/10.3897/zookeys.457.6682. 

 Gunter G, Christmas J Y, Killebrew R. 1964. Some relations of 
salinity to population distributions of motile estuarine 
organisms, with special reference to penaeid shrimp. 
 Ecology ,  45 (1): 181-185, http://dx.doi.org/10.2307/1937124.  

 Heckler G S, Costa R C D, Fransozo A, Rosso S, Shimizu R M. 
2014. Long-term patterns of spatial and temporal 
distribution in the seabob shrimp  Xiphopenaeus   kroyeri  
(Decapoda: Penaeidae) population in Southeastern Brazil. 
 Journal   of   Crustacean   Biology ,  34 (3): 326-333, http://
dx.doi.org/10.1163/1937240X-00002231.  

 Heckler G S, Simões S M, Santos A P F, Fransozo A, Costa R 
C. 2013. Population dynamics of the seabob shrimp 
 Xiphopenaeus   kroyeri  (Dendrobranchiata, Penaeidae) in 
south-eastern Brazil.  African   Journal   of   Marine   Science , 
 35 (1): 17-24, http://dx.doi.org/10.2989/1814232X.2013. 
769901. 

 Juneau C L. 1977. A study of seabob  Xyphopenaeus   kroyeri  in 
Louisiana.  Louisiana   Department   of   Wild   Life   and  
 Fisheries   Sea   Food   Division   Technical   Bulletin ,  24 : 1-24.  

 Krebs C J. 2001. Ecology: the Experimental Analysis of 
Distribution and Abundance, 5 th  edition. Benjamin 
Cummings, California. 801p.  

 Kutkuhn J H. 1966. Dynamics of a penaeid shrimp population 
and management implications.  Fishery   Bulletin   of   the   U . 
 S .  Fish   and   Wildlife   Service ,  65 : 313-338, http://hdl.
handle.net/1969.3/20195. 

 Lopes J B B S, Vasques R O’R, Guimarães F J, Cetra M, Couto 
E C G. 2010. Proporção sexual do camarão sete-barbas 
 Xiphopenaeus   kroyeri  na costa de Ilhéus, Bahia, Brasil. 
 Boletim   do   Instituto   de   Pesca ,  36 (4): 251-262, ftp://ftp.



135No.1 GRABOWSKI et al.: Reproduction of  X .  kroyeri  from Southern Brazil 

sp.gov.br/ftppesca/36_4_251-262rev.pdf. 
 Mantelatto F L M, Fransozo A. 1999. Characterization of the 

physical and chemical parameters of Ubatuba Bay, 
northern coast of São Paulo State, Brazil.  Revista  
 Brasileira   de   Biologia ,  59 (1): 23-31, http://www.scielo.
br/scielo.php?pid=S0034-71081999000100004&script= 
sci_abstract&tlng=es. 

 Marafon-Almeida A, Souza-Conceição J M, Pandolfo P S V. 
2008. Distribuição e abundância de larvas de três espécies 
de penaeídeos (Decapoda) na plataforma continental 
interna adjacente à Baía da Babitonga, Sul do Brasil.  Pan -
 American   Journal   of   Aquatic   Sciences ,  3 (3): 340-350, 
http://www.panamjas.org/pdf_artigos/PANAMJAS_3%283% 
29_340-350.pdf. 

 Nakagaki J M, Negreiros-Fransozo M L. 1998. Population 
Biology of  Xiphopenaeus   kroyeri  (Heller 1862) 
(DECAPODA: PENAEIDAE) from Ubatuba Bay, São 
Paulo, Brazil.  Journal   of   Shellfi sh   Research ,  17 (4): 931-
935.  

 Pauly D, Christensen V, Guénette S, Pitcher T J, Sumaila U R, 
Walters C, Watson R, Zeller D. 2002. Sustainability in 
world fi sheries.  Nature ,  418 : 689-695, http://dx.doi.org/ 
10.1038/nature01017. 

 Pauly D, Christensen V. 1995. Primary production required to 
sustain global fi sheries.  Nature ,  374 : 255-257, http://dx. 
doi.org/10.1038/374255a0. 

 Penn J W. 1984. The behavior and catchability of some 
commercially exploited penaeids and their relationship to 
stock and recruitment.  In : Gulland J A, Rothschild B J 
eds. Penaeid Shrimps—Their Biology and Management. 
Fishing News Books, Farnham. p.173-186.  

 Pires A M S. 1992. Structure and dynamics of benthic 
megafauna on the continental shelf off shore of Ubatuba, 
southeastern Brazil.  Marine   Ecology   Progress   Series ,  86 : 
63-76.  

 Rodrigues A M T, Branco E J, Pereira M T, Zimmermann C E, 
Ribeiro G C, Branco J O, Kuroshima K N, Clezar L, 
Brutto L F, Cremer M J, Souza Filho M A C, Hostim Silva 
M, Tognella M M P, Alves S, Bellotto V. 1998. Proteção e 
Controle de Ecossistemas Costeiros: Manguezal da Baía 
de Babitonga, Itajaí (SC). Coleção Meio Ambiente. Série 
Estudos–Pesca, No. 25. Brasília, DF, Brasil. 145p.  

 Ruello N V. 1973. Burrowing, feeding, and spatial distribution 
of the school prawn  Metapenaeus   macleayi  (Haswell) in 
the Hunter River region, Australia.  Journal   of  
 Experimental   Marine   Biology   and   Ecology ,  13 (3): 189-
206, http://dx.doi.org/10.1016/0022-0981(73)90066-X. 

 Santos M C F, Freitas A E T S, Magalhães J A D. 2003. 
Aspectos biológicos do camarão sete-barbas, 
 Xiphopenaeus   kroyeri  (Heller, 1862) (Crustacea: 
Decapoda: Penaeidae) capturado ao largo do município de 
Ilhéus (Bahia–Brasil).  Boletim   Técnico   Científi co   do  
 CEPENE ,  11 (1): 73-85, http://www.google.com.br/url?sa
=t&rct=j&q=&esrc=s&source=web&cd=1&ved=0CB4Q
FjAA&url=http%3A%2F%2Fwww.icmbio.gov.br%2Fce
pene%2Fmodulos%2Fboletim%2Fvisualiza.php%3Fid_
arq%3D191&ei=t8upU_uSFzJsQTXjIHABQ&usg=
AFQjCNFBbM2wmIhSfFFmvpapG0tQ7zowOA&sig2=
vVKkIw_cOT3SI7dveTkdHw&bvm=bv.69620078,d.cWc. 

 Silva C N S, Broadhurst M K, Medeiros R P, Dias J H. 2013. 
Resolving environmental issues in the southern Brazilian 
artisanal penaeid-trawl fi shery through adaptive co-
management.  Marine   Policy ,  42 : 133-141, http://dx.doi.
org/10.1016/j.marpol.2013.02.002. 

 Simões S M, Costa R C, Fransozo A, Castilho A L. 2010. Diel 
variation in abundance and size of the seabob shrimp 
 Xiphopenaeus   kroyeri  (Crustacea, Penaeoidea) in the 
Ubatuba region, Southeastern Brazil.  Anais   da   Academia  
 Brasileira   de   Ciências ,  82 (2): 369-378, http://dx.doi.org/ 
10.1590/S0001-37652010000200013. 

 Statsoft. 2011. Statistica: Data Analysis Software System, 
Version 10.0.Tulsa, StatSoft, Inc.  

 Stoner A W. 1988. A nursery ground for four tropical  Penaeus  
species: Laguna Joyuda, Puerto Rico.  Marine   Ecology  
 Progress   Series ,  42 : 133-141, http://www.int-res.com/
articles/meps/42/m042p133.Pdf. 

 Yano I. 1995. Final oocyte maturation, spawning and mating in 
penaeid shrimp.  Journal   of   Experimental   Marine   Biology  
 and   Ecology ,  193 (1-2): 113-118, http://dx.doi.org/10. 
1016/0022-0981(95)00113-1.  

 Zar J H. 1999. Biostatistical Analysis. Prentice Hall, 
Englewood Cliff s, New Jersey, USA. 663p, http://books.
google.com.br/books/about/Biostatistical_analysis.html?id= 
LCRFAQAAIAAJ&redir_esc=y. 


