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A visual guideline for the determination of imposex in
Nassarius reticulatus and Nassarius nitidus

Nagore Cuevas!, Joana Larreta, José German Rodriguez & Izaskun Zorita

Abstract

Imposex assessment (imposition of male characters in female dioecious gastropods due to organotin
compounds) in two gastropod species, Nassarius reticulatus and Nassarius nitidus, is detailed by a visual
guideline. The information that appears in different sections is accompanied by photographs, diagrams and
data summary reports with the aim of solving the doubts that can arise in the process of imposex evaluation.
Additionally, this guideline also reviews alternative imposex classification indices currently in use.

Resumen

En este trabajo se detalla de manera visual el proceso de evaluacion del imposex (imposicion de caracteres
masculinos sobre hembras de gasteropodos dioicos, debido a compuestos organoestanicos), en dos especies
de gasterdpodos, Nassarius reticulatus y Nassarius nitidus. Con el objetivo de resolver aquellas dudas que
pueden surgir sobre el proceso de determinaciéon del imposex, la informacion en este guia se divide en
diferentes secciones acompanadas de fotografias, diagramas y tablas. Ademas, esta guia visual expone otros

indices de clasificacion alternativos que actualmente estan en uso.

Key Words: imposex, tributyltin, Nassarius reticulatus, Nassarius nitidus, sterility, visual guideline.

tributilestafio, esterilidad, guia visual.

Introduction

Antifouling paints and tributyltin (TBT).

Antifouling paints are applied to the hulls of boats, to slow down
or prevent the growth of aquatic organisms that may settle there.
These paints have traditionally incorporated toxic substances,
including copper or Tributyltin (TBT), into a chemical matrix;
this gradually leaches the biocide from the surface layer (Lewis,
1998). However, the utilization of these kinds of paints assumed
great economic benefit for this industrial activity, because: (i) fuel
saving (due to less frictional drag); (ii) more spacing on entrances
in the dry dock; and (iii) more availability of vessels, due to shorter
periods in dry dock (Champ M.A., 2000; Dafforn et al. 2011)

Besides, antifouling paints are used on marine infrastructures
(electric power stations and fuel extraction systems), as well as on
oceanographic instrumentation. Furthermore, during the 1960°s,
one of the most used antifouling paint was TBT. Organotin
compounds were applied also in other sectors such as wood
preservation, agriculture, cooling systems, paper mills, textile
materials, food and control and diseases eradications (Bennett,
1996).

' AZTI-Tecnalia; Marine Research Division; Herrera Kaia s/n 20110;
Fax: +34 946572555, Tel: +34 943004800
Corresponding author: ncuevas@azti.es

TBT in the marine environment.

In the marine environment, the main input of TBT is caused by
antifouling paints. Thus, areas with high shipping traffic, or ports,
are those where concentrations of this compound would be higher.
TBT consists of three butyl groups, joined to a tin atom (IV) by
covalent bonds (De Mora, 1996) (Figure 1).

Figure 1. TBT structure.

TBT can be degraded by a wide range of organisms, mainly
by a biotic factor (bacteria), following a sequential debutilation to
its products: dibutyltin (DBT) and monobutyltin (MBT) process
(TBT->DBT—-MBT—Sn (IV)) (Valkirs et al, 1991) (Figure
2). The principal product of this degradation is DBT, forming a
lesser volumen of MBT. These latter products are less toxic than
TBT. Aditionally, TBT degradation can also occur in response to
photolysis.

TBT half-life in water, i,e., the time that is required to
reduce its concentration by half, is from few days to several
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Figure 2. TBT sequential debutilation process.

weeks, depending upon the prevailing environmental conditions
(Watanabe et al., 1992). After TBT is freed into water, it tends
to be adsorbed by suspended particles, due to its hydrophobic
character. Hence, in sediments this lifetime would be longer and,
under anoxic conditions, TBT’s lifetime may even reach decades
(Sarradin et al., 1991; Watanabe et al., 1995). TBT concentration
depends upon several factors (the quantity of suspended particles,
organic matter, salinity and pH); because of this, port areas near
estuaries with an high input of suspended particles in conducive
hydrodynamic conditions (for example, without stratification) are
the most responsive sites to accumulate TBT in sediments.

TBT toxicity in the marine environment: Imposex.

TBT’s toxic effects are shown in a wide range of organisms,
detecting sublethal and lethal damages in microorganisms,
invertebrates and vertebrates (Crothers, 1989; Austen &
McEvoy, 1997; and Martinez-Llado et al., 2007). These
damages include acute toxicity, RNA alterations, neurotoxicity,
teratogenicity (alteration of physic, embryonic or larval phases)
and inmunotoxicity (immunosuppression). Therefore, TBT is
classified as one of the most toxic xenobiotic that is introduced by
humans, into marine waters (Goldberg, 1986).

Within macroinvertebrates, possibly molluscs have been studied
the most, inrelation to TBT. In gastropods (especially neogastropods)
and bivalves, this compound behaves as an endocrine disruptor in
many species. These chemical compounds could be active at very
low concentrations, causing adverse effects in organism or progeny
health (Oehlmann & Schulte-Oehlmann, 2003; Oetken et al., 2004;
Grun & Blumberg, 2006; and Ochlmann et al., 2007).

For example, TBT causes oyster shell thickening, produced
by the alteration of calcium fixation metabolism; it induces
also reproductive failures (De Mora, 1996). These changes
have accounted for many economic losses in French mollusc
farming. In other cases, TBT modifies the morphology of
sexual characters in neogastropods. The circumstance most
studied is “imposex”, which refers to the imposition of
sexual characters; this is caused by exposure to sub-lethal
concentrations of organotins compounds (Bettin et al., 1996;
Gibbs & Bryan, 1996; Tester et al., 1996; and Gibbs et al.,
1997). This alteration generates the presence of male sexual
characters, in the females of some dioic species (Gibbs &
Bryan, 1996). Furthermore, due to the correlation between
dose and TBT bioavaiability, imposex in some species is

proposed by international organisations (OSPAR-JAMP
2004, ICES 2000) to evaluate the presence of this organotin
compound in the marine environment.

On the other hand, in neogastropod species, there exists also
another phenomenon known as “intersex”, which consist of
modification or supplanting female sexual characteristics, into
male ones (Casey et al., 1998; Barroso et al., 2000; De Wolf et al.,
2001; Birchenough et al., 2002; De Wolf et al., 2004; and Sloan
& Gagnon, 2004).

Such environmental problems have introduced early response
monitoring, with the objective of determining the TBT pollution
in marine waters. Within this context, many countries accomplish
routine controls such as: the United Kingdom (Dowson et al., 1992;
Franklin & Jones, 1994; Law et al., 1994; Thomas et al., 2000;
and Thomas et al., 2001); the United States (Lauenstein, 1995;
O’Connor & Lauenstein, 2006); or France (Mauvais & Alzieu,
1991; Michel & Averty, 1999; and Michel et al.,2001). Additionaly,
other countries have carried out specific investigations: Portugal
(Barroso et al., 2000; Barroso & Moreira, 2002; Barroso et al.,
2005; and Santos et al., 2004 ); Brazil (Fernandez et al., 2002;
Fernandez et al., 2005); Italy (Bortoli et al., 2003; Pavoni et al.,
2007); Spain (Barreiro et al., 2001; Ruiz et al., 2005; Rodriguez
et al., 2007; Rodriguez et al., 2009; and Rodriguez et al., 2009b);
China (Shi et al., 2005); Denmark (Strand et al., 2003); and
Marocco (Lemghich & Benajiba, 2007).

In order to be able to assess the biological effects of TBT
in gastropods, different parameters are used systematically to
characterize imposex (see below):

- Percentage of affected females

- VDSI (Vas Deferens Sequence Index)

- RPLI (Relative Penis Length Index)

- AOS (Average of Oviduct Stage)

- Percentage of females with aborted egg capsule

These indicators are explained more specifically below.

Restrictions of the use of TBT in antifouling paints.

Since 1982, legislation introduced by many countries has
forbidden, or restricted, the use of TBT in antifouling paints. The
reasons for this restriction are due mainly to the toxicity effect on
various species, such as oysters (Alzieu et al., 2000).

In 1990, the International Maritime Organization (IMO) passed
a resolution which recommended that governments should take
steps to eliminate antifouling paints containing TBT on vessels <
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25m in length, stationary marine constructions and fishing gear. In
1999, the IMO appealed for a global ban against the application of
organotin compounds as biocides, in vessel antifouling systems,
for the 1% January 2003; likewise, a total ban opposed completely
to the presence of the aforementioned compounds in every ship for
the 1% January 2008.

In 2001, after the appeal of a global ban, the IMO considered
an international agreement on vessel antifouling systems damage
control (Anti-Fouling System agreement, AFS); apart from
performance of TBT ban, it would create a mechanism that would
avoid other harmful substances being used in antifouling paints.
In Europe, the Regulation (EC) 782/2003 of Parliament and of
the Council of 14" April 2003, which is related to the organotin
compounds ban in shipping, confirms the AFS agreement.
According to this regulation, after the 1% January 2008, commercial
vessels with an active covering of TBT on hulls would not be
accepted in Community ports.

These measures have involved several studies promoting the
effect on the recuperation of the quality of marine environment
(with TBT reduction), of the above mentioned bans imposed
(Quintela et al., 2006; Sousa et al., 2007; Wirzinger et al., 2007,
and Smith et al., 2008).

Theaim of the present study is to lead the assessment of TBT effects.

Figure 3. Cylinder with piston used for superficial subtidal sediment sampling.

Consequentely, the development of an useful and conprenhensive
guideline, for those inexperienced in this area of research who want
to monitor imposex levels in gastropods, is necessary. This guideline
is focused on two species of gastropods, Nassarius reticulatus and
Nassarius nitidus; these are good indicators to evaluate imposex, due
to their wide spatial distribution and sensitivity.

Methodology

Sediment sampling.

As contaminants tend to accumulate in sediments over a longer
time period than in the water column, the collection of sediments
close to a sampling station could be an interesting complemen-
tary dataset to characterise the TBT level of the substratum. These
chemical results use to be coherent with the imposex assessment
outcomes in gastropods.

Sediment sampling is carried out in different ways, depending upon
the tidal characteristics. In subtidal areas, cores of superficial sediment
can be collected. The use of these samples permits the maintenance
of the sediment structure (Figure 3). Sediments are sampled also by
diving diving, and thus, in some port places often result unviable due
to high maritime traffic or low visibility. In this case, sampling can be
carried out using Van Veen or Shipek grabs (Figure 4).

Figure 4. Van veen (left) and Shipek (right) dredge.
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Species included in the guideline.

Two species of gastropods are included in this Guideline:
Nassarius reticulatus (Linnaeus, 1758) and Nassarius nitidus
(Jeffreys, 1867). The first is distributed usually in outer estuarine
or coastal zones, where the salinity tends to be higher than inner
parts of an estuary, whereas the second inhabits in inner estuarine
areas. Hence, N. reticulatus has been utilised previously for the
determination of TBT pollution, in many Atlantic European coastal
studies (Stroben et al., 1992a; Stroben et al., 1992b; Bryan et al.,
1993; Barreiro et al., 2001; Barroso et al., 2002a; Barroso et al.,
2002b; Barroso et al., 2005; Sousa et al., 2005; Rato et al., 2006;
Wirzinger et al., 2007; Rodriguez et al,. 2009; and Rodriguez
et al,. 2009b). In comparison, N. nitidus has been used in only a
few studies, located mainly along the Venetian and Swedish coasts
(Magnusson et al., 2005; Pavoni et al., 2007; Rodriguez et al.
2007, Rodriguez et al., 2009, Rodriguez et al., 2009b; and Lahbib
et al., 2011). Therefore, these two species are good candidates for
TBT monitoring, within their wide area of distribution.

Species identification.

Nassarius reticulatus and Nassarius nitidus are considered as
sympatric species (Rolan & Luque, 1995) with many similarities
in external morphology (Figures 5, 6, 7 and 8). Consequently,
the differentiation betweewn both species should be undertaken,
taking into account the contrasting characteristics (Table 1). If
any specimen appears with intermediate characteristics, of both
Nassarius species, it would be excluded from the study.

= :
Figure 5. General view of an adult specimen of Nassarius nitidus (Jeffreys,
1867)

Figure 6. Obtuse siphonal view of Nassarius nitidus.

: |
Figure 7. General view of an adult of Nassarius reticulatus (Linaeus,
1758)

Figure 8. Acute siphonal view of Nassarius reticulatus (Linaeus, 1758)

Table 1. The different characteristics of both species: Nassarius reticulatus
(Linnaeus, 1758) and Nassarius nitidus (Jeffreys, 1867) based on
Rolan & Luque (1995).

Character Nassarius nitidus Nassarius reticulatus

(Figure 8 and 9) (Figure 10 and 11)
Shell external Dark brown, Light brown, yellow,
coloration violaceous cream
Coloration of inner Violaceous White
part of shell aperture
Columellar callus Translucent White
(adults)
Number of groove/ 3 4-5
stretch in siphonal
canal
Profile shape Stepped Gently marked
Angle of aperture with ~ Obtuse Right or acute

siphonal canal

Gastropod sampling and aquaria maintenance.

Sampling of gastropods from intertidal sites can be carried
out during low tide (generally on spring tide). In some cases,
this requires the use of fish, as bait, to facilitate the capture. In
subtidal areas, the sampling does not depend upon the tidal cycle
and usually it is necessary to use baited hoop nets and /or fishing
cages. These are left from between 1 and 48 hours (Figure 9 and

138 | Revista de Investigacion Marina, 2011, 18(7)



N. Cuevas, J. Larreta, J.G. Rodriguez & . Zorita

10). Further, depending upon the sampling site, thus could be
achieved directly by diving.

The transport of gastropods to the laboratory should be
undertaken in plastic containers, with water collected from the
sampling site, in order to facilitate the survival of the majority of
the specimens.

Before imposex evaluation, gastropods are maintained in
artificial marine seawater, for at least 24 hours without feeding;

this is to depurate the digestive tract of the gastropods and to avoid
interferences in TBT bioaccumulation analysis. Seawater can be
prepared at the same salinity of that at the sampling site of origin,
with artificial commercially available marine salt.

The maintenance of gastropods in aquaria has to be with aeration,
mechanical and biological filtration and protein separation (by use
of the skimmer). Also, the temperature of the aquaria should be
similar to that at the origin.

Figure 9. Baited fishing cages and hoop nets used for subtidal gastropods capture.

Figure 10. Installation of pots in a port.
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Imposex assessment.

Adult selection.

Imposex is assessed preferably in adult individuals. To
differentiate these specimens from juveniles the following
characteristics of the shell should be considered (Figure 11 and
12): (i) absence of developed teeth in inner face of shell aperture’s
lip, (ii) thin and/or sharp lip and (iii) in adult specimens of
Nassarius reticulatus the columellar wall is white opaque, whereas
in juveniles it is not well developed.

Figure 11. Juvenile and adult specimens of Nassarius reticulatus
(Linnaeus, 1758)

anam Thin lip
— Collumslar wall

—- Developed testh

Figure 12. An adult specimen of Nassarius reticulatus.

Necessary intrumentation for analysis.
- Dissecting microscpe

- Tweezer

- Scalpel

- Dissecting spring scissors
- Dissecting needle

- Mechanic vice

- Digital caliper

- Petri dish

- Beaker

- Numbered container

- Stirring rod

- Filter paper

Narcotization.

Before shell removal, gastropods were narcotized in a two-
step process; firstly, they were submerged in a mixture of 1:1 (v/v)
of artificial seawater (salinity of 33 PSU) and MgCl, (7% w/v)
aerated solution for, at least, an hour. Secondly, individuals were
transferred to a MgCl, (7% w/v) solution for, at least, 30 minutes
(Fernandez et al., 2007).

Shell length measurement.

The height and the aperture of the shell was measured in each
individual using a digital caliper (Figure 13 and 14). All data are
annotated in a summary data report (Annex I).

Shell
height

Aperture of
the shell

Figure 13. Measures of length (SL) and aperture (SA) of the shell in
Nassarius nitidus.

Figure 14. Measures of height and aperture of the shell by millimetric
caliper.
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Shell removal.

To determine the sexual structure of gastropods it is necessary to
remove the shell completely; for this, a mechanical vice was used
to crack the shell, using pressure (Figures 15 and 16). Afterwards,
the columellar muscle, which makes the union of the shell and
soft body possible, was cut and the opercule was removed using a
binocular dissection microscope (Figures 17,18 and 19).

Figure 15. Material for shell removal.

Figure 18. The position of collumellar muscle in a gastropod diagram

Figure 16. Shell removal technique and numbered container with (left) and after cracking the specimen (right)(This diagram
specimens without shell ready for analysis. was adapted by Invertebrate Anatomy online by Richard Fox,
Lander University).

Ophradium .

Ctenidium Right tentacle

Figure 19. Process of removing the mantle of a Nassarius reticulatus.
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Tenrtacle

Columelar
muscle

Figure 20. Presence of parasites in gastropod (left: gonad-digestive complex, backside; right: rectum surface) (This diagram was adapted by Invertebrate
Anatomy online by Richard Fox, Lander University).

Right

Lefttentacle  tentacl
Left tentacle Right tentacle SEEES Capsule gland
Penis Genital papilla
vas deferens
Anus
Anus
Intestine Intestine

6\ Q
Figure 21. External morphology of male and female reproductive structures of Nassarius reticulatus (without imposex) after the mantle over the ophradium
is cut (Gibbs & Bryan, 1996).

Determination of parasitism signs.

The presence of parasites in gastropods can alter the
morphology of sexual characters (Morley, 2006). Therefore, in
imposex studies, parasitized specimens are excluded. However, in
some cases it is difficult to achieve an adequate number of non-
parasitized organisms sin the sample; therefore, imposex needs
to be assessed also in parasitized organisms. Two examples of
parasitism are shown in Figure 20.

Mantle treatment.

In order to determine some of the morphological characteristics,
it is necessary to remove the mantle in a precise manner; this
is to open the mantle cavity, in order to observe the situation of
the penis and vas deferens. For that, the mantle should be cut
longitudinally through the hypobranchial gland (between rectum
and ctenidium). The capsule gland is rotated to show the medial
surface, as is illustrated in Figure 21.

142 | Revista de Investigacion Marina, 2011, 18(7)



N. Cuevas, J. Larreta, J.G. Rodriguez & . Zorita

Sex determination.

Nassarius reticulatus and Nassarius nitidus are dioic species,
which means that males and females have distinct sexual characters
(Figure 19). Taking into account that females affected by imposex
can present a penis, the sex determination should be based upon
other characters such as: males: the presence of seminal vesicle
(Figure 22); females: presence of a capsule gland (Figures 23 and
24) and vulva (Figure 25).

In some specimens, the sex cannot be determined; this is
usually because sexual structures are hidden by parasites. In such
cases, individuals are not evaluated.

Figure 22. External appearance of seminal vesicle of a male individual of
Nassarius reticulatus.

Figure 23. External appearance of capsule gland of a Nassarius reticulatus
female specimen.

Figure 24. Thorough view of capsule gland of a Nassarius reticulatus
female specimen.

Figure 25. External appearance of vulva of a gastropod female
individual.

Determination of Vas Deferens Sequence Index (VDSI).

The imposex phenomenon is characterized by the imposition
of male sexual characteristics in females. Thus, in some species of
prosobranch gastropods, the imposex is described by an evolutive
system of various stages, with variants. This is based upon the
development of sexual characteristics (Gibbs & Bryan, 1996)
(Figure 26).

Figure 26. Appearance of vas deferens in a female Nassarius reticulatus.

In the case of Nassarius reticulatus and Nassarius nitidus
females, imposex develops through different vas deferens stages
(development levels of sperm transporting duct), as shown in Fig.
27. The main scheme of vas deferens stages has been described
described by Stroben et al. 1992b, although it has been modified
slightly by other authors ( Barreiro et al 2001, Pessoa eta al. 2001
;and Barroso et al. 2002a).

Once the vas deferens stages are determined, the estimation
of VDSI (Table 2) is calculated from the mean of the assigned
values, which varies depending upon the scheme on which a
study is based. This index is a measure of the extent of imposex,
for the purpose of assessing the biological effects of TBT in
gastropods.
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Table 2. An example of RPLI (Relative Penis lenght), VDSI (Vas Deferens Sequence Index) and AOS (Average Oviduct Stage) data/results (PL:penis

lenght,VDS: vas deferens sequence and OS: oviduct stage).

N® specimen Sex PL {mm) VD5 VD5 value 05
1 Hembra 6,51 4 4 ] RPLI 58,06
2 Macho 10,82 x x X
3 Hembra 4.55 Je 3 0 RPLI=(PL mean females/ PL mean males)*100
4 Hembra 415 3a 3 0
5 Hembra 51 4 4 0
B Hembra 1.5 2a 2 0 VDSl 347
T Hembra 6,01 4 4 0
8 Macho 8,58 x x x
9 Hembra 5 56 3a 3 0 VDSI=FvDS value/ N® specimens
10 Hembra 247 3a 3 i]
1 Hembra 5,51 Ja 3 0
12 Hembra 6,75 4 4 ] ADS 0,16
13 Hembra 649 4 4 0
14 Hembra 724 4 4 2 ADS=FOS! N* specimers
15 Hembra 5,78 4 4 0
16 Hembra 324 3c 3 0
17 Hembra 534 4 4 0
18 Macho 6,55 X ® X
19 Macho T x x ¥
20 Macho 8,64 % x X
21 Hembra 2,78 2a 2 ]
22 Macho 849 x x x
23 Hembra 325 4 4 0
24 Hembra 3,85 4 4 1
25 Hembra 5,89 4 4 ]

A — VDSI sensu Stroben et al., 1992b.

Each female should be assessed to characterize its stage of
vas deferens sequence: the following descriptions are based upon
Stroben et al., (1992b).

Stage 0 of the Vas Deferens Sequence (VDS 0): Without
any male characteristics, neither the presence of a penis nor vas
deferens.

Stage 1a of the Vas Deferens Sequence (VDS 1a): Tiny penis,
without a penis duct and vas deferens, behind the right ocular
tentacle.

Stage 1b of the Vas Deferens Sequence (VDS 1b): No penis, but
a short and distal vas deferens tract behind the right ocular tentacle.

Stage 2a of the Vas Deferens Sequence (VDS 2a): Short penis
with a closing or closed penis duct behind the right ocular tentacle
(Figure 28).

Stage 3a of the Vas Deferens Sequence (VDS 3a): Penis, with
penis duct continuing in an incomplete distal tract of the vas
deferens that is growing out successively towards the vaginal
opening.

Stage 3b of the Vas Deferens Sequence (VDS 3b): Penis lacking;
vas deferens running continuously from the right ocular tentacle,
over the bottom of the mantle cavity, up to the vulva (Figure 29).

Stage 4 of the Vas Deferens Sequence (VDS 4): Penis, with a
penis duct and a continuous vas deferens from the penis up to the
vulva; exceptionally the vas deferens can touch the vulva.

Stage 4+ of the Vas Deferens Sequence (VDS 4+): Penis with
duct and vas deferens, that passes the vaginal opening and runs
into the ventral channel of the capsule gland (Figures 30 and 31) .

In the case of Nassarius nitidus, the vas deferens normally finishes
on the front side of the capsule gland.

For the estimation of the Vas Deferens Squence Index (VDSI)
in all of the females recorded, for each sampling site, the mean of
VDSI stages has been calculated (Table 2). In the case of 4+, the
value assigned is 4.

Penis
with duct

Figure 29. Distal and proximal part of vas deferens in stage VDS 3b of
Nassarius reticulatus.
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Left Right
tentacle tentacle
ﬁ f Capsule gland
Genital
papilla
Anus

/ vbso
v
—

Vas
_o_,.// deferens

Penis ———as B ]

without ' H
" 2 2 D

VDS 1a VDS

1
! X R S
] ] ?’ =
VDS 2a VDS 2b VDS 2c
l vy v

VDS 4+ (4,3) VDS 4+ (4,7)

Figure 27. General diagram of Nassarius reticulatus and Nassarius nitidus imposex evolution, based on Stroben et al., 1992b. The cases of VDS4+ (4,3) and
VDS 4+ (4,7) are according to VDS 4,3 and VDS 4,7 in the description of Pessoa et al., 2001. Some times in stages 3b, 4, 4+ (4,3) and 4+ (4,7)
the vas deferens can pass by vaginal opening.
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vas deferens'

Figure 30. Distal part of vas deferens in Stage 4+ of Nassarius nitidus (the
vas deferens penetrates through the capsule gland).

vas _
deferans
I =

&

Figure 31. Distal part of VDS 4+ of Nassarius nitidus.

B — VDSI sensu Barreiro et al., 2001.

In this case, for the estimation of Vas Deferens Sequence Index
(VDSI) there are five stages: 1, 2, 3, 4, 4+; this is in agreement
with Stroben et al., 1992b, but with slight modifications.

Stage 0 of the Vas Deferens Sequence (VDS 0): Without
any male characteristics, neither the presence of penis nor vas
deferens.

Stage 1 of the Vas Deferens Sequence (VDS 1): Tiny penis,
without a penis duct and a very short vas deferens, behind the right
ocular tentacle.

Stage 2 of the Vas Deferens Sequence (VDS 2): a penis together,
with a distal vas deferens of which the length was less than one
half of the distance between the base of the penis and the vulva.

Stage 3 of the Vas Deferens Sequence (VDS 3): Penis, with
penis duct continuing in an incomplete distal tract of the vas
deferens that is growing out successively towards the vaginal
opening; its measure is half of the distance between the penis and
vulva.

Stage 4 of the Vas Deferens Sequence (VDS 4): Penis, with a
penis duct and a continuous vas deferens from the penis up to the
vulva; exceptionally the vas deferens can touch the vulva.

Stage 4+ of the Vas Deferens Sequence (VDS 4+): Penis
with duct and vas deferens that passes the vaginal opening and
runs into the ventral channel of the capsule gland. However, in

some specimens the VD follows a course parallel to the oviduct
beyond the vulva, ending in the posterior section of the pallial
cavity, instead of contacting the oviduct. For the stage 4+ the value
assigned is 4,5.

C - VDSI sensu Pessoa et al., 2001.

The stages are the same as those proposed by Stroben et al.,
1992b , but the calculation of VDSI is made also on the basis of
the mean of stages. However, for 4+ (4,3) the assigned value is 4,3
and for 4+ (4,7) is 4,7.

Stage 0 of the Vas Deferens Sequence (VDS 0): Female,
without any male characteristics.

Stage 1 of the Vas Deferens Sequence (VDS 1): Tiny penis,
without a penis duct behind the right ocular tentacle.

Stage 2 of the Vas Deferens Sequence (VDS 2): Penis with a
closing or closed penis duct, behind the right ocular tentacle.

Stage 3 of the Vas Deferens Sequence (VDS 3): Penis, with
a penis duct continuing in an incomplete distal tract of the vas
deferens that is growing out successively towards the vaginal
opening.

Stage 4 of the Vas Deferens Sequence (VDS 4): Penis, with a
penis duct and a continuous vas deferens from the penis up to the
vulva.

Stage 4+ of the Vas Deferens Sequence (VDS 4,3): Penis, with
a penis duct and a continuous vas deferens, which passes slightly
the vaginal opening.

Stage 4+ of the Vas Deferens Sequence (VDS 4,7): The vas
deferens passes the vaginal opening and runs into the ventral
channel of the capsule gland (Figure 32).

Figure 32. Distal part of vas deferens in stage 4+ (4,7) of Nassarius
reticulatus (the vas deferens does not penetrate in capsule
gland, running parallel to this).

D — VDSI sensu Barroso et al., 2002a.

The scored system to assess VDSI is the same as that proposed
by Stroben et al., 1992b, except that these authors express their
results of VDSI in two forms: either considering VDS 4+ = 4 (as
in the pioneering work of Stroben ef al., (1992b) or VDS 4+ =35
(as in the Barroso et al,. (2002a) study).

E — Other stages described.
Apart from the descriptions of VDS that are explained
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previously, there are other stages detailed in these two species of
Nassarius (see below).

Stage 1c of the Vas Deferens Sequence (VDS 1c): No penis,
but a tiny vas deferens tract near the vulva.

Stage 2b of the Vas Deferens Sequence (VDS 2b): No penis,
the presence of a vas deferens spreads in a discontinuous form into
the vicinity of the vulva.

Stage 2c¢ of the Vas Deferens Sequence (VDS 2c): Tiny penis,
without tract and associated vas deferens nearby to the right ocular
tentacle; presence of a tiny vas deferens next to the vulva.

Stage 3c of the Vas Deferens Sequence (VDS 3c¢): Presence of
a small penis, with a penis duct and a vas deferens that spreads
discountinuously until the vicinity of the vulva.

In these cases, the numerical value for the VDSI calculation is
given by the Stage number (for example, 3¢ = value3).

Determination of relative penis length (RPLI).

Other indicator of imposex intensity is the Relative Penis
Length Index, which correlate the female and male penis length.

Length of the penis in males and females is measured with a
digital caliper, which measures hundredth of millimetre, using a
binocular magnifying glass (Figures 33).

Relative Penis Length Index (RPLI) is calculated (Table 2), by
dividing the mean of the female penis lenght by the mean of the
male penis length, multiplied by 100 (e.g. Barreiro ef al., 2001).

In the case of specimens with two penis, or with a diverged
penis (Figure 34), the length of the longest penis is used for the
RPLI estimation (Table 2).

PL

Figure 33. Measure of Nassarius reticulatus penis length (PL).

Right
tentacle

Penis 2

Penis'l

Figure 34. Nassarius nitidus female with diverged penis.

Average Oviduct Stage (AOS) determination.

In general, the oviduct ofthe Nassarius reticulatus and Nassarius
nitidus females is straight, transparent and thin. However, when
these species are affected by organotin compounds, the oviduct
tends to be convoluted as a male seminal vesicle (Barreiro et al.,
2001).

Generally, the Oviduct Stage is estimated in each female,
following the scale proposed by Barreiro et al., (2001):

Stage 0 of Gonadal Oviduct: Females with normal oviduct
(rectilinear, transparent and narrow (Figure 35)).

Stage 1 of Gonadal Oviduct: Females with a slightly sinuous,
swelled and generally whitish oviduct (Figure 36).

Stage 2 of Gonadal Oviduct: Females with convoluted oviduct,
very thick and, generally, whitish or yellowish in colour (Figure
37).

The Average Oviduct Stage (AOS) convolution is determinded
for each sampling site by calculating (Table 2) the mean of the
oviduct stage of females.

Figure 35. Nassariusreticulatus female with Oviduct Stage 0.

Figure 36. Nassariu reticulatus female with Oviduct Stage 1.
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L%

o b
Figure 37. Nassarius reticulatus female with Oviduct Stage 2.

Aborted egg capsules assessment.

In cases where imposex is so advanced, several species could
present aborted egg capsules. In Nassarius reticulatus and Nassarius
nitidus, the presence of aborted egg capsules can bedescribed.
However, although the presence of aborted egg capsules is consistent
with advanced imposex stages, it is not known whether TBT is
responsible for sterilization of these species.

To assess the presence of aborted egg capsules, the content of
the capsule gland of all females is examined. Usually, females with
aborted egg capsules present a dark capsule gland. In other cases,
aborted egg capsules are located in the back or the front side of the
capsule gland, deforming its appearance. In Figure 38, normal capsule
is shown; in Figures 39 and 40a, deformed capsule gland (caused by
the presence of aborted egg capsule masses) is observed.

Figure 38. Nassarius reticulatus female with normal egg capsules.

Figure 39. Nassarius reticulatus female with aborted egg capsules.

Figure 40. Nassarius reticulatus female with aborted egg capsules mass.

There are four types of capsules identified (Rodriguez et al.
2009b), as described below.

Aborted Egg Capsules, Type 1. These are soft capsules (i.e, can
be deformed by forceps) and inside they have structures containing
recognizable walls of egg capsules. Commonly, they are a reddish
or translucent in colour (Figure 41a).

Aborted Egg Capsules, Type II. There are soft capsules (they
can be deformed by forceps) and they contain a dark brown
amorphous mass ( Figure 42a).

Aborted Egg Capsules, Type I11. There are capsules recovered
with a hard surface but, once broken, the inside is soft (Figure
41b).

Aborted Egg Capsules, Type IV. They are hard capsules,
practically imposible to break by forceps. Normally, they are
smaller than Type III (Figures 41c and 42b).

Figure 41. Aborted egg capsules mass. a: Aborted egg capsule type [; b:
aborted egg capsule type I1I; c: aborted egg capsule type IV.
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Figure 42. Nassarius reticulatus female with aborted egg capsule. a: type
II; b: type IV

Assessment of Morphological Anomalies.

Apart from imposex, TBT could cause other adverse effects
in gastropods (Hagger et al., 2006). However, unlike imposex,
these disturbances could be produced also by other compounds
or parasitization, which means that these changes could not
be attributed only to the presence of TBT in the environment.
Nevertheless, the evaluation of the presence of different
anomalies can be useful for the general assessment of the
population status; thus, some alterations are shown in Figures
43 and 44. It is worth notting that organisms showing adverse
effects should be removed (for example, dumpton syndrome)
from imposex assessment.

a

Figure 43. Examples of morphological anomalies in Nassarius reticulatus
a: specimen with a right tentacle without eye and the left one
with two eyes, b: specimen with both tentacles diverged, c:
specimen with amorphous penis.

Figure 44. A specimen without tentacles (morphological anomaly).

Conclusions and recommendations

Once the imposex assessment has been completed, the different
biological indices explained before (RPLI, VDSI, AOS and
females percentage with aborted eggs capsule) were calculated
and integrated, to achieve the conclusions of the study. Besides,
the result should be an integrative response between biological
and chemical outcomes; normally, this integration shows coherent
conclusions and help to understand the biomonitoring results.

Furthermore, this visual guideline for an inexperienced
colleague in this area of research is useful and comprenhensive;
and it can solve the doubts that can arise in the process of imposex
assessment.

Moreover, for imposex assessment it is recommended to read
some related scientific papers such as:

- ICES 2000: http://www.ices.dk/products/CMdocs/2000/E/

E0400.PDF
-JAMP guideline: http://www.ospar.org/documents/dbase/decrecs/

agreements/04-15¢ REVISED%20TBT%20specific%20

biological%20effects%20criteria.doc
- Stroben, E., J. Ochlmann, P. Fioroni, 1992b. The morphological
expression of imposex in Hinia reticulata (Gastropoda,

Buccinidae) - a potential indicator of tributyltin pollution.

Marine Biology, 113: 625- 636.
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A visual guideline for the determination of imposex in Nassarius reticulatus and Nassarius nitidus

ANNEX I. Example of data summary
report for imposex assessment.

Nassarius reticulatus/ nitidus

Samplig site

Sampling date

Imposex assessment date:

N° of minutes in MgCl, (7% w/v) + artificial seawater

N° of minutes in MgCl, (7% w/v)
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Txatxarramendi ugartea z/g
48395 Sukarrieta (Bizkaia)
Tel.: +34 94 657 40 00
Fax: +34 94 657 25 55

Herrera Kaia, Portualdea z/g
20110 Pasaia (Gipuzkoa)
Tel.: +34 94 657 40 00

Fax: +34 94 657 25 55

Parque Tecnolégico de Bizkaia
Astondo bidea. Edificio 609.
48160 Derio (Bizkaia)

Tel.: +34 94 657 40 00

Fax: +34 94 657 25 55



