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Abstract

Macrobrachium amazonicum is the most frequently consumed freshwater crustacean by river communities of the
Amazon. Despite its relative abundance and vast knowledge on the species from data on cultivated specimens, little
is known regarding its biology in the natural environment, especially its use of creeks that are strongly influenced by
the tide. Specimens of Macrobrachium amazonicum were collected in September 2006 (dry season) and March 2007
(rainy season) from two perennial creeks of the Guajard Bay in the state of Pard (northern Brazil), using traps similar to
the matapis used by local fishermen to identify the spatial distribution of the species. Shrimps of all sizes use the tidal
creeks in both seasons, including for breeding purposes. The greatest abundance of the species occurred in headwater
areas and in the dry season. It is suggested that abundant allochthonous organic matter and the preference for protected
areas may explain the abundance and breeding activity of this species in the headwaters of the creeks.

Keywords: creek, Macrobrachium, Amazon River prawn, estuary.

Distribuicao espacial do camarao-da-amazonia — Macrobrachium Amazonicum
(Heller, 1862) (Decapoda, Caridea, Palaemonidae) em dois canais perenes de um
estuario da costa norte do Brasil (Baia do Guajara - Belém, Para, Brasil)

Resumo

Macrobrachium amazonicum € o crustaceo dulcicola mais frequentemente consumido pelas populacdes ribeirinhas
da Amazdnia. Entretanto, apesar de sua relativa abundancia e vasto conhecimento da espécie a partir de dados de
cultivo, pouco se conhece sobre sua biologia no ambiente natural, especialmente quanto a forma de utilizacdo de
canais fortemente influenciados pelas marés. Amostras desse camardo foram coletadas em setembro/06 (periodo seco)
e mar¢o/07 (periodo chuvoso), em dois canais perenes da Baia do Guajard, Pard, utilizando armadilhas (matapis)
como as utilizadas pelos pescadores locais para identificar a distribuicao espacial dos organismos. Os canais de maré
sao utilizados por camardes de todos os tamanhos nas duas estagdes do ano, inclusive para a reprodugdo. A maior
abundancia de individuos da espécie foi encontrada no periodo seco, nas dreas a montante dos canais . Postula-se que a
abundante matéria organica aléctone e a busca de locais protegidos podem ser os fatores que explicam a concentraciio
da abundancia e da atividade reprodutiva nas dreas a montante dos canais.

Palavra-chave: canais de maré, Macrobrachium, camarao-da-amazonia, estudrio.

Braz. J. Biol., 2011, vol. 71, no. 4, p. 925-935 925



Bentes, BS. et al.

1. Introduction

Macrobrachium shrimps are widely distributed in
both tropical and subtropical regions. In South America,
this genus is found in rivers that drain into the Atlantic
(New, 1980; Romero, 1982) and inhabits either brackish
or freshwater environments, from estuaries to rivers of
all orders and lateral streams, including grassland lakes
(Magalhaes, 1985; Odinetz-Collart, 1991). Species of
Macrobrachium have continuous breeding, which is
reported to be more intensive in the rainy season in the
Central Amazon (Odinetz-Collart, 1991). While there are as
yet no records on the sites these species seek for breeding
purposes, they are known to exhibit differentiated breeding
strategies adapted to the most diverse environments. For
instance, females may produce a large amount of small
eggs which have several larval stages which are planctonic
(Magalhaes and Walker, 1988).

The Amazon River shrimp, Macrobrachium amazonicum,
exhibits different breeding patterns throughout the Amazon
River and its tributaries. The regulation of its reproductive
cycle by gonad maturation control mechanisms may or may
not be associated to external body changes, such as the
male morphotypes defined by Moraes-Riodades and Valenti
(2004). Such differences seem to be related to variations
in the discharge of the rivers and primary production in
these sites (Odinetz-Collart and Magalhaes, 1994).

The Amazon River shrimp is widely caught and
commercialised in the region of the islands near Belém
and it serves as a major (and sometimes only) source of
animal protein for local residents. Despite its economic
value and cultural importance as an ingredient in regional
recipes, management of the species is nearly non-existent
due, among other reasons, to the gaps in the knowledge
regarding its biology and fishing efforts in the natural
environment.

Studies on the horizontal distribution of the Amazon
River shrimp and its reproductive activity are mainly
limited to riverbeds (Rodriguez, 1982; Valenti et al.,
1989; Odinetz-Collart, 1991; Odinetz-Collart and Moreira,
1993; Silva et al., 2002; Vieira, 2003; Santos et al., 2006;
Silva et al., 2007; Sampaio et al., 2007; Sampaio et al.,
2008; and others). However, the species is often caught
in tidal creeks that may or may not connect directly to
the rivers. Creeks are defined here as bodies of water that
communicate with rivers or streams of the same river,
locally denominated ‘igarapés’ . The creeks of the islands
of Guajara Bay near the city of Belém are perennial and
are influenced by the tide. In some cases, these creeks
make no connections to other bodies of water and the
extremity is formed by a narrow expanse of water that is
normally non-navigable, even at high tide. The species
M. amazonicum is caught in these narrow creeks, but the
function of these environments for the species is unknown.

The aim of the present study was to characterise the
horizontal distribution of M. amazonicum in tidal creeks
in Guajard Bay (northern Brazil).
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2. Materials and Methods

Guajara Bay (Figure 1) is located to the west of the
city of Belém (state of Pard, Brazil). The Guama and Moju
Rivers flows into this bay, along with a substantial number
of small streams influenced by the tide. The bay is narrow
and elongated, compressed between the mainland and
the islands of Combu, Oncas, Arapiranga and Cotijuba.
It connects to Marajé Bay and, more to the north, to
Mosqueiro Island and the district of Outeiro pertaining to
the city of Belém (Moreira, 1966) (Figure 1).

High turbidity is one of the main characteristics of the
Guajarino estuary due to the large amount of suspended
matter, giving the water a muddy, greenish-yellow appearance,
which hinders the penetration of light. Average rainfall
is 2831 mm.year', ranging from 127.43 mm.month™" in
the drier season to 309.62 mm.month"in the rainy season
(ANA, 2007). In the drier season, the waters of the lower
course of the estuary become brackish (Cordeiro, 1987)
due to the influence of the semi-diurnal oceanic tides.

Specimens of M. amazonicum were caught in two
perennial creeks of Guajard Bay: Tamanduaquara Creek
(Figure 1c¢), located on Mosqueiro Island, to the north of
the bay; and Combu Creek, located on Combu island,
to the south of Guajara Bay (Figure 1d). Both creeks
are approximately 4 km in length, are navigable and are
located near the city of Belém, which is the largest urban
centre in the region. However, the creeks have not yet
been greatly affected by human activities and both are
considered relatively unpolluted (Viana et al., 2010).

Specimens of M. amazonicum were caught with the aid
of traps known locally as matapis, which are the main gear
used by local fishermen targeting this resource. The traps
were made with thin strips of the ‘juba’ (Astrocaryum spp
and Atrix spp.) or ‘jupati’ (Raphia vinifer) palms, tied
with a strip of vine and forming a cylindrical trap closed
at one end in the form of a funnel. This trap can also be
made with polyethylene bottles (PET), in which the ends
are closed using the upper parts of the bottle (Figure 2a).

Four sets of six traps were tied to the banks of each creek
[two large (L), two medium-sized (M) and two small (S)
traps]. L and M traps were made with strips of wood from
palm plants and S traps were made from PET bottles. The
sets of traps were arranged alternately on the right and left
bank of each creek at a distance of approximately 1 km
between sites from the mouth to the headwater of the creek
(Site A, B, C, D), totaling 24 traps distributed along 4 km
of each creek (Figure 2b). S and M traps were baited with
a meal made from babassu (Orbignya speciosa) wrapped
in aninga leaves (Montrichardia linifera). L traps were
baited with pieces of fish.

Sampling was carried out concomitantly in both tidal
creeks in September 2006 (dry season) and March 2007
(rainy season) during one tide cycle (12 hours), beginning
and ending with the low tide under a waning moon 48 hours
prior to the new moon. Water temperature and salinity
were recorded for each site in each study period.

Braz. J. Biol., 2011, vol. 71, no. 4, p. 925-935



Spatial distribution of M. amazonicum in estuary on northern coast of Brazil

Atlantic
Ocean

48°19'W

1°4'S

Mosqusiio

48° 19'W

1°26'S

1°26'S

48°30' W

¥  Marajo
Bay

Guajard
Bay

Cotijuba i
Island ’ .Ou
Arapiranga " ;

Island

1°37'S

48°30'W

Guamd River

1°33'S

48°22'W

Figure 1. Study region highlighting main islands in b) Guajard Bay, c¢) Tamanduaquara Creek and d) Combu Creek; regions
highlighted with dashed line in b) seen in greater detail in ¢) and d).

At the end of the 12 hours period, the traps were removed
and the shrimps caught were placed in labeled plastic bags
and transported to the laboratory in thermal chests with
crushed ice. Abundance was estimated by the estimated catch
per unit of effort. Total length (Lt — measured in mm from
the anterior portion of the rostrum to the posterior portion
of the telson), carapace length (Lcr — measured in mm from
the posterior portion of the orbit to the posterior extremity
of the carapace) and total weight (W in g) were recorded.
Sex was determined by an examination of the endopodite
morphology of the second pair of pleopods, as proposed
by Ismael and New (2000). Stages of morphological gonad
maturation were identified macroscopically. Five stages
of maturation were recorded for females (I) immature;
II) maturing; III) mature; IV)with eggs in pleopods;
and V) spawned), based on colouring, size, location and
appearance of the ovary observed by transparent carapace
adapted by Carvalho and Pereira (1981) and Chaves

Braz. J. Biol., 2011, vol. 71, no. 4, p. 925-935

and Magalhaes (1983). Two stages of maturation were
recorded for males (I) immature and II) mature), based
on colouring and size of the testes descriptions adapted
from Ribeiro-Filho (1988).

Absolute abundance in the samples was considered
proportional to the density of the creek. The linear regression
equation was established (Y =bX + a) between Lcr and Lt
and the coefficient of determination (r?) was subsequently
calculated. Mean abundance, length and weight were
compared separately between seasons, sampling sites
and maturation stages using either analysis of variance
(ANOVA; a=0.05) or the Kruskal-Wallis test as the data
did not present normal distribution, even after undergoing
transformations. Bar graphs were constructed for the visual
comparison of the absolute abundance distribution of gonad
maturation stages between seasons and collection sites. The
sex proportion was determined per season and collection
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Figure 2. a) Schematic of sampling units used in two creeks of Guajard Bay, Para, Brazil; large (L) and medium-size (M)
traps made with wooden strips and small (S) traps made with polyethylene bottles; b) schematic of positioning of traps in
Combu and Tamanduaquara Creeks in Guajara Bay; although represented side by side, the traps were actually arranged

randomly within the area corresponding to each sampling site.

site and compared between seasons and among sites using
the chi-square test (c*; a = 0.05) according to Zar (1996).

3. Results

The Tamanduaquara and Combu Creeks are representative
of those frequently found in the Guajard Bay, with a gradual
narrowing in width at greater distances from the mouth
(approximately 10 m at the mouth and less than 2 m at the
headwaters). The breadth of the creek ranges from three
to 10 m in the dry and rainy season, respectively (above
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the high tide line). These creeks are shallow, ranging from
a few centimetres to about four m in depth, and have a
muddy bottom. Water temperature ranges from 25 to 28 °C
in the dry and rainy season, respectively. Salinity ranges
from 8 to 0% in the dry and rainy season, respectively.

A total of 1019 shrimps were caught, among which
M. amazonicum accounted for 95%. The other 5% were
made up of Macrobrachium surinamicum, M. carcinus,
M. acanthurus and M. rosenbergii.

Specimens of M. amazonicum occurred throughout
the length of both creeks and in both collection periods.
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Mean abundance of individuals (with sexes pooled) was
statistically different between periods (September > March;
F, =724.6; p <0.01) and sampling sites (D>C >B > A;
F,=145.1; p<0.01), indicating that the species seeks more
distant sites from the mouth of the creek. There were no
differences in abundance with regard to sex (F, = 0.02;
p > 0.05). There were also no differences in abundance
between creeks (F, = 0.22; p > 0.05), demonstrating that
both bodies of water offer similar conditions for explaining
the distribution of M. amazonicum.

The individuals caught had a carapace length ranging
from 4.22 mm to 29 mm and weight ranging from 0.04 g
to 7.25 g. Both the smallest and largest specimens were
caught in September (Table 1). The linear regression
equation between Lcr and Lt was Lt = 9.3944 + 4.0223.
Ler (R? = 0.88) for pooled sexes, thereby establishing
positive allometric growth (b > 1). General mean carapace
length was 12 mm for pooled sexes, 12.7 mm for females
and 11.3 for males, corresponding to a mean total length
of 57.6, 60.5 and 54.8 mm, respectively. There were

no statistically significant differences in mean lengths
between creeks (F, = 2.37, P > 0.05), seasons (F, =S1.5,
p > 0.05) or sampling sites (F, = 0.66; p > 0.05). Females
were significantly larger than males (F = 38.42; p <0.01).

The proportion of males to females was statistically
different from that expected (1:1). A greater number of
males occurred in sites near the mouth of the creeks in
March and a greater number of females occurred in sites
near the headwaters in September (Table 2).

Among the total number of M. amazonicum caught, the
gonad maturation stage was determined for 990 specimens.
The difference in the number of female individuals per
maturation stage was only statistically significant for
mature individuals in September, when such individuals
were more abundant (F, = 11.86; p < 0.01). Visually, the
frequency of the maturation stages indicates that females
in all stages of development occurred in both seasons.
However, Stages I (immature) and II (maturing) occurred
more in the dry season (September). Stages III (mature),
IV (with eggs adhered to pleopods) and V (spawned)

Table 1. Number of specimens caught, carapace length (Lcr, mm), body weight (W, g), minimum, maximum, mean and
quartile (Q, 75 and 25%) values by sex in Macrobrachium amazonicum collected from Combu and Tamanduaquara Creeks

in September 2006 and March 2007.

Sex September March

Ler W (g) Ler W (g)
N 472 30

Min 4.22 0.04 6.73 0.3
Max 29.00 36.7 18.17 3.54
9 Mean 12.31 2.86 11.86 1.94
75% Q 14.21 2.1 14.72 2.67
25% Q 9.88 0.81 8.86 0.82
N 458 56
Min 6.33 0.13 6.53 0.4
Max 28.23 15.14 18.25 3.61
6\ Mean 10.81 1.18 11.34 1.37
75% Q 11.65 0.66 12.7 1.78
25% Q 9.12 1.28 10.08 0.92

Table 2. Number of male (M) and female (F) Amazon river shrimps caught at sampling sites in Guajara Bay (pooled sites)

in September 2006 and March 2007.

Month Site F M Q:3 X2
March 1 14 30 1:2 5.82%
2 13 1:4 6.25%

3 9 1:3 3.00

4 10 9 1:0.9 0.05

September 1 224 234 1:1.04 0.22

2 131 117 1:0.8 0.79

3 62 71 1:1.2 0.61
4 55 36 1:0.6 3.97*

¢? values with asterisk are statistically different at 5% level.

Braz. J. Biol., 2011, vol. 71, no. 4, p. 925-935
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were proportionally better represented in the rainy season
(March). Males were found in the mature stage in both
seasons, with a statistically significant difference only
regarding the abundance of mature specimens, which was
greater in September (F, = 8.182; p < 0.05) (Figure 3).
Based on the occurrence of female maturation stages,
the results demonstrate that, despite the apparent greater
reproductive intensity in the rainy season, spawning occurs
in both seasons.

Pooling the data from both seasons, Figure 4 illustrates
the distribution of female maturation stages from the
mouth to the headwaters of the creeks. The sites farthest
from the mouth had a greater abundance of individuals
in advances stages of maturation or spawned. For males,
this tendency was observed in the dry season. Males in
both maturation stages were found in all four sites of the
creeks during the local high tide (Figure 5).

4. Discussion

The abundance of M. amazonicum was evident in the
catches performed in the present study in small tidal creeks
of Guajard Bay, demonstrating that this type of environment
is favourable to the species. Based on the official data from
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Figure 3. Relative percentage of number of M. amazonicum
females and males per gonad maturation stage in Combu
and Tamanduaquara Creeks in September 2006 and March
2007 in Guajara Bay.
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the Brazilian environmental agency (IBAMA, 2007) on the
volume of shrimps landed by fisheries targeting crustaceans
alone (124 t), the Amazon River shrimp is one of the most
abundant resources in Amazonian rivers (Odinetz-Collart,
1987; Moraes-Riodades et al. 1999). However, there has
been a reduction in the availability of this resource in
Guajard Bay, perhaps due to a lack of management measures
(Silva et al., 2006). Its wide distribution in both creeks
and large rivers with strong outflow and its considerable
tolerance to different environmental conditions, including
brackish water, indicate that the species has a tremendous
adaptation capacity (Aradjo and Valenti, 2007; Odinetz-
Collart, 1991), which makes it suitable for extensive
farming (Moraes-Riodades et al., 1999).

This abundance may be associated to the greater
availability of food sources in Guajara Bay, as the
Macrobrachium spp. and Potimirim are predatory and
based on algae (Brito et al., 2006) and small tidal creeks
accumulate a large amount of detritus (Peres, 1999) and
high primary productive (Ribeiro et al., 1988; Paiva et al.,
2006). Thus, the increase in abundance at sites farther
from the mouth of the creek could be understood as a
consequence of the large amount of sediment carried by
the rivers of the Amazon region, which are then transported
by the high tide and accumulate in the headwaters of
these creeks. Moreover, the more internal sites of the
creeks may offer greater opportunities for refuge from
predation. Predators of M. amazonicum, such as adult
Plagioscion squamossisimus (Bennemann et al., 2006)
and Ageneiosus ucayalensis (Mérona et al., 2001), would
have greater difficulty reaching the innermost portions of
the creeks due to the shallow depths and large amount of
vegetation debris on the bottom. Thus, the innermost sites
offer greater protection to M. amazonicum, particularly
during breeding periods.

Production stemming from the surrounding forest,
which is deposited in the waters and on the bottom of tidal
creeks, offers a large diversity of habitats and important
sources of food for the numerous aquatic species that inhabit
these ecosystems. In turn, aquatic macroinvertebrates, such
as M. amazonicum, are the main organisms responsible
for transforming organic particulate matter into smaller
particles, which gives these organisms the denomination of
shredders (Merrit and Lawson, 1992). Through the process
of decomposition — metabolic breaking down of organic
matter into simple organic and inorganic compounds and
subsequent release of energy —, the material becomes
available for use by different biological communities.
Thus, the catches at sites farther from the mouth of the
creeks in the present study may have been more productive
because these environments provide greater efficiency
with regard to the vital processes of the species, such as
feeding, breeding and refuge from predators.

The presence of the Amazon River shrimp in the
creeks sampled was constant throughout the year. The
greater number of individuals caught in the drier season
may be related to a greater ease in catching specimens
with the same fishing effort. However, the gradational
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Figure 4. Frequency of occurrence of M. amazonicum female gonad maturation stages (I, II, III, IV and V) at four sampling
sites (A, B, C and D) in Combu and Tamanduaquara Creeks in September 2006 and March 2007; abundance represented on

different scales.

reduction in areas of refuge and the slight increase in
water temperature and salinity in the dry season directly
affect the composition and abundance of species of river
shrimp (Welcomme, 1985).

The mean size of the specimens in the present study
(5.5 cm for females, 5.7 cm for males and 6 cm for sexes
pooled) was similar to that reported by Silva (2006) for
catches performed in the Guama River on the margins of
Combu Island (6.3 cm for sexes pooled, 6.5 cm for females

Braz. J. Biol., 2011, vol. 71, no. 4, p. 925-935

and 6 cm for males) and in the Guajard-Mirim River in
the municipality of Vigia (Pard, Brazil) (7.2 cm for males,
7.75 cm for females and 7.5 cm for sexed pooled) (Silva,
2002). According to Valenti (1987), Silva (2002) and
Flexa et al. (2005), male adult freshwater shrimps of the
genus Macrobrachium generally reach larger sizes than
females. In the present study, however, the females had
a larger mean carapace length, even though the largest
individual was a male. According to Silva (2006), males
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Figure 5. Frequency of occurrence of M. amazonicum male gonad maturation stages (I and II) at four sampling sites (A, B,
C and D) in Combu and Tamanduaquara Creeks in September 2006 and March 2007; abundance represented on different

scales.

that reach larger total lengths than females are caught with
greater frequency, whereas the less aggressive females likely
seek more protected areas. Thus, the largest individuals
are removed in greater numbers, with smaller individuals
remaining for recruitment.

Coelho and Santos (1993) have suggested that the
number of specimens caught and their male to female
proportions in a particular area of occurrence are likely
related to the phases of the reproductive process; females
aggregate in breeding grounds and are therefore more subject
to capture when fishing is carried out in such areas. The
present study corroborates this pattern, as the proportion
of females to males in areas farthest from the mouth of the
creeks was greater than 1:1. Borges (2003), Silva (2002)
and Montoya (2003) recorded proportions of 13:3.369,
2.43:19 and 13:2Q, respectively, for M. amazonicum in
catches on riverbeds.

Regarding ovigerous females, the smallest specimen
was caught on Combu Island and had a total length of
3.35 cm (extrapolating the Ler measurement of 7.9 mm),
which is close to the length described by Silva (2002) in
the municipality of Vigia (Lt = 2.5 cm), but smaller than
that reported by Silva (2006) in larger creeks on Combu
Island (5.2 cm). These results suggest that tidal creeks
are favorable to breeding and attract females of all sizes.

According to Valenti (1984), river shrimps of the genus
Macrobrachium have continuous or periodic reproduction
and a long breeding season is also common (with a
number of months in which spawning is more intensive)
(Valenti et al., 1986). Studies on the reproductive intensity
of Macrobrachium amazonicum in Guajard Bay are scarce.
One exception is the study by Silva et al. (2006), who
found that the species did not exhibit displacement of the
position of the modes or mean length of the individuals
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caught throughout the year, likely due to continuous
reproduction, which promotes the continuous entrance
of recruits in the population.

The existence of a reproductive peak in some species
of the genus Macrobrachium is evident in the hottest
season of the year in locations with temperate climates,
as described by Valenti et al. (1986), Dugan and Frakes
(1972) and Dugan et al. (1975). No reproductive peak
was found in the present study, probably due to the more
stable climate in tropical environments. Although there
was a greater proportion of females in Stages IV (with eggs
adhered to the pleopods) and V (spawned) in the rainy
season (March), females in Stages III (mature), IV (with
eggs) and V (spawned) also occurred in high numbers in
the drier season (September).

In several species of decapod crustaceans, gonad
maturation and egg laying are not controlled only by
endogenous mechanisms and are strongly related to
favorable conditions, such as the availability of food sources
(Shokita, 1973; Walker and Ferreira, 1985; Magalhdes and
Walker, 1988; Wong, 1989). This is particularly evident
when species with seasonal reproduction patterns are
submitted to controlled laboratory conditions and spawn
throughout the year (Carvalho, 1978). Thus, it appears that
the tidal creeks of Guajara Bay offer favourable breeding
conditions in both the rainy and drier season.

In a study on the same species in the Central Amazon,
Odinetz-Collart (1991) found that two factors favor gonad
development: water current speed and primary production.
This particularity also seems to explain the number of
individuals — many of which were ready for breeding —
found in the tidal creeks, where there is high productivity
and slow currents.
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The lesser abundance of ovigerous females in many
studies involving catches carried out on riverbeds in the
Amazon region underscores the finding that breeding
individuals prefer more protected areas, such as small
branches of rivers and creeks, where the incubation of the
eggs and, consequently, reproductive success are better
ensured (Ismael and New, 2000). This may also explain
the greater proportion of males at the mouths of the creeks
and females in the headwaters.

Considering the rapid growth in human populations
and the process of urbanisation on the banks of these
bodies of water due to their proximity to the city of Belém,
which is the largest metropolis in the region (more than
one million inhabitants), there is a need for conservation
measures directed at small tidal creeks and streams,
such as those studied in the present investigation. This
exponential population growth contributes toward the
degradation of water quality, the deforestation of river
banks and a reduction in environments that are favourable
to the reproductive success of M. amazonicum as well as
other species of shrimps and aquatic resources found in
these ecosystems (Torres, 2010).
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