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ABSTRACT: TBT (tributyltin)-induced imposex is observed in female Buccinum undatum from the 
arctic region. The fine structure of the male penis epithelium was. investigated and the results were 
compared between specimens from non-polluted (Spitsbergen, Norway) and highly-polluted (Brit- 
tany, France) areas. Differences in the arrangement and structure of the apical microvilli-border, the 
intercellular spaces, RER and SER content, as well as a high rate of parasitism in the tissue of 
individuals from Brittany can be detected between the species of both areas. The results indicate a 
higher degree of pathological changes in the penis epithelial cells of individuals from TBT-polluted 
a r e a s  than in those from Spitsbergen. 

INTRODUCTION 

Imposex is a widespread phenomenon  of penis and/or  vas deferens deve lopment  in 
the female of several species of prosobranch gastropods. It has been  invest igated on a 
large scale in the last few years with regard to increasing TBT (tributyltin) pollution 
result ing from the use of antifouling paints (Bright & Ellis, 1990; Fioroni et al., 1991; 
Gibbs et al., 1988; Oeh lmann  et al., 1992; Short et al., 1989; Stroben et al., 1992). TBT is 
also used as a biocide in various formulations. Gibbs et al. (1987) discovered that imposex 
in Nucella iapillus is already induced by concentrat ions below 1 ng 1-1. In 1984, Kantor 
described the imposex phenomenon,  called pseudohermaphrodit ism, of Buccinum 
undatum from the Solowezi islands (White Sea, former USSR). The widespread environ- 
mental  pollution makes it difficult to get prosobranchs from TBT-free areas. Therefore, 
speCimens from the arctic region were invest igated in this study. 

In order to obtain information about the epithelial structure of the penis of proso- 
branchs not affected by TBT, the cell structure of male B. undatum from arctic TBT-free 
water was investigated. The results were compared with those of B. undatum collected 
from Brittany (France), an area with high TBT concentrat ion in the water (Oehlmann et 
al., i993b). Information is still lacking in regards to the cytology of penis epithelial cells of 
TBT-exposed and non-exposed males and  females. Some results of ultrastructural cell 
changes were described for male and imposex-affected females of I-Iinia and Ocinebrina 
(Brick & Deutsch, 1993). 

�9 Biologische Anstalt Helgoland, Hamburg 



124 M. Brick & M. Bolte 

MATERIALS AND METHODS 

Specimens  of B. u n d a t u m  were  col lected from the Kongsf jorden at  Ny  Alesund  
(Spi t sbergen/Norway,  78 ~ 93 N 11 ~ 95 E) in Augus t  I992. E ighteen  an imals  were  caught  
in 3-10 m depth  us ing se l fmade traps ba i t ed  with flesh. 

In order  to invest igate  the morpho logy  and for electron microscopy fixation, the  
snails were  narcot ized with 7 % MgCla in dist i l led water.  After  the shell  was  cracked,  the  
external  d imensions  were  m e a s u r e d  and  the sex was  determined.  

The spec imens  were  fixed for scann ing  e lect ron microscopy (SEM) in 5 % formahn 
and  then p rese rved  in 70 % ethanol .  For t ransmission electron microscopy (TEM), the 
t issue of the male  penis  was fixed at 4 ~ overnight  in 2 % OsO4 (pH 7.2-7.4) d issolved in 
5 % K2Cr207 (Riedel de Haen). After  e m b e d d i n g  in Spurr 's  resin (Spurt, 1969), u l t ra thin  
sections were  s ta ined with 1% l ead  citrate and  observed  with a S iemens  e lect ron 
microscope.  

Specimens  for SEM were  d e h y d r a t e d  via  a g r aded  ethanol  series, crit ical poin t  dr ied 
and  coated with gold for examinat ion  with  a Hitachi  scanning electron microscope  S-530. 

Water  samples  f rom  Kongsfjorden were  ana lysed  by the Bayrische Landesans ta l t  fiir 
Wasserforschung,  Munich  (Germany).  

Morphometr ic  measu remen t s  of the surface/volume - relat ion (S/V-relat ion) of 
mi tochondr ia  of the penis  ep i thehum were  carr ied out by  using the test  point  and  
intersect ion method  (Sitte, 1967) (n = 15; number  of ana lysed  mitochondria) .  

RESULTS 

A total of e igh teen  spec imens  of arctic B u c c i n u m  u n d a t u m  were  inves t iga ted .  Five 
individuals  were  male,  e ight  were  female,  and  five spec imens  were  shown to have  b e e n  
affected by  imposex  ( imposex-s tage:  l a ,  lc ,  2a and  3a; St roben et al., 1992), which  was  
a s sumed  to be  induced  by TBT (tributyltin) envi ronmenta l  pollution. F igures  1 and  2 
document  the outgrowth of a small  pen i s  beh ind  the right tentacle  wi th  the  pen i sduc t  at 
the top (Fig. 3). In Figure  4 a more  p ro longed  penis  is shown on the top of the  mante l  
epi thel ium. The vagina  is still open  and  unaffec ted  (Fig. 5). 

The following ul t rastructural  invest igat ions  of the male  penis  ep i the l ium of B. 
u n d a t u m ,  collected from Spi tsbergen,  were  compared  with the u l t ras t ructure  of B. 
u n d a t u m  collected from the sur roundings  of Roscoff (Brittany, France),  an  a rea  of h igh  
TBT pollution. 

The outer  penis  epi the l ium of male  B. u n d a t u m  consists of dist inctly pr i smat ic  cells 
with a central ly located,  e longa ted  nucleus.  In contrast  to spec imens  o f  Spi t sbergen ,  
which conta ined  h igh  amounts  of euchromat in  (Fig. 6), the nuclei  of ind iv idua l s  from 
Brit tany were  more rich in he te rochromat in  (Fig. 7). 

Figs 1-2. SEM photograph of imposex-affected B. undatum (stage 2a, Spitsbergen). Small penis 
behind the right tentacle. Abbreviations: Pe, penis; Te, tentacle. Scale bar: 0,55 mm 

Fig. 3. Detail of Figure 2. Scale bar: 55 ~rn 
Fig. 4. SEM photograph of irnposex female (stage 3a, Spitsbergen). Penis with penis duct. Scale bar: 

0.82 mm 
Fig. 5. SEM photograph of the vaginal opening of B. undatum (stage 3a, Spitsbergen), Abbrevia- 

tions: A, anus; Va, vaginal opening. Scale bar: 0.82 mm 
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Significant differences could be  obse rved  in the a r r angemen t  of the  apical  cell 
region. While  individuals  from Spi t sbergen  have  an ex t remely  osmophihc  and  well-  
deve loped  b rushbo rde r  of microvilh with a few ciha, spec imens  from Bri t tany showed  a 
less dense,  non-osmophihc  b rushborde r  (Fig. 7}. Furthermore,  microvil l i  from spec imens  
of Sp i t sbergen  were  often apical ly  inflated {Fig. 8), whereas  those of Bri t tany did not 
show such extensions.  

The la te ra l  reg ion  is charac te r ized  by  dist inct  m e m b r a n e  in te rd ig i ta t ions  of the  
cytoplasmat ic  m e m b r a n e  a long the whole  extent  of the cell. In spec imens  from 
Spi tsbergen,  two cell  types of different  cy toplasm were  found. The  most  p rominen t  one 
consisted of a less  e lec t ron-dense  cytoplasm and  the other  type had  a dark ,  e lect ron 
dense  cytoplasm with intensive m e m b r a n e  in terdigi ta t ions  (Fig. 9). The ep i the l ia l  cells of 
individuals  from Brit tany consis ted only of the  first cell type  descr ibed  above .  

Intercel lular  spaces  often pene t ra te  the cytoplasm (Fig. 10). They  were  more fre- 
quent  and  h a d  a la rger  volume in spec imens  from Spi t sbergen  than  in those from 
Brittany. Such spaces  are appa ren t  in both the  apical  and  basa l  reg ions  (Fig. 11) in 
individuals  from Spi tsbergen,  ins tead  of only appea r ing  in the  apical  r eg ion  - as with the  
spec imens  from Brittany. 

The cells of the  spec imens  from both  a reas  were  we l l - equ ipped  with o rgane l l e s  such 
as Golgi  bodies ,  r ibosomes,  endop lasmat ic  re t iculum (ER), mi tochondr ia ,  p inocytot ic  
vesicles, vacuoles ,  p igmen t  granules  and microff lament  material .  ER was  most ly  found in 
the basa l  cell  reg ion  and  Golgi  bodies  were  s i tuated in the apical  cell  r eg ion  in animals  
from Spi tsbergen.  Specimens  from Brit tany showed  a h igher  n u m b e r  of smooth  ER (SER) 
and they were  much  more inf luenced by  paras i t i sm than those from Sp i t sbe rgen  (Fig. 12). 
Fur thermore,  w e  have  more f requent ly  de tec ted  d e g e n e r a t e d  cell  o rgane l l e s  in the  snails  
from Brittany. 

The a r r a n g e m e n t  and organiza t ion  of the mi tochondr ia  were  re la t ive ly  similar  within 
the indiv iduals  of both  areas, but  morphomet r ic  s tudies  have  shown a h i g h e r  S/V-re la t ion  
in spec imens  from Spi t sbergen  (19.7 ~2/~t3) in contrast  to spec imens  from Bri t tany (15.5 ~t2/ 
~m3). 

T h e  analys is  of the  wate r  gave  no indicat ion of TBT-pollution (detec t ion  l imit  0.1 ng  
TBT 1-1). 

DISCUSSION 

The occur rence  of imposex-af fec ted  females  of Buccinum undatum from the arctic 
region was demons t ra t ed  for the first time. Furthermore,  a compar i son  was  d rawn 

Fig. 6. TEM photograph of the male penis epithelium of individuals from Spitsbergen. Note the 
different ceil types. Abbreviations: My, microvilli; Pi, pigments; RER, rough endoplasmatic 
reticulum; GC, Golgi complex; Mi, rnitochondrium; N, nucleus; EU, euchromatin. Arrows: mem- 

brane interdigitations, Scale bar: 2A ~tm 
Fig 7. Penis epithelium of specimens from Brittany. Note the decreased osmophilic microviUi layer. 
Abbreviations: My, microvilli; Pi, pigments, V, vacuole; EU, euchromatin; HE, heterochromatin. 

Scale bar: 2.2 ~tm 
Fig. 8. Apical protuberances of the microvilli brushborder of specimens from Spitsbergen. Scale bar: 

1.0 ~tm 
Fig. 9. Interdigitation {arrows) of different cell types of the penis epithelium of individuals from 

Spitsbergen. Scale bar: 1.0 Bm 
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be tween  the cell structure of the outer penis  epithelium of specimens f rom Spitsbergen 
and  those from Brittany. We have invest igated individuals  from two different  areas, one 
with no TBT water  pollution (Spitsbergen), the other with a high TBT water  concentrat ion 
(between 1989 and 1992, 38.6 + 14.6 ng 1-1 TBT, n = 19; Oeh lmann  et al., 1993b). 

Although no TBT was found in the water  column arround Ny Alesund ,  we have 
found that female B. undatum are affected by imposex development.  S ince  the sediment  
accumulates  TBT to a high extent (Cardarelli & Evans 1980; KalbfuB et al. 1991; Kram et 
al., 1989; Krone et al., 1989), we suppose that the sediment  and  p robab ly  the TBT- 
accumulat ion in the food of B. undatum were responsible for penis  de ve l opme n t  in 
females. It will still be  necessary to establish if sediments of the Kongsf jorden are polluted 
with TBT. 

The invest igat ion of the cytology of the outer penis epi thel ium prov ided  further 
information about  the fitness of these cells in male individuals.  The outer pe n i s  epithelial 
cells from B. undatum contained many  more organeUes than were seen in Ocinebrina 
aciculata, Hinia reticulata and  H. incrassata, which were also ser iously affected by 
environmental -  and  especially TBT-pollution (Brick & Deutsch, 1993). In contrast to 
specimens from Spitsbergen, the cells of B. undatum from Brittany a p p e a r e d  to be more 
affected by pollutants than the former. They showed a lower n u m b e r  of r ibosomes and  
Golgi bodies. This points to a reduced synthesis activity in these cells. A restricted 
synthesis has also b e e n  demonstra ted in O. aciculata and  in  both Hinia species,  which 
were collected from the same region of Brittany (Brick & Deutsch, 1993). Furthermore,  the 
proliferation of SER, which has been  observed in B. undatum from Brittany, points to a 
disproportion be tween  proteins and hpids in the cells (Rez, 1986) and  is a symptom of 
intoxication (Braunbeck et al., 1989). 

One of the main  differences was the a r rangement  and  shape of the microvilli 
brushborder.  The apical extent ion of the microvilli in specimens from Spi t sbergen  is 
probably induced  by a high rate of secretion activity. Such microvilh h a v e  also been  
observed in Littorina littorea {Deutsch & Brick, 1993). 

The high n u m b e r  of intercellular spaces in  specimens from Spi t sbergen  may provide 
a well-developed transport  of substances be tween  these epithelial cells. Because  of the 
higher n u m b e r  of intercellular spaces, the substance transport  is obviously  more inten-  
sive in individuals  from Spitsbergen than in those from Brittany. Furthermore,  microtubu- 
les were found directly in the cytoplasm unde r  the apical brushborder.  Vale  (1987) has 
described an intracellular transport  function for such microtubules.  

In conclusion, it can be  stated that epithelial cells of B. undatum from Spitsbergen 
showed a bet ter  fitness than those from Brittany. But imposex has b e e n  observed  in both, 
in specimens from Brittany (Fioroni et al. 1991) and from Spi tsbergen.  For further 
interpretation, it will be necessary to analyse the sediments  of this arctic region.  

Fig. 10. Intercellular spaces in the apical cell region of individuals from Spitsbergen. Abbreviations: 
Mv, microvilli; Mi, mitochondrium; IS, intercellular space: GC, Golgi complex. Arrows: microfila- 

ment material. Scale bar: 1.0 ~m 
Fig. 11. Basal region of the epithehum cells of specimens [rom Spitsbergen. Abbreviations: IS, 

intercellular space; N, nucleus; BL, basement membrane; Scale bar: 1.O ~m 
Fig. 12. Detail of the penis cell cytoplasm of individuals [rom Brittany. Note the degeneration of 
organelles (arrow). Abbreviations: Ly, lysosome; SER, smooth endoplasmatic reticulum; V, vacuole. 

Scale bar: 1.0 ~m 
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