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ABSTRACT

This study aimed to describe the ecological distribution and the effects of environmental factor
oscillation on the life cycle of Penaeus schmitti along the coastal area of Cananéia, southern Sao
Paulo state, Brazil. Shrimp and environmental factors were sampled monthly from July 2012 to
May 2014 at seven sampling stations covering both estuarine and marine environments, using a
shrimp fishing boat. A total of 273 juveniles and 829 adults were sampled, and there were
significant differences in body size (carapace length — CL) throughout the seasons (ANOVA).
Smaller animals were observed in the summers of 2013 and 2014 and at sites closer to the
coast, which are under estuarine influence. Adults were observed mostly in autumn and in
deeper regions. We detected a positive relationship between the abundance of juveniles and
the bottom water temperature and between the abundance of adults and the water salinity
(canonical correspondence analysis). The presence of smaller individuals in the estuarine
environment demonstrates the importance of the estuaries in this species’ ontogeny, mainly
concerning their protection, since this environment has physical (depth) and physiological
(salinity) barriers to their predators. Furthermore, we could clearly observe the plasticity of
juveniles in relation to environmental factors. In contrast, adults were less tolerant to the
variation in environmental factors, mainly water salinity, which was a limiting factor of their
distribution. Seasonal differences in body size could be directly associated to this species’ life
cycle and characterized by trophic and reproductive migratory activities between the
estuarine and oceanic regions.
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Introduction
the area was considered the second most productive

In southern and south-eastern Brazil, shrimp fishery is
mainly aimed at stocks of Penaeus brasiliensis Latreille,
1817, Penaeus paulensis Perez Farfante, 1967, Xiphope-
naeus kroyeri (Heller, 1862) and Penaeus schmitti Bur-
kenroad, 1936 (D'Incao et al. 2002); the last species is
considered the fourth most important species in
terms of fishery biomass in Brazil (Caparelli et al.
2012). However, due to the increase in fishing activities
in the last few decades, these resources are facing an
overfishing situation caused by indiscriminate exploita-
tion, which can compromise or even cause a collapse in
the abundance of exploited species, such as P. schmitti
(Pérez et al. 2001; Pauly et al. 2002).

Fishing represents the main economic activity in
Cananéia, being the subsistence of hundreds of
families and offering employment in shrimp processing
and commercialization, trading of fishing supplies, and
boat repair. Annual fishing productivity is high; in 2012

fishing region in Sdo Paulo state, with shrimp as the
main marine resource (Mendonga 2015).

Penaeus schmitti, like the majority of the penaeid
shrimps, spends most of its life cycle in contact with
or burrowed in the seafloor for energy saving or protec-
tion against predators; this behaviour suggests a funda-
mental importance of the spatial distribution of the
species (Dall et al. 1990; Sanchez 1997; da Costa & Fran-
sozo 2004). Additionally, drastic changes in water
temperature and salinity can directly or indirectly
affect the abundance and even the presence of a
species in a given area (Stanley 1984; Dall et al. 1990;
Castilho et al. 2008). These features have an impact
on shrimp metabolism and alter growth and reproduc-
tion rates (Bauer & Lin 1994; Hartnoll 2001).

Over the last few years, some studies on the ecology
and population dynamics of P. schmitti have been
carried out along the Brazilian coast, including the
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investigation of its life cycle in Pernambuco (North-
eastern coast of Brazil; Coelho & Santos 1994) and its
ecological aspects in the estuary and bay regions of
Ubatuba (south-eastern coast of Brazil; Caparelli et al.
2012). Additionally, the movement of post-larvae into
the estuarine-lagoon region of Cananéia (south-eastern
coast of Sdo Paulo state) was reported by Chagas-
Soares et al. (1995), which is the same region addressed
in our study. There have been no studies on the ecologi-
cal distribution of juveniles and adults of P. schmitti from
the southern coast of Sdo Paulo state. Thus, this study
represents pioneering work on this subject.

Based on this scenario, this study aimed to describe
the spatio-temporal distribution and the effect of the
oscillation of environmental factors on the life cycle
of P. schmitti during the juvenile and adult phases in
the coastal and estuarine areas of Cananéia, southern
coast of Sdo Paulo state, Brazil. Additionally, we ana-
lysed the efficiency of the fisheries closure period
(from 1 March to 31 May) in protecting the species’
recruitment period.

Material and methods
Study area

Cananéia is located in the southern area of Sdo Paulo
state and is characterized by its complex lagoon basin.
The basin is strongly influenced by fresh water coming
from the Ribeira Iguape River and is composed of four
big islands: Iguape Island (in the north), Comprida
Island (in the centre) and Cananéia and Cardoso Islands
(in the southern portion) (Bergamo 2000). The estuar-
ine-lagoon system of Cananéia-lguape has two main
connections to the ocean: Mar Pequeno and Barra de
Icapara in the north, and Mar de Cananéia and Mar de
Cubatao in the south (Mendonga 2007) (Figure 1).

The Brazilian coast is influenced by many water
masses, such as Tropical Water (TW) (T > 20°C, S > 36),
Coastal Water (CW) (T > 20°C, S < 36) and South Atlantic
Central Water (SACW) (T<18°C, S<36) (Matsuura
1986).

The studied area is therefore of ecological impor-
tance, with high environmental diversification and
faunal and floral biodiversity (Diegues 1987). Cananéia
does not have well-developed industrial activities, and
thus, the county’s financial profit is based on fishing
tourism (Diegues 2002; Mendonca 2007).

Sample collection

Samples were collected monthly from July 2012 to May
2014 at seven sampling stations along the coast of

Cananéia, in the southern region of Sdo Paulo state.
Trawls lasting 30 minutes were performed in the
complex Cananéia-lguape estuarine-lagoon system
and the adjacent oceanic area using a shrimp boat
equipped with double-rig nets (mesh size 20 mm and
15mm in the cod end) to collect the biological
material. Sampling stations were determined with a
global positioning system (GPS), and the depths were
identified by nautical charts and monitored using a
Eureka multiparameter probe. The first four sampling
stations were in the oceanic area (I, Il and lll within
the 10-15 m isobaths, and IV within the 5-10 m iso-
baths), and the other three stations were in the estuar-
ine zone (Mar Pequeno) (V, VI and VIl within the 5-10 m
isobaths) between Cananéia and Comprida Islands,
which is influenced by the freshwater inflow from the
Ribeira Iguape River (Besnard 1950; Garcia et al. 2016)
(Figure 1).

In the laboratory, shrimp were identified according
to Costa et al. (2003) and quantified. It is noteworthy
that, due to adverse oceanic conditions, the March
2013 sampling was only performed at stations V, VI
and VIl (for more details see Garcia et al. 2016). The
reproductive condition of each shrimp was determined
by macroscopic examination of the terminal
ampoule in males and ovaries in females. The
sexual maturity of penaeid males is usually indicated
by the fusion of the petasmal lobes (gonadal endo-
pods), whereas juvenile males have separate petas-
mal lobes (Boschi 1989; Bauer & Rivera Vega 1992).
The maturity of adult males was classified according
to the development of spermatophores in the term-
inal ampoule (ejaculatory duct). When the spermato-
phores were not visible by macroscopic observation,
the adult male was classified as lacking spermato-
phores (M-1); if spermatophores were visible and
occupied part of (developing) or all of (developed)
the terminal ampoule, males were classified as sper-
matophore-bearing males (M-2) (Castilho et al.
2015b).

Maturity of the ovaries was determined based on
the colour and volume of this organ within the cara-
pace of female. Juvenile females had very thin
ovaries lacking any colouration, while adult females
had thick ovaries varying in colour from opaque
white to olive green. Ovaries in adult females were
classified as spent (Stage |) if they were opaque white
in colour and thicker than the juvenile ovaries, as devel-
oping (Stage ll) if they were light green, or as devel-
oped (near spawning) (Stage lll) if they were green to
olive green (Stage |=F-1; Stages Il + Il = F-2) (Bauer &
Rivera Vega 1992; Nakagaki & Negreiros-Fransozo
1998).
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Figure 1. Cananéia region showing sampling stations in the adjacent oceanic area (I, Il, Ill and 1V) and estuarine area (Mar Pequeno

-V, VI and VII). Source: Garcia et al. (2016).

Environmental factors

The environmental parameters of water salinity and
temperature were measured monthly with a Eureka
(Manta model 2-4.0) multiparameter probe at each of
the seven sampling stations jointly with the biological
samples. Sediment samples were collected by season
in the southern hemisphere (summer: January to
March, etc.). The methodology used for the subsequent
analysis was based on the studies of Hakanson &
Jansson (1983) and Tucker (1988).

Sediment samples were obtained with a Petersen
grab at each of the seven sampling stations and
frozen until laboratory analysis could be carried out.
In the laboratory, the samples were oven dried at 70°
C for 72 hours. Subsequently, 10 g subsamples were
used for organic matter analysis and 100 g subsamples
for granulometric determination. The 10 g subsamples
were placed in porcelain containers and weighed for
combustion in a muffle furnace at 500°C for 3 hours
to burn off all the organic matter. After combustion,
the porcelain containers were weighed again, and the
difference between the initial and final weight corre-
sponded to the percentage of organic matter (Tucker
1988).

The 100 g subsamples were treated for approxi-
mately 10 minutes in 250 ml of a 0.2 N NaOH solution
in distilled water to facilitate the separation of silt and
clay from the other grains. Then, the subsamples were
rinsed through a 0.0625-mm sieve to eliminate silt and
clay. After that, the subsamples were dried again at 60°
C for 24 hours and subsequently sieved through a
sequence of six sieves, which resulted in the following
granulometric classes: gravel (>2 mm), very coarse
sand (1-2 mm), coarse sand (0.5-1 mm), medium
sand (0.25-0.5 mm), fine sand (0.125-0.25 mm) and
very fine sand (0.0625-0.125 mm) (Suguio 1973;
Hakanson & Jansson 1983).

Grain size was expressed on the phi scale (O), which
corresponds to the measure of central tendency for
sediment samples (Suguio 1973). The granulometric
fraction most frequently found in the sediment
sample was determined by cumulative curves accord-
ing to Wentworth (1922) using the formula Md = (®4¢
+ Oso + Dg4)/3. The classes of phi were converted into
granulometric fractions using - log,d, obtaining the
following relation: —1=0<0 (gravel) 0=0<1
(coarse sand), 1=0 < 2 (medium sand), 2= < 3 (fine
sand), 3 =0 <4 (very fine sand) and ® > 4 (silt + clay).
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Statistical analysis

Tests for normality (Shapiro-Wilk’s) and homoscedasti-
city (Levene’s) were performed as a prerequisite for the
choice of the statistical test. When the data were not
normally distributed, they were logarithmically trans-
formed (log x + 1).

Analysis of variance (ANOVA) and a post hoc test
(Tukey's) were used to determine significant differ-
ences between population abundances by season.

Shrimp were separated into the five demographic
categories: juvenile (immature males and females),
males with terminal ampoule in Stage | (M-1) and
Stage Il (M-2), females with ovaries in Stage | (F-1), and
reproductive females (females with ovaries in Stages |l
and lll pooled together, F-2). The relationship between
each of these demographic categories and the bottom
water temperature, salinity, phi, organic matter
content and abundance was assessed using canonical
correspondence analysis (CCA, a=0.05) in R software
(R Development Core Team 2008). This analysis com-
putes a combination of scores for the dataset with
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Figure 2. Monthly variation of bottom water features (salinity
=A and temperature =B) recorded in Cananéia, Sdo Paulo
state, from July 2012 to May 2014. SE: standard error; Min:
minimum value; and Max: Maximum value.

maximum linear correlations, showing the highest
explanation levels of the variance in the dataset. To
interpret this ordination technique, the canonical coeffi-
cients were used, which permits relating variation in the
abundance of the different demographic categories to
variation in environmental parameters (Ter Braak
1986). The statistical significances of the eigenvalues
and the demographic categories vs environment corre-
lations were evaluated by randomization (Monte Carlo
tests), using 1000 permutations. For CCA, the data
were log-transformed prior to analysis (Zar 1999).

The size at which 50% of the population is con-
sidered reproductively active (CL50%) was determined
using the proportion of juvenile and adult individuals
in the size class of 2.0 mm in carapace length. The pro-
cedure used here to estimate sexual maturity was
based on fitting the sigmoid logistic curve, using the
equation y=1/ (1 +e [-r (CL - CL50)]), where y is the
estimated proportion of adult shrimp, CL50% is the car-
apace size at the onset of sexual maturity, and r is the
coefficient for the slope of the logistic curve (Castilho
et al. 2015a).
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Figure 3. Bathymetric variation of bottom water features (sal-
inity = A and temperature = B) recorded in Cananéia, Sdo Paulo
state, from July 2012 to May 2014. SE: standard error; Min:
minimum value; and Max: Maximum value. Black filled boxes
represent the estuarine zone.



Results
Environmental factors

Within the studied period, the environmental factors
showed greatest variation in bottom water salinity
and temperature values. The highest salinity values
were observed in October 2012, June 2013 and
March 2014 (>34), while the lowest ones were
observed in March 2013 (20.6) and November 2013
(25.7) (Figure 2). Sampling stations IV and VIl showed
the highest (34.2) and lowest (27.3) average values
for this parameter, respectively (Figure 3).

In July 2012 and July 2013, we observed the lowest
values (<19°C) of bottom water temperature, while in
February 2013 and January 2014, we recorded the
highest means (>27°C) of this parameter (Figure 2), cor-
responding to winter and summer, respectively. We did
not observe drastic differences in spatial variation of
the bottom water temperature. However, there was a
tendency of decreasing temperature with increasing
salinity (Figure 3).

The organic matter content varied from 2 to 5%
throughout the seasons of the year, with a lower con-
centration in winter 2013 and a higher one in spring
2012 (Table I). Sampling station VI presented higher
percentages of this feature (5.98%) and showed the
highest phi value (4.76), characterizing the station as
predominantly composed of silt and clay. The lowest
average value phi was recorded at sampling station
VI (2.79) (Table II).

Abundance and distribution

A total of 1102 individuals of Penaeus schmitti (273
juveniles and 829 adults) were sampled. The CL50%
was 26.7 mm for females and 24.7 mm for males.
Among all adult individuals, 388 were males (46.8%)
and 441 were females (53.2%), while of the juveniles,
157 were females (57.5%) and 116 were males
(42.5%). A higher abundance of juveniles was observed

Table I. Mean values+standard deviation for sediment
features (grain size (Phi)) and organic matter content (OM)
for all seasons at Cananéia, Sao Paulo state, from July 2012
to May 2014.

Season of the year Phi (o) OM (%)

winter/12 3.12+0.62 3.11+£1.33
spring/12 392+ 1.11 493 +544
summer/13 330+1.31 3.98+4.58
autumn/13 3.80+0.86 3.99+2.79
winter/13 3.54+1.08 248 +2.28
spring/13 359+1.04 3.22+1.17
summer/14 3.51+£0.76 4.08 +3.09
autumn/14 3.76 +1.39 3.82+3.80
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in March 2014 and June 2013, while a higher abun-
dance of adult individuals was recorded from February
to April 2014 and in June 2013 (summer and autumn,
respectively) (Figure 4).

Juveniles were captured mostly at sampling station
IV, with a greater rate of occurrence at stations influ-
enced by the estuarine environment, while adults
were found mostly at sampling station Il, with greater
occurrence in the marine environment (Figure 5). We
observed a difference in the temporal distribution of
juveniles and adults between summer and other
seasons (ANOVA, P=0.0001; F=51.57) (Figure 6).
Smaller individuals were sampled at sampling stations
closer to the coast, which are subject to estuarine influ-
ence (stations V, VI and VII) (Figure 7) and therefore pre-
sented salinity values lower than 28 during the
sampling months. The standardization of capture per
unit of effort (CPUE) revealed differences in the abun-
dance of juveniles and adults. Adults presented a
higher abundance at salinity classes from 33 to 36
and were sampled at all temperature values, while
juveniles showed a higher abundance at higher temp-
erature values (Figure 8). Adults occupied a thinner
substrate in comparison to juveniles, with organic
matter amounts between 6 and 9% (Figure 8).

The CCA used to test the relationship between
environmental variables and the abundance of the
different demographic categories of P. schmitti
explained 67% of the variance in our dataset (Figure
9). Only water temperature (CCA, P=0.0009) and sal-
inity (P=0.052) showed correlations with shrimp abun-
dance. Highlighted on the first axis of the CCA (45%) is
a positive correlation between the abundance of juven-
iles vs. water temperature and salinity vs. adults (F-1, F-
2, M-1 and M-2) (Table I, Figure 9).

Discussion

Our results show a different distribution between
juveniles and adults of Penaeus schmitti between
months and sampling stations, with a greater

Table Il. Mean values + standard deviation for sediment
features (grain size (Phi)) and organic matter content (OM)
for the sampling stations located at Cananéia, Sdo Paulo
state, from July 2012 to May 2014.

Sampling station Phi @ OM (%)

Oceanic area | 3.75+0.96 3.46 +3.05
Il 3.59+£1.01 3.92+3.06

I} 3.55+0.95 3.13+3.16

v 4.76 + 0.96 5.98 +3.07

Estuarine zone Vv 3.49+1.02 3.20+£3.03
Vi 2.79+1.03 2.55+3.24

Vil 3.24+1.03 3.00+3.24
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Figure 4. Monthly variation of the abundance of juveniles (grey bars) and adults (black bars) of Litopenaeus schmitti, sampled in the
coastal area of Cananéia, Séo Paulo state, from July 2012 to May 2014.

abundance of juveniles caught in the sampling stations
with estuarine influence throughout the sampling
period. This suggests that this species completes its
life cycle in Cananéia, and this region can therefore
be considered a nursery ground for P. schmitti.

It should be highlighted that the low selectivity of
the sampling gear used in this study made it impossible
for smaller animals to escape; we therefore theoreti-
cally sampled all animals found in the trawling area
(including the entire size range). Thus, the different
sizes of the individuals observed when comparing the
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seasons can be related to their life cycle and character-
ized by migratory movements of trophic and reproduc-
tive natures. This activity occurs in the estuarine zone,
where the advanced stages (post-larvae and juveniles)
remain temporarily, maturing quickly due to the high
food supply in these natural breeding grounds, and
in the oceanic zone where the species ends its onto-
genetic development and reproduces (Dura 1985).
These results can also be considered evidence for
including the species in life cycle type Il, as proposed
by Dall et al. (1990), in which post-larvae migrate to

B Abundance of adults
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Figure 5. Spatial variation of the abundance of juveniles and adults of Litopenaeus schmitti, sampled in the coastal area of Cananéia,

Sdo Paulo state, from July 2012 to May 2014.
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Table Ill. Litopenaeus schmitti. Results of the canonical
correspondence analysis (CCA) ordination for the first two
canonical axes with  demographic  category and
environmental variable data for bottom temperature and
bottom salinity. Phi=measure of central tendency of the
sediment; OM = organic matter; males with terminal ampoule
in Stage | (M-1) and Stage Il (M-2); and females with ovaries
in Stage | (F-1) and Stages Il + Il (F-2). P = significance based
on 1000 permutations (Monte Carlo test).

Canonical
coefficients P2 p
Axis 1 Axis 2

Environmental variables
Temperature 0.928 —0.374 0.205 0.001
Salinity —0.734 —0.680 0.087 0.053
Phi —0.874 0.486 0.010 0.714
oM —0.392 —0.920 0.000 0.996
Demographic categories
Juvenile 0.733 —0.680 0.276 0.001
M-1 —0.743 —0.669 0.133 0.020
M-2 —0.079 —0.997 0.432 0.001
F-1 —0.420 —0.907 0.290 0.001
F-2 —0.083 —0.997 0.284 0.001

the estuary, remaining there until they reach the juven-
ile or sub-adult stages and then migrate to the open
sea.

This biological feature implies that smaller individ-
uals occur in summer when compared with the ones
observed in autumn, and the abundance in summer
is a result of the reproductive output of females in
spring. This result corroborates the findings of Santos
et al. (2008) for the same species in Baixada Santista,
Brazil. This is true mainly for sites that show well-
defined seasons of the year, such as Cananéia, where
spring is characterized by increased temperatures,
high rainfall rates and increases in organic matter
content (Kutner 1972). This set of environmental fea-
tures in spring leads to an abrupt rise in primary pro-
ductivity in the estuarine zone, mainly due to the
increased chlorophyll content and the consequent
increase in phytoplankton and zooplankton abun-
dance; the resulting environment is ecologically favour-
able for the survival of larvae and the development of a
new generation (Pires-Vanin & Matsuura 1993; Meireles
et al. 2006; Sant’Anna et al. 2009). However, such a rich
scenario which depends on food availability is also
subject to drastic environmental changes (Miranda
et al. 2002).

It is important to keep in mind that phytoplankton
biomass is considered a crucial factor for the distri-
bution and abundance of several larval stages of
shrimp (Thorson 1950). The match-mismatch theory
proposed by Cushing (1975) attests that planktotrophic
marine species tend to adjust their reproductive
period to species with higher concentrations in ocean
phytoplankton, reflected by a well concentrated
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Figure 8. Abundance variation of adult and juvenile individuals of Litopenaeus schmitti between environmental classes standar-
dized by the capture per unit of effort from data collected from July 2012 to May 2014 in the coastal area of Cananéia, Sao

Paulo state.

reproductive period in subtropical regions. Therefore,
crustaceans that use estuaries as nursery grounds
(such as P. schmitti) can concentrate their reproductive
activity in order to increase spawning success. As a
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Figure 9. Canonical correspondence analysis between environ-
mental variables (temperature, salinity, phi (measure of central
tendency of the sediment) and organic matter) and the abun-
dance of the demographic categories (juveniles, males with
terminal ampoule in Stage | (M-1) and Stage Il (M-2), females
with ovaries in Stage | (F-1) and reproductive females
(females with ovaries in Stages Il and Ill grouped together, F-
2)) of Litopenaeus schmitti sampled from July 2012 to May
2014 in the coastal area of Cananéia, Sdo Paulo state.

consequence, this leads to an increase in the number
of individuals in the subsequent season (summer), as
observed in this study. On the other hand, the larger
individuals sampled in autumn can be considered evi-
dence for migratory activity taking place from shal-
lower to deeper regions in order to complete the life
cycle.

Neiva & Jankauskis (1971) and Coelho & Santos
(1994) also found the same pattern of temporal distri-
bution for P. schmitti, with higher numbers of juveniles
in summer and an adult population captured in late
autumn and the subsequent winter. This is beneficial
for the population because it indicates that there is
no competition between juveniles and adults for
environmental resources, which can be an evolutionary
adaptation of the species. However, it forces the
species to depend on the presence of estuaries in its
initial developmental stages, making it highly vulner-
able to environmental impacts.

Such an abundance of juveniles, both inside the
estuary and in the transition area between the
estuary and the open sea, may be evidence for two
different situations. First, it is possible that the
capture of immature and developing individuals,
which are associated with the smaller body sizes
observed in the estuary, confirms the use of this
environment as a nursery ground. Second, it is



evidence of the physiological adjustment ability of
these animals in the beginning of their ontogeny,
since they are exposed to constant variation in the
environmental factors (from the fresh water coming
from continental sources and the tidal cycle, for
instance). Here, we suggest that the migration of
adult individuals is directly related to a decrease in
their physiological tolerance, mainly concerning
water salinity, since this factor had a large influence
on the presence of adults. The coinciding increase
in individual numbers with higher salinity means
(33-36) was also observed for this species by
Santos et al. (2008) and Bochini et al. (2014) in
Ubatuba Bay.

In this study, P. schmitti was sampled at all
sampling stations with an abundance peak in
deeper areas (15 m). Such areas present a combi-
nation of two environmental factors biologically
favourable to the presence of adult individuals (high
water salinity and a predominance of fine and very
fine sand in the substrate). This type of sediment
allows for penaeid burrowing activity and presents
an amount of organic matter content, providing the
species protection against predators and an alterna-
tive food source (Costa et al. 2005, 2007; Santos
et al. 2004).

Apart from the environmental features, fishing
activities also have a direct impact on shrimp popu-
lation dynamics. Therefore, fisheries regulations are
applied to Brazilian fisheries in order to control
fishing (maintaining ecologically sustainable stock
levels and minimizing fishing impacts) and address
socioeconomic issues (optimizing the use of these
resources as an economic activity). Such rules refer to
the restriction of fishing effort (limiting the issuing of
fishing licences), the protection of areas (permanent
closing of fishing areas) (Pérez et al. 2001; SEMA
2005), and a fishing closure period (prohibition of
fishing activities). According to the normal instructions
for Brazil #189/2008, the fishing closure period varies
according to the species and regions and is from 1
March to 31 May in southern and south-eastern
Brazil; the main aim of the closure is to protect pink
shrimp  populations  (Penaeus brasiliensis  and
P. paulensis). However, based on the recruitment
period (observed in summer in this study) and a
likely migratory movement in the subsequent
season, it is possible to infer that the fisheries
closure period also protects P. schmitti in the Cananéia
region, reinforcing its efficacy. Similar results were
found by Caparelli et al. (2012) in Ubatuba Bay,
where the fisheries closure period also conferred pro-
tection to P. schmitti.
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Furthermore, it is essential to consider estuarine
environments and to establish specific laws and regu-
lations for their protection. Our results emphasize the
importance of the estuary of Cananéia for the initial
stages of P. schmitti due to its life cycle complexity. In
this environment, the species faces great exploitation
pressure due to its use as live bait for fishing for Centro-
pomus undecimalis (Bloch, 1792) and Cynoscion acoupa
(Lacépede, 1801), both of which are much appreciated
by amateur fishermen in Cananéia. This leads to a sig-
nificant correlation between high capture periods of
both fish species and the period with high abundance
of P. schmitti juveniles, since amateur fishermen are
most active from January (before the closure period)
to April (during the closure period) (Mendonca & Kat-
suragawa 2001).

Therefore, the capture and utilization of juveniles
from the estuarine environment results in a decrease
in the abundance of individuals who can leave the
estuaries and become adults that can be exploited by
the fisheries, thus negatively affecting the region'’s
economic situation. Consequently, we propose that
the management of fishing resources from the estuar-
ine-lagoon complex of Cananéia should include the
initial stages of this species. It is important to remem-
ber that studies concerning shrimp species in southern
and south-eastern Brazil usually report declining stocks
due to overfishing, both in terms of adults and juven-
iles, in both coastal and estuarine zones (Valentini
et al. 1991; D'Incao et al. 2002).

Our study provides an important theoretical base for
current fishing management legislation and reinforces
the need to protect shrimp resources, since they are
targeted by both artisanal and industrial fisheries. Eco-
logically, it became evident that juveniles showed a
great plasticity to environmental factors in contrast to
adults, which showed a lower tolerance to such features
as salinity, which limits their distribution. However,
further studies concerning P. schmitti must be carried
out in order to apply the biological knowledge obtained
to the preservation of this species. It is also crucial to
develop environmental educational programmes for
the locals of Cananéia that aim to strengthen the
relationships between people and nature. These
actions are essential for the socioeconomic sustainabil-
ity of shrimp fishing activities in Cananéia.
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