
HELGOL,~NDER MEERESUNTERSUCHUNGEN 
Helgolander Meeresunters. 33, 587-595 (1980) 

Experimental  studies on some genet ic  effects of marine 

pollution 

B. B a t t a g l i a  1, 2, p. M. B i so l  I & E. R o d i n b  1 

1Institute of Animal Biology, University of Padua, I 0 Via Loredan; 1-35100 Padua, Italy, 
and 

2Institute of Marine Biology, C. N. R.; 1-30122 Venice, Italy 

ABSTRACT: Following the results of a series of investigations carried out to estimate the degree of 
marine pollution by utilizing certain marine filter feeders, such as the blue mussel Mytilus 
galloprovincialis, research has been planned to detect possible genetic effects of pollutants, with 
special attention to those acting at the population level. The possible selective role of pollutants has 
been studied both in natural (Mytilus) and in experimental (Tisbe holothuriae) populations by 
utilizing some elecfrophoretically-detected gene-enzyme systems as genetic markers. For some of 
the seven polymorphic loci studied in Mytflus (AP, LAP, 6-PGD, IDHs, IDHm, PGI, PGM) significant 
changes in gene frequencies have been detected which can be related to the degree of pollution in 
the sampling areas. In the more polluted areas these changes were accompanied by a decrease in 
the frequency of heterozygotes. Similar changes in gene frequencies also occurred in laboratory 
populations of the copepod Tisbe, reared under various experimental conditions. In particular, 
certain alleles of two loci, PGI-1 and AP-1, exhibited an increase in frequency, especially in 
populations cultured at various levels of oil pollution. This trend appeared more significant for the 
locus PGI. The fact that equilibria are reached and that the less favoured alleles are nevertheless 
maintained in the populations, even at extremely low frequencies, suggests the balanced nature of 
these enzyme polymorphisms. The significance of the above findings is briefly discussed. 

INTRODUCTION 

In the last two decades ,  cons iderable  effort has b e e n  devoted  to s tudying  the effects 

of pol lutants  on mar ine  life. The diverse  effects de tec ted  concern different  levels  of 

organizat ion,  from the organismic  to the communi ty  level.  They  include,  for instance,  

modif icat ions in life cycle, physiology,  behaviour ,  popula t ion  dynamics,  or communi ty  
structure (see Rnivo, 1972). 

However ,  very lit t le a t tent ion has thus far b e e n  g iven  to those more  subt le  al tera-  

t ions which  may  occur at the l eve l  of the gene t ic  material .  The  scantiness of informat ion 

on the gene t ic  effects of pol lut ion is main ly  due to the fact that unti l  recent ly  even  the 

formal genet ics  of mar ine  organisms was little known.  In this respect,  the appl ica t ion of 

e lec t rophore t ic  t echn iques  has p roved  a most va luab le  tool for invest igat ions  on gene  

pools, and has made  it possible  to detect  and analyse changes,  inc lud ing  those e v o k e d  
by env i ronmenta l  pollut ion,  in the gene t ic  m a k e  up of mar ine  indiv iduals  and popula-  

tions. Such an approach  requires  (a) k n o w l e d g e  of the qual i ty  and quant i ty  of pol lutants  

in a de t e rmined  area, espec ia l ly  of mu tagen ic  agents,  and (b) thorough information on 
the ecology and l i fe-cycle  characteris t ics  of the species  concerned.  
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In the last few years, an extensive programme on monitoring pollution in the Lagoon 
of Venice has been  developed using the blue mussel h/Iytilus galloprovincialis as 
indicator. This active fil ter-feeder proved especial ly useful for monitoring hydrocarbon 
pollution (Fossato & Siviero, 1974}, and it appears  a promising tool for the evaluation of 
other pollufants. With this background information, our research aims at detecting 
possible genetic effects of pollutants, including their carcinogenic, mutagenic and/or 
selective action. 

The possible selective role of pollutants has also been invest igated experimentally,  
by utilizing laboratory populations of the marine copepod Tisbe holothuriae. For both 
species some electrophoretical ly-detected gene-enzyme systems have been  used as 
genetic markers. The first results were reported in a previous paper  (Battaglia et al., 
1979}. The present work provides addit ional  information on the subject and a set of new 
data useful for a better understanding of some of the former results. 

MATERIALS AND METHODS 

The blue mussel Mytilus galloprovincialis is an organism widespread in the 
Mediterranean.  Its biological cycle provides a good model  for the analysis of differential 
selection on populations inhabit ing a polluted environment of moderate extension such 
as the Lagoon of Venice. In fact, the extended larval dispersal stage (about three weeks 
in the related species M. edulis, according to Bayne, 1965) should permit the random 
mixing of genotypes, while the sedentary adult  stage should bear  the consequence of 
differential selection once settlement has occurred. Adult  mussel samples were obtained 
from a number of stations in the Lagoon, forming a transect from areas of low to very high 
pollution. 

Gene frequency analysis was carried out electrophoretically, with specific staining 
on a vertical slab of acrylamide gel for the products of seven enzyme loci, each of which 
was polymorphic with many alleles: aminopept idase (AP), leucine aminopept idase 
(LAP), phosphoglucomutase (PGM), phosphoglucose isomerase (PGI), isocitrate dehyd- 
rogenase (IDHs, soluble, and IDHm, mitochondrial form), 6-phosphogluconate dehyd- 
rogenase (6-PGD). These loci were chosen on the basis of the clear and easy resolution of 
the allelic variants; they represent most of the genetic variation detectable in Mytilus 
(Rodin6, 1973; Ahmad & Beardmore, 1976; Milkman & Koehn, 1977; Rodin6, unpub- 
lished). 

The experiments on laboratory populations were carried out using the harpacticoid 
copepod Tisbe holothuriae Humes, a species with a wide, almost cosmopolitan distribu- 
tion and great ecological versatility. 

An electrophoretic survey of 19 enzyme loci had revealed substantial  genetic 
variabil i ty in this species (Battaglia et al., 1978a, b, 1979) and provided indications of the 
selective nature of at least some enzyme polymorphisms. 

In order to see if, and to what extent, Tisbe populations can also be successfully 
uti l ized for experimental  studies of the genetic effects of pollutants in marine organisms, 
the following experiments were conducted. The first pollutant tesfed was crude oil. Sea- 
water suspensions of Kuwait oil and a solvent, Corexit 7664, were prepared and added, 
at various concentrations, to laboratory populations of Tisbe which were started with 
known initial  gene frequencies for the loci PGI and AP. The initial  hydrocarbon 
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concentrations were analysed by gas-chromatography and spectrofluorimetric methods, 
which allowed determination of the stability of the suspensions with time. The stability 
proved reasonable from the 3rd to the 15th day after preparation (Dalla Venezia & 
Fossato, 1977) at 34%o salinity and ambient temperature. 

The experimental and control (no oil present) populations were then sampled for 
electrophoretic analysis of gene frequencies every 30-40 days. Immediately after sampl- 
ing, the populations were transferred to new vessels in order to reestablish the initial 
concentrations of the pollutant. 

The experiment is still in progress. The data reported here cover a period of 300 
days, corresponding to ca. 15 generations. Supplementary information on the methods 
adopted will be given in the section "Results" (see also Bisol et al., 1976). 

~J  "Km ! 2 3 4 

Fig. i. Sampling stations (1979) of mussel populations in the l.agoon of Venice 
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RE SU LTS 

N a t u r a l  p o p u l a t i o n s  of  Mytilus galloprovinciafis 

P r e l i m i n a r y  r e s u l t s  o b t a i n e d  d u r i n g  s p r i n g  1978 ( B a t t a g l i a  e t  al., 1979) s u g g e s t e d  

t h a t  s o m e  s e l e c t i o n  w a s  a t  w o r k  o n  t h e  m u s s e l  p o p u l a t i o n  i n  t h e  L a g o o n  of V e n i c e .  

M u s s e l  s a m p l e s  ( e a c h  of ca. 100 adu l t s )  w e r e  t h e n  c o l l e c t e d  f r o m  s e v e n  s t a t i o n s  s i t u a t e d  

a l o n g  a g r a d i e n t  of p o l l u t i o n  l eve l s .  

T h e  a n a l y s i s  of t h e  s a m p l e s  s h o w e d  a c o m m o n  t r e n d  of a l l o z y m e  v a r i a t i o n  a l o n g  t h e  

g r a d i e n t :  i n  four  ou t  of t h e  s e v e n  loci  sco red ,  t h e r e  w a s  a s i g n i f i c a n t l y  h i g h e r  f r e q u e n c y  

of t h e  m o r e  c o m m o n  a l l e l e  i n  t h e  m o r e  p o l l u t e d  a r eas .  A d r o p  of t h e  a v e r a g e  h e t e r o z y -  

g o s i t i e s  c o r r e l a t e d  w i t h  t h e  h i g h e r  l e v e l  of p o l l u t i o n .  T h e  m u s s e l  s a m p l e s  f r o m  t h e  m o s t  

p o l l u t e d  a r e a s  s h o w e d  a d e v i a t i o n  f r o m  t h e  H a r d y - W e i n b e r g  e x p e c t a t i o n s ,  w i t h  a 

s i g n i f i c a n t  d e f i c i e n c y  of h e t e r o z y g o t e s .  

T h e  r e s u l t s  p r e s e n t e d  h e r e  w e r e  o b t a i n e d  f rom s a m p l e s  c o l l e c t e d  d u r i n g  s p r i n g  

1979. T h e  e x p e r i m e n t a l  p r o c e d u r e  for t h e  a n a l y s i s  of t h e  m u s s e l  p o p u l a t i o n  i n  t h e  

L a g o o n  of V e n i c e  w a s  s l i g h t l y  m o d i f i e d :  l a r g e r  s a m p l e s  (ca. 200  i n d i v i d u a l s )  of a d u l t  

m u s s e l s  w e r e  a n a l y s e d ,  a n d  t h e  n u m b e r  of s a m p l i n g  s t a t i o n s  w a s  r e d u c e d  to t h r e e .  

S t a t i o n  1 w a s  l o c a t e d  in  t h e  l ow  p o l l u t i o n  a r e a  a t  t h e  o p e n i n g  of t h e  l a g o o n  to t h e  

A d r i a t i c  Sea .  S t a t i o n s  2 a n d  3 w e r e  s i t u a t e d  n e a r  t h e  c i ty  b a s i n  a n d  d e e p  in  t h e  h e a v i l y  

p o l l u t e d  w a t e r s  off t h e  I n d u s t r i a l  Z o n e ,  r e s p e c t i v e l y  (Pig. 1). 

T h e  da t a ,  i n c l u d i n g  t h o s e  for  1978 for  c o m p a r i s o n ,  a r e  g i v e n  i n  T a b l e s  1 a n d  2. 

T a b l e  1 s h o w s  t h e  g e n e  f r e q u e n c i e s  of t h e  m o r e  c o m m o n  a l l e l e  for  e a c h  of t h e  s e v e n  

loci  s c o r e d  i n  t h e  s a m p l e s .  T h e  g e n e r a l  t r e n d  o b s e r v e d  i n  1978 s e e m s  to b e  c o n f i r m e d :  i n  

1979 s a m p l e s  t h e r e  is a l so  a h i g h e r  f r e q u e n c y  of t h e  m o r e  c o m m o n  a l l e l e  a t  s ix  ou t  of t h e  

s e v e n  loci .  H o w e v e r ,  t h e  f r e q u e n c y  v a r i a t i o n s  t e n d  to b e  l e s s  t h a n  t h o s e  of t h e  p r e v i o u s  

Table 1. Mytilus galloprovincialis. Frequencies  of the more common allele at 7 gene  loci in 
individuals  from the Lagoon of Venice in the years 1978 and  1979. Samples were obta ined  from 

areas wi th  different degrees  of pol lut ion 

Areas 1 2 3 P* * 
Degree of pollut ion Low High Very h igh  
Year 1978 1979 1978 1979 1978 1979 1978 1979 
Number  205 196 199 196 312 221 

Locus Allele * 

AP 4 .356 .334 .364 .349 .438 .385 P < .01 n.s. 
LAP 3 .461 .505 .480 .543 .528 .563 P < .05 n.s. 
6-PGD 3 .937 .916 .948 .936 .941 .966 n.s. P < .05 
IDH 5 .488 .487 .497 .538 .559 .548 P <  .05 n.s. 
IDH~ 2 .863 .915 .866 .875 .926 .910 P < .01 n.s. 
PGI m 4 .784 .781 .771 .806 .781 .857 n.s. P ~ .05 
PGM 4 .459 .521 .510 .526 .511 .569 n.s. n.s. 

* Alleles are numbered  1, 2, 3 . . .  on the basis  of their  relat ive anodic mobili ty 
* * The P values were computed according to a weigh ted  homogenei ty  Z 2 test  for allele 

frequencies  (Workman & Niswander,  1970) 
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Table 2. Observed frequencies of heterozygotes (Hobs) and deviations from H.-W. expectations (D) at 
7 polymorphic loci in M. galloprovincialis from the Lagoon of Venice in the years 1978 and 1979. 

Samples were obtained from areas with different degrees of pollution 

Areas 1 2 3 
Degree of 
pollution low high very high 
Year 1978 1979 1978 1979 1978 1979 
Number 205 196 199 196 312 221 

Locus Hob s D Hob s D Hob s D Hob s D Hob s D Hob s D 

AP .695 - .05 .729 --.01 .680 - .07  .740 +.04 .673 - .04 .678 - .07 
LAP .515 - .11 .667 +.16 .537 --.11 .505 - .12 .474 --.20 .492 - .12  
6-PGD .117 --.04 .167 +.07 .090 - .01 .103 --.16 .111 - .01 .058 - .10  
IDH s .585 --.02 .578 --.07 .567 +.01 .500 --.08 .542 --.03 .588 --.00 
IDH m .208 +.06 .170 +.10 .244 --.01 .208 - .08 .112 +.07 .179 +.09 
PGI .370 +.02 .375 +.01 .341 - .10  .302 - .07 .317 - .14 .238 - .08 
PGM .631 - .01 .708 +.14 .557 - .12 .698 +.11 .581 - .09  .556 --.07 

Averages .446 - .03 .485 +.05 .431 -.06* .445 - .02  .402 -.08"* .398 -.06* 

D =  (H o - H~)/H~; * P < . 0 5 ;  ** P < . 0 1  
Average D was computed on the total number of observed and expected heterozygotes 

year. For only two loci (6-PGD and PGI) are they  signif icant  at the 0.05 level ;  both the 

cont ingency  chi -square  test and the w e i g h t e d  homogene i ty  test of Workman & Niswan-  

der  (1970) were  used. Moreover ,  the variat ions are s ignif icant  for two of the three loci 

which  did not show important  f requency  changes  in the previous  year. 

Of the four loci exh ib i t ing  variat ions in 1978, three also show h igher  f requencies  of 

the more common al le le  in the more pol lu ted  area in 1979. For the PGM locus too the 

t rend is the same, and the var ia t ion becomes  s ignif icant  if data for both years are pooled.  

In Table  2, the def ic iency of he te rozygotes  is expressed  by the pa rame te r  

D = (Ho-HE) / H E, where  H o and H E represent  the respec t ive  numbers  of he terozygotes  

observed  and expec ted  under  the Hardy-Weinbe rg  law (Koehn et al., 1976; Skibinski  et 

al., 1978; Wilkins, 1978). Nega t i ve  va lues  of D indicate  a def ic iency of heterozygotes ,  

posi t ive values  an excess. 
The va lues  of H o and D for the three mussel  samples  undergo  a gradual  drop in both 

years, from the less to the more  pol lu ted  col lect ing site. Ave rage  heterozygosi t ies  (Hobs) 

decrease  and the def ic iency of he terozygotes  becomes  s ignif icant  in both years in the 
po l lu ted  areas. At tent ion  may  be  ca l led  to the fact that this t rend is not always ev iden t  if 

one considers s ingle  loci, but  it is clearly expressed  by the ave rage  values.  

E x p e r i m e n t a l  p o p u l a t i o n s  of T i s b e  h o l o t h u r i a e  

Previous research  carr ied out on 24 expe r imen ta l  populat ions  of the copepod T i s b e  

h o l o t h u r i a e  with  known  ini t ial  gene  f requenc ies  for the locus PGI-1 had  r evea l ed  the 
advan tage  of the a l le le  b, compared  with  a and c, under  a var ie ty  of env i ronmenta l  

conditions.  In particular,  b is favoured  by low salini t ies and temperatures .  Equi l ibr ia  are 
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r eached  in al l  cases  and the inferior  a l le les  can be  m a i n t a i n e d  in the  popu la t ion  even  at 
very  low frequencies .  This sugges t s  the  b a l a n c e d  na ture  of the  po lymorph i sm for the  
locus PGT-1. 

Severa l  expe r imen t a l  popu la t ions  and  a control  one were  then  started;  in the  former 
crude oil was  a d d e d  at a concent ra t ion  of 5 mg/1. In al l  popu la t ions  a s ignif icant  increase  
in  the  f requency  of the  a l le le  b was  observed.  However ,  about  three  months  after the  
b e g i n n i n g  of the  expe r imen t  (ca. 5 generat ions) ,  the  equ i l i b r ium f requencies  in the  
p o l l u t e d  a n d  in  the  control  cul tures  were  0.80 and  0.70, respect ive ly .  This resul t  
i nd i ca t ed  that  the  p resence  of the  po l lu tan t  migh t  to a cer ta in  extent  affect the  adap t ive  
va lue  of the  a l le le  b. 

To p rov ide  more  in format ion  on the subject ,  such as the  poss ib le  th reshold  effects of 
the  pol lu tant ,  a n e w  expe r imen t  was  set up  by  emp loy ing  h ighe r  concentra t ions  of oil 
and  cons ider ing  other  loci. The first ava i l ab le  homozygous  strains,  cu l t iva ted  in the  
laboratory,  were  the  fo l lowing  two: PGI-1 b, AP-1 a and  PGI-1 a, A P - l b ;  PGI-1 and  AP-1 
seg rega t e  i ndependen t ly .  Each popu la t ion  was  s tar ted  wi th  100 females ,  50 from each  of 
the  two homozygous  strains.  The  oil  concentra t ions  in the  e xpe r ime n t a l  popu la t ions  
were  5, 10, and  18 rag/l ,  o ther  env i ronmen ta l  factors b e i n g  equal .  

The expe r imen t  is stil l  in proqress .  So far seven  samples  have  b e e n  taken,  each  
consis t ing  of 100 adul t s  of both  sexes which  were  ind iv idua l ly  ana lysed  by  e lec-  
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Pig. 2. Changes of gene frequencies in experimental  and control populaUons of Tisbe holothuriae, 
for the loci PGI-1 and AP-1. Further explanations in the text 
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t rophores is  at bo th  loci. It should  be  po in t ed  out  that  the  samples  d id  not  subtract  more  
than  a smal l  fract ion of ind iv idua l s  from the popu la t ions  which  were  af te rwards  
t ransfer red  into n e w  vessels .  The resul ts  are r epor ted  g raph ica l ly  in F igure  2. 

Let us  cons ider  first the  fate of the  a l le le  PGI-b. In the  e xpe r ime n t a l  popula t ions ,  as 
we l l  as in the  control, its f r equency  unde rgoes  a r ap id  and  s ignif icant  inc rease  unt i l  
equ i l ib r i a  s eem to be  a t ta ined,  which  occurs after about  six genera t ions .  The  va lues  of b 
are h ighe r  in the  p resence  of the  pol lu tant ,  but  the  difference tends  to become  smal le r  in 
the more  recent  samples .  This is e spec ia l ly  due  to a drop in the f requency  of b in the  
popu la t ion  wi th  the  h ighes t  concent ra t ion  of c rude  oil. 

In any  case, the  a l l e l e  PGI-b exhibi ts  different  b e h a v i o u r  in the  po l lu t ed  popu la t ions  
c o m p a r e d  wi th  the  con t ro l  b e i n g  s igni f icant ly  more  favoured  in  the  former, at  leas t  in 
the first half  of the  exper iment .  

The behav iou r  of the  a l le le  AP-a  is qui te  s imi lar  to that  of PGI-b .  However ,  the  
di f ferences  b e t w e e n  the  control  and  the po l lu t ed  popu la t ions  are  less s ignif icant ,  
pe rhaps  due  to more  i r regu la r  b e h a v i o u r  of this a l le le ,  e spec ia l ly  from the 5th gene ra t i on  
onwards .  

DISCUSSION AND CONCLUSIONS 

Analys i s  of popu la t ions  of the musse l  Mytilus galloprovincialis for a pe r iod  of two 
years  in  the  Lagoon of Venice  shows that  at  leas t  some of the po lymorph ic  loci de t ec t ed  
in this  spec ies  unde rgo  s igni f icant  changes  in  gene  f requenc ies  which  can  b e  re ta ted  to 
the  deg ree  of po l lu t ion  in  the  s ampl ing  areas.  Moreover ,  lower  ave rage  he te rozygos i t i es  
and  l a rge r  def ic ienc ies  of he te rozygotes  were  obse rved  in the  most po l lu t ed  areas.  

S imi la r  resul ts  were  ob t a ined  by  Nevo et al. (1978) on the in te r t ida l  ba rnac le  
Balanus amphitrite. In this  spec ies  the a l le l ic  f requencies  at 10 of the  15 scored loci 
showed  s igni f icant  and  consis tent  var ia t ions  in  consecut ive  years ,  in th ree  local i t ies  of 
the bay  of Hai fa  differ ing in po l lu t ion  level .  Besides,  9 loci out  of 15 exh ib i t ed  s igni f icant  
he te rozygo te  def ic iency,  pa r t i cu la r ly  at  the  most po l lu t ed  site. 

These  authors  expres sed  the hypothes is ,  wh ich  may  also be  a p p l i e d  to Mytilus, that  
na tu ra l  se lec t ion  is l ike ly  to favour specif ic  a l l e les  at each  site, and  that  in ba rnac l e s  
different  a l lozymic  var iants  funct ion op t imal ly  in different  po l lu t ed  envi ronments .  It 
must  be  po in t ed  out, however ,  that  the  var ia t ions  in  a l l e l e  f requencies  de sc r ibed  by  
Nevo  et  al. (1978) are  much  l a rge r  in  abso lu te  va lue  than  those  obse rved  in  the  Ven ice  
mussels .  This m a y  pe rhaps  be  r e l a t ed  to poss ib le  d i f ferences  in t h e  b io logy  ( inc luding  
reproduc t ive  behav iou r  and  d i spe rsa l  capab i l i t i e s  of larval  stages) of the  two organisms.  

He te rozygo te  def ic iencies  at dif ferent  loci were  r epor t ed  in severa l  p rev ious  s tudies  
on r e l a t ed  musse l  species .  However ,  most  of the  hypo theses  wh ich  have  b e e n  fo rmula ted  
to exp la in  these  observat ions  ( inbreeding ,  W a h l u n d  effect, or p resence  of nul l  a l le les)  do 
not  app ly  to our case. 

A l though  it m a y  be  too ear ly  to d raw final  conclus ions  about  the  gene t i c  effects of 
po l lu t ion  on Mytilus, the  above  resul ts  s eem to ind ica te  that  the  musse l  popu la t i on  in the  
most  po l lu t ed  a rea  is unde r  a s t rong se lec t ive  effect, wi th  a we l l  de f ined  trend.  

The resul ts  of the  expe r imen t s  on l abora to ry  popu la t ions  of Tisbe confirm first of al l  
the  s t rong se lec t ive  va lue  of the  locus PGI (or of o ther  genes  c losely  l i n k e d  wi th  it). The  
fact that  equ i l ib r i a  are  r e a c h e d  and  m a i n t a i n e d  for severa l  genera t ions ,  which  was  also 
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observed in  previous exper iments  (Battaglia et al., 1978b, 1979), provides further 
ev idence  of the ba l anced  na ture  of this polymorphism. 

The presence  of oil in  the water  seems to affect the adapt ive  va lue  of the al lele PGI- 
b. This effect is not necessar i ly  a specific one since, as a l ready ment ioned,  other 
env i ronmenta l  condit ions lead to similar  results. It could be argued that the presence  of 
the pol lutant  creates, as with low temperatures  and  salinities,  an  unfavourable  environ-  

men t  where  the allele(s), which are more "genera l i s t ' ,  are at a premium. 
Al though at the locus AP behaviour  is s imilar  to that of PGI in  laboratory popula-  

tions, different mechanisms  may operate. In fact, (1) no other data are avai lable  indicat-  
ing the selective advantage  of the al lele AP-a; (2) in  the strain employed for starting the 
laboratory popula t ions  AP-a was together  with PGI-b the superior al lele at that locus. 
Therefore, consider ing the way the popula t ions  were set up, it cannot  be  excluded that 
the advantage  of AP-a is only apparent ,  largely depend ing  on the h igher  fitness of PGI-b, 
with which the former remains  in  association for some time. Pre l iminary data suggest  
that the homozygotes for the al lele PGI-b develop faster than  homozygotes for other 
alleles, which might  account for the h igher  frequency, at least dur ing  the ini t ial  

generat ions,  of indiv iduals  PGI-b, AP-a. 
An  in terpre ta t ion of the pecul iar  behaviour  of the alleles PGI-b and  AP-a in  the most 

pol lu ted  populat ions  would  be  premature.  Further exper iments  are requi red  to clarify 

this point. 
The observat ions and  exper iments  descr ibed in the present  paper  represent  an 

ini t ial  a t tempt to show the possible selective action of certain pol lutants  in  the mar ine  
habitat,  and  to make  clear the mechanisms  involved. The organisms employed,  particu- 
larly Tisbe ,  seem to be promis ing mater ia l  for an  exper imenta l  approach to the problem 

of the genet ic  effects of pol lu t ion in  the sea. 
One  suggest ive feature of the data on mussel  populat ions is the decrease of 

heterozygosity in  pol lu ted  areas. It would  be of interest  both from the theoretical  and  
from the practical point  of v iew to extend these observations to other mar ine  organisms 
suffering stress from pol lut ion or other env i ronmenta l  factors. These findings,  if con- 
firmed by further research, might  also have some predict ive value in  moni tor ing  

pollution in the marine habitat. 
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