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ABSTRACT

Tamburus, A. F.; Mossolin, E. C. & Mantelatto, F. L. 2012. Populational and Reproductive Aspects of Macrobrachium 
acanthurus (Wiegmann, 1836) (Crustacea: Palaemonidae) from north coast of São Paulo State, Brazil. Braz. J. 
Aquat. Sci. Technol. 16(1): 9-18. eISSN 1983-9057. Macrobrachium acanthurus has a wide geographic distribution in 
America, mainly in rivers that flow into the Atlantic Ocean. Considering the economic interest in the Brazilian freshwater 
shrimp culture and its potential as a living resource, this study addresses the population and reproductive information of 
M. acanthurus that inhabit the north coast of São Paulo State. Individuals (N: 466,164 males and 302 females, with size 
ranging from 3.96 to 35.14 mm of carapace length) were captured with sieves (two people during 30 minutes) and traps 
(four hours after the nightfall) in April and October/2008 and in March/2009. Females were predominant in all sampled 
months; their ovaries showed changes in color and their size increased according to the developmental stage. The pres-
ence and percentage of ovigerous females in all sampled months indicated the possibility that the reproductive activity 
was continuous. The average fecundity (2299 ± 1653 eggs) found was directly related to the female’s size. The ovarian 
development occurred concomitantly with the eggs’ development, indicating successive spawning. It was observed that 
the eggs changed color and increased their volume independently of the female size. The absence of embryo loss during 
the incubation process may be speculated to be an efficient strategy developed by the ovigerous females, as a mechanism 
of parental care against the most common causes of egg loss.
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INTRODUCTION

The genus Macrobrachium Bate, 1868 has a 
worldwide distribution that includes the Americas, 
with more than 55 recognized species, 17 of which 
are distributed in Brazil on basins of the inland, the 
coast and in Amazonia (Mantelatto et al., 2008; Pileggi 
& Mantelatto, 2010). Macrobrachium acanthurus 
(Wiegmann, 1836) is endemic to America, with a wide 
geographic distribution in rivers, estuaries and small 
lagoons that flow into the Atlantic Ocean. It is known 
from the U.S.A. (North Carolina, Georgia, Florida, 
Mississippi, Louisiana, Texas), Mexico, Cuba, Haiti, the 
Antilles, Dominican Republic, Puerto Rico, Nicaragua, 
Panama, Colombia, Venezuela, Surinam to Brazil (from 
Pará to Rio Grande do Sul) (Holthuis, 1952; Valenti et 
al., 1989; Ramos-Porto & Coelho 1998; Melo, 2003; 
Almeida et al., 2008).

This species has the ability to adapt to different 
salinities from fresh to brackish waters, and needs 
marine conditions to complete its developmental cycle 
(Hughes & Richard, 1973; Dugger & Dobkin, 1975; 
Albertoni et al., 2002; Melo, 2003). It is omnivorous 

and feeds mainly during the night (Coelho, 1963; 
Carvalho, 1973).

Although the entire life cycle of this species 
is still under investigation, the knowledge of its bio-
logical aspects in Brazil is being accumulated over 
the recent years: population structure (Carvalho et 
al., 1979; Valenti, 1984; Müller et al., 1999), fecundity 
(Paiva & Costa, 1962; Valenti et al., 1989; Müller et al., 
1992; Albertoni et al., 2002), geographical distribution 
(Coelho & Ramos-Porto, 1985), embryonic develop-
ment (Müller et al., 2007) and molt cycles (Carvalho 
et al., 1979).

Considering that M. acanthurus represents a 
potential economic resource in Brazilian freshwater 
shrimp culture and that the knowledge of its life his-
tory remains fragmented, complementary studies on 
the reproductive biology of this species from different 
areas of its known geographical range are necessary. 
On this basis, this study was conducted to evaluate 
the reproductive features of populations from the north 
coast of São Paulo State.
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MATERIAL AND METHODS

Individuals were captured in three months’ 
samples (April/2008, October/2008 and March/2009), 
from two distinct sites: one in the Guaecá River 
(23°48’54.3"S / 045°27’03.6”W) in São Sebastião 
county, at the continent, and another at the Siriúba 
River (23°45’20.5"S / 045°20’57.5”W) in Ilhabela 
county, at the island, both sites located in the north 
coast of São Paulo State (Figure 1), the distance be-
tween these points being about 13 km.

At the Guaecá River sampling site, the water 
is relatively clear and rarely exceeds 30 cm depth, 
the vegetation on the margins is low and the river 
bottom is composed mainly of gravel and thick sand. 
The sampled point is under anthropic pressure, with 
the presence of workers maintaining a pipeline in the 
nearby areas. At the Siriúba River, the sampling site 
is approximately 1.20 m deep, with dark water, large 
amounts of vegetation in one of the margins (grasses) 
and the river bottom is composed by sand with differ-
ent grain sizes and organic material. The anthropic 
pressure in this point is due to garbage dump and 
domestic sewage.

On these points, two sampling methods were 
used: (1) sieving (50 cm diameter and 2 mm mesh) 
was conducted with fast movement under submerged 
marginal vegetation by two people, during 30 min; (2) 
trapping (30 cm length, 20 cm width, 15 cm height) 
composed by a closed plastic box, with one access 
that connects to the environment and the bottom of 
the trap by a funnel fixed inside in an angle that does 
not allow the exit of the animal. Six submerged traps 
with animal ration as bait were used in each sample 
for a period of 4 hours.

In the laboratory of CEBIMar (University of São 
Paulo), in São Sebastião county (SP), individuals were 
frozen inside plastic bags (ovigerous females were 
individualized in containers to avoid possible egg 
loss) and subsequently transported to the Laboratory 
of Bioecology and Crustacean Systematics (LBSC) of 
FFCLRP/USP, in Ribeirão Preto county (SP), where 
the analyses were completed.

Sex was checked based on the presence 
(males) or the absence (females) of masculine appen-
dix in the endopodit of the second pair of pleopods. The 
carapace length (CL = post-orbital margin to posterior 
dorsal margin of carapace) was obtained with a caliper 
(accuracy: 0.01 mm).

Ovaries were assessed macroscopically through 
carapace transparency and their size and color were 
used to establish the developmental stages as initial, 
intermediate or final (based on Mossolin & Bueno, 
2002).

The egg development stage was characterized 
by the color of the fresh material. In addition, the pres-
ence or the absence of the embryo ocular spot was 
considered (based on Wehrtmann, 1990 and Mossolin 
& Bueno, 2002). The egg volume was determined 
by measuring the short and long axes of the egg 
(Odinetz-Collart & Rabelo, 1996). These measures 
were established under stereomicroscope in 20 eggs 
that were chosen randomly from each female, after the 
developmental stage had been observed.

Fecundity was estimated based only on females 
with eggs in early (initial) embryonic development. The 
eggs were removed and the total mass was counted 
with a manual counter.

Analysis of the population and the reproduc-
tive data followed the procedures described by Zar 
(1996), using Sigma Program Stat® Windows version 
2.03. The c² test was used to check the sex-ratio. One 
Way Analysis of Variance test (ANOVA) was applied 
to analyze the variation between fecundity and cara-
pace length and in eggs’ volume among development 
stages. Mann-Whitney Rank Sum test was used to 
compare the fecundity and relate it with CL of the 
individuals. Correlation test was used to assess the re-
lationship between egg quantity and CL, and between 
CL and egg volume.

Voucher specimens of each population were 
deposited in the Crustacean Collection of Department 
of Biology (CCDB) of FFCLRP/USP, under number 
access CCDB 2698 (Guaecá River) and CCDB 2699 
(Siriúba River).

Figure 1 - Location of the Guaecá River (São Sebastião County) 
and the Siriúba River (Ilhabela County), São Paulo State, Brazil.
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RESULTS

Despite the abiotic differences found in the two 
areas of sampling, the population features did not 
show significant differences. In this way, we grouped 
the results from both areas. 
Population and reproductive aspects

In total, 466 individuals (mean of 12.03 ± 6.77 mm 
of CL) were obtained using the two sampling methods, 
of which 164 were males (35.2%; ranged from 4.10 to 
35.14 mm of CL; mean: 13.29 ± 8.80 mm) and 302 
females (64.8%; ranged from 3.96 to 23.11 mm; 11.35 
± 5.26 mm).

The total sex-ratio was in favor of females (0.55; 
c²: 40.19). Analyzing the three samples separately, a 
significant deviation of 1:1 was observed in all months: 
April/08 (0.62; c²: 8.03), October/08 (0.56; c²: 18.12) 
and March/09 (0.43; c²: 15.68).

From the 302 females collected, 117 females 
were found carrying eggs (38.7%). The size of the 
ovigerous females ranged from 6.07 to 23.11 mm of 
CL, with mean size of 15.89 ± 3.00 mm of CL. The 
percentage of ovigerous females was 46.1% (N: 89) 
in April/08, 13.8% (N: 145) in October/08 and 82.4% 
(N: 68) in March/09.

Ovaries’ development stages
In total, 132 females collected in April and 

October/08 were used for this analysis. Individuals 
caught in March/09 were discarded because they had 
been frozen before the gonads’ observation, restrain-
ing this information. Three developmental stages were 
established:
- Stage I (initial): colorless, white or light green 
(Pantone ®/376C), beginning in the dorsal posterior 
margin of the carapace and extending until the half of 
the hepatopancreas.
- Stage II (intermediate): light green (Pantone ®/376C) 
or green (Pantone ®/362C), from the dorsal posterior 
margin of the carapace until the anterior limit of the 
hepatopancreas.
- Stage III (final): green (Pantone ®/362C) or dark 
green (Pantone ®/357C), from the dorsal posterior 
margin of the carapace exceeding the hepatopancreas, 
up to the limit of the later tooth rostrum.

Egg development stages
Eggs were classified in three embryonic stages, 

according to the presence or absence of ocular spots 
and coloration:
- Stage I (initial): absence of ocular spots; color ranging 
between light green (Pantone ®/376C) and dark green 
(Pantone ®/357C).
- Stage II (intermediate): presence of ocular spots in 
trace or elliptical format; light yellow (Pantone ®/397C) 
or light green color (Pantone ®/376C).
- Stage III (final): presence of large and circular ocular 
spots and the embryos in some eggs are recognizable; 
colorless, light yellow (Pantone ®/397C) or dark yellow 
color (Pantone ®/3985C).

The egg volume had no significant relationship 
with the female size (Figure 2) (N: 56; r: 0.001). There 
was a significant variation in the egg volume during 
the incubation period in two populations (P ≤ 0.001). 
Average egg volume increased significantly during 
embryogenesis, from 0.078 ± 0.013 mm³ (Stage I; 
15.65 ± 3.14 mm CL), 0.094 ± 0.018 mm³ (Stage II; 
15.69 ± 2.87 mm CL) to 0.108 ± 0.020 mm³ (Stage III; 
16.51 ± 2.85 mm CL), representing an overall increase 
of 38.8%.

Fecundity
Fecundity varied from 171 (CL: 6.43 mm) to 

7034 eggs (CL: 20.40 mm), presenting an average of 
2299 ± 1653 eggs. Changes in fecundity between size 
classes of 3 mm were significant (P: 0.007). Fecundity 
had direct and positive relation with the females’ size 
(N: 56; r: 0.635), and this condition was sustained by 
r2 value (Figure 3).

Successive Spawning
Egg development stages were compared with 

the ovaries’ development stages to observe the ca-
pacity of this species to maintain a continuous cycle 
of reproduction. When the eggs of the female were 
in the initial stage, ovaries were often also in the first 
stage (Table 1). Regarding the eggs in the intermedi-
ate stage, most ovaries observed were in stage II. 
When the eggs were in the final stage of development, 
more ovaries were observed to be in stages II and III. 
Considering the concomitant development of ovary and 
eggs, it is possible to infer that M. acanthurus has the 
ability to process successive spawning.

DISCUSSION

Information on the reproductive biology of M. 
acanthurus is quite insufficient, considering the wide 
geographic distribution along the western Atlantic. 
This paper represents the first comparative informa-

Table 1 - Macrobrachium acanthurus comparison between egg 
development stages and ovary development stages of females 
collected in April and October/08, in São Paulo State.
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tion on some reproductive aspects of western Atlantic 
Macrobrachium species, which demonstrates a large 
plasticity of this species that is summarized in the 
Table 2.

Population features
Most of the smaller individuals were captured 

under marginal vegetation that forms dense, partially 
immersed tufts. On the other hand, the largest ones 
were captured in the deeper areas, where there are 
more twigs and detritus serving as refuge. Even so, in 
our study were not observed a significant difference 
between the size of individuals of two sites sampled. 
For some authors there are signs that environmental 
characteristics can influence the population dynamics 
and individuals’ sizes (Ammar et al., 2001), and so can 
the sampling method used. The presence of partially 
submerged vegetation along the river banks serves 
as a natural shelter for some species of caridean 
shrimps (Mossolin & Bueno, 2003; Mortari & Negreiros-

Fransozo, 2007), corroborating the assertion made by 
Carvalho (1973), that these areas are the optimal place 
to observe and obtain these animals.

The size of the ovigerous females obtained 
in São Sebastião followed the pattern observed in 
other populations. The minimum size of the oviger-
ous females of M. acanthurus was found to be 6.07 
mm CL (total length = 31.30 mm; eggs in Stage II). 
On the other hand, other authors reported a minimum 
ovigerous female size larger of this species in dif-
ferent regions, suggesting that M. acanthurus in the 
Southern region attained the maturity earlier than those 
from other populations, and/or that problems with the 
female capture method in the past studies could have 
occurred. For example, to Albertoni et al. (2002) the 
smaller female was 76.18 mm of total length, to Müller 
et al. (1992) the smallest ovigerous female was 48 mm, 
and Mejía-Ortiz et al. (2001) founded one with 42 mm.

A predominance of females was observed on 
M. acanthurus populations. Several non-exclusive 

Figure 3 - Macrobrachium acanthurus’ relationship between fecundity and carapace length of ovigerous females collected in April/08, 
October/08 and March/09 in São Paulo State, Brazil (r²: 0.4029).

Figure 2 - Macrobrachium acanthurus. Relationship between egg volume and carapace length of ovigerous females collected in April/08, 
October/08 and March/09 in São Paulo State, Brazil (r: 0.001).
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hypotheses may explain this pattern: (1) predation and 
environmental differences, which can act differently 
on sexes (Souza & Fontoura, 1996), (2) reproductive 
strategies, involving the migration of one of the sexes, 
looking for better conditions to hatch, and (3) human 
action, since these shrimps can be used for fishing 
or consumption and are selected by size. Particularly 
regarding the prevalence of females in March, this can 
be related to the reproductive season, which was also 
cited by Carvalho (1978). Migration of females to estu-
aries can occur in the posture season, while they are 
incubating the eggs, or/and during the hatching of the 
larvae and it can also be influenced by the rainy sea-
son (Carvalho et al., 1979). The ability to regulate the 
osmotic pressure in low and high salinities (Carvalho, 
1973; Ismael & Moreira, 1997; Anger & Moreira, 1998) 
is responsible for their survival in estuarine systems 
and makes the migration of M. acanthurus possible 
during the breeding season.

Reproductive period
Ovigerous females with embryos at different de-

velopmental stages were present in all samples during 
the study period. Furthermore, the ovaries develop-
ment was concomitant with egg development. This 
result with the high percentage of ovigerous females 
in these 3 months (46.1% in April, 13.8% in October 
and 82.4% in March) suggests that the spawning and 
hatching of M. acanthurus take place throughout the 
year. A similar reproductive pattern was reported by 
Valenti et al. (1986), using the frequency of ovigerous 
females in each sample month. They noted that M. 
acanthurus reproduced every month of the year on 
the south coast of São Paulo State, although this spe-
cies presented reproductive peaks during the summer 
(December and January).

Continuous reproduction pattern was also 
observed by other congener species in the Brazilian 
territory: Sampaio et al. (2007) noted the presence of 
ovigerous females of M. amazonicum every month in 
the Jaguaribe River (Ceará State, Brazil); Boss Jr. & 
Althoff (2002), Antunes & Oshiro (2004), and Mattos 
& Oshiro (2009) observed a similar pattern in the M. 
potiuna studied in a different region; Fransozo et al. 
(2004) detected an annual reproductive cycle of M. 
iheringi. There is certainly a variety of proximate and 
ultimate factors, e.g., water quality, water temperature, 
rainfall or water flow, availability of larval food, which 
may influence the reproductive period. Temperature is 
considered an important environmental factor in shap-
ing reproductive traits of caridean shrimps (see Bauer, 
1992; 2004). In tropical waters, the reproductive period 
is extended and year round, because of the relatively 
stable high temperature (Orton, 1920; Sastry, 1983). 
In Mexico, Guzmán et al. (1982) suggested that the 

freshwater populations respond more widely to own 
factors and environmental characteristics common to 
the sampled points, such as the photoperiod and pre-
cipitation; and respond less intensely to local features 
such as salinity and temperature. According to this 
comment and to the previous studies on reproduction 
aspects (see introduction), we state that M. acanthurus 
present a continuous reproductive period.

Egg development
In the present study, egg sizes were independent 

of the body size at all developmental stages. However, 
in M. acanthurus, egg volume increases by 38% on 
average during embryogenesis. This value is similar 
to those reported in other Macrobrachium species: 
M. amazonicum (Heller, 1862): 33.4% (Odinetz-
Collart & Rabelo, 1996); M. olfersii: 30.7% (Mossolin 
& Bueno, 2002); M. potiuna: 28.0% (Nazari et al., 
2003); M. carcinus: 34.0% (Lara & Wehrtmann, 
2009). This trend, based on the data set available, 
seems to corroborate the observation made by Lara 
& Wehrtmann (2009), that the egg volume increase 
in species of Macrobrachium is independent of the 
female size.

The size of eggs in decapods is a result of 
gradual water uptake during incubation and is as-
sociated with several variables, such as environment 
conditions and type of larval development (Herring, 
1974; Odinetz-Collart & Rabelo, 1996). It was noted 
that the eggs changed color and increased in size 
and volume according to the vitellus consumed by 
the embryo. These growth and development inside 
the egg, increasing the occupied space, make the 
development along the egg long axis possible (Bressan 
& Müller, 1999) and the increasing egg volume dur-
ing development can occur due to water increment 
(Balansundaram & Pandian, 1982).

Macrobrachium acanthurus has a reproductive 
strategy that priorizes a large number of small eggs 
(Coelho & Ramos-Porto, 1985; Valenti et al., 1989; 
Müller et al., 1999), a characteristic of the species that 
require an estuarine environment to complete their 
reproductive cycle. Furthermore, small eggs do not 
have enough vitellus to enable a prolonged embryonic 
development; they hatch as zoea (Müller et al., 1992) 
and have a brief development. According to Hancok 
(1998), species that inhabit brackish waters can pro-
duce small and abundant eggs because the salts’ 
concentrations of these environments reduce the water 
quantity in the eggs through osmosis. The investment 
in the production of more eggs can also be due to the 
availability of the resources in the environment and to 
a lack of competition for them.

Different analysis methods can assist more 
detailed knowledge for embryonic proposes and con-
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tribute to more robust information. Müller et al. (2007) 
established 12 embryonic development stages based 
on macro and microscopic observations of the cell 
division, the egg and the larva format of M. acanthurus 
during the development. García-Guerrero & Hendrickx 
(2009), established 10 development stages for M. 
americanum (Bate, 1868), based on external observa-
tions of growing live embryos and without cytological 
analyses. Despite these very detailed methodologies 
of classification, our decision on using only 3 develop-
ment stages (initial, intermediate and final) was a very 
fast and efficient method to assess the developmental 
stage of the eggs.

Spawning and Fecundity
Macrobrachium acanthurus presented a syn-

chrony between the ovary and the egg developments. 
Females incubating early stage embryos had no 
mature ovary, while all females carrying nearly hatch-
ing embryos had mature ovary to release new eggs, 
indicating a continuous and successive egg production. 
This reproductive pattern has been illustrated for other 
tropical congener species. Carvalho (1978) verified 
that the same female of M. acanthurus could spawn 
several times during the reproductive season and more 
intense spawning episodes were noticed under higher 
temperatures (Valenti et al., 1986). In M. olfersii, shortly 
after spawning, the ovary started a new development 
(Mossolin & Bueno, 2002); in M. amazonicum, the 
observation of mature ovaries and eggs in late de-
velopmental stages in the same female indicated a 
possibility of new spawning (Gamba, 1997), and some 
ovigerous females of M. amazonicum (Sampaio et al., 
2007) were found with mature ovaries, which indicated 
that females could start a new reproductive cycle even 
when carrying eggs, immediately after spawning.

Fecundity in M. acanthurus populations is very 
variable (Table 2). Unfortunately, some of the infor-
mation available in the literature does not permit an 
accurate comparison due to different methodologies 
of analysis (i.e., fecundity was calculated by previous 
studies using all stages of egg development, which is 
not recommended - see Mantelatto & Fransozo, 1997). 
Excluding these uncertain data, we observed that the 
mean number of embryos produced by the population 
of M. acanthurus studied here is on average three times 
lower than another close population (Registro county/
São Paulo State) studied by Valenti et al. (1989), but 
similar to that one evaluated in Florianópolis county/
Santa Catarina State by Müller et al. (1992). These 
intra-specific differences in fecundity are influenced 
by the female’s size variability as well as by tempera-
ture and food quality and quantity, which may vary 
along the latitudinal range of the species distribution 
(Odinetz-Collart and Rabelo, 1996; Mejía-Ortíz et al., 

2001; Fransozo et al., 2004). In particular, female sizes 
have considerable influence on this aspect (Graziani 
et al., 1993; Da Silva et al., 2004) serving as an im-
portant factor, among many others, that can influence 
the number of eggs exteriorized (Paiva & Costa, 1962; 
Shakuntala, 1977; Valenti et al., 1989; Müller & Carpes, 
1991; Nazari et al., 2003), and so do the  abdomen vol-
ume (Corey & Reid, 1991), the weight (García-Dávila 
et al., 2000) and/or the place where the animals were 
sampled (Valenti et al., 1989). We observed that the 
fecundity was intermediate within a latitudinal gradient. 
In sites closer to the studied area, females carried a 
greater number of eggs and, when the latitude of the 
other places increases, the number of transported eggs 
decreases (Table 2). It can be a tendency similar to 
some marine caridean species (Bauer, 1992; 2004) 
and, in our study, the female size was important and 
influenced the observed differences. 

Our comparative analysis evidenced that M. 
acanthurus shares significant similarities in terms 
of reproductive pattern with other species as M. 
amazonicum and M. jelskii. This reproductive positioning 
in the genus agrees with two recent molecular 
phylogenetic analysis of American Macrobrachium 
species (Pileggi & Mantelatto, 2010) and Brazilian 
populations of M. amazonicum (Vergamini et al., 
2011), in which M. acanthurus and M. jelskii appear as 
related taxa, and that M. acanthurus shares significant 
morphological similarities with coastal populations of 
M. amazonicum. 

Finally, we cannot refute the possibility of intra-
specific population variability in function of different 
genetic stocks. Therefore, further detailed studies 
on population genetics are needed to compare other 
populations in detail along their range of distribution, 
and those will undoubtedly contribute to the further un-
derstanding of the biological variability in this species.
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