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ABSTRACT

This work reports the occurrence of imposex in the mesogastropod Cymatium parthenopeum parthenopeum in the coast of
Espírito Santo (Southeastern Brazil) and evaluates the possible use of this species as a bioindicator of organotins (OTs)
contamination. A total of 53 adult specimens were sampled at Formosa beach nearby the Vitoria main marina, which is a critical
area for this kind of contamination. The animals were analyzed using a non-destructive protocol and a sub-sample of 7 animals
(6 imposexed females and 1 control male) were dissected for a more detailed observation. Imposex development was observed
in 39 out of 44 sampled females. Imposexed females showed pre-penis and penis development, but a vas deferens development
similar to that of the males was not observed. No sign of sterility was found. A comparison with data from other species in this
area indicates that C. parthenopeum parthenopeum, although less sensitive to imposex induction, can be used as biological
indicator of OTs contamination.
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RESUMO

Imposex em Cymatium parthenopeum parthenopeum (von Salis, 1793)
(Mesogastropoda: Ranellidae): um novo bioindicador de compostos organoestânicos?

Este estudo reporta a ocorrência de imposex no mesogastrópode Cymatium parthenopeum parthenopeum na costa do Espí-
rito Santo (Sudeste do Brasil) e avalia o possível uso dessa espécie como bioindicador de contaminação por organoestânicos
(OTs). Um total de 53 exemplares adultos foi amostrado na Praia Formosa, próxima à principal marina de Vitória, área crítica
para esse tipo de contaminação. Os exemplares foram analisados de forma não-destrutiva, e uma subamostra de 7 animais
(6 fêmeas imposexadas e 1 macho para controle) foi dissecada e analisada detalhadamente pelo método convencional. O desen-
volvimento do imposex foi observado em 39 de 44 fêmeas amostradas. As fêmeas apresentaram desenvolvimento de pré-pênis
e pênis, mas o desenvolvimento de vaso deferente similar ao do macho não foi observado. Não foram observados sinais de
esterilização. A comparação com dados de outras espécies na região sugere que essa espécie, embora menos sensível à in-
dução de imposex, pode ser considerada como bioindicadora para contaminação por OTs.
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INTRODUCTION

The aquatic environment is the ultimate destination for
almost all urban, industrial and agricultural wastes in coastal
areas. Among xenobiotic chemicals, organotin compounds
(OTs) as tributyltin (TBT) and triphenyltin (TPT) have been used
as biocides in agriculture (Champ & Seligman, 1996), as
stabilizers in the manufacture of polyvinylchoride (Fent, 1996)
and wood preservatives (Bennett, 1996). These two compounds
were also widely employed as biocides in marine antifouling
paints to prevent the fixation of fouling organisms such as
seaweeds or barnacles in ships hulls and even in cooling
systems (Fent, 1996).

TBT has been described as the most toxic compound
deliberately introduced in the aquatic environment (Goldberg,
1986) and has caused great concern due to the deleterious
effects on non-target organisms (Alzieu, 1998; WWF, 2006).
The possibility of transfering through marine food chains has
been detected in marine mammals and birds (Tanabe, 1999;
Guruge et al., 1997; Le et al., 1999), including in some instances
the possibility of reaching human populations (Chien et al.,
2002; Fernandez et al., 2005a).

The use of OTs is controlled in many countries, and a
global ban on their use was scheduled by IMO (International
Maritime Organization) to January, 2003. However, the required
number of 25 countries with 25% of the world merchant fleet
was reached only in late 2007 (26 countries, 38.13% world fleet
by December, 31, 2007, www.imo.org) and consequently, the ban
is not in force yet. Moreover, TBT-based antifouling paints are
still widely used in developing countries (Shi et al., 2005; WWF,
2006).

Among marine animals, gastropods present the greatest
potential for OTs bioaccumulation because of their limited
capacity to metabolize and eliminate such compounds. They
are, therefore, excellent bioindicators of organotins pollution
in the marine ecosystems, which can be evaluated by the
development of imposex.

This syndrome has already been described in more than
170 species of gastropods (Matthiessen & Gibbs, 1998; Shi et
al., 2005), including the development of a penis and/or vas
deferens which can led to the disappearance of species due to
sterilization or death of the affected females, in local and even
regional scale (Gibbs & Bryan, 1986). As imposex shows a dose-
dependent response, it has been used as biomarker for different
levels of contamination for almost 20 years (Gibbs & Bryan,
1994; Fernandez et al., 2007).

Although the majority of imposex studies worldwide (Gibbs
& Bryan, 1987; Gooding et al., 1999; Gibson & Wilson, 2003) and
in Brazil (Fernandez, 2001; Fernandez et al., 2002; 2005b, 2007;
Pinheiro et al., 2006; Quadros, 2004; Castro, 2005; Castro et al.,
2007; Camillo et al., 2004; Caetano & Absalão, 2002; Castro et
al., 2004) have used neogastropod species, mesogastropods have

been also used despite being less sensitive in most cases
(Mensink et al., 2002; Castro et al., 2003)1 .

During previous investigations about clams and gastropods
populations, the absence of neogastropods such as Leucozonia
nassa (Gemelin,1791), Stramonita  haemastoma (Linnaeus, 1767)
and Thais deltoidea (Lamarck, 1822) was observed in some areas
next ports and marinas of Vitória city. Simultaneously, it was noticed
the presence of many mesogastropods populations such as
Littorina flava King & Broderip, 1832, Cerithium atratum (Born,
1778), Crepidula sp. and specifically C. parthenopeum
parthenopeum (von Salis, 1793), a benthic carnivorous specie
common in the tropical Atlantic, with an extensive geographic
distribution (Rios, 1994).

This observation led us to investigate if C. parthenopeum
parthenopeum can be used as a new bioindicator and,
consequently, evidence that the absence of neogastropods
could have been caused by exposure to OTs. Thus, the present
study examined the occurrence of imposex in C. parthenopeum
parthenopeum in a beach near to an important marina of Vitória
(Espírito Santo Yacht Club).

MATERIAL AND METHODS

Adult individuals (N = 53) were collected in Formosa beach
(20°17’ 44” S; 40°17’ 82” W) (Figure 1). This region is under the
influence of nautical and harbor activities, which are potential
organotin sources. After sampling, animals were taken to a field
laboratory and analyzed using a non-destructive method
(Fernandez et al., 2007). The shells were measured for maximum
length using Vernier callipers and the animals were narcotized
with 4% MgCl2 in distilled water in 1:1 solution with local sea water.
The interior of the mantle cavity was examined in each animal and
the presence of penises, pre-penises and vas deferens was
recorded. After examination, the majority of the animals (46) were
returned to their original habitat, while seven (six imposex females
and one adult male, for reference) were taken to the Malacology
Laboratory of Espírito Santo Federal University for confirmatory
conventional imposex analysis. They were kept under aeration
with local seawater until the analysis. Animals were again
narcotized and then removed from the shell and immediately
examined under a dissection microscope for a detailed observation
of imposex development. Penises lengths were measured with
Vernier calipers, the vas deferens development was observed and
the blockage of the vulva verified under a stereomicroscope.
Imposex development was quantified according to Gibbs & Bryan
(1987) and Fernandez et al. (2005b) with the application of the
following indexes: 1) imposex percentage in females (I%); 2)
relative penis length index (RPLI) calculated by the equation
[mean length of the female penis / mean length of male penis] ×
100; 3) relative penis size index (RPSI) calculated by the equation
[(mean length of the female penis)3/(mean length of the penis)3] ×
100; and 4) vas deferens sequence index (VDSI).

1. CASTRO, Í. B.; LIMA, A. F. A.; RIBEIRO-FERREIRA, V. P. & ROCHA-BARREIRA, C. A., 2003, Imposex em Cymathium parthenopeum (Von
Sales, 1793): Primeiro registro em Mesogastropoda no Brasil. In: V Encontro de Bioincrustação, Ecologia Bêntica e Corrosão, 2003, Arraial
do Cabo – RJ, Brazil. Electronic proceedings.
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RESULTS

Imposex was observed in females analyzed by the non-
destructive method. This experiment showed 39 imposexed
females (73.6%), 5 normal females (9.4%) and 9 males (17.0%).
By the conventional dissection approach, a reference male and
six imposexed females were studied. While in this species the
male show a well defined vas deferens (Figure 2), this could not
be observed in the analyzed females that showed penis
development. In the whole experiment, 18 females showed
measurable penises (Figure 3), while 21 showed pre-penises
only (Figure 4). For the conventional study, mean female penis
length was 6.3 mm, while for the reference male it was 24.3 mm.
Male penises in this specie is broader and flattened than those
of the imposexed females. At least in the imposex intensity
observed in this area, adult imposex females could be easily
distinguished from the adult males. For the 6 dissected females,
RPLI value was 26.05 and RPSI value was 1.77. A VDSI value
could not be determined because no vas deferens development
was observed. The vulva was also easily observed in the
dissected specimens, but no signs of sterility were noticed in
these females.

DISCUSSION

Mesogastropods are also used as bioindicators for
imposex (Stroben et al., 1995; Deutsch & Fioroni, 1996), but
they are generally less sensitive and available than
neogastropods (Vishwakiran et al., 2006). Although all previous
monitoring studies in Espírito Santo state were done with S.
haemastoma, T. deltoidea and L. nassa, the present study
demonstrated the viability of C. parthenopeum parthenopeum
for imposex development monitoring

The animals at Formosa beach showed imposex
development, presenting values for RPLI and RPSI indexes
comparable with those observed for S. haemastoma from well-

known contaminated areas, such as Guanabara Bay (Fernandez
et al., 2002; 2005b) and Vitória harbor, Espírito Santo (unpublished
data). However, the lack of observable vas deferens development
makes meaningless the application of the VDSI index in this
species. This is different from what was seen for other species
studied in Brazil until now, which normally show a well developed
vas deferens, reaching the vulva opening, with only pre-penises
or very small penises developed. Most of C. parthenopeum
parthenopeum females observed in this study showed a similar
imposex development (21 with pre-penises against 18 with
measurable penises), but sterility was not observed. Conversely,
sterility was already registered for the neogastropods S.
haemastoma and L. nassa in some stations in Vitória area (Costa
et al., 2008). Since these two neogastropods were not found at
Formosa beach, it suggests that C. parthenopeum parthenopeum
is less sensitive to organotins contamination. In Guanabara Bay,
as well as in Angra dos Reis, in Rio de Janeiro coast, S.
haemastoma populations declined in areas of heavy shipping
and nearby marinas (Fernandez et al., 2005b; Pinheiro et al., 2006).
This suggestion is also supported by the observation that almost
all imposexed females of L. nassa from Vitória area presented
measurable penises (only 8 in 200 females showed pre-penises)
and most S. haemastoma females in the area presented pre-penises
(unpublished data). Further investigations are needed to elucidate
the absence of neogastropods and the impact of imposex in this
area, and also the relative sensitivity of C. parthenopeum
parthenopeum, regards other local species. In spite of that, the
present study demonstrated that C. parthenopeum
parthenopeum can be used for monitoring OTs contamination.
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Figure 1 – Location of the study area on the Espírito Santo coast.
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Figure 2 – Male of Cymatium parthenopeum parthenopeum showing penis (P) and vas deferens (v.d.).

Figure 3 – Imposexed female of Cymatium parthenopeum parthenopeum with pre-penis (p.p.).

Figure 4 – Imposexed female of Cymatium parthenopeum parthenopeum with penis (P).
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