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ABSTRACT: Digenetic trematodes are widespread among mud snails (Hydrobiidae) living in coastal 
lagoons and estuaries, but knowledge is generally lacking on their impact on these host organisms. 
We examined the survival rates of infected and non-infected experimental populations of two mud 
snail species, Hydrobia ventrosa (Montagu) and Hydrobia neglecta Muus, exposed to desiccation, 
freezing and anoxia in the laboratory. Our experiments indicated that non-infected groups of both 
species had similar survival rates after being subjected to desiccation and anoxia, whereas H. ven- 
trosa survived freezing better than H. neglecta. However, infected groups of H. neglecta specimens 
subjected to desiccation showed significantly lower survival rates than non-infected groups. Infected 
and non-infected snails of both species exposed to freezing and anoxia exhibited similar survival 
rates. The possible mechanisms by which parasites influence their hosts are discussed. It is unlikely 
that the parasites in the present case mediate the coexistence of the two Hydrobia-species, because 
the snail with the highest reproductive effort - H. neglecta - showed lower infection rates in situ 
than its congener H. ventrosa. 

INTRODUCTION 

Most organisms are host to one or more parasite species. Several  studies dur ing the 

past few decades  have  demonst ra ted  that  parasites have considerable impact  on the 
physiology, ecology and evolution of their host organisms (Lauckner, 1980; Holmes,  

1983; Holmes & Price, 1986; Price et al., 1986; Moore & Gotelli, 1990; Thompson,  1990; 
Minchel la  & Scott, 1991; Toft et al., 1991; Mouri tsen & Jensen,  1994). Al though marine 

macrozoobenthic  organisms often are in te rmedia te  hosts to several  d igenean  t rematode  
species (see Kinne, 1980), parasi tes have  rarely been  given proper  at tention in the 

physiological, behavioura l  and ecological  studies of marine invertebrates  (Lauckner, 

1987a; Sousa, 1991). Given that more than half of a populat ion may be infested (Lauck- 
net, 1987b; Granovitch,  1992; J ensen  & Mouritsen, 1992), it is important  to know how 

various abiotic factors and biotic processes inf luence infected and non- infected individu- 

als in order to be able to unders tand  populat ion fluctuations. In general,  hosts suffer from 
parasites, and for this reason stress factors could potential ly be more damag ing  to 
parasi t ized than to non-parasi t ized individuals  (Sousa & Gleason, 1989). 

Hydrobia-species have  b e e n  used as mode l  organisms for the study of different biotic 

processes, such as studies on niche structure, intra- and interspecific competit ion,  and 
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character d isplacement  (Fenchel, 1975a, b; Hylleberg, 1975, 1986; Hylleberg & Siegis- 
mund.  1987; Lassen & Kristensen, 1978.. Lassen & Clark, 1979: Cherill & James,  1987a. bl. 
Recently, studies on their tolerance to toxic substances have been  performed (Forbes, 
1991). So far, none  of these studies have considered that Hydrobia populat ions often 
exhibit high infection rates (Ankel, 1962; Lauckner, 1980. 1987b~ Jansen  & Mouritsen. 
1992). They are in termediate  hosts for a diverse trematode fauna that utihze either water 
birds or fish as their final hosts (Ankel, 1962; Deblock, 1980; Lauckner, 1987b1. Gener-  
ally, parasites greatly inf luence their hosts' ecological relationship with competitors and 
predators (Holmes & Price, 1986; Price et al., 1986; Minchella & Scott, 1991). 

Earlier studies have suggested that adverse abiotic conditions such as low winter  
temperatures  (Hylleberg & Siegismund. 1987), desiccation, or anoxic condit ions (Lassen 
& Kristensen 1978) cause differential mortality rates in populations of Hydrobia ventrosa 
and Hfdrobia neglecta. However, it is u n k n o w n  to what  extent parasites have inf luenced 
the snails' response to these envi ronmenta l  factors. Generally, parasit ized snails are far 
more vulnerable  to osmotic and thermal stress than non-parasi t ized snails (Lauckner, 
1980, 1987a). To examine the inf luence of parasites on their hosts' tolerance to adverse 
envi ronmenta l  conditions, we conducted laboratory experiments with H. ventrosa and 
H. neglecta; both coexist in some Danish estuaries and shallow lagoons. 

MATERIALS AND METHODS 

Specimens of HFdrobia ventrosa and Hydrobia neglecta for the exper iments  were 
collected in a small, shallow-water lagoon (5500 m 2) near  Kalo, Denmark  (see Lassen & 
Kristensen, 1978) about  two weeks before the experiments.  The animals  were kept at 
14 ~ in small tanks filled with seawater  (20 %~). The snails were fed with sediment  sieved 
through a 63-~tm mesh. This sediment  fraction is rich in microalgae, which are the most 
important  food items for mud  snails (Jensen & Siegismund, 1980). All of the snarls used in 
the experiments  had shell lengths in the range of 3 to 4 mm. The exper iments  were 
conducted during the spring of 1992. 

To dist inguish be tween  infected and  non-infected snails, each specimen was isolated 
in a small Petri-dish and exposed to light and high temperature  (25 ~ for two days. This 
will general ly cause a shedding of cercariae from infected specimens.  Only snails 
infected with species be longing  to Microphallidae were used in these experiments,  
because this group dominated the trematode fauna in Hgdrobia in the lagoon. These 
microphallids utihze Hydrobia species as their first in termediate  hosts, amphipods as 
their second intermediate  host, and  several species of water birds can be used as 
definitive hosts (Lauckner, 1987b). 

The inf luence of desiccation, freezing and anoxia on the survival of parasi t ized and  
non-parasi t ized snails of the two species was examined in laboratory experiments.  In 
each experiment,  ten replicates from each combinat ion of species (H. ventrosa/H, neg- 
lecta) that were either in parasit ized or non-parasi t ized condition were subjected to the 
stress factor unde r  consideration. Each experimental  unit  consisted of 10 snails. At the 
end of the experiments  the snails were placed in seawater  (20 %o) at 14 ~ for three hours, 
and the n u m b e r  of snails that survived were counted. If snails did not  show active 
behaviour  (locomotion), they were st imulated with a needle  on the operculum, and  those 
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that responded by contraction were  declared to be aIive. Details of the three exper iments  

are given below. 
D e s i c c a t i o n  e x p e r i m e n t .  This exper iment  was conducted at a constant 

temperature  of 14 ~ Each replicate consisted of a Petri-dish (3-cm diameter) containing 

ten snails. The duration of this exper iment  was 7 days. 
F r e e z i n g e x p e r i m e n t. In this experiment ,  the exper imenta l  unit  was def ined 

as 10-ml plastic tubes half-filled (to allow for expansion of the water  during ice formation) 

with seawater  (20 %~ Each tube was sealed with a lid and established in a thermobath  
filled with an ant i-freeze liquid (50 % isopropanol). At the start of the experiment ,  small 

ice-crystals were  added  to each tube to stimulate the spontaneous formation of ice and to 

avoid hypersal ine conditions at the bottom of the tubes. The tempera ture  was kept  at 
- 5  ~ Pilot exper iments  had indicated that an exper imenta l  duration of four days was 

appropriate.  
A n o x i a  e x p e r i m e n t .  The exper imenta l  unit was a small Petri-dish (3-cm 

diameter) filled with oxygen-free  seawater  (oxygen was replaced by nitrogen) and was 
covered with a piece of gauze bandage.  The Petri-dishes were  established for 19 days in a 

tube container filled" with seawater  (20 ~ in which anoxic conditions were  mainta ined 

by supplying ni t rogen continuously. 

Statistical analyses 

Differences in survival rates of Hydrobia subjected to different environmenta l  condi- 

tions were  analysed for significance by analyses of var iance using SPSS (Hull & Nie, 

1981). If data did not meet  the assumption of homogenei ty  of variances (according to 
Cochran 's  test), they were  arcsin-transformed. Data from the desiccation exper iment  

exhibi ted some he terogenei ty  (Cochran's test, p = 0.021). Accordingly, a lower probabi-  
lity level  (p < 0.01) was used for significance tests (Underwood, 1981). Tukey ' s  test was 

used to compare  individual  t reatments  (Day & Quinn, 1989). Other details are indicated 

in the text. 

RESULTS 

D e s i c c a t i o n. Regarding the fraction of parasi t ized snails surviving desiccation, 
there were differences be tween  the two Hydrobia species (Fig. 1A). In both parasi t ized 

and non-parasi t ized H. ventrosa, 30 % of the individuals  survived the seven  days of 
desiccation. However ,  in H. neglecta the average  survival rate decl ined from 42 % in 

non-parasi t ized snails to 9 % in parasi t ized snails. This interaction b e t w e e n  the two 

factors (snail species and their parasi t ized or non-parasi t ized condition) was highly 
significant (Table 1). Tukey 's  test confirmed that the difference be tw een  parasi t ized and 

non-parasi t ized H. neglecta was significant (p < 0.05) as was the difference in survival of 

H. ventrosa and parasi t ized H. neglecta. 
F r e e z i n g. H. ventrosa survived freezing much  bet ter  than H. neglecta (Fig. 1B). 

On average,  72 % of the exper imenta l  populat ion of H. ventrosa survived four days of 

freezing, whereas  only 22 % of the H. neglecta populat ion survived. This difference 
b e t w e e n  species was highly significant (p <0.001, Table  1). The minor  differences 

be tween  parasi t ized and non-parasi t ized specimens in either species were  not significant 
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Fig. 1. Percentage survival (mean ___ S.E.) of H. ventrosa and H. neglecta exposed to (A) 7 days of 
desiccation; (B) 4 days of freezing; and (C) 19 days of anoxia (NP: non-parasitized, P: parasitized) 

(Table  1). Thus ,  pa ras i t es  h a d  no  s ign i f ican t  i m p a c t  on the  surv iva l  of snai l s  e x p o s e d  to 

f reez ing .  
A n o x i a. T h e r e  was  no d i f f e rence  in  surv iva l  ra tes  b e t w e e n  p a r a s i t i z e d  a n d  non-  

pa ra s i t i zed  snai ls  of e i the r  spec ies  s u b j e c t e d  to 19 days  of a n o x i a  (Fig. 1C a n d  Tab l e  1). 
O n  a v e r a g e ,  9 % of all  i nd iv idua l s  s u r v i v e d  this t r ea tmen t .  
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Table 1. Summary of analyses of variance for the three experiments: effects of species IH. neglecta/ 
H. ventrosa) and snail condition (non-parasitized/parasitized) on the survival of snails under  
different experimental  scenarios (desiccation, freezing and anoxia). Data on percentage  survival 

have been  arcsin-transformed 

Source of variation 
Experimental  Species Snail condition Interaction: Residual 
scenario (H. n./H. v.) (-para./+para.) species �9 condition (error) 

df 1 1 1 36 
Desiccation Mean  square 209.0 1181.2 1405.8 74.7 

F 2.8 n'~" 15,8" " * 18.8" ' * 

df 1 1 I 36 
Freezing Mean  square 15758.4 101.9 1441.8 435.6 

F 36.2" * " < 1 nS 3.3 n~ 

df 1 1 1 36 
Anoxia Mean  square 10.8 82.9 1.2 59.1 

F < 1 ns' 1.4 n~ < 1 a~ 

n.s.: non-significant; * * * p <0.001 

D I S C U S S I O N  

T h e  two p r o s o b r a n c h  snai ls ,  Hydrobia neglecta a n d  Hydrobia ventrosa, a r e  eco log i -  

cal ly  a n d  m o r p h o l o g i c a l l y  v e r y  s imilar .  T h e y  e x h i b i t  g r e a t  d i s t r i b u t i o n a l  o v e r l a p  w i t h i n  

s h a l l o w  w a t e r  e c o s y s t e m s  ( l agoons  a n d  e s tua r i e s )  in  n o r t h w e s t e r n  Europe ,  b u t  H. neg- 
lecta is m u c h  r a r e r  t h a n  H. ventrosa (Muus ,  1967; F e n c h e l ,  1975a;  Che r r i l  & J a m e s ,  1985; 

H y l l e b e r g ,  1986; Ba r nes ,  1993, 1994). S n a i l s  u s e d  for t h e  p r e s e n t  e x p e r i m e n t  w e r e  

c o l l e c t e d  in  a s m a l l  l a g o o n  in t he  K a t t e g a t  a rea ,  w h e r e  t he  two  s p e c i e s  h a v e  c o e x i s t e d  for 

a t  l e a s t  13 y e a r s  (Hy l l ebe rg ,  1986). T h e  q u e s t i o n  r e m a i n s  as  to h o w  c o n g e n e r i c  s p e c i e s  

l ike  t h e  Hydrobia-species m a n a g e  to e x h i b i t  a c o n t i n u i n g  c o e x i s t e n c e  w i t h i n  s m a l l  s emi -  

e n c l o s e d  l a g o o n s  ( low r e c o l o n i z a t i o n  ra tes )  l ike  t h e  o n e  s t u d i e d  he re .  E x p e r i m e n t a l  a n d  

o b s e r v a t i o n a l  d a t a  h a v e  i n d i c a t e d  t h a t  t h e  two  sna i l  s p e c i e s  d i f fe r  in  t h e i r  t o l e r a n c e  to 

d e s i c c a t i o n ,  f r e e z i n g  a n d  anox ia ,  a n d  th i s  is t h o u g h t  to m e d i a t e  t h e i r  c o e x i s t e n c e  (Muus ,  

19671 L a s s e n  & K r i s t e n s e n ,  1978; H y l l e b e r g ,  1986; H y l l e b e r g  & S i e g i s m u n d ,  1987)./-/. ne- 
glecta s e e m s  b e t t e r  a d a p t e d  to d e s s i c a t i o n  a n d  a n o x i a  t h a n  hr. ventrosa, w h e r e a s  

H. ventrosa s u r v i v e s  f r e e z i n g  be t t e r .  For  u n p a r a s i t i z e d  sna i l s  t h e  p r e s e n t  r e s u l t s  d id  no t  

s u p p o r t  a n y  s i g n i f i c a n t  d i f f e r e n c e  b e t w e e n  t h e  two  spec i e s  r e g a r d i n g  t h e i r  t o l e r a n c e  to 

d e s i c c a t i o n  a n d  anox ia ,  b u t  c o r r o b o r a t e d  t h a t  H. ventrosa s u r v i v e s  f r e e z i n g  b e t t e r  t h a n  

H. neglecta. It h a s  to b e  r e c o g n i z e d  t h a t  t he  s u r v i v a l  r a t e s  o b t a i n e d  in  t h e  p r e s e n t  

e x p e r i m e n t s  d e p e n d  o n  b o t h  t h e  d u r a t i o n  of t h e  e x p e r i m e n t s  a n d  t he  p a r a m e t e r  s e t t i n g s  

(i.e. t e m p e r a t u r e ,  h u m i d i t y ,  etc.). In  th i s  r e g a r d ,  t h e  e x p e r i m e n t s  m a y  n o t  n e c e s s a r i l y  

s i m u l a t e  n a t u r a l  cond i t i ons .  N e v e r t h e l e s s ,  t h e  d i f f e r e n c e s  o b s e r v e d  a m o n g  t h e  s p e c i e s  

a re  m o r e  i n t e r e s t i n g  t h a n  t h e  a b s o l u t e  s u r v i v a l  ra tes .  Of t h e  two  spec ies ,  H. neglecta 
s h o w e d  a s i g n i f i c a n t l y  h i g h e r  m o r t a l i t y  r a t e  w h e n  i n f e c t e d  w i t h  m i c r o p h a l l i d s  a n d  

s u b j e c t e d  to d e s i c c a t i o n ,  w h e r e a s  p a r a s i t e s  d id  no t  i n t e r f e r e  w i t h  s t ress  t o l e r a n c e  in  H. 
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ventrosa. Similar experiments  on the inf luence of trematodes on the survival  rates of 
intermediate snail hosts subjected to extreme but realistic environmental  variables  are 
scarce. Sousa & Gleason (1989) carried out a study of this kind on Cerithidea cali[ornica. 
No significant difference was found in the survival rates experienced by infected and 
uninfected snails exposed to extremes in water temperature,  salinity or desiccation. Low 
levels of oxygen was the only condition that caused higher mortality in infected snails 
than in healthy ones (Sousa & Gleason, 1989). Exposure to extremely high temperatures  
(35 ~ and low ( - 2  ~ temperatures  are known  to cause increased mortality of parasi- 
tized Nassarius reticulatus (in temperate  regions) (Tallmark & Norrgren, 1976). It has also 
been  reported that parasites may weaken  the snail host's resistance to various toxicants 
or other pollutional stress factors (Guth et al., 1977), but  the effect of parasites upon  
resistance depends  on the stages of the parasites. However, as shown in the present  
study, congeneric  snails may differ in their response to the same trematode species. 
Furthermore, it has been  observed that different species of trematodes may inf luence 
their hosts differently (Lauckner, 1980). At present  we do not know by which mechanisms  
the parasites interfere with the host 's tolerance to stress factors: neither do we know 
enough about the differences in the physiology of the two Hydrobia-species to explain 
their different tolerances to the various envi ronmenta l  factors. Many invest igat ions have 
demonstrated that host starvation in invertebrates results in similar effects to those of 
infection (James, 1965). For this reason, parasitized snails may be less tolerant  to stress 
factors. As an example, to perform anaerobic  metabolism, organisms use stored energy 
reserves (glycogen). Some morphological features such as the permeabil i ty of the shell 
and operculum as well as behavioural  features may influence the snail 's  tolerance to 
desiccation. It has been  observed that there is a general  correspondence be t w e e n  the 
zonational sequence  of the animals on intertidal shores and the amount  of water  loss the 
species can tolerate (Newell, 1970). It could be envisaged that parasites interfere with 
such tolerances, for instance, by dis turbing the calcification processes in molluscs (Davies 
& Erasmus, 1984). Both freezing and desiccation could result in an increase in the 
concentration of solutes in the body fluid (because of evaporation or freezing of water). 
The ability to tolerate exceptional increases in osmotic concentrations might  then allow 
snails to survive freezing and desiccation. Indeed, Hydrobia-species are know n  for their 
euryhalinity. To what  extent the mechanisms regulat ing the snails' tolerance to high 
osmotic concentrat ions are damaged  by parasites is unknown.  

Considering the often dense infrapopulat ions of microphallid larvae in Hydrobia it is 
remarkable  that the parasites do not have a stronger effect on the snails' tolerance to 
stress factors than observed in the present  study. However,  this seems to be in accor- 
dance with the prudent-paras i te  model for parasite-host co-evolution (sensu Esch & 
Fernandez,  1993). For the present  parasites, whose transmission success is d e p e n d e n t  on 
viable intermediate  hosts, it is essential  that the snails as hosts survive the env i ronmenta l  
conditions that they natural ly may experience. As expressed by Dawkins  (1982), a 
parasitized host represents  an extended phenotype of the parasite. Thus, we may expect 
that selection will favour parasites that have little pathogenic  effect on their hosts. 
However, it may not necessarily be that simple (Freeland, 1986; Dobson & Merenlender ,  
1991; Esch & Fernandez,  1993). The selective advantages  to a parasite with low levels of 
host pathogenei ty  depend  on the parasite 's  reproductive and  transmission modes as well  
as its competitive interactions with other members  of the same parasite infracommunity.  
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Individual parasite species may have co-evolved with a particular snail as inter- 
mediate  host but  not with the snail 's congeneric relatives. If the prudent-parasi te  model is 
acceptable, this could explain differential effects of the same parasite species on different 
host species. In the present  case, H. neglecta could be a reservoir host, and this might 
explain the lower prevalences of microphallids seen in H. neglecta than in H. ventrosa 
(see below). 

Data on the reproductive effort of Hydrobia from Danish lagoons (including the one 
studied here) indicate that H. neglecta allocates more energy to reproductive purposes 
than H. ventrosa (Lassen, 1979; Lassen & Clark, 1979). However, comprehensive studies 
in the U.K. have failed to confirm this difference be tween  H. neglecta and H. ventrosa 
(Barnes, 1993, 1994). Presuming that this discrepancy reflects regional differences in life- 
history traits and  not artifacts, If. neglecta has a higher reproductive rate than If. ventrosa 
in our area. The two species have similar food niches (Fenchel & Kofoed, 1976). Both 
species exhibit similarly increased mortality rates as a function of both inter- and 
intraspecific densities. Given the higher reproductive rate of H. neglecta over H. ven- 
trosa, we would predict that the former will, in the course of time, out-compete the latter 
in the Kalo lagoon. However, fluctuating envi ronmenta l  conditions cause variability in 
the two species' mortality rates. The question is whether  parasites are an additional factor 
promoting coexistence of the two snail species. Parasi te-mediated coexistence has been  
demonstrated from other ecosystems (Holmes & Prices, 1986; Price et al., 1986; Minchella 
& Scott, 1991; Schall, 1992). In these cases the dominant  competitors are selectively 
infected by parasites that have a detr imental  impact on the wel l -being of the host species. 
In 1991, H. neglecta was the dominant  snail, as it exhibited roughly 80 % of the Ifydrobia 
population in the studied lagoon, but  the frequency of parasites was less in H. neglecta 
(8 %) than in H. ventrosa (25 %) (Latama, 1992). Thus, no proof was found that parasites 
contribute to the coexistence of the two snails. However, the prevalence of parasites 
shows temporal variation. From the same locality, Lauckner  (1987b) found that 27 % of 
the Hydrobiids were infected by only one microphallid species (Maritrema subdolum). 
Nonetheless, based on the 1991 data, parasites seem to be more detr imental  to 
H. ventrosa than to H. neglecta, because the castrating effect of parasites probably has a 
greater impact on the density of the snail populat ion than any reduction these parasites 
cause in snail longevity (Sousa & Gleason, 1989). 

In conclusion, the available data do not support the hypothesis of parasi te-mediated 
coexistence in the present  case. Desiccation will cause mortality in most snails, but  less in 
non-infected If. neglecta than in other groups. However,  as the numbers  of parasitized 
H. neglecta are relatively small, the relative amounts  of the two groups will not change 
much. Nonetheless,  parasites will play an important  role in the populat ion dynamics  of 
the two snail species. Prevalences of parasites at 27 % (Lauckner, 1987b) will surely 
influence the populat ion development  in the present  biotope, particularly so in species 
without a direct development.  Recolonisation from the outside proceeds slowly because  
of limited water  exchange be tween  the lagoonal  water  and the estuarine water  outside. 
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