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ABSTRACT

Endocrine mediated "imposex" phenomenon was
investigated and recorded in the muricoid gastropod
species Thais carinifera during the two decades from
1993 to 2012 at three (3) sites out of six (6) localities
investigated along the Sindh and Balochistan coast,
Pakistan. The VDS stages 1 to 4 were apparent in
Thais carinifera. The intensity of imposex has
remained comparatively low in the populations of
harbours in close proximity to port Mohammad
Bin-Qasim, namely; Old Korangi Fish Harbour
(OKFH) and New Korangi Fish Harbour (NKFH)
where shipping activities are sporadic as compared
to those in Manora Channel and the adjoining
Karachi Port area where intensive shipping activity
is rather frequent. Target species found to be good
bioindicators have shown a marked decrease over
the prolonged study period. Investigations show
that this decrease is solely due to globally imposed
effective bans on tributyltin (TBT) based antifouling
paints over the past decade.

Descriptors: Imposex, Gastropod, Biomonitoring,
Endocrine Disruption, Karachi Coast.
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Resumo

O fendmeno hormonal “imposex” foi investigado e
relatado para o gastrépode muricideo Thais carinifera
durante duas décadas, de 1993 a 2012, em trés das
seis localidades investigadas ao longo da costa de
Sindh and Balochistao, Paquistdo. Os estagios VDS
1 a 4 foram aparentes na espécie. A intensidade
do imposex permaneceu comparativamente baixa
nas populacdes dos portos proximos do porto de
Mohammad Bin-Qasim, especificamente em Old
Korangi Fish Harbour (OKFH) e New Korangi Fish
Harbour (NKFH), onde as atividades portuarias
sao esporadicas quando comparadas as de Manora
Channel e a area adjacente do Porto de Karachi, onde
a atividade portuaria é mais intensa. A espécie alvo
mostrou-se um bom bioindicador por ter apresentado
decréscimo acentuado ao longo do extenso periodo
de estudo. As investigagdes mostraram que esse
decréscimo € apenas devido ao efetivo banimento
globalmente imposto da tributiltina (TBT) como base
de tintas anti-incrustantes ocorrido na década passada.

Descritores: Imposex, Gastropodes, Biomonitora-
mento, Perturba¢des Enddcrinas, Costa de Karachi.
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INTRODUCTION

The phenomenon of imposex (imposition of male
sex characters in females) is directly related to organo-
tin contamination (OTC) in the marine environment due
to superfluous organotin compounds in the antifouling
paints which were used to protect ships’ hulls for decades
(AFSAR et al., 2012a, b.; AFSAR et al., 2013). The use
of the organotin compounds (OTC) tributyltin (TBT) and
triphenyltin (TPT) in antifouling paints was begun in the
1960s but due to their deleterious effects on marine biota
their use was banned during the 1980s and 1990s in many
countries of Europe, the USA, Canada, Australia, Canada,
New Zealand, Japan and Hong Kong (STEWART, 1996;
EVANS et al.,, 1996, HOURIGUCHI et al., 1994; KO
et al., 1995). Legislation was implemented to restrict the
use of TBT in antifouling paints (HORIGUCHI et al.,
1994; REITSEMA and SPICKETT, 1999).

Despite the ban many countries have experienced de-
cades of the unrestricted use of TBT. To overcome this
problem a global ban was imposed on the use of TBT from
2003 onwards, which included the removal of all existing
coatings of paints containing TBT by 2008. This was
agreed by the International Maritime Organization (IMO)
(TRONBIJERG, 2001). However, imposex is still evi-
dent certainly in and around shipping hubs situated in the
North and South American continent (LI and COLLINS
2009; TITLEY-O’NEAL et al., 2011; BORGES et al.,
2013; CASTRO et al., 2014) and in European (BRAY
et al., 2012) and Asiatic countries (STEPHEN et al., 2003;
AFSAR et al., 2012a, b; AFSAR et al., 2013). Recently,
AYARI et al. (2014) have quantified imposex in Stramonita
haemastoma from the Bizerta Channel, Tunisia - an area
with high levels of shipping, exceeding 1000 boats per
year, including fishing boats, oil tankers, gas tankers, pas-
senger ships, container ships and naval vessels, and efforts
have been made to understand the effect on gastropod size
of shell fouling by epibiotic barnacles. Imposex incidence
in the Bizerta Channel was found to be higher in females
fouled by epibiotic barnacles in contrast to non-fouled fe-
males. Likewise COSTA et al. (2014) have also reported
penis malformations in Leucozonia nassa and Leucozonia
ocellata species from a TBT contaminated region of sou-
theastern Brazil and results showed high levels of TBT
contamination in samples collected in Espirito Santo Bay,
subjected to intense maritime traffic.

In prosobranch gastropods, the deleterious effect of
organotin contamination (OTC) was first observed by
BLABER (1970) in the muricid gastropod, Nucella lapillus
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and the term imposex was first used by SMITH (1971) in
relation to the stenoglosson gastropod Nassarius obsoletus
(American mud snail). TBT is an endocrine disruptor and
its ingestion results in masculinization in gastropods, it is,
therefore, suggested that molluscs and particularly snails
are the most sensitive organisms in terms of the effects
of endocrine disruptors (EDCs) because EDCs directly
or indirectly influence their hormonal system at very low
concentrations of about 0.5-1 ng/l, (MATTHIESSEN and
GIBBS, 1998; DUFT et al., 2007). To date, the organotin
contamination in the marine environment, the uptake of
OTC’s and the resultant imposex dilemma due to endo-
crine disruption has been observed and explained in more
than 260 species of gastropods worldwide, except in the
Antarctic region (TITLEY-O’NEAL et al,, 2011).

Imposex in gastropods is the most responsive assay for
the assessment of TBT and TPT contamination in the natural
marine environment. Generally molluscan species belonging
to the family Muricoidae such as Nucella lapillus (GIBBS
et al., 1987; OEHLMANN et al., 1991), Ocenebra erinacea
(GIBBS et al., 1990; OEHLMANN et al., 1992), Morula
granulata (REITSEMA and SPICKETT, 1999; AFSAR etal.,
2012a, b); Thais clavigera, Thais bronni (HOUIRIGUCHI
et al., 1994) and Thais orbita (GIBSON and WILSON,
2003) have served as bioindicators of TBT contamination.
The effects of TBT have been documented in many South
Asian countries including Singapore, Malaysia, Indonesia
and Thailand in many species of muricid gastropods, Thais
luteostoma, T. bitubercularis, T. clavigera, T. rufotincta, T.
distinguenda, Thais gradate and T. jubilaea, Morula musiva,
Cronia margariticola, Drupella rugosa, Morula musiva,
M. granulata, M. margariticola, Chicoreus capucinus and
Nagquetia capucina (ELLIS and PATTISINA, 1990; TAN,
1997, 1999; HUNG et al., 2001, BECH, 2002a, b). This
phenomenon has also been recorded and documented in
India and Pakistan in a number of species such as 7. bufo,
T rudolphi, T. tissoti, Cronia konkanesis and Gryineum
natator (VISHWAKIRAN and ANIL, 1999; TEWARIA
et al., 2002,; VISHWAKIRAN et al., 2006; AFSAR et al.,
2012 a, b; AFSAR and SIDDIQUI, 2013).

Molluscan Thais species belonging to the family
Muricoidae are widely distributed along the Pakistan coast
and are also highly sensitive to organotin pollution. This
present study also provides an insight into the occurrence
of imposex in muricoid Thais carinifera, and its spatial
and temporal progression and also reflects the subsequent
decrease due to imposed global bans on TBT-based anti-
fouling paints in recent decades.



MATERIAL AND METHODS

STUDY AREA AND SAMPLING

Samples of Thais carinifera were obtained from six
(6) sites located on the Sindh and Balochistan coasts
(Figure 1) during six surveys between 1993 and 2007 and
finally in December 2012, according to their availability
and population size. Sampling was undertaken at different
intervals during the surveys: from August to December
1993 and January to July 1994 (survey 1); November to
December 1998 and January to June 1999 (survey 2); April
to December 2003 and January to July 2004 (survey 3);
February to December 2005 and January to July 2006 (sur-
vey 4); July 2007 (survey 5) and December 2012 (survey 6).
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Figure 1. Map showing collection sites*. 1: New Korangi Fish
Harbour (NKFH); 2: old Korangi Fish Harbour (OKFH).

Three sampling sites (Figure 1): Manora Channel (24°
48' N; 66° 58’ E) adjoining the largest Karachi shipping
port, Old Korangi Fish Harbour (OKFH) (24° 48’ N; 66°
58’ E) and New Korangi Fish Harbour (OKFH) (24° 48’
N; 66° 14" E). Areas situated in the vicinity of the second
largest shipping port of the country, port Mohammad
Bin-Qasim were included in the surveys because of the
large scale commercial shipping activity in these areas.
Three (3) other sites (Figure 1): Cap Monze (24° 50’ N;
67° 14' E), Mubarak Village (24° 50’ N; 66° 39" E) and
Sonmiani (25° 25" N; 66° 35’ E) were used to obtain sam-
ples for comparative analysis as fishing activities there are
restricted and only small fishing trawlers usually operate
in these areas. No commercial large scale shipping activity
takes place there. Cape Monze is a clean site and no ship-
ping activity occurs in the nearby area.
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MEASUREMENTS AND IMPOSEX DETECTION

The specimens were brought live to the laboratory and
frozen until further analysis. The animals were thawed
prior to examination, then biometric and morphometric
investigations were carried out. Animal sex identification,
measurements of frequency and intensity of imposex,
vas deferens sequence stages (VDS) and vas deferens
sequence index (VDSI) were made as already detailed
(AFSAR etal., 2012a, b).

The vas deferens sequence stages (VDS) and vas de-
ferens sequence index (VDSI) were determined only in
the samples procured as from 2003. The VDSI was cal-
culated as the average of the imposex stages described by
OEHLMANN et al. (1996). Stages of imposex and impo-
sex development for muricoid Thais carinifera were outli-
ned in the light of the general imposex scheme described
by STROBEN et al. (1992), OEHLMANN et al. (1992)
and then by VISHWAKIRAN and ANIL, (1999) as shown
in the schematic diagram (Figure 2). The imposex stages
of Thais carinifera (Figure 2) are based on the characte-
ristics given below:

Stage 0: Morphologically normal females without any
characteristic male features (without penis or VDS). Stage
1: Characterized by the presence of a small penis without
a penile duct behind the right ocular tentacle in imposex
females. Stage 2: Penis with a closed penile duct behind
the right ocular tentacle. Stage 3: Penis with penile duct
which continues in a short distal portion of the vas defe-
rens. Stage 4: Penis with a penile duct and a vas deferens
that runs continuously from the base of the penis up to the
vulva (vaginal opening).

STATISTICAL DATA ANALYSIS

The mean difference in male/female shell length and
the mean difference in male and imposex female penis
length of the pooled data was tested by multiple range
tests used in ANOVA between groups and within groups,
to analyze the relationship between penis length and shell
length in different spans (in different periods?) over the
study period. When the P-value of the F-test in ANOVA is
greater than or equal to 0.10, there is no statistically signi-
ficant relationship between penis length and shell length.
Male and imposex female shell length and penis length
correlation was also tested statistically by using the #-test.
A nonparametric Kruskal Walis test was used to analyze
the variation in average penis length of males and impo-
sex females within groups and between surveys (1-5) to
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Figure 2. Imposex stages (1-4) recorded in Thais carinifera. a: anus;
cg: capsule gland; e: eye; f: foot; p: penis; t: tentacle; vds: vas deferens
sequence; v: vulva. Scale bar: 30 mm.

determine whether the average penis length of males and
females was increasing in relation to the surveys under-
taken in different years. To test whether the high incidence
of imposex has affected the populations and to see if the
sex ratio has turned into a male dominated population,
a chi-square test was performed to compare sex ratios
(BECH, 2002a, b). Statistical data analyses were perfor-
med using Statgraphics plus (5.1).

RESULTS

The imposex females were only present in the Manora
Channel, new Korangi Fish Harbour (NKFH) and old
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Korangi Fish Harbour (OKFH). In the Manora Channel du-
ring the first survey the incidence of imposex was 59.32%
which increased to 73.84% in the third survey. However,
in the fifth survey a considerable decline in the incidence
of imposex (27.27%) was recorded. Further, in the last,
the sixth, survey there was no sign of imposex found in
any specimen of 7. caranifera (Table 1). The RPSI of this
species in the Manora Channel was 13.02 in the first sur-
vey which diminished to 0.14 in the fifth survey. The RPLI
also decreased from 50.69 in the first survey to 11.11 in
the last survey. The VDSI increased from 0.15 in the third
survey to 0.89 in the fifth survey (Figure 3).

Assignificant decrease in female shell length (ANOVA,
F=20.76; p <0.001) was observed in specimens examined
from the Channel, and the average shell length decreased
from 52.30 + 8.22 mm in the first survey to 46.58 + 6.69
mm in the fifth survey). In males also, a significant varia-
tion in shell length was noted in specimens examined du-
ring the first five surveys (ANOVA, F =10.67; p < 0.001).
The sex-ratio was close to a 1:1 theoretical ratio in all the
surveys except for the fifth in which the sex-ratio was in
favor of females (x> = 5.12; p < 0.05). (Tables 1, 2).

The VDS stages were only examined in the third,
fourth and fifth surveys. In these surveys the VDS stages
1-4 were found in T. carinifera. Table 1 and Figure 3
show RPLI, RPSI and penis length of imposex females
at different VDS stages calculated from the overall
pooled data of surveys 3 to 6 (Figure 3). An increase in
penis length was observed with respect to an increase
in VDS stages, which increased from 2.03 + 1.38 in la
to 3.85 + 2.12 in stage 4. The RPLI also increased from
14.57% in stage 1 to 27.64% in stage 4, consequently
RPSI was also increased from 0.31 to 2.11. In the
Korangi Creek area the samples were only examined in
the third survey from NKFH and OKFH. At NKFH the
incidence of imposex was higher (43.18%) than at OKFH
(12.12 %). The RPLI, RPSI and VDS values are given in
Table 1. They were slightly higher at NKFH. The females
were significantly more numerous than males at NKFH
(x2=9.92; p < 0.05) and OKFH (x> = 5.12; p < 0.05).
The imposex females with VDS stages 1, 2 and 4 were
present at NKFH, whereas only females with stages 1
and 2 were found at OKFH.

There was no significant correlation between female
shell length and penis length (Figure 4) for the overall po-
oled data from Manora Channel (r = 0.050; p < 0.001).
Similarly no significant correlation between male shell

length and penis length was observed. However, a



Table 1. Imposex incidence (%) sex-ratios and chi-squared distribution of neogastropod species Thais carinifera at different
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sites during surveys (1-6). n-sample size; NKFH - new Korangi Fish Harbor; OKFH - old Korangi Fish Harbour.

Survey Site n P ;‘f"::l’;lt:s’“ I"cligif,z; of RPLI RPSI VDSI
1 (1993-1994) Manora Channel 103 0.43 59.32 50.69 13.02 -
2 (1998-1999) " 183 0.48 70.83 39.34 6.09 -
Sonmiani 100 0.48 - - - -
Cap Monze 7 0.71 - - - -
3 (2003-2004) Manora Channel 291 0.41 43.18 15.55 0.38 0.16
NKFH 63 0.30 12.12 7.83 0.05 0.09
OKFH 50 0.34 73.84 18.51 0.63 0.15
Mubarak Village 30 0.20 - - - -
Sonmiani 72 0.54 - - - -
4 (2005-2006) Manora Channel 38 0.55 70.59 24.79 1.52 0.83
Sonmiani 38 0.42 - - - -
5(2007) Manora Channel 50 0.34 27.27 11.11 0.14 0.89
Sonmiani 60 0.43 - - - -
6 (2012) Manora Channel 47 0.44 - - - -
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Figure 3. Imposex indices of Thais carinifera from Manora Channel
during surveys (1-5) showing temporal trends. IS: imposex; RPSI:
relative penis size index; VDSI: vas deferens sequence index.

significant difference between the male and female ave-
rage penis length in this species was evident (ANOVA,
F = 111091; p < 0.001). The average length of the fe-
male penis (Kruskall Wallis test) increased significantly
(p <0.001) from the first survey to the fifth (2007). At the
remaining four sites no incidence of imposex was found
in 7. carinifera. At Sonmiani the sex-ratio was close to
the theoretical 1:1 ratio in all the surveys. However, at
Mubarak Village females were significantly more nume-
rous in this species (x> = 10.80; p < 0.05).

1993 to 2012, the imposex which is the masculization
of female gastropods was detected in Thais carinifera
in the Manora Channel, OKFH and NKFH, the areas
adjacent to ports and harbours experiencing shipping
activity. The presence of imposex females at these si-
tes indicated the localized effect of organotin contami-
nation in Pakistan. The severity of imposex was more
pronounced in the Manora Channel which is the ship-
ping line leading to Karachi Port, the largest port in the
country. Besides that, the Lyari River also discharges
its domestic and industrial effluents into the Channel
and the flushing in the Channel is poor (AFSAR et al.,
2012a, b). The other two contaminated sites, NKFH and
OKFH, are located on the route of a smaller deep-sea
port (Port Mohammed Bin Qasim), the occurrence of
imposex in the population of gastropods in these areas
suggests that passing vessels are the main source of TBT
contamination. In Pakistan, there are no aquaculture fa-
cilities or other structures coated with antifouling paints
and thus ship related activities must be the major source
of TBT contamination in coastal waters. Besides, the
neighboring Gulf of Oman is also an integral part of the
North Arabian Sea, and counter part of shipping rou-
tes in the region has fairly intense shipping including
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Table 2. Biometric data of Thais carinifera calculated during surveys (1-6) NKFH: new Korangi Fish Harbour; OKFH: old

Korangi Fish Harbour; SD: standard deviation.

Survey Site g:::’;:l NKFH OKFH le;:x[:;e MV‘:E:;Z" Sonmiani
Male shell length + SD (mm) 1 49.84+6.73 - - - - -
2 51.68+5.48 - - 43.6 £2.190 - 42.54+722
3 47.80+533 36.50+8.77 36.52+4.25 - 4516 +556 47.38+6.39
4 4442 +358 - - - - 35.56 + 7.64
5 50.76 £5.09 - - - - 49.19 +£8.21
6  48.38+4.31 - - - - -
Female shell length + SD (mm) 1 5230+822 - - - - -
2 5227+6.37 - - 45+2.82 - 43.71 +7.41
3 47.82+6.02 45.68+12.22 37.68+5.75 - 4520+2.96 45.64 £ 6.43
4 46.80+597 - - - - 38.68 = 11.41
5 46.58+6.69 - - - - 47.38+£9.70
6 48.73+321 - - - - -
Male penis length + SD (mm) 1 8.10+2.72 - - - - -
2 11.61 £1.94 - - 11.2+2.167 - 11.10 £2.81
3 14534355 11.00+£4.03  9.64+2.42 - lf.ggli 17.31+£3.21
4 11.09+2.84 - - - 9.12+3.11
5 13.05+1.51 - - - - 12.50 +£2.02
6 15.71+1.61 - - - -
Female penis length + SD (mm) 1 4.06 £2.47 - - - - -
2 4.65+1.36 - - 0.00 £+ 0.00 - 0.00 = 0.00
3 277155  0.94+1.20 1.25+0.50 - 0.00 + 0.00 0.00 + 0.00
4 2.83+1.33 - - - - 0.00 £ 0.00
5 1.68 +1.84 - - - - 0.00 +0.00
6 0.00 + 0.00 - - - - -

a large number of transiting oil tankers (STEPHEN et
al., 2003). During the survey of organotin compounds,
notable concentrations of organotin contamination were
measured in marine sediments and biota from the Gulf,
in the coastal zone of Bahrain, Qatar and the United
Arab Emirates, and the adjacent region (STEPHEN et
al., 2003).

Many species of Thais, namely, T. clavigera, T. ju-
bilaea and T. bitubercularis were found to be affected
by imposex on the coast of mainland Singapore due
to the large number of vessels calling at the port of
Singapore (TAN, 1997, 1999). Similarly 7. clavigera,
T. jubilaea, T. gradata and T. bitubercularis living in
the vicinity of harbours, marinas and ports have been
known to develop imposex in Singapore and Indonesian
coastal waters (ELLIS and PATTISINA, 1990; TAN,
1999). The studies conducted along the central and
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west coast of India also confirm the localized effect of
TBT contamination at sites with ship-related activities
(VISHWAKIRAN and ANIL, 1999; VISHWAKIRAN
et al., 2006). Similarly from Australia, WILSON
(1993) and GIBSON and WILSON (2003) have provi-
ded evidence that TBT is the main chemical responsi-
ble for the development of imposex in T. orbita with
significantly higher frequencies in harbours than on the
open coastline.

Fairly large numbers of specimens of 7. carinife-
ra were found in all the surveys and the intensity of
imposex ranged between 46.03% and 73.84% except
in the last survey (2007) when it declined to 27.27%
and finally to 0% in 2012. The incidence of imposex
in T. carinifera in the Manora Channel increased sig-
nificantly from 1993-1994 to 2005-2006 (Surveys
1-4); however, in the last surveys (2007 and 2012) a
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Figure 4. Thais carinifera: Correlation between shell length and
penis length of males (M) and imposex (IS) based on pooled data
from Manora Channel.

considerable decline in the incidence of imposex was
observed. This could have been due to the reinforce-
ment of the global ban on the use of TBT - based paints
worldwide. The Manora Channel is a route for interna-
tional shipping to the Karachi Port, the largest in the
country, and foreign vessels seem to be the only source
of TBT contamination in the area. The reinforcement,
in 2003, of the global ban on the use of new applica-
tions of TBT-based paints and legislation on the remo-
val of existing organotin coatings on ships and vessels
by 2008, by the International Maritime Organization
(IMO) has helped to reduce the incidence of imposex
in many species of gastropods throughout the world. A
considerable decline in the incidence of imposex after
the implementation of the ban on the use of TBT-based
paints has been reported in Nucella lapillus from the
UK (EVANS et al.,1996), in Lepsiella scuba from New
Zealand and in T. orbita from Australia (GIBSON and
WILSON, 2003). Despite that fact, concentrations of
organotin (OTC) contamination are still evident as a
result of unrestricted shipping-related activities in a
number of countries. Despite the global ban, increa-
sing imposex levels have been detected in Stramonita
haemastoma analyzed in 2004 and 2011, in southeas-
tern Brazil (BORGES et al., 2013). Similarly butyltin
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species have been recorded in sediments from coastal
locations in the Gulf and in the Gulf of Oman in biota
samples from four countries in the region. Levels of
organotin species have been found to be comparati-
vely low in accordance with global standards - which
assert no direct public health problems. (STEPHEN et
al., 2003).

The imposex indices such as RPLI, RPSI and VDSI
are considered to be useful tools for the assessment of
imposex intensity (VISHWAKIRAN et al., 2006). In the
imposex specimens examined during the present study,
early and intermediate stages (stages up to 4) of impo-
sex were detected, consequently lower RPLI, RPSI and
VDSI values were recorded compared to elsewhere in
the world, where higher imposex indices were reported
in the affected population of many species of gastropods
(BRYAN et al., 1987; GIBBS et al., 1988; STROBEN
et al., 1992). OLIVEIRA et al. (2011) assessed impo-
sex levels in Nucella lapillus (dog whelk) along the
Portuguese coast in 2006 and 2008 and a significant de-
cline in imposex intensity was recorded, confirming the
effectiveness of the Regulation (EC) N° 782/2003 in re-
ducing TBT pollution.

During the present study in general an increase in
female penis length was observed with respect to the
increase in the VDS stages in specimens of 7. carini-
fera. However, in some individuals a decrease in pe-
nis length was also recorded with an increase in VDS
stage. This variability in the length of female penis
related to an increase in VDS stages or to increased le-
vels of imposex has been reported in Hinia reticulata
(STROBEN et al., 1992). They attributed this variabi-
lity to a random cause rather than seasonal variation,
as was found in males whose penis size increases du-
ring the spawning season.

Variation in RPSI and VDSI over time was also
studied in this species. Considerable variation in RPSI
values were observed in different surveys, although the-
re was a steady increase in the value of VDSI from the
third (2003-2004) to the fifth survey (2007). The VDSI is
considered to be a better index than RPLI and RPSI be-
cause in gastropod species, the male penis length varies
in relation to the spawning seasons (TAN, 1997; HUNG
et al., 2001; BECH, 2002b). Therefore, VDSI is prefer-
red by many researchers for the assessment of imposex
(OEHLMANN et al., 1991; STROBEN et al., 1996;
VISHWAKIRAN et al., 2000).
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In the present study no correlation was found be-
tween female shell length and penis length for the
overall pooled data of T. carinifera (r = 0.050; p <
0.01). Similarly, no significant correlation between
male shell length and penis length in this species was
observed. Likewise, BECH (2002b) in T. distinguen-
da from Thailand observed no significant correlation
between female penis length and shell length; howe-
ver, he did find a significant correlation between ma-
le penis length and shell length. On the other hand,
HUNG et al. (2001) recorded a significant positive re-
lationship between female penis length and shell size
in samples of T. clavigera from Taiwan. Similarly in T.
gradata and Neptunea antique from Singapore (TAN,
1999; POWER and KEEGAN, 2001) a significant cor-
relation was reported in male shell length and penis
length, whereas there was no significant correlation
between female shell length and penis length. In T
carinifera a significant difference in male and female
penis length was observed, differently from the condi-
tion observed in species of Nucella in which generally
very small variation in male and female penis length
was found (BRIGHT and ELLIS, 1990). TAN (1999)
suggested that each species has its own penis/pseudo-
penis characteristics.

In the present study the last VDS stage exhibi-
ted by the imposex females was 4, which is the last
fertile stage of imposex in muricid gastropods; there
is, therefore, no chance of infertility in the gastropod
species examined. In the VDS stage 4, the penis has
a penis duct and a vas deferens which continues from
the penis up to the vulva and all the functioning glands
in the pallial oviduct are assisted by a normal pedal
gland which allows the deposition of normal egg cap-
sules. Nor, further, is the vaginal opening modified or
the capability of copulation conserved (?). However,
in females with advanced stages (5-7), the absence
and occlusion of the vulva leads to reproductive fai-
lure (GIBBS and BRYAN, 1988; OEHLMANN et al.,
1996; STROBEN et al., 1992).

The present study of the morphological evidence
in Thais carinifera reveals the occurrence of organotin
contamination in Pakistani waters. The development
of imposex in affected species has not reached the
point at which it can disturb the reproductive cycle,
however, to elucidate the impact of imposex on the po-
pulation dynamics of these species, the life cycle and
the recruitment pattern of marine gastropod species
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need to be further examined for the future manage-
ment and control of OTCs in Pakistani coastal waters
specially at Gadani ship-breaking yards, the world’s
third largest ship dismantling industrial zone, along
the Balochistan coast, Pakistan where the imposex
phenomenon is still evident in native neogastropods
(unpublished data).
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