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a b s t r a c t

Imposex incidence and biometric parameters were investigated in six muricid species along of 1200 km
of Ecuadorian shore and in Galapagos archipelago. The obtained data, were compared to previous studies
performed in the same area in 2009. The results showed that moderate imposex levels still occur in
coastal areas of Ecuador, even after global TBT ban. However, a reduction in imposex parameters was
detected in the sampled sites, indicating probably relationship to the global TBT ban issued by IMO at
2008. On the other hand, the levels currently reported in present study indicates that TBT environmental
concentrations are still high enough to produce biological effects in studied areas. In addition, imposex
incidence in four muricid species from Galapagos islands were detected suggesting that this marine
protected area is under threat of antifouling contamination. These findings, after TBT global ban, denotes
that current regulations and conservation plans still need to address such an issue and incorporate more
restrictive management rules, particularly in complex coastal areas, vulnerable and unique systems such
as the Galapagos Islands.

& 2016 Elsevier Ltd. All rights reserved.
1. Introduction

Antifouling paints are used as protective coatings in hulls of
ships, aquaculture nets, offshore structures, and ducts in order to
minimize problems related fouling adhesion. The biofouling set-
tlement increase the corrosion rates, fuel consumption and affects
the navigability by ships and boats [1]. The antifouling paints
formulations include chemical biocides, which may be released
into the aquatic ecosystems causing several environment damages
[2]. Historically, the most useful biocide used in antifouling paints
was the Tributyltin (TBT). This compound is a toxic synthetic or-
ganic molecule recognized by its antifouling efficiency and wide
biocide spectrum of action against fouling communities. Thus,
antifouling paints TBT-based were extensively used starting in the
1970s [3]. However, TBT has been described as the most toxic
substance that has never been introduced deliberately in the
marine environments [4]. Accordingly, TBT contamination has
– Instituto do Mar, Avenida
tos-SP 11030400, Brazil.
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been related to several deleterious effects on marine biota such as
oyster malformation [5], immuntoxicity in fish and mammals [6],
imposex [7] and decline of gastropod populations [8]. Hence, the
International Maritime Organization (IMO), through of the anti-
fouling systems (AFS) convention, banned in September 2008 the
use of antifouling paints TBT-based worldwide [9].

The imposex is an endocrine disruption (penis and vas deferens
development in females) frequently detected in gastropods, par-
ticularly muricids, exposed to TBT [10,11]. Due to the early re-
sponse, easy detection, and dose-dependent relationship with
environmental levels of TBT, imposex have been used as a useful
tool for monitoring of TBT pollution worldwide [12]. In South
America, several recent studies have detected butyltin con-
tamination based on imposex and chemical determinations from
environmental samples [4], including temporal approaches after
the TBT word ban [13]. However, most of these studies were
performed on the Atlantic coast [14–16] where currently the im-
pact of antifouling paints TBT-based is relatively well known [4]. In
contrast, to Pacific coastal zones of the South America, there are
few investigations on imposex and TBT contamination [17,18]. In
addition, despite the importance to verify the effectiveness of re-
strictive legislations, temporal evaluations of imposex occurrence
and/or TBT levels in marine protected and unprotected areas, still
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not performed in the region.
In the Ecuador coastal areas and in Galapagos islands, there are

several maritime ship/boat traffic areas, mainly commercial,
touristic and fishing harbors [19]. The country has no restrictions
on antifouling application (including TBT) since it is not a signa-
tory of the international convention on the control of harmful
antifouling systems on ships [20]. Thus, these areas are highly
susceptible to contamination by biocides from antifouling paints.
In fact, a monitoring study performed in 2009 at Gulf of Guayaquil,
showed high imposex incidence in Thais kiosquiformis associated
to moderate TBT concentrations in surface sediments [17]. There-
fore, the present study aimed to verify the temporal evolution of
imposex parameters (2009–2012) in the same areas previously
affected by imposex occurrence, as well as expand, the sampling
grid in order to assess the imposex occurrence in different muricid
species throughout Ecuadorian coast and Galapagos islands. In
addition, an overview on the effectiveness of the antifouling
convection to marine protected areas, and implications of the
imposex occurrence in Galapagos island is provided in this paper.
2. Materials and methods

2.1. Sampling

Thirteen sample sites distributed along approximately 1200 km
inside the Gulf of Guayaquil and adjacent coastal area of Ecuador
were selected. Other 3 sites located in Galapagos archipelago
(Santa Cruz (P13) and San Cristobal islands (P14–P15)) were also
sampled (Fig. 1). The choice of the sampled sites was based on the
occurrence of ship/boat activities as well as in a prior study per-
formed in coastal area of Ecuador during 2009. At each sampling
site, whenever possible 30 adult individuals of muricid gastropods
(Thais brevidentata, T. biserialis, T. kiosquiformis, T. melones, Plico-
purpura patula and Plicopurpura columellaris) were caught (either
manually or by free diving) between June and December 2012.

2.2. Biometric and Imposex analysis

In the laboratory, snails shell length (SL) was measured from
the apex to the extremity of the siphonal canal using a vernier
caliper. Animals were then narcotized in 3.5% MgCl2 solution [21]
and soft parts extracted from the shells. Sexual identification was
Fig. 1. Sampling sites (P) of muricid gastropods (T. brevidentata, T. biserialis, T. kiosquifo
Galapagos Islands.
done by the presence of sperm ingesting gland, albumen and
capsule glands in females and prostate in males. Penis length (PL)
was measured to the nearest millimeter using calipers in both
males and imposex-affected females. The imposex levels were
assessed using initially four traditional indices. The imposex per-
centage (% I), which was calculated as the proportion of females
imposex affected compared to the total number of females in the
sample. The female penis length Index (FPLI¼ mean penis length
of all females in the sample, including the zero values of aphalic
females). The relative penis length index (RPLI) obtained by
equation RPLI¼[mean penis length in females / mean penis length
in males] x 100 [22]. The vas deferens sequence index (VDSI) was
assessed according to Toste et al. [23].
2.3. Data analysis

FPLI and RPLI uses biometric parameters witch may be influ-
enced by differences in organism sizes [24]. Thus, the occurrence
of statistical relationship between shell length (SL) and penis
length (PL) was investigated by exponential regression considering
all organisms of each species. Afterwards, a Kruskal-Wallis multi-
comparative independent test was done for compares SL from
different sites. Considering the occurrence of statistical correlation
between PL and SL for all muricid studied, as well as, some po-
pulations presented different sizes (see results) a SL standardized
FPLIstand Eq. (1) and RPLIstand Eq. (2) were calculated according to
Castro and Fillmann 2012 [18] by following equations.

= ( )FPLI FPLI female SL/ 1stand

= ( )
( )

×
( )

RPLI
Mean female PL/mean female SL

Mean male PL/mean male SL
100

2
stand

Paired Mann-Whitney tests were used to compare VDSI values
between the sampling campaigns performed in 2009 and 2012.
Prior the statistical analyses, the normality and homogeneity of
data (SL, PL and VDSI) were verified using Shapiro-Wilk and Le-
vene tests, respectively. All statistical analyses were performed
using Statisticas (version 12.0 (Statsoft)) with a significant level of
0.05.
rmis T. melones, P. columellaris and P. patula) in the Ecuadorian coastal shore and
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3. Results and discussion

3.1. Biometric data and imposex parameters

Biometric and imposex parameters for muricid species from
Ecuadorian coastal shore and Galapagos Islands are summarized in
the Table 1. Penis length in males and females of Thais brevi-
dentata, T. biserialis, T. kiosquiformis, T. melones, Plicopurpura patula
Table 1
Biometric and imposex parameters for muricid species from Ecuadorian shore and Gala
length (SL), and imposex indices (I%, FPLI, RPLI, FPLIstand, RPLIstand and VDSI) obtained fo

Sampled sites (x, y coordinates) Species n (♂/♀) SL 7 SD (m

males

Ecuador Coastal Areas

P1 – Bolivar harbor (�610,826,9638863) T. biserialis 15/15 39.874.1
T. kiosquiformis 11/15 39.873.5

P2 – Isla Puná (�582,671,9687176) T. brevidentata 8/22 27.371.3
T. biserialis 11/19 30.971.1

P3 – Guayaquil harbor (�624,059,9747352) T. kiosquiformis 13/17 43.774.8

P4 – Posorja (�584,140,9700153) T. biserialis 12/18 35.373.4
T. kiosquiformis 10/20 35.074.2

P5 – Playas (�564,009,9708153) T. brevidentata 2/28 23.370.9
T. biserialis 2/28 27.470.5
T. melones 2/4 29.570.7

P6 – Chanduy (�535,031,973459) T. brevidentata 7/23 25.871.1
T. biserialis 3/27 35.570.6

P7 – Punta Carnero (�510,847,9747433) T. brevidentata 8/22 20.071.4
T. melones 1/5 19.470.0
P. patula 11/19 28.775.8

P8 – La Libertad (�511,001,9753104) T. brevidentata 12/10 21.472.8
T. biserialis 2/25 27.471,7

P9 – Puerto López (�520,306,9828476) T. brevidentata 7/23 20.570.6
T. melones 5/25 25.471.4

P10 – Manta harbor (�531,422,98984) T. brevidentata 4/26 32.772.8
T. melones 4/26 39.873.0

P11 – Bahía de Caráquez (�564,785,9933637) T. biserialis 4/14 28.070.5

P12 – Sua (�624,440,95608) T. brevidentata 17/13 24.271.9
T. melones 1/12 25.370.0
T. biserialis 12/19 21.671.8

P13 – Esmeraldas harbor (�650,453,109039) T. kiosquiformis 0/2 na

Galapagos Islands

P14-Puerto Ayora (�650,453,109039) P. columellaris 16/6 24.371.1
P. patula 5/3 21.570.5
T. melones 11/19 22.871.0
T. brevidentata 11/19 24.872.6

P15-Puerto Baquerizo Moreno
(�650,453,109039)

P. columellaris 13/7 30.272.9
P. patula 5/4 28.971.5
T. melones 12/18 27.370.9

P16-Puerto Grande (�650,453,109039) P. patula 1/2 22.570.4
T. melones 13/15 26.171.4
T. brevidentata 10/18 25.872.1
and P. columellaris from the studied populations demonstrated to
be dependent on shell size (Fig. 2).

The relatively lower regression coefficient (r2) for females of all
species was due to the low imposex levels observed in studied
areas, since PL in imposex females is TBT dependent and not SL
dependent (see below). Additionally, significant variations were
found between muricid shells sizes (of the same species) obtained
from different sites (Kruskal-Wallis, po0.05) in both, Ecuadorian
pagos Islands. Sampled sites, muricid species, male/female proportion (♂/♀), shell
r T. brevidentata, T. biserialis, T. kiosquiformis T. melones, P. columellaris and P. patula.

m) I (%) FPLI 7 SD (mm) RPLI FPLIstand RPLIstand VDSI

females

41.475.1 100 2.2171.68 15.6 0.05 15.0 2.0571.00
42.073.7 100 3.2071.42 21.8 0.08 20.7 2.1071.20

27.171.7 16 0.5871.39 14.5 0.02 14.6 0.3570.70
33.175.8 32 1.1871.79 27.0 0.04 25.2 0.4770.8
42.275.9 94 1.4872.00 9.9 0.04 10.6 0.9670.60

33.573.8 100 0.2670.48 5,7 0.01 5.9 0.2070.10
33.473.0 100 2.4472.35 55.5 0.07 58.5 2.1271.00

26.073.9 0 0.00 0.0 0.00 0.0 0.00
28.172.2 32 1.3072.16 29.4 0.05 28.7 0.5270.65
21.373.9 0 0.00 0.0 0.00 0.0 0.00

26.872.1 13 0.0170.03 0.3 o0.01 0.3 0.0270.05
28.273.3 52 0.7971.01 1.5 0.03 1.8 0.4570.36

20.471.3 9 0.0170.03 0.3 o0.01 0.3 0.0270.01
20.772.2 60 0.6270.88 0.2 0.03 0.2 0.4470.42
26.174.5 5 0.0570.23 0.6 o0.01 0.6 0.0170.01

22.373.5 10 0.1070.32 2.2 o0.01 2.1 0.0170.01
26.473.0 36 0.6071.57 21.8 0.04 22.6 0.5370.64

21.071.1 0 0.00 0.0 0,00 0.0 0.00
25.472.9 20 0.3670.81 6.7 0.01 6.7 0.1270.25

32.172.6 46 2.3572.38 36.1 0.07 36.8 0.9570.95
39.075.9 35 1.5872.66 14.0 0,04 14.3 0.6870.74
27.6710.4 93 2.6473.6 70.3 0.10 71.3 0.9570.90

25.573.0 0 0.00 0.0 0.00 0.0 0.00
26.473.6 25 0.1370,31 2.7 o0.01 2.6 0.0170.10
21.972.2 21 0.3270.67 12.4 0.01 12.2 0.1270.50
50.579.1 100 0.3070.28 na 0.01 na 0.3070.05

23.973.4 83 0.7770.74 6.2 0.03 6.1 0.6570.55
25.070.5 100 0.4070.52 3.2 0.03 3.7 0.5470.53
23.671.0 5 0.0370.11 0.3 0.01 0.3 0.0170.4
28.672.9 21 0.2770.73 0.9 0.01 1.0 0.1570.80

32.473.2 14 0.1470.38 1.5 o0.01 1.6 0.0870.50
28.972.1 0 0.00 0.0 0.00 0.0 0.00
27.870.3 11 0.1770.51 2.4 o0.01 2.4 0.0370.35

32.570.9 50 0.5070.71 20.0 0.02 28.9 0.4570.55
26.872.2 27 0.2770.50 5.1 0.01 5.2 0.1570.42
23.972.5 33 0.3570.68 8.8 0.01 8.2 0.2570.44



Fig. 2. Correlation analyses between Shell Length (SL) and Penis Length (PL) in (T. brevidentata, T. biserialis, T. kiosquiformis T. melones, P. columellaris and P. patula) from
Ecuadorian coastal shore and Galapagos islands.
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coastal shores and Galapagos islands. Similarity, SL differences
were also detected among the samples collected in the present
study and those obtained in 2009 (Kruskal-Wallis, po0.05) by
Castro et al. [17]. Similar situation was previously reported for the
muricids Bolinus brandaris from Ria Formosa (Algarve, southern
Portugal) [25] and Thais chocolata from Peru [18]. These studies,
suggest that assessment of imposex spatial variations should in-
clude robust and reliable indices, such standardized RPLI. Thus, in
the present study, RPLI and FPLI values were standardized by SL,
preventing biased analysis.

Tributyltin concentrations in environmental samples are fre-
quently well correlated with RPLI values [26] and also SL stan-
dardized data [27]. The RPLI is an imposex parameter that roughly
balances the penis sizes of males and females at each site, being
less affected by inter-individual variability than vas deferens se-
quence index (VDSI) [28]. Thus, relative penis indices have been
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confirmed to be more responsive to TBT contamination than VDSI.

3.2. Spatial and temporal distribution of Imposex in Ecuadorian
coastal areas

Imposex incidence in the five muricid species was detected in
all studied areas from Ecuadorian coastal shore (Table 1). In our
concern, this is a first imposex report for T. melones. On the other
hand, imposex occurrence had already been reported in Thais.
kiosquiformis, T. biserialis and T. brevidentata from Ecuadorian
coastal areas [17]. The higher imposex values (considering all in-
dices) were detected in Bolivar harbor – P1 in T. biseralis (I %¼100,
FPLIstand¼0.0, RPLIstand¼15.0 and VDSI ¼2.05) and T. kiosquiformis
(I %¼100, FPLIstand¼0.08, RPLIstand¼20.7 and VDSI ¼2.89);
Guayaquil harbor – P3 in T. kiosquiformis (I %¼94, FPLIstand¼0.04,
RPLIstand¼10.3 and VDSI ¼0.96); Porsoja – P4 in T. biserialis (I %¼
100, FPLIstand¼0.01, RPLIstand¼5.9 and VDSI ¼0.20) and T. kios-
quiformis (I %¼100, FPLIstand¼0.07, RPLIstand¼58.5 and VDSI
¼2.12) (Table 1). As had been previously observed by Castro et al.
[17] these areas located inside Guayaquil gulf and under influence
of largest commercial harbors of Ecuador [19], are probably re-
levant TBT sources for adjacent coastal environments. Further-
more, imposex levels were found in T. brevidentata, T. biserialis, T.
kiosquiformis and T. melones in the central and northern regions of
Ecuador, expanding the coastal area of the Pacific ocean known for
occurrence of impacts related to TBT contamination and confirm-
ing the widespread problem throughout south American coast [4].

Reductions in the imposex levels have been reported world-
wide [13,29]. However, studies on temporal and spatial trends of
imposex parameters are frequently affected by animal biometric
variations, including the relationship between SL and PL [24].
Thus, some precautions were taken to minimize misinterpreta-
tions in the trends of imposex levels in the present study. Firstly,
the sampling was conducted in the same season to avoid seasonal
variability in the PL, which is regulated by reproductive cycle of
Fig. 3. Imposex (RPLIstand and VDSI) reduction in muricid speci
muricid species [28]. This problem was previously reported in
Bolinus brandaris and may affect imposex assessments [24].
Moreover, as shown in studied muricid species PL is affected by SL.
Therefore, for temporal evaluations of imposex incidence in the
present study was used a SL standardized RPLI (RPLIstand) ac-
cording recommended by Castro and Fillmann, 2012 for muricid
species [18]. Considering RPLIstand and VDSI values obtained for
eight sampled sites (P1, P3, P4, P5, P6, P7, P8 and P9), which were
sampled using the same species during the years 2009 and 2012,
there were expressive reductions in imposex incidence (Fig. 3). In
P5 and P9, no imposex signs were detected in T. brevidentata during
the sampling performed in 2012, although low levels have been
observed in 2009. Similarly, in P1, P3, P4, P6, P7 and P8 sites (using T.
brevidentata, T. biserialis and T. kiosquiformis) the imposex levels
also showed a reduction during studied period. The most sig-
nificant reductions were observed in P1, P3 and P4 stations where
RPLIstand values decreased from 32.8, 23.1 and 28.5 in 2009–20.7,
10.6 and 5.9 in 2012, respectively. Similarity, VDSI values showed a
statistically significant reduction (Mann-Whitney U test, po0.05)
all sampled sites. These sampling sites, particularly, are located
near to main potential TBT sources the environment (Guayaquil
and Bolivar harbors). Thus, the observed reduction in imposex
levels should be probably related to the global ban issued by IMO
at 2008, since large vessels from countries signatories of the AFS
convention stopped using antifouling TBT-based since 2008.
However, the moderate imposex levels currently reported in pre-
sent study indicates that TBT environmental concentrations are
still high enough to produce biological effects in studied areas.
This observation may be related to the massive presence of plea-
sure and fishing boats in coastal areas from Ecuador, which ac-
cording to a recent study performed in Venezuelan coast, are the
new TBT sources for South American coastal systems [26]. In fact,
reductions in imposex and TBT levels is expected in every ocean
around the world soon after the implementation of AFS conven-
tion. However, the speed and effectiveness of this reducing trend
es from Ecuadorian coastal areas between 2009 and 2012.
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will depend on the effectiveness of global and local TBT regula-
tions [18]. Therefore, in Ecuadorian coastal shore the imposex re-
duction seems to be occurring more slowly than European and
North American countries.

3.3. Imposex incidence in Galapagos Islands

In Galapagos islands, the imposex incidence was detected in
three species from all sampled sites. The high levels were observed
in P. patula (I%¼100, RPLI ¼3.2 and VDSI ¼0.54) and P. colu-
mellaris (I%¼83, RPLI ¼6.2 and VDSI ¼0.65) from Puerto Ayora
(P14). In that station, lower imposex levels were also detected in T.
brevidentata (I%¼21, RPLI ¼0.9 and VDSI ¼0.15) and T. melones
(I%¼5, RPLI ¼0.3 and VDSI ¼0.01). At Puerto Baquerizo Moreno,
the imposex values to P. columellaris (I%¼14, RPLI ¼1.5 and VDSI
¼0.08) and T. melones (I%¼11, RPLI ¼2.4, and VDSI ¼0.03) were
lower. In addition, in this site, no imposex signs were observed in
P. patula. In Puerto Grande the high imposex incidence was I%¼
50%, RPLI ¼20.0 and VDSI ¼0.45 in P. patula. Imposex incidence
had already been reported to P. patula and T. brevidentata from
South American coastal areas. However, in our concern, this is the
first imposex report for P. columellaris and T. melones. Despite not
having been performed chemical analysis of butyltin compounds
in the obtained samples, the imposex occurrence is a clear in-
dication that Galapagos islands are exposed to TBT contamination
probable from antifouling systems used in ships and boats [12].

Chemical contamination has been recently reported in several
marine protected areas from South America [30–32], including TBT
environmental levels and impacts (imposex) in Paraty island
(Brazil) [14], Mochima National Park (Venezuela) [25] and Argen-
tine Patagonian coast [33]. The unexpected imposex occurrence in
four muricid species from Galapagos Islands indicates that, despite
the global TBT ban, environmental issues related to antifouling
paints TBT-based still were not overcome, at least in South
American coastal areas. In addition, these results can act as a
useful baseline for the assessment of the future trends in TBT
contamination in that area, contributing to verify the effectiveness
of restrictive regulations on the use of antifouling paints TBT-
based. Achieving consensus on equitable and effective national
and global regulations for the use of organotins as biocides in
antifouling systems have proven to be very complex and difficult
task in a globalized world, the Galapagos Island and the Ecua-
dorian coast is not an exception.

Unlike other oceanic archipelagos where conservation instru-
ments are still emerging, the Galapagos archipelago has almost
97% of land protected as National Park [34]. Situated in the Pacific
Ocean from the Ecuadorian coast, the Galapagos Islands were re-
cognized in 1978 as a world heritage site and in 1985, as a bio-
sphere reserve by UNESCO. Only almost a decade later, in 2001,
UNESCO's World Heritage Site declaration was expanded to in-
clude the Galapagos Marine Reserve [35]. Despite of having a
protected area of 138,000 km2, only 6% of the Marine Reserve is
designated entirely for conservation, and 11% is designed for
tourism, yet extractive activities such as fishing are not allowed
[36].

Despite international efforts, Galapagos is experiencing an en-
vironmental crisis due to population growth, increasing tourism,
diversification of economic activities, bioinvasions and environ-
mental contamination [29]. Promoting socioeconomic development
throughout activities such as tourism while meeting conservation
goals has always been a historical challenge in Galapagos [37]. Al-
though tourism and its associated services can, however, act as a
means of environmental protection, the increase in larger passenger
vessels, small tour boats and private yachts cruising the Galapagos
water can also represent a silent and diffuse threat to marine bio-
diversity and long-term sustainability [36]. Additionally, there is still
the unsolved problem of illegal commercial fishing vessels
throughout the reserve [36].

In 2007, as a result of UNESCO's decision to place the Islands on
the List of World Heritage Sites in Danger, the Ecuadorian Gov-
ernment developed a series of strategies (e.g. tourism manage-
ment, immigration control, invasive species management and
long-term development planning) to reverse this situation and to
improve the effectiveness of the marine reserve [36]. As a con-
sequence, Galapagos recovered its World Heritage status in 2010,
yet the mentioned threats still require further action and the risk
still remains despite islands´ the permit system [36,38]. Studies on
carrying capacity stipulate acceptable numbers of visitors and the
specific sites to be visited [35,38]. Trips became shorter, however
there are now greater number of tours. In this context, not only the
already known impacts posed by contaminated ballast water and
invasive species remains, but other previously unknown threats
caused by antifouling paints TBT-based require attention and need
to be incorporated in current and future management plans [39].

As a complex social-ecological system, Galapagos requires no-
vel ways and conservation instruments to protect its pristine re-
sources and long-term sustainability [34]. Studies on TBT con-
tamination resulting from the use of antifouling paints TBT-based
and its relation with imposex disorder provide a solid scientific
basis for the development of more effective management tools for
monitoring of TBT pollution. It also should provide valuable evi-
dence-based information for countries such as Ecuador which still
are not signatories to the IMO (International Marine Organization)
AFS Convention [20]. Ratified by 71 states as of August 2015, in-
cluding 69 United Nations member states plus the Cook Islands
and Niue (Hassan & Hassan, 2016), the AFS Convention prohibits
the use of harmful organotins in antifouling paints used on ships
and establishes mechanisms to prevent the use of other harmful
substances in antifouling systems [20,39].

3.4. Preliminary assessment of imposex sensitivity

Biomonitoring studies are frequently hampered by the spatial
distribution of bioindicator species which is influenced by several
environmental characteristics [31]. Thus, it is often necessary to use
different species to cover large coastal areas [32]. However, in order
to provide relevant information about the imposex response of
bioindicator species, comparative evaluations are useful [33] even
when species of the same genus are used [34]. In the present study,
two or three different muricid species were simultaneously sampled
at P1, P2, P4, P5, P6, P7, P8, P9, P10, and P12. A preliminary appraisal on
their relative sensitivity was performed based in RPLIstand values,
assuming these organisms were equally exposed to TBT con-
tamination. The results indicated that Thais kiosquiformis is likely to
be the most sensitive species to TBT, followed by Thais biserialis,
Thais brevidentata and Thais melones (Fig. 4). Several comparative
studies on sensitivity for imposex responses have been performed
in different gastropod species [17,32,35]. The observed differences
may be explained generally by differential physiological responses,
bioaccumulation factors or excretion rates for xenobiotics, or even
due specific feeding habits [36]. It is worth noting, that while bio-
monitoring studies should always prefer the most sensitive species.
These, should also be abundant and broadly distributed to make the
study viable. When these last conditions cannot be satisfied, it
would be preferable to use a less sensitive but more abundant
species. Therefore, considering the geographical distribution, T.
kiosquiformis seems to be the best TBT sentinel in areas inside
Guayaquil gulf. However, in exposed coastal areas such as outside
Guayaquil gulf and Galapagos Islands, where T. kiosquiformis have
limited occurrence, T. biserialis and T. brevidentata should be pre-
ferentially used, since present high sensibility linked to wide dis-
tribution [37]. Furthermore, experimental studies should be



Fig. 4. Relative sensibility evaluation of RPLIStand values for Thais kiosquiformis, Thais biserialis, Thais brevidentata and Thais melones.
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performed using these muricid species in order to estimate rates of
imposex developing. This information could be useful in evaluations
of temporal trends of TBT pollution using imposex as biomarker
[32].
4. Conclusions

The imposex occurrence was detected in all sampled sites along
Ecuadorian shore even after global TBT ban. Thus, though its in-
cidence has reduced in studied area between 2009 and 2012, TBT
environmental effects are still widespread, affecting six muricid
species. Considering the geographical occurrence of the muricids,
T. kiosquiformis seems to be the best indicator for evaluation in
sheltered areas (such as estuaries, gulfs and bays). On the other
hand, T. biserialis and T. brevidentata should be preferentially used
in monitoring studies of exposed coastal zones.

In addition, imposex incidence in four muricid species from
Galapagos islands were detected suggesting that this marine
protected area is under threat of antifouling contamination. These
findings, after TBT global ban, denotes that current regulations and
conservation plans still need to address such an issue and in-
corporate more restrictive management rules, particularly in
complex coastal areas, vulnerable and unique systems such as the
Galapagos Islands.
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