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ABSTRACT: The muricid gastropod Ocenebra erinacea exhibits imposex (occurrence of male parts 
in addition to the female genital duct), a phenomenon which is caused by tributyltin (TBT)- 
compounds leached from ships' antifouling paints. Five stages of imposex development (1-5) with 
two different types at stage 1 can be distinguished and are documented with SEM-photographs for 
the first time. Four additional alterations of the genital tract are shown. Close to harbours and 
marinas, O. erinacea females exhibit malformations of the pallial oviduct, which seem to inhibit 
copulation and capsule formation resulting in sterilization. The TBT accumulation in the whole body 
and the accumulation pattern in single tissues are described; contrary to other prosobranchs no sex- 
related differences were found. The VDS, uncubed RPS and average female penis length of a 
population were analysed regarding their quality as parameters for TBT biomonitoring, On the 
background of the ecology of this species the VDS is chosen as the best index. Only in highly 
polluted areas should the uncubed RPS be used as a secondary parameter. A statistical study, based 
on the analysis of natural populations of Nucella lapillus and O. erinacea, allows a comparison of the 
specific TBT sensitivity of the two bioindicators. Dogwhelks exhibit a greater TBT sensitivity, 
namely at slightly polluted sites, nevertheless even here rough tingles develop obvious imposex 
characteristics. 

INTRODUCTION 

The European rough tingle Ocenebra erinacea is a gonochoristic species, but  as in 
many  other prosobranch gastropods during the past two decades  females  have  been  

found to exhibit  male  sex characters, general ly a penis and/or  a vas deferens  (for rev iew 

Fioroni et aI., 1991). This phenomenon  was termed imposex (Smith, 1971) or pseudoher-  
maphrodit ism ( J e n n e r ,  1979), and is induced under  the inf luence of TBT (tributyltin) 

compounds used as biocides in antifouling paints at the ppt (parts per  trillion: ng/1)-level. 

Since 1970, Nucella lapillus (Blaber, 1970; Gibbs et al., 1987; O e h l m a n n  et al., 1991), 
IIyanassa obsoleta (Smith, 1971, 1980, 1981a, b, c, d; Bryan et al., 1989a), Thais emar- 
ginata (Houston, 1971), Hinia (Nassarius) reticulata (F~ral, 1974a) and O. erinacea (F6ral, 
1974b, 1976a, b, c, 1980; Gibbs et al., 1990) were  the first d iscovered penis -bear ing  

neogastropods.  The information about  imposex deve lopment  and expression in the rough 
tingle is rather incomplete .  The studies of F6ral (1974b, 1976a, b, c, 1980) give only data 

about  the portion of penis -bear ing  females in the populations. Gibbs et  al. (1990) reports 
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on TBT-induced steri l ization in O. erinacea, but  unfor tunately does not  g ive  an  exact  
s taging of the  imposex  expression.  

The dis tr ibut ion of O. er inacea extends  nor thwards  from the M e d i t e r r a n e a n ,  
Made i r a  and  the Azores  to the  south and  west  coasts of Britain and I re land .  The  rough  
t ingle can also be  found in the  southern but  not in the nor thern par t  of the N o r t h  Sea. The  
species  is p redominan t ly  subli t toral  with a b reed ing  immigra t ion  to the in t e r t i da l  zone 
dur ing spr ing (Fretter & Graham,  1985), but  in France par t  of the p o p u l a t i o n s  remains  
inter t idal  th roughout  the  year.  O. erinacea is a p reda tor  with a wide  r ange  o f  p r ey  species  
such as Cardium, Venus, barnacIes ,  Crepidula and tubicolous worms.  Oysters  and  
mussels  (Mytilus edulis) are  also t aken  bu t  do not appea r  to be  p r e f e r r e d  even  when  
common in a habitat .  As only incomple te  information about  imposex  d e v e l o p m e n t  in 
O. erinacea is ava i lab le  (F6ral, 1974b ft.; Fioroni et al., 1990f; Gibbs  et al. ,  1990), the  
object ives of this s tudy are to set up an imposex classification sys tem b a s e d  on this 
species,  to in t roduce  the rough  t ingle as an indicator  of TBT pol lut ion a n d  to find a 
sui table index  for TBT biomonitor ing.  Addit ional ly,  a comparison of the TBT sensi t ivi ty  of 
O. erinacea and IV. lapillus, b a s e d  on field analyses,  is made.  

MATERIAL AND METHODS 

The externa l  t opography  of 1657 spec imens  of Ocenebra erinacea, co l l ec t ed  at 19 
stations on the French  coast  b e t w e e n  the ~le d 'Yeu and Coutainvi l le  up to N o v e m b e r  
1991, was examined .  Comple te  series of histological  sections exist  for 25 spec imens .  For 
each sample  on a site, 30 (if possible) or more  adul t  rough t ingles  were  co l lec ted  and  
narcot ized using 7 % MgC12 in dist i l led water .  The shell and aper ture  h e i g h t  and,  after 
cracking the shell  with a vice, the external  proper t ies  of the  geni ta l  tract  i nc lud ing  vas  
deferens  extens ion and pen is  l ength  were  measu red  to the neares t  0.1 rnm For serial  
sections and for scann ing  e lec t ron microscopy,  the spec imens  were  fixed in  Bouin 's  fluid 
and then  p rese rved  in 70 % ethanol.  After  embedd ing  in paraplas t ,  s e r i a l  sect ions 
(7-10 ~tm) were  m a d e  and  s ta ined  with azan  after Heidenha in  haema lun -ch romot rope ,  
tr ichrome after Goldner ,  a lc ian b lue  and  the  PAS-reaction. Spec imens  for  SEM were  
dehydra t ed  via g r aded  e thanol  series, critical point  dried, coa ted  with gold a n d  e x a m i n e d  
with a Hitachi  scann ing  e lec t ron microscope S-530. 

For all populat ions ,  the following indices for TBT biomoni tor ing were  ca lcu la ted :  
{1) VDS [vas deferens  sequence)  index is calculated as the ave rage  l rnposex  s tage  

(according to our genera l  s cheme  of imposex  deve lopment  in p rosobranchs :  Fig. 1) of a 
populat ion;  

(2) uncubed  RPS (relat ive penis  size) index  is def ined as (median l e n g t h  of female  
pen i s /med ian  length  of male  penis) x 100 (Stroben et al.. 1992a) 

(3) ave rage  female  penis  l eng th  of a populat ion.  
Our gene ra l  sys tem of imposex  classification (stage 1-6) (Fig. 1; Fioroni  et  al., 1991; 

Oeh lmann  et al., 1991; S t roben et  al.. 1992a) is val id for the  descr ipt ion of nmposex in all 
known imposex-af fec ted  prosobranch  species,  including O. erinacea. T h e  c u b e d  RPS 
(Gibbs et al., 1987) is re jected,  because  this index  proved to be  unre l iab le  ( O e h l m a n n  et 
al., 1991; Stroben et al., 1992a; see  below). 

For organot in  ana lyses  the  whole  bodies  of 2-5 animals  or s ingle t i ssues  of up to 20 
animals  were  pooled and ana lysed  according  to Stroben et al. (1992b). Recove ry  factors 
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Fig. 1. General scheme of imposex evolution in prosobranchs. Imposex stages of Ocenebra erinacea 
in bold. Abbreviations: ac, aborted capsules; cg, capsule gland; gp, genital papilla; obc, open bursa 
copulatrix; ocg, open capsule gland; ocv, occlusion of the vulva; p, penis; pd, penis duct; pr, 
prostate; re, tentacle; vd, vas deferens; vdp, vas deferens passage into capsule gland; vds, vas 

deferens section 
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for DBT were  92.3 _ 9.4 % and 91.4 _+ 8.4 % for TBT. The detec t ion  l imit  (3o) in a s ingle 
sample  was 7.4 and  8.8 ng DBT-Sn and  TBT-Sn respect ively.  All DBT a n d  TBT tissue 
concentra t ions  are g iven  on a dry weight  basis. 

RESULTS 

N o r m a l  g e n i t a l  s y s t e m  a n d  i m p o s e x  c l a s s i f i c a t i o n  

The a n a t o m y a n d  histology of the  normal  female  (= s tage  0; ~ w i thou t  any  male  
characterist ics;  Figs 2c, d) and  of the  male  geni ta l  tract (Figs 2a, b) a re  desc r ibed  by  
Fre t ter  (1941) and Fre t ter  & Graham (1962). Some information is also g i v e n  by  Fioroni  et 
al. (1990) and Gibbs  et al. (1990). The various frequencies  of males,  pu re  f ema le s  and  of 
the  imposex  s tages  and  types  are r ep re sen ted  in Table  1. 

The imposex  p h e n o m e n o n  affects the 9 g (= pseudandr i c  9; J enne r ,  1979) wi th  
addi t ional  male  parts.  Ocenebra erinacea demonst ra tes  two different  t y p e s  (a, b) of 
imposex  express ion in the s tage 1, and  only one type  in the s tages  2-5 (Fig. 1). 

S t a g e 1 : Type  a: Tiny penis  without  a penis  duct, beh ind  the r ight  ocu la r  tentacle  
(Figs 2e, f). Type  b: No penis  but  a short, distal  vas deferens  tract beh ind  t h e  r ight  ocular  
tentacle  (Fig. 3a). 

S t a g e 2 (only type  a): Penis with a closing or closed penis  duct  b e h i n d  the r ight  
ocular  tentacle  (Fig. 3b). 

S t a g e 3 (only type  a): Penis with penis  duct  cont inuing in an i nc omple t e  dis tal  
tract  of the  vas deferens  that  grows out successively agains t  the vagina l  o p e n i n g  (Figs 3c, 
d). 

S t a g e 4 : Penis with a penis  duct  and  a cont inuous vas deferens  f rom the penis  up 
to the  vulva (Figs 3e, f). Within this s tage,  the leas t -affected females  h a v e  a vag ina l  
open ing  (vulva) si ted terminal ly  on a p rominen t  geni ta l  papi l la  (Fig. 3e) a n d  a large  bursa  
copulatr ix  which  extends  for up to one- th i rd  of the length  of the capsu le  g l a n d .  In more  
affected individuals ,  the  bursa  is r e d u c e d  in size, also the geni ta l  pap i l la  a p p e a r s  smal ler  
than  normal  and is finally lack ing  comple te ly  (Fig. 3f). This r epresen t s  t h e  last  fertile 
s tage  of imposex.  Ferti l i ty is ev ident  from a functional  ovary and the ex i s t ence  of all 
funct ioning g lands  in the  pal l ia l  oviduct  ass is ted by  a normal  ventral  p e d a l  g land.  Even if 
the geni ta l  papi l la  is modified,  the  copula t ion  capabi l i ty  is conserved.  This  is demon-  
s t ra ted  by  sperm filled bursae  copulat r ices  before  or dur ing the s p a w n i n g  season.  The  
penis  l ength  is ex t remely  var iable  at  this s tage  (Table 1). 

S t a g e 5 (only type  c): As in s t age  4, a penis  (with a duct) and  a con t inuous  vas  
deferens  can be  found, but  the on togene t ic  closure of the pal l ia l  oviduct  i s  incomplete .  
Either the  size r educed  bursa  copulat r ix  a lone  (stage 5c [B]; Figs 4a, b) or add i t iona l ly  the  
capsule  g land  (stage 5c [B/C]; Figs 4c, d) are  spht ventral ly  expos ing  the i n t e rna l  lobes  of 
the capsule  g land for up to two-thirds  of its length.  These  malformat ions  of the  pal l ia l  
oviduct  affect its function. The  protrusion of the bursa  copulatr ix  inh ib i t s  copula t ion  
because  sperms  might  be  spil led into the mant le  cavity and the vent ra l ly  open  capsu le  
g land  preven ts  the formation of intact  capsules.  This is ev ident  from the occur rence  of 
i r r egu la r ly - shaped  horny capsular  mater ia l  that  can be  found dur ing  a n d  after the  
spawning  season within the capsule  gland.  
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Fig. 2. Ocenebra erinacea. SEM photographs of male, normal female and imposex s tage la. a: Male. 
b: Male with excrescences on the penis, c: Stage 0 (normal female), d: Detail of c (stage 0): genital  
papilla without adjacent  male parts, e: Stage la. f: Detail of e (stage la): penis wi thout  penis duct. 

Abbreviat ions (see Fig. 1): a, anus; ex, excrescences; vo, vaginal  opening (vulva) 
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Fig. 3. Ocenebra eHnacea, SEM-photographs of stages lb-4.  a: Stage lb, b: Stage 2a. c: Stage 3a. d: 
Detail of c (stage 3a): vas deferens does not reach the vagina/ opening, e: Stage 4 with well 
developed genital papilla, f: Stage 4 with reduced genital papilla and excrescences on the vas 

deferens in front of the vulva. Abbreviations (see Figs 1, 2) 
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Fig. 4. Ocenebra ennacea, SEM photographs  of stage 5c and  of additional alterations: a: Stage 5c (B) 
with an  open bursa  copulatrix, b: Detail of a (stage 5c): vas deferens and  internal  folds of the open 
bursa  copulatrix, c: Stage 5c [B/C): histological t ransverse section through the distal  pallial oviduct 
with open atrium and bursa copulatrix, d: Stage 5c (B/C): histological t ransverse sect ion through the 
open capsule gland, e: Stage l a  with an  isolated vas deferens section be tween  pen is  and  vaginal  
opening,  f: Stage 4 with a bifurcate penis. Abbreviat ions (see Figs 1-3): at, atr ium, muscular  

vestibulum; cl, cephalic lobe of capsule gland; mc, mant le  cavity; r, r ec tum 
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Some further morphological alterations are possible: 
(1) In earlier stages (la, lb ,  2a, 3a), the appearance  of short vas deferens sections 

be tween  the penis and  the vagina (52 specimens, Fig. 4e). 
(2) The formation of a coiled oviduct (1 individual), interpreted by  Smith (1971, 1980, 

1981a, b, c, d) in Ilyanassa obsoleta as a mimic seminal  vesicle. 
(3) The formation of a bifurcate penis (1 animal, Fig. 4f). 
(4) Excrescences of hyperplasic tissue on the penis  and/or  the vas deferens (4 spe- 

cimens). In one animal  (Fig. 3f) this occurred on the vas deferens in front of the vulva, but  
the vaginal  opening  was still intact. 

The masculinizat ion effect of TBT on the female genital  tract in O. erinacea is not 
only an  en la rgement  of the female penis, bu t  also a reduction of the extent  of a lbumen,  
ingest ion and capsule gland (Table 1, Fig. 6d). This reduction is significant on the 
p < 0.05 level for the capsule gland (length of capsule gland in m m =  10.63-0.34 x 
[imposex stage]; n = 854), but  not for the a lbumen  and ingest ion gland (height of 
a lbumen  gland in m m =  3.26-0.043 x [imposex stage]; n = 854; p < 0.1; height  of 
ingest ion gland in mm = 2.96-0.017 • [imposex stage]; n = 854; p > 0.1). 

TBT a c c u m u l a t i o n  

Tributylt in compounds can be found to a different extent in the tissues of Ocenebra 
erinacea (Table 2). The highest  amount  of TBT is accumulated by the kidney, followed by 
the digestive g land /gonad  complex, the foot and  the remaining  organs and  tissues. In 

Table 2. Ocenebra erinacea. TBT concentration in pooled tissues of 15 males and 16 females from 
Roscoff harbour (France) (sample date: September 1990) 

F e m a l e s  M a l e s  
Tissue bulk TBT-Sn Body Tissue bulk TBT-Sn Body 

(% total (ppb burden in (% total (ppb burden in 
wet wt) dry wt) each tissue wet wt) dry wt) each tissue 

(%) (%) 

Digestive gland/gonad 1 7 . 6 9  1566.8 57.08 21.30 1015.6 39.46 
Foot 25.78 432.7 11.50 26.19 1241.7 29.82 
Kidney 5.14 5364.9 18.51 4.41 4659.9 11.83 
Remains 51.39 206.9 12.91 48.10 404.9 18.89 

Whole animal 100.0 776.1 - 100.0 892.3 - 

areas likely to be contaminated by TBT (e.g. Roscoff harbor) due to vessel activity, the 
body burden  in O, erinacea is 600-1100 ppb TBT-Sn and 200-1100 ppb DBT-Sn. Even at 
a n u m b e r  of sites away from sources of TBT contaminat ion (e.g. M4an M~len, Cap 
Fr4het, Beg an Fry) the organotin level in the whole body reaches 30-150 ppb TBT-Sn 
and 40-120 ppb DBT-Sn. In contrast to Nucel la  lapillus (unpublished data) and  Hinia 
(Nassarius) reticulate (Stroben et al., 1992a), where females accumulated more TBT and 
DBT compared to males, the TBT and  DBT body burden  in O. erinacea shows no sex 

related differences (Figs 5a, b). 
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I n d i c e s  for  TBT b i o m o n i t o r i n g  

During the 1970s it was  sufficient to de te rmine  the portion of pen i s -bea r ing  females  
in Ocenebra erinacea popula t ions  as a sui table  index for TBT biomoni tor ing (F6ral, 
1974b, 1976a, b, c, 1980). But today at  most sites, 100 % of the females  are pen i s -bea r ing  
and  none of the ana lysed  popula t ions  was totally unaffected by  imposex.  Meanwhi le ,  
other  indices for TBT biomoni tor ing have  been  deve loped  (e.g. Gibbs  et  al., 1987; 
Oeh lmann  et al., 1991; Stroben et al., 1992a). The VDS (Fig. 6a), unc ube d  RPS (Fig. 6b) 
and  the med ian  female  penis  l ength  (Fig. 6c) of na tura l  populat ions  were  de t e rmine d  and 
tes ted  for their  qual i ty  and validity.  The cubed  RPS (Gibbs et  al., 1987) was  rejected,  
because  it exhib i ted  seasonal  variat ions within one order  of magn i tude  at most  stations. 
These  variat ions are  a consequence  of seasonal  changes  in the  med ian  male  pen i s  size. 
The maximum penis  l ength  is a t ta ined  b e t w e e n  November  and  March,  the  min imum 
penis  l ength  in late  summer  (July, August)  dur ing sexual  repose  of males.  In contras t  to 
the male,  the med ian  female penis  size at a given station is more or tess  constant  
throughout  the yea r  (Fig. 5c). Due to the fact that  the RPS re la tes  the ave rage  female  
penis  length  with  the inconstant  med ian  male  penis  size, the  RPS exhibi ts  seasona l  
changes  (Fig. 5d). On the other hand,  the VDS index remains  re la t ively  constant ,  wi thout  
seasonal  effects, and  is clearly the  be t te r  parameter .  The correlat ions b e t w e e n  TBT body  
bu rden  in O. erinacea females  and  the VDS, uncubed  RPS and  average  female  penis  
length  (Figs 6a-c)  were  h ighly  significant (p < 0.01). All three  pa rame te r s  a re  sui table  
indices  for TBT biomonitor ing,  but  the VDS demonst ra tes  the greates t  ecologica l  evi- 
dence  (see "Discussion"). Another  reason for the  preference  of the VDS to the u n c u b e d  
RPS and ave rage  female penis  length  is the occurrence of relat ive h igh  port ions 
(40-60 %) of the penis less  imposex s tage l b  at sl ightly pol!uted sites (e.g. M6an  M61en). 
A calculat ion of the  uncubed  RPS and the ave rage  female penis  length  a lone m a y  l ead  to 
an underes t imat ion  of the TBT pollut ion at such a site. 

C o m p a r i s o n  of t h e  TBT s e n s i t i v i t y  of O c e n e b r a  e r i n a c e a  a n d  N u c e l l a  l a p i l l u s  

The fact that  Ocenebra erinacea often cohabi ts  the same sites as Nucel la  lapillus 
allows a direct  compar ison  of the TBT sensit ivity of both species  on the basis  of imposex  
deve lopmen t  and  accumulat ion  of organot in  compounds.  The popula t ion  da ta  (VDS, un- 
cubed  RPS, ave rage  female penis  length, TBT-Sn body  burden)  of O. erinacea were  cal- 
cula ted  and  p lo t ted  agains t  the cor responding  values  of N. lapillus. Regressions  were  cal- 
cula ted  (Figs 7a-d)  and  found to be  highly signif icant  (p < 0.01). The l inear  regress ion  for 
DBT-Sn body  bu rden  was also ca lcula ted  (ppb DBT-Sn in O. erinacea = 131.55 + 0.18 x 
[ppb DBT-Sn in IV. lapillus]; n = 71; r = 0.709; p < 0.01). 

Lower TBT exposure  results  in a h igher  increase  of all TBT biomoni tor ing pa rame te r s  
in N. lapillus compared  to O. erinacea. However ,  even  in a reas  only sl ightly e xpose d  to 
TBT, female rough  t ingles develop  obvious imposex  characteristics.  In O. erinacea the 
threshold for the  induct ion of imposex  is sl ightly h igher  than  that  in N. lapillus. VDS 
deve lopmen t  in O. erinacea is in i t ia ted  with a short  delay, but  is para l le l  to the  inc rease  in 
dogwhelks  (Fig. 7a). VDS values  in the rough t ingle are genera l ly  0.5-0.7 lower  than  in 
IX[. lapillus. A VDS of 5.0 is the max imum value  a t ta inable  in O. erinacea, b e c a u s e  s tage  
5c (B/C) represents  the recent  final point  of imposex  deve lopmen t  in this species.  As 
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shown in Figure 8, the VDS development of O. erinacea is linear at less and moderately 
polluted sites, while in IV. lapillus a plateau is reached when the VDS attains values 
around 4.0. On severely polluted coasts, the VD.S development of the dogwhelk increases 
again, but reaches a stage of equilibrium in the rough tingle at values above 4.0. The 
same relation as for the VDS increase in both species can be described for the two other 
indices. Generally, O. erinacea attains only 66.1% and 55.1% of the  N. lap i l lusva lues  for 
the uncubed RPS and the average female penis length, respectively (Figs 7b, c). 

The statistical analysis of organotin uptake shows that, in comparison to dogwhelks, 
the rough tingle accumulates DBT and TBT to a lesser extent (Fig. 7d). This effect is 
rather obvious at highly polluted sites (e.g. Roscoff harbor), where values of TBT body 
burden in O. erinacea attain only one-third of the values measured in the tissues of 
N. lapillus: At slightly (e.g. M6an M61en, Cap Fr~hel) and moderately contaminated sites 
(e.g. lie Verte), rough tingles contain only about 90 % of the TBT body burden of 
dogwhelks. 

DISCUSSION AND CONCLUSION 

A first detailed report on TBT-induced reproductive abnormalities in female 
Ocenebra erinacea was presented by Gibbs et al. (1990), but unfortunately without an 
exact staging of imposex expression. Our study gives a description with all stages of 
imposex development in the rough tingle documented with SEM and histological photo- 
graphs. 

The TBT sensitivity of this species is slightly lower than that of the dogwhelk Nucel la  
lapillus, but higher compared to Hinia reticulata (Stroben et al., 1992b). The number of 
imposex stages and types realized in O. erinacea is more restricted than in N. lapillus. 
The final point of imposex development is stage 5c whe~ a ventrally split bursa copulatrix 
and capsule gland are attained. It seems highly improbable that the reproductive 
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performance of rough  t ingle females  is unaffected by  these  malformat ions  of the  pal l ia l  
oviduct,  as a l ready  supposed  by  Gibbs  et al. (1990). In contrast  to these  authors,  who 
found up to 100 % of females  with a split  oviduct,  the portion of s tage 5c females  at tains a 
max imum value  of 40 % in our ana lysed  populat ions  in direct  proximity to marinas.  
Because of this situation, the  quest ion as to whe ther  or not reproduct ive  capabi l i ty  at the 
most affected sites is res t r ic ted has  ye t  to be  answered.  The port ion of juveni le  and  
subadul t  rough t ingles  close to harbors  is less compared  to popula t ions  far away  from 
TBT sources. The reproduct ive  success in the proximity to harbors  is p robab ly  due  to the 
re la t ively high numbers  of still fertile (i.e. imposex s tage 4) females.  

TBT-induced steri l ization is not only repor ted  for O. erinacea (Gibbs et  al., 1990; this 
study), but  occurs also in N. lapillus (Gibbs et al., 1987; Oeh lmann  et al., 1991), Nucella 
lima (Short et al., 1989), Nucel la  lamellosa (Bright & Ellis, 1990), Thais haemas toma 
(Spence et al., 1990), Urosalpinx cinerea (Gibbs et al., 1991) and Ocinebrina aciculata (in 
prep.). The steri l ization effect of advanced  imposex is different in the muricids.  In N. 
lapillus, N. lima, N. lamellosa and T. haemastoma the oviduct  is b locked,  but  in O. 
er /nacea and U. cinerea the  oviduct  is more  or less complete ly  split, ins tead  of the  normal  
closed tube.  O. aciculata l inks both possibil i t ies of sterilization, be c a use  not  only a 
b locking  or loss of the  vulva, but  also a spli t t ing of the pal l ia l  oviduct  occurs. Oviduct  
b lockage  of the IV. lapillus type causes  h igh  female mortaht iy  (Oehlmann et  al., 1991) and  
consequent ly  ma le -b i a sed  sex ratios in the  populat ions.  Steri l ization due  to the  open 
structure of the  pal l ia l  oviduct  PrOvokes poor recrui tment  of juveniles,  but  not  h igh 
female rnortahty. Thus, the sex ratio in imposex-af fec ted  O. erinacea popula t ions  does 
not change  towards  male  dominance .  Contrary  to Gibbs et al. (1990) we  did not  observe  
any indicat ions for a sex change  l ike those observed  in N. lapillus (Gibbs et al., 1988; 
Oeh lmann  et al., 1991) and O. aciculata (Fioroni et al., 1991). In contras t  to these  
muricids,  imposex-af fec ted  mesogas t ropods  (Fioroni et al., 1991) and  buccinids  (Stroben 
et al., 1992a) show no restrictions in fertility and  no TBT-induced sterihzation.  The 
t endency  towards  a d iminut ion of the capsule  and, with restrictions, the a l b u m e n  g land  in 
advanced  imposex  s tages  may  cause a r educ e d  reproduct ive  success. Fur ther  s tudy on 
this subject  has to be  carr ied out. 

For O. erinacea, as for other  imposex-af fec ted  prosobranch  species  (Fioroni et al., 
1991), the spat ial  distr ibution of imposex  in relat ion to boa t ing  activity sugges t s  that  the 
rough t ingle has  potent ia ls  as b ioindicator  of TBT contaminat ion.  We found a signif icant  
correlat ion (p < 0.01) b e t w e e n  TBT body  bu rden  and the three  descr ibed  imposex  indices  
(VDS, uncubed  RPS, female  penis  length) (Figs 6a-c).  

The VDS is the most informative pa rame te r  for TBT biomoni tor ing and  exhibi ts  a 
grea ter  rel iabil i ty than especia l ly  the cubed  RPS after Gibbs  et al. (1987): 

(1) The VDS shows the greates t  ecological  evidence,  because  the port ion of s ter i l ized 
females  in a popula t ion  can easi ly be  r ecogn ized  when  values  above  4.0 are a t ta ined.  

(2) In contrast  to the med ian  male  penis  length  and consequent ly  also to the  unc ube d  
and  especial ly  cubed  RPS, the VDS and  the average  female  penis  l ength  exhibi t  no 
seasonal  changes  but  r emain  more or less constant  throughout  the year.  

(3) The occurrence  of an imposex  type  lacking  a penis  (stage lb)  supports  our 
preference  for the VDS because  the RPS calculat ion in popula t ions  with a h igh  amount  of 
s tage lb  could l ead  to an underes t imat ion  of TBT exposure  (see results). 

Therefore  we sugges t  the VDS as the bes t  index for TBT biomonitor ing.  Only in 
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h ighly  po l lu ted  areas  can the uncubed  RPS be used  as a secondary  p a r a m e t e r  because  
here  VDS deve lopmen t  comes into an equi l ibrat ion above a value  of 4.0. In  this case,  the 
uncubed  RPS gives a good differentiat ion b e tw e e n  the TBT exposure  of  such h ighly  
con tamina ted  populat ions.  Our  gene ra l  scheme of imposex evolut ion in p rosobranchs  
(Fioroni et  al., 1991; Oeh lmann  et al., 1991; this paper)  p roved  its val idi ty  for descr ib ing  
imposex  in O. erinacea. Even imposex  s tages  clear ly descr ibed  in the  l i t e ra tu re  for o ther  
species,  e.g. Searlesia dira, Ocenebra lurida, Colus halli (Bright & Elhs, 1990) a n d  IV. lima 
(Short et  al., 1989) can also be  classif ied us ing this scheme. This l eads  to t h e  possibi l i ty  of 
compar ing  the TBT sensi t ivi ty of different  prosobranch species  on the VDS basis  (e.g. 
St roben et ai., 1992b). 

Gibbs  et  aL (1990) (basing on 22 analyses)  repor t  on sex re la ted  d i f fe rences  of TBT 
accumula t ion  in O. erinacea. TBT concentrat ions  in females were  about  12 % h ighe r  than 
those in males.  Similar differences occur in dogwhelks  (own unpub l i shed  observat ions) ,  
H. reticulata (Stroben et al, 1992a) and  Trivia artica (own unpub l i shed  observa t ions ) .  In 
this study, consider ing 35 samples ,  the  TBT and  DBT accumula t ion  in m a l e  and  female  
O. erinacea were  comparab le  (Figs 5a, b). We  also de te rmined  in 40 s a m p l i n g s  at  5 sites 
differences in the TBT accumula t ion  pa t t e rn  of single t issues and o rgans  (Table 2) 
compared  to Gibbs  et al. (1990) (1 ana lysed  population),  who found the h i g h e s t  amounts  
in the  pal l ia l  oviduct  of females  and the digest ive  g l and /gonad  complex  of males .  We  a re  
not  ab le  to expla in  this d i sc repancy  at the moment ,  but  it  has  to be  p o i n t e d  out that  the  
same pa t t e rn  of TBT accumula t ion  by  the t issues descr ibed  here  was a lso  found in 
H. reticulata (Stroben et al., 1992a), N. lapillus, Murex  brandaris and  h/Iurex trunculus 
(own unpub l i shed  data). 

Like N. lapillus, the  rough t ingle  is also a sui table TBT bio indica tor  (Gibbs et al., 
1987; Oeh lmann  et al., 1991; this study), but  dogwhelks ,  exhibi t  a g rea te r  TBT sensitivity,  
namely  in sl ightly pol lu ted  areas;  never theless ,  even  here  O. erinacea d e v e l o p s  obvious 
imposex  characterist ics.  The effect of TBT on imposex  deve lopment ,  m e a s u r e d  as an 
increase  of the VDS, uncubed  RPS and  the ave rage  female penis  length,  w a s  gene ra l ly  
h igher  in IV. lapillus. This may  be  due  to the more  subt idal  dis tr ibut ion of r o u g h  t ingles  in 
Roscoff harbor,  the most  pol lu ted  site in our s tudy area,  and  a consequen t ly  h igher  TBT 
exposure  of the  more  inter t idal  l iving dogwhelks .  Another  exp lana t ion  for these  differ- 
ences  may  lie in the levels  of accumula ted  TBT by the specific p rey  of d o g w h e l k s  and 
rough  tingles.  IV. lapillus feeds main ly  on ba lan ids  and mussles,  which p r o v e d  to b e  an 
impor tant  source of t issue TBT (Bryan et al., 1989b). The  quest ion as to w h e t h e r  or not  the 
diet  of Ocenebra erinacea, e.g. Cardium, Venus, Crepidula and tubicolous worms, have  
lesser  TBT body  burdens  compared  to N. lapillus' prey  has ye t  to be  a n s w e r e d .  Genera l ly ,  
the differences in deve lopmen t  of the various imposex  pa rame te r s  b e t w e e n  O. erinacea 
and  N. lapillus can be desc r ibed  by  us ing  the mathemat ica l  equat ions  g i v e n  in Figure  7. 
Thus, there  exists a fundamenta l  comparabi l i ty  be tween  both TBT bioindicators ,  and  
even if one of them is absen t  at a g iven  site, the biological  effects on this  spec ies  are  
p red ic tab le  bas ing  on the results  of the  second  species  (Fig. 8). 

The main  advan tages  of dogwhe lks  as bioindicators  are the  h igher  TBT sensi t ivi ty 
and the b roade r  a l ready  exist ing da t a  base  r ega rd ing  imposex  d e v e l o p m e n t  and  TBT 
ecotoxicology. But O. erinacea with its more southern distr ibution allows o n e  to obta in  
information on TBT pol lut ion in regions  where  dogwhe lks  are lacking  (e.g. coast  of 
Portugal  and  the Medi te r ranean) .  If dogwhe lks  and  rough t ingles are  ana lysed  as 
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ind ica to r  s p e c i e s  w h e r e v e r  b o t h  cohab i t  t he  s a m e  sites,  this w o u l d  r e s u l t  in  a b r o a d e r  

da t a  b a s e  on  TBT ef fec ts  a n d  TBT e x p o s u r e  of t he  a n a l y s e d  reg ion .  
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