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Intersex is a sensitive biomarker of TBT exposure and effects in littorinid gastropods and described for the mangrove periwinkle
Littoraria angulifera for the first time in this study. The objective was to describe the occurrence of intersex in L. angulifera, to
propose the species as a sentinel organism to assess TBT contamination, and to characterize the contamination in mangroves.
The study was carried out in 2009 by sampling at 20 stations near harbors and marinas and at a reference station on the coast of
Espı́rito Santo Estate, Brazil. At the reference station, no intersex specimens were found, while at 20 sampling stations 51% of the
females exhibited different degrees of intersex development, including the occurrence of functionally sterilized females.The highest
incidence of intersex and greatest intersex intensities was found in areas close to marinas and shipyards indicating that vessel-
related activities are still the main source of TBT contamination. L. angulifera collected from stations in areas with well-preserved
mangroves was larger than specimens collected from other areas.These differences are attributed to environmental quality and not
to occurrence of intersex. The results indicate that this region is still affected by TBT contamination and that L. angulifera has the
required sensitivity to be used as a bioindicator.

1. Introduction

Estuarine systems are highly complex and dynamic envi-
ronments due to the spatiotemporal variability of their
physicochemical parameters and the influence of a variety of
natural and anthropogenic stressors thatmay affect the health
and stability of these ecosystems [1]. However, the effects of
stressors and their interaction with individual components of
an ecosystem remain unknown [1–3].

Anthropogenic activities in ports, such as shipping and
vessel painting and repair, contaminate sediment and the
biota. Tributyltin (TBT), a biocide used inmarine antifouling
paints, contributes to this contamination. TBT exhibits the
highest toxicity among organotin compounds (OT) and is

considered the most toxic xenobiotic substance deliberately
introduced into the environment [4, 5].

TBT can cause various negative effects in multiple tax-
onomic groups, but mollusks are among the most sensitive
invertebrates to this substance [6]. To these species, TBT
acts as an endocrine disrupter, affecting wild populations
of marine gastropods by means of the syndromes called
imposex and intersex [7–13].

Imposex is defined as a process of masculinization char-
acterized by development and superimposition of male sex-
ual characteristics (penis and vas deferens) in females. This
phenomenon is widely distributed, and currently, approxi-
mately 220 known species of neogastropods are affected [14].
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Imposex is the most widely used biomarker for this type of
contamination [15].

Intersex, another important biomarker for TBT was first
observed in 1993, on the coast of Germany, when malforma-
tions observed in the pallial reproductive tract of the female
gastropod Littorina littorea (Linnaeus, 1758) [9, 16] were
related to TBT contamination at levels around 10 ng L−1 Sn
[17].This syndrome is characterized by a phenotypic disorder
in the reproductive tract and the gradual transformation of
pallial female reproductive organs intomale structures which
is classified by five morphological stages (Figure 1): Stage 0,
normal female without evidence of intersexuality; Stage 1, the
female genital opening is enlarged and the proximal bursa
copulatrix is divided ventrally; Stage 2, division of the ventral
portion of the pallial oviduct, which exposes the inner lobes;
Stage 3, the glands of the pallial oviduct are partially or
completely supplanted by a prostate gland; Stage 4, finally, the
penis and seminal groove are formed.The females in this state
do not exhibit spermiogenesis. According to Bauer et al. [16],
in Stages 2–4, themorphologicalmalformation of the oviduct
inhibits the formation of capsules and the copulation, which
leads to sterilization of females.

After the initial reports on intersex a number of studies
were performed [7–9, 11, 12, 18–21], especially in locations
where TBT contamination levels are quite high and therefore
neogastropod species are not found. The main parameter for
quantifying the intensity of intersex in populations is the
index of intersex (ISI), calculated as the mean value of each
sampled intersex stage proposed by Bauer et al. [16].

Due to the toxic effects of TBT, antifouling paints con-
taining this substance were banned in many countries, but
its use persists in many regions of the world, especially in
developing countries such as Brazil [22]. In these locations,
organotin compounds such as tributyltin are currently being
produced and marketed [23]. Recent studies have indicated
that these compounds are still being used in some areas and
high concentrations of this compound are still found in the
environment [24].

Until now, contamination from OTs in Brazil has mainly
been studied using imposex in several species of Neogas-
tropods, such as Stramonita haemastoma (Linnaeus, 1758)
[25–27], Thais rustica (Lamarck, 1822) [28], Thais deltoidea
(Lamarck, 1822) [29], Leucozonia ocellata (Gmelin, 1791),
Leucozonia nassa (Gmelin, 1791) (Costa et al., accepted
manuscript), and Cymatium parthenopeum parthenopeum
(von Salis, 1973) [30], of the order Caenogastropoda.

Caenogastropods are recognized as being less sensitive
to contamination by OTs [31, 32], but where neogastropods
are not present, such as in mangrove areas, species of
Caenogastropods may present an option for monitoring the
presence of this contaminant.

Studies investigating OT contamination using bioindica-
tors in mangrove areas in Brazil do not exist, and intersex
in Littoraria angulifera (Lamarck, 1822) has not yet been
reported. The objective of this study was to investigate the
morphological changes caused by TBT in L. angulifera by
macroscopic analyses and to conduct spatial monitoring of

TBT contamination using intersex as a biomarker in Victoria
Harbor and the Bay of Espı́rito Santo, southeastern Brazil.

2. Materials and Methods

2.1. Study Area. This study was conducted in 2009, around
the city of Vitoria and at a reference site (RS) in the city
of Serra (Figure 2). The city of Vitoria is highly urbanized
and has several ports, including the Port of Tubarão and the
Vitoria Port Complex. In addition to these ports, the region
includes several marinas that support fishing, recreation,
and small vessel maintenance. The reference site was char-
acterized by the lack of apparent OT contamination because
all L. angulifera specimens collected in this area were free
of intersex and all specimens of Leucozonia nassa collected
between 2006 and 2012 in this area did not exhibit imposex
(Costa et al., accepted manuscript).

2.2. Intersex Analysis. Forty L. angulifera individuals were
collected at the reference site (RS) and at each of the 20
sampling stations in the Vitoria Harbor and the Bay of the
Espirito Santo region. All specimens measured above 10mm
and were considered sexually mature. The sample size and
sexual maturity were selected according to De Wolf et al.
[11]. The animals were transported to the laboratory, kept in
tanks containing a 1 : 1 ratio of seawater to distilled water, and
were anesthetized in a 4% MgCl

2

solution. Measurements
of shell length (mm) were taken with a Mytutoyo caliper.
The shells were broken and the snails analyzed under a
stereomicroscope. The sex ratio (M : F) was determined
according to Birchenough et al. [33] for all stations. Values
less than 1 indicate a shift of the sex ratio in favor of females,
values greater than 1 in favor of males. The percentage or
incidence of intersex was calculated by the proportion of
females with masculine features, and the intersex index (ISI)
was determined according to [9, 16] considering the five
stages proposed by these authors.

2.3. Littoraria angulifera. L. angulifera (Figure 3(a)) is a trop-
ical littorinid species found almost exclusively in mangroves.
This species has separate sexes (Figures 3(b) and 3(c)) and is
ovoviviparous with a planktotrophic larval stage [34]. Adults
are found on the upper shore zone on the trunks, roots, and
leaves ofmangrove trees.The species is also found on artificial
substrate or rocky shores, where they feed on fungi and algae.
The normal structure of the genital system in L. angulifera is
documented in Merkt and Ellison [35].

2.4. Data Analysis. The Kruskal-Wallis test was used to
compare the values of the ISI at each sampling area. The
test of multiple comparisons was performed a posteriori.
Correlations between percentage of intersex and ISI average
were tested using the Spearman test.

An analysis of variance (two-way ANOVA) was con-
ducted to compare the values of shell length between
sampling areas and between the sexes. Subsequently, the
Tukey test was used as posttest. Conditions of normality
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Figure 1: Development scheme for intersex in Littorina littorea with four different stages. Dorsal views with opened mantle cavity (a) and
lateral views of pallial genital tract (b). Abbreviations a: anus; ag: albumen gland; bc: bursa copulatrix; cg: capsule gland; ig: albumen gland;
obc: open bursa copulatrix; opo: open pallial oviduct, p: penis; po: pallial oviduct; pr: prostate; rs: receptaculum seminis; sg: seminal groove;
vo: vaginal opening (source: [9]).

and homogeneity were tested prior to analysis using the
Kolmogorov-Smirnov and Levene tests, respectively.

3. Results and Discussion

Intersex and other morphometrical parameters are summa-
rized in Table 1. In this study, we collected a total of 759

specimens of L. angulifera. At the reference site (RS), no
intersex females were found. Of the total of 367 females
collected at 20 sampling sites, 51% exhibited intersex. One
intersex female in stage 3 can be seen in Figure 3(d). At Site
1, where a shipyard for the maintenance of small vessels is
located, no specimens were found, despite the presence of
small mangrove trees of the species Laguncularia racemosa.
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Figure 2: Location of the study areas where L. angulifera was collected for analysis of intersex. Potential sources of contamination with
organotin compounds are represented. RS: reference site.

3.1. Sex Ratio in the Study Areas. At the reference site, 40
individuals were collected, 24 females and 16 males. The
sex ratio was 0.65, indicating a slight prevalence of females
according to [33]. Female-dominated sex ratios were also
observed at sites 2, 3, 5, 6, 11, 12, 14, 17, 18, and 20. At other sites,
there was a male-biased sex ratio, and site 7 had the highest
number ofmales compared to females (3 : 1) (Table 1).The sex
ratio found for L. littorea (1 : 1) in [17] differs from that found
in this study for L. angulifera.

3.2. Intersex Index. Thehighest intersex incidences (Figure 4)
were found in areas close to ports, marinas, and shipyards
for the maintenance of small vessels (sites 2, 17, 18, 19, and
20).This finding indicates that vessels in these areas continue
to use antifouling paints based on TBT. Similar results were

found by Oehlmann et al. [36], Morcillo et al. [37], and De
Wolf et al. [11], who observed a high input of TBT in harbor
areas.

At sites 6, 11, 15, and 16 no intersex affected specimens
were found. These results can be explained by the fact that
these sites are located along the Victoria Harbor in areas
with water depths that may prevent the snails from coming
into direct contact with the sediment. Once released into the
water, OTs pass quickly to the particulate phase and tend to
accumulate in sediments [38].

Site 20, located in a port area, features a grove of
mangroves.Thus, individuals have contact with the sediment,
which may explain the high levels of intersex at that site.
At sites 5–12, located in mangroves in Victoria Bay, intersex
incidences were quite variable in healthy populations (sites 6
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Figure 3: Specimens of L. angulifera. (a) Shell; (b) male, shell removed; (c) normal female, shell removed; (d) intersex female in stage 3, shell
removed; CG: capsule gland; VO: vaginal opening; Pr: prostate; SG: seminal groove; P: penis; DG: discoidal gland.

Table 1: Results obtained for Littoraria angulifera to the sites. Sex ratio = no. male/no female; ISI: intersex index. (RS: reference site).

Sites No. female No. male Sex ratio % Intersex ISI average Shell length (mm)
1 0 0 — — — —
2 11 10 0.91 90.91 2.72 30.10 ± 2.68

3 25 15 0.60 8.00 2.00 31.17 ± 3.93

4 16 22 1.38 6.25 2.00 29.17 ± 2.69

5 23 16 0.70 34.78 2.00 28.66 ± 2.89

6 22 18 0.82 0.00 — 27.51 ± 2.32

7 10 30 3.00 50.00 2.00 27.70 ± 2.34

8 19 21 1.11 31.58 2.00 29.10 ± 1.81

9 16 24 1.50 37.50 2.65 26.99 ± 2.99

10 17 23 1.35 35.29 2.00 23.25 ± 3.03

11 25 15 0.60 0.00 — 19.11 ± 2.43

12 23 17 0.74 17.39 2.00 20.23 ± 1.67

13 16 18 1.13 18.75 2.00 14.75 ± 2.09

14 21 15 0.71 9.52 2.00 14.67 ± 2.56

15 17 17 1.00 0.00 — 19.12 ± 3.98

16 17 20 1.18 0.00 — 20.97 ± 2.20

17 21 19 0.90 71.43 2.00 21.44 ± 2.15

18 21 19 0.90 85.71 2.00 24.27 ± 1.57

19 20 20 1.00 85.00 3.00 19.44 ± 2.19

20 27 13 0.48 81.48 3.00 23.11 ± 2.71

RS 24 16 0.65 0.00 — 21.22 ± 3.44
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Table 2: Results of two-way ANOVA analysing shell lengths between sampling sites and sex. 𝐹: test value. 𝑃: probability for 𝛼 error.

Variable Source of variation Degrees of freedom 𝐹 𝑃 Tukey

Shell lenght
Sites 19 136.48 <0.001 2–8 > 9–12, 15–20, PC > 13, 14
Sex 1 45.28 <0.001 Female >Male

Sites × sex 9 63277.11 <0.001 —
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Figure 4: Percentage of intersex and ISI values medium obtained in
the sample points. RS: reference site.

and 11) and reached a maximum of 50% at site 7.The distance
from the main sources of TBT may have contributed to these
results; however, the presence of small harbors in the region
may explain the occurrence of intersex at some of these sites.

The intersex stages varied between 0 and 3. Sites 2, 17,
18, 19, and 20 showed the highest ISI values (Figure 4).
Significant differences were found between these sites and
others (posttest multiple comparisons Kruskal-Wallis value:
230.67, 𝑃 < 0.001). All intersex females were sterile
because, according to Bauer et al. [16], the intersex stage
2 is characterized by a morphological malformation of the
oviduct which inhibits the formation of the capsule and a
successful copulation. In stage 3 (found at sites 2, 9, and 17–
20), a complete replacement of the capsule gland by a prostate
prevents formation and nutrition of extraembryonic eggs
capsules and eggs, leading to reproductive failure [9]. The
occurrence of these stages indicates that these populations
have ceased breeding.

The highest ISI values found in this study (ISI 3.0) are
similar to those found for L. littorea by Bauer et al. [9] (ISI >
3.0) and Van Den Broeck et al. [20] (3.52 ISI) and are higher
than reported ISI values for the same species collected in
Portugal (ISI 0.5) [39] and Ireland (ISI 1.30) [8] in port areas.

We obtained a positive correlation between the ISI value
and intersex incidence (Figure 5). Thus, the results indicate
that both indices are sufficiently sensitive to assess the level
of contamination by TBT and its consequences for the
population. However, according to Bauer et al. [9], ISI is a
more suitable index than the percentage of intersex when
assessing the reproductive capacity of a population because
the ISI evaluates the percentage of sterility.

3.3. Length of Shells. Regarding the length of the shells,
animals collected at sites 2–8, located in the most pristine
mangrove areas, showed higher values compared to those
recorded at other sampling points. It is possible that the better
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Figure 5: Correlation between values of intersex (%) and average
ISI. Results of the Spearman test: 𝑟 = 0.98, 𝑃 < 0.05.
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Figure 6: Distribution of length values shells of L. angulifera
collected in the sampling areas. RS: reference site.

condition of that ecosystem, as indicated by more developed
trees and greater availability of substrate and food for L.
angulifera, may have contributed to this result, as the indi-
viduals were smaller (Figure 6, Table 2) in the areas where the
mangrove forest was not present (sites 10–20).

At the reference site, individuals also had smaller shells.
This area is located in a grove of mangroves established on
ferruginous laterites, on a beach away from the estuary, and is
composed of less-developed trees compared with those of the
mangrove estuary in Victoria Harbor. Merkt and Ellison [35]
attributed variations in themorphology of L. angulifera shells
to differences in habitat caused by nutritional conditions,
local climate, forest structure, and geomorphology. These
authors found that the specimens located in mangroves
established on carbonate platforms are smaller due to the
oligotrophic nature of these features when compared with
those found in estuarine mangroves. Lower food availability
and higher salinity can result in slower growth rates of
L. angulifera [35], which may explain the differences in shell
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length found in this study between the estuarine mangrove
areas and other areas, such as consolidated substrate and
artificial beach.

Unlike the results obtained in this study, Van Den Broeck
et al. [20] found shells to be larger and heavier in places
more severely affected by TBT, attributing their findings to
population demographics or energy allocation to growth
due to TBT. When comparing the sample areas, there was
no apparent influence of TBT on shell size in our study.
However, when comparing the length of shells of intersex
females (25.1 ± 4.9, mean ± standard deviation), it was
observed that intersex-free females were smaller (23.7 ± 6.0,
mean ± standard deviation) (ANOVA, 𝑃 = 0.03), indicating
a possible influence of TBT.

With respect to sex differences females had significantly
larger shells than males (Figure 6, Table 2). Similar results
were found byVanDenBroeck et al. [20] for Littorina littorea.

4. Conclusions

Neogastropods are generally more sensitive to TBT than
Caenogastropods [32], but some Caenogastropods such as
Cymatium p. parthenopheum can be used as indicators of OTs
[30], especially in areas with high levels of TBT contamina-
tion.

Littorinid species are more tolerant to high levels of TBT
[18]; however, the results obtained in this study indicate
that L. angulifera is also a sensitive bioindicator and can be
used as a sentinel species for monitoring such compounds,
especially in regions where Neogastropods are not present,
such as mangrove forests, or areas with considerably higher
levels of TBT. Moreover, being a widely distributed and
easily accessible species makes them an excellent choice for
monitoring TBT contamination in mangrove areas.

The results obtained in this study, revealing high levels of
intersex, indicate that the Vitória Bay and the Espirito Santo
Bay are being negatively affected by the presence of OTs.
However, in port areas with artificial substrates and greater
depths that prevent contact between animals and sediment,
levels of intersex obtained for this species may not match the
levels of contamination at the site.
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