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Abstract
This study records, for the first time, the occurrence of all four male morphotypes in a population of Macrobrachium 
amazonicum from a continental environment, with an entirely freshwater life cycle. The specimens studied came from 
the Tietê River, state of São Paulo, Brazil, and were collected in a lotic environment downstream from Ibitinga Dam. 
This population was compared with other continental populations, including a population from the dam itself, collected 
in a previous study. Four samples of 30 minutes were taken monthly, using a trap, from January to April 2011. Each 
male specimen was measured with respect to seven body dimensions as follows: carapace length (CL), right cheliped 
length (RCL), dactyl length (DCL), propodus length (PPL), carpus length (CRL), merus length (ML) and ischium 
length (IL). The relative growth was analyzed based on the change in growth patterns of certain body parts in relation 
to the independent variable CL. The four male morphotypes proposed for the species were found using morphological 
and morphometric analyses. Different biological characteristics were found between the populations studied. The male 
population of the lake of Ibitinga and from Pantanal presented mean sizes and number of morphotypes lower than the 
population studied here. These differences seem to be closely related to ecological characteristics of the environments 
inhabited by these populations. Our results supported the hypothesis that coastal and continental populations of 
M. amazonicum belong to the same species.

Keywords: freshwater prawn, allometry, Tietê River, Amazon River Prawn, morphotype characterization.

Ocorrência de morfotipos em machos de Macrobrachium amazonicum 
(Caridea, Palaemonidae) em uma população com ciclo  

de vida completamente dulcícola

Resumo
Este estudo registra, pela primeira vez, a ocorrência dos quatro morfotipos de Macrobrachium amazonicum em uma 
população continental com ciclo de vida totalmente dulcícola. Os camarões são provenientes do Rio Tietê, estado 
de São Paulo, Brasil, e foram coletados em um ambiente lótico abaixo da Barragem de Ibitinga. Essa população foi 
comparada com outras populações provenientes de ambientes continentais, incluindo a de um estudo anterior na 
represa da barragem de Ibitinga. Quatro amostras de 30 minutos foram realizadas mensalmente, utilizando armadilhas, 
de janeiro a abril de 2011. Cada indivíduo macho foi mensurado em relação a sete dimensões corporais, sendo elas: 
comprimento da carapaça (CL), comprimento total do quelípodo direito (RCL), comprimento do dáctilo (DCL), 
comprimento do própodo (PPL), comprimento do carpo (CRL), comprimento do mero (ML) e comprimento do ísquio 
(IL). O crescimento relativo foi analisado de acordo com as mudanças nas taxas de crescimento de determinadas partes 
do corpo em relação à variável independente CL. Os quatro morfotipos descritos para a espécie foram encontrados, 
utilizando análises morfológicas e morfométricas. Diferentes características biológicas foram encontradas entre a 
população estudada e as demais, incluindo a proveniente do reservatório. A população de machos da represa de Ibitinga 
e do Pantanal apresentaram tamanhos médios e número de morfotipos inferiores aos da população estudada aqui. Essas 
diferenças parecem estar intimamente relacionadas às características ecológicas dos ambientes onde estas populações 
estão inseridas. A hipótese de que populações costeiras e continentais de M. amazonicum pertençam à mesma espécie 
é suportada por nossos resultados.

Palavras-chave: camarão de água doce, alometria, Rio Tietê, Camarão da Amazônia, caracterização morfotípica.



Braz. J. Biol., 2014,  vol. 74, no. 3 (suppl.), p. S223-S232224

Pantaleão, JAF., Hirose, GL. and Costa, RC.

224

1. Introduction
The Amazon River Prawn Macrobrachium amazonicum 

(Heller 1862) is endemic to South America, where the 
species extends from Venezuela to Argentina. It has a wide 
distribution in all of the main eastern South American river 
basins (Orinoco, Amazon, Araguaia-Tocantins and São 
Francisco) including isolated inland populations from the 
upper Paraná and Paraguay River systems (Holthuis, 1952; 
Rodriguez, 1982; Coelho and Ramos-Porto, 1984; Lopez 
and Pereira, 1996; Pettovello, 1996; Bialetzki et al., 1997; 
Magalhães, 2000; 2001, 2002; Melo, 2003; Valencia and 
Campos, 2007). According to Magalhães et al. (2005), this 
species is not native to the upper Paraná River basin but 
was either deliberately or accidentally introduced there. 
These inland populations do not depend on brackish water 
to complete the larval phase, in contrast of what occurs in 
coastal populations (Guest, 1979).

Coastal and continental populations show intraspecific 
variations in their physiology, ecology, morphology (Maciel 
and Valenti, 2009; Hayd et al., 2008; Anger and Hayd, 2009) 
and genetic structure (Vergamini et al., 2011). Because of 
this, there is some discussion about the taxonomic status 
of coastal and continental populations (Moraes-Valenti 
and Valenti, 2010). Anger (2013) and Hayd and Anger 
(2013) suggested the hypothesis that shrimps from the 
Paraná-Paraguay basin, at least those in the Pantanal, 
may actually represent a separate, endemic species. 
According to these authors, differences in reproductive 
systems indicate that long vicariant separation has indeed 
allowed for diversification in different catchment areas, 
suggesting that M. amazonicum is actually a complex of 
closely related but separate species.

Macrobrachium amazonicum is the freshwater decapod 
of the greatest economic importance in the Eastern South 
American subcontinent (Maciel and Valenti, 2009). In Brazil, 
the species is intensively exploited by artisanal fisheries; 
it is also consumed as human food, most commonly in 
Northeastern Brazil and in the Amazon region, by all social 
classes (Moraes-Valenti and Valenti, 2010; Marques and 
Moraes-Valenti, 2012). In addition, the species has been 
used as bait in sport fishing and shows great potential for 
aquaculture (Kutty, 2005; New, 2005, Moraes-Valenti 
and Valenti, 2010).

Studies of natural populations of M. amazonicum 
have found wide variability in the size of the individuals, 
sometimes even in different localities of the same river 
(Odinetz-Collart, 1987, 1993; Odinetz-Collart and Moreira, 
1993). According to Odinetz-Collart (1988) and Odinetz-
Collart and Moreira (1993), prawns caught in flowing 
water of large rivers grew to larger sizes than did prawns 
collected in the lentic water of lakes and reservoirs that 
can reach sexual maturity at smaller sizes.

In this species, sexually mature males can have different 
morphotypes, which have different sizes, morphology, 
physiology and behavior. The presence of morphotypes in 
populations is an extremely important factor for reproduction 
because the dominant males are almost the only prawns 
that succeed in reproducing (Moraes-Riodades and Valenti, 
2004). The four distinguishable male morphotypes identified 

by Moraes-Riodades & Valenti (2004) are as follows: 
Translucent Claw (TC), Cinnamon Claw (CC), Green Claw 
1 (GC1), and Green Claw 2 (GC2). These morphotypes 
differ in cheliped morphology and in certain morphometric 
relationships. In TC prawns, the chelipeds are translucent, 
whereas in CC they are generally cinnamon-colored. 
Both types bear a few spines and some low prominences 
resembling very small tubercles. Types GC1 and GC2 
have long, moss-green chelipeds adorned with long robust 
spines. In GC2, the cheliped length is always greater than 
the post-orbital length and the angles of the spines on the 
carpus and propodus are more open, ranging from 51° to 
92°; whereas these angles vary from 34° to 65° in GC1.

Distinct morphotypes described for this species (Moraes-
Riodades and Valenti, 2004) have been recorded only for 
coastal populations from culture ponds (Papa et al., 2004) 
and natural environments influenced by brackish water, 
e.g. in the Eastern Amazon region (Silva et al., 2009; 
Moraes-Valenti et al., 2010) and in Northeastern Brazil 
(Santos et al., 2006). In a previous study, Pantaleão et al. 
(2012) investigating the occurrence of different morphotypes 
in a continental population from a hydroelectric reservoir 
in the Tietê River, collected 587 males, in a period of one 
year, and only found TC morphotype (the first ontogenetic 
stage).

This study recorded for the first time, the occurrence 
of all four male morphotypes of M. amazonicum, which 
were defined by Moraes-Riodades and Valenti (2004), in 
a continental population with an entirely freshwater life 
cycle. Additionally, here we compare the sizes and male 
morphotypes of M. amazonicum among the population 
of the flowing waters downstream the Ibitinga Dam, in 
the Tietê River, state of São Paulo, Brazil, the population 
studied before by Pantaleão et al. (2012) of the lentic waters 
upstream from the reservoir and a population of the same 
hydrographic basin at Pantanal region.

2. Material and Methods
2.1. Study location

The collections were conducted in the lower of the 
Ibitinga Reservoir on the Tietê River. The dam is located 
in the municipality of Cambaratiba (24° 44’ 29” S; 49° 
01’ 27”W), in the central-western region of the state of 
São Paulo, Brazil, in the basin of the Paraná River. The 
collection site was located downstream of the reservoir of 
Ibitinga Hydroelectric Power Plant, in a lotic environment 
with a sandy bottom and marginal vegetation consisting 
of grasses (Cynodondactylon (L.) Pers. and Brachiaria 
subquadripara (Trin.) Hitchc.) and aquatic macrophytes 
(Egeria densa Planch., Eichhornia crassipes (Mart.) Solms. 
and Typha angustifolia (L.)).

The collection site was in a stretch of the Tietê River 
with great sport fishing activity. There is strong human 
disturbance here, caused by an excessive external supply of 
nutrients, such as fish food (pellets), viscera of caught fish 
and corn, to attract fish for sport fishing. This oversupply 
of food also ends up attracting prawns, which are usually 
used as bait, especially to catch silver croaker Plagioscion 
squamosissimus (Heckel, 1840).
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2.2. Sampling
Four samples were taken during the morning, in each 

month, from January through April 2011 (16 samples). 
To ensure non-selective sampling and capture specimens 
of all sizes, we used a trap similar to a “Matapi” (made 
of natural fiber), commonly used in the Amazon region 
in Brazil (see Odnetz-Collart, 1993), but made of plastic 
material. The trap was placed near the macrophytes at 
depths of 1-2 meters and remained at each site for 30 
minutes. Afterwards, the trap was removed, and the captured 
material was screened. The bait used for this sample was 
crushed corn and viscera of fish, similar to that used by 
most sport fishermen.

Once captured, the prawns were immediately taken 
to the laboratory for analysis. The prawns were sexed 
and identified by the presence or absence of the appendix 
masculina on the second pair of pleopods (Valenti, 1998). 
Only males were used in the analysis.

2.3. Identification of morphotypes
All measurements were based in the method of Kuris et al. 

(1987) and Moraes-Riodades and Valenti (2004) for 
morphotype characterization. The following dimensions 
were measured with a digital caliper (0.01mm) (Figure 1): 
carapace length (CL), right cheliped length (RCL), dactyl 
length (DCL), propodus length (PPL), carpus length (CRL), 
merus length (ML) and ischium length (IL).

A Principal Components Analysis (PCA) was performed 
on the (ln) data for the morphological variables of ten 
males of each CL class (5 mm classes) (Figure 2). This 
analysis was conducted as an exploratory tool to search 
for any evidence of groups’ separation and reduce the 
number of variables. Consequently, we could determine 
which of these initial variables has more influence on 
the differentiation of possible morphological categories 
(morphotypes).

Figure 1. Macrobrachium amazonicum (Heller, 1862): dimensions used in the morphometric analyses. Carapace length(CL), 
right cheliped length (RCL), dactyl length (DCL), propodus length (PPL), carpus length (CRL), merus length (ML) and 
ischium length (IL).

Figure 2. Macrobrachium amazonicum (Heller, 1862): projection scores of the first and second principal components, 
generated with the principal components analyses performed on male’s morphometric data.
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In another step, a non-hierarchical analysis of K-means 
clustering was conducted, primarily to separate the juveniles 
from the adults and secondarily to separate the morphotypes. 
This method distributes the data into groups of numbers 
previously established by an iterative process that minimizes 
the variance within groups and maximizes the variance 
among them. The results of the K-means classification 
were refined by applying a discriminant analysis.

After the identification of the morphotypes by the 
K-means clustering analysis, a linear regression analysis 
was conducted using the data from the juveniles and from 
each morphotype. A covariance analysis (ANCOVA) was 
done to test the linear and angular coefficients among the 
juveniles and the sequential morphotypes found. This 
analysis showed whether the data for each morphological 
group were better adjusted to a single straight line or if 

the morphotypes should be represented by different linear 
equations.

After identification of the presence of morphotypes, 
chelipeds of ten animals per group were photographed 
with a Nikon D5000 digital camera (12.3 megapixels). 
The photographs were then used to measure the angles 
of the spines on the distal portion of the carpus and the 
proximal portion of the propodus using the Image J 1.44 
software program. The mean angle and standard deviation 
were then calculated for each group.

3. Results

Carapace length ranged from 4.8 to 20.6 mm. Table 1 
provides a detailed description of each group. Juvenile 
prawns had a carapace length (CL) of 4.80-8.80 mm. Right 

Table 1. Macrobrachium amazonicum (Heller, 1862): descriptive statistics of each male morphotype for all morphometric data.
Morphotypes Variable N mean s.d. Min. Max.

J CL 32 6.43 1.06 4.80 8.80
RCL 32 12.62 1.68 9.90 15.70
DCL 32 1.35 0.23 1.00 2.00
PPL 32 2.92 0.45 2.10 4.00
CRL 32 4.31 0.66 3.10 5.60
ML 32 2.95 0.44 2.10 3.80
IL 32 2.19 0.43 1.30 3.50

TC CL 79 12.43 2.62 8.70 18.30
RCL 79 27.12 8.01 14.80 47.60
DCL 79 3.15 1.26 0.30 6.30
PPL 79 6.71 2.68 3.50 13.50
CRL 79 9.24 2.56 5.30 15.40
ML 79 8.42 4.24 3.40 21.10
IL 79 6.00 2.53 2.40 11.70

CC CL 47 16.35 2.26 12.10 20.60
RCL 47 47.09 11.01 28.50 79.10
DCL 47 6.61 1.76 3.60 11.40
PPL 47 14.35 4.34 7.60 27.00
CRL 47 14.70 2.87 9.60 23.80
ML 47 11.86 3.65 5.20 22.20
IL 47 8.09 1.88 3.70 13.90

GC1 CL 51 16.68 1.63 13.20 19.40
RCL 51 57.23 9.39 37.20 75.20
DCL 51 8.35 1.45 4.60 11.50
PPL 51 18.69 3.71 10.70 26.70
CRL 51 17.52 2.65 12.10 23.50
ML 51 11.06 4.32 4.30 24.10
IL 51 7.64 2.50 3.10 14.50

GC2 CL 35 17.30 1.47 14.10 20.60
RCL 35 72.58 13.46 46.40 106.30
DCL 35 11.02 2.15 7.10 17.00
PPL 35 24.79 5.03 15.10 37.10
CRL 35 22.22 4.03 14.70 31.70
ML 35 12.60 4.65 5.10 23.50
IL 35 8.23 2.43 3.40 13.80

J = juvenile; TC = Translucent Claw; CC = Cinnamon Claw; GC1 = Green Claw 1; and GC2 = Green Claw 2; CL= carapace 
length; RCL= right cheliped length; DCL= dactyl length; PPL= propodus length; CRL= carpus length; ML= merus length; IL= 
ischium length.
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cheliped length (RCL) ranged from 9.90 to 15.70 mm. In 
general, chelipeds were translucent and did not have spines. 
TC prawns presented a CL ranging from 8.70 to 18.30 mm 
and RCL ranging from 14.80 to 47.60 mm. In general, 
chelipeds had few spines and segments were translucent. 
Prawns of the CC morphotype had a CL of 12.10-20.60 
mm. RCL ranged from 28.50 to 79.10 mm, with about three 
times more spines than TC prawns. Brownish coloring 
was predominant in chelipeds. GC1 animals presented 
a CL ranging from 13.20 to 19.40 mm and RCL ranging 
from 37.20 to 75.20 mm. All joints presented more setae 
and spines than TC and CC, while fingers were distinctly 
velvety pubescent. In general chelipeds were greenish and 
terminal segments (carpus, propodus and dactyl) more 
intensely moss green coloured. Prawns of GC2 morphotype 
presented a CL ranging from 14.10 to 20.60 mm, and RCL 
ranged from 46.40 to 106.30. The pattern of color, spines 
and setae was similar to that of GC1. However, cheliped 
length was always greater in GC2.

The PCA indicated a possible separation of distinct 
morphological groups (Figure 2 and Table 2) for males of 
M. amazonicum. The principal component 1 and 2 (PC1 and 
PC2) explained most of the variation (98.65% and 0.75%, 
respectively). The propodus size (PPL) was the variable 
that had the highest contribution to PC1, indicating that 
this structure could be used to separate males in different 
morphotypes.

The relationship that best demonstrated a clear difference 
among the groups studied was PPL vs. CL, with an estimated 
size at onset of morphological sexual maturity of 8.8 mm 
of CL. This relationship was utilized in the K-means 
classification analysis. The linear regression analysis 
for this relationship demonstrated a lower allometric 
coefficient (b) for the juveniles when compared to the 
four subsequent castes (Figure 3). Significant differences 
were found among all morphotypes, but CC vs. GC1 and 
GC1 vs. GC2 showed similar allometric coefficient rates 
(Figure 3 and Table 3).

Table 2. Macrobrachium amazonicum (Heller, 1862): factor coordinates based on the correlations (Cor.) and contribution 
(Con.) of the morphometric variables, as resulted from the PCA.
Variable

(Log)
PC1 PC2 PC3 PC4 PC5 PC6 PC7

Cor. Con. Cor. Con. Cor. Con. Cor. Con. Cor. Con. Cor. Con. Cor. Con.
CL -0.951 0.046 -0.273 0.506 -0.136 0.366 0.044 0.057 0.004 0.001 0.007 0.005 0.009 0.016
RCL -0.997 0.141 -0.000 0.000 -0.017 0.017 -0.030 0.071 -0.001 0.000 -0.051 0.682 -0.013 0.087
DCL -0.997 0.213 0.049 0.068 -0.004 0.001 0.044 0.240 -0.029 0.213 0.011 0.051 -0.016 0.209
PPL -0.996 0.226 0.077 0.179 -0.009 0.007 0.021 0.060 0.017 0.081 -0.004 0.008 0.023 0.436
CRL -0.995 0.119 -0.030 0.014 0.014 0.009 -0.071 0.343 -0.050 0.346 0.014 0.047 0.016 0.118
ML -0.996 0.139 -0.017 0.007 -0.017 0.016 -0.048 0.184 0.044 0.314 0.028 0.203 -0.016 0.132
IL -0.985 0.113 0.113 0.222 0.113 0.579 0.025 0.041 0.017 0.041 -0.002 0.001 -0.000 0.000
Eig./Var 2.488/98.650 0.018/0.746 0.006/0.255 0.004/0.177 0.002/0.088 0.001/0.053 0.000/0.028

Figure 3. Macrobrachium amazonicum (Heller, 1862): separation of the male morphotypes obtained in the relationship PPL 
vs. CL by the K-means clustering analysis.
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Four groups of males, differing in color,spination pattern 
and body relationships, were identified. Figure 4 shows 
a specimen from each group, demonstrating differences 
in the cheliped size and the spination pattern. The mean 
value of spine angles for the four groups is presented on 
Table 4. The TC group differed in size, whereas CC, GC1 
and GC2 were of very similar size and larger than TC. The 
angles of spines on the carpus and propodus were more 
open in more developed castes, ranging from 8 to 20° in 
TC morphotype, 21 to 41° in CC, 35 to 54° in GC1 prawns 
and 37 to 64° in GC2 animals.

4. Discussion

Morphologic and morphometric analysis confirmed the 
division of male Macrobrachium amazonicum into distinct 
groups. Our results indicated that the natural male population 
of M. amazonicum from flowing waters downstream of the 
Ibitinga Reservoir on the Tietê River is composed of four 
groups of adult males differing in cheliped morphology, 
size and in morphometric relationships, as described for 
this species by Moraes-Riodades and Valenti (2004), using 
males from culture ponds. Each group presents a specific 

Table 3. Macrobrachium amazonicum (Heller, 1862): results of the Covariance analysis (ANCOVA) for each male 
morphotype.

Relationship Morphotypes Par. (log) F p

PPL vs. CL

J vs. TC
a --- ---
b 112.6 <0.001

TC vs. CC
a --- ---
b 11.9 <0.001

CC vs. GC1
a 406.8 <0.001
b 0.8 0.38

GC1 vs. GC2
a 170.0 <0.001
b 1.1 0.29

J = juvenile; TC = Translucent Claw; CC = Cinnamon Claw; GC1 = Green Claw 1; GC2 = Green Claw 2.

Figure 4. Macrobrachium amazonicum (Heller, 1862): four male morphotypes captured in the population of Tietê River and 
spination pattern of the right carpus. TC = Translucent Claw, CC = Cinnamon Claw, CG1 = Green Claw 1, GC2 = Green 
Claw 2.
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growth pattern on body relationships, demonstrated by the 
differences in the allometric growth constant.

According to the allometric coefficients obtained in 
the morphometric analysis, morphotypes CC, GC1 and 
GC2 have very similar body size relationships between 
carapace and propodus (Figure 3 and Table3). Thus, the 
passage from one morphotype to another in a natural 
environment could occur through a single molt. Additionally, 
the spination pattern of the chelipeds among the four 
morphotypes of our specimens was quite different, similar 
to demonstrated by Moraes-Riodades and Valenti (2004). 
According to these authors, changes in cheliped size, color 
and spination necessarily cause deep modifications to the 
intraspecific interactions and in the male’s interaction with 
the environment. Each morphotype certainly has a different 
function in the population and in the environment in which 
it lives, conferred by the characteristics of its chelipeds.

Papa et al. (2004) and Silva et al. (2009) studied the 
morphology of the testes of the male morphotypes of 
M. amazonicum, identified by Moraes-Riodades and Valenti 
(2004), demonstrating that GC1 and GC2 are very similar 
and thus, suggesting that they should be grouped together. 
Similarly, these two morphotypes presented similar body 
sizes in the present study, what was also demonstrated by 
Moraes-Riodades and Valenti (2004). On the other hand, 
even if GC1 and GC2 have identical gonads and very 
similar body size, the differences in weight and size of 
chelipeds can be reflected in their different roles in the 
environment, which would characterize them as distinct 
castes. In this manner, further behavioral studies should 
be performed to understand the reproductive role of each 
morphotype, as suggested by Maciel and Valenti (2009).

Odinetz-Collart (1988), studying populations of 
M. amazonicum upstream and downstream of the Tucuruí 
hydroelectric power plant on the Tocantins River, noted that 
the two populations had different biological characteristics. 
The population from the lake had lower mean sizes, with 
a smaller size at sexual maturity. This size difference was 
attributed to differences in the quantity and quality of food, 
due to the flood cycle. These differences in features were 

also observed between the male population studied here 
and that of the lake of Ibitinga (Pantaleão et al., 2012), 
which presented maximum values and size at onset of 
sexual maturity for males lower than the population of the 
flowing waters downstream of the dam (Table5).

According to available literature, coastal prawn 
populations grow larger than continental populations 
(Moraes-Valenti and Valenti, 2010), as well as compared 
with individuals from lotic and lentic environments 
(Odinetz-Collart, 1988; Odinetz-Collart and Moreira, 1993; 
Pantaleão et al., 2012). In the present study this pattern 
was also observed. The largest carapace length of male 
specimens of M. amazonicum collected in a lotic environment 
by the present study (20.6 mm) was above that reported 
in a reservoir of the same river by Pantaleão et al. (2012) 
(8.5 mm) and that reported to Hayd and Anger (2013) for 
another continental population of the same hydrographic 
basin (Paraná-Paraguay) (11.1). However, when we compare 
our results with those obtained by Santos et al. (2006) for a 
coastal population that also presents morphotypes, the mean 
carapace length of the largest specimens (41.75 ± 2.99) is 
nearly twice the observed for the continental population 
studied here. Nevertheless, these authors mentioned that 
GC2 morphotypes were not captured by them because 
of the trap used (casting net). So the difference in size of 
prawns could be greater.

Another difference among the population studied and 
other continental populations (Pantaleão et al., 2012; Hayd 
and Anger, 2013) may be seen in the minimum sexable size 
of males (appearance of appendix masculina). In the Tietê 
reservoir and Pantanal, smallest males could be observed 
with 4.0 and 2.5 mm of carapace length respectively, 
while in the present study this value was 4.8 mm. This 
also occurs with size of morphological sexual maturity, 
estimated with relative growth at 4.26 and 8.8 mm (CL) 
for the populations upstreams and downstreams of the 
dam in Tietê river, respectively. However, this estimative 
is not available in the works of Santos et al. (2006) and 
Hayd and Anger (2013).

Table 5. Macrobrachium amazonicum (Heller, 1862): descriptive statistics for males collected at each local in the Tietê 
River, São Paulo. (CL); s.d. = standard deviation; Max S = maximum size; SOM = size at onset of the sexual maturity; M = 
number of morphotypes.

Population mean ±s.d. Max S SOM M
Reservoir
(Pantaleão et al., 2012)

5.82 0.85 8.5 4.26 1

Downstream of the Dam 14.02 4.11 20.6 8.8 4

Table 4. Spine angle for the four groups. s.d. = standard deviation, Min. = minimum value and Max. = maximum value.
Morphotype Mean (º) s.d. Min. (º) Max. (º)

TC 14.45 3.27 8 20
CC 35.61 5.84 21 41

GC1 41.91 4.60 35 54
GC2 54.65 8.48 37 64

TC = Translucent Claw; CC = Cinnamon Claw; CG1 = Green Claw 1; GC2 = Green Claw 2.
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According to Pantaleão et al. (2012), it is believed that the 
population of the reservoir have ‘‘pure search’’ or promiscuous 
mating systems, with little pre-copulatory interactions or 
intra-male agonistic behavior. As a consequence, males 
do not need to grow to a large size nor to develop large 
cheliped weapons that would aid them in battling other 
males for females. They remain small, cryptic, and highly 
mobile (Bauer, 2004).

This type of mating behavior was also observed in the 
Pantanal shrimps by Hayd and Anger (2013). However it 
is clearly not characteristic of the studied population here, 
which presents (large) male morphotypes with strongly 
developed chelipeds. The presence of these morphotypes in 
a species suggests that they guard and defend females during 
mating interactions (Thiel et al., 2010). Similarly to observed 
in the present comparison, Mashiko (1983) suggested 
the presence of separate populations of Macrobrachium 
nipponense (De Haan 1849) within the same river. It was 
reported that freshwater individuals differ from estuarine 
individuals in a few essential reproductive characteristics.

In relation to the taxonomic status of coastal and 
continental populations, Anger (2013) explains that the 
La Plata drainage system (Paraguay and Paraná rivers and 
adjacent inland waters of the Pantanal plains), has been 
hydrologically separated from the Amazon and Orinoco 
plains at least since the Pliocene (about 4 Ma). According to 
this author, in these inland populations, female downstream 
migrations or a passive larval export to estuarine waters 
must be considered as biologically impossible, which 
raises the question if coastal, estuarine, and hololimnetic 
inland populations assigned to M. amazonicum can really 
belong to the same species. In contrast, Vergamini et al. 
(2011) and Robe et al. (2012), using molecular data, 
showed that both coastal and continental populations form 
a single monophyletic clade, and that the rates of genetic 
divergence are at the intraspecific level.

Hayd and Anger (2013) mentioned the lack of 
morphotypes in the Paraná-Paraguay Basin as a consistent 
difference in population structure and reproductive traits. 
Morphotypes in a continental population, including the 
Paraná-Paraguay Basin had not yet been demonstrated 
(Moraes-Valenti and Valenti, 2010); therefore, our findings 
do not reinforce the hypothesis of Hayd and Anger (2013). 
A possible explanation for the differences noted is the 
fact that M. amazonicum is not native of Tietê River 
(Magalhães et al., 2005). The species may have been 
introduced into the state of São Paulo between 1966 and 
1973 together with M. jelskii (Miers, 1877) in the CESP 
(Companhia Energética de São Paulo) fish-farming stations, 
as part of the process of transplanting of the Sciaenidae 
fish P. squamosissimus from reservoirs in northeastern 
Brazil (Torloni et al., 1993). However, apart of where the 
shrimps have been brought, in Tietê River they complete 
their entirely life cycle in freshwater, and there are clear 
reproductive differences between the population from 
a reservoir (Pantaleão et al., 2012) and the population 
downstreams, showing that regardless of the population of 

the Pantanal treat yourself a distinct species, M. amazonicum 
is still highly plastic.

Therefore, our hypothesis is that the high degree of 
plasticity in morphological characters among populations 
throughout the geographical distribution of M. amazonicum 
in Brazil is more related to environmental changes, mainly 
the availability of nutrients, which could explain the 
absence of morphotypes observed previously in the same 
river (Pantaleão et al., 2012), in a place with different 
environmental characteristics.

The characteristics of the collection site, because of 
the intense food supply (see M & M for details), are very 
similar to the situation created in an environment where 
cage farming tanks are deployed to fatten fish up. The 
input of nutrients into the local environment, as occurs 
in the cage farming stretch, enriches the trophic web, 
influencing the secondary production more markedly than 
the primary production. Although this might seem like a 
paradox, it is correlated to the fact that the wild animals 
directly consume spilled food and feces from the fish farm, 
which interferes with the dynamics of various ecological 
processes and nutrient contributions (Håkanson, 2005). 
According to Ramos et al. (2008), the standard length 
values of fish species are statistically higher for specimens 
sampled around the cage farming systems in the Tietê River, 
which is most likely also occurring with M. amazonicum.

Therefore, even though different male morphotypes 
are a characteristic of M. amazonicum, the development, 
or lack of development, of the complete male population 
structure may be site-dependent (Maciel and Valenti, 
2009), reinforcing the hypothesis that this development 
is modulated by environmental factors (Preto et al., 
2010; Pantaleão et al., 2012). In this context, further 
studies should be conducted to better understand how 
the environmental factors influence the complete male 
population structure development of M. amazonicum, 
maybe exposing juveniles from different water systems 
to different factors in a well-planned factorial experiment 
could corroborate this hypothesis.

Knowledge of the life history of the different populations 
of the species remains fragmentary (Anger et al., 2009) 
and focused on populations of environments influenced 
by brackish water. It is therefore necessary to perform 
complementary studies focusing on other types of 
environments, which will certainly improve the understanding 
of the wide morphological and reproductive plasticity 
existing among populations of continental and coastal waters.
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