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Abstract Tributyltin (TBT) contamination is still re-
corded in the environment even after its ban in antifoul-
ing paints. Since most biomonitors of TBT contamina-
tion, through imposex evaluation, are hard-bottom gas-
tropods, the identification of soft-bottom sentinels has
become useful for regions where rocky shores and coral
reefs are absent. Thus, an evaluation of Olivella minuta
and Hastula cinerea as monitors of TBT contamination
was performed in two sandy beaches located under
influence area of São Sebastião harbor (São Paulo state,

Brazil), where previous and simultaneous studies have
reported environmental contamination by TBT. In addi-
tion, the imposex occurrence in H. cinereawas assessed
in an area with low marine traffic (Una beach), also
located in São Paulo State. A moderate imposex inci-
dence in O. minuta was detected in Pernambuco (% I=
9.36, RPLI = 4.49 and RPLIs t a nd = 4.27) and
Barequeçaba (% I=2.42, RPLI=0.36 and RPLIstand=
0.81) beaches, indicating TBT contamination. In con-
trast, more severe levels of imposex were recorded for
H. cinerea in Una beach (% I=12.45) and mainly in
Barequeçaba beach (% I=98.92, RPLI=26.65). Our
results suggest thatO. minuta and H. cinerea have good
potential as biomonitors for TBT based on their wide
geographical distribution, common occurrence in differ-
ent coastal sediment habitats, easy collection, and asso-
ciation with TBT-contaminated sediments.
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Introduction

In the early 1980s, tributyltin (TBT) exposure was re-
lated with female masculinization in neogastropods
mollusks (Matthiessen and Gibbs 1998). Since then, this
imposex phenomenon has been recorded for around 250
species of marine gastropods worldwide (Titley-O’Neal
et al. 2011), impacting community structure and ecosys-
tem functioning (Depledge and Billinghurst 1999). In
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this context, due to the strong dose-dependent relation-
ship with TBT exposure, imposex has been globally
used as a biomarker of contamination by TBT
(Matthiessen and Gibbs 1998). Nowadays, this com-
pound is reported as one of the most concerning pollut-
ants in aquatic coastal systems since levels detected in
the environment have the samemagnitude order of those
causing deleterious effects on biota (Meador et al.
2011). Even after the implementation of national and
international regulatory actions (banning its use as anti-
fouling paint biocide) in the last decade, TBT and/or
imposex levels have still been detected in several South
American coastal areas (Bigatti et al. 2009; Santos et al.
2009; Toste et al. 2011; Castro and Fillmann 2012).
Sant’Anna et al. (2014) reported high amounts of TBT
in hermit crab tissues along the Brazilian coast, which is
an evidence of recent contamination (Sant’Anna et al.
2012). These results indicate that TBT pollution is an
environmental problem still far from being solved, at
least in developing Latin American countries (Castro
et al. 2012a).

In South America, imposex and TBT environmental
levels (surface sediments and biota samples) have been
detected in Argentina (Penchaszadeh et al. 2001; Bigatti
et al. 2009; Penchaszadeh et al. 2009; Arrighetti and
Penchaszadeh 2010), Venezuela (Paz-Villarraga et al.
2015), Ecuador (Castro et al. 2012b), and Peru (Castro
and Fillmann 2012). On the Brazilian coast, particularly
in recent years, imposex associated to TBT has been
reported in the southern (Castro et al. 2012a), southeast-
ern (Fernandez et al. 2005; Quadros et al. 2009; Costa
et al. 2009; Cardoso et al. 2009; Borges et al. 2013), and
northeastern regions (Camillo et al. 2004; Castro et al.
2004; 2005; Castro et al. 2007a, b; Fernandez et al.
2007; Castro et al. 2008; Lima-Verde et al. 2010;
Azevedo et al. 2012). However, most of these studies
have focused on rocky-shore species such as Stramonita
haemastoma, Stramonita rustica, Thais deltoidea,
Leucozonia nassa, Leucozonia ocelata, Cymatium
parthenopeum, Voluta ebraea, Pisania auritula, among
others (Castro et al. 2012a). Thus, the use of imposex
incidence in gastropods as a biomarker of TBT contam-
ination has been often influenced by the occurrence and
distribution of hard bottoms in studied coastal areas
(Azevedo et al. 2012), thus hindering more general
spatial evaluations. Hence, the use of soft-bottom organ-
isms that could be obtained on sandy beaches would be
highly suitable to monitor TBT pollution in coastal areas
where hard bottoms are absent.

Olividae and Terebridae species are among the
major representatives of sandy beach gastropods
(Amaral et al. 2003; Denadai et al. 2005). The olivid
Olivella minuta and the terebrid Hastula cinerea have
wide geographical distribution along the Western
Atlantic coast (Rios 1994; Simone 2009), where they
inhabit coastal environments, including exposed and
sheltered sandy beaches and estuaries (Amaral et al.
2003; Guisla et al. 2004; Denadai et al. 2005; Araújo
and Rocha-Barreira 2012; Petracco et al. 2014).
Olivid and terebrid species were previously reported
as having developed imposex, including Amalda
australis (Stewart et al. 1992), Olivancillaria vesica
(Caetano and Absalão 2002), Olivancillaria
deshayesiana (Teso and Penchaszadeh 2009), and
Olivella biplicata (Jenner 1979), Terebra dislocata,
Terebra protexta, and Duplicaria spectabilis (Shi
et al. 2005). However, there are no records or assess-
ment of imposex on O. minuta and H. cinerea.

Sandy beaches from São Sebastião Channel,
northern coast of São Paulo State, and particularly
from Pernambuco and Barequeçaba beaches are un-
der the influence area of the São Sebastião Harbor,
where previous (Godoi et al. 2003) as well as recent
and simultaneous studies by our research group have
detected high TBT concentrations in surface sedi-
ments and biota (Sant’Anna et al. 2014). Imposex
incidence on the muricid Stramonita haemastoma
has already been detected in Pernambuco and
Barequeçaba beaches (Turra et al., unpublished data),
indicating a higher contamination in the former. The
presence of O. minuta in Pernambuco and
Barequeçaba beaches and the co-occurrence of
H. cinerea in the latter provides an opportunity to
evaluate the development of imposex in these gas-
tropods for the first time and their use as sentinel of
TBT contamination in coastal zones dominated by
soft bottoms. In addition to the assessment of
imposex in H. cinerea in Barequeçaba beach, an
area recognized as TBT contaminated, a population
of this terebridae sampled previously on Una beach,
located in the area with low marine nautical traffic
(Jureia-Itatins Ecological Station, southern coast of
São Paulo state) was evaluated. In this context, we
tested the hypothesis that both species exhibit
imposex on beaches of the Canal of São Sebastião,
and that imposex incidence differs between beaches
for O. minuta (Pernambuco>Barequeçaba) and
H. cinerea (Barequeçaba>Una).
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Material and methods

Study areas

São Sebastião Channel is located in the northern coast of
São Paulo state. This area is subject to multiple impacts
induced by intense urbanization, touristic activities, and
intense ship/boat traffic (harbor terminals and several
marinas) (Amaral et al. 2010). Additionally, the access
to São Sebastião Harbor (SSH) is performed through
this channel, leading to several environmental distur-
bances such as antifouling biocides inputs, oil spills,
and dredging (Amaral et al. 2003). Pernambuco (23°
48′ 54″ S, 45° 24′ 26″W) and Barequeçaba (23° 49′ 43″
S, 45° 26′ 02″ W) beaches border the São Sebastião
Channel and are situated near SSH (apart ca. <1.0 and
6.0 km, respectively) (Fig. 1a). Both are sheltered
beaches (sensu McLachlan 1980), have gentle slopes,
and sediments composed by fine and very fine sandwith
low and moderate organic-matter content (~0.75 %
Barequeçaba; ~2 % Pernambuco) (Nucci et al. 2001;
Amaral et al. 2003; Denadai et al. 2005; Petracco et al.
2014).

Una (24° 27′ S; 47° 06′ W) is an exposed beach
(sensu McLachlan 1980) situated in the Jureia-Itatins
Ecological Station (JIES), in southern São Paulo state,
southeastern Brazil (Fig. 1b). The JIES is located in the
valley of the Ribeira de Iguape, covering an area of
80,000 ha, in which human access is restricted to a
few residents and researchers (Marques and Duleba
2004). In contrast to São Sebastião Channel, this area
has a low marine nautical traffic. The sampling area is
situated in the northern segment of the beach, with a
dissipative morphodynamic state and gentle profile,
with sands ranging from fine to very fine, and very
low organic-matter content (~0.5 %).

Sampling

In São Sebastião Channel’s beaches, samples of
O. minuta (Barequeçaba and Pernambuco) and
H. cinerea (only Barequeçaba) were taken monthly
during spring low tides, from November 2009 through
October 2010. Five transects perpendicular to the wa-
terline were established randomly within a segment of
100 m on each beach. On Una beach (Jureia-Itatins
Ecological Station), H. cinerea samples were obtained
monthly during spring low tides from December 2003
through November 2004. Six fixed transects were

sampled from the base of the foredunes to the waterline.
On the three above-mentioned beaches, the sediment
was sampled in quadrats (50 cm on a side) and at a
depth of 10 cm. The samples were sieved through a 1.0-

Fig. 1 Study area and location of Pernambuco and Barequeçaba
beaches (a) and Una beach (b)
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mm mesh, and the gastropods retained were preserved
in 70 % ethanol.

Laboratory procedures

For each O. minuta population (Pernambuco and
Barequeçaba beaches), a subsample of 500 indi-
viduals obtained randomly from the total individ-
uals sampled was used to assess the biometrics
and imposex parameters. For H. cinerea popula-
tions, all individuals sampled were used in the
analysis. In the laboratory, the shell length (SL)
of O. minuta and H. cinerea was measured using,
respectively, a stereoscopic microscope with an
ocular micrometer and a caliper. During this step,
juveniles (O. minuta: SL<5 mm; H. cinerea: SL<
22 mm) and organisms with no visible sexual
characteristics were discarded from analysis.
Thus, the sample used was comprised of 91 and
300 adult individuals of O. minuta and H. cinerea
respectively. Subsequently, the shells were gently
broken for the analyses of soft tissues, and the
gender identification was performed based on the
presence or absence of seminal vesicle (males and
females, respectively) (Fig. 2a–d). For both
O. minuta populations, penis length (PL) of 30
randomly selected males and all imposexed fe-
males were measured (Fig. 2e) under a stereoscop-
ic microscope with an ocular micrometer. For
H. cinerea, the PL was determinate only for the
Barequeçaba population (Fig. 2f–h) because
imposex affected females from Una showed only
vestigial penis. In this case, the PL of all males
and imposexed females was measured using the
same procedure describe for O. minuta. The vas
deferens characters were not used to assess the
imposex due to the difficulty to visualize this
structure accurately in both species.

Data analysis

O. minuta

The imposex levels of O. minuta were assessed and
compared between Pernambuco and Barequeçaba
beaches initially using two traditional indices: the
imposex percentage (% I), which was calculated as the
proportion of imposexed females affected compared to
the total number of females in the sample and the

relative penis length index (RPLI) obtained by Eq. (1)
(Gibbs et al. 1987).

RPLI ¼ mean female PL

mean male PL

� �
� 100 ð1Þ

The occurrence of a statistical relationship between
shell length (SL) and penis length (PL) was investigated
by an exponential regression. Afterwards, an indepen-
dent t test was performed to compare shell sizes between
organisms from Pernambuco and Barequeçaba beaches.
Thus, considering that there is a significant correlation
between PL and SL in O. minuta, and that the studied
populations presented different sizes (see results), a SL
standardized RPLIstand (Eq. 2) was calculated according
to Castro and Fillmann (2012).

RPLIstand ¼ mean female PL=mean female SL

mean male PL=mean male SL

� �

� 100

ð2Þ

Finally, in order to verify the sex ratio alterations in
the studied O. minuta populations a chi-square test (χ2)
with Yates correction for continuity (Zar 1999) was
used. Prior to the statistical analyses, the normality and
homogeneity of data (SL and PL) were verified using
Shapiro-Wilk and Levene tests, respectively. All statis-
tical analyses were performed using Statistica® (version
12.0 (Statsoft)) with a significance level of 0.05.

H. cinerea

For H. cinerea, the imposex percentage (% I) was cal-
culated for both populations, while the RPLI was esti-
mated only for the Barequeçaba population, since the
penis length of males and imposexed females were not
determined to the Una population. According to Gibbs
and Bryan (1987), the early imposex stages can be
adequately expressed as the percentage of females bear-
ing a penis. As already mentioned, females from Una
presented trace penis and in low frequency, characteriz-
ing an early imposex stages. An independent t test was
performed to compare shell sizes of males and females
on Barequeçaba Beach. Given the absence of differ-
ences in shell size (see results), the common relative
penis length index (RPLI: Eq. 1) was used for this
population. The sex ratio of H. cinerea populations
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was also compared using a chi-square test (χ2) with
Yates correction for continuity.

Results and discussions

O. minuta individuals obtained on Pernambuco beach
were distributed in 35 juveniles, 292 females, and 173
males. For the samples from Barequeçaba Beach, 254
were females, 246 males, and no juveniles were found.
The penis length in males and females considering
pooled O. minuta populations proved to be dependent
on shell size (Fig. 3). The PL and SL values were pooled
by gender since the slope of the relationships between
these variables were not different between males (t test:

t1,56=0.10, p>0.05) or females (t test: t1,27=0.49,
p>0.05). The relatively lower regression coefficient
(r2) for females was due to the low imposex levels
observed in the study areas, since PL in imposexed
females is TBT dependent and not SL dependent (see
below). Additionally, significant variations were also
detected between O. minuta shell sizes (t test; t1.185=
−4.12, p<0.001) from Pernambuco and Barequeçaba.
The RPLI considers biometric parameters that may be
influenced by differences in organism sizes (Galante-
Oliveira et al. 2010). Therefore, in the present study,
RPLI values were standardized by SL to reduce bias,
and allow comparison between imposex parameters ob-
tained for Peranambuco and Barequeçaba (Table 1).
Similar situations were previously reported for the
muricids Bolinus brandaris from Ria Formosa

Fig. 2 Olivella minuta: a shell; b
soft parts of a male with penis
indicated (p); c detail of the penis
(p) and the seminal vesicle (sv) of
a male; d soft parts of a female
without imposex (absence of
seminal vesicle); e detail of the
penis of an imposex affected
female. Hastula cinerea: f shell; g
detail of the penis (p) and the
seminal vesicle (sv) of a male; h
detail of the oviduct (ov) and the
penis (p) of an imposex affected
female
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(Algarve, southern Portugal) (Vasconcelos et al. 2011)
and Thais chocolata from Peru (Castro and Fillmann
2012). These studies suggest that the assessment of
imposex spatial variations should include robust and
reliable indices, such as standardized RPLI.

TBT concentrations in environmental samples are
frequently well correlated with RPLI values (Galante-
Oliveira et al. 2006) and also SL standardized data
(Castro and Fillmann 2012). The RPLI is an imposex
parameter that roughly balances the penis sizes of males
and females at each site, being less affected by interin-
dividual variability than by vas deferens sequence index
(VDSI) (Stroben et al. 1992). Thus, relative penis indi-
ces have been confirmed to be more responsive to TBT
contamination than VDSI. This stems partially from the
use of adult specimens, which are known to be scarcely
susceptible to change of VDSI stages (Quintela et al.

2000). As the observation of vas deferens characters in
O. minuta andH. cinereawas not possible in the present
study, no vas deferens sequence index (VDSI) was
calculated. However, as previously mentioned, not
using the VDSI did not impair the evaluation of the
viability of O. minuta and H. cinerea as a sentinel of
TBT contamination.

Higher imposex levels in O. minuta were observed
on Pernambuco (% I=9.36, RPLI=4.49 and RPLIstand=
4.27) than on Barequeçaba (% I=2.42, RPLI=0.36 and
RPLIstand=0.81) (Table 1). In fact, Pernambuco beach is
located in the vicinity of the São Sebastião harbor
(<1.0 km) (Fig. 1a) where a recent study detected TBT
concentrations of up to 105 ng Sn g−1 in surface sedi-
ments. The very sheltered conditions on Pernambuco
Beach in the inner part of Araçá Bay, combined with the
higher proportion of silt and organic matter, probably
also led to a higher adsorption and longer residence time
of TBT in the sediments than on Barequeçaba (Langston
and Pope 1995; Pinochet et al. 2009; Sant’Anna et al.
2014). The lower imposex levels on Barequeçaba beach,
located farther (ca. 6.0 km) from SSH and from local
marinas suggest a gradient of TBT contamination relat-
ed to ship and/or boat activities. Our research group has
recently detected a higher imposex percentage for the
muricid Stramonita haemastoma on Pernambuco beach
than on Barequeçaba beach (Turra et al., unpublished
data), indicating a lower contamination in the latter and
showing a similar trend observed in present study.
Similar findings have been frequently reported in sev-
eral coastal areas, always pointing out harbors and/or
marinas as hotspots of TBT contamination (Titley-
O’Neal et al. 2011).

H. cinerea individuals obtained on Barequeçaba and
Una beaches were distributed, respectively, in 95 juve-
niles, 186 females, and 117 males, and 828 juveniles,
199 females, and 181 males. As verified for O. minuta,
penis length of males and females of H. cinerea in the
Barequeçaba population was exponentially and signifi-
cantly related to shell size (Fig. 3b). The shell length,
however, did not differ between sexes (t test; t1.301=
1.52, p>0.05). Supporting the hypothesis of this study,
the imposex percentage of H. cinerea on Barequeçaba
(% I=98.92) was higher than onUna beach (% I=12.45)
(Table 1). Given the low marine nautical traffic in the
vicinity of Jureia-Itatins Ecological Station (JIES), the
occurrence of imposex in this H. cinerea population is
initially unexpected, although moderate. Nevertheless,
Sant’Anna et al. (2014) recently showed high TBT

Fig. 3 Exponential regression between shell length and penis
length for a males (y=0.7046e0.1854x) and females (y=
0.1918e0.2267x) of O. minuta from Pernambuco and Barequeçaba
beaches, and for b males (y=0.2917e0.0403x) and females (y=
0.0645e0.0140x) of H. cinerea from Barequeçaba beach
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contamination in surface sediments from several estuar-
ies of the Brazilian coast, including Iguape estuary,
where high TBT concentration (200 ng Sn g−1) was
detected on the mouth of the Ribeira de Iguape River.
Despite the distance between the Iguape estuary and
Una beach (~35 km), this TBTsource can be responsible
by the development of imposex in this H. cinerea
population.

The imposex incidence in gastropods is TBT depen-
dent (Matthiessen and Gibbs 1998) but also related to
environmental concentrations (Gibbs 2009), exposure
pathway (Lima and Castro 2006; Rossato et al. 2014),
exposure time (Fernandez et al. 2007), and species
sensibility (Castro et al. 2012c). Thus, different species
can develop different imposex stages, even in similar
exposure conditions (Bech 1999). The simultaneous
sampling of H. cinerea and O. minuta species on
Barequeçaba beach, where they coexist in the same
intertidal zone, allow for an adequate comparison in
the TBT sensitivity between these species. The higher
levels of imposex in H. cinerea on Barequeçaba beach
(% I=98.92; RPLI=26.65) than in both O. minuta pop-
ulations studied indicates that H. cinerea is much more
TBT-sensitive than O. minuta. In fact, H. cinerea seems
to be a very TBT-sensitive species since the imposex
percentage was also higher than the detected for the
muricid Stramonita haemastoma, a species widely used
as TBT biomonitor on Barequeçaba beach (% I=~45%)
and close to that estimated for S. haemastoma on
Pernambuco beach (% I=~95 %) (Turra et al., unpub-
lished data). Regarding the use of O. minuta and
H. cinerea as TBT biomonitor species, both show ad-
vantages and disadvantages. On one hand, H. cinerea

has the advantage of greater sensitivity to exposure to
TBT than O. minuta; on the other hand, there are no
records ofH. cinerea on exposed beaches with reflective
morphodynamic state, unlike O. minuta. In addition,
despite the general scarcity of information on the ecol-
ogy ofH. cinerea (Petracco 2008), the occurrence of this
terebridae has been frequently recorded in sandy envi-
ronments (e.g., Rios 1994; Trueman and Brown 1992),
particularly on sandy beaches. Therefore, although this
gastropod can also inhabit estuarine sandy beaches
(Petracco, personal observation), its occurrence seems
to be more restricted than O. minuta. In fact, besides the
frequent occurrence in sheltered, and in reflective and
dissipative exposed sandy beaches (Denadai et al. 2005;
Petracco et al. 2014; Rocha-Barreira et al. 2005),
O. minuta is also frequently recorded in tidal flats and
estuaries (e.g., Boehs et al. 2004; Rolemberg et al.
2008).

The sex ratio of O. minuta (Pernambuco F:M=
1.71:1, Barequeçaba F:M=1.03:1) and H. cinerea
(Barequeçaba F:M=1.59:1, Una F:M=1.10:1) differed
between beaches (χ2 test= 6.05 and 5.21, p<0.05, re-
spectively). In this context, although some studies have
found that imposex can lead to a decrease of female
proportion in some gastropod populations due to pre-
mature female mortality (Gibbs and Bryan 1987; Evans
1999), the higher proportion of females of O. minuta
and H. cinerea in areas with lower imposex levels
indicate that this TBT effect on the females of the
populations studied is highly unlikely. These differences
in the sex ratios between the populations of both species
probably result from some differences in population
structure features, such as across-shore distribution,

Table 1 Mean shell length and penis length of males and females,
imposex percentage (% imposex), relative penis length index
(RPLI), relative penis length index standardized (RPLIstand), of

O. minuta (Pernambuco and Barequeçaba beaches) andH. cinerea
(Barequeçaba and Una beaches). Note: on Una beach, the penis
length and the RPLI of H. cinerea were not obtained

Imposex indicator/species/beaches Olivella minuta Hastula cinerea

Pernambuco Barequeçaba Barequeçaba Una

Male shell length (mm) 7.38 (±1.01) 8.95 (±0.86) 31.91 (±3.95) –

Female shell length (mm) 7.77 (±1.30) 6.92 (±1.63) 31.27 (±3.95) –

Male penis length (mm) 2.86 (±0.81) 4.04 (±0.64) 6.21 (±2.07) –

Female penis length (mm) 0.13±(0.98) 0.03 (±0.71) 1.68 (±1.18) –

% imposex 9.36 2.42 98.92 12.45

RPLI 4.49 0.36 26.65 –

RPLIstand 4.27 0.81 – –
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and size structure. For instance, the lower proportion of
females on Barequeçaba than on Pernambuco is probably
related to the different spatial distributions ofO. minuta on
these beaches (Petracco et al. 2014).While on Pernambuco
beach all size classes ofO.minuta occurred in the intertidal
zone, on Barequeçaba, a sharp size stratified across-shore
distribution occurred (Petracco et al. 2014). The smaller
shell size of females than males on Barequeçaba (t test;
t1,498=2.31, p<0.05) associated with the size stratified
distribution may have led to a lower proportion of females
in the O. minuta population on Barequeçaba than on
Pernambuco. On the other hand, since females of
H. cinerea reached larger size than males on Barequeçaba
(see Fig. 3b) and Una (Petracco 2008) and that H. cinerea
presents a larger size on Barequeçaba (40 mm) than on
Una Beach (31 mm), the sex ratio displaced to the females
on Barequeçaba can derive from these differences in the
size structure between the populations.

After the recent national and international restrictions
to the use of antifouling TBT-based paints (Borges et al.
2013), imposex recovery and reductions in TBTenviron-
mental levels have been observed in some areas in the
Brazilian coast (Fernandez 2006; Castro et al. 2012d).
However, antifouling TBT-based paints are still sold in
Brazil (Toste et al. 2011), which may be contributing to
recent TBT inputs. In addition, previous studies demon-
strated high TBT contamination in surface sediments
from São Sebastião Harbor (Godoi et al. 2003;
Sant’Anna et al. 2014). Hence, the imposex occurrence
in H. cinerea and O. minuta in São Sebastião Channel
reported in the present study may be due to fresh TBT
inputs near the study area and/or to the high persistence of
TBT in the sediment layers (Choi et al. 2010). Therefore,
based on imposex incidence inO. minuta andH. cinerea,
it was not possible to determine if the TBTcontamination
observed in the present study is recent or not. However,
TBTcontamination in São Sebastião Channel and Jureia-
Itatins Ecological Station must be monitored by further
studies on the imposex incidence in O. minuta and
H. cinerea populations to verify the effectiveness of
international and local TBT restrictions in these areas.

Considering the wide geographical distribution (Rios
1994; Simone 2009), high abundance, ease of collection,
and the ability to develop imposex, O. minuta and
H. cinerea fulfill all requirements for a suitable sentinel
of coastal contamination by TBT. In addition, their occur-
rence in different unconsolidated coastal environments,
including sandy beaches (sheltered and exposed) and es-
tuaries (mainly O. minuta) (Denadai et al. 2005; Petracco

2008; Petracco et al. 2014), has potential to fill current
gaps in biomonitoring studies of the TBT pollution in
South American areas. This finding is especially important
since soft-bottom coastal environments restrict the occur-
rence of typical TBT biomonitor species.

In summary, the present study points out moderate and
high imposex incidence, respectively in O. minuta and
H. cinerea from São Sebastião Channel, indicating TBT
contamination in the area, which was confirmed (in the
case of Pernambuco beach) by chemical determinations of
TBT in surface sediments. For O. minuta populations, the
imposex levels were higher on Pernambuco than on
Barequeçaba, suggesting a gradient of TBT contamina-
tion, whose sources are probably harbors and marinas
located in the northern part of São Sebastião channel.
The imposex incidence in H. cinerea on Una beach,
located in an area with low marine nautical traffic, proba-
bly results from TBT contamination from the Iguape
estuary and reinforces the need for assessing TBTcontam-
ination on both marine and estuary environments. In the
perspective of a more suitable TBT sentinel of soft bot-
toms, H. cinerea has the advantage of being a more TBT-
sensitive species thanO. minuta, although the latter seems
to occur in a wider range of coastal environments. In
addition, the results obtained here can act as a useful
baseline for the assessment of future trends in TBT con-
tamination in the area, contributing to verify the effective-
ness of restrictive regulations on the use of TBT-based
antifouling paints.

Acknowledgments This paper is part of the Doctoral and Post-
doctoral of M. Petracco, and of the undergraduate scientific initi-
ation of N.C.L.P. Arruda and L.A. del Matto at Instituto
Oceanográfico da Universidade de São Paulo (IOUSP). We wish
to express our gratitude to all participants in the field work and to
Estação Ecológica Juréia-Itatins and CEBIMar (USP) for their
logistic assistance. The authors thank Dr. Luiz Ricardo L. Simone
for assisting in the gender identification of Olivella minuta and
Hastula cinerea. M. Petracco thanks BFundação de Amparo e
Desenvolvimento da Pesquisa (FADESP) e Pró-Reitoria de
Pesquisa e Pós-Graduação (PROPESP)/UFPA^ for providing the
financial support for the English revision. This study was support-
ed by Fundação de Amparo à Pesquisa do Estado de São Paulo,
FAPESP (Processes. No. 2008/11053-0; 2009/17585-6).

References

Amaral, A. C., Denadai, M. R., Turra, A., & Rizzo, A. E. (2003).
Intertidal macrofauna in Brazilian subtropical tide-dominated
sandy beaches. Journal of Coastal Research, 19, 446–455.

 440 Page 8 of 11 Environ Monit Assess  (2015) 187:440 

https://www.researchgate.net/publication/221696810_High_tributyltin_and_imposex_levels_in_the_commercial_muricid_Thais_chocolata_from_two_Peruvian_harbor_areas?el=1_x_8&enrichId=rgreq-227d9d721e789402fb054080d86069aa-XXX&enrichSource=Y292ZXJQYWdlOzI3ODY2ODQ1OTtBUzoyNDE0NDQ3NDA5MjMzOTJAMTQzNDU3NjMyMDI1OQ==
https://www.researchgate.net/publication/259527203_Organotin_pollution_at_Arraial_do_Cabo_Rio_de_Janeiro_State_Brazil_Increasing_levels_after_the_TBT_ban?el=1_x_8&enrichId=rgreq-227d9d721e789402fb054080d86069aa-XXX&enrichSource=Y292ZXJQYWdlOzI3ODY2ODQ1OTtBUzoyNDE0NDQ3NDA5MjMzOTJAMTQzNDU3NjMyMDI1OQ==


Amaral, A. C., Migotto, A. E., Turra, A., & Schaeffer-Novelli, Y.
(2010). Araça: biodiversidade, impactos e ameaças. Biota
Neotropica, 10, 219–264.

Araújo, P. H. V., & Rocha-Barreira, C. A. (2012). Population
dynamic and secondary production of olivella minuta
(Gastropoda, Olividae) on sandy beach in Northeastern
Brazil. Amici Molluscarum, 20, 7–15.

Arrighetti, F., & Penchaszadeh, P. E. (2010). Gametogenesis,
seasonal reproduction and imposex of Adelomelon beckii
(Neogastropoda: Volutidae) in Mar del Plata, Argentina.
Aquatic Biology, 9, 63–75.

Azevedo, D., Rocha-Barreira, C. A., Matthews-Cascon, H., &
Castro, I. B. (2012). Pugilina morio L., a New imposex
exhibitor from South American estuarine environments: ap-
proach for a non-lethal method to evaluate imposex. Bulletin
of Environmental Contamination and Toxicology, 89, 786–
792.

Bech, M. (1999). Sensitivity of different gastropod to tributyltin
contamination. Phuket Marine Biological Center Special
Publication, 19, 1–6.

Bigatti, G., Primost, M. A., Cledón, M., Averbuj, A., Theobald,
N., Gerwinski, W., et al. (2009). Biomonitoring of TBT
contamination and imposex incidence along 4700 km of
Argentinean shoreline (SW Atlantic: From 38S to 54S).
Marine Pollution Bulletin, 58, 695–701.

Boehs, G., Monteiro Absher, T., & Da Cruz-Kaled, A. (2004).
Composition and distribution of benthic mollusks on inter-
tidal flats on Paranaguá Bay (Paraná, Brazil). Scientia
Marina, 68(4).

Borges, C. L. L., Fernandez,M.A. S., Castro, Í. B., & Fillmann, G.
(2013). Organotin pollution from pleasure craft at Paraty, a
tourist area of Southeastern Brazil: amelioration or interfer-
ence? Brazilian Journal of Oceanography, 61, 177–186.

Caetano, C. H. S., & Absalão, R. S. (2002). Imposex in
Olivancillaria vesica vesica (Gmelin) (Gastropoda,
Olividae) from a Southeastern Brazilian sandy beach.
Revista Brasileira de Zoologia, 19, 215–218.

Camillo, E., Quadros, J., Castro, I. B., & Fernandez, M. A. S.
(2004). Imposex in Thais rustica (Mollusca:Neogastropoda)
(Lamarck, 1822) as an indicator of organotin compounds
pollution at Maceió coast (Northeastern Brazil). Brazilian
Journal of Oceanography, 52, 101–105.

Cardoso, R. S., Caetano, C. H. S., & Cabrini, T. M. B. (2009).
Biphallia in imposexed females of marine gastropods: new
record for Nassarius vibex from Brazil. Brazilian Journal of
Biology, 69, 223–224.

Castro, Í. B., & Fillmann, G. (2012). High tributyltin and imposex
levels in the commercial muricid Thais chocolata from two
Peruvian harbor areas. Environmental Toxicology and
Chemistry, 31, 955–960.

Castro, Í. B., Meirelles, C. A., Pinheiro, J. C. L., Matthews-Cascon,
H., Rocha-Barreira, C. A. (2005) The increasing incidence of
imposex in Stramonita haemastoma (Mollusca: Gastropoda:
Muricidae) after the establishment of the Pecém Harbor, Ceará
State, Northeast Brazil. Thalassas (Santiago de Compostela),
Vigo, Espanha, 21, 71-75.

Castro, I. B., Meirelles, C. A. O., Matthews-Cascon, H., &
Fernandez, M. A. S. (2004). Thais (Stramonita) rustica
(Lamarck, 1822) (Mollusca: Gastropoda: Thaididae), a po-
tential bioindicator of contamination by organotin Northeast
Brazil. Brazilian Journal of Oceanography, 52, 135–139.

Castro, I. B., Lima, A. F. A., Braga, A. R. C., & Rocha-Barreira, C.
A. (2007a). Imposex in two Muricid Species (Mollusca:
Gastropoda) from the Northeastern Brazilian Coast. Journal
of the Brazilian Society of Ecotoxicology, 2, 81–91.

Castro, I. B., Alves de Lima, A. F., Rocha-Barreira, C. A., & Braga,
A. R. C. (2007b). Imposex in two Muricid Species (Mollusca:
Gastropoda) from the Northeastern Brazilian Coast. Journal of
the Brazilian Society of Ecotoxicology, 2, 81–91.

Castro, I. B., deMeirelles, C. A. O., Matthews-Cascon, H., Rocha-
Barreira, C. D., Penchaszadeh, P., & Bigatti, G. (2008).
Imposex in endemic volutid from Northeast Brazil
(Mollusca: Gastropoda). Brazilian Archives of Biology and
Technology, 51, 1065–1069.

Castro, I. B., Perina, F., & Fillmann, G. (2012a). Organotin con-
tamination in South American coastal areas. Environmental
Monitoring and Assessment, 184, 1781–1799.

Castro, I. B., Arroyo, M., Costa, P., & Fillmann, G. (2012b).
Butyltin compounds and imposex levels in Ecuador. Archives
of Environmental Contamination and Toxicology, 62, 68–77.

Castro, I. B., Rocha-Barreira, C. A., Fernandez, M. A., & Bigatti,
G. (2012c). Transplant bioassay induces different imposex
responses in two species of the genus Stramonita. Marine
Biology Research, 8, 397–404.

Castro, Í. B., Rossato, M., & Fillmann, G. (2012d). Imposex
reduction and residual butyltin contamination in Southern
Brazilian harbors. Environmental Toxicology and
Chemistry, 31, 947–954.

Choi, M., Moon, H. B., Yu, J., Eom, J. Y., & Choi, H. G. (2010).
Temporal trend of butyltins in seawater, sediments, and mus-
sels from Busan harbor of Korea between 2002 and 2007:
tracking the effectiveness of tributylin regulation. Archives of
Environmental Contamination and Toxicology, 58, 394–402.

Costa, M. B., Otegui, M. B. T., Barbeiro, D. C., & Fernandez, M.
A. (2009). Cymatium parthenopeum parthenopeum (Von
salis, 1793) (Mesogastropoda: Ranellidae): a new
bioindicator of organotin compounds contamination?
Journal of the Brazilian Society of Ecotoxicology, 3, 65–69.

Denadai, M. R., Amaral, A. C. Z., & Turra, A. (2005). Structure of
molluscan assemblages in sheltered intertidal unconsolidated
environments.Brazilian Archives of Biology and Technology,
48, 825–839.

Depledge, M. H., & Billinghurst, Z. (1999). Ecological signifi-
cance of endocrine disruption in marine invertebrates.
Marine Pollution Bulletin, 39, 32–38.

Evans, S. M. (1999). TBT or not TBT?: that is the question.
Biofouling, 14, 117–129.

Fernandez, M. A. (2006). Brazilian experience on TBT pollution:
lessons for future studies. Journal of Coastal Research, SI 39,
1336–1339.

Fernandez, M. A., de L R Wagener, A., Limaverde, A. M.,
Scofield, A. M., Pinheiro, A. L., & Rodrigues, E. (2005).
Imposex and surface sediment speciation: a combined ap-
proach to evaluate organotin contamination in Guanabara
Bay, Rio de Janeiro, Brazil. Marine Environmental
Research, 59, 435–452.

Fernandez, M. A., Lima-Verde, A. M., Wagener, A.L.R., Scofield,
A. L., & Coutinho, R. (2007). Stramonita haemastoma as a
bioindicator for organotin contamination in coastal
nvironments.Marine Environmental Research, 64, 384–398.

Galante-Oliveira, S., Langston, W. J., Burt, G. R., Pereira, M. E.,
& Barroso, C. M. (2006). Imposex and organotin body

Environ Monit Assess  (2015) 187:440 Page 9 of 11  440 



burden in the dog-whelk (Nucella lapillus L.) along the
Portuguese coast. Applied Organometallic Chemistry, 20,
1–4.

Galante-Oliveira, S., Oliveira, I., Santos, J. A., de Lourdes Pereira,
M., Pacheco, M., & Barroso, C. M. (2010). Factors affecting
RPSI in imposex monitoring studies using Nucella lapillus
(L.) as bioindicator. Journal of Environmental Monitoring,
12, 1055–1063.

Gibbs, P. E. (2009). Long-term tributyltin (TBT)-induced sterili-
zation of neogastropods: persistence of effects in Ocenebra
erinacea over 20 years in the vicinity of Falmouth (Cornwall,
UK). Journal of the Marine Biological Association of the
United Kingdom, 89, 135–138.

Gibbs, P. E., & Bryan, G.M. (1987). TBT paints and demise of the
dog-whelk Nucella lapillus (Gastropoda). Journal of the
Marine Biological Association of the United Kingdom, 68,
1482–1487.

Gibbs, P. E., Bryan, G.M., Pascoe, P. L., & Burt, G. R. (1987). The
use of dog-whelk Nucella lapillus, as an indicator of tribu-
tyltin (TBT) contamination. Journal of the Marine Biological
Association of the United Kingdom, 67, 507–523.

Godoi, A. F. L., Montone, R. C., & Santiago-Silva, M. (2003).
Determination of butyltin compounds in surface sediments
from the Sao Paulo State coast (Brazil) by gas
chromatography-pulsed flame photometric detection.
Journal of Chromatographya, 985, 205–210.

Guisla, B., Theresinha, M. A., & Andrea, C. K. (2004).
Composition and distribution of benthic molluscs on inter-
tidal flats of Paranaguá Bay (Paraná, Brazil). Scientia
Marina, 68, 537–543.

Jenner, M. G. (1979). Pseudohermaphroditism in Ilyanassa
obsoleta (Mollusca: Neogastropoda). Science, 205, 1407–
1409.

Langston, W. J., & Pope, N. D. (1995). Determinants of TBT
adsorption and desorption in estuarine sediments. Marine
Pollution Bulletin, 31, 32–43.

Lima, A. F. A., Castro, I. B., & Rocha. (2006). Imposex induction
in Stramonita haemastoma floridana (Conrad, 1837)
(Mollusca: Gastropoda:Muricidae) submitted to an organotin
contaminated diet. Brazilian Journal of Oceanography, 24,
85–90.

Lima-Verde, F. B., Castro, I. B., & Rocha-Barreira, C. (2010).
Imposex occurrence in Nassarius vibex from South America:
a potential bioindicator in estuarine environments. Marine
Biodiversity Records, 3, e30.

Marques, O. A. V., & Duleba, W. (2004). Estação Ecológica
Juréia Itatins: ambiente físico, flora e fauna. Ribeirão
Preto: Holos.

Matthiessen, P., & Gibbs, P. E. (1998). Critical appraisal of the
evidence for tributyltin-mediated endocrine disruption in
mollusks. Environmental Toxicology and Chemistry, 17,
37–43.

McLachlan, A. (1980). The definition of sandy beaches in relation
to exposure: a simple system. South African Journal of
Science, 76, 137–138.

Meador, J. P., Sommers, F. C., Cooper, K. A., & Yanagida, G.
(2011). Tributyltin and the obesogen metabolic syndrome in
a salmonid. Environmental Research, 111, 50–56.

Nucci, P. R., Turra, A., & Morgado, E. H. (2001). Diversity and
distribution of crustaceans from 13 sheltered sandy beaches
along São Sebastião Channel, south-eastern Brazil. Journal

of the Marine Biological Association of the United Kingdom,
81(03), 475–484.

Paz-Villarraga, C. A., Castro, Í. B., Miloslavich, P., & Fillmann, G.
(2015). Venezuelan Caribbean Sea under the threat of TBT.
Chemosphere, 119, 704–710.

Penchaszadeh, P. E., Averbuj, A., & Cledon, M. (2001). Imposex
in gastropods from Argentina (South-Western Atlantic).
Marine Pollution Bulletin, 42, 790–791.

Penchaszadeh, P., Antelo, C., Zabala, S., & Bigatti, G. (2009).
Reproduction and imposex in the edible snail Adelomelon
ancilla from northern Patagonia, Argentina.Marine Biology,
156, 1929–1939.

Petracco, M. (2008). Produção secundária da macrofauna
bentônica da zona entremarés no segmento norte da praia
do Una, litoral sul do estado de São Paulo. (PhD Thesis).
Universidade de São Paulo, Brazil.

Petracco, M., Camargo, R. M., Tardelli, D. T., & Turra, A. (2014).
Population biology of the gastropod Olivella minuta
(Gastropoda, Olividae) on two sheltered beaches in south-
eastern Brazil. Estuarine, Coastal and Shelf Science, 150,
149–156.

Pinochet, H., Tessini, C., Bravo, M., Quiroz, W., & De Gregori, I.
(2009). Butyltin compounds and their relation with organic
matter in marine sediments from San Vicente Bay, Chile.
Environmental Monitoring and Assessment, 155, 341–353.

Quadros, J. P., Camillo, E., Pinheiro, F., & Fernandez, M. A. S.
(2009). Imposex as an indicator of organotin pollution at Rio
de Janeiro South coast: Sepetiba and Ilha Grande bays.
Thalassas, 25, 19–30.

Quintela, M., Barreiro, R., & Ruiz, J. M. (2000). The use of
Nucella lapillus (L.) transplanted in cages to monitor tribu-
tyltin (TBT) pollution. Science of the Total Environment,
247, 227–237.

Rios, E. C. (1994). Seashells of Brazil. Rio Grande: Editora da
Fundação Universidade do Rio Grande.

Rocha-Barreira, C. A., Hijo, C. A. G., Fernandes, D. A. O., Silva,
H. L., Vidal, J. M. A., & Rodrigues, L. A. (2005).
Levantamento da macroinfauna bentônica de ambientes
inconsolidados do estado do Ceará: faixa entremarés de
praias arenosas. Programa Ecológico e Econômico da
Zona Costeira do Estado do Ceará.

Rolemberg, K. F., de Almeida Rocha-Barreira, C., & Arzabe, C.
(2008). Caracterização do macrozoobentos nas áreas sob a
influência da carcinicultura no entornodo estuário do rio
Camurupim, Piauí, Brasil. Arquivos de ciências do mar,
41(1).

Rossato, M., Castro, I. B., & Pinho, G. L. L. (2014). Imposex in
Stramonita haemastoma: a preliminary comparison between
waterborne and dietborne exposure. Ecotoxicology and
Environmental Contamination, 9(1), 87–92.

Sant’Anna, B. S., Santos, D. M., Marchi, M. R. R., Zara, F. J., &
Turra, A. (2014). Surface-sediment and hermit-crab contam-
ination by butyltins in Southeastern Atlantic estuaries after
ban of TBT-based antifouling paints. Environmental Science
and Pollution Research, 21(10), 6516–6524.

Sant’Anna, B. S., Marchi, M. R. R., Zara, F. J., & Turra, A. (2012).
Effects of tributyltin exposure in hermit crabs: Clibanarius
vittatus as a model. Environmental Toxicology and
Chemistry, 31(3), 632–638.

Santos, D. M., Araújo, I. P., Machado, E. C., Carvalho-Filho, M.
A. S., Fernandez, M. A., Marchi, M. R. R., & Godoi, A. F.

 440 Page 10 of 11 Environ Monit Assess  (2015) 187:440 



(2009). Organotin compounds in the Paranaguá estuarine
complex, Paraná, Brazil: evaluation of biological effects,
surface sediment, and suspended particulate matter. Marine
Pollution Bulletin, 58, 1926–1931.

Shi, H. H., Huang, C. J., Zhu, X. S., Yu, X. J., & Xie,W. Y. (2005).
Generalized system of imposex and reproductive failure in
female gastropods of coastal waters of mainland China.
Marine Ecology Progress Series, 304, 179–189.

Simone, L. R. L. (2009). Comparative morphology among repre-
sentatives of main taxa of Scaphopoda and basal protobranch
Bivalvia (Mollusca). Papéis Avulsos de Zoologia (São
Paulo), 49(32), 405–457.

Stewart, C., Demora, S. J., Jones,M. R. L., &Miller, M. C. (1992).
Imposex in New-Zealand Neogastropods. Marine Pollution
Bulletin, 24, 204–209.

Stroben, E., Oehlmann, J., & Fioroni, P. (1992). The morpholog-
ical expression of imposex in Hinia reticulata (Gastropoda,
Buccinidae) - A potential indicator of tributyltin pollution.
Marine Biology, 113, 625–636.

Teso, S. V., & Penchaszadeh, P. E. (2009). Beach filling and
imposex in Olivancillaria deshayesiana (Mollusca:

Gastropoda: Olividae) from the coast of Mar del Plata,
Argentina. Journal of the Marine Biological Association of
the United Kingdom, 89, 557–562.

Titley-O’Neal, C. P., Munkittrick, K. R., & MacDonald, B. A.
(2011). The effects of organotin on female gastropods.
Journal of Environmental Monitoring, 13, 2360–2388.

Toste, R., Fernandez, M. A., de Pessoa, I., Parahyba, M. A.,
& Dore, M. P. (2011). Organotin pollution at Arraial do
Cabo, Rio de Janeiro State, Brazil: increasing levels after
the TBT ban. Brazilian Journal of Oceanography, 59,
111–117.

Trueman, E. R., & Brown, A. C. (1992). The burrowing habit of
marine gastropods. In J.H.S. Blaxter and A.J. Southward
(Ed.), Advances in Marine Biology (Vol. Volume 28, pp.
389–431). San Diego: Academic Press.

Vasconcelos, P., Moura, P., Barroso, C., & Gaspar, M. (2011). Size
matters: importance of penis length variation on reproduction
studies and imposex monitoring in Bolinus brandaris
(Gastropoda: Muricidae). Hydrobiologia, 661, 363–375.

Zar, J. H. (1999). Biostatistical analysis. New Jersey: Prentice-
Hall.

Environ Monit Assess  (2015) 187:440 Page 11 of 11  440 

All in-text references underlined in blue are linked to publications on ResearchGate, letting you access and read them immediately.


	Evaluation...
	Abstract
	Introduction
	Material and methods
	Study areas
	Sampling
	Laboratory procedures
	Data analysis
	O.�minuta
	H.�cinerea


	Results and discussions
	References


