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ABSTRACT. This study investigates the shrimp found in non-vegetated areas of an estuary of the Amazon River. We
ascertained the input of juveniles, species’ biometrics and the influence of environmental factors on the abundance of
species. The samples were collected monthly, from August 2006 to July 2007, in two places in the estuary, each next to
an island. For collecting, we used a manual trawl to perform three hauls per month, totaling 36 samples per site. The
abundance of shrimps was estimated as a function of the density of specimens per unit area. We used the Spearman’s
correlation to test the hypothesis that there is significant correlation between the average of the environmental vari-
ables measured and variations in shrimp density. The Kruskal-Wallis and the Mann-Whitney tests showed that there
were significant differences in environment factors (temperature and salinity) among the months and sites. We ob-
tained 6,091 shrimps, from which 5,231 (85.88%) were caught off the Arapiranga Island and 860 (14.12%) off the
Mosqueiro Island, Palaemonidae and Penaeidae were the only families recorded. Five species were collected:
Macrobrachium amazonicum (Heller, 1862), Macrobrachium surinamicum Holthuis, 1948, Macrobrachium carcinus (Linnaeus,
1758), Macrobrachium rosenbergii (De Man, 1879), and Farfantepenaeus subtilis (Pérez-Farfante, 1967). The latter (pink
shrimp) was found for the first time in oligohaline environments (0-8). Macrobrachium amazonicum was the most
abundant species. The recruitment of M. amazonicum juveniles was continuous throughout the year. The population of
M. surinamicum was composed by juveniles and adults and that of F. subtilis exclusively by juveniles. The environmental
factors analyzed were variable throughout the year and seem to explain the patterns of shrimp species occurrence in

the region, the variation in their abundance and juvenile recruitment.
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The Amazon estuaries are the center stage of commer-
cial and subsistence fishing, and shrimps are the main item in
the regions’ economy (Aumema et al. 2006). Despite the fact
that shrimps are widely acknowledged as being economically
relevant, they are not well represented in the literature, par-
ticularly when it comes to their abundance, distribution and
composition of their populations.

Horrnuis (1952) recorded three species of Macrobrachium
Bate, 1868, whereas Kenstey & WaLker (1982) recorded five spe-
cies of this genus and two species of Euryrhynchus Miers, 1877
in the Amazon region.

In an account of the geographical distribution of fresh-
water shrimps in Brazil, Cottho & Ramos-Porro (1985) men-
tioned the following species for the Amazon region:
Macrobrachium amazonicum (Heller, 1862), Macrobrachium jelskii
(Miers, 1877), Macrobrachium brasiliense (Heller, 1862), Macro-

brachium surinamicum Holthuis, 1948, and Euryrhynchus burchelli
Calman, 1907, among others.

A broad taxonomic revision of the shrimps of the Peru-
vian Amazon was carried out by Garcia-DAviLA & MAGALHAES
(2003). According to them, one species of Sergestidae — Acetes
paraguayensis Hansen, 1919 — and eight species of Palaemonidae
— Euryrhynchus amazoniensis Tietenbacher, 1978, M. amazonicum,
M. brasiliense, Macrobrachium depressimanum Pereira, 1993, M.
jelskii, Palaemonetes ivonicus Holthuis, 1950, Pseudopalaemon
funchiae Garcia-Déavila & Magalhaes, 2003, and Pseudopalaemon
iquitoensis Garcia-Davila & Magalhaes, 2003 occur there.

When Mtro (2003) studied the composition of decapods
in an estuary of the Amazon and Barros & PiventEL (2001) listed
the species found in the state of Pard, they mentioned M.
amazonicum, M. surinamicum and Macrobrachium carcinus
(Linnaeus, 1758) as occurring there, in addition to other 48
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species. Invasive shrimp species were also investigated in the
Amazon. Iketant et al. (2011) discussed the introduction of
Macrobrachium rosenbergii (De Man, 1879) and MacieL et al.
(2011) recorded the occurrence of Macrobrachium equidens
(Dana, 1852).

Regarding the biology and reproductive strategy of
shrimps in this region, there are studies of various authors
(GuestT & DurocHER 1979, MAGALHAES 1985, ODINETZ-COLLART 1993,
ODINETZ-COLLART & MOREIRA 1993, MORAES-RIODADES & VALENTI
2002, Siva et al. 2007, LuceNa-Frépou et al. 2010, Prero et al.
2010, Bentes et al. 2011). However, due to the complexity of
estuarine ecosystems in the Amazon, there is still much to be
investigated.

Environmental factors, especially temperature and salin-
ity, have great influence on the survival and reproduction of
estuarine species (BROWNE & WaniGasekera 2000), which are quite
tolerant to drastic environmental variations (GONZALEZ-ORTEGON
et al. 2013). Studies conducted by Ammar et al. (2001) on
Macrobrachium olfersi (Wiegmann, 1836) and research on M.
amazonicum carried out by Samraio et al. (2007) demonstrated
that temperature and salinity strongly influence the dynamics
of these species.

The insufficient knowledge about the fauna of the coastal
zone of the state of Pard is a function of its large territory,
biological richness and the insufficient collecting efforts in the
region (Barros & PivenTEL 2001). Understanding the biology of
the species present in estuaries is one of the major steps to-
wards the elaboration of measures for the conservation of bio-
logical resources, whether or not they are exploited by
small-scale and industrial fisheries. The few studies regarding
the recruitment of juvenile shrimps are not conclusive and
further research is needed (MacieL & Varenti 2009). Within this
context, the aim of this study was to ascertain the composi-
tion of shrimp populations, the recruitment period of juvenile
shrimps and the influence of environmental factors (tempera-
ture and salinity) on the abundance of these decapod crusta-
ceans in non-vegetated areas of two Amazon River islands
(Mosqueiro and Arapiranga) in the Brazilian equatorial region.

MATERIAL AND METHODS

Samples were obtained from the surroundings of the
Arapiranga Island (01°19’S, 48°33’'W). The island is located on
the margin opposite to the Municipality of Icoaraci and the
Mosqueiro Island is situated 70 km from Belém, where the
Marinhas Channel is situated (01°10’S, 48°19'W) (Fig. 1).

Shrimps were collected monthly from August 2006 to
July 2007 during the new moon. Samples were captured with a
manual trawl net of 2.60 m long, 1.80 m tall, 5.60 m opening,
15 mm mesh, and opposed nodes, with wooden rods used as
support for handling the net at a distance of 100 m for each
subsample. Three trawls were conducted per month, totaling
36 samples per site (N = 72).

48°40'0"W

48°30'0"W 48°20'0"W
Figure 1. Map showing the sites of collection: Arapiranga Island

and Mosqueiro Island (Furo das Marinhas), Amazon estuary of Para.

During collecting, we recorded the temperature of the
water with a mercury thermometer and the salinity with an
optical refractometer (Atago). The specimens captured were
identified with the aid of taxonomic keys (CerviGON et al. 1992,
PErez-FArRFANTE & KensLey 1997). Specimens were deposited in
the carcinological collection of the Museu Paraense Emilio
Goeld (MPEG), Belém, Pard (MPEG 1126, MPEG 1127, MPEG
1128, MPEG 1129, and MPEG 1130).

The length of each shrimp was determined as follow:
total length (TL), from the tip of the rostrum to the end of the
telson, and cephalothorax length (CL), which extends from
the orbital cavity through the posterior margin of the cephal-
othorax. For the analyses of recruitment we established classes
of 0.5 mm of CL. All measurements were made with a digital
caliper (0.01 mm precision).

The abundance of shrimps was estimated as a function
of the density of specimens per unit area, expressed in number
of individuals per square meter (ind/m?), where the swept area
was obtained from the formula: A = NO x DC, in which: A =
swept area, NO = net opening (5.60 m) and DC = distance cov-
ered in meters (standardized to 100 m).

The statistical analysis of the data was performed with
the BioEstat 5.0° software (Avres et al. 2007). Normality and
homoscedasticity of the variances were tested with Shapiro-Wilk
and Bartlett’s tests, respectively. However, even after mathemati-
cal transformations, the results did not match the assumptions
of the parametric tests. Therefore, we used Spearman’s correla-
tion to test the hypothesis of a significant correlation between
the average of the environment factors and variations in den-
sity of shrimps. The Kruskal-Wallis and the Mann-Whitney tests
showed whether there were significant differences of environ-
ment factors among months and sites, respectively (a = 0.05).
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RESULTS

Collectively, 6,091 shrimps were captured, of which 5,231
(85.88%) were caught in Arapiranga and 862 (14.12%) in
Mosqueiro. All specimens belong to the families Palaemonidae
and Penaeidae and to five species, as follows (species listed in
descending order of density): M. amazonicum, Farfantepenaeus
subtilis (Pérez-Farfante, 1967), M. surinamicum, M. carcinus, and
M. rosenbergii. The composition of the populations and the num-
ber of species differed between sites, with the greatest diversity
of families (2) and species (5) found in Mosqueiro (Table I).

Table I. Composition of shrimp populations on Arapiranga Island
and Mosqueiro Island, Amazon estuary of Para. RF/Lc = relative
frequency, considering the locations separately and RF/T =
grouping all shrimp collected (%).

Locality Species N Density RF/Lc RF/T
Arapiranga
Palaemonidae
M. amazonicum 5184 9.250 99.10 93.65
M. carcinus 3 0.003 0.06 0.05
M. surinamicum 44 0.070 0.84 0.72
Total 5231 9.340 100.00
Mosqueiro
Penaeidae
F. subtilis 324 0.570 37.67 5.32
Palaemonidae
M. amazonicum 520 0.920 60.47 -
M. rosenbergii 1 0.001 0.12 0.02
M. surinamicum 15 0.020 1.74 -
Total 860 1.530 100.00

The smallest CL, on average, was obtained for M.
surinamicum in both locations. The greatest CL values were ob-
tained for M. amazonicum in in Arapiranga, but the average value
of the TL was greater for this species in Mosqueiro (Table II).

Salinity varied little in Arapiranga throughout the year,
ranging from five, from August to October, to zero in the other
months. The average temperature was 26.2°C with the lowest
temperature (25°C) in March 2007 and the highest (27.5°C) in
September 2006. In Mosqueiro, salinity ranged from O to 8 from
August to December but went down to zero in the other months.
Temperature ranged from 24.5°C in June 2006 to 28.75°C in
January 2007, with an average of 26.9°C (Figs 2 and 3).

Unlike the temperature [U = 37.5, p = 0.04], salinity did
not differ between sites [U = 63.00, p = 0.60]. The highest tem-
perature values were recorded in Mosqueiro (Fig. 3). We as-
sessed the averages of correlations between the physicochemical
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Figures 2-3. Temperature (°C) and salinity mean values from Au-
gust 2006 to July 2007: (2) Arapiranga Island, and (3) Mosqueiro
Island, Amazon estuary of Para.

Table 1. Descriptive statistics of cephalothorax length (CL) and total length (TL) (mm) of shrimp species on Arapiranga Island and
Mosqueiro Island. Amazon estuary of Para. (Min) Minimum, (Max) maximum, (X) mean, (SD) standard deviation.

Cephalothorax length Total length
Species
Min Max X SD Min Max X SD
Arapiranga
M. amazonicum 4.85 33.42 19.14 4.01 16.11 133.28 58.75 12.16
M. carcinus 11.74 19.70 16.96 4.53 66.65 66.67 66.66 0.01
M. surinamicum 6.72 13.62 9.91 1.99 25.88 53.58 39.64 13.46
Mosqueiro
F. subtilis 9.27 19.37 13.33 1.54 4418 72.85 61.93 8.37
M. amazonicum 4.90 54.20 14.12 4.73 17.90 141.13 70.83 21.27
M. rosenbergii - - 45.22 - - - 74.79 -
M. surinamicum 5.96 10.46 8.92 1.24 24.93 37.42 33.16 4.47
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parameters and the density of the three most abundant spe-
cies (M. amazonicum, M. surinamicum, and F. subtilis) and found
no statistically significant differences (Table III).

Table lll. Spearman coefficients for the correlation between the
density of Palaemonidae and Penaeidae shrimps and environ-
mental factors on non-vegetated areas, Amazon estuary.

Temperature (°C) Salinity
Locality Species
R P R P
Arapiranga M. amazonicum 0.13 0.68 0.10 0.74
M. surinamicum -0.27 0.38 0.20 0.52
Mosqueiro  F. subtilis 0.44 0.14 0.46 0.09
M. amazonicum -0.28 0.37 -0.13 0.65
M. surinamicum -0.15 0.63 0.03 0.91

The inferences of recruitment were only possible for the
three most abundant species. However, because they were found
in few numbers on a monthly basis, we pooled together the
shrimps collected in the two sites. For M. amazonicum, the CL in
which 50% of the population reached sexual maturity (CL, =
11.5 mm of CL for sexes together) was established according to

Bianca Bentes (unpub. data), who analyzes the gonadal stages IlI,
IV and V to II for males and females; the mean length at which
50% (CL,,) of shrimps reached sexual maturity was obtained us-
ing the graphical extrapolation method. This analysis was con-
ducted for each sex separately, and then repeated with the sexes
pooled. The size of the first maturation was set at 11.2 mm CL for
females and 11.5 mm for males and for the sexes pooled.

The size at which M. surinamicum reaches sexual matu-
rity (CL,) is not known. Therefore, as a reference value we
adopted the smallest CL of the ovigerous female of this species
(5.96 mm) as a reference value. The CL,, value for F. subtilis
was 20.7 mm CL (Jussara M. Martinelli-Lemos pers. obs.).

Macrobrachium amazonicum juveniles did not predomi-
nate in any specific month (Fig. 4), suggesting that recruit-
ment is continuous throughout the year, with greater numbers
of specimens collected in December and July. There was no
significant difference in the density of this species between
months [KW-H (11; 36) = 14.24, p = 0.21].

The recruitment of M. surinamicum juveniles occurred in
March. However, adults were prevalent throughout the year.
The species, however, is found in low densities in the region.
The density averages in relation to the months differed signifi-
cantly [KW-H (11;36) = 20.20, p = 0.001].
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Figure 4. Density by cephalothorax length of M. amazonicum. (O) Arapiranga Island, (M) Mosqueiro Island, Amazon estuary of Para.

The dashed lines represent CL,.
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Figure 5. Density by cephalothorax length of F. subtilis in Mosqueiro, Amazon estuary of Para.

For the first time, F. subtilis juveniles were found in an
oligohaline estuary, being restricted to two periods: one with
higher density in months with less rain (October to Decem-
ber) and the other in February (Fig. 5). Density averages be-
tween the months differed significantly [KW-H (11; 36) =19.7,
p = 0.04]. This species was only found in Mosqueiro.

Macrobrachium carcinus occurred in September and No-
vember in Arapiranga (total density of 0.0053 ind/m?) and M.
rosenbergii occurred in March in Mosqueiro (total density of
0.0017 ind/m?).

DISCUSSION

The great abundance of shrimp species in the Amazon
reinforces the biological importance of estuaries. According to
Worr et al. (2000), they maintain a constant flow of food that
allows structuring a complex food web. The values of tempera-
ture and salinity were variable over the months. This variation
is an intrinsic characteristic of estuarine waters, as verified by
CorrEA & MARTINELLI (2007), Nevis et al. (2009), and OLIVEIRA et
al. (2012). The variance of these parameters are essential for
the input of marine species that use these waters for feeding
and the development of juveniles (Siva ef al. 2002), as exem-
plified by the presence of F. subtilis in Mosqueiro during months
when salinity was higher in the water.

Macrobrachium amazonicum was abundant at the two sites
sampled, demonstrating that both locations offer propitious
circumstances for all stages of its life cycle. However, the spe-
cies was found in greater numbers in Arapiranga, where salin-
ity is lower. This demonstrate that, despite the fact that the
species is highly resistant to environmental variations — as veri-
fied by Favarerro et al. (1976), Guest & DurocHER (1979), RoMErRO
(1982), Morkra et al. (1986), and Biaterzi et al. (1997), it oc-
curs in higher densities in oligohaline waters. The rate of re-
production of M. amazonicum decreases with increasing salinity,
which may explain its greater abundance in Arapiranga.
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The highest density of M. amazonicum occurred during
the season when there is less rain and it is a pattern that cor-
roborates a study conducted by Bentes et al. (2011) on the same
species at the same site, though using another fishing gear called
matapi (made of natural fibers and recycled PET bottles). It is
also consistent with studies carried out by OpmNerz-CoLLART &
Morera (1993) in the Central Amazon. According to these au-
thors, the increase in water volume, which extends the area of
occupancy of the species, possibly allowing it to colonize mar-
ginal vegetated areas, is responsible for the decrease in density.

The average TL of M. amazonicum was 56.61 mm (consi-
dering the two sites studied), a value smaller than the value
reported by OpiNETz-CoLLART & MOREIRA (1993): 60 mm in Baixo
Tocantins, state of Tocantins and Suva et al. (2007) at the Combu
Island, state of Para: 70.6 mm. However, the TL of the speci-
mens in our study was greater than the value found by Frexa et
al. (2005) in Cametd, state of Para: 53.1 mm.

Shrimps may be shorter when they occur in high densi-
ties, because the energy allocated for growth is used for social
interactions such as territory disputes and defense, which oc-
curs more intensively when the number of individuals increases
(Morats-Riopapes et al. 2010). This fact deserves attention be-
cause, according to FonteLes-FiLHO (1989), the species exploited
by fisheries are susceptible to large changes in size and need to
be monitored. Another hypothesis is that the population in this
study was represented by a higher proportion of young indi-
viduals when compared with the other species in question.

The maximum TL of M. amazonicum (141.13 mm) was
greater to that found by Morags-Riopapes & Varentt (2002) in
culture ponds (132 mm); however, it was shorter than the 150
mm reported by Hovrrnuis (1952). The average CL in our data
was greater than that of specimens collected by Bianca Bentes
(unpub. data): 12.88 mm. Shrimps with greater TL were caught
in Mosqueiro, a place with higher average temperatures, a fac-
tor that can increase metabolism rates and, therefore, result in
greater growth (Marros & Osniro 2009).
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There was continuous recruitment of M. amazonicum ju-
veniles, which led us to conclude that this species reproduces
throughout the year. This corroborates the results obtained by
Samraio et al. (2007), Siva et al. (2007), and LuceNa-Frépou et al.
(2010) at Combu Island (Pard), and BenrtEs et al. (2011) in six
locations in the surrounding region of Belém. Our results dif-
fer from those obtained by BiaLerzki et al. (1997), who studied
the species in the state of Parana, southern Brazil, and reported
recruitment during the rainy season only.

Macrobrachium surinamicum is distributed from the state
of Para, in Brazil, to Venezuela (MrLo 2003). It does not have
economic importance in the region, but stands out for being
often caught along with M. amazonicum (Espirito SantO et al.
2005). However, there are practically no studies published on
the biology of the M. surinamicum. Although not statistically
significant, a correlation was found between the physicochemi-
cal parameters studied and the abundance M. surinamicum. The
latter presented a pattern that is similar to that of M.
amazonicum, because the months with lower density of indi-
viduals occurred in the rainy season.

The largest individual had a TL of 53.58 mm, which is
less than that described by Mero (2003): 60 mm, and Espirito
Santo et al. (2005) in the estuary of the Caeté River: 55 mm.
Regarding the recruitment of M. surinamicum, the entrance of
juveniles only in March is noticeable, when the species is also
found in higher densities, indicating a possible reproductive
peak in that month. This contrasts with the lower densities of
M. amazonicum in the same month.

Farfantepenaeus subtilis has a mixed life cycle, i.e., young
shrimp inhabit estuaries that provide the necessary conditions
for their development and when they become adults, they re-
turn to the open sea, where reproduction and spawning take
place (Isaac et al. 1992). The species is extensively exploited by
industrial fishing in the state of Para, where about 20 tons per
boat are caught each year (PinuEIRO & LuceNa-FrEDOU 2004). Siva
et al. (2010) reported high mortality for F. subtilis when salin-
ity dropped below 12. This is the first report in of this species
being found in oligohaline waters (0 to 8). The presence of F.
subtilis seems to be closely associated with certain environmen-
tal factors. Even though the density of it was not statistically
associated with salinity, it was possible to observe that F. subtilis
is most abundant in months and locations when and where
salinity is higher, i.e., there is a direct relationship between
the abundance of this species and rain cycles, as also reported
by NAGELKERKEN et al. (2008).

The population of F. subtilis was exclusively composed
of young individuals and the largest individuals were found at
the end of the less rainy period, in agreement with the study
carried out by Cintra et al. (2004), who identified the period as
ranging from August to October, with large predominance of
juveniles in the estuaries of northern Brazil, and Corria &
MartiNeLL (2007) who described the migration to the open sea
at the end of this period.

Macrobrachium rosenbergii, known as the Malaysian
prawn, is originally from the Indo-Pacific and was introduced
in Brazil in 1965. This shrimp species is the most widely farmed
in the world (Losio 1997, NHaN et al. 2009). It had already been
recorded in the state of Sdo Paulo (MaGALHAES et al. 2005) and
in the Amazon estuarine region by CiNTrA et al. (2003); in the
estuary of the Caeté River, Pard, by Espirito Santo et al. (2005);
in Salvaterra and Colares, Para, by Barros & Siva (1997); and
in Braganca, Pard, by Frere & Bentes (2008).

Macrobrachium rosenbergii should be monitored as it is
carnivorous and highly voracious, and may destabilize natural
communities (CinTra et al. 2003). HErrRERA & RamiREZ (1993) stud-
ied the effects of salinity on M. rosenbergii and found that it is
very adaptable to variations in this parameter, a fact that prob-
ably allows it to live in environments such as the Mosqueiro
Island (salinity range of O to 8).

The occurrence of M. carcinus in the Amazon validates
the findings of Horrnuis (1952), Barros & PiventeL (2001), and
MacaLHAEs & Perera (2007), because the early life stages of this
species that depend on estuarine waters to complete their de-
velopment (LAra & WEHRTMANN 2008).

Future studies aimed at understanding the population
dynamics of the species studied in this contribution are essen-
tial to establish appropriate management measures, especially
with respect to the shrimp found in the Brazilian Amazon,
which is exploited by artisanal fishing.
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