REVISTA DE

Biologia Tropical

Population biology and sexual dimorphism in the freshwater prawn
Atya scabra (Decapoda: Atyidae) in the Contas River, Bahia, Brazil

Matheus Souza Ferreira de Barros'*, Tereza Cristina dos Santos Calado',

Ewerton Vieira dos Santos!, Alberis Santos Silva! & Leticia Gomes de Andrade Albuquerque!
1.

Laboratorios Integrados de Ciéncias do Mar e Naturais, Universidade Federal de Alagoas, Maceid, Alagoas, Brazil;
matheus.barrosteu@gmail.com, terezacalado@gmail.com, ewertonvs@gmail.com, alberissantos001@gmail.com,

letgaal 997@gmail.com
* Correspondence

Received 09-VIII-2019. Corrected 04-111-2020. Accepted 12-V-2020.
ABSTRACT. Introduction: Crustaceans have economic and ecological importance and the role of caridean
crustaceans in lentic environments is crucial to maintain the trophic structure. The species Atya scabra is occa-
sionally associated with fisheries, especially in Northeast and Northern Brazil. Objective: To determine the
population structure, reproductive period, patterns of growth and distribution of size classes among sexes in a
population of the prawn 4. scabra in the De Contas River, Bahia, Brazil. Methods: Individuals were sampled
in a period of one year by passing sieves through marginal vegetation and using dragnets. In the laboratory,
we recorded the sex of the individuals and measured them using a pachymeter with 0.001 mm precision. The
dimensions measured were CL (carapace length), TL (total length) and CW (carapace width). In order to analyze
data, linear models for the relationships CL x CW were constructed and the type of allometry for each sex was
determined. Individuals were grouped into size classes of 5 mm intervals. A chi-square test (x2) was used to test
deviation from the 1:1 sex ratio. The proportion of ovigerous females was registered for each month to determine
the breeding period. Results: A total of 517 individuals were collected, 328 were males and 186 females of
which 169 were ovigerous. Males showed a polymodal distribution in size classes and were significantly larger
than females, which presented a unimodal distribution in size classes. The observed growth patterns demon-
strated that both sexes present negative allometry. However, sexual dimorphism was detected when comparing
the growth parameters. Ovigerous females were sampled the entire year and size-frequency data demonstrated
that recruitment also occurs throughout the year, which allowed us to classify their reproduction as continuous.
Conclusions: Our data is essential to draw sustainable fishery management strategies. We suggest a minimum
capture size of 70 mm and capture restrictions from May to August.
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Crustaceans are economically important,
being the aim of many fisheries, and also
ecologically important, occupying the role of
transferring nutrients to the higher trophic lev-
els (Verdi, 1995). Caridean crustaceans, includ-
ing the families Atyidae and Palaemonidae, are
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crucial components of limnological ecosystems
located in tropical and subtropical regions (De
Grave & Fransen, 2011).

The family Atyidae, represented near
exclusively by freshwater prawns, is char-
acterized by the presence of unique feeding
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chelipeds, which count on complex structures
on the first and second pair of pereiopods.
These structures are used for capturing sus-
pended matter (de Grave, Cai, & Anker, 2008).
This family is represented by four species in
Brazil, two of the Potimirim (Holthuis, 1954)
genus and two of the A#ya Leach, 1815 genera
(Melo, 2003). This family is commonly associ-
ated with rocky substrates and under vegetation
for covering (Hobbs & Hart, 1982).

The genus Atya is known for its specific
habitat requirements, which consists of shal-
low oxygen-rich water (Hobbs & Hart, 1982).
The species Atya scabra (Leach, 1815), along
with many species of the family Palaemonidae,
is frequently associated with fisheries in many
regions in Brazil, like Southern Bahia, North
of Brazil (Almeida, Coelho, Luz, Santos, &
Ferraz, 2008; Almeida, Mossolin, & Luz, 2010)
and around the neotropical region (Martinez-
Mayén, Roman-Contreras, Rocha-Ramirez, &
Chazaro-Olvera, 2000; Loran-Nufiez, Valdéz-
Guzman, & Martinez-Isunza, 2009), having its
occurrence also reported in Puerto Rico, Pana-
ma and the dutch island of Curacao, located in
the Caribbean (Covich, 1988; Torati, Page, De
Grave, & Anker, 2011; Debrot, 2003). It has
documented preference for high speed streams,
which is linked with their capacity to resist
the currents and foraging strategy (de Grave
et al., 2008; Girard et al., 2013). This species
is considered vulnerable in 10 Brazilian states,
including the state of Bahia (Amaral, 2005).

Knowledge of allometric growth patterns
is essential to determine sexual dimorphism in
shrimps by comparison of growth parameters
(Hartnoll, 1974). Also, it is an important tool
when analyzing intraspecific variation among
different populations (Costa & Soares-Gomes,
2008). Data on relative growth can also be used
as a diagnostic device to identify evolution-
ary relationships between species (Rahman &
Ohtomi, 2018).

Studies that deal with population struc-
tures and reproductive biology are important
in the sphere of fishery management and
conservation, being crucial to determine con-
servation status in the studied environment and

tracing management strategies (Almeida et al.,
2010). Thus, this study aimed to determine the
population structure of the prawn Atya scabra
in the Contas River, Bahia, Brazil, as well as
its reproductive period, patterns of allometric
growth, sexual dimorphism and size classes
distribution among the sexes, helping to estab-
lish a minimum capture size in fisheries along
the region.

MATERIALS AND METHODS

Study site: The Contas River is located
in southern Bahia, Brazil (Fig. 1). The water
depth rarely exceeds 1 m and the sediment
is composed mostly of rocks, but with a few
points of sand. The marginal vegetation pres-
ents a variable composition of macrophytes.

Field work: Shrimps were sampled
between January and December 2009, by using
drag nets for 20 minutes and passing sieves
along the marginal vegetation, after removing
rocks from the substrate, during 1 h in each
sampling site. This type of sampling method
has been utilized in other studies (Almeida et
al., 2010; Galvao & Bueno, 2000). We used a
mercury thermometer to measure temperature
twice in each sampling point and then means
were calculated. The organisms were collected
in containers with 70 % alcohol and tagged.

Laboratory: In the laboratory, we deter-
mined the sex of the individuals by check-
ing the presence (for males) or absence (for
females) of an appendix in the second pair
of pleopods. Individuals were also measured
using a pachymeter with 0.001 mm precision.
The following dimensions were measured:
carapace width (CW), as the distance between
the medium points at the side of the carapace
(mm); carapace length (CL), as the distance
between the post-orbital margin to the posterior
margin of the carapace (mm); and total length
(TL), as the distance from the post-orbital
margin to the beginning of the telson. TL was
preferred for most analyses.
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Fig. 1. Location of the sampling points in the Contas River, Southern Bahia, Brazil.

Data analysis: Linear models (y = ax + b)
for the CL x CW relationships were construct-
ed. When b > 1, positive allometry is registered.
When b < 1, negative allometry is recorded and
when b = 1, the relationship is isometric. CW
(carapace width) was considered the indepen-
dent variable and CL (carapace length) was
considered the dependent variable. Individuals
of both sexes were grouped into size classes of
5 mm for TL. A chi-square test (3%) was used to
check if there was a significant deviation from
the 1:1 normal sex ratio, which was considered
as the number of males divided by the number
of females. The presence of ovigerous females
was computed for each month, considering as
breeding period the months in which it was
detected. Mean carapace length (CL) of males
and females was compared by means of the
Mann-Whitney U test. An analysis of covari-
ance (ANCOVA) was utilized in order to test
whether there were differences in the equa-
tion’s parameters between males and females,
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using sex as a covariant. A t-test was used to
verify whether the equation’s slope was differ-
ent from 1 (H,: b= 1). The Spearman’s correla-
tion test was used to verify the existence of any
correlation between temperature variation and
abundance of ovigerous females throughout
the year. The level of confidence for rejecting
the null hypothesis was considered to be below
5 %. All data was tested for normality and
homogeneity of variance prior to any test by
means of the Shapiro-Wilk test and Levene’s
test, respectively. We used Prism version 8.0.1
(GraphPad, CA, USA) and R version 3.6.3 (R
Core Team, 2020) for graphing and analysis.

RESULTS

Abiotic factors: Temperatures in the river
varied throughout the year (Table 1). The
highest temperature registered was 27.6 °C in
December, while the lowest value (25.3 °C)
was registered in June.
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TABLE 1
Means of temperature readings by month in 2009

Month Temperature (°C)
Jan 27.1
Feb 26.7
Mar 26.8
Apr 27
May 26.4
Jun 25.3
Jul 25.5
Aug 25.8
Set 26.4
Oct 26.9
Nov 27.5
Dec 27.6

Population structure: In total, 517 indi-
viduals were collected, representing 328 males
and 186 females (169 ovigerous females). The
smallest female was ovigerous, allowing us to
assume that all the individuals sampled were

fully developed (Table 2). There was a sig-
nificant deviation from the 1:1 normal sex ratio
towards more males in all but three months
(Table 3).

The males were dominant in the size
classes 25 -29.9, 30 - 34.9 and 35 - 39.9 mm,
while females showed highest frequency in
the 20 - 24.9 mm size class (Fig. 2). Patterns
were unimodal for females and polymodal for
males. The non-parametric Mann-Whitney U
test demonstrated that there are differences
between the sexes in TL (P < 0.001) (Fig. 3).

The allometry relationships (Fig. 4) dem-
onstrated to be negative (b < 1) in males and
females (t-test, P < 0.05), which means that the
carapace length increases in a higher rate than
the carapace width. The ANCOVA analysis
demonstrated that the slope (b) and intercept
(a) were significantly different among males
and females (P < 0.01), denoting that the pat-
terns of growth are different.

TABLE 2
Minimum, maximum, mean and standard deviation (SD) of the carapace length (CL)
and total length (TL) for males and females

Sex TL (mm) CL (mm)
Min. Max. Mean SD Min. Max. Mean SD
Males 37.45 96.60 73.04 10.829 13.60 47.50 31.43 5.222
Fem. 38.00 87.40 57.65 8.648 13.00 39.20 22.69 3.804
TABLE 3
Number of males and females in each month and sex ratio (males: females)
Month Number of males Number of females Sexual proportion ¥ test
Jan 30 13 2.5:1 P<0.05
Feb 30 10 3:1 P<0.05
Mar 28 12 2.33:1 P<0.05
Apr 31 18 1.72:1 P<0.05
May 25 17 1.47:1 P<0.05
Jun 24 21 1.14:1 NS
Jul 23 20 1.15:1 NS
Aug 24 15 1.14:1 NS
Sep 30 16 1.87:1 P<0.05
Oct 30 16 1.87:1 P<0.05
Nov 25 13 1.92:1 P<0.05
Dec 28 15 1.86:1 P<0.05
Total 329 186 1.76:1 P<0.05

NS = Non-significant.
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Fig. 5. Absolut number of ovigerous females by month
throughout the year 2009.

Reproduction: According to the propor-
tion of ovigerous females per month (Fig. 5), it
is possible to note that the reproductive season
is continuous. The Spearman’s correlation test
found a significant positive correlation between
the monthly abundance of females with eggs
and the temperature in each month (P < 0.05).
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Fig. 4. Relationship between carapace length (CL) and
carapace width (CW) for males (black) and females (gray).

Recruitment was also observed to be continu-
ous. However, a major peak was observed in
May (Fig. 6).

DISCUSSION

The carapace length for males and females
were similar to the observed in other studies,
with males also being generally larger than
females. Almeida et al. (2010) observed that
males ranged 5 - 38.18 mm and females 5.4
- 23.06 mm of carapace length while Herrera-
Correal, Mossolin, Wehrtmann and Mantelatto
(2013) sampled females that ranged 13.5 - 25.1
mm (data only obtained for females). Galvao
and Bueno (2000) also found out that males
are able to achieve higher sizes when com-
pared to females.

Almeida et al. (2010) also collected ovig-
erous females of Atya scabra throughout the
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entire year, characterizing the reproduction as
continuous. The breeding period in the Atyidae
family demonstrated to be continuous in many
studies (Benzie & De Silva, 1988; De Silva,
1990; Idrisi & Salman, 2005; Leuven, Van Der
Brink, & Van Der Velde, 2008). It is possible
that the rainy season is able to influence peaks
(Hoarau, 2018; Hoffman & Negreiros-Franso-
70, 2010). Galvao and Bueno (2000) found out
higher abundance of ovigerous females of A.
scabra in the months that registrated the high-
er temperatures, while Lopes, Frédou, Silva,
Calazans and Peixoto (2017) reported positive
correlation between the percentage of mature
females and temperature in the species Xipho-
penaeus kroyeri Heller 1862, suggesting that

this abiotic factor does influence reproductive
peaks in caridean prawns. In this study, a dif-
ferent pattern was observed, which consisted in
a higher abundance of ovigerous females in the
months with lower temperatures. A correlation
with the rainfall is possible, probably caused by
the increase in the amount of nutrients in the
rainy season. Similar patterns of reproductive
period were also observed in other caridean
shrimps (Mossolin & Bueno, 2002; Terossi &
Mantelatto, 2010), suggesting that these pat-
terns are common for this group of crustaceans.
The fact that the smallest female (13.00 mm of
carapace length) was ovigerous is an indicative
that much probably the juveniles in this spe-
cific population are below this size.
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The different patterns of relative growth
observed among the sexes emphasizes that the
males, during development, invest energy in
the development of structure related to sexual
behavior, while females invest their energy in
developing its gonads, explaining the fact of
females being predominant in lower size class-
es (Correa & Thiel, 2003a). It is a concern that
caridean shrimps show sexual guarding behav-
ior, which consists in the male “protecting” the
female with the chelipeds (Gualberto, Almeida
& Menin, 2012). It is clear that this pattern is
shown by the studied species. Loran-Nufiez et
al. (2009) also found higher size and abundance
in males of two rivers in México, a pattern also
shown by the population analyzed in this study.

The sex ratio favorable to males almost the
entire year can be explained as a result of dif-
ferent configurations of migration and mortal-
ity between the sexes, which can be explained
as relations between age at sexual maturity
and its relationship with the life expectancy
(Rondeau & Saint-Marie, 2001; Siegel, Damm,
& Neudecker, 2008). Sex ratio can also be an
important factor when it comes to determining
parameters of sexual selection, like direction
and intensity (Correa & Thiel, 2003b). This
result was also found for Atya scabra by other
authors (Galvao & Bueno, 2000; Loran-Nufes
et al., 2009; Almeida et al., 2010).

The data exposed in this article is essential
to expand the knowledge about the freshwater
crustaceans that live alongside rivers in North-
east Brazil, contributing to draw sustainable
fishery managing strategies by the local gov-
ernment, in order to ensure that the population
continues to be stable. The correlation between
variation of temperature and the abundance of
ovigerous females was clear. Although, it is
possible that variation in rainfall may also affect
the frequency of ovigerous females, caused by
an increase in nutrient availability. We sug-
gest that restrictions in the months of May and
June must be implemented. This is based on
the observations that recruitment reaches its
peaks in these periods. These measures can be
valuable when it comes to conservation of the
fishing stock. The sexual dimorphism present

in the species was reinforced by our data, being
highly similar to other studies with the animal.
The male-biased sex ratio can possibly indicate
clues for sexual selection occurring in the spe-
cies and is a common pattern in Atyid prawns,
something that deserves investigation.
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flict of interest of any kind; and that we fol-
lowed all pertinent ethical and legal procedures
and requirements. All financial sources are
fully and clearly stated in the acknowledge-
ments section. A signed document has been
filed in the journal archives.

RESUMEN

Biologia poblacional y dimorfismo sexual en la
gamba de agua dulce Atya scabra (Decapoda: Atyidae)
en el rio Contas, Bahia, Brasil. Introduccion: Los
crustaceos tienen importancia econdmica y ecologica y el
papel de los crustaceos carideanos en los entornos Iénticos
es crucial para mantener la estructura trofica. La especie
Atya scabra se asocia ocasionalmente con la pesca, espe-
cialmente en el noreste y norte de Brasil. Objetivo: Deter-
minar la estructura de la poblacion, periodo reproductivo,
patrones de crecimiento y la distribucion de las clases de
tamafio entre los sexos en una poblacion de gambas A.
scabra en el rio de Contas, Bahia, Brasil. Métodos: Se
tomaron muestras de los individuos en un periodo de un
afio pasando tamices en la vegetacion marginal y usando
redes de arrastre (dragnets). En el laboratorio, registramos
el sexo de los individuos y los medimos utilizando un
paquimetro con precision de 0.001 mm. Las dimensiones
medidas fueron CL (longitud del caparazén), TL (longitud
total) y CW (ancho del caparazon). Para analizar los datos,
se construyeron modelos lineales para las relaciones CL x
CW y se determino el tipo de alometria para cada sexo. Los
individuos se agruparon en clases de tamafo de intervalos
de 5 mm. La prueba de chi-cuadrado (y?) se utilizo para
determinar desviaciones en la proporcion de sexos 1:1. La
proporcion de hembras ovigeras se registré en cada mes
para determinar el periodo de reproduccion. Resultados:
Se recolectaron un total de 517 individuos, 328 machos y
186 hembras, de las cuales 169 eran ovigeras. Los machos
mostraron una distribuciéon polimodal en las clases de
tamafo y fueron significativamente mas grandes que las
hembras, las cuales presentaron una distribuciéon unimo-
dal en las clases de tamafio. Los patrones de crecimien-
to observados demostraron que ambos sexos presentan
alometria negativa. Sin embargo, se detectd dimorfismo
sexual al comparar los parametros de crecimiento. Se

Rev. Biol. Trop. (Int. J. Trop. Biol.) * Vol. 68(3): 743-751, September 2020 749



tomaron muestras de hembras ovigeras durante todo el afo
y los datos de frecuencia de tamafo demostraron que el
reclutamiento también se produce durante todo el afio, lo
que nos permitio clasificar la reproduccion como continua.
Conclusiones: Nuestros datos son esenciales para elaborar
estrategias sostenibles de gestion pesquera. Sugerimos un
tamafio minimo de captura de 70 mm y restricciones de
captura desde mayo hasta agosto.

Palabras clave: ecologia; agua dulce; limnologia; conser-
vacion; morfometria.
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