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A B S T R A C T  Littorina  littorea  w as co llected  a lone  a salin ity  g rad ien t in the Scheldt e stuary , located  in the S outh  ot the N etherlands. 
Its m orpholog ical popu la tion  s truc tu re  w as investigated  to see  w hether salinity  was corre la ted  w ith  shell size and shell w eight. Shell 
s ize did  not increase along the salin ity  g rad ien t, as  w as expected , but ra th e r show ed a c le a r  size transition  betw een  two salin ity  ranges 
(i.e .. I0-20CÖ and 2 1 — o(/ v ( ). A nim als attain  their largest size  w ithin a salinity range o f  J I -J O U i. Relative shell weight d id  not vary 
consisten tly  with salin ity .

K E Y  W O R D S: env ironm enta l stress, esiuarv . L ittorina  littorea , sa lin ity . Scheldt river, shell size

IN T R O D U C T IO N

A lth o u g h  l i l lo rin ids  sh o w  h igh  lev e ls  o f  in t ra spec if ic  shell  
p o ly m o rp h ism s  (see  Reid  1996 and  re fe ren ce s  there in) .  L itto r in a  
litto rea  (L in n a e u s .  1758).  the largest  sp e c ie s  in the genus ,  s h o w s  
relat ively little m orp h o lo g ica l  va r ia t ion  ( Ja n so n  1987). H o w ev er ,  
m o rpho log ica l  d i f fe ren ces  w ere  noted  b e tw e e n  p opu la t ions  o f  L  
litto rea  on  the W es t  S o m erse t  coast  (C ro th e r s  1992). A long  this 
coas tl ine ,  a w eak  cor re la t ion  w a s  found  b e tw een  shell  sha pe ,  as 
exp ressed  by the shell  len g th /aper tu re  leng th  ratio, and  w a v e  e x ­
posure  (C ro th e rs  1992). T h e  d if fe rences  w e re  ex p la in ed  by d i f f e r ­
ential g ro w th  a n d /o r  su rv iva l  rates in r e sp o n s e  to  the effec ts  o f  
w ave e x p o s u re  (C ro th e rs  1992).  In c on tra s t .  J a n so n  (1987)  found  
alm ost  identical  sh a p e s  b e tw e e n  ex p o sed  rocky  and  b o u ld e r  shore  
spe c im ens .  A p p aren t ly ,  the on ly  cons is ten t  shell  variat ion  is found  
be tw een  m ar in e  and  she l te red  b rack ish  fo rm s ,  with  the la tter  b e ing  
sm a lle r  an d  th in n e r -w a l led  ( see  Reid  1996). T h is  var ia t ion  is s u p ­
posed to be  e c o p h e n o ty p ic  (R e id  1996) becau se  L. litto rea  is  a 
p lank ton ic  d e v e lo p in g  an im al  that is p re su m e d  to have a  high 
d ispersa l  an d  g e n e  f low po ten t ia l  I J a n so n  1987. R e id  1996). m in i ­
mizing  the l ike l ihood  o f  se lec t ion  as a poss ib le  im p e tu s  for  the 
obse rved  shell  var ia t ion  ( C h a p m a n  1995).  N ever the le s s ,  p reda t ion  
e x p e r im e n ts  w ith  the o y s te rc a tc h e r  H a e m a to p u s  o s tra le g u s  have  
show n  that  the ap e r tu re  size o f  L  l itto rea  m ay  be su scep t ib le  to 
se lection ,  a l th o u g h  field o b se rv a t io n s  h a v e  n ev e r  c o n f i rm e d  these  
expe r im en ta l  results  (R o b e r tso n  1992).

L. litto rea  is w ide ly  d is t r ibu ted ,  o c c u r r in g  in the eas te rn  (W h i te  
Sea to so u th e rn  Po r tuga l)  an d  w es te rn  (L a b ra d o r  to V irg in ia )  A t ­
lantic (R e id  1996).  U nl ike  o th e r  l i t torinids. it does  not so le ly  o ccu r  
on hard  subs tra tes  bu t  is a lso  ab le  to craw I o v e r  sand  and soft  m ud  
(re fe rences  in R e id  1996). T h i s  abil i ty ,  a lo n g  with  its p lank ton ic  
dev e lo p m e n t  an d  its to le rance  to low sa l in i ty  con d i t io n s  (9.59 i t ) .  
enab les  it to p en e tra te  far  in to  es tuar ies  (R e id  1996).

In the Sch e ld t  e s tua ry ,  s i tua ted  in the so u th  o f  T h e  N ether lands .  
L  litto rea  is found  f rom  V liss ingen  (i.e..  r iv e rs '  m o u th )  to B a th .  50 
km inw ard  f rom  the m ou th ,  w here  it o c c u r s  a long  a g radua l ly  
d ec reas in g  sa l in i ty  g rad ien t ,  r ang ing  f rom  m ar ine  to  b rack ish  (Fig .  
1 ). T h e  S che ld t  e s tua ry  thus  fo rm s  an ideal se t ting  to  test w h e th e r  
salinity is indeed  co r re la ted  w ith  the shell  m o rp h o lo g y  o f  L  l i t ­
to rea . If. u n d e r  b rack ish  c ond i t ions .  L  litto re a  has a sm a lle r ,  th in-
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n e r -w a l le d  shell,  then  w e  expec t  a shell-s ize. w e ig h t  g rad ien t  in the 
e s tua ry  fo l low ing  the sa linity g radient .

M A T E R IA L S  A N D  M E T H O D S

O n 8 A ugus t  1998. L. litto rea  w as  collec ted  at  seven  s i t e s  a long  
the  w es tern  S che ld t  e s tua ry ,  cover ing  its entire  range  in the w e s t ­
e rn  Sheld t  (Fig .  I). T h e se  sites included,  in o rd e r  o f  inc reas in g  
sa l in i ty :  Balli. W aard e .  H answ eer t .  H o ed ek e n sk e rk e .  E l lew o u ts -  
d i jk .  Borssele .  an d  V liss ingen  lF ig .  I). O n e  po p u la t io n  w a s  c o l ­
lected  at each  site . Each  sam ple  c ons is ted  o f  4 0  an im a ls .  E a c h  o f  
the 2 8 0  sp e c im e n s  w as m o rphom e tr ica l ly  charac te r ized .  F iv e  shell  
tra i ts  w ere  m easu red  to the nearest 0 .0 5  m m  u s in g  a ca l iper :  shell  
h e igh t  (H S).  shell  w idth ,  aper tu re  he ight ,  aper tu re  w idth ,  an d  she l l-  
top  height  (D e  W o l f  et al. 1997). in addit ion, total w e t  w e ig h t  (i.e.. 
shell  +  soft bod y  parts)  an d  body w et  w eight (soft bod y  p ar ts )  w ere  
d e te rm in e d  to th e  neares t  mg. and all ind iv idua ls  w e re  se x e d  on  the 
bas is  o f  the p re sen c e  o r  absence  o f  a  penis.

A se v e n -b y - tw o  c o n t in g e n c y  tab le  w as c o n s t ru c te d  to test  
w h e th e r  the sex  d is t r ibu t ion  dif fered  from site to  site, e m p lo y in g  
the  M etropo l is  a lgo r i thm  to obtain unb iased  e s t im a te s  o f  the exac t  
P  va lue  (M il le r  1997). M o rp h o m e tr ie  patterns w e re  inv es t ig a ted  by 
m e a n s  o f  a t w o - w a y  m u l t i v a r i a t e  a n a l y s i s  o f  v a r i a n c e  
( M A N O V A ) .  con t ra s t in g  the fixed factor  "sex" w ith  the r a n d o m  
fac to r  " s a m p l in g  si te."  M o rp h o lo g ica l  patterns w ere  fu r th e r  in v e s ­
t iga ted  by m e a n s  o f  a  s tandard  canon ica l  d i s c r im in a n t  a n a ly s is  
(C D A ) .  F inally , an ana ly s is  o f  co var iance  ( A N C O V A )  o f  shell  
w e igh t  w as  p e r fo rm e d  us ing  shell he igh t  as a co v ar ia te .  O f  spec ia l  
in terest  in this ana ly s is  is the interaction  w ith the  cova r ia te  b e cau s e  
it tests  w h e th e r  the s lo p e s  o f  the shell  w eigh t  o n  shell  leng th  are  
h o m o g e n o u s  for  the se v e n  sites. Excep t  for the c o n t in g e n c y  table  
ana lys is ,  all s ta tis t ica l  ana lyses  w ere  pe r fo rm ed  us ing  the  s o f tw a re  
p a c k a g e  Sta t is t ica  v. 5 .0  (StatSoft 1995).

R E S U L T S

At each  si te ,  ex cep t  for H oedekenskerke .  m a le s  o u tn u m b e r e d  
f em a les  (Fig. I ). T h e  n u m b e r  o f  m a les  d if fered  s ign i f ican t ly  at the 
d i f f e r e n t  s i t e s  IP  =  0 .0 0 0 5 ) .  T h e  r e s u l t s  o f  th e  t w o - w a y  
M A N O V A  are  su m m a r iz e d  in T a b le  I. A s ig n i f ican t  part o f  the 
total  variat ion  can  be ex p la ined  by the r a n d o m  fac to r  " s a m p l in g  
s i te"  (Tab le  I),  w h e re a s  the fixed factor  " s e x "  d id  not co n t r ib u te  
s ien if ican i ly .  n o r  d id  the interaction (Table  I)
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F ig u re  I. S a m p lin g  a rc a ,  s ile s , a n d  shells  ty p ica l o f cae li o f th e  s a m p l in g  s ite s  (sites 1 -7 ). P ie d ia g ra m s  re p re s e n t m m ih c r  o f  m a le s  (b lac k  7.011e) 
a n d  re m a le s  (w h ite  7.one) co llec ted  a t e ach  s ite  t/i = 4 0 ). T h e  lin e  g ra p h  r e p re s e n ts  m e a n  s a lin ity  v a lu e s  a n d  s ta n d a rd  d e v ia tio n s  a lo n g  th e  S c h e ld t 
c s tu a rv  on  th e  b a sis  o f  sea so n a l m e a su re m e n ts  fro m  1990-1997.

T h e se  results  a re  il lustrated in F igu re  2. w h ere  the m ean  shell  
h e ig h t  and  s ta nda rd  d ev ia t ions  for m a les  and  fem a les  are  p lo tted  
fo r  e ach  sa m p lin g  site. M e a n  shell h e igh t  va lues  for both sexes  
o v e r la p  but  s im u l tan eo u s ly  reveal  a s t ruc tu r ing  at the  sa m p lin g  site 
level .  M e an  shell  he igh t  o f  sp e c im en s  co l le c te d  at the less m ar ine-  
l ike s i tes  (i.e.. sa l in i ty  r a n g e  10—2tKTc: Fig. I) are  oti a v e rag e  
s m a l l e r  c o m p a re d  w ith  (he shell h e ig h t  o f  s p e c im e n s  co l lec ted  
m o re  d o w n s t r e a m  at a sa l in i ty  range  o f  2 l - 3 0 % r  (Fig .  I). H o w ­
eve r .  due  to indiv idual  variat ion  this o b se rv a t io n  is m ere ly  a trend 
b e c a u s e  p os t -hoc  S h e ffé  tests  failed to  s ign if ican t ly  d isc r im ina te  
bo th  g roups .

G iv en  that,  w ith  respec t  to the m e a s u re d  shell  charac te r is t ics .

T A B L E  1.

R esu lts  o f  th e  tw o -w ay  M A N O V A . c o n tr a s t in g  th e  ra n d o m  fa c to r  
" s a m p l in g  s i te "  a n d  the  fixed  fa c to r  “ s e x ."

E ffec t W ilk s ' \ d f l <in P  v a lu e

S ite 0.1X32 IS 42 1.227 <0.0001
Sex 0.957741 7 261 (1.1230
S ite  X Sex 0 .844134 42 1.227 0 .3448

m ales  d o  not  d i f fe r  s ign if ican t ly  from fem a les ,  a  s ing le  C D A  w as 
p e r fo rm e d  w i th o u t  co n s id e r in g  the factor " s e x . "  T h e  m e a n  va lues  
o f  the first tw o  c a n o n ic a l  var iables (C V )  a re  u se d  to  plo t  all s a m ­
pling  si tes , as  s h o w n  in Figure  3. T h e  first C V  d e sc r ib e s  6 4 .8 3 %  
o f  the  to tal  v a r ia t ion  a n d  is m ain ly  an e x p re ss io n  o f  shell  h e igh t  
(T ab le  2: H S  =  - I . I  1614).  Shell  height  d e c re a s e s  w ith  d e c re a s in g  
C V I  v a lues ,  d isc r im in a t in g  the d ifferent  s a m p l in g  si tes ,  so  that 
s p e c im e n s  c o l le c te d  at  the least  m ar ine- l ike  s a m p l in g  si tes  a re  in 
g enera l  s m a l le r  than  s p e c im e n s  co l lec ted  at m o re  m ar in e - l ik e  s ites 
(F ig .  3). T h e  se c o n d  C V  desc r ib es  an ad d i t io n a l  19 .83% o f  the 
total v a r ia t ion  and  is m ain ly  an  e xp ress ion  o f  the shell  w e igh t  
(T a b le  2: S W  =  1 .91314) .  Shell  weight in c re a se s  a lo n g  the p o s i ­
t ive  C V 2  ax is .  F o u r  g ro u p s  can  be d i s t in g u is h e d  a lo n g  bo th  C V  
axes:  B a th  a n d  W a a rd e ,  cons is t ing  o f  s p e c im e n s  with  sm all  and  
light she lls :  H an s w e e r t .  cons is t ing  o f  sp e c im e n s  wdth sm all  and  
re la t ive ly  h e a v y  she l ls :  E l lew ou tsd i jk  and V l is s in g en .  co n s is t in g  o f  
s p e c im e n s  w ith  in te rm e d ia te -s ized  shells an d  in te rm e d ia te  shell  
w eigh ts ,  a n d  B orsse le  an d  H o ed ek e n sk e rk e .  c o n s i s t in g  o f  s p e c i ­
m e n s  with  l a rg e r  a n d  heav ie r  shells .  H ence ,  re la t ive  she ll  w e igh t  
do e s  not f o l lo w  the sa l in i ty  g radient .  T h is  is a l s o  i l lus t ra ted  in the 
A N C O V A .  w h e re  the  reg ress ion  s lopes o f  the shell  w e ig h t  on  shell  
he igh t  a re  not  h o m o g e n e o u s  at the dif ferent  s a m p l in g  si tes  (T ab le
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F ig u re  2. M ean  sh e ll h e ig h t (H S ) . to ta l w e ig h t (T \V ) (i.e .. so ft bod y  
w eigh t +  sh e ll w e ig h t), shell w e ig h t (S W ), a n d  s ta n d a r d  d e v ia tio n s  fo r 
m ales  a n d  fem ales  o f  L itto rin a  littorea  eo lle e ted  a t  th e  seven  s ite s .

3) and  in F igure  2. w here  m e a n  shell  w e ig h t ,  m ean  total w eigh t ,  
and  m e a n  shell  he igh t  are p lo t ted  at  the d if fe ren t  sa m p lin g  si tes .

D IS C U S S IO N

A s w a s  p red ic ted .  L  lit to re a  h ad  s m a l le r  and  l igh ter  she l ls  in 
m ore  b ra c k ish  cond i t ions .  H o w e v e r ,  shell  s ize did  not d e c reas e  
cl ina l ly  a w a y  f rom the sea. f o l lo w in g  the sa l in i ty  g radient .  Instead,  
s p e c im e n s  w ere  e i ther  sm a ll  ( a p p ro x im a te ly  <15 m m )  o r  large 
( a p p ro x im a te ly  > 1 9  m m ). N o  in te rm e d ia te -s ized  a n im a ls  w ere  
found  at  s i tes  h av ing  in te rm e d ia te  sa l ini ty  levels  (i.e.. ±  159<c). If 
sa l in i ty  is in d eed  an e n v i ro n m e n ta l  fac to r  that  affec ts  shell  s ize in 
L. li t to re a , it s e e m s  that its e f fe c t  is e i th e r  presen t  o r  absen t  with 
a th re sh o ld  sa l in i ty  value o f  a p p ro x im a te ly  15—209Íc. A b o v e  this 
sa l ini ty  th resho ld ,  a n im a ls  a re  able  to  a t ta in  a large shell:  b e low  
this va lue ,  a n im a ls  n e v e r  h a v e  c o m p a ra b le  shell  s izes. In e i ther  
case  it m u s t  be c lea r  that , at  b rack ish  sites . L  litto rea  is l ike ly  to
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F ig u re  3 . M ea n  va lu e s  fo r  th e  f ir s t  tw o  c an n o n ie a l v a ria b le s .

TA BLE 2.

S ta n d a rd iz e d  c o e ff ic ie n ts  fo r  th e  f irs t tw o  c a n n o n ie a l  v a r ia b le s  (C V ) 
in  a  c a n o n ic a l  d is c r im a n t  a n a ly sis  c o n tr a s t in g  all e ig h t 

s a m p lin g  s ite s .

D e p e n d e n t V a r ia b le cvi CV2
Shell heieh t - 1 . 1 1614 -1 .9 2 0 3 7
S hell w idth 0 .2 S 4 I4 0.81833
A pertu re  height -0 .7 1 5 0 4 0 .03916
A pertu re  w idth 0 .68485 -1 .4 7 6 6 8
S h e llto p  height 0.5744S 0 .61353
Shell w eich t -0 .5 S 9 I3 1.91514
Eilten value 1.83935 0.56258
E xplained  varia tion . 9r 64.83 19.83

e n c o u n te r  less f a v o ra b le  l iving condi t ions ,  w h ic h  m igh t  result  in a 
d e c r e a s e  o f  grow th a n d /o r  survival  rate (C ro th e rs  1992). sh if t ing  
the  less  m a r in e - l ik e  popu la t io n s  tow ard  sm a lle r - s iz e d  ind iv iduals .  
It m u s t  a lso  be  n o ted ,  h o w ev er ,  that  the largest  she l ls  w ere  not 
r e c o rd e d  at V l i s s in g e n  (i.e. . h ighes t  sa l in i ty )  bu t  at B o rsse le  (i.e.. 
s e c o n d  h ighes t  sa l in i ty ) .  At B orsse le .  sp e c im e n s  w ere  co l le c te d  in 
the  d irec t  v ic in i ty  o f  a nu c lea r  p o w e r  p lant .  P oss ib le  w a te r  t e m ­
pe ra tu re  d if fe re n c e s ,  d u e  to  the o u t f lo w in g  co o l in g  w ater ,  m ig h t  
a f fec t  the  s p e c ie s  she ll  g row th .  Indeed,  la rge r  she l ls  can  be  p ro ­
d u c e d  at h ig h e r  t e m p e ra tu re s  d u e  to the lo w e r  en e rg y  cos t  o f  
c a lc i f i c a t io n  b e c a u s e  c a lc iu m  c a rb o n a te  d i s s o lv e s  less  well  at 
h ig h e r  t e m p e ra tu re s  (G ra u s  1974. C la rk e  1983). H o w e v e r ,  on  a 
m a c ro g e o g ra p h ic a l  s ca le .  L. litto rea  at ta ins its largest  s ize  in  the 
n o r the rn  par ts  o f  its d is t r ibu t ion  range  ( i.e. . c o o le r  w ate rs)  (R e id  
19 9 6 ) .  C lea r ly ,  fu r th e r  expe r im en ta l  w ork  is n e e d e d  to  c la r i fy  an d  
e x p la in  the  poss ib le  e f fe c ts  o f  w a te r  t e m p e ra tu re  a n d  sa l in i ty  on  
shell  d ep o s i t io n  in L. litto rea .

In the case  o f  she ll  w eigh t ,  the p r e s u m e d  re la t io n sh ip  w ith  
sa l in i ty  w a s  e v e n  less  c lear .  M oreover ,  it s e e m e d  un l ik e ly  that 
re la t ive  she ll  w e ig h t  d i f fe ren ces  can  be e x p la in e d  by sa l in i ty  d i f ­
f e re n ces .  T h e  top  r ight  posi t ion ing  o f  the H a n s w e e r t  p o p u la t io n  in 
the  C D A  g raph  (Fig .  3)  ind ica tes that sp e c im e n s  w ith  the h ighes t  
re la t ive  shell  w e ig h t  o c c u r  u nde r  the th ird  lo w es t  sa l in i ty  c o n d i ­
tions.

TA B LE 3.

R esu lts  fo r  th e  in te ra c t io n  o f  the  d e p e n d e n t v a r ia b le  sh e ll w e ig h t 
(SW > a n d  th e  c o v a r ia te  sh e ll h e ig h t IH S ) in  th e  A N C O V A  (i.e .. te st 
fo r  p a ra lle l is m )  a n d  c o rre s p o n d in g  re g re ss io n  e q u a t io n s  a t  e ac h  o f  

th e  sev en  s a m p lin g  s ite s .

SS d f M S /•' V a lu e P  V a lu e

Effect
E rror

3 .811 .414  
8 .4 5 4 .1 9 6

6
264

635 .235 .6
31663.7

20 .06198 <0.0001

S ite R eg ress io n  e q u a t io n r 2

Baih HS =  1.059.5 + 0 .5 6 1 4  SW 0.892S

W aarde HS =  1.133.3 + 0 .4 6 7 2  SW 0.8832

H answ eert HS =  9 1 3 .2 +  0 .5549  S W 0.8485

Hr ledekenskerke H S = 1 .2 5 8 .3 +  0 .3239  SW 0.8452
E llew ou lsd ijk HS = 1 .0 82 .9+  0 .4553  SW 0.9103

B orssele H S =  1.398 + 0 .2897  SW 0.9078

V lissingen HS =  1 .1 6 9 .3 +  0 .3844  S W 0.8737

A bbrev ia tions: SS =  Sum  o f  squares: M S =  M ean square.
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S ex u a l  d im o rp h is m  is c o m m o n  in the g e n u s  L itto r in a , with  
te n ía le s  b e ing  la rger  than  m ales  (R eid  1996). w h ic h  is p r e su m e d  to 
be re la ted  to  g row th  a n d /o r  longev i ty  d i f fe re n c e s  (R e id  1996). 
H o w e v e r ,  se x -re la ted  shell  he ight  d i f fe ren ces  h a v e  not b een  found 
in L  litto re a  (R e id  1996).  even  though  sexua l  se lec t ion  for  female 
shell  s iz e  has  b een  d o c u m e n te d ,  w ith  m a les  p re fe rr ing  to m a te  with 
la rger ,  and  thus  m ore  fecund ,  fem a les  (E r la n d so n  & J o h a n n ess o n  
1994). T he  fact that w e  d id  not find se x - re la ted  shell  s ize  d if fe r ­
en c e s  is thus  in ag re e m e n t  with w hat  w a s  p rev io u s ly  found .  H o w ­
ever .  o u r  sex  a s s ig n m en t ,  m a d e  on  the  bas is  o f  the p resence  o r  
ab s e n c e  o f  a  pen is ,  leads to a  sex ratio  o f  a lm o s t  2:1 (m ale /fem ale) ,  
w h ich  d if fers  m a rk ed ly  f rom a  p rev ious ly  pu b l ish ed  sex  rat io o f  
1:1 ( D a g u z a n  1977).  T h e  fact that w e  found  tw ice  as m a n y  males 
m ig h t  be re la ted  to the p resence  o f  im p o s e x — the d ev e lo p m e n t  o f  
male  sex  charac te r is t ics  on  fem ales  (e .g . .  a p en is  a nd /o r  vas d e f ­
e ren s)  ( B a u e r e t  al. 1997)— a nd /o r  in te rsex— the d is tu rb an ce  o f  the 
p h e n o ty p ic  sex  d e te rm in a t io n  b e tw e e n  the  g o n a d  an d  gen i ta l  
t ract— w hich  is k n o w n  to o c c u r  in L. litto rea  (B a u e r  e t  al. 1997). 
Im p o se x  has  n e v e r  been reco rd ed  in L  litto rea .  In contrast ,  inter- 
sex g rad u a l ly  t ransfo rm s  the fem ale  palliai  t ract  such that  the fe ­
m a le  palliai  o rg an s  are supp lan ted  by  a m a le  p rosta te  g land ,  and a 
se m in a l  g ro o v e  an d  a sm a ll  penis o c c u r  (B a u e r  et  al. 1997).  T h e  
fact that  pen is  sh e d d in g  a n d /o r  r eg ress ion  a lso  o c c u r  in L. litto rea  
(D e u ts h  & F ioron i  1992) m a k e s  it e v e n  m o re  d if f icult  to  d is t in ­
gu ish  be tw een  un  in tersex fem ale  a n d  a m a le  w ith a shed  or re­
g re ssed  penis . T h e re fo re ,  it cou ld  b e  that  so m e  sp e c im e n s  that 
w ere  c lass i f ied  as  males w ere  in fact in tersex  fem ales.  H o w ev er ,  
f e m a le  in tersex  exp ress ion  occu rs  o n ly  in ju v e n i le  s tages o r  dur ing  
se xua l  im m atu r i ty  (B a u e r  et  al. 1997).  A s  a c o n s e q u e n c e ,  intersex 
f e m a le s  are e x p e c te d  to have a sm a l le r  shell.  H ence ,  i f  intersex 
f e m a le s  w ere  inc lu d ed  in the male p o p u la t ion ,  they  w ould  not have 
inc rease d  the  m e a n  m ale  shell  he ight ,  m a sk in g  poss ib le  shell  size

d i f fe ren ces  w ith  the  p re su m e d  larger  fem ales ,  but  r a th e r  w o u ld  
have  d ec re a se d  the m ean  shell  he ight  o f  the m ale  pop u la t io n .  In 
any  ev en t ,  the  o c c u r ren ce  o f  pen is  shedding ,  penis  r eg re ss io n ,  and  
in tersex  m a k e  bas ing  sex as s ig n m en t  in L  litto rea  on  the p re sen c e  
o f  a pen is  unre l iab le .  S im ila r ly ,  the p resence  o r  a b s en ce  o f  a  p ro s ­
tate g la n d  is a lso  an unre l iab le  sex -d e te rm in in g  c h a ra c te r  ( B a u e r e t  
al. 1997).

F inally ,  sa l in i ty  is not the on ly  e nv i ronm en ta l  fac to r  tha t  m ay  
be  co r re la te d  with the m o rp h o lo g y  o f  L  litto rea . In an  e s tua ry ,  
w h ich  is s t ruc tu red  by a  c o m p le x  o f  g rad ien ts ,  a w ide v ar ie ty  o f  
natura l  and  h u m a n - in d u c e d  s t resses  are p resen t  that m a y  affec t  the 
Shell m o rp h o lo g y  o f  e s tuar ine  gas tropods .  In this r espec t ,  in the 
p e r iod  1981 to  1983. the Sche ld t  es tuary  w as  r anked  a m o n g  the 
m ost  heav i ly  po l lu ted  es tu a r ie s  a round  the w or ld  for  bo th  the  d i s ­
so lv e d  as  well as the  par t icu la te  metal ph ase  (B ay en s  I99S) .  D is ­
so lv e d  meta l  concen t ra t io n s  m easu red  at H an s w eer t  and  V l is s in ­
gen  d i f fe r  s ig n i f i c a n t ly ,  w i th  V l i s s in g e n  b e in g  less  p o l lu t e d  
(R i jk s in s i tuu t  voo r  Kust eu  Z ee .  RI KZ. pers. co m m .) .  C o n c e n t r a ­
t ions  o f  volat i le  o rgan ic  c o m p o u n d s  are h ig h  and  d e c re a s e  a long  
the e s tua ry  as  well (D e  W u l f  et  al. I99S). C learly ,  po l lu t io n  is an 
im p o rtan t  potential  s t res so r  in the Scheld t  es tuary ,  and  its e f fe c t  on 
the m orp h o lo g ica l  popu la t ion  st ructure o f  the e s tu a r in e  o rg a n i s m s  
m us t  be investiga ted .
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