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INTRODUCTION

Tributyltin (TBT) is one of the most effective toxins in
marine ecosystems. It is found in TBT-based antifouling
paints, the use of which became widespread during the
1970s. Large-scale deleterious effects were first de-
scribed in France (Bay of Arcachon) on oysters (His &
Robert 1980, Alzieu et al. 1981). This pesticide has vari-
ous negative effects on different biological functions (see
Huet 1996 for review) and gastropods are among the
most sensitive organisms to TBT in marine ecosystems;
they suffer imposex at very low levels of contamination.
The imposex condition describes a superimposition of
male sexual characters onto marine gastropod females
and it concerns at least 118 species worldwide (Bettin et
al. 1996). Under heavily contaminated conditions, fe-
males may become sterile and subsequently, population
collapse could occur (Bryan et al. 1986).

The degree of masculinisation of the female dog-
whelk Nucella lapillus is known to be related to the

level of TBT pollution as a dose-effect process (Bryan
et al. 1986, Bailey & Davies 1989, Oehlmann et al.
1992). It is possible, therefore, to estimate the degree of
TBT pollution suffered by the ecosystem through
imposex measurements (Gibbs et al. 1987). In 1992, a
10 yr-long study was begun, that was designed to
assess the level of imposex in the N. lapillus popula-
tions of NW Brittany. The study was designed to moni-
tor an expected improvement in water quality (with
regard to TBT), as a consequence of the 1982 French
law regulating the use of TBT-based paints. In the pre-
sent paper, we examine the results of this survey. 

MATERIALS AND METHODS

The study was carried out on the NW coast of Brit-
tany (Fig. 1), with 56 stations (see Table 1) being
repeatedly sampled in 1992 (February through June),
1993 (March through June), 1994 (April through May),
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1995 (March through April), 1998 (February through
May), 2000 (May through September) and 2002 (Feb-
ruary through April). At each sampling, 40 adult
Nucella lapillus were collected, except in 2002 when
50 specimens were collected.

Specimens were analysed according to  Huet et al.
(1996a), and all samples were analysed less than 3 d
after sampling. Shells were crushed in a vice and
the soft tissues were separated from the shell
remains. Sex was determined for each individual
according to Fretter & Graham (1976), Gibbs et al.
(1987) and Fioroni et al. (1991). Females were recog-
nised mainly by the presence of the large capsule
gland, the dark sperm-ingesting gland, the albumen
gland and the granular aspect of the ovary. The

obvious characteristics of males were the yellow and
smooth aspect of the testis and the presence of the
white vesicula seminalis between the digestive
gland and the testis. Penis length was measured to
the nearest 0.1 mm under a binocular microscope
equipped with an ocular micrometer. The relative
penis size index (RPSI) was calculated as defined by
Bryan et al. (1986):

The vas deferens sequence (VDS) stages of females
were assigned according to the scales of Gibbs et al.
(1987) and Oehlmann et al. (1991). The area between
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Fig. 1. Map of NW Brittany showing positions of sampling stations
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Table 1. Nucella lapillus. Relative penis size (RPSI) and vas deferens sequence (VDSI) indices at 56 stations in NW Brittany. 
in: area of increasing imposex condition for 1998 (see Fig. 2); out: outside of area ‘in’ (omitting Stns 28 and 29); blank: not visited; 

–: no N. lapillus found

Stn Area RPSI VDSI
1992 1993 1994 1995 1998 2000 2002 1992 1993 1994 1995 1998 2000 2002

1 out 2 3 3 2 0 0 0 2.63 2.31 2.24 2.65 1.00 0.90 0.71
2 out 5 14 10 12 6 11 2 3.50 4.00 3.57 4.00 3.60 3.00 2.86
3 out 6 5 9 6 5 6 3 3.75 3.86 4.00 3.87 3.50 3.56 2.79
4 out 5 7 7 5 9 5 8 3.95 4.00 4.00 3.90 3.74 3.76 3.94
5 out 22 18 25 21 22 13 9 4.07 4.15 4.00 4.07 4.11 4.07 4.00
6 out 22 18 23 17 19 20 16 4.00 4.00 4.00 4.44 4.07 4.00 4.00
7 out 30 25 29 22 16 12 13 4.24 4.24 4.00 4.00 4.00 4.06 4.08
8 in 36 42 38 30 29 33 19 4.15 4.24 4.07 4.05 4.13 4.12 4.00
9 in 26 28 22 24 33 27 16 4.20 4.27 4.00 4.00 4.32 4.20 4.00

10 in 16 29 23 18 23 22 26 4.15 4.16 4.00 4.27 4.21 3.93 4.04
11 in 32 31 30 26 25 25 25 4.17 4.26 4.17 4.06 4.19 4.00 4.00
12 in 39 41 43 34 30 25 35 4.09 4.19 4.21 4.10 4.05 4.00 3.96
13 in 43 21 28 34 25 31 30 4.15 4.13 4.13 4.00 4.00 4.17 4.04
14 in 64 54 32 40 35 29 33 4.50 4.29 4.07 4.21 4.11 4.00 4.00
15 in 30 40 30 19 20 22 28 4.22 4.13 4.00 3.90 4.00 3.85 3.83
16 in 43 57 35 29 36 26 40 4.40 4.31 4.20 4.29 4.22 4.18 4.00
17 in 50 29 30 27 35 21 25 4.78 4.36 4.40 4.00 4.29 4.09 4.00
18 in 36 23 21 17 17 21 4.41 4.12 4.17 4.19 4.17 4.00
19 in 29 33 35 24 34 31 34 4.13 4.13 4.25 4.05 4.22 3.94 3.95
20 in 16 15 33 24 24 20 27 4.29 4.00 4.00 4.00 4.20 4.00 4.05
21 in 38 60 47 36 48 21 39 4.27 4.33 4.07 4.00 4.18 4.13 4.22
22 in 37 40 30 44 50 52 35 4.20 4.16 4.36 4.31 4.00 4.07 4.00
23 in 17 33 26 23 19 20 22 4.29 4.35 4.29 4.17 4.29 4.00 4.21
24 in 37 41 27 23 18 26 26 4.00 4.35 4.31 4.20 4.15 3.90 4.00
25 in 62 57 34 42 43 44 33 4.54 4.77 4.38 4.26 4.54 4.17 4.17
26 in 41 45 28 42 43 30 34 4.61 4.31 4.25 4.00 4.28 4.15 4.17
27 in 47 50 32 29 35 34 34 4.00 4.20 4.31 4.00 4.25 4.10 4.14
28 in 75 – – 78 74 80 76 6.00 – – 5.24 5.24 5.00 5.22
29 in 66 – – 52 25 28 5.00 – – 4.29 4.57 4.18
30 in 49 49 33 43 39 20 28 4.36 4.60 4.62 4.20 4.24 4.14 4.07
31 in 39 43 34 18 26 25 23 4.56 4.24 4.25 4.13 4.17 4.18 4.15
32 out 38 45 28 23 23 31 4.62 4.60 4.62 4.29 4.11 4.15
33 out 20 19 30 16 19 25 23 4.27 4.00 4.00 4.22 4.09 4.14 4.06
34 out 21 35 25 24 26 28 4.45 4.12 4.08 4.00 4.06 4.00
35 out 46 42 29 32 43 40 4.43 4.17 4.08 4.13 4.17 4.17
36 out 32 25 37 36 26 36 27 4.72 4.30 4.22 4.17 4.36 4.26 4.04
37 out 43 22 33 26 15 24 4.68 4.31 4.25 4.00 4.00 4.05
38 in 40 54 20 29 36 30 39 4.50 4.31 4.00 4.18 4.35 4.06 4.11
39 in 41 – 15 16 32 5.25 – 4.00 4.00 4.00
40 in 37 38 23 29 17 16 18 4.75 4.32 4.06 4.25 4.06 4.00 3.94
41 in 45 54 22 19 29 42 12 4.77 4.27 4.15 4.05 4.06 4.18 3.88
42 in 32 47 31 26 36 35 30 4.12 4.33 4.17 4.07 4.23 4.21 4.21
43 in 32 43 28 33 43 35 38 4.47 4.33 4.15 4.00 4.21 4.25 4.06
45 in 39 32 41 23 27 11 45 4.64 4.27 4.23 4.00 4.47 4.30 4.23
46 in 23 24 20 21 43 19 32 4.18 4.09 4.08 4.08 4.20 4.00 4.31
47 in 33 19 36 27 16 15 18 4.28 4.00 4.25 4.13 4.08 4.13 3.94
48 in 19 31 22 21 17 12 14 4.22 4.40 4.30 4.27 4.19 4.21 4.07
49 in 30 31 28 27 42 27 4.55 4.29 4.13 4.22 4.09 4.07
50 in 31 35 39 20 31 31 31 4.33 4.13 4.00 4.00 4.17 4.00 4.00
51 in 22 35 32 14 48 31 18 4.33 4.27 4.13 4.00 4.17 4.23 4.00
52 out 52 28 31 29 25 28 22 4.18 4.00 4.00 4.20 4.15 4.18 4.09
53 out 19 12 16 14 23 12 14 4.19 4.08 4.07 4.12 3.91 3.86 3.96
54 out 27 23 25 18 11 15 15 4.22 4.06 4.13 4.07 3.95 4.13 3.88
55 out 13 13 13 10 8 8 11 4.06 4.00 4.17 4.00 4.00 4.00 4.00
56 out 9 11 13 12 7 8 8 3.93 4.00 4.00 4.00 3.92 4.00 3.95
57 out 9 12 19 11 8 9 8 3.95 4.00 4.00 4.00 3.90 4.00 3.95



Mar Ecol Prog Ser 270: 153–161, 2004

the head and the genital papilla was observed after
cutting the dorsal mantle foil longitudinally. The VDS
index (VDSI) was calculated as the mean of the VDS
stages. 

As previously described in Huet et al. (1996b),
some abnormal individuals, with atypical penis
development, were observed in NW Brittany. This
malformation is called ‘Dumpton syndrome’ (DS)
(Gibbs 1993). DS-affected males, lacking or with a
very short penis, were omitted from calculation of
the RPSI to avoid overestimation of the index. DS-
affected females were also discarded from the calcu-
lation of both RPSI and VDSI, as they do not develop
a penis and exhibit less imposex development than
non DS-affected females. Had they been included in
the calculation, then both indices would have been
underestimated.

When individuals were suspected of sex-change or DS,
they were kept for histological study. The genital systems
of these individuals were embedded in paraplast. Serial
sections, 7 µm thick, were cut from the paraplast prepa-
rations and stained before observation. Comparisons be-
tween successive surveys were done using a non-para-
metric procedure (signed-rank test) on paired samples.

RESULTS

Imposex in NW Brittany

RPS and VDS indices are presented in Table 1. No
population was free of imposex (Fig. 2). The lowest
indices were observed in the north, at Kerfissien (Stn 1,
Fig. 1). Since 1992, an increasing gradient of RPSI val-
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ues has been observed from Saint-Samson (Stn 4)
down to Pointe Saint-Mathieu (Stn 12). In the southern
part of the study area (Stns 53 to 57), values were low
with no female sterility observed. Between the 2 areas
(Stns 13 to 52, corresponding to the Bay of Brest and
immediate surroundings), female sterility was common
(mean 9%) and RPSI values ranged from 11 to 80
(mean 32). The highest TBT contamination level was
measured at Stn 28, in the northern part of the bay. Of
particular interest were the 2002 histological observa-
tions for Stn 28, which revealed the presence of
spermiogenesis in the gonad of 4 sex-changed females
out of the 27 females in the sample.

Temporal evolution

The mean VDSI decreased significantly from survey
to survey, except in 1998 when the decrease was not
significant (Tables 1 & 2). The mean RPSI also exhi-
bited a decreasing trend from 1992 onwards; the
increase in 1998 was not significant. In 1998 there was
a temporary increase in both indices that was limited to
22 stations inside the Bay of Brest and on the adjacent
north coast (Fig. 2: shaded area). If all 35 stations inside
the area of increasing imposex condition for 1998 are
pooled, then the mean RPSI and mean VDSI increased
significantly in 1998 (Table 2, Fig. 3). The temporal
evolution of VDS stage distributions at these locations
is presented in Fig. 4. VDS stages 0, 1 and 2 are not
shown because they were never assigned to more than
0.3% of the females. Stage 4 was predominant (71 to
90%). In 1998, a significant increase in the percentage
of sterilisation (Stages 5, 6 and 7) with a simultaneous
significant decrease of the occurrence of Stage 4 was
observed. The percentage of sterilisation decreased
from 1992 to 2002, except in 1998. Thus the occurrence
of Stage 4 increased until at least 1995. In 2002, the
occurrence of Stage 3 increased markedly, with a cor-
relative decrease in Stage 4; this highlights the fact
that Stages 5, 6 and 7 have progressively been re-
placed by Stage 4, which is now being progressively
replaced by Stage 3. When Stns 28 and 29 were dis-
carded, then stations outside the area of increasing
imposex in 1998 showed a continuous decrease in both
imposex indices (Table 2, Fig. 3).

At 2 locations where extinction of Nucella lapillus
was observed in 1995 (Stns 29 and 39), new popula-
tions were discovered in 1998. In 2002, a new popula-
tion was discovered between Stns 26 and 27 where no
individuals had been observed during an intensive
survey in 1992. In other places in the Bay of Brest (Stns
31, 32, 35 and 37) where only a few individuals were
observed in the early 1990s, populations are now flour-
ishing and have spread to adjacent rocks.

DISCUSSION

Temporal evolution

In NW Brittany, imposex levels in Nucella lapillus
have decreased since the first observations in 1992, as
well as the TBT concentrations in the seawater since
1989 (Michel & Averty 1997, 1999). In 1992, Michel &
Averty (1997) found TBT concentrations of 0.5 to
48.8 ng l–1 in the waters of the Brest area. They com-
pared their results with the data obtained in 1989 and
1990 and found that TBT pollution had decreased. In
1997, Michel & Averty (1999) measured a maximal
value of 37.4 ng l–1 in Brest Harbour, and described a
general decrease in TBT concentrations in French
seawaters compared to 1992 conditions. Similar
improvements of imposex condition have been re-
ported in other areas where legislative bans of TBT
were effective, such as in the North Sea (Evans et al.
1991, 1996, Harding et al. 1997, Birchenough et al.
2002a), SW England (Bryan et al. 1993), Ireland
(Minchin et al. 1995), Australia (Rees et al. 2001) and
Canada (Reitsema et al. 2002). Despite the same leg-
islative ban of TBT, a reverse trend has been ob-
served in Spain (Ruiz et al. 1998, Ramon & Amor
2001) and in Portugal (Barroso & Moreira 2002, Santos
et al. 2002). In Thailand, where no restriction of TBT
use has been introduced, imposex has increased
(Bech 2002). 

In France, a partial ban of TBT in antifouling paints
was imposed in 1982 for boats less than 25 m long.
Our results show that, in the second decade after
these restrictive measures were put in place
(1992–2002), imposex continues to decrease in the
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Table 2. Nucella lapillus. Statistical differences in relative
penis size (RPS) and vas deferens sequence (VDS) indices
between successive surveys. Area in: area of increasing 
imposex condition for 1998 (see Fig. 2); Area out: outside of
area ‘in’ (omitting Stns 28 and 29). NS: not significant; 

S: significant at p < 0.05

Index Survey years All 56 Area in Area out 
compared stations

RPS 1992, 1993 NS NS NS
1993, 1994 S S NS
1994, 1995 S NS S
1995, 1998 NS S NS
1998, 2000 NS S NS
2000, 2002 NS NS NS

VDS 1992, 1993 S S NS
1993, 1994 S S NS
1994, 1995 S S NS
1995, 1998 NS S S
1998, 2000 S S NS
2000, 2002 S NS NS
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populations. This phenomenon has also been
observed in Canada (Reitsema et al. 2002). Two rea-
sons for this can be suggested: (1) a delay of more
than 10 yr is needed to diminish TBT contamination
significantly and allow imposex condition recovery of
the populations, (2) measures other than legislation
have led to a decrease in TBT pollution during the last
decade.

Delayed effect

It is known that small boats coated with TBT-based
antifouling paints in 1982 were not immediately
recoated with reformulated paints and that further-
more, even after TBT prohibition, existing paint sup-
plies were used illegally for years afterwards (Alzieu
et al. 1989, Sarradin et al. 1991). Thus, a gradual de-

crease in TBT concentrations was expected. Con-
cerning the biological response, imposex is irre-
versible (Féral 1980) and has been recorded for
adults ranging in age from 2 to >5 yr (Feare 1970).
Consequently, changes in imposex indices would
also be delayed by at least 2 yr (after a meaningful
reduction in water TBT concentrations had been
achieved) before any observations of recovery would
be made. Nevertheless, a decrease in imposex was
still obvious in 2002, 20 yr after TBT restrictions were
implemented. 

Degradation of TBT in the water column occurs on
the order of days or weeks, but degradation happens
more slowly (on the order of years) in sediments,
where TBT is strongly adsorbed and may be present in
high concentrations (Stang & Seligman 1987, Hwang
et al. 1999). However, slow release of TBT from conta-
minated bottom sediments remains a potential long-
term source of recontamination.
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Other possible causes

The main input of TBT into seawater is leaching
from antifouling paints. Considering that the hull sur-
face area coated with TBT-based antifouling paints
has not diminished since 1992, a decrease in TBT
input may be due to a slower leaching rate
(Birchenough et al. 2002a,b). Manufacturers have
improved their products and TBT leaching rates have
been reduced significantly in new self-polishing
copolymer paints. A further explanation for the
decrease in seawater TBT contamination is a reduced
input from shipyards: careening wastes have been
progressively recycled and are no longer thrown
directly into the sea.

Increased imposex levels in 1998

The geographical position of the stations involved in
the imposex increase in 1998 confirms that an impor-
tant source of TBT contamination originates in Brest
Harbour. No exceptional amounts of dredging oc-
curred during the study period. Thus, the increase in
TBT contamination required to cause such a tempo-
rary change in the indices is probably not due to an
exceptional desorption of TBT from sediments
induced by dredging. The number of yachts has not
increased markedly during the 1990s. No temporary
increase in commercial ship traffic has occurred in the
Bay of Brest over the last decade. The Chamber of
Commerce of Brest (pers. comm.) indicates that the
annual tonnage of discharged merchandise was 2.2 ×
106, in 1994, 2.3  × 106, in 1998 and 2.4 × 106, in 2002.
Careening activities in Brest have been constant over
the study period. 

One event that may have caused an increase of
TBT contamination in the study area was the launch-
ing of the nuclear aircraft carrier ‘Charles de Gaulle’
in October 1995. This vessel was coated with a TBT-
based antifouling paint that had a TBT lixiviation
rate of 0.17 µg Sn cm–2d–1, for a hull surface of
10360 m2 (Colin et al. 1995). Therefore, the lixivia-
tion of TBT from the hull of the ‘Charles de Gaulle’
was about 16 kg yr–1. This amount of TBT released
into the Bay of Brest is high enough to explain an
increase in imposex and its launching occurred in
the right time frame. The aircraft carrier definitively
left the Bay of Brest in the year 2000. As no assess-
ment was done in 1996, 1997 or 1999, we do not
know how high the maximum of our indices was or
when it occurred. In order to attribute changes in
imposex to specific events rather than addressing
overall trends, imposex biomonitoring must be based
on annual surveys. 

Imposex in NW Brittany

Over the study period, environmental conditions
within the Bay of Brest have somewhat improved with
regard to TBT. The imposex survey of Nucella lapillus
showed that the populations have suffered increas-
ingly less female sterility and the populations have
grown and colonised adjacent rocks at some sampling
stations. The recovery of N. lapillus populations at Stns
29 and 39, where the species had disappeared, and the
arrival of a new population between Stns 26 and 27
shows that the species is able to re-colonise areas
where TBT pollution does not exceed the level that
induces sterilisation of every female; a similar pattern
was also reported from TBT-contaminated areas in
Scotland (Birchenough et al. 2002b). 

Despite the long-term improvement in the environ-
mental conditions in Brest and the surrounding areas
with respect to TBT contamination, the imposex condi-
tion of the Nucella lapillus populations remains severe
inside the Bay of Brest. No population is free of imposex.
Even if the percentages of sterility have decreased sig-
nificantly during the last decade, sterility is still common
within the Bay of Brest. In the extreme northeastern part
of the bay, where N. lapillus was present in 1955 (Crisp
& Fischer-Piette 1959), only a few individuals were en-
countered in a restricted space at Stn 28. This is not a
natural population. The individuals originate from com-
mercial fishery activity that takes place there. Edible
snails Littorina littorea are imported from Ireland and
Great Britain, and the snails are placed in tanks filled
with seawater before they are exported. Some N. lapillus
may be present in the tanks, and a few individuals may
have reached the shore when tanks were emptied into
the sea. It is therefore not known how long the individu-
als we collected had been present. The presence of sex-
changed females in this population proves that TBT
contamination remains very high; high enough to im-
pede the maintenance of a natural population. Those
females that were still fertile had probably not spent
enough time at this location to undergo sex-change (with
spermiogenesis in the gonad) or sterilisation. Similar
levels of TBT pollution (high enough to prevent the
maintenance of N. lapillus populations) have been
reported in Scotland (Harding et al. 1997), Ireland
(Minchin et al. 1997), Spain (Ruiz et al. 1998), Norway
(Følsvik et al. 1999), and Portugal (Barroso & Moreira
2002).

The geographic distribution of the imposex indices is
consistent with the results of studies using seawater
and sediment TBT analyses, indicating that the main
source of TBT contamination is in Brest Harbour
(Michel & Averty 1997, 1999, Chaumery & Michel
2001). The contamination is spreading to the adjacent
NW coasts, several dozen kilometres away, as sug-
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gested by the gradient of imposex indices from Stn 12
to Stn 4 (see Figs. 1 & 2). Similar spatial imposex gradi-
ents were described by Bailey & Davies (1988) in Shet-
land, Gibbs et al. (1987) in Cornwall, and Rilov et al.
(2000) in Israel. Since the use of TBT in marine anti-
fouling paints is supposed to be prohibited soon (see
Champ 2000 for a review on regulatory strategies), it is
hoped that environmental conditions in this area will
improve further, that a re-colonisation by N. lapillus
populations of the northern part of the Bay of Brest will
occur, that female sterility will disappear in the vicinity
of Brest, and that imposex-free populations will again
appear in NW Brittany. It should be noted that impo-
sex-free populations have only been observed in Ice-
land (Svavarsson & Skarphed-insdóttir 1995).
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