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ABSTRACT: North Sea and Baltic Sea populations of IAttorina littorea differ with respect to their 
vertical distribution. In the North Sea L. littorea is strictly intertidal while in the Baltic Sea 
maximum population densities occur in the sublittoral. Levels of infestation with larval digenetic 
trematodes diminish qualitatively (number of species recorded) and quantitatively (number of hosts 
infested) with decreasing salinity. Both the host and two parasite species - Cryptocotyle lingua and 
Microphallus pygmaeus - display 'brackish-water submergence' under conditions of reduced 
surface salinity. 

INTRODUCTION 

'Brackish-water  submergence '  is a te rm co ined  by Remane  (1940, 1955} to descr ibe  
the extension or downward  d i sp l acemen t  of the ver t ica l  d is t r ibut ional  r ange  of mar ine  

species  pene t ra t ing  into waters  charac te r ized  by a ver t ical  sal ini ty gradient .  Such 

conditions are encoun te red  in the Baltic Sea. 
Littorina littorea, which  in the North Sea occurs intert idally,  ex tends  its ba thymet r ic  

range in the Baltic into the sublittoral.  The  ver t ical  dis t r ibut ion of the pe r iw ink le  in the 

Baltic is imperfect ly  known;  there  are only a few scat tered  records of its re la t ive  
abundance  in that area. No quant i ta t ive  informat ion is thus far ava i l ab le  on the 

t rematode fauna of Baltic Sea  per iwinkles .  
The present  studies were  in i t ia ted  in 1973 after an inqui ry  of a baby  food factory 

compla in ing  about  conspicuous dark spots of p r e sumed  parasi t ic  or ig in  in the skin of 
Baltic Sea cod used  in the product ion  of baby  food. These  spots were  ident i f ied  by the 

author as the encys ted  me tace rca r i ae  of the he te rophy id  t r ematode  Cryptocotyle lingua. 
Concomitant  inspect ion of severa l  species  of round- and  flatfish l anded  by Baltic Sea 

f i shermen r evea l ed  C. lingua infestat ions wh ich  w e r e  cons iderab ly  h e a v i e r  than  those 
observed  in North Sea fish. It was  conc luded  that  the eco log ica l  condi t ions  p reva i l i ng  in 

the Baltic Sea are par t icular ly  favourable  for the comple t ion  of the life cycle  of this 

d igenean.  Therefore,  s tudies were  concent ra ted  on its first i n t e rmed ia t e  host, L. littorea. 
Subsequent ly ,  these s tudies were  ex t ended  into a genera l  survey of the t rematode  fauna 
of L. littorea in the Baltic Sea  and the t ransi t ion area  Sound, Belts and Kattegat.  
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MATERIALS AND ME T H O D S  

RESULTS 

In the Baltic proper,  surface samples  of Li t t o r ina  f i t t o rea  were  obta ined  from rocks 

and a lgal  vege t a t i on  b e t w e e n  the upper  l imit  of the vert ical  dis t r ibut ional  range  of the 

species  (which is congruen t  wi th  the l i t toral  f r inge in the t ideless  parts of the Baltic) and 

a depth  of approx imate ly  30 cm. In the t ransi t ion area, surface samples  were  col lected 
b e t w e e n  the upper  l imit  (i.e. the supral i t toral  splash zone) and the low-water  mark. 

Subli t toral  samples  w e r e  hand-co l l ec t ed  dur ing  SCUBA dives. All  samples  were  trans- 
ferred to the laboratory and processed  as ou t l ined  by Lauckner  (1984). 

e 

Along  the coast l ine  from the nor thern  Kat tegat  to Liibeck Bay in the southwestern  

Baltic Sea there  is a gradual  shift of the ver t ical  dis t r ibut ional  range  and the abundance  
m a x i m u m  of L i t t o r i n a  l i t t o rea  from the in ter t idal  to the subt idal  zone - a p h e n o m e n o n  

descr ibed  as ' b rack i sh-wate r  s u b m e r g e n c e '  (Remane, 1940, 1955). As in the  Baltic proper  
there  are no lunar  t ides;  changes  in the wa te r  l eve l  d e p e n d  mainly  on wind  action, occur 
i r regular ly  and are gene ra l ly  neg l ig ib le .  As a consequence ,  there is a marked  decrease  

in the popula t ion  dens i ty  of the pe r iw ink le s  a long  the li t toral fr inge toward  the southern 

parts of the G e r m a n  Baltic Sea coast. 

Of the 6 t rematode  species  paras i t iz ing  L. l i t t o rea  in the North Sea  (Werding, 1969; 

Lauckner,  1980, 1984), only 5 fol low their  host into the Kattegat, and only 4 have  as yet  
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Fig. 1. Littorina littorea. Relative frequencies of larval trematode infestation in hosts from different 
stations/areas: a = North Sea (surface samples), b --- Baltic Sea and Kattegat (surface samples), c = 
southwestern Baltic Sea (surface samples), d = Bay of Neustadt (deep-water sample), e = Bay of 

/~rhus (surface samples), f = Sletterhage Lighthouse (southern Kattegat; deep-water samp]e) 
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b e e n  observed south of the F lensburg  Fjord. Himasthla elongata, next  to Cryptocot,/le 
l ingua the most p reva len t  species in North Sea and  Kattegat  l i t torines (Table 1), is absent  
from per iwink les  occurr ing south of Fehmam.  Whi le  the relat ive a b u n d a n c e  of C. lingua, 
H. elongata, Renicola roscovita and  Podocotyle atomon in  L. littorea from the North Sea 
(Fig. la)  and  from the Baltic plus  Kattegat  shows little variation,  MicrophaHuspygmaeus  
occurs s ignif icant ly  more f requent ly  in  hosts from the latter region (Fig. lb). 

Concomi tan t ly  with a decrease in the popula t ion  densi ty  of near-surface littorines 
toward the inne r  parts of the Baltic, there is a dist inct  dec l ine  of t rematode infestations in 
hosts l iv ing  in  shal low water, accompanied  by a drastic change  in the r e 1 a t i v e 
composi t ion of the parasi te  spectrum (Fig. lc). Along  the coast of Neustadt  Bay (from 
approximate ly  5 4 ° 4 ' N  10°46 'E to 53°57.5 'N 10°52'E), C. lingua, R. roscovita, h4. 
p y g m a e u s  and  P. atomon occur in  low a b u n d a n c e  in l i t torines from the surface. Preva- 
lences  were 0.8 % for C. lingua, 0.4 % for M. pygmaeus ,  0.2 % for R. roscovita and 0.2 % 
for P. atomon in  a series of samples  compris ing a total of 471 L. littorea. In contrast, 108 of 
577 per iwinkles  recovered from rocks and  boulders  in  the middle  of Neustadt  Bay 
(54001 . 04" N 10050 , 04" E) at 16 m depth, were found to harbour  larval  trematodes.  Of 
these, 64.9% were C. l ingua and  35.1% M. p y g m a e u s  (Fig. ld). No stages of the other 
d igeneans  presen t  in  surface l i t torines from that area - R. roscovlta and  P. atomon - were 
found. 

Similarly, of 334 deep-wate r  l i t torines collected off Slet terhage Lighthouse (Danish 
coast of southern Kattegat;  56o5.6 , N 10030.8 " E) b e t w e e n  20 and  26 m depth, 12.6 % were 
infested with larval  d igeneans  represen t ing  4 species. 64.3 % were C. Hngua, 23.8 % M. 
pygmaeus ,  7.1% R. roscovita and  4.8 % H. elongata (Fig. lf). Surface samples from the 
same area (]krhus Bay; a long  the coast from approximate ly  56 °10 .6 'N  10 ° 14.0'E to 
56°7.3 ̀  N 10033.8 " E), compris ing  a total of 3,181 L. littorea, exhibi ted  a parasi te spectrum 
(Fig. le) s imilar  to that of North Sea li t torines (Fig. la) but  very different from that of 
deep-wate r  per iwink les  (Fig. ld ,  f). 

DISCUSSION 

Similar  to the ecological  response of f ree- l iving mar ine  euryha l ine  inver tebrates  to 
vertical  sa l ini ty  gradients ,  the downward  d i sp lacement  of the a b u n d a n c e  max imum of 
eu ryha l ine  d i g e n e a n  parasi tes  occurr ing u n d e r  ident ical  condi t ions  may be in terpre ted 
as brackish-water  submergence .  However,  the conclusion that sal ini ty  is the sole or main  
factor de t e rmin ing  this shift, seems to be p remature  or may even  turn  out to be 
erroneous.  At least the synergist ic  effects of sa l ini ty  a nd  tempera ture  must  be consi- 
dered. Moreover, life cycle pecul iar i t ies  may be complicat ing,  or possibly decisive, 
factors de t e rmin ing  the ecological  success of a mar ine  parasi te  in an env i ronment  with 
reduced  salinity. If, for example,  the first and  the second in te rmedia te  hosts differ with 
respect  to their  euryhal ini ty ,  they may occupy ident ica l  microhabi tats  in sea water  of 
oceanic  sa l in i ty  bu t  different microhabi ta ts  in  brackish  water. The resul tant  spatial 
separat ion of first and  second in termedia te  hosts may lead to a disruption of the 
parasi te ' s  life cycle. A similar  s i tuat ion arises w h e n  the second in termedia te  host 
becomes  inaccess ible  to the final host, for example  by brackish-water  submergence  of 
the former, 

Of the 4 larval  d igeneans  accompany ing  Littorina littorea into the southern Baltic 
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Sea, only Cryptocotyle lingua and  Microphallus pygmaeus  display dist inct  brackish-  
water submergence .  Both are bird t rematodes but  differ with respect to their  l ife-cycle 
pattern. C. lingua has a normal  3-host cycle; its metacercar iae  develop  in  fishes. M. 
pygmaeus  has an abbrev ia ted  life cycle; its cercariae transform directly into metacer-  
cariae wi th in  the sporocysts in  L. littorea. For the comple t ion  of the cycle of this 
d igenean ,  an  infested pe r iwink le  must  be  swal lowed by a compat ib le  bird host. Sup- 
pression of the f ree -swimming  cercarial  s tage as in  M. pygmaeus  may be  in terpre ted  as 
an adapta t ion  to brackish-water  condi t ions  (Reimer, 1964). The relat ive increase  in  
abundance  of this species in  surface l i t torines from the Baltic Sea (Fig. lb ,  c) favours this 
view. 

At first sight, the occurrence of the larval stages of bird t rematodes in  deep-wate r  
littorines is surpris ing and  would  appear  to be  d i sadvan tageous  for the parasi te  from the 
s tandpoint  of the complet ion of its life cycle. However,  the m a g n i t u d e  of C. lingua 
metacercarial  infestat ion in demersal  fish from the Baltic Sea (MOller, 1974, 1975a, b; 
Lauckner, pers. obs.)0 together  with the p reva lence  levels  of the adul t  worms in  Baltic 
larids (Guildal, 1964, 1968; Lauckner,  pers. obs.), indicates  that  this d i g e n e a n  is h ighly  
successful in  brackish water. MOller (1975b) found more than  98 % of 926 Gadus morhua, 
caught  in 1 to 3 m depth in  the Kiel Fjord, to be infested with up to 500 metacercariae.  
Infestation levels are usual ly  h igher  in  fish from deeper  water. Thus, the n u m b e r  of 
encysted larvae vis ible  benea th  the skin of a heavi ly  infested 38 cm long cod caught  of 
Schleimiinde {western Baltic Sea} at 15 m depth  was  es t imated to be  in  the r ange  of some 
38,000 to 40,000. Similar  levels  of C. lingua infes ta t ion have  previously  only  b e e n  
reported by Linton (1940), who counted  a total of 76,800 metacercar iae  in  a 32 cm long  
window-pane  f lounder  Lophopsetta maculata from the US Atlant ic  coast. 

Al though gadoids and  p leuronect ids  migrate  b e t w e e n  deep  a nd  shal low water,  they 
presumably  acquire  major C. lingua infestat ions in deep water.  Since lower t empera ture  
and  higher  sal ini ty dist inct ly pro long the survival  t ime of C, lingua cercariae,  the 
condit ions prevai l ing  at greater  depths  increase  the chance of the cercariae to reach a 
fish host. S inde rmann  & Farr in  (1962) have shown that cercarial  emergence  from L. 
littorea decreases s ignif icant ly  at sal ini t ies  be low 18 Too S. Hence,  the n u m b e r  of cer- 
cariae l iberated by the first in te rmedia te  host in  h igh-sa l in i ty  bot tom water  of the Baltic 
Sea may be higher  than  near  the surface, provided that the tempera ture  is not too low to 
preclude cercarial emergence  and  invas ive  activity. 

The cercaria of Cryptocotyle is a good swimmer.  It has two conspicuous eye spots 
and is posit ively phototactic unde r  normal  unde rwa te r  l ight  conditions.  Therefore, 
cercariae emerg ing  from Littorina in  sea water  of full sal ini ty  usua l ly  swim upward  and  
invade  pelagic  fish. This behav iour  is advan tageous  for the species because  fish- 
in termedia te  hosts l iv ing near  the surface are more easi ly  accessible  to the b i rd- f ina l  
host. S inder rnann  & Rosenfield (1954) and  S i n d e r m a n n  & Farr in  (1962), for example,  
state that herr ing and  other inshore mar ine  fish from the New Eng l a nd  coast are often 
l iberal ly speckled with the b lack  spots forming a round  the encys ted  metacercar iae.  

The fact that C. lingua is dist inct ly euryha l ine  a nd  has a large survival  and  invas ive  
capacity, also in  brackish water, has b e e n  demons t ra ted  by  S tunkard  & Shaw (1931), 
Reimer (1970) and  M611er (1978) and  has b e e n  conf i rmed by the present  author 's  
laboratory studies. Reimer (1970) observed spontaneous  emergence  of C. lingua cer- 
cariae in  water  of 8.1%0 S, and  M611er (1978) showed that the cercariae are invas ive  at 
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sal ini t ies  as low as 4 Too S. However,  w h e n  suspended  in  stratified water  with a sal inity of 
60 Too S at the bottom and  10 Too S at the top, C. l ingua cercariae, a l though be ing  distinctly 
euryhal ine ,  t end  to concentra te  in  the 30 Too S layer. W h e n  suspended  in water  of 15 Too S, 
they do not swim to the surface but  aggrega te  at the bot tom of the container.  When  this 
happens  in  na tu re  in  the Baltic, the cercariae have an  increased  chance of encoun te r ing  
bo t tom-dwel l ing  fish. 

The t endency  of the cercariae to stay near  the sea bottom may be even  more 
p ronounced  at still lower salinities.  The body fluids of L. littorea are near ly  isosmotic at 
sal ini t ies  down to approximate ly  15 T~ S but  then  become progressively hyperosmotic 
(Todd, 1964; Rumsey, 1973}. Hence,  cercariae shed by per iwinkles  l iv ing in  water  of less 
than  15 Too S are submi t ted  to an  osmotic shock upon  emergence  from the host. This may 
increase  their t endency  to r ema in  near  the bottom. 

Similar  to C. lingua, M. p y g m a e u s  has a broad f inal-host  spectrum; it has been  
reported from a n u m b e r  of Charadri i formes and  Anseriformes (Levinsen, 1881; J~ger- 
ski61d, 1900; Deblock & Tran Van Ky, 1966; James,  1968). Al though d iv ing  ducks in the 
Baltic are potent ia l ly  capable  of acqui r ing  M. p y g m a e u s  by feeding on L. littorea from 
greater  depths, this route of infestat ion appears  to be  h ighly  improbable  from the 
s tandpoin t  of energy  expendi tu re  because  the birds can obta in  p len ty  of food - mussels, 
cockles and  also l i t torines - from shal low water. Therefore, infestat ion of deep-water  
l i t torines with M. p y g m a e u s  beyond  doubt  represents  a dead -end  road in the life cycle of 
this trematode.  

In the case of C. l ingua and  M. pygmaeus ,  L. littorea acquires an infestat ion by 
devour ing  embryona ted  eggs. The mirac id ia  of these species hatch in the a l imentary  
tract of the prosobranch host. In contrast, Himasthla elongata has a f ree-swimming 
mi rac id ium which must  act ively invade  a per iwinkle .  The absence  of H. elongata from 
surface-dwel l ing  l i t torines south of Fehmarn  may directly be re la ted to adverse effects of 
lowered sal ini ty  on the miracidium.  In deep water, where  sal ini ty  would  be sui table for 
miracidia l  development ,  excessively low tempera tures  may be the l imi t ing factor. The 
further life-cycle stages of H. elongata are less sensi t ive to lowered salinity. Thus, 
l i t torines infested with the rediae  of this species can be ma in t a ined  at sal ini t ies of less 
than  15 %o S for ex tended  periods of time, and  cercariae exper imenta l ly  induced  to encyst  
in vitro survive equa l ly  wel l  at sal ini t ies  of 30 Too, 15 Too and  10 Too S (Lauckner, pers. obs.). 

Renlcola roscovita occurs in  sur face-dwel l ing  L. littorea south of Fehmarn  but  not in 
deep-water  ind iv idua l s  from the same area. As in C. l ingua and  M. pygmaeus ,  there is no 
f ree -swimming  miracidia l  stage in  this species - a fact which, apparent ly,  enables  R. 
roscovita to pene t ra te  far into brackish water. The absence  of Renicola infestations from 
deep-wate r  l i t torines at stations where  the parasi te  occurs in  surface samples  of L. 
llttorea may be  exp la ined  by the p ronounced  posit ive buoyancy  of the egg, which makes 
deep-wate r  hosts inacess ib le  to the invas ive  stage. 

As for M. pygmaeus ,  brackish-water  submerg e nc e  would  be of little or no advantage  
for the comple t ion  of the life cycles of R. roscovita and  H. elongata. Both species util ize 
{virtually non-moti le)  b ivalves  as second in te rmedia te  hosts which, in a t ideless area, are 
inaccess ib le  to the f inal  host. 

At first sight, the absence  of Podocoty1e atomon - the sole fish t rematode which 
uti l izes L. littorea as first in te rmedia te  host - from deep-water  l i t torines in  an area where  
it occurs in low-sal in i ty  surface waters appears  to be somewhat  puzzling.  In Neustadt  



B r a c k i s h - w a t e r  s u b m e r g e n c e  a n d  d i g e n e a n  p a r a s i t e s  of Littorina Httorea 183 

Bay, for e x a m p l e ,  t h e  e n t i r e  a r ray  of h o s t s  n e c e s s a r y  for t h e  c o m p l e t i o n  of i ts  l i fe  c y c l e  

occu r  t o g e t h e r  at g r e a t e r  d e p t h s .  A d m i t t e d l y ,  t h e  p o p u l a t i o n  d e n s i t y  of t h e  s e c o n d  

i n t e r m e d i a t e  host(s)  - v a r i o u s  s p e c i e s  of a m p h i p o d  c r u s t a c e a n s  - is  l o w e r  t h a n  in  s h a l l o w  

water .  But  e v e n  t h e  to ta l  a b s e n c e  of t h e s e  h o s t s  s h o u l d  n o t  d i s r u p t  t h e  l i fe  c y c l e  of P. 

atomon b e c a u s e  t h e  h e a v i l y  i n f e s t e d  f ina l  hos t s ,  i n  p a r t i c u l a r  f la t f i sh ,  s h o u l d  s e c u r e  

i n fe s t a t i ons  of t h e  first  i n t e r m e d i a t e  h o s t  in  d e e p  w a t e r .  As  in  H. elongata, t h e  l o w  w a t e r  

t e m p e r a t u r e s  p r e v a i l i n g  at  t he  s e a  b o t t o m  m a y  a f fec t  d e v e l o p m e n t ,  h a t c h i n g  s u c c e s s  a n d  

i n v a s i v e  c a p a c i t y  of t h e  m i r a c i d i u m  of P. atomon a n d  t h u s  e x p l a i n  t h e  a b s e n c e  of th i s  

t r e m a t o d e  f rom d e e p - w a t e r  l i t to r ines .  T h e r e f o r e ,  t h e  p e n e t r a t i o n  of P. atornon in to  t h e  

i n n e r  Balt ic  by  m e a n s  of b r a c k i s h - w a t e r  s u b m e r g e n c e  a p p e a r s  to b e  p r e c l u d e d  s o l e l y  by  

the  t e m p e r a t u r e - c a u s e d  i n a c t i v a t i o n  of its m i r a c i d i a l  s t age .  

In conc lu s ion ,  b r a c k i s h - w a t e r  s u b m e r g e n c e  a p p e a r s  to b e  e c o l o g i c a l l y  a d v a n t a -  

g e o u s  for b i rd  t r e m a t o d e s  e m p l o y i n g  h i g h l y  m o t i l e  a n i m a l s  s u c h  as  f i sh  as  s e c o n d  

i n t e r m e d i a t e  h o s t s  (as is  t h e  c a s e  in  C. lingua), b u t  to b e  d i s a d v a n t a g e o u s  for  b i r d  

p a r a s i t e s  t ha t  r e ly  u p o n  d i s p e r s a l  b y  a n  i n v e r t e b r a t e  h o s t  i n c a p a b l e  of v e r t i c a l  m i g r a t i o n  

in t he  o p e n  w a t e r  (as is t h e  c a s e  in  hi. pygmaeus) .  

Work  is in  p r o g r e s s  to d e t e r m i n e  w h e t h e r  t h e  o b s e r v e d  b r a c k i s h - w a t e r  s u b m e r g e n c e  

of C. lingua a n d  hi. p y g m a e u s  in  Bal t ic  w a t e r s  is a c o n s t a n t  p h e n o m e n o n .  
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