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by the ovoviviparous Littorina saxati l is  (Olivi) 
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ABSTRACT: The intertidal periwinkle Littorina saxatilis completely lacks larval dispersal and  
adult vagility is low. Although this suggests a low dispersal rate, L. saxatilis is frequently found in 
recently es tabl ished habitats  "exotic" to the Wadden Sea. Populations occur on man-made  struc- 
tures like dikes, breakwaters  and groynes, some of which are not older than several years. Fur- 
thermore, L. saxatilis is found on marsh grass Spartina anglica, introduced to the Wadden  Sea in 
the 1920s and  1930s, as well as on mats of green  macroalgae, which have become an abundan t  
feature on the tidal flats since the late 1970s. Seagrass  beds are likely to be the original habitat  of 
L. saxatilis in the Wadden Sea. Since seagrass populations have dramatically declined over the last 
decades,  colonization of new habi tat  types enabled  L. saxatilis to m a i n t a i n  its Wadden Sea popu- 
lations despite a changing environment.  Colonizers can reach new habitats  by means  of passive 
transport, especially by rafting on macrophytes and  by aerial dispersal a t tached to birds. In the  
Wadden Sea, the ovovivlparously reproducing L. saxatilis has demonstra ted its ability to success- 
fully found new populations with only a few individuals. No reduction of genet ic  variablility 
(founder effect) was observed in recently es tabl ished populations. 

I N T R O D U C T I O N  

Li t tor ina  saxa t i l i s  (Olivi) is a c o m m o n  m e m b e r  of rocky  s h o r e  m a c r o f a u n a s .  It is 

w i d e l y  d i s t r i b u t e d  a l o n g  A t l a n t i c  coas t s  a n d  occu r s  in t h e  u p p e r  i n t e r t i d a l  z o n e  a n d  in 

t he  l i t tora l  f r i n g e  of b o t h  s h e l t e r e d  a n d  e x p o s e d  rocky  s h o r e s  (F re t t e r  & G r a h a m ,  1980). 

T h o u g h  b e i n g  a h a r d  b o t t o m  dwel le r ,  L. saxa t i l i s  is a lso  f o u n d  in t h e  W a d d e n  Sea ,  a 

s h a l l o w  t ida l  a r e a  a l o n g  t h e  Dutch ,  G e r m a n  a n d  D a n i s h  N o r t h  Sea  coas t ,  d o m i n a t e d  by  

soft  s e d i m e n t s .  In t he  W a d d e n  Sea  L. suxa t i l i s  is r e s t r i c t e d  to p a t c h e s  of f i rm s u b s t r a t a ,  

i.e. m a n - m a d e  s t ruc tu re s ,  a n d  m a c r o p h y t e s  w h i c h  occu r  s c a t t e r e d  in u n s t a b l e  s e d i m e n t  

flats. M a n y  of t h e s e  h a b i t a t s  first  a p p e a r e d  d u r i n g  t h e  t w e n t i e t h  cen tu ry .  

E g g s  a n d  e m b r y o s  of L. saxa t i l i s  d e v e l o p  in a b r o o d  p o u c h  of t h e  f e m a l e  a n d  a re  re-  

l e a s e d  as  s h e l l e d ,  b e n t h i c  j u v e n i l e s .  A d u l t  vag i l i t y  is in  t h e  r a n g e  of a f e w  m e t e r s  p e r  

3 m o n t h s  ( J a n s o n ,  1983). A l t h o u g h  th is  v e r y  l i m i t ed  c a p a c i t y  of a c t i v e  d i s p e r s a l  sug -  

ges t s  t h a t  L. suxat i l i s  is a p o o r  d i spe r se r ,  o c c a s i o n a l l y  l o n g - d i s t a n c e  m i g r a t i o n  t a k e s  

p l a c e  ( J o h a n n e s s o n ,  1988). L. saxat i l i s  w a s  f o u n d  to s u c c e s s f u l l y  i n v a d e  n e w  t e r r i t o r i e s  

(Kn igh t  e t  al., 1987) a n d  co lon i ze  n e w  h a b i t a t s  ( J o h a n n e s s o n  & W a r m o e s ,  1990; J o h a n -  

n e s s o n  & J o h a n n e s s o n ,  1995). Pas s ive  t r a n s p o r t  w a s  s u g g e s t e d  to b e  a n  e f f e c t i v e  dis-  

p e r s a l  m e c h a n i s m  for th i s  o v o v i v i p a r o u s  spec i e s ,  w i t h  a sma l l  f o u n d e r  g r o u p  b e i n g  suf-  

f i c ien t  to e s t a b l i s h  a n e w  p o p u l a t i o n  ( J a n s o n ,  1987). 
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Fig. 1. Study sites along the shores of the southern North Sea and the western Baltic. K6nigshafen, 
Morsum and Rantum belong to the island of Sylt 

Mayr's (1963) "founder principle" predicts reduced genet ic  variation and  increased 
homozygosity in a populat ion founded by a small n u m b e r  of individuals.  Founder  
effects have been  described for two introduced South African populations of L. saxa-  

tills (Knight et al., 1987), but not for newly established L. saxat i l i s  populat ions of the 
Belgian coast (Johannesson & Warmoes, 1990) and the Swedish West coast (Janson, 
1987). 

This article focuses on the natural  and  anthropogenical ly  induced changes  of Wad- 
den  Sea habitats relevant  to L. saxat i l is .  Present-day habitats  of L. saxa t i l i s  in  the Wad- 
den  Sea are described and  colonization of new habitats by this ovoviviparous species 
with limited dispersal capacity is discussed. Data of genet ic  variability wi th in  popula-  
tions of L. saxa t i l i s  are compared for the occurrence of founder  effects in recently es- 
tabl ished Wadden  Sea populations.  A detai led description of populat ion genet ics  is 
g iven elsewhere (Wilhelmsen, 1998). Furthermore,  habitat  spectrum and  colonization 
potential  of the ovoviviparous L. saxa t i l i s  are compared with other Wadden  Sea lit- 

torinids, i.e. the oviparous Li t tor ina  faba l i s  Turton (= L. m a r i a e  Sacchi & Rastelli; for 
synonomy see Reid, 1996) and Li t tor ina  l i t torea  (L.) with planktonic  eggs a nd  larvae. 

Species with planktonic  larvae are assumed to be more superior colonizers than 
species with non-p lank ton ic  larvae when  sessile or less mobile adults occupy tempo- 
rally unpredic table  habitats (Gadgil, 1971). This study gives an example of a species 
that, despite of its non-p lanktonic  deve lopment  and very restricted capacity of active 
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dispersal, has colonized recently establ ished "exotic" Wadden Sea habitats and  has 
persisted under  dynamic  and changing  habitat  conditions. 

MATERIALS AND METHODS 

A total of 26 populat ions of L. saxatilis was sampled, 15 from the Wadden  Sea, 6 
from the rocky island Helgoland and 5 from the western  Baltic (Fig. 1). A mi n i mum of 
50 specimens per populat ion were collected by hand,  transported alive to the laboratory 
and  stored at -70 ~ until  electrophoresis. I9 enzyme loci were screened in samples of 
30 or more individuals  per population, applying standard methods of starch gel electro- 
phoresis (Harris & Hopkinson, 1976; Richardson et al., 1986). Stains were prepared for 
aconitase, a rginine  kinase, aspartate aminotransferase,  cytosol aminopept idase,  ester- 
ase, glucose-6-phosphate isomerase, malate dehydrogenase,  mannose-6-phospha te  iso- 
merase, peptidase, phosphoglucomutase ,  and pur ine-nucleoside  phosphorylase. A de- 
tailed description of methods is given in Wilhelmsen (1998). Data analysis was per- 
formed using the BIOSYS-1.7 software package  (Swofford & Selander, 1981). 

In the northern part of the Wadden  Sea, near  the island of Sylt, the occurrence of 
L. saxatilis and  other littorinids was recorded in different types of habitats and  densit ies 

of snails were de termined for areas of 1 m ~. 

RESULTS 

H a b i t a t s  of L. saxat i l i s  in the  W a d d e n  Sea  

The Wadden  Sea coast has no natural  rocky intertidal sites and rocky shore species 
are restricted to patches of suitable firm substrata. L. saxatilis occurs on m a n - m a d e  

structures and on several macrophytes.  
Habitat  changes  relevant  to L. sa• on the tidal flats of K~Snigshafen are shown 

in Fig. 2. Seventy years ago L. saxatilis was only present  in the extensive seagrass beds 
in K6nigshafen (Wohlenberg, 1937), which were mapped  by Nienburg  (1927). During 
the following decades, the extent of seagrass beds decl ined but new habitats  appeared.  
Nowadays,  populat ions of L. saxatilis are frequently found on a dike buil t  in 1938, on 
patches of the introduced marsh grass Spartina anglica and on dense  mats of green 
macroalgae (Enteromorpha spp.) which first appeared in 1979 on the tidal fiats of 

K6nigshafen (Reise, 1983). 

H a b i t a t  s p e c t r a  of Lit torina spp.  

In Table 1 habitat  spectra of L. saxatilis and  the two other littorinids occurring in the 
North Frisian Wadden  Sea are compared.  The planktonic developer L. littorea also col- 
onized new Wadden  Sea habitats (artificial rock and algal mats), so that populat ions of 
L. littorea and L. saxatilis occurred sympatrically, but  it was not found on the introduced 
marsh grass S. anglica. The flat per iwinkle  L. fabalis was restricted to Fucus sp. forma 
mytili growing on intertidal mussel  beds in the Wadden  Sea. 

Especially L. littorea is able to colonize a variety of hard- and soft-bottom habitats 
in the Wadden  Sea, reaching part icularly high abundances  (several hundreds  per 
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Fig. 2. Habitat changes relevant to L. saxatilis on tidal flats of K6nigshafen at the northern tip of the 
island of Sylt. 1924: modified from Nienburg (1927); 1995: this study 

square meter) on hard substrata (artificial rocks and  mussel  beds) whereas  densit ies of 
both L. saxatil is and  L. fabalis in their Wadden  Sea habitats  are in the range  of several 

tens per square meter. 

G e n e t i c  v a r i a b i l i t y  w i t h i n  p o p u l a t i o n s  of L. s a x a t i l i s  

The genet ic  variabili ty within populat ions of L. saxatil is is summarized  in Table 2 

[allele f requencies  are given in Wilhelmsen (1998)]. None of the three parameters  of ge- 
netic variability within populations [mean n u m b e r  of alleles per locus (A), pe rcen tage  of 
polymorphic loci (P95), expected heterozygosity (HL) 1 indicates a reduced variabili ty of 
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Table 1 Populat ion densit ies of Li t tor ina  spp. in Wadden  Sea habitats,  indicated as - (absent), 
+ / -  (less than 5 individuals m-~), + (10-100 individuals m2), ++ (100-1000 individuals m -2) 

Habi ta ts  in the Wadden Sea L. s a x a t i l i s  L. l i t torea  L. f a b a l i s  

Seagrass  beds  + + - 
Artificial rock" + ++ - 
Green  algal mats* + + - 
S p a r t i n a  a n g l i c a  * + - - 

Bare sed imen t  - + / -  - 
Mussel  beds  - ++ - 
Mussel  beds  with fucoid cover - ++ + 

�9 new Wadden  Sea habitats 

Table 2. Summary  statistics of genet ic  variability in 26 popula t ions  of L. saxa t i l i s  for 19 loci. A = 
mean  n u m b e r  of alleles per  locus; P~,~ = pe rcen tage  of loci polymorphic  (a locus is cons idered  poly- 
morphic  if the f requency of the most common allele does  not exceed 0.95); H,.~, = ave rage  hetero- 

zygosity per locus per populat ion (Hardy-Weinberg  expected) 

Populat ion (location see Fig. 1) Habitat  A P,,s H~• 

Wadden Sea 1, Eckwarderhorne  Dike" 2.l 52.6 0.193 
Wadden Sea 2, Eckwarderh6rne  Dike* 2.0 52.6 0.185 
Wadden  Sea 3, Neuhar l inger  Siel Dike" 2.1 52.6 0.255 
Wadden  Sea 4, Afsluitdijk Dike 2.0 47.4 0.245 
Wadden  Sea 5, K6nigshafen Dike 2.3 57.9 0.216 
Wadden  Sea 6, K6nigshafen Dike 1.9 47.4 0.194 
Wadden Sea 7, K6nigshafen Green  algal mats  21 47.4 0.208 
Wadden  Sea 8, K6nigshafen Green  algal mats  2.1 52.6 0.206 
Wadden  Sea 9, Morsum Groyne  2.1 47.4 0.197 
Wadden  Sea 10, Morsum Groyne  2.I 57.9 0.201 
Wadden  Sea 11, Morsum S p a r t i n a  1.9 52.6 0.204 
Wadden Sea 12, Morsum S p a r t i n a  2.1 57.9 0.212 
Wadden  Sea 13, Rantum S p a r t i n u  2.1 57.9 0.209 
Wadden  Sea 14, SchobLill S p a r t i n a  2.1 57.9 0.224 
Wadden  Sea 15, Schliittsiel Groyne  2.2 57.9 0.206 
Helgoland  1 Rocky shore  2.1 52.6 0.214 
Helgotand  2 Rocky shore  1.9 57.9 0.224 
Helgoland 3 Rocky shore  1.9 52.6 0.223 
Helgoland 4 Rocky shore  1.8 52.6 0.222 
Helgoland  5 Tetrapods  1.9 57.9 0.232 
Helgoland 6 Tetrapods  1.9 52.6 0.224 
Baltic Sea 1, M61tenort Boulder shore  2.3 52.6 0.234 
Baltic Sea 2, Laboe Boulder shore  2.0 52.6 0.224 
Baltic Sea 3, Laboe Boulder shore  1.9 57.9 0,231 
Baltic Sea 4, Laboe Boulder shore  1.9 52.6 0.235 
Baltic Sea 5, Maashotm F u c u s  v e s i c u l o s u s  2.3 52.6 0.215 

�9 dike completely r enewed  in the 1990ies 
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recently founded populations as predicted by the "founder principle". Newly estab- 
lished populat ions of L. saxatilis occurring on very recent (after 1990) dikes show both 

low (Eckwarderh6rne) and  surprisingly high (Neuharl inger  Siel) levels of heterozygos- 
ity (HL). Thus, in these new populat ions no founder  effects are observed a few years af- 

ter colonization of the dikes took place. 
Although there is an extensive overlap in the range  of H L, the Wadden  Sea popula-  

tions of L. saxatilis tend to be somewhat  less variable (mean H L = 0.210, range  = 
0.185-0.255) than populat ions from the rocky island of Helgoland (mean H L -- 0.223, 
range  = 0.214-0.232) and  from the western Baltic Sea (mean H L -- 0.228, range = 
0.215-0.235). Whereas many Wadden Sea habitats  of L. saxatilis appeared  dur ing  re- 
cent years or decades, the rocky intertidal of Helgoland and the boulder  shores of the 
western Baltic are much older. 

DISCUSSION 

Eco log ica l  h i s to ry  of h a b i t a t s  

Similar habitat  changes  as documented  for the tidal flats of K6nigshafen also took 
place in other parts of the Wadden  Sea: 

"Artificial rocks" have appeared all along the coasts of the North Sea. Although 
people started bui lding dikes in the Wadden  Sea area about  1000 years ago (Bantel- 
mann,  1966; Wolff, 1992a), the modern  coastal architecture with large sea dikes, cause- 
ways, harbors, breakwaters  and groynes along the entire coastline was establ ished dur- 
ing the last century. "Artificial rocks" provide suitable habitats for many rocky shore 
species, of which L. saxatilis is a common representat ive (Michaelis, 1987; Johannesson  
& Warmoes, 1990; de Boer & de Bruyne, 1991, this study). 

The marsh grass Spartina anglica was introduced to the Wadden Sea area in the 
1920s and 1930s for the purpose of land reclamation (K6nig, 1949; Pedersen, 1983) and 
is now widely distributed, especially along the ma in land  coast (Dijkema, 1983). 
Whereas  L. saxatilis frequently occurs on Spartina stands, it is not found on saltwort 
(Salicornia europaea, personal  observations), which is the original macrophyte  in the 
transi t ion zone be tween  tidal flats and lower saltmarsh. Also, Wohlenberg  (1937) and 
Linke (1939) documented  the frequent  occurrence of L. saxatilis in seagrass beds, but 
not on Salicornia stands. Therefore it seems likely that L. saxatilis was not a b u n d a n t  in 
the lower saltmarsh before Spartina anglica was introduced into the Wadden  Sea. 

Dense mats of green macroalgae have appeared  since the 1970s on the tidal flats 
(Reise, 1983; Reise et al., 1989) and general ly  develop through the excessive growth of 
several  green alga species. In the German  Wadden  Sea these mats are mostly formed 
by the genus Enteromorpha (Reise & Siebert, 1994; Kolbe et al., 1995), whereas  in the 
Dutch part of the Wadden  Sea UIva species predominate  (de Jonge et al., 1993). Sea- 
grass beds in the upper  intertidal are f requent ly  overgrown by green macroalgae (Bock 

& Brodowski, 1993). 
Seagrass beds (Zostera marina and  Z. noltii) are assumed to be the original Wadden 

Sea habitats of L. saxatilis. This species was (Wohlenberg, 1937; Linke, 1939) and  still is 
(Reise, 1985; Hellwig-Armonies,  1988) a common inhabi tan t  of the seagrass community. 
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During the twentieth century seagrass beds have dramatically decl ined in several re- 
gions of the Wadden  Sea (Michaelis, 1987; Philippart et al., 1992; Reise, 1994). They are 
now listed as "heavily endangered  biotopes" in the current  Red List of the Wadden  Sea 
area (Ssymank & Dankers,  1996). Despite this loss of habitat  i .  saxatilis has been  able 
to mainta in  its Wadden  Sea populations by successfully colonizing new habitat  types 
(artificial rock, Spartina anglica, green algae mats). In contrast, some other gastropods 
(Rissoa membranacea,  Lacuna vincta, Nassarius reticulatus) seem to have disappeared 
together with the seagrass (Wolff, 1992b; Reise, 1994). 

C o l o n i z a t i o n  of h a b i t a t s  

The ovoviviparous L. saxatilis has a very limited capacity of active dispersal, but 
passive transport can be important  (Janson, 1987; Johannesson,  1988; Johannesson  & 
Warmoes, 1990). Especially in the Wadden Sea, passive transport seems likely, because 
macrophytes represent  strongly utilized habitat structures for L. saxatilis, whereas  the 
rocky shore populat ions live on stable and pe rmanen t  hard subtrata. Seagrass, green 
algae and Spartina undergo seasonal declines. Mats of green algae are dispersed by 
strong storms (Reise, 1983) and seagrass loses its leaves in autumn.  Therefore, rafting 
on plant  material  can be an important  mechanism for dispersal of L. saxatilis in the 
Wadden Sea. Furthermore, ducks and geese (Anas penelope, Branta bernicla) use green 
algal mats (Nicholls et al., 1981) as well as seagrass (Madsen, 1988) as food sources and 
consume considerable  amounts  of seagrass biomass (Asmus et al., 1998). Therefore, 
aerial dispersal at tached to birds (Malone, 1965) can be another  effective way of trans- 
port. 

Single drifting individuals of L. saxatilis can successfully found a new populat ion 
because of their reproductive pattern: a founder group of the ovoviviparous L. saxatilis 

may consist of only one fertilized female, which is able to store sperm and  give birth to 
offspring over a period of more than 1 year in the absence  of males (Janson, 1987). An- 
nual  reproductive capacity is be tween  50 and 500 juveniles  per female, de pe nd i ng  on 
female size (Roberts & Hughes,  1980) with reproduction occurring more or less contin- 
ually throughout  the year (Ross & Berry, 1991) and juveni les  settling in the direct vicin- 
ity of the mother. 

A small group of L. saxatilis populat ing a formerly non-ut i l ized habitat  can increase 
rapidly in populat ion size (Johannesson & Johannesson,  1995). Rapid populat ion growth 
following a bot t leneck of reduced populat ion density can largely prevent  a drop in the 
heterozygosity of a populat ion (Chakraborty & Nei, 1977). As argued by Janson  (1987) 
this may be one reason for the absence  of founder  effects in newly es tabl ished popula-  
tions of L. saxatilis. It may explain the lack of correlation be tween  heterozygosity of 
Wadden Sea populat ions and  habitat  age (see Table 2). Populat ion densit ies of L. sax- 

atilis on the new dikes (Eckwarderh6rne, Neuharlingersiel)  were in the same order of 
magni tude  (several tens per square meter) as in other Wadden  Sea sites (personal ob- 
servations) indicat ing that populat ion density had already been  restored after the bot- 
tleneck. Compar ing  L. saxatilis populations from Belgian breakwaters,  Johannesson  & 
Warmoes (1990) also found no correlation be tween  heterozygosity and  habi ta t  age. 
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P o p u l a t i o n  d y n a m i c s  

The colonization potential  of L. saxatilis is suggested to be a key factor for its per- 
sistence unde r  the dynamic  and changing  habitat  conditions in the Wadden  Sea. Local 

populat ions may become extinct if patches of green algae, seagrass and  Spartina de- 
cline seasonally or if anthropogenic  structures such as dikes, groynes and  breakwaters  
are renewed.  However, local extinction can be counterbalanced by the foundat ion of 
new populations.  Only small founder  groups (e.g. single drifting individuals) are neces- 
sary in this process and rafting on plant  material  as well as aerial dispersal of individu- 
als is likely to occur in the Wadden  Sea. From a metapopulat ion perspective (Levins, 
1970; Hanski  & Gilpin, 1991), the turnover of local populations, l iving in discrete habi- 

tat patches, is high, but the metapopulat ion,  a system of local populat ions connected  by 
dispersing individuals,  can persist despite the changing and dynamic habitat  conditions 
of the Wadden  Sea (Fig. 3). In contrast, on rocky shores metapopula t ion dynamics  are 
less likely to occur, because  L. saxatilis lives on stable and uniformly sui table hard sub- 

strata. 

C o l o n i z a t i o n  p o t e n t i a l  of the  t h r e e  s p e c i e s  

Whereas the ovoviviparous L. saxatilis apparent ly  is a good colonizer and copes 
with habitat  changes  in the Wadden  Sea, the oviparous fiat per iwinkle L. fabalis seems 
to be far less successful. Being closely l inked with its fucoid host algae (Williams, 1996), 
L. fabalis has failed to colonize the new Wadden  Sea habitats (a possible exception are 
large sea dikes with fucoid cover). [t is threa tened by habitat  loss due to the decl ine of 
mussel  beds and  the associated Fucus sp. forma mytili in several parts of the Wadden  

Sea (Obert & Michaelis, 199l; de Jonge et al., 1993). Colonization potential  of the 
oviparous L. fabalis is suggested to be lower than that of the ovoviviparous L. saxatilis 

because egg masses embedded  in jelly are less tolerant to desiccation, high tempera-  
tures and salinity stress than brooded embryos (Hughes, 1995) and suffer high mortal- 
ity from predat ion (Gallardo & GStting, 1985). Therefore rafting egg masses are less 

Fig. 3. Metapopulation dynamics suggested for L. saxatilis in the Wadden Sea. Local populations 
(crosses) occur in different types of discrete, ephemeral habitat patches (as indicated by various 
symbols). Local populations are connected by single drifting individuals which also colonize empty 

habitats 
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l ike ly  to s u r v i v e  a n d  f o u n d  a n e w  p o p u l a t i o n  t h a n  a s h e l l e d  a d u l t  f e m a l e  w i t h  e m b r y o s  

in  a b r o o d  p o u c h .  F u r t h e r m o r e ,  L. faba l i s  h a s  a s e a s o n a l  r e p r o d u c t i o n  p a t t e r n  (Wil l iams,  

1996), w h e r e a s  L. saxat i l i s  r e p r o d u c e s  c o n t i n u a l l y  t h r o u g h o u t t h e  y e a r  (Ross & Berry, 

1991). 

T h e  p l a n k t o n i c  d e v e l o p e r  L. l i t torea is a g o o d  d i s p e r s e r  a n d  a n e w  p o p u l a t i o n  c a n  

a r i se  if a l a r g e  n u m b e r  of l a r v a e  or a d u l t s  r e a c h  t he  s a m e  s i te  ( J o h a n n e s s o n ,  1988). In 

t he  W a d d e n  Sea  th is  is v e r y  likely, b e c a u s e  d i f f e r e n t  t ypes  of n e w  a n d  o r i g i n a l  W a d d e n  

S e a  h a b i t a t s  a re  p o p u l a t e d  (see  T a b l e  1) a n d  p o p u l a t i o n  d e n s i t i e s  c a n  b e  v e r y  h igh ,  es-  

pec i a l l y  on  ar t i f ic ia l  r ocks  a n d  m u s s e l  b e d s  ( A l b r e c h t  & Reise,  1994; W i l h e l m s e n  & 

Reise,  1994). B e c a u s e  t he  v a r i o u s  a l r e a d y  p o p u l a t e d  h a b i t a t s  c a n  f u n c t i o n  as  sources ,  

c o l o n i z a t i o n  p o t e n t i a l  of L. l i t torea is a s s u m e d  to b e  h i g h  in t he  W a d d e n  Sea ,  e n a b l i n g  

th is  s p e c i e s  to pe r s i s t  u n d e r  t he  d y n a m i c  a n d  c h a n g i n g  h a b i t a t  cond i t i ons .  

C O N C L U S I O N S  

T h e  o v o v i v i p a r o u s  L. saxat i l i s  h a s  s u c c e s s f u l l y  c o l o n i z e d  n e w  h a b i t a t s  in  t h e  W a d -  

d e n  Sea .  C o l o n i z e r s  c a n  b e  t r a n s p o r t e d  by  r a t t i n g  on  m a c r o p h y t e s  a n d  by  a e r i a l  d i spe r -  

sal  a t t a c h e d  to b i rds .  F e w  i n d i v i d u a l s  c a n  f o u n d  a n e w  p o p u l a t i o n ,  w h i c h  c a n  e x p a n d  

rapidly .  No f o u n d e r  e f fec ts  ( r e d u c e d  g e n e t i c  va r i ab i l i ty )  w e r e  o b s e r v e d  in  r e c e n t l y  es-  

t a b l i s h e d  p o p u l a t i o n s .  T h e  c o l o n i z a t i o n  p o t e n t i a l  of L. saxa t i l i s  plays  a n  i m p o r t a n t  ro le  

in m a i n t a i n i n g  its W a d d e n  Sea  p o p u l a t i o n s  u n d e r  t he  c h a n g i n g  a n d  d y n a m i c  h a b i t a t  

cond i t i ons .  In con t ras t ,  r ocky  s h o r e  h a b i t a t s  of L. saxa t i l i s  a re  c o m p a r a t i v e l y  s t a b l e  a n d  

local  p o p u l a t i o n s  a re  m o r e  p e r m a n e n t .  L. l i t torea as a s p e c i e s  wi th  p l a n k t o n i c  d e v e l o p -  

m e n t  a lso  c o l o n i z e d  n e w  W a d d e n  Sea  h a b i t a t s ,  r e a c h i n g  h i g h  d e n s i t i e s  o n  ar t i f ic ia l  

rocks,  w h e r e a s  t he  o v i p a r o u s  L. faba l i s  w a s  r e s t r i c t e d  to f u c o i d - c o v e r e d  m u s s e l  b e d s  

a n d  m a y  b e  t h r e a t e n e d  by h a b i t a t  loss. 
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