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Abstract
The relationship between the prevalence and abundance (infection intensity) of trematode parasites infecting Lymnaea stagnalis L. was investigated based on collections of snails from 12 sites in central UK.  Five species of trematode were recorded from the snails.  There was a significant positive relationship between the prevalence and abundance (intensity of infection) of trematode species.
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Introduction

A positive relationship between the local abundance attained by a species at any given site and the extent of the species distribution has been widely observed in nature (Brown, 1984; Gaston et al., 1997; Gaston & Blackburn, 2000).  For parasites, this relationship equates to a positive relationship between the intensity of infection (number of conspecifics per host) and prevalence of infection (the proportion of hosts in a population which are infected).  A positive relationship has been documented for parasites of birds, mammals and fish (Poulin, 1999; Morand & Guegan, 2000; Simkova et al., 2002) but the generality of the relationship for parasite species remains unclear, in part due to the small number of studies that have examined the patterns.

Freshwater gastropod snails of the genus Lymnaea are common primary hosts for a range of parasitic trematode worms (Adam & Lewis, 1993; Sorensen & Minchella, 1998; Zakikhani & Rau, 1999; Loy & Haas, 2001).  Trematodes have complex lifecycles involving between one and three intermediate hosts, prior to infection of the definitive host (commonly a bird or amphibian), but essentially all trematode species require an aquatic mollusc as primary intermediate host (Esch & Fernandez, 1994).  Snails are infected through ingestion of eggs deposited in the faeces of the definitive host, or are penetrated by motile miriacidia which hatch from the eggs in some species.
  There is wide variation in the prevalence and intensity of trematode infection exhibited by different populations of molluscan hosts (Kuris & Lafferty, 1994), but whether the two variables are related has not been examined.  Here the relationship between the abundance (intensity) and distribution (prevalence) of trematode parasites in populations of the great pond snail, Lymnaea stagnalis L. (Gastropoda: Pulmonata) is examined.

Methods

Snails were sampled in July 2002 from 12 sites (canals or lakes) in central UK.  The sites were arranged on an East-West transect as part of a study into geographical variation in parasite prevalence in snail populations.  Further details of the locations sampled are given in Briers (2003).  Here data from the 12 sites were pooled to examine patterns across all populations.  Snails were collected with a hand net from a 100m stretch of bank, in order to minimise the influence of local variation in parasite prevalence on the results.  The number of snails collected at each site varied between 56 and 121; the total number of snails examined was 838.

Within 48 hr of collection, snails were screened for trematode infection in the laboratory by isolating them individually in 50ml glass vials containing 20ml of filtered water from the site where the snails were obtained.  The snails were held under approximately 7000 lux illumination at 20oC for 12 hr to stimulate the production of cercariae, the motile stage of the trematode responsible for infection of the next host (Minchella et al., 1985; Brown et al., 1988), which were subsequently identified to species.  Prevalence was calculated in two ways: first as the number of infected snails divided by the total number of snails examined; second as the mean of prevalences recorded in each population.  Analyses using both measures gave identical results and hence only the first measure of prevalence is reported here.  The number of cercariae produced during screening was used as a measure of infection intensity (c.f. Zakikhani & Rau, 1999).  Following screening, snails were removed from the vials, and the number of cercariae produced quantified by removing a 1ml sample from the 20ml of water, after thorough mixing.  The sample was placed in a Sedgewick-Rafter slide and the number of cercariae counted under a light microscope.  For the purposes of analysis, a mean intensity was calculated for each parasite species recorded.  Prevalence data were arcsine square root transformed and intensity data natural log transformed (Zar, 1996).

Results

Five species of trematode parasite were recorded from L. stagnalis at the sites sampled.  In order of decreasing prevalence they were: Diplostomum spathaceum Rudolphi, Echinostoma revolutum Fröelich, Echinoparyphium recurvatum von Linstow, Cotylurus brevis Dubois and Roach and Cercaria edgbastonensis Nasir.

There was a significant positive relationship between prevalence and intensity of infection for the trematode species infecting L. stagnalis (arcsin ( prevalence = 0.084 × loge intensity – 0.181, F[1,3] = 21.15, P = 0.019, adjusted r2 = 0.834, Fig. 1).  The number of cercariae produced by infected snails is known to vary with snail size but there was no significant difference between the sizes of snails infected by different trematode species (ANOVA, F[ 4,145] = 0.05, P = 0.994), suggesting that differences in snail sizes did not contribute to the observed pattern.

Discussion

In the populations of L. stagnalis surveyed for this study, parasite infection intensity and prevalence were positively related.  This is consistent with other studies of parasite species in other animal groups (Poulin, 1999; Morand & Guegan, 2000; Simkova et al., 2002), but this is the first time that the relationship has been established for species of trematodes infecting lymnaeid snails.

Whilst a positive relationship was revealed, the number of species of trematode recorded from the populations of L. stagnalis was small, limiting the power of the study.  An additional problem is the determination of infection intensity.  Cercarial production is generally positively related to infection intensity in trematodes (Zakikhani & Rau, 1999), but there are a number of other factors that may influence cercarial production, such as host age on infection (Zakikhani & Rau, 1999) and host nutrition (Keas & Esch, 1997), which could not be controlled for in the current study.  There are several different routes by which the intra-molluscan stages develop (by the production of redia or sporocysts) and asexual reproduction by the different intra-molluscan trematode stages (Esch & Fernandez, 1994) has a massive influence on cercarial production.

The positive correlation between distribution and abundance has been widely reported, and a number of hypotheses have been suggested to explain the pattern (Gaston et al., 1997), some of which have been tested for parasite species.  In the case of parasites, the direction of causation of the positive correlation is potentially problematic.  Most hypotheses assume wide distribution results in greater abundance (Gaston et al., 1997).  For trematode parasites in snails, it is possible that the causation is reversed.  Cercarial production is dependent on a wide range of factors (Esch & Fernandez 1994, Keas & Esch, 1997, Zakikhani & Rau, 1999) but those individuals that produce the most cercariae are likely to infect more secondary intermediate and thus final hosts.  A higher number of infected final hosts will produce more eggs, and potentially result in higher local prevalence.  This potential mechanism for generating positive correlations between intensity and prevalence warrants further study.

In the context of parasites, most attention has been focused on the resource specialization, or niche breadth hypothesis (Brown, 1984), which predicts that parasite species able to exploit a wide range of host species will be more widely distributed and hence more abundant at the local scale.  The limited range of studies that have examined niche breadth of parasitic species have generally found evidence in support of this hypothesis (Poulin, 1999; Simkova et al., 2002), although a study of fish parasites found a negative relationship between abundance and host specificity (Poulin, 1998). Information on the range of primary host snails used by the species of trematode recorded here is incomplete, preventing any analysis of the possible effects of host specificity on prevalence and intensity of infection.

An additional complicating factor is the multi-host nature of trematode lifecycles.  Many species infect more than one intermediate host prior to entering the definitive host (Esch & Fernandez, 1994), and parasite specificity may vary at each stage.  It is therefore difficult to assess at which stage to examine host specificity.  There is some evidence that local trematode distribution and abundance in snail hosts is influenced by the distribution of definitive hosts (Smith, 2001), but physicochemical conditions experienced by snails or other intermediate hosts may also influence parasite prevalence (Kiesecker & Skelly, 2001).

Due to the limited scope of the present study, it is not possible to assess further the possible role of alternative mechanisms that may result in the observed patterns.  However it is clear that there is a positive relationship between the prevalence and intensity of trematode infection in populations of L. stagnalis, consistent with other studies of parasitic species (Poulin, 1999; Morand & Guegan, 2000; Simkova et al., 2002), and more generally (Gaston & Blackburn, 2000).
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Figure legends

Fig. 1  The relationship between average infection intensity and prevalence of five species of trematode infecting L. stagnalis.  Fitted line represents a linear regression equation; see text for details of equation.
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