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Esterase Po lymorphisms  in 
littorea (Gastropoda) 

T h e  d i s t r i b u t i o n  a n d  g r e a t  a b u n d a n c e  of Li / tor ina 
littorea in  N o r t h  A m e r i c a ,  s o u t h  of  N o v a  Sco t i a ,  a r e  d u e  to  
r e c e n t  d i s p e r s a l .  A l t h o u g h  she l l s  d a t e d  6 0 0 - 7 0 0  y e a r s  B . P .  
h a v e  b e e n  f o u n d  n e a r  H a l i f a x  ~, 2, s o u t h w a r d  c o l o n i z a t i o n  
s t a r t e d  o n l y  a b o u t  1840.  T h e  N e w  E n g l a n d  c o a s t s  we re  
o c c u p i e d  in  a b o u t  40 y e a r s  o r  g e n e r a t i o n s  3-7. 

T h i s  r a p i d  d i s p e r s a l  h a s  n o  p r e c e d e n t  in  E u r o p e .  T h u s  
L. littorea is s u i t a b l e  for  c o m p a r i s o n s  of  t h e  g e n e t i c a l  
s t r u c t u r e  of  t w o  k i n d s  of p o p u l a t i o n s  w i t h i n  t h e  s a m e  
s p e c i e s :  r e c e n t  c o l o n i s t s  ( N e w  E n g l a n d ) ,  a n d  o ld  s e t t l e r s  
( F r a n c e ) .  F r o m  s u c h  c o m p a r i s o n s ,  t h e  g e n e t i c s  of  co lon i -  
z a t i o n  s a n d  t h e  p o p u l a t i o n  s t r u c t u r e  of  m a r i n e  i n v e r t e -  
b r a t e s  9-~s w h i c h  a r e  s t i l l  p o o r l y  k n o w n ,  c a n  be  b e t t e r  u n -  
d e r s t o o d .  

I n  a n  e a r l y  s t u d y  BOMPUS ~7 c o n c l u d e d  t h a t  t h e  A m e r i -  
c a n  p o p u l a t i o n s  w e r e  m o r e  v a r i a b l e  t h a n  t h e i r  E u r o p e a n  
c o u n t e r p a r t s .  H i s  r e s u l t s  w e r e  c r i t i c i z ed  b e c a u s e  t h e  
c h a r a c t e r s  h e  u s e d  (shel l  m o r p h o l o g y )  a r e  e a s i l y  m o d i f i e d  
b y  e n v i r o n m e n t a l  i n f l u e n c e s  ~s a n d  so  h e  c o u l d  n o t  d is -  
t i n g u i s h  g e n e t i c a l  v a r i a t i o n  t r o m  p h e n o t y p i c  p l a s t i c i t y .  
M o r e  r e c e n t  w o r k  h a s  s h o w n  t h a t  she l l  s c u l p t u r e  v a r i a t i o n  
h a s  a g e n e t i c  c o m p o n e n t ,  h o w e v e r ,  a n d  t h a t  she l l  m o r p h o -  
l o g y  m a y  be  a d a p t i v e  ~9. Y e t  we  c h o s e  i s o z y m e  v a r i a t i o n  
i n s t e a d  of  she l l  m o r p h o l o g y  t o  r e - a n a l y z e  t h e  d i f f e r e n t i a -  
t i o n  w i t h i n  L. littorea b e c a u s e  t h e  d a n g e r  of  w o r k i n g  w i t h  
a n  u n k n o w n  a n d  c o m p l e x  g e n e t i c a l  s y s t e m  is l a r g e l y  
a v o i d e d  2~ W e  d i s c u s s  h e r e  p r e l i m i n a r y  f i n d i n g s  on  
e s t e r a s e  p o l y m o r p h i s m s .  

W e  c o l l e c t e d  s n a i l s  a t  4 U S  a n d  3 F r e n c h  s i t e s  b e t w e e n  
D e c e m b e r  1970 a n d  J u l y  1971 ( T a b l e s  I a n d  I I ) .  E a c h  
s n a i l  ( a f t e r  d i s c a r d i n g  t h e  o p e r c u l u m ,  foot ,  m a n t l e  edge ,  
a n d  c o l u m e l l a r  m u s c l e )  w a s  g r o u n d  o n  ice in  0 .089 M Tris,  
2.7 • 10 -3 M N a  2 E D T A ,  0 .089 M bo r i c  a c i d  b u f f e r  w i t h  
5 %  suc rose ,  p i t  8.4. T h e  s l u r r y  w a s  c e n t r i f u g e d  a t  4~ a t  
3000 •  fo r  15 m i n  a n d  t h e  s u p e r n a t a n t  e l e c t r o p h o r e s e d  
o n  p o l y a c r y l a m i d e  ge l  ( C y a n o g u m - 4 1 )  in  a d i s c o n t i n u o u s  
b u t t e r  s y s t e m  2~ for  40 m i n  a t  200 v o l t s  a n d  a t  4OO v o l t s  
for  a n o t h e r  60 m i n .  E s t e r a s e  a c t i v i t y  w a s  r e v e a l e d  b y  
i n c u b a t i o n  for  11/2-2 h in  a s t a i n i n g  s o l u t i o n  ( f i l t e red  p r i o r  
t o  use)  of  0 .024  g F a s t  G a r n e t  Gt3C s a l t  ( S i g m a )  a n d  0.6 m l  
2 %  ~ - n a p h t h y l - a c e t a t e  (in a 1:1 a c e t o n e - w a t e r  s o l u t i o n )  
a d d e d  t o  40 m l  0.1 M p h o s p h a t e  b u f f e r  p H  6.5. F i x a t i o n  
w a s  d o n e  o v e r n i g h t  in  1 %  g l y c e r o l  - - 8 %  ace t i c  ac id .  W e  
~ o u n d  5 z o n e s  o f  e s t e r a s e  a c t i v i t y ,  n u m b e r e d  f r o m  1 
( f a s t e s t  m i g r a t i n g  a n o d a l l y )  to  5 (s lowest ) .  C a t h o d a l  b a n d s  
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w e r e  n o t  d e t e c t e d  b y  t h e  a p p a r a t u s .  O n l y  t h e  a c t i v i t y  a t  
z o n e s  1, 2 a n d  5, h e r e a f t e r  r e f e r r e d  to  as  E s t - 1 ,  E s t - 2  a n d  
E s t - 5 ,  r e s p e c t i v e l y ,  is d e s c r i b e d  be low.  

E s t - 1  a p p e a r e d  in  371 of  374 i n d i v i d u a l s  as  a s ing le  b a n d  
of  i d e n t i c a l  m o b i l i t y .  W e  f o u n d  a s l o w e r  m o v i n g  v a r i a n t  
in  1 i n d i v i d u a l  f r o m  H a l i b u t  P o i n t ,  M a s s a c h u s e t t s ,  a n d  a 
d o u b l e  b a n d e d  p a t t e r n  ( b o t h  s l o w  a n d  f a s t  c o m p o n e n t s )  
in  2 i n d i v i d u a l s  f r o m  R o s c o f f - 2 5 ,  F i n i s t 6 r e .  T h i s  v a r i a t i o n  
c o u l d  be  d u e  t o  a n  a u t o s o m a l  l o c u s  w i t h  2 a l le les .  E s t - 1  
is v e r y  m o n o m o r p h i c  t h r o u g h o u t  t h e  U S  a n d  F r e n c h  
s a m p l e s .  B y  c o n t r a s t ,  e l e c t r o p h o r e t i c  a c t i v i t y  a t  E s t - 2  
a n d  E s t - 5  s h o w e d  p o l y m o r p h i s m s .  S e v e n  p h e n o t y p e s  w e r e  
s c o r e d  a t  E s t - 2 :  1. a f a s t  m o v i n g ,  we l l  s t a i n e d  b a n d ,  2. a 
s l ow  m o v i n g ,  we l l  s t a i n e d  b a n d ,  3. a d o u b l e  b a n d ,  f a s t -  
s low,  wel l  s t a i n e d ,  4. a f a s t  m o v i n g ,  f a i n t l y  s t a i n e d  b a n d ,  
5. a s l ow  m o v i n g ,  f a i n t l y  s t a i n e d  b a n d ,  6. n o  b a n d ,  a n d  
7. a t r i p l e  b a n d ,  f a s t - i n t e r m e d i a t e - s l o w ,  r e l a t i v e l y  wel l  
s t a i n e d .  A c t i v i t y  a t  E s t - 5  w a s  s i m i l a r  t o  t h a t  a t  E s t - 2 ,  
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Table I. Geographical variation in phenotype frequencies at the Esterase-2 zone in Littorina littorea 

Population sample (n) Phenotype numbers (%) 

1 2 3 4 5 6 7 

New England, USA 

1 Blue Hill, Maine (32) 9 (28.1) - 2 (6.3) 4 (12.5) 3 (9.4) 14 (43.7) - 
2 Kennebunk Beach, Me (54) 21 (38.9) 1 (1.9) 1 (1.9) 12 (22.2) - 19 (35.2) - 
3 Halibut Point, Massachusetts (74) 44 (59.5) 1 (1.4) 2 (2.7) 12 (16.2) - 15 (20.3) - 
4 Nahant,  Massachusetts (26) 10 (38.5) 2 (7.7) - 6 (23.1) - 8 (30.8) - 

France 

5 b Roscoff-25, Finist6re (57) 35 (61.4) - 1 (1.8) 13 (22.8) - 8 (14.0) - 
6 b Roseoff-26, Finist6re (61) 31 (50.8) 2 (3.3) 8 (13.1) - 18 (29.5) 2 (3.3) 
7 Bailleron, Morbihan (45) 36 (80.0) - 1 (2.2) 5 (11.1) 3 (6.7) - 

a For description of phenotypes, see text. b Samples 5 and 6 represent two sites 1 km from each other (linear distance) : Roscoff-25 in the har- 
bor (collected 25 April 1971) and Roseoff-26 just  outside the harbor (collected 26 April 1971). 
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Table II. Geographical variation in phenotype frequencies at the Esterase-5 zone in Littorina littorea 

EXPERIENTIA 28/10 

Population sample (n) Phenotype numbers (%) 

1 2 3 4 5 6 

New England, USA 

1 Blue Hill, Maine (16) - 6 (37.5) - - 6 (37.5) 4 (25.0) 
2 Kennebunk Beach, Me (38) 2 (5.3) 20 (52.6) 2 (5.3) 5 (13.1) 9 (23.7) 
3 Halibut Point, Massachusetts (50) - 32 (64.0) 2 (4.0) 11 (22.0) 5 (10.0} 
4 Nahant, Massachusetts (15) 6 (40.0) 2 (13.3) 2 (13.3) 2 (13.3) 2 (13.3) 1 (6.7) 

France 
5 b Roscoff-25, Finisthre (44) 2 (4.5) 19 (43.2) 12 (27.3) - 6 (13.6) 5 (11.4} 
6 b Roscoff-26, Finist6re (28) 3 (10.7) 11 (39.3) 6 (21.4) 1 (3.6) 6 (21.4) 1 (3.6) 
7 Bailleron, Morbihan (25) - 25 ( 1 0 0 . 0 )  . . . .  

For description of phenotypes, see text. b See note in Table I. 

excep t  t h a t  no 7th p h e n o t y p e  was observed.  Such pheno-  
t ypes  could be expla ined  by  var ia t ion  at  2 loci, each hav-  
ing 3 major  alleles: fast, slow, and null or silent. D a t a  on 
p ro te in  concen t ra t ion  are be ing ga thered  to  t e s t  the  
hypo thes i s  of a null allele. 

At  Es t -2  (Table I) p h e n o t y p e  frequencies va ry  geo- 
graphica l ly  in the  USA. E i the r  p h e n o t y p e  6 (populat ion 1) 
or 1 (pop. 3) is the  mos t  f requen t  or else b o t h  p h e n o t y p e s  
are abou t  equal ly  f r equen t  (pop. 2 and  4). I n  F rance  on 
the  o ther  hand  p h e n o t y p e  1 is a lways the  mos t  f requent ,  
reaching 80% at  Bailleron. 

At  Est-5  (Table II) there  is, again, grea ter  var iab i l i ty  
among  Amer ican  t h a n  among  F rench  samples :  t he  com- 
mones t  p h e n o t y p e s  in US  popula t ions  are e i ther  1, 2 or 5, 
whereas  phe l lo type  2 is a lways the  mos t  f requen t  in 
France,  reaching 100% at  Bailleron. In  addi t ion  to  th is  
pa t t e rn ,  p h e n o t y p e  6 decreases f rom abou t  25% in Maine 
to  7-10% in Massachuset ts .  

These da t a  suggest  the  following conclusions and 
hypotheses .  1. A l though  the  qua l i ta t ive  p a t t e r n  of bio- 
chemical  var iab i l i ty  is s imilar  be tween  US  and  F rench  
popula t ions ,  the  former  (recent colonists) are more  
var iable  geographical ly  t h a n  the  lat ter .  BtJMPUS' con- 
clusion iv is a p p a r e n t l y  subs tan t i a t ed .  

2. The n o r t h  to  sou th  cline of decreas ing f requency  of 
p h e n o t y p e  6 a t  Es t -5  in the  U S A  could be corre la ted wi th  
the  no r th  to  sou th  coasta l  cur ren t  =2,2a. Correlat ion be- 
tween  clinal var ia t ion  a t  b iochemical  loci and  environ-  
mental gradients has been shown by KOEHN 2~ and 
SCHOPF and GoocH ~2. 

3. The greater phenotypic uniformity (and probable 
greater homozygosity) of the Bailleron sample may be 
correlated with its isolation in the Gulf of Niorbihan, which 
is partially cut off from the strong coastal currents of 
southern Brittany (personal communication of R. MAHgO). 
Thus the larvae carried along such currents 2~, 2~ might not 
enter the Gulf or do so in small numbers, thereby reducing 

gene flow and favor ing inbreeding in the  Gulf popula-  
t ions  =7. 

Rdsumd. La s t ruc tu re  g6n6tique de 7 popula t ions  du 
gast6ropode mar in  Littorina littorea a 6t6 6tudi6e p a r  
analyse  de ph6no types  d 'es t6rases  r6v616s par  61ectro- 
phor6se sur gel de polyacry lamide .  Les popu la t ions  des 
U S A  (Maine, Massachuset ts) ,  d 'or ig ine  r6cente,  on t  da- 
van tage  de var ia t ion  g4ographique que celles de France,  
d 'or ig ine  ancienne.  De plus, parrot  ces derni6res il y a 
r6duct ion de l 'h6t6rozygot ie  dans  l '6chant i l lon semi-isol6 
du Golfe du Morbihan.  
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M u t a t i o n  i n  Schizophyl lum commune f o r  R e s i s t a n c e  to  p - F l u o r o p h e n y l a l a n i n e  

Mutan t s  res i s t an t  to chemicals  can be f rui t ful ly  used in 
devis ing techniques  for the  select ion of vege ta t ive  segre- 
gan ts  in fungi1, 2. A t t e m p t s  were m a d e  to isolate p-f luoro-  
pheny la lan ine  res i s t an t  m u t a n t s  in t he  bas id iomycete ,  
Schizophyllum commune, for the  purpose  of s tudy ing  so- 
ma t ic  r ecombina t ion  in d ikaryons  3. 

The minimum concentration of the chemical inhibiting 
the growth of any of the stock cultures was found to be 
25 mg/l. It was observed that any sensitive strain, ino- 
culated on agar medium containing the chemical, showed 
light background growth which ceased completely after 
2-3 days of incubation. Microscopical examination at this 


