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RESUMO

O objetivo deste trabalho foi estudar a ecologia populacional de Callichirus major (Say, 1818) na praia de Piedade, Estado de 
Pernambuco, Brasil, através da análise de parâmetros como proporção sexual, período reprodutivo e o recrutamento de juvenis nesta 
população. As coletas foram realizadas mensalmente entre dezembro de 2010 e novembro de 2011. A temperatura do ar e das tocas, 
além da salinidade da água do mar foram medidas in situ. O teste t de Student foi aplicado para comparar os valores dos fatores abióticos 
entre as estações seca e chuvosa. A proporção sexual foi analisada para cada mês e durante todo o período estudado, e o teste do qui-
quadrado foi aplicado para verificar se desvia significativamente da proporção esperada. O período reprodutivo foi determinado com 
base na frequência de fêmeas ovígeras. O recrutamento foi obtido com base na frequência de indivíduos imaturos. A influência de fatores 
abióticos na população foi avaliada através do coeficiente de Pearson. A temperatura do ar e das tocas variou significativamente entre os 
períodos seco e chuvoso, com valores mais elevados no período seco. Um total de 389 indivíduos C. major foram amostrados (174 ♂ e 
215 ♀). A razão sexual foi de 1:1,24 (♂:♀), as fêmeas foram mais abundantes que os machos. No presente estudo, foi observado que o 
pico da fase reprodutiva e frequência de fêmeas ovígeras de C. major ocorreu na estação seca (verão equatorial). O recrutamento de jovens 
na população ocorreu durante todo o ano, especialmente entre o verão e o outono. De acordo com a matriz de correlação, o fator abiótico 
mais influente na abundância de C. major, especialmente em fêmeas ovígeras, é a temperatura das tocas. Este estudo cria uma linha de 
base para futuras pesquisas com C. major no Nordeste do Brasil.

Palavras-chave: Axiidea, camarão fantasma, ecologia de praias arenosas, período reprodutivo.

ABSTRACT

The aim of this paper was to study the population ecology of Callichirus major (Say, 1818) at Piedade Beach, State of Pernambuco, Brazil, 
through the analysis of parameters such as sex ratio, reproductive period and recruitment of juveniles into this population. Sampling was taken 
monthly from December 2010 to November 2011. The burrow and air temperatures, as well as the sea water salinity, were measured in situ. 
A Student t test was applied to compare the value of abiotic factors between the dry and rainy seasons. The sex ratio was analyzed for each 
month and for the total studied period, and a Chi-square test was applied to verify if it deviated significantly from the expected proportion. The 
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1.  INTRODUCTION

Macrocrustaceans are important components of 
coastal ecosystem communities, with an important role 
in artisanal, commercial and recreational fisheries. Besides 
their importance for human consumption, they represent an 
important food resource for many carnivores, both in the 
larval or adult phases (Teixeira & Sá, 1998).Studies on these 
marine and estuarine animals are fundamental to understand 
their ecology and to raise data for maintenance of natural 
populations, through conservation mechanisms (Araújo et 
al., 2011), and focuses the following aspects: abundance, 
sex ratio, reproductive period and recruitment of juveniles 
(Noro & Buckup, 2008; Araújo et al., 2012). As examples, 
Araújo & Calado (2008) studied the population biology of 
Ucides cordatus (Linnaeus, 1763), and Bezerra et al. (2010), 
who described the spatial distribution of Uca maracoani 
(Latreille, 1802-1803).

Reproduction is one of the most important phenomena in 
the life of a given species (Cobo & Fransozo, 2000). Besides 
the hormonal control, in many crustaceans, reproductive 
processes are related to environmental conditions (Laufer 
& Landau, 1991; Quackenbush, 1994; Fingerman, 1995). 
After spawning, the larvae usually undergo a series of molts 
in the open sea and then return to the coast to settle. The 
recruitment of marine benthos is defined as the number 
of new individuals that settle and survive in the substrate 
(Keough & Downes, 1982; Caley et al., 1996). In the case of 
species with planktonic larvae, it implies the transformation 
of its habit to a benthic form and survival until the time of 
settlement (Done, 1982).

Burrowing crustaceans of the Infraorder Axiidea have 
as their main ecological feature the construction of deep 
galleries in the sandy substrate of shallow waters (Griffis & 
Chavez, 1988). Their presence is detected by small apertures 
frequently surrounded by fecal pellets (Weimer & Hoyt, 
1964; Frankenberg et al., 1967; Rodrigues & Shimizu, 1997). 
Among species of the family Callianassidae, Callichirus major 
(Say, 1818),popularly known as ghost shrimps and ‘corrupto’ 
in Portuguese, stands out. Their distribution includes the 
littoral of the Western Atlantic, from North Carolina State, 
United States of America, to Santa Catarina State, Brazil 
(Coelho & Ramos-Porto, 1986; Manning & Felder, 1986; 
Coelho, 1997; Melo, 1999). 

Studies with species of Callianassids are extremely 
important due to their utilization as bait in coastal areas. Thus, 

the removal of these burrowing organisms may interfere with 
the local environment, causing impacts in the target species 
or in the organisms of the local meiofauna, because the 
removal revolves the structure of the sediment, causing the 
death of these individuals (Wynberg & Branch, 1991). The 
overexploitation of the target species may cause alterations in 
the density of the animal or even its disappearance (Borzone 
& Souza, 1996; Rodrigues & Shimizu, 1997).

In Brazil, the reproductive patterns of the callianassids 
are poorly documented, despite of the importance of this 
group in coastal benthic communities. Studies on C. major 
have been mainly from the Southern and Southeastern 
Brazilian coasts (Borzone & Souza, 1996; Shimizu, 1997; 
Rodrigues & Shimizu, 1997; Souza et al., 1998; Souza & 
Borzone, 2003), areas with distinct climatic conditions 
when compared to the North and Northeast Brazilian coasts, 
which results in different inter and intraspecific relations 
(Rodrigues, 1985). In the Northeast of Brazil, studies on this 
species were accomplished by Araújo et al. (2000), at Sobral 
Beach, Alagoas State, and by Botter-Carvalho (2001) and 
Botter-Carvalho et al. (2007), at Piedade Beach, Pernambuco 
State. Since these studies, there have been no others from the 
coastal Pernambuco segment. Thus, studies on reproduction, 
recruitment and sex ratio of these animals are still scarce. 

The aim of this paper was to analyze some aspects of the 
life cycle of C. major, including the abundance, sex ratio, 
reproductive period and recruitment at Piedade Beach, 
Pernambuco, and to compare the results with the available 
literature.

2.  MATERIALS AND METHODS

2.1. Study area

The municipality of Jaboatão dos Guararapes is located 
at the South of Pernambuco, Northeast of Brazil (Fig. 1). It 
has a megathermal climate with rainfall concentrated from 
March to August and a well-defined dry period (September 
to February), characterizing the As’ climate (Hot Humid 
Tropical) (Köeppen, 1948; Cavalcanti & Kempf, 1967/69). 
Piedade beach is located at 8° 09’ 40.80” S and 34° 54’ 
08.98” W, and is considered to have intermediate dynamics, 
with the presence of beachrocks in the intertidal zone. 

reproductive period was determined based on the frequency of ovigerous females. The recruitment was obtained based on the frequency of non-
mature individuals. The influence of the abiotic factors was evaluated through a Pearson’s coefficient. The air and burrow temperatures varied 
significantly between the dry and rainy periods, with the highest values in the dry period. A total of 389 individuals of C. major (174 ♂ and 
215 ♀) were sampled. The sex ratio was 1:1.24 (♂:♀), with females being more abundant than males. In this study, the most active reproductive 
period of C. major and frequency of ovigerous females was observed in the dry period (equatorial summer). Recruitment of juveniles into the 
population occurred throughout the year, between the summer and the autumn. According to the correlation matrix, the main abiotic factor 
influencing the abundance of C. major, especially of ovigerous females, was the burrow temperature. This study creates a baseline for further 
research with C. major in Northeastern Brazil.

Keywords: Axiidea, ecology of sand beaches, ghost shrimp, reproductive period.
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2.2. Sampling

Samplings were under taken monthly from December 
2010 to November 2011, in the intertidal zone of Piedade 
beach, Pernambuco, Brazil, except in September, since no 
ghost shrimp was found at the beach. Three equidistant 
points were selected in the initial, median and final portions 
of the beach: P01 (8° 08’ 47.22” S and 34° 54’ 19.03” W), 
P02 (8° 54’ 39.11” S and 34° 54’ 19.03” W) and P03 (8° 
10’ 30.47” S and 34º 54’ 56.99” W). At each point, four 
transects of 1m² were sampled, being distant 1m from each 
other, until the waterline of spring low tide (new moon).
The animals were monthly sampled with one suction pump 
(Hailstone & Stephenson, 1961; Rodrigues, 1976), i.e. the 
number of pumps was always the same. They were preserved 
in 70% and transported to the laboratory. Some individuals 
were integrated into the carcinological collection of the 
Museu de Oceanografia Petrônio Alves Coelho (voucher number 
MOUFPE 14.863). The burrow temperature was measured 
with a digital thermometer, and the sea water salinity, with 
a refractometer. The air temperature and the rainfall were 
obtained at the ITEP/LAMEPE (Instituto de Tecnologia de 
Pernambuco - Laboratório de Meteorologia de Pernambuco). 

2.3. Laboratory procedures

At the laboratory, the individuals were identified and 
sexed according to Melo (1999). They were classified as 
juvenile males, juvenile females, adult males, non-ovigerous 
females and ovigerous females. The total length (TL), from 
the rostrum to the telson, was measured with a vernier caliper 
(0.01 mm).  

Statistical analysis
The minimum, mean ± standard deviation and maximum 

values of the abiotic parameters (burrow temperature, air 
temperature, sea water salinity and rainfall) were estimated. 
The Student t test was applied to compare the abiotic factors 
between the dry and rainy periods. 

The sex ratio was analyzed by months and by the total 
study period, and a Chi-square test was applied to determine 
if the sex ratio deviated significantly from the expected 
proportion (1:1) (χ2= 3.84).

The distribution by size class was obtained(using 5 mm 
size classes), to determine the mode of each sex. Individuals 
with TL smaller than 40 mm were considered juveniles 
(based on Alves-Júnior et al., 2013), based on the visual 
observations of maturity.

Figura 1. Localização da área de estudo situada na praia de Piedade, Pernambuco.
Figure 1. Location of the study site at Piedade beach, Pernambuco.
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The determination of the reproductive period was based 
on the monthly percentages of ovigerous females (Vazzoler, 
1996). The reproduction was characterized, according 
to Pinheiro & Fransozo (2002), as: seasonal (ovigerous 
females in only some months or seasons), continuous 
(ovigerous females in all months with similar intensity) or 
seasonal-continuous (ovigerous females in all months, with 
distinguishable peaks of high reproductive activity in some 
of them).

The monthly proportion of juveniles and adults was 
estimated and a Chi-square test was applied to determine if 
they differed significantly from the expected proportion (1:1) 
(χ2= 3.84). The determination of the recruitment period was 
based on the months where the juveniles were significantly 
more abundant than adults.

A correlation matrix, with Pearson’s coefficient of linear 
correlation (r) was applied to verify the influence of the 
abiotic factors in the total abundance of C. major, as well as 
in the abundance of ovigerous females.

All statistical analyses were performed at α = 0.05. 

3.  RESULTS

The burrow temperature varied from 25.4 to 30.4 °C 
(27.7 ± 1.6 °C). The air temperature varied from 27.5 to 
33.9 °C (30.7 ± 2.5 °C). The salinity varied from 33.0 to 
40.0 (35.6 ± 2.0) and the rainfall, from 9.9 to 758.3 mm 
(75.8 ± 89.6 mm) (Tab. 1). The following abiotic factors 
varied significantly between dry and rainy periods: burrow 
temperature (t = 2.36; p = 0.03), air temperature (t = 4.15;p 
= 0.01) and rainfall (t = 2.00; p = 0.01). The burrow and air 
temperatures were higher in the dry period, and the rainfall 
was higher in the rainy period. The salinity, however, did not 
vary significantly between dry and rainy periods (t = 1.13;p 
= 0.28).  

Months Burrow 
temperature

Air 
temperature Salinity Rainfall

Dec/10 30.4 33.3 35 40.2
Jan/11 26.9 30.7 35 173.1
Feb/11 27.5 31.5 35 171.8
Mar/11 29.7 33.2 36 82.6
Apr/11 26.7 28.5 33 758.3
May/11 25.4 27.8 33 639.2
Jun/11 26.1 28.6 38 260.1
Jul/11 25.7 27.5 35 369.1
Aug/11 26.8 28.1 35 207.8
Sep/11 29.4 33.7 38 33.8
Oct/11 28.7 33.9 40 9.9
Nov/11 29.2 32.2 35 51.8

Tabela 1. Fatores abióticos para a praia de Piedade, Pernambuco.
Table 1. Abiotic factors for Piedade beach, Pernambuco.

A total of 389 individuals of C. major were sampled during 
the study period,174 males (80 juveniles and 94 adults) and 
215 females (114 juveniles and 101 adults, of which11 were 
ovigerous females). From these ghost shrimps, 202 were 
sampled in the dry period, and 183 in the rainy one. The 
sex ratio was 1:1.24 (♂:♀), with females being significantly 
more abundant than males (χ² = 4.37; p < 0.05), especially 
in March (χ² = 8.34;  p < 0.05) (Fig. 2), when the females 
represented 68.97% of the ghost shrimps.

Figura 2. Frequência de juvenis, adultos, fêmeas ovigeras e não-ovigeras de Callichirus 
major na praia de Piedade, Pernambuco.
Figure 2. Frequency of juveniles, adults, ovigerous and non-ovigerous females of Callichirus 
major at Piedade beach, Pernambuco.
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The mean TL was 50.56 ± 13.77 mm for males (Min. 
27.10 mm and Max. 90.10 mm) and 47.55 ± 13.40 mm for 
females (Min. 25.40 mm and Max. 87.30 mm). Considering 
the distribution by size class, it could be observed that males 
were more frequent at 30 ˫  35 and 55 ˫  60 mm, while females 
were frequent at 45 ˫ 50 and 55 ˫ 60 mm (Fig. 3).

The frequency of ovigerous females (Fig. 2) was higher 
in the months of December 2010 to March and November 
2011, mostly months of the dry period. A small peak was 
observed in August, transition from the rainy to the dry 
period. 

The recruitment of juveniles into the population (Fig. 2) 
occurred in all months of the year, especially in February, 
March and May 2011, between the summer and the autumn, 
when the juveniles were significantly more frequent than 
adults (χ² = 9.62, 4.41 and 11.00, respectively; p < 0.05). In 
April and from July to November 2011, no difference in the 
frequency of juveniles and adults was detected. The adults 

Correlation with the abundance of 
total individuals

Correlation with the abundance of 
ovigerous females

Burrow 
temp.

Air 
temp. Salinity Rainfall Burrow 

temp.
Air 

temp. Salinity Rainfall

r 0.5947 0.4891 -0.1337 -0.1985 0.7227 0.5986 -0.1357 -0.6071

t 2.219 1.682 -0.4047 -0.6077 3.1371 2.242 -0.4109 -2.2921

p 0.0536 0.1268 0.6951 0.5584 0.012 0.0516 0.6907 0.0475

Tabela 2. Correlação dos fatores abióticos com a abundância total de indivíduos e fêmeas 
ovígeras de Callichirus major na praia de Piedade, Pernambuco.
Table 2. Correlation of the abiotic factors with the abundance of total individuals and ovigerous 
females of Callichirus major at Piedade beach, Pernambuco.

were significantly dominant in December 2010, January 
and June 2011 (χ² = 9.14, 9.78 and 14.29, respectively; p 
< 0.05).

According to the correlation matrix, the abiotic parameter 
that most influenced the total abundance and abundance of 
ovigerous females of C. major was the burrow temperature 
(Tab. 2). Although not significant, it was considered regularly 
correlated. However, considering only the ovigerous females, 
the correlation with the burrow temperature was considered 
strong and significant. The air temperature was also positively 
correlated, despite not significant, to the abundance of total 
individuals and ovigerous females. The rainfall was negatively 
correlated to the abundance of ovigerous females, being 
significant. Positive correlations mean that the parameters 
are related to an increase in the animal abundance, while 
negative correlations, cause the decrease in the animal 
abundance.

Figura 3. Frequência relativa das classes de tamanho para machos e fêmeas de 
Callichirus major na praia de Piedade, Pernambuco.
Figure 3. Relative frequency of size classes for males and females of Callichirus major 
at Piedade beach, Pernambuco.
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4.  DISCUSSION 

The air and burrow temperatures varied significantly 
between dry and rainy periods, with the highest values 
in the dry period (September and February). Thus, the 
temperature followed the seasonal pattern of the littoral 
of Pernambuco and the Northeast of Brazil, corroborating 
Aragão (1998), Botter-Carvalho (2001) and Cavalcanti 
et al. (2006). According to Cavalcanti & Kempf (1969), 
salinity was lowest in the rainy period, and highest, in the 
dry period, such as observed in this study. However, no 
significant difference was observed between the periods. 
In this study, the rainfall differed significantly between dry 
and rainy periods, and according to Cavalcanti & Kempf 
(1967/69), there is an inverse relation between salinity and 
rainfall. According to the classification of Köeppen (1948), 
the climate of the metropolitan region of Recife is of the type 
As’, with rains from March to August, showing that during 
this period there is a greater input of freshwater in the sea, 
influencing the salinity. In the dry period, from September 
to February, the salinity of the coastal surface water remains 
relatively uniform. 

Studies with callianassids show deviations in the sex 
ratio, with females being more abundant in the populations 
(Tunberg, 1986; Dworschak, 1988; Hanekom & Baird, 
1992; Dumbauld et al., 1996; Rodrigues & Shimizu, 1997; 
Shimizu, 1997; Araújo et al., 2000). The sex ratio observed 
in our study corroborates these studies. At Piedade beach, 
however, Botter-Carvalho et al. (2007) observed a sex ratio of 
0.98 ♂:1.0 ♀, with no significant differences between sexes. 
However, they observed monthly oscillations in the sex ratio; 
the females were more abundant from September to February 
and the males, from March to September, and in this study, 
the females were more abundant in March, with ovigerous 
females in March and November, and males more abundant 
in August, October, February and May. Similar results were 
observed by Hernáez & Wehrtmann (2007) for Callichirus 
seilacheri (Bott, 1955), with no significant differences in the 
annual sex ratio, but with females significantly more abundant 
than males in January and September. According to Wenner 
(1974), the deviations in the sex ratio can be a result of the 
differences in the life cycle, migration, mortality and growth. 
These deviations may also be due to biogeographic factors, as 
well as intra and interspecific factors (Rodrigues, 1985).

The capture of individuals with a suction pump can result 
in an undesirable sampling selectivity. The ovigerous females 
move to the most superior part of the galleries to release the 
eggs or to improve their ventilation (Nates & Felder, 1999; 
Botter-Carvalho et al., 2007),thus, they could be captured 
more easily. This is supported by Rowden & Jones (1994), 
for Callianassa subterranea (Montagu, 1808), where adult 
females were captured more frequently, since they occupied 
the higher portion of the burrows. Agonistic behavior 
occurs in adult males of many callianassids (Tunberg, 1986; 
Felder & Lovett, 1989; Tamaki et al., 1997; Shimoda et al., 
2005), including C. major (Rodrigues & Shimizu, 1997). 
Thus, the males can build deeper burrows than females, and 
may also escape with greater agility. Both phenomena also 
explain the higher proportion of females in the population. 
Nevertheless, the burrows of the juveniles are shallower and 

they do not have the escape capacity as the adults. Thus, 
they are easily captured, which may explain their high 
abundance at Piedade beach, as also observed by Witbaard 
& Duineveld (1989) for Callianassa subterranea in the North 
Sea. Of the Callianassidea species studied in Brazil, females 
were larger than males in Neocallichirus mirim (Rodrigues, 
1971) (Pezzuto,1993) and in C. major. That is not the 
pattern for all these animals, and males were significantly 
larger than females in many other studies, such as Hailstone 
& Stephenson (1961), Forbes (1973), Tamaki et al. (1996) 
and Shimizu (1997).

The distribution of ghost shrimps by size class was not 
normal, i.e., did not follow a Gaussian distribution. Besides, 
a decline in the frequency of individuals from 60 mm was 
observed. During the field sampling, a large number of 
fishermen was observed at the area, and they selected the 
larger ghost shrimps to use as live bait. This superexploitation 
of the species may not allow the population to reach their 
maximum sizes. Hernáez & Wehrtmann (2007) showed that 
the fishing of C. seilacheri to use as live bait considerably 
affected its reproduction and distribution in intertidal and 
sublittoral areas.

In this study, the highest frequency of ovigerous females 
was observed in the dry period (equatorial summer - 
September and February) (Fig. 2), and in the transition 
between the rainy period (equatorial winter- March and 
August) and the summer, in Northeast Brazil (Cavalcanti 
& Kempf, 1967/69). Araújo et al. (2000) and Botter-
Carvalho et al. (2007) observed a similar period for C. 
major as well (Table 3). According to Botter-Carvalho 
(2001), the reproductive period of C. major is associated 
with the summer months in the Brazilian Northeast, where 
the highest temperatures were observed from December of 
2010 to February of 2011, decreasing in March of 2011. 
Reproductive periods usually occur in seasons with high 
temperatures, since the temperature favors the sexual activity 
and embryonic development, as described by Hill (1977) 
for Upogebia africana (Ortmann, 1894) and Tamaki et al. 
(1996) for Nihonotrypaea japonica (Ortmann, 1891). Low 
temperatures are related to the diminution of the burrowing 
activity of callianassids. According to Posey (1986), low 
temperatures reduce the metabolism of ghost shrimps. 
Felder & Griffis (1994) also found higher densities of 
Lepidophthalmus louisianensis (Schmitt, 1935) at Mississippi, 
and Bilodeau et al. (2005), for Callichirus islagrande (Schmitt, 
1935) at Louisiana, United States of America, in the dry 
period, as observed in the present study, showing that high 
temperatures favor the burrowing activity, reproduction and 
recruitment of the species. 

In this study, the total abundance of C. major was not 
related to salinity, but the abundance of ovigerous females 
was negatively correlated. According to Hill (1977) and Posey 
(1986), salinity can exert a strong effect in the population of 
callianassids, due to its seasonal variations. 

Seasonal changes in the density of C. major in sandy 
beaches are attributed to changes in the sediment deposition 
and coastal erosion that alters the beach profile (Botter-
Carvalho et al., 2002) and events of recruitment (Tamaki & 
Ingole, 1993; Dumbauld et al., 1996). Souza et al. (1998) 
observed intense recruitment at the beginning of the summer 
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in beaches in the State of Paraná, while Rodrigues & Shimizu 
(1997) found intense recruitment in October and in June 
(spring and autumn, respectively) at Barequeçaba beach, 
State of São Paulo. The seasonal variations of juveniles in 
a population are natural for callianassids, due to predation, 
environmental and biogeographic factors acting on the 
larval phases (Rodrigues, 1976). In this study, recruitment 
was intensified between the summer and autumn, as a result 
of reproductive activity in the summer. The embryonic 
development of C. major occurs in 10 stages during 30 days 
(Rodrigues, 1976). Larval development has from 3 to 5 zoeal 
stages withduration of 10 to 15 days to reach the decapodid 
stage (Strasser & Felder, 1999; Abrunhosa et al., 2008). Such 
short larval development explains the peak of recruitment 
right after the peak of ovigerous females. Annual variations 
in the quantity of recruits are also related to the degree of 
overexploitation of the population (Souza & Borzone, 2003). 
The sampling of adults favors the settlement of juveniles, 
since it reduces the competition for space in the substratum 
(Rodrigues & Shimizu, 1997).

We can conclude that the females are more abundant 
in the population, which is a pattern for callianassids of 
the Brazilian coast. A well-defined reproductive period in 
the summer was observed, when high temperatures favor 
the reproductive processes and contribute to the larval 
development of the animal. The recruitment of the species 
occurs in almost the entire study period, but it is intensified 
right after the reproductive peak, due to the short larval 
development of this species. This paper creates a baseline for 
further researches on C. major in Northeastern Brazil.
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