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ABSTRACT: The planktonic and epibenthic  crustacean fauna from two sites of the brackish Schlei 
fjord, Northern Germany, was invest igated over a six-month period. Calanoid and  cyclopoid 
copepods were more abundan t  in lower safinities, whereas  benthic  decapods, isopods and 
amphipods prevailed in the site of higher  salinity. Cestodan larvae were found only in spring which 
may be  due to the t iming of the respective fife-cycles. Parasites of benthic crustaceans, mostly 
d igenean metacercariae but  also cestodans, acanthocephalans  and nematodes,  appeared  from 
spring to late summer. Decreasing salinities caused lower intensities of the most abundan t  parasite, 
Maritrema subdolum; only the true brackish-water  species among the hosts were more heavily 
infested than those found in higher  safinities. The correlation of parasite size and host size at 
infestation became apparent.  Therefore, Crangon crangon is an  optimal host for the large Podocotyle 
atomon metacercariae.  Coevolutive trends be tween  some hosts and parasites are made  evident.  

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

C r u s t a c e a n s  a re  ve ry  i m p o r t a n t  l i nks  in t he  p e l a g i c  as  we l l  as  in t h e  b e n t h i c  food  

cha ins .  Pa r t i cu l a r l y  s m a l l e r  s p e c i e s  w h i c h  a r e  m o s t l y  h e r b i v o r o u s  a re  t he  m a i n  p r e y  for 

y o u n g  or s m a l l - s i z e d  f i shes  (Berg, 1979; Z a n d e r ,  1979; S c h m i d t - M o s e r  & W e s t p h a l  1981; 

Z a n d e r  & D6r ing ,  1989: Z a n d e r  & W e s t p h a l .  1992). Add i t i ona l ly ,  m a n y  c r u s t a c e a n  

s p e c i e s  t u r n e d  ou t  to b e  ca r r i e r s  of fish,  b i rd  a n d  m a m m a l  p a r a s i t e s  w h i c h  u s e  th i s  g r o u p  

as  f irst  or s e c o n d  i n t e r m e d i a t e  hos t s  (Reimer ,  1970). T h e r e f o r e .  c r u s t a c e a n s  c a n  b e  

i m p o r t a n t  t r a n s f e r  o r g a n i s m s  of h e l m i n t h s  w i t h i n  t h e  l a t t e r ' s  c o m p h c a t e d  h f e - c y c l e  w h i c h  

o f t en  i n v o l v e s  h o s t  a l t e r n a t i o n s  ( O d e n i n g ,  1974; Re imer ,  1983). T h e r e  is still, h o w e v e r ,  a 

l a ck  of e c o l o g i c a l  l i t e r a t u r e  o n  c r u s t a c e a n  p a r a s i t e s  ( M a c K e n z i e  & G i b s o n ,  1970; W e n d -  

l and ,  1985; L a u c k n e r  1992). 

T h e  Bal t ic  S e a  is a b r a c k i s h  s e a  w i t h  d e c r e a s i n g  sa l in i t i e s  f rom w e s t  to eas t .  W h e r e a s  

t he  c e n t r a l  Bal t ic  p r e s e n t s  a w i d e  a r e a  w i t h  on ly  0 .8 -0 .6  % sa l im t i e s  w h i c h  m e a n s  t h e  

a r e a  of s p e c i e s  m i n i m u m  in  t he  s e n s e  of R e m a n e  (1958), s o m e  f jords  s u c h  as  t h e  S c h l e i  i n  

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  ( G e r m a n y )  s h o w  a c o n t i n u o u s  d e c r e a s e  (Ne l l en .  1967; 

S c h r i e v e r ,  1974). A c c o r d i n g  to t h e  l a w  of T h i e n e m a n n  t1939],  t h e  n u m b e r  of s p e c i e s  ks 

Low in  e x t r e m e  h a b i t a t s ,  b u t  t h a t  of i n d i v i d u a I s  is h i g h  

T h e  q u e s t i o n  is. t h e r e f o r e ,  w h e t h e r  t he  p o p u l a t i o n s  of p a r a s i t e s  b e h a v e  i n  t h e  s a m e  

w a y  as  t h o s e  of t h e i r  hos ts .  In  o r d e r  to so lve  th i s  p r o b l e m ,  t h e  s t r u c t u r e  a n d  d y n a m i c s  of 

c r u s t a c e a n  p o p u l a t i o n s  f rom t w o  s i t e s  w i t h  d i f f e r e n t  sa l in i t i e s  a re  c o m p a r e d :  t h e  o n e  

l v i n a  in  t h e  a - m e s o h a h n e  zone ,  t h e  o t h e r  in  t h e  ~ - m e s o h a l i n e  z o n e  w h i c h  c o r r e s p o n d s  to 

�9 Biologische Anstalt  Helaoland. HamburcT 



760 S. Gollasch & C. D. Zander  

the species minimum. Additionally, the invest igat ions follow the parasite communi ty  
concept of Esch et al. (1990), according to which the lowest level - the inf racommuni ty  - 
is treated with respect to infestation intensit ies of crustacean parasites. 

INVESTIGATION SITE, MATERIAL AND METHODS 

The Schlei is a shallow, approx. 43-kin long fjord which flows into the Kiel Bight of 
the Baltic Sea (Fig. 1). The invest igat ion sites were Olpenitz, located near  the mouth of 
the Schlei, and  Missunde in the central  Schlei (Fig. 1). Salinities as well as temperatures  
were measured  during the invest igat ion t ime from April to September.  Sahnities were 
be tween  12.8 and 14.5 %o in Olpenitz and 5.8 and 8.2 %0 in Missunde: the extreme values 

�9 .... ! ~  GERMANY 

' ........... i: . . ' Hamburg 

Schlei- ~ 
0.4.8.  km/jOrd ~ 
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Fig. 1. Map of Schleswig-Holstein, Northern Germany, and an enlarged illustration of the Schlei 
fjord area showing the investigation sites of Missunde and Olpenitz 

of temperature  and salinity of both sites did not correlate. Temperatures  increased at both 
stations from 9.5 ~ in April to 21 or 19.5 ~ in August,  thereafter decreasing (Fig. 2). 

Samples were taken monthly from April to September.  1991. The p lankton  organ- 
isms were obta ined by pouring 100 1 water  through a ne t  of 55 ~rn meshsize. The 
epibenthic  crustaceans were caught  by means  of hand  nets  of 300 mm width a nd  of 5 mm 
meshsize: each captur ing period lasted 30 rain. Only  in Olpenitz was addit ional  sampl ing  
of Fucus-dwelling fauna, phyton, possible by covering the algae with a large PE-box 
which was then  lifted out, together  with the sur rounding  water, 

A total of more than 36 000 crustaceans  was invest igated (Table 1). The epibenthic  
and  phytal  organisms were identif ied and  dissected for parasites u n d e r  a stereomicro- 
scope. Identification of the p lankton organisms and  of all parasites was done unde r  a hght 
microscope, In order to simphfy the p lank ton  analysis, a p lankton-f low-counter  was 
constructed (Gollasch, 1992) (Fig. 3): four glass shdes were g lued together with silicone 
forming a counter  box of 75 mm Ienqth and  7.5 m m  height with a hole in  the middle. PE- 
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Fig. 2. Temperature and salinity values from the investigation sites of Missunde and Olpenitz during 
the period of April to September 1991 

Table 1. Numbers of investigated crustaceans from the Schlei fjord 

Microhabitat and site Individuals Species 

Phyton Olpenitz 2112 17 
Benthos Olpenitz 602 17 
Benthos Missunde 390 13 
Plankton Olpenitz" 8456 9 
Plankton Missunde" 25556 10 

�9 without tarval stages 

tubes were  connected  with silicone to ei ther side of the hole (Fig. 3). The plankton sample  
was led through the sloping tubes and the counter  box which had been  placed under  a 

light microscope. The flowing speed  was inf luenced by changing  the height  of the 
conveying tube and by adjusting a c l a m p  on the lower tube. 

The  abundance  of hosts was measu red  as n u m b e r s .  100 1 - I  (plankton), numbers  of 
30-min catches (epibenthos), and numbers  re la ted to 100 g dried Fucus (phyton), The 

. . -  . j  : 

Fig 3. Pl:ankton-flow-counter construction consisting of four glass shdes::(GS}: and:two PE-tubes 
. . . .  (PET) 
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paras i te  pa rame te r s  were  abundance  (mean number  of paras i tes  found in a host  popula-  
tion) and  intensi ty  (mean number  of paras i tes  found in the infested hosts). 

RESULTS 

P l a n k t o n  

The p lank ton  comprised  7 (Olpenitz) or 8 (Missunde) copepods,  respect ively,  
1 c ladoceran,  and  4 larval  s tages  of copepods  and  ba lan ids  (Fig. 4). Centropages hamatus 
was only found in Missunde.  Numbers  were  clear ly h igher  in Missunde than  in Olpenitz,  
which is espec ia l ly  true for Eurytemora affinis and  nauplii .  Maximal  number s  were  found 
in Apr i l /May.  But Acartia tonsa, which is the  only copepod  species  found in ai1 months,  
showed h igher  densi t ies  in Sep tember  (Fig. 4). Also copepod  naupli i  a t t a ined  a second 
but  far lower  p e a k  in Sep tember  (Olpenitz) or Augus t  (Missunde).  In contrast ,  the late 
summer  season is more m a r k e d  by the lowest  f requency  of the species  and  larval  stages:  
only 6 in Olpeni tz  and only 5 in Missunde.  

Ces todan  larval  s tages  were  presen t  in 3 (Olpenitz) or 4 (Missunde) c ope pod  species,  
but  only from Apri l  to June  (Fig. 5). The paras i te  in tensi ty  was clearly h ighe r  in the hosts 
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Fig. 4. Dynamics (numbers per 100 1) of planktonic crustaceans from two sites of the Schlei fjord in 
1991 
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Fig. 5. Intensities (mean numbers per infested host) of cestodan larvae in planktonic crustaceans 
from two sites of the Schlei fjord in 1991. O = onchocercae; P = procercoids 

from Missunde, where  Oithona similis was the most important  host. Whereas  onco- 

sphaerae  were  present  in several  copepods, only Arcatia tonsa harboured also procer- 
coids in Olpenitz (Fig. 5). In Missunde. w h e r e  A. tonsa was not parasit ized at all, 

procercoids existed in Oithona similis and Eurytemora affinis. 

P h y t o n  a n d  b e n t h o s  

In Olpenitz the numbers  of crustaceans were  low in spring but increased in early 

summer:  the phytal  fauna was richest in late summer  in contrast to the benthal  fauna 
(Fig. 6). Whereas  the Olpenitz samples comprised  8 species of importance in Missunde 

only 4 were  worth mentioning, with abundances  far lower than those in Olpenitz. 
Gammarus locusta and Jaera albifrons were present  during the whole of the six months in 

the Olpenitz phytal  zone just as Crangon crangon was in the benthal  zone and G. 
duebeni in Missunde [Fig. 6). Idothea chelipes domina ted  in the Fucus as wel l  as in the 

benthal  samples of Olpenitz, whereas  Sphaeroma hookeri prevai led in Missunde.  In the 

phytal  fauna, Jaera albifrons was most abundant  in spring, Microdeutopus gryllotalpa in 
early summer  and Idotbea chelipes in late s u m m e r  I. chehpes at ta ined maximal  numbers  

in the Olpenitz benthos by early summer, whereas  Crangon crangon dominated  in late 

summer  (Fig. 6). In Missunde, h igher  numbers  of Gammarus duebeni appea red  first, 
followed by G. zaddachi and Sphaeroma hookeri. 

The parasite spectrum comprised 8 species which  were  found in 17 crus tacean hosts 

from the Dhvtal and benthal  zones. Table  2 offers ev idence  that the d iqeneans  Maritrema 
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Fig. 6. Dynamics  of  phyta t  (mean numbers  pe r  t00  g d w  Fucus veszcu]osus) or ben th i c  crustaceans 
Imean numbers  of 30-ra in catches) f rom two sites of  the SchJei f j o rd  i n  1991 

subdolum and Podocotyle atomon are the most f requent  parasites: therefore,  the follow- 

ing analysis of parasite dynamics focusses on these  two species. 

Podocotyle atomon was not found in crustaceans from Missunde, which  is explained 
by the absence  of its first in termedia te  host, Littorina saxatilis, at this site. In total. 

9 crustacean hosts were  infested: infestat ion season was from June  or July  (Gamrnarus 
locusta only) until Sep tember  (Fig. 7). Whereas  in J u n e / J u l y  mean abundances  were  
highest  in Idothea chelipes (2.5), and otherwise  mostly about  0.5, these values  were  very 

low in Augus t /Sep tember .  The mean  numbers  of parasi tes per  infested host (the inten- 

sity) a t ta ined in Crangon crangon was as h igh  as 8 (September) or 2 (July); in Idothea 
chelipes it was maximally 3, and in I. balthica and  Gammarus locusta only 2 (Fig. 7). The  
infestation of crustaceans b e g a n  earl ier  and  was more  severe  in the ben tha l  zone than in 

the phytal  microhabitat.  This may  b~ due to the absence  of almost all potent ia l  hosts in 
the Fucus-belt in June,  with the except ion  of Garnmarus lucusta which  is probably 

infested later. 
Of the d igenean  family MicrophaUidae, Maritrema subdolum infes ted  92 % of the 

crustacean hosts; Microphaflus claviformis and M. papillorobustum w e r e  of lesser 

importance,  In the Olpenitz samples, 11 crus tacean species were  infested; Corophium 
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Fig. 7 A b u n d a n c e s  and in tens i t ies of  Podocotyle atomon in  crustaceans of  two  m ic rohab i t a t s  at 
Olpenitz 1991. A = abundance Imean number of metacercariae in the whole host population); I = 

intensity Imean number of metacercarieae per infested hosts only) 

msidiosum was not present  in the benthal  microhabitat  (Fig. 8). Only Idothea balthica 
harboured  Mar~trema subdolum in springtime already; other hosts were  not infested 
earlier than July. Highest  intensit ies and  abundances  were found in Augus t  in both 
microhabitats the benthal  system at taining higher values. The main  host was clearly 
Idothea chelipes which was maximally infested in August  by a b u n d a n c e s  of 24 and 
intensities of 34 parasite cysts. Generally,  values in the phytal  crustaceans were lower. 
Idothea balthica, Sphaeroma hookeri and  5/Iicrodeutopus grTllotalpa were also important  
hosts (Fig. 8). In autumn,  intensit ies and  abundances  decreased to a lower but still 
important  level. 

Only four crustacean species were infested by this parasite in Missunde,  where 
Idothea species were absent.  Therefore, other isopods, such as Jaera albi[rons and  
Sphaeroma hooked, became the most important  hosts whereas  Gammarus species were 
free of Maritrema subdolum cysts (Fig. 9). Corophium lacustre and  especial ly  Jaera 
albifrons were already hosts in  early spring; these were replaced by Sphaeroma species 
which a t tmned highest values in late summer.  Generally,  intensit ies and  abundances  
present  only a fraction of those found in  Olpenitz (Figs 8, 9). 
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Fig.  8. A b u n d a n c e s  a n d  i n t ens i t i e s  o f  ]V[ar i t rema s u b d o ] u m  i n  c rus taceans  of  t w o  m i c r o h a b i t a t s  at 

O l p e n i t z  1991. A = a b u n d a n c e  ( m e a n  n u m b e r  o f  m e t a c e r c a r i a e  i n  t he  w h o l e  hos t  p o p u l a t i o n ) ;  I = 
i n t e n s i t y  ( m e a n  n u m b e r  o f  m e t a c e r c a r i a e  p e r  i n f e s t e d  hosts  on ly )  

DISCUSSION 

The b rack i sh-wate r  rules of Remane  (1958) could part ly be  confirmed by  this s tudy as 
far as crus taceans  are  concerned.  The s p e a e s  min imum at sites of lower sahnities,  such as 
those as prevai l ing in Missunde,  remains  t rue for benth ic  but  not for p lanktonic  species.  
Unexpectedly ,  the densi ty  of benth ic  pe raca r ids  was  h igher  in Olpenitz  than  in Mis- 
sunde,  whereas  the planktonic  copepods  d isp layed  la rger  popula t ions  in Missunde.  In 
the  Missunde  benthos,  organisms other than  amph ipods  or isopods prevai led:  ha rpac-  
ticoids, ohgochae tes  or chironomid la rvae  (Nellen, 1967; Zander  & Westphal ,  1992). 
Among  the p lank ton  of Missunde,  calanoids  were  even  surpassed  by  rotifers (Lenz, I970; 
Zander  & Westphal ,  1992). The fluctuation of p lank ton  copepods  is inf luenced by  the 
increase  of fish la rvae  densi t ies  and  their  p reda to ry  activities (Schnack & B0ttger, 1981). 
The a l te rna t ing  peaks  of Eurytemora affinis in spr ing and of Acartia tonsa in au tumn 
were  r epea ted ly  recnrded  (Christiansen. 1988). Mites  and  harpact icoids  were  the  domi- 
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Fig. 9. Abundances  and intensities of Maritrema subdolum in crustaceans from Missunde 1991. A = 
abundance  (mean number  of metacercariae in the whole host population); [ = intensity (mean 

number  of metacercariae per infested hosts only] 

n a n t  g r o u p s  in  t h e  p h y t a l  f a u n a  of O lpen i t z ,  b u t  g a s t r o p o d s  p r e v a i l e d  a m o n g  m a c r o f a u n a  
( Z a n d e r  & W e s t p h a l .  1992). 

W h e r e a s  t h e  c e s t o d a n  l a r v a e  a p p e a r e d  a t  b o t h  Sch le i  s i t es  in  s p r i n g  only ,  t h e  r e su l t s  

f rom the  b r a c k i s h  Lf ibeck  B i g h t  p r e s e n t e d  h i g h  i n f e s t a t i o n  r a t e s  in s p n n g  as  wel l  as in  

a u t u m n  ( Z a n d e r  e t  al., 1993). In th i s  p a r t  of the  Balt ic.  Acar t i a  s p e c i e s  w e r e  t h e  mos t  

h e a v i l y  i n f e s t ed ,  a n d  O i t h o n a  s i m i h s  t h e  l e a s t  h e a v i l y  i n f e s t e d  c o p e p o d ,  t h o u g h  t h e  l a t t e r  

w a s  t h e  m o s t  a b u n d a n t  one .  In v e r y  low s a h n i t i e s  as in  M i s s u n d e ,  t h e s e  r e s u l t s  s e e m  to b e  

r e v e r s e d  b e c a u s e  Acar t ia  tonsa  h a r b o u r e d  n o  c e s t o d a n  l a r v a e ,  w h e r e a s  O i t h o n a  s imi l i s  

h a r b o u r e d  the  mos t ,  It is r e m a r k a b l e  t h a t  i n f e s t a t i o n  r a t e s  w e r e  h i g h e r  in  M i s s u n d e  t h a n  

in  O lpen i t z .  w h i c h  m a y  b e  a c o n s e q u e n c e  of s p e c i e s  m i n i m u m .  T h e  c e s t o d a n  s p e c i e s  in  

q u e s t i o n  a r e  S c h i s t o c e p h a l u s  sp. a n d  e s p e c i a l l y  P r o t e o c e p h a l u s  sp. w h i c h  a r e  f o u n d  in 

sma l l - s i ze  f ish of t h a t  a r e a  ( Z a n d e r  & W e s t p h a l ,  1991;  Kes t ing ,  1992). T h e  s e a s o n a l  

d i f f e r e n c e s  of i n f e s t a t i o n  m a y  d e p e n d  o n  t h e  r e s p e c t i v e  h f e - c y c l e s  of t h e  c e s t o d a n  

s p e c i e s  p r e s e n t  i n  Sch le i  or  Bal t ic  Sea :  for  e x a m p l e ,  in  t h e  L i i b e c k  B i g h t  B o t h r i o c e p h a l u s  

scorp i i  w a s  f o u n d  a k e a d y  i n  s p r i n g  in  i ts s e c o n d  i n t e r m e d i a t e  hos ts ,  g o b i i d  f i s h e s  (Zande~ 

e t  al., 1993), T h i s  m e a n s  t h a t  B. scorpi i  c a n  r e p r o d u c e  in i t s  f ina l  hos t ,  M y o x o c e p h a l u ~  

s corp iu s  i n  l a t e  s u m m e r ,  t h e r e a f t e r  i n f e s t i n g  c o p e p o d s  w i t h  i ts l a rvae .  

P a r a s i t e s  of b e n t h i c  c r u s t a c e a n s  w e r e  f o u n d  t h r o u g h o u t  t h e  i n v e s t i g a t i o n  p e r i o d  

a l b e i t  t h e  a p p e a r a n c e  in  s p r i n g  of M a r i t r e m a  s u b d o l u m  w a s  e n s u r e d  b y  I d o t h e a  ba l th ica  

o n l y  (Olpen i tz ) .  T h e  m a i n  s e c o n d  i n t e r m e d i a t e  h o s t  of th i s  m i c r o p h a l h d  i n  O l p e n i t z  w a s  
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Mothea chelipes. Kreft  (1991) f o u n d  th i s  i s o p o d  to b e  m a x i m a l l y  i n f e s t e d  n o t  on ly  in  

s u m m e r  b u t  e v e n  m o r e  s e v e r e l y  in la te  a u t u m n .  T h e  sa l in i t i e s  w h i c h  p r e v a i l  in  M i s s u n d e  

l ed  to a g e n e r a l  d e c r e a s e  of Maritrema subdolum a b u n d a n c e s  as  we l l  as to a h o s t  c h a n g e .  

In c o n s e q u e n c e ,  t r ue  b r a c k i s h - w a t e r  c r u s t a c e a n s ,  s u c h  as  Sphaeroma hookeri,  s e e m  to 

b e  m o r e  s e v e r e l y  i n f e s t e d  in  l o w e r  sahn i t i e s .  

Podocotyle atomon, h o w e v e r ,  is r e s t r i c t e d  to O l p e n i t z  b e c a u s e  its first  i n t e r m e d i a t e  

host ,  Littorina saxatilis, is a b s e n t  in  M i s s u n d e  (Kreft, 1991; Kes t ing ,  1992). A d u l t  p a r a s i t e s  

w e r e  f o u n d  in  t h e i r  f ina l  hos ts ,  f i shes ,  w h i c h  w e r e  a lso c a u g h t  in  l o w e r  sa l in i t i e s  d u e  to 

m i g r a t i o n s  (Kreft, 1991; Z a n d e r  & W e s t p h a l ,  1991; Kes t ing ,  1992). R e m a r k a b l e  a re  t he  

r e l a t i v e l y  h i g h  i n t e n s i t i e s  of Podocotyle atomon in  Crangon crangon w h i c h  m a y  

e m p h a s i z e  a c o r r e l a t i o n  of hos t  s ize  a n d  n u m b e r s  of p a r a s i t e  cysts  in  a s i n g l e  host .  Size  

d i f f e r e n c e s  of c e r c a r i a e  a lso i n f l u e n c e  t he  i n t ens i t i e s ,  b e c a u s e  t he  l a r g e  c e r c a r i a e  of 

Podocotyle atomon c a n  on ly  p e n e t r a t e  l a r g e r  s t a g e s  of c r u s t a c e a n s  ( W e n d l a n d ,  1985; 

Z a n d e r  & D6r ing ,  1989; Z a n d e r  et  al., 1994) a n d  no t  s m a l l  hosts ,  as c a n  Maritrema 
subdolum. 

W h e r e a s  Sphaeroma spp.  a n d  Gammarus  duebeni  are  k n o w n  to b e  t r u e  b r a c k i s h -  

w a t e r  spec ies ,  t h e  q u e s t i o n  a r i ses  c o n c e r n i n g  s imi la r  r e p r e s e n t a t i v e s  a m o n g  t h e  p a r a -  

sites.  T h e  c r i t e r i a  m u s t  b e  h i g h e r  a b u n d a n c e s  in  l o w e r  sa l in i t i e s  or in  t rue  b r a c k i s h - w a t e r  

hos ts .  Th i s  s i t u a t i o n  w a s  f o u n d  in  t he  d i g e n e a n  Cryptocotyle concavum a n d  t h e  g o b i i d  

fish, Pomatoschistus microps, w h i c h  is s e c o n d  i n t e r m e d i a t e  hos t  ( Z a n d e r  e t  al., 1984). 

S o m e  of t he  c e s t o d a n  l a r v a e  s t u d i e d  in th i s  i n v e s t i g a t i o n  m a y  b e  r e p r e s e n t a t i v e s  of th is  

g roup ,  b u t  a n  e x a c t  d e t e r m i n a t i o n  w a s  no t  poss ib l e .  Hysterothylacium sp., p r o b a b l y  H. 

auctum, w a s  p r e s e n t  in  M i s s u n d e  in Gammarus  zaddachi in  l o w e r  i n t e n s i t i e s  t h a n  in  G. 

duebeni  w h i c h  w a s  no t  i n f e s t e d  in O lpen i t z ,  in  c o n t r a s t  to G. zaddachi (Gol lasch ,  1992). 

As  Hysterothylacium sp. s e e m s  to b e  v e r y  u n s p e c i a l i z e d  in  f ish hos t s  ( Z a n d e r  et  al., 1992), 

t h e r e  is still a l a ck  of su f f i c ien t  da t a  on  t he  first  i n t e r m e d i a t e  hos ts .  

In conc lus ion ,  th is  s t u d y  is a b l e  to g ive  e v i d e n c e  of s o m e  c o e v o l u t i v e  t r e n d s  in  hos t s  

a n d  p a r a s i t e s  in  e x t r e m e  h a b i t a t s  such  as  b r a c k i s h  wa te r .  
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