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Abstract Endocrine disrupting chemicals (EDCs) known
to be present in the marine environment, have great
potential to influence reproductive status in aquatic
organisms. A widespread incidence of intersex linked with
EDCs exposure has been reported in molluscs and fish
species. The species Scrobicularia plana is inherently
gonochoristic; nonetheless, the feminisation of male clams
was described in estuaries from the United Kingdom. Thus,
this study reports the presence of oocytes in the testis of
male clams of S. plana collected in the Guadiana River
(Portugal). Samples were collected between June and
September (2007), and gonad tissue analysed by light
microscopy. Intersex with several degrees of intensity was
detected during the first three months of sampling, in which
the percentage of male clams affected varied between 5.9,
58.3 and 71.4%. Little is known about the causes of
intersex in S. plana, being the urban, industrial and agri-
cultural discharges possible major sources of induction. In
the Guadiana River, the presence of several EDCs may be
directly linked to the incidence of the intersex condition
detected in Scrobicularia plana.
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Introduction

The aquatic environment is principally vulnerable to pol-
lution, partly because of the significant release of chemi-
cals into rivers, lakes, and the sea, mainly through effluents
from sewage treatment works (STW) and industries
(Sumpter 2005). Municipal effluents, even after an appro-
priate treatment, are known to release diverse pollutants
into the aquatic environment, including endocrine disruptor
chemicals (EDCs), which comprise natural or synthetic
compounds, such as polychlorinated biphenyls, organo-
chlorine pesticides, plasticizers, surfactants, pharmaceuti-
cal agents and miscellaneous steroids. Many known EDCs
are estrogenic, with the ability to mimic or block the action
of hormones or to influence their concentration in tissues,
as seen in several aquatic organisms, for example, fish (e.g.
Rutilus rutilus, Xiphias gladius, Acipenser gueldenstaedtii)
and invertebrate species, as Mya arenaria, marine and
freshwater mussels (e.g. Mytilus galloprovincialis, Tapes
philippinarium, Elliptio complanata) (Minier et al. 2000;
Jobling et al. 2002; De Metrio et al. 2003; Gagné and
Blaise 2003; Canesi et al. 2004; Langston et al. 2005;
Sumpter 2005; Bjerregaard et al. 2006; Jackson et al. 2006;
Porte et al. 2006; Almeida et al. 2007).

The majority of xenobiotic estrogens and their metab-
olites are able to bioaccumulate and biomagnify in differ-
ent environmental compartments, including marine biota,
due to their lipophilic and constant nature (Porte et al.
2006). Several ecological effects have been identified, such
as altered sexual differentiation, malformation, feminisa-
tion, alteration of immune function and decreased fertility
in birds, fish and mammals. Estrogens in particular
(nonylphenol, estradiol, etc.) possess the ability to increase
the number of intersexed animals following periods of
chronic exposure, as well as induction of vitellogenin
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(Jobling et al. 2002; Gagné and Blaise 2003; Sumpter
2005; Bjerregaard et al. 2006; Jackson et al. 2006; Porte
et al. 2006; Ford et al. 2007). Intersexuality is a condition
whereby an individual possesses oocytes or different stages
of spermatogonia, at varying degrees of development,
within the normal gonad of the opposite gender (i.e. sper-
matocytes in the ovary or oocytes in the testis), however,
little is know about the physiological mechanisms or
gonodal differentiation in spontaneous intersexual indi-
viduals of gonochoristic species. Fish species, from both
freshwater and marine environments, present the most well
documented cases of feminisation of males, characterized
by the occurrence of female gonodal characteristics in
males gonads (ovotestis) (Minier et al. 2000; Jobling et al.
2002; De Metrio et al. 2003; Bjerregaard et al. 2006;
Jackson et al. 2006).

In invertebrate species, only a limited number of studies
have focused the effects of EDCs, mainly due to a lack of
knowledge on basic endocrine physiology of most inver-
tebrate groups (Depledge and Billinghurst 1999; Langston
et al. 2005; Sumpter 2005; Porte et al. 2006). Bivalve
molluscs have been used worldwide as bioindicators to
assess the impact of pollutants in coastal marine ecosys-
tems and their health status (Bebianno and Serafim 1998;
Bocchetti and Regoli 2006). Sedentary bivalves such as the
estuarine bivalve Scrobicularia plana (Da Costa 1778) are
potentially exposed to a wide range of contaminants nor-
mally for extensive periods of time, becoming highly tol-
erant to physical and chemical changes in the sediment
(ultimate sink for pollutants). This, together with the ability
to bioaccumulate pollutants and a deposit-feeding behav-
iour, makes S. plana an ideal biomonitor for investigating
the effects of environmental contamination (Langston et al.
1998; Wootton and Pipe 2003; Casagranda and Boudour-
esque 2005; Langston et al. 2005). This bivalve is a bur-
rowing deposit-feeding organism, inhabiting soft bottoms
of clay or mud in the inter-tidal zone of estuaries.
Geographically, it ranges from the Norwegian and Baltic
Seas, south to the Iberian Peninsula, into the Mediterra-
nean, along the Atlantic coast of Morocco to the Canary
Isles and south to Senegal (Sola 1997; Guerreiro 1998;
Rodriguez-Rua et al. 2003; Wootton and Pipe 2003;
Raleigh and Keegan 2006).

The Portuguese coast and marine areas are impacted by
human activities, influencing the structure and dynamics of
its estuaries, fundamentally through urban, agricultural and
harbour effluents and discharges (Almeida et al. 2007). The
Guadiana River is the fourth most important river of the
Iberian Peninsula, located along the southern border
between Portugal and Spain, close to the city of Vila Real
de Santo Anténio and next to the Gulf of Cadiz (Cravo
et al. 2006; Almeida et al. 2007). Being one of the largest
rivers in the south of the Iberian Peninsula, with 810 km in

length, its estuary is 70 km long with a maximum width of
550 m and maximum depth between 5 and 17 m (Cravo
et al. 2006; Wolanski et al. 2006; Caetano et al. 2006). In
order to evaluate the impact of the presence of EDCs in the
Guadiana estuary, the presence of intersex in male clams
S. plana, was investigated.

Materials and methods

Samples of S. plana were collected in the Guadiana River
estuary (Fig. 1), located in the south coast of Portugal,
during the period of June to September 2007. 30 individ-
uals were sampled each month, and maintained in aerated
50% seawater during 48 h. For each specimen, a small
portion of the gonad was excised and examined under light
microscope (Axiovert S100, Zeiss) with a digital still
camera incorporated (Sony), at a 100x magnification, in
order to detect gender and reproductive development stage.
Oocyte sizes were measured using a graticulate eyepiece
with a micrometric scale. In order to test differences in the
frequency of intersex and sex ratio between months, Fisher
Exact analysis was used, with a level of significance set at
P < 0.05. Statistical analyses were carried out in
SigmaStat version 3.5 (Systat Software, CA, USA).

Results and discussion

The clam S. plana is considered inherently gonochoristic
(distinct male and female characteristics) (Rodriguez-Rua
et al. 2003; Raleigh and Keegan 2006), however the
presence of intersex has been shown to be a widespread
phenomenon in some populations in the Southwest of the
United Kingdom (Langston et al. 2007). In this study,
intersex condition was characterized by the occurrence of
oocytes among normal testicular tissue (ovotestis), in
individuals of S. plana collected during June to September
(2007) in the Guadiana Estuary. In Portugal, a phenomenon
designated as ‘hermaphroditism’ has already been identi-
fied in some individuals of S. plana in the Tagus River,
where the male testicular tissue was well developed with
the existence of few oocytes, and also several oocytes and
only few portions of the male tissue (Paes-da-Franca 1956).
This could be the first evidence of the occurrence of a
condition related/similar to intersex in S. plana in a
Portuguese River.

Scrobicularia plana is a species whose reproductive
cycle varies with latitude, with southern populations
exhibiting more than one annual reproductive period (Sola
1997; Rodriguez-Rda et al. 2003; Raleigh and Keegan
2006). Paes-da-Franca (1956) and Guerreiro (1998) showed
that S. plana has two reproduction cycles, March-April and
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Fig. 1 Sampling site in the
Guadiana Estuary (south coast
of Portugal)

Portugal

ﬁLlsbua

June-September, that preceded two periods of spawning in
April-July and in September. Additionally, in the Guadal-
quivir estuary in Spain, populations of this species pre-
sented the same periods of sexual activity and spawning
(Rodriguez-Rda et al. 2003). Accordingly, the sampling
time selected for this preliminary study was one of the
periods of maximum sexual activity for this species in
European southern regions. In fact, the spawning period
occurred in September, where gonodal tissue was undif-
ferentiated, becoming impossible to determine the gender of
individuals.

For the 30 individuals of S. plana sampled each month,
the occurrence of ovotestis increased in frequency until the
spawning period (Fig. 2a). The intersex incidence showed
a lower prevalence in June (P < 0.05), with 5.9% of males
affected by intersex (3.3% of the total population), con-
trasting with the 58.3% in July (23.3% of the total popu-
lation) and 71.4% (33.3% of the total population) in August
(Fig. 2b). The higher frequency of intersex in S. plana is in
agreement with the periods of higher sexual activity, with a
peak in August (P < 0.05), as demonstrated in the popu-
lations from southwest United Kingdom (Langston et al.
2007) and in the Tagus estuary population, referenced as
‘hermaphroditism’ (Paes-da-Franca 1956).

The proportion of females was very similar between the
3 months (June to August), ranging from 43.3 to 60%,
while the proportion of ‘unaffected’ males dropped from
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53.3 to 16.7% and 13.3%, respectively (Fig. 2b). Conse-
quently, the sex ratio between males and females decreased
significantly (P < 0.05). Chesman and Langston (2006)
detected a ratio of males (without intersex) to females
lower than the unity in the S. plana population from
the Avon Estuary (United Kingdom), thus confirming the
result obtained in this study. In the studies that reported the
existence of ‘hermaphrodites’ in this species, the sex ratio
indicated a slight predominance of females to males,
however with no significant differences (Paes-da-Franca
1956; Raleigh and Keegan 2006). In normal populations,
equal proportions of males and females were recorded in
the Mira and Tagus estuary in Portugal and in the Bidasoa
estuary in Spain (Sola 1997; Guerreiro 1998).

Different degrees of intersex in S. plana were observed,
with an increasing severity throughout the sampling
months (Fig. 3). Adopting the ranking system implemented
by Chesman and Langston (2006) to categorise the dif-
ferent degrees of intersex in gonads of Scrobicularia plana
(from a predominantly male gonad: single oocyte present
in a field of view to a predominantly female gonad with
follicles containing bundles of sperm), the condition of
the males from Guadiana River did not cover the span of
the scoring index used. In contrast to the situation found
in the southwest of the United Kingdom population, in
S. plana from the Guadiana River only four of the six
scores were detected, ranging from a single oocyte in a
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Fig. 2 a Intersex frequency, expressed as the percentage of males
with oocytes in the testicular tissue and sex ratio of ‘unaffected’
males; b Percentage of males, females and intersex in the three
months

normal testicular tissue to more than five closely associated
oocytes. In June, only the first score was observed, with
normal male gonad showing a single oocyte in a field of
view (Fig. 3c), while in July a mixture of score one and
two was detected, with one and two oocytes (Fig. 3d). As
for August, two more phases of intersex were detected, the
third and fourth and scores, with predominantly male tissue
with one to four closely associated oocytes (Fig. 3e) or
with more than five closely associated oocytes (Fig. 3f),
therefore representing the higher severity of intersex
noticed.

The incidence of intersex in gonochoristic populations
of S. plana has raised several questions, namely its prin-
cipal source. The presence of the two genders in the same
individual (intersexed gonads) has been reported as a
normal condition in gonochoristic species (Lammens
1967), nevertheless, their existence has also been associ-
ated to the vicinity to polluted environments, as seen in
wild populations of gonochoristic teleosts (Jackson et al.
2006). In Scrobicularia plana, intersex was also hypothe-
sised as a normal condition, nonetheless, Langston et al.
(2007) has shown that it can be induced after laboratorial

exposure to (xeno)estrogens (17 f-oestradiol, 17a-ethiny-
loestradiol, octylphenol and nonylphenol), with increased
ovotestis condition in male clams. Admitting that several
other factors can influence the presence of intersex and sex
ration in invertebrates, like metals (cadmium) and para-
sitism (Morley 2006; Smaoui-Damak et al. 2006; LeBlanc
2007), none of these were found significant. Parasites were
not observed and metal levels in this species were not
significantly relevant to induce this phenomenon (Gomes,
unpublished data). Therefore, the influence of endocrine
disrupting compounds on intersex condition appears to be
an important factor affecting this species.

The presence of endocrine disrupting compounds in the
aquatic environment is well documented, being the outfalls
from sewage treatment plants, agricultural and -cattle
breeding the major inputs (Minier et al. 2000; Gagné and
Blaise 2003; Langston et al. 2005; Sumpter 2005;
Bjerregaard et al. 2006; Almeida et al. 2007). In the case of
the Guadiana waters, only few studies have focused on the
presence of these compounds. Almeida et al. (2007)
detected significant levels of EDCs in the Guadiana River,
not only in water samples, but also in sediments. The major
compounds found were pesticides and their metabolites
(atrazine, simazine, prometryn, among others), polycyclic
aromatic hydrocarbons (phenantherene, pyrene, etc.) and
herbicides as diuron. Bisphenol A (a plastic monomer) was
also found, although in small amounts. The presence of
EDCs in the Guadiana Estuary area is clear, with several
point and diffuse sources resulting from urbanisation,
agriculture, cattle breeding, olive and vineyard crops. The
intensive agricultural activities and pesticide treatments
that occur in the Spanish areas close to its hydrological
basin also influences the discharges in the river (Wolanski
et al. 2006; Almeida et al. 2007). Additionally, sewage
discharges from the two densely populated cities near the
river mouth, Vila Real de Santo Anténio and Ayamonte
(Spanish side), can be associated to the presence of EDCs
(Serafim et al. 2006; Almeida et al. 2007), namely Vila
Real Santo Antdnio, that has no sewage treatment plant for
its effluents, being the sewage directly discharged into the
river.

In sediment samples, two organotic compounds, dibu-
tyltin and tributyltin (TBT), were found in considerable
levels, essentially in the ‘Castro Marim’ marshes near the
S. plana sampling sites. Being a river with high maritime
traffic (mainly in Spring and Summer), one of the major
sources of organotin compounds in the Guadiana River is
still the antifouling paint, whose use was forbiden in
Portugal since 1992 (Barroso et al. 2000). Due to its
deposit-feeding behaviour, this species is potentially sus-
ceptible to exposure to a extensive range of contaminants
(Sola 1997; Coelho et al. 2006). Therefore, the hypothesis
that the presence of endocrine-disrupting chemicals in the
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Fig. 3 Light micrographs of the
portion of the gonads of

S. plana a normal female
ovarian tissue, b normal male
testicular tissue, ¢ to f male
testicular tissue showing the
presence of oocytes, with
different degrees of intersex.
Size of oocytes ~ 1.5 to 2.8 pm

waters of the Guadiana River is directly related to
the intersex condition detected in S. plana cannot be
discharged.

Two other examples of alterations of the endocrine
system of marine invertebrates have been studied in the
Guadiana River. The phenomenon of imposex (superim-
position of male characters onto the female) has been
recorded in the prosobranch Ocenebra erinacea, associated
with the presence of TBT in the river (Coelho PhD
Dissertation; Veiga unpublished data). Also, the levels of
vitellogenin-like (Vg-like) proteins were quantified in
Mpytilus galloprovincialis by the indirect assay termed
alkali-labile phosphate assay (ALP), showing significant
levels of Vg-like proteins, probably related to EDCs in the
Guadiana waters (Pereira, data not published).

In conclusion, intersex was identified in S. plana from
the Guadiana River, in a less severe degree when compared
to that observed in the populations from the United
Kingdom. The present study provides important informa-
tion to the question as to how geographically widespread is
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the presence of intersex in S. plana is, but not a response to
which precise factors lead to this phenomenon. The next
steps to be accomplished are a more complex character-
ization of the levels of EDCs in the Guadiana waters and
S. plana tissues in order to relate them to the incidence of
intersex in these clams and apply other endocrine disrup-
tion methodologies to complement the information about
the influence of EDCs in this species.
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