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ABSTRACT: Cercar iae  of the t rematode  Cryptocotyle concavum, which  encyst  in skin and /or  
kidney of s t icklebacks and  gobies, were s tudied in the Schlei Fjord (western Baltic Sea). M e a n  
incidence of dermal  cysts was 48 % in Gasterosteus aculeatus and  37 % in Pungitius pungitius. No 
cysts were found in the kidneys  of st icklebacks.  While 97 % of Pomatoschistus microps had  
encysted metacercar iae  in the kidneys, only 2 % had  cysts in the  skin. Pomatoschistus minutus, 
however, showed hardly any cyst infestat ion of e i ther  skin or kidney. In P. microps the intensi ty of 
infestation by metacercar iae  was f requent ly  more than  50 cysts; in contrast, s t icklebacks rarely 
exhibi ted more than  5 dermal  cysts. Infested fish were larger  than  10 mm in total length,  the 
incidence rate increasing with growth. Parasit ic infestat ion depends  on ambien t  salinity: C. 
concavum was not found at salinit ies be low 4 %o. In contrast  to the  h igh  incidence  in fish, the first 
hosts - the snails Hydrobia stagnalis and  H. neglecta - showed remarkably  low infection rates  (3 to 
5 %). The f indings reported are re la ted  to the dis t r ibut ion of C. concavum, the  mode of life of 
infested fish, the feeding habi ts  of the final hosts and  the  infestation of P. micropsby other  parasites.  
Evidently, P. microps represents  an  opt imal  second host for C. concavum. 

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

In 1975, M 6 1 1 e r - B u c h n e r  (1981) f o u n d  a m o n g  t h e  d e m e r s a l  f i sh  Pomatoscbis tus  

microps f rom t h e  R i v e r  E l b e  s p e c i m e n s  w h o s e  k i d n e y s  w e r e  i n t e r s p e r s e d  w i t h  s m a l l  

cysts  w h i c h  t u r n e d  ou t  to  b e  m e t a c e r c a r i a e  of t h e  t r e m a t o d e  Cryptocotyle (M611er- 

B u c h n e r ,  pe r s .  comm.) .  Ko l l r a  (1982) i d e n t i f i e d  it  as  Cryptocotyle concavum ( C r e p l i n ,  

1852) w h i c h  as  a d u l t s  l i v e  i n  t h e  g u t  of b i r d s  s u c h  as  d u c k s  o r  gu l l s .  

T h e  l i fe  cyc l e  of Cryptocot f le  concavum w a s  d e s c r i b e d  b y  R e i m e r  (1970) a n d  

Y a m a g u t i  (1975) (Fig. 1). E g g s  c o n t a i n i n g  d e v e l o p i n g  m i r a c i d i a  l a r v a e  a r e  i n g e s t e d  b y  

sna i l s ,  e s p e c i a l l y  Hydrobia s p e c i e s  (f irst  hos t ) ,  i n  w h i c h  t h e y  p e n e t r a t e  t h e  l i v e r  a n d  

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

c e r c a r i a e ;  t h e s e  s w i m  a b o u t  in  t h e  w a t e r  in  s e a r c h  of a f i sh  hos t .  In  t h e  s e c o n d  

i n t e r m e d i a t e  hos t ,  c e r c a r i a e  fo rm cysts ,  t h e  m e t a c e r c a r i a e .  In  f i sh  e a t e n  b y  a b i r d  t h e  

cysts  d i s s o l v e  a n d  t h e  m e t a c e r c a r i a e  d e v e l o p  i n to  r i p e  f l u k e s  w h i c h  g e n e r a l l y  l i ve  in  t h e  

i n t e s t i n a l  t r a c t  of t h e  b i r d  (Fig. 1). F e r t i l i z e d  e g g s  r e a c h  t h e  a m b i e n t  w a t e r  t o g e t h e r  w i t h  

t he  b i r d ' s  f aeces .  
T h e  r e l a t e d  Cryptocotyle l ingua ( C r e p l i n )  a p p e a r s  to  l i ve  p r e f e r a b l y  i n  t h e  s n a i l  

Littorina littorea at  f i rs t  a n d  i n  p e l a g i c  f i sh  a s  s e c o n d  h o s t  i n  w h i c h  t h e y  c a u s e  " p i g m e n t  

s p o t s "  of t h e  d e r m i s  ( S i n d e r m a n n  & Pa r r i n ,  1962).  T h e  f i n a l  hos t s ,  h o w e v e r ,  a r e  i d e n t i c a l  

to t h o s e  of C. concavum (Re imer ,  1970;  B a k k e ,  1972).  
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Fig. 1. Cryptocotyle concavum. Life cycle in the most f requent  hosts. Based on Reimer (1970), 
Yamaguti  (1975) and present  study 

U n t i l  now,  o n l y  d e r m a l  or  p e r i t o n e a l  m e t a c e r c a r i a e  cys t s  of C. c o n c a v u m  w e r e  

k n o w n  to o c c u r  in  f ish.  T h e  r e s u l t s  o b t a i n e d  f rom P. microlos r a i s e  t h e  q u e s t i o n  w h e t h e r  

k i d n e y  i n f e s t a t i o n  r e n d e r s  C. c o n c a v u m  m o r e  s u c c e s s f u l  t h a n  d e r m a l  i n f e s t a t i o n .  

I N V E S T I G A T I O N  SITE A N D  M E T H O D S  

F i e l d  i n v e s t i g a t i o n s  w e r e  c a r r i e d  o u t  in  t h e  b r a c k i s h  S c h l e i  F j o r d  w h i c h  e n t e r s  t h e  

Ba l t i c  S e a  in  N o r t h e r n  S c h l e s w i g - H o l s t e i n  (Fig. 2). M o s t  s a m p l e s  w e r e  t a k e n  at  O l p e n i t z  
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Fig. 2. Map of Schlei Fjord (western Baltic Sea) showing the 5 investigation sites, and their salinity 
ranges. Columns: incidences of Pomatoschistus microps infested by Cryptocotyte concavum during 
1977 (data from Derksen, 1978) and 1978. Brackets: total number  of gobies examined,  n d =  no data 

n e a r  t he  m o u t h  of t he  S c h l e i  w h e r e  a - m e s o h a l i n e  c o n d i t i o n s  p r e v a i l  (Fig. 2). Less  

f r e q u e n t l y  4 o t h e r  s i tes  of t he  Sch l e i  w e r e  v i s i t ed ,  t he  i n n e r m o s t  of w h i c h  h a s  a -  

o l i g o h a l i n e  c o n d i t i o n s  (Fig. 2). 

F ish  w e r e  c a u g h t  w i t h  p u s h - n e t s  of 1 m m  m e s h  s ize  a n d  a n  o p e n i n g  of 40 x 35 c m  

(Table  1). D e n s i t y  of g o b i e s  w a s  e v a l u a t e d  a c c o r d i n g  to S c h m i d t - M o s e r  & W e s t p h a l  

(1981), w h o  took  in to  a c c o u n t  an  e f f i c i e n c y  of 20 % w i t h  r e g a r d s  to p u s h - n e t s .  

Sna i l s  ( H y d r o b i a )  w e r e  s a m p l e d  f rom a l g a e  a n d  f rom s e d i m e n t .  In o r d e r  to o b t a i n  

q u a n t i t a t i v e  d a t a  on  s p e c i e s  a b u n d a n c e ,  a m e i o b e n t h o s  co re  of 20 c m  2 w a s  e m p l o y e d  for 

Table 1. Infestation by Cryptocotyle concavum of small-sized fish species from Olpenitz (Schlei). 
n = number  of fish examined 

Species Observation n % dermal % kidney 
period cysts cysts 

Pomatoschistus microps (Kroyer) 1977-81 1037 2 97 
Pomatoschistus minu tus  (Pallas) 1978-81 112 1 1 
Gasterosteus aculeatus L. 1979-81 198 48 0 
Pungitius pungi t ius  (L.) 1979-82 646 37 0 
Spinachia spinachia (L.) 1979 5 20 0 
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the sediment .  In case of algae, the biomass (DW) of s ingle  Fucus vesiculosus thalli  was 
measured  after Hydrobia and  other faunal  e lements  had b e e n  removed. 

Sampled  fish and  snai ls  were fixed ei ther  at the sampl ing  site in  4 % formalin or 
b rought  to the laboratory where  they were kept  in  aquar ia  unt i l  examined.  Such fish 
were ki l led with MS 222 and  then  examined  immediate ly .  Live snails  were treated with 
formal in  or ether  or vivisected.  

The different life stages of C. concavum were counted  and, for assessment  of 
infestation,  g rouped  according to intensity.  Three degrees  of metacercar iae  infestat ion 
were identif ied:  (1) = 1 metacercaria,  (2) ---- 2 to 5 metacercariae,  (3) = more than 5 
metacercar iae  per  fish. 

In order to ident ify the Cryptocotyle-species, it was necessary to cause the metacer- 
cariae to excyst; this was achieved by keep ing  the cysts at a constant  temperature  of 
38 °C. The metacercar iae  then  ha tched wi th in  a few hours. 

The k i d n e y  region  of some infested Pomatoschistus microps were cut into 10 pm 
serial sections and  s ta ined with Pasini  in order to ga in  information on the posit ion of 
cysts wi th in  the k idney  and  to examine  the morphology of the cyst covers. 

RESULTS 

M o r p h o l o g y  of m e t a c e r c a r i a e  cys t s  

Dermal  cysts of Cryptocotyle concavum are easy to recognize because  of their black 
colour; they are clearly vis ible  on the body surface of the st icklebacks,  The black colour 
is due  to a concent ra t ion  of melanophores ,  a l ready k n o w n  from C, linffua cysts. The 
metacercar iae  were scattered all over the body. More than 5 cysts were rarely found in 
spec imens  of Gasterosteus aculeatus and  Pungitius pungitius. 

Infested k idneys  of common gobies (Pomatoschistus microps) are conspicuous due to 
the small  spheres which  may be in terspersed throughout  the whole organ inc lud ing  the 
foremost part, i.e. the pronephros,  which is a lymphat ic  organ (Derksen, 1978). Cyst 
d iameter  was ca 0.2 m m  (Fig. 3). 

Histological  sections reveal  that cysts penet ra te  the whole k idney  (Fig. 4) and  tha t  
the cyst cover consists of a thick secret ion of the metacercar iae  and  is sur rounded by a 
layer  of connect ive  tissue or ig ina t ing  from the host kidney.  The parasite lies in these 
covers in  a curved posit ion; at t imes its oral sucker  is clearly vis ible  (Fig. 4). Cysts were 
seldom found in the border ing  muscle  tissue. Cercariae settled on the inner  side of the 
pe r i t oneum form dents  in  the k idney  which are covered by an addit ional ,  melanophore-  
bea r ing  layer  (Fig. 4). 

I n f e s t a t i o n  of f i sh  b y  m e t a c e r c a r i a e  of Cryp toco ty l e  c o n c a v u m  

Table  1 shows the rates of inc idence  of metacercar iae  among  all examined  fish 
species from Olpenitz .  Only  low rates of infestat ions of both dermis  and k idney  were 
found in Pomatoschistus minutus. The three s t ickleback species had dermal  cysts with 
an  average  inc idence  of only 48 % (G. aculeatus) or 37 % (P. pungitius). In contrast, 97 % 
of P. microps were infested with cysts in  their  k idney  but  only 2 % were found with cysts 
on their  skin. 
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Fig. 3. Cryptocotyle concavum. Metacercar iae  cysts in the k idney  of Pomatoschistus mJcrops. Left: 
opened body cavity with the testes (T) and the kidney which is dispersed by sphere - shaped  cysts. 
The anterior  lobes are the pronephros  (P). Length of kidney: 13 mm (Photo: H.-D. Totzke). Right: 
single cyst. The two parts of the parasi te ' s  cover, the bifid intes t ine and  the b ladder  (arrow) can be  

dis t inguished.  Diameter  of object ca 0.2 mm 
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Fig. 4. Pomatoschistus microps. Section of the k idney  infested by metacercar iae  cysts of Cryp- 
tocotyle concav~m (diameter  0.2 ram). Left: part  of the  kidney. Right: excysting metacercar ia .  C = 

parasi te  cover, H = host cover, S = oral sucker, T -- tubule,  W = urinary duct  

R a t e s  of i n c i d e n c e s  of G. aculeatus, s a m p l e d  m o n t h l y  d u r i n g  s e v e r a l  p e r i o d s  i n  1979 

to 1981, a r e  p r e s e n t e d  in  F i g u r e  5a.  H i g h e s t  i n c i d e n c e  r a t e s  w e r e  f o u n d  in  O c t o b e r  1981 

(87 %), t h e  l o w e s t  r a t e s  i n  J u n e  1979 (15 %),  D e c e m b e r  1979 a n d  A u g u s t  1981 (0 %).  In  

1979 a n d  1981 i n f e s t a t i o n  r a t e s  p e a k e d  i n  l a t e  s u m m e r .  A l t h o u g h  t h e  t i m e  s e r i e s  of 

s a m p l e s  w e r e  i n c o m p l e t e  in  1980, t h e  d a t a  r e v e a l e d  a n o t h e r  p e a k  d u r i n g  s p r i n g  

(Fig. 5a). 

D a t a  o b t a i n e d  for  P. pungi t ius  (Fig.  5b)  s h o w  t w o  p e a k s  i n  1979 (May,  80 %;  

O c t o b e r ,  60 %).  S a m p l e s  f r o m  t h e  y e a r s  1980 a n d  1981 m a y  c o n f i r m  t h e s e  r e su l t s :  
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Fig. 5. Cryptocotyle concavum. In fe s t a t ion  of 3 f ish s p e c i e s  (from Olpeni tz ) ,  r eco rded  m o n t h l y  over  
s e v e r a l  y e a r s  (da ta  of 1977 a c c o r d i n g  to D e r k s e n ,  1978). (a) Gasterosteus aculeatus. Above :  d e g r e e  
of i n t ens i ty ,  (1) -- 1 m e t a c e r c a r i a ,  (2) = 2 to 5 m e t a c e r c a r i a e ,  (3) = m o r e  t h a n  5 m e t a c e r c a r i a e  pe r  
f ish;  be low:  i n f e s t a t i o n  rate.  (b) Pungitius pungitius. (c) Pomatoschistus microps. X-axis :  m o n t h s  
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max i mum values  for these years were  found in May (44 %) and N o v e m b e r  (48 %), 

respect ively.  In N o v e m b e r  1979 and March  1980, however ,  no cysts were  p resen t  among  

the P. pung i t i u s  caught  (Fig. 5b). 
During the years  1977-1981, inc idences  of P. microps  f requen t ly  r eached  very  h igh  

rates, often up to 100 % (Fig. 5c). Dur ing  cer ta in  per iods  these  rates dec reased  to va lues  

of less than 75 %. This could be  re la ted  to the app e a ra n c e  of young  gobies  dur ing  ear ly  
summer;  the samples  that were  not infes ted  at all  consis ted of young  fish of less than  

10 mm total l eng th  (i.e. June  1979; Fig. 5c). 
A ve r age  infestat ion rate in s t icklebacks  was low. In most cases only one  cyst was 

found on a fish, wi th  rarely more than 5 ever  be ing  encoun te red  on an ind iv idua l  dur ing  
the entire study per iod (Fig. 5a, b). Peaks in in tensi ty  of infestat ion appea red  in March  

(G. aculeatus) and Apri l  1980 (P. pungi t ius) .  P. microps  was usual ly  much  more  infested 

than sticklebacks,  the infestat ion reach ing  an intensi ty  of b e t w e e n  5 and 50 cysts in the 

kidney (Fig. 5c). Some indiv iduals  were  e v e n  infested by more  than 50 metacercar iae ,  

e.g. in summer  and au tumn of 1977 (Fig. 5c). 
What  is the reason for such chang ing  inc idences  at different  t imes of the year? As the 

inc idence  in P. microps  decreased  w h e n  the young  gobies  appeared ,  the s a m p le d  
mater ia l  was subd iv ided  into size classes each  of which  compr ised  10 mm TL (Fig. 6). No 

cysts were  present  in gobies  smal le r  than  10 ram, w h e r e a s  35 % of the 10 to 20 m m  size 

group were  infested. Almost  all spec imens  of P. microps  la rger  than  20 m m  total l eng th  

showed infestat ion by C. concavum (Fig. 6). Similar  data  w e r e  ob ta ined  for s t icklebacks.  
The smallest  size class of G. aculeatus  was also not infes ted  (P. pung i t i u s  less than 

10 mm were  not taken). The  rate of infes ta t ion of P. pung i t i u s  inc reased  from the 10 to 

20 mm class in steps to almost  40 % in the 40 to 50 mm class (Fig. 6). In G. aculeatus  
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Fig. 6. Cryptocotyle concavum, Size dependence of infestation rate in 3 fish species. (a) Pomato- 
schistus microps (combined samples from 1978-81). (b) Pungitiuspungitius (1979-80). (c) Gasteros- 

teus aculeatus, n = total number of fish examined, nd = no data 
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t h e s e  s teps  a r e  s t e epe r ,  r e a c h i n g  59 % in  t h e  30 to 40 m m  class  b u t  d e c r e a s i n g  s l igh t ly  to 

44 % in t he  40 to 50 m m  class  (Fig. 6). 
W h e n  i n c i d e n c e s  of P. microps f rom the  O l p e n i t z  s a m p l i n g  s i te  a r e  c o m p a r e d  w i t h  

t hose  f rom o t h e r  s i tes  of t he  Sch le i  Fjord,  d i f f e r e n c e s  of i n f e s t a t i on  ra tes  a p p a r e n t l y  

d e p e n d e d  on  sa l in i ty .  F i g u r e  2 d e p i c t s  t h e  i n f e s t a t i o n  ra tes  for 5 s i tes  s a m p l e d  d u r i n g  
1977 (Derksen ,  1978) a n d  1978. At  10 %o a n d  h i g h e r  s a l in i ty  (Lindaunis ,  S u n d s a c k e r ,  

O l p e n i t z )  t h e r e  w a s  a v e r y  h i g h  i n c i d e n c e  of 90 to 100 %. In M i s s u n d e  (8 ~/~ S m e a n ,  

10 %0 S m a x i m a l )  i n f e s t a t i o n  ra te  d e c r e a s e d  to 25 % or e v e n  to 5 % as in 1977. At  

H a d d e b y  (5 %0 S) no  or  v e r y  l o w  i n c i d e n c e s  w e r e  f o u n d  (Fig. 2). 

I n f e c t i o n  of  Hydr ob i a  b y  r e d i a e  of  Cryp toco ty l e  c o n c a v u m  

In fec t i on  of first  i n t e r m e d i a t e  hos ts  w a s  e x a m i n e d  by  s a m p l e s  of t he  sna i l s  Hydrobia 
stagnaHs, H. neglecta a n d  H. ulvae at O l p e n i t z  in  1981 (Fig. 7). T h e  a b u n d a n c e  of t he se  
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Fig. 7. Hydrobia spp. Monthly data of abundance and infection at Olpenitz during 1981. (a) Number 
of snails per 0.001 m 2 sediment. (b) Number  of snails per 100 g (DW) algae. (c) Intensity of 
Cryptocotyle concavum rediae per infected snail. (d) Infestation rate of snails by Cryptocotyle 

rediae. X-axis: months, n = total number of snails examined 
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species  on the sed imen t  was  3000" m -2 in April ,  i nc reas ing  s lowly to 16 000 in Augus t  

and rapidly to 53 000 in September .  In October,  a s teep dec rease  to 2000- m -2 was  found. 

An addi t ional  source of Hydrobla species  w e r e  the a lgae  w h e r e  in Augus t  a m a x i m u m  of 
snails was present  (Fig. 7). Infection rate of snails was very  low in Augus t  (3 %) and 
Sep tember  (5 %). Ca lcu la ted  for 1 m 2, at least  480 (August) or 2650 HydrotMa (Sep- 

tember) of this area were  parasi t ized.  Infected snails r e v e a l e d  from 35 to 50 red iae  per  
host specimen,  p roduc ing  as many as 70 cercar iae  at a t ime (Fig. 7). 

DISCUSSION 

The life cycle of ClTptocotyle concav~m is compl ica ted ;  there  are three  success ive  
hosts - snail, fish, bird - and in addi t ion two free s tages - eggs  and cercar iae  (Fig. 1). 

Hence, distr ibution and a b u n d a n c e  depend  on many  factors; their  in teract ion in the life 
cycle of C. concavum is summar i zed  in Figure  8. In the fo l lowing we  discuss (1) salinity, 

(2) relat ions of first and second hosts, (3) re la t ions of second and final hosts, (4) 
comparison b e t w e e n  P. microps and other  second hosts. 

In Ge rman  waters,  C. concavum was descr ibed  from the Elbe  Estuary (Mbller- 

Buchner,  1981) and from the Baltic Sea (Reimer, 1970). In the Elbe,  infes ted  Pomatoschis- 
tus microps were  found e v e n  in fresh wate r  near  Hamburg .  Re imer  (1970) obse rved  cysts 

in 5 fish species near  Gre i fswald  from the Baltic (6 to 7 Too S). However ,  the dis t r ibut ion of 

the first host, Hydrobia spp., may  restrict free cercar iae  to more  than 3 Too S as found in 
the Schlei.  This may also be true for the River Elbe. Since young  common gobies  usual ly  

migra te  from the sea into the estuaries  (Hennig  & Zander,  1981), these  must  be  infes ted  
at the latest  in brackish waters.  On the other  hand,  s ince juven i l e  s t ick lebacks  migra te  

into the sea and r e t u m  to fresh waters  for spawning ,  infestat ion of these  fish is poss ib le  
twice dur ing their  life span. The  upper  dis t r ibut ion l imit  of C. concavum, as far as 

salinity is concerned,  is not c lear  yet. The  re la ted  C. l ingua is p robably  the more  
successful of the two in sea water  (S indermann & Farrin, 1962) p resumab ly  due  to its 

f requent  infestat ion of pe lag ic  fish, wh i l e  C. concavum is most ly found in demersa l  or 

Density SQlinity Size Feeding Other parasites 
I ~ ~  h a b i t s ~  

I 1 7 Hydrobio sp. ., P microps 1 

~ - - o u t p u t  

tt gg  op= l / Cercariae Pmicrops E g 
loss loss (predation i output by flatfish) 

Egg loss 

Fig. 8. Cryptocotyle concavum. Life cycle in relation to hosts and environmental factors 
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suprademersa l  fish. It must  be emphas i zed  that  both parasi tes  occur together  in some 
brackish  waters  such as the Baltic Sea  or the W a d d e n  Sea and have  ident ical  final hosts 

(Reimer, 1970; Lorch et al., 1982). 

C. concavum infect ion in the first host {HydrobiaJ can be  ascr ibed to overdispers ion  

(Kennedy, 1975). Genera l ly ,  such hosts are severe ly  in jured  and may even  be ki l led 
(James, 1965; Pennycuick,  1971) so that  a m e c h a n i s m  regu la t ing  the size of the parasi te  

popula t ion  is provided.  Reimer  (1970) found s imilar  inc idence  and intensi ty rates in 

Hydrobia. However ,  the Olpen i tz  samples  r evea l ed  that  infected snails occur at the rate 
of 480 (August) or 2650-m -2 (September  1981). Such numbers  are more than enough  to 

infest  a lmost  all common gobies  because  of the h igh  product ion  rate of cercariae.  If the 

popula t ion  densi ty  of P. microps at Olpeni tz  is 80" m -2 in both months,  the calculated 

ratio of first to second in t e rmed ia t e  host bea r ing  C. concavum is 6 : 1 or 33 : 1, respec-  

tively. Late summer  seems  to be  advan tageous  for infestat ion of gobies,  as the juveni les  
are then  longer  than 20 mm. It is not known  w h e t h e r  the gobies  are d a m a g e d  by the h igh  

intensi t ies  of the parasite.  
No changes  in behav iou r  of infested P. microps are known which  would  m a k e  them 

more  ava i l ab le  to potent ia l  predators  thus ensur ing  the t ransmission of C. concavum. As 

the gobies  usua l ly  l ive in sha l low waters  they  are eas i ly  caught  by gulls, terns or ducks. 

Relat ions b e t w e e n  fish and birds of the Schlei  r eg ion  are unknown.  In Norway, 2 % of a 

popula t ion  of common  gulls  Larus canus was infested by C. concavum with 28 (mean) or 
112 (maximally)  adul t  f lukes  (Bakke, 1972). These  rates are low compared  to those of 

64 % by C. l ingua in the same populat ion.  B l ackheaded  gulls Larus ridibundus from 
W a n g e r o o g e  had a h ighe r  i nc idence  in that 54 % were  infested by both C. concavum and 

C. l ingua (Lorch et al., 1982). These  differences may  be  due  to the specific feed ing  habits 

of the  two birds: L. canus probab ly  feeds more on pe l ag i c  fish infested with C. lingua 
than on demersa l  fish infested with  C. concavum. These  two types of prey might  be 

inges ted  in s imilar  numbers  by L. ridibundus. 
The  s igni f icance  of s t icklebacks  for the life cycle of C. concavum probably  lies in the 

p re sence  of addi t ional  infect ional  s tages for the final hosts a l though,  r ega rd ing  inci- 

dence  and intensity,  these fish are not as important  as P. microps. Reimer  (1970) found 

that  Gobius niger, Syngna the  typhle and Pleuronectes platessa are also vectors of C. 
concavum. These  hosts may  ensure  infestat ion of birds w h e r e  heavy  k idney  parasi tat ion 

of P. microps causes death  of the fish. 

P. microps seems  to be  an ideal  second host for C. concavum because  it (1) is 
p robab ly  infes ted  eas i ly  by the cercar iae  of this f luke (fish inves t iga ted  by us had mean  
inc idences  of only 18 % by C. l ingua or Thynnascaris for which  P. microps is also an 

in t e rmed ia t e  host); (2) can tolerate  h igh  numbers  of the parasi te  by harbour ing  them in 

the k idney  at least  w h e n  l iv ing  in salt or brackish  waters;  (3) inhabi ts  sha l low waters  and 
is small  in size, and thus eas i ly  ava i lab le  to p reda t ing  birds. 
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