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Abstract Despite the important roles played by parasites
in local population dynamics and community structure of
marine ecosystems, there is a lack of information on the
geographical variation in infection levels displayed by particular host–parasite species combinations. This study
examines geographical variation in infection levels by the
metacercarial stages of trematode parasites in crustacean
and bivalve second intermediate hosts. Analyses were
based on a dataset compiled from the literature, consisting
of 164 local samples representing 49 host–parasite species
pairs for crustaceans, and 338 entries representing 36 host–
parasite species pairs for bivalves. The analyses indicate
that for all measures of infection levels [prevalence
(percentage of individuals infected), intensity (mean no. of
metacercariae per infected individual), abundance (mean
no. of metacercariae across all individuals in a sample)],
there was statistically signiWcant repeatability of infection
values within host–parasite species pairs. However, it is
only for values of intensity and abundance of infection in
crustacean hosts that the repeatability was strong; this
suggests that infection levels are speciWc properties of
crustacean–trematode species pairs, showing signiWcant
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consistency across localities despite spatial variation in
abiotic and biotic conditions. Although the magnitude of
variation in infection levels within parasite species pairs
(measured as coeYcients of variation) was independent of
scale in crustacean hosts, infection levels in bivalves
increased in variability at large (>100 km) spatial scales.
These results suggest that there is a considerable geographical consistency in parasite load, especially in crustacean
hosts, which should lead to consistent ecological and
ecosystem eVects of marine trematodes.

Introduction
Parasites play fundamental roles in natural ecosystems.
They can regulate host population abundance, inXuence the
diversity and composition of communities, and stabilize
food webs (Minchella and Scott 1991; Thomas et al. 2005;
LaVerty et al. 2008). In particular, trematode parasites are
important, although often ignored, elements of marine systems, especially intertidal ones (Sousa 1991; Mouritsen and
Poulin 2002). They are known to modulate the population
dynamics of invertebrate hosts (LaVerty 1993; Fredensborg
et al. 2005; Thieltges 2006a) and to indirectly determine the
diversity and structure of intertidal communities (Mouritsen and Poulin 2005; Wood et al. 2007). What remains
unclear; however, is whether the impact of a particular
trematode species is conWned to a few localities, or whether
this impact is detectable over larger spatial scales.
The potential impact of a parasite is obviously dependent
on the infection levels it achieves in a given ecosystem. On
the one hand, local factors may be the key determinants of
how abundant a particular parasite will be in a locality; on
the other hand, diVerent parasite species may have diVerent
intrinsic properties that pre-determine how abundant they
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will be, at least within a species-speciWc range of abundance values. There is evidence from a wide range of parasite taxa that the levels of infection attained by a parasite
species vary much less than expected by chance across
localities, and therefore represent parasite species characters (Arneberg et al. 1997; Poulin 2006a; Krasnov et al.
2006). Understanding the spatial variation in infection levels displayed by a particular parasite species is important as
it underpins the geographical dimension of host–parasite
interactions, a spatial scale often ignored because of its
complexity. Given that the pathological eVects of marine
trematode parasites are generally dependent on the number
of parasites per host (e.g., Fredensborg et al. 2004; Thieltges
2006b), it is important to investigate what regulates infection levels by these parasites to gain insights into their role
in the population dynamics and community structure of
marine hosts.
Spatial variation in infection levels has received very little attention in trematodes parasitic of marine animals.
Intertidal trematodes have complex life cycles. They generally use either shorebirds or Wsh as deWnitive hosts, in
which the parasites reproduce sexually. Eggs released in the
deWnitive host’s feces will then infect snails, which serve as
Wrst intermediate hosts. A few studies have shown that
some of the variation among localities in trematode infection levels of snails acting as Wrst intermediate hosts is
explained by the frequency and number of visits to each site
by bird deWnitive hosts (Smith 2001; Skirnisson et al. 2004;
Fredensborg et al. 2006; Byers et al. 2008). Trematodes
castrate their snail host and exploit its resources for the production of infective stages (cercariae) that will then leave
the snails to infect a second intermediate host, which can be
crustaceans, bivalves, or a range of other animals depending on the parasite species, or encyst outside their hosts in
some cases. Within the second intermediate hosts, the
cercariae develop into metacercariae, and over time a host
can accumulate large numbers of metacercariae before
these are transmitted to the deWnitive host via predation on
the second intermediate host.
Little is known about the spatial variation in infection
levels of second intermediate hosts by particular trematode
species. Similar to avian deWnitive hosts in Wrst intermediate snail hosts, the distribution and abundance of the Wrst
intermediate hosts seem to be important in determining
metacercarial infection levels in second intermediate hosts
on the scale of several kilometres (Thieltges and Reise
2007; Thieltges 2007). Other factors that contribute to variation in infection levels in second intermediate hosts among
localities are habitat properties like residual water in pools
at low tide and the density of the second intermediate hosts
themselves, which can result in spatial heterogeneity of
infection levels on the scale of a few meters (Thieltges and
Reise 2007). The abundance and distribution of alternative
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host species as well as non-hosts (e.g., predators of infective cercarial stages) also aVect infection levels in second
intermediate hosts (Thieltges et al. 2008a, b). DiVerences in
temperature among localities might add further variation
because the rate at which cercariae are produced by (and
released from) snails is known to be sensitive to temperature (Fredensborg et al. 2005; Thieltges and Rick 2006;
Poulin 2006b). Therefore, local factors may be the dominant determinants of infection levels achieved by trematodes in their second intermediate hosts, ranging from very
small (within localities) to larger spatial scales (among
localities and regions). Given that diVerences in ambient
environmental conditions increase with the distance
between localities, we can expect the magnitude of variation to increase with the spatial scale investigated. However, given that parasites of all kinds show highly
repeatable infection levels across localities (Arneberg et al.
1997; Poulin and Mouritsen 2003; Poulin 2006a; Krasnov
et al. 2006), there may be a certain consistency in trematode infections of second intermediate hosts on a geographic scale.
The objective of this study is to assess the consistency
(or repeatability) of infection levels by trematodes in crustacean and bivalve second intermediate hosts. We determine whether the infection levels [prevalence (percentage
of individuals infected), intensity (mean no. of metacercariae per infected individual), abundance (mean no. of metacercariae across all individuals in a sample)] observed for
particular trematode and host species are more similar
within than among species, as a test of whether or not local
factors can oVset any intrinsic tendency for a trematode
species to reach low or high abundance. As data on trematode infection levels in second intermediate hosts are limited we cannot cover the entire range of a parasite species
but can only compare sites within this range, spanning from
small (<10 km) to large spatial scales (>1,000 km), depending on the data available. In addition to assessing the consistency of infection levels, we test if variation in infection
levels is greater on large compared with small spatial
scales.

Materials and methods
We searched online databases and our own reprint collections for studies reporting on metacercarial infections in
marine crustaceans or bivalves. As we were interested in
the variance of metacercarial infection levels within the
parasite–host species pairs, we included all parasite–host
records from each locality. Hence, a single data entry consisted of a parasite–host species pair, i.e., a single parasite
species and a single host species. As a result of this procedure some parasite species occur in combination with
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diVerent host species in the dataset, both within and among
localities. For each entry corresponding to a particular parasite–host species pair in one locality, we recorded data on
three measures of infection levels: prevalence (proportion
of infected hosts in the sample), intensity (mean number
of parasites per host among infected hosts only) and abundance (mean number of parasites per host across the
whole sample). Where possible we calculated missing data
if the other two measures were available (abundance =
prevalence £ intensity). Data from graphs were read using
the free software Engauge (http://digitizer.sourceforge.net/).
Only studies investigating at least 15 individual hosts of the
same species and from the same locality were included, in
order to achieve a compromise between the level of accuracy of the recorded infection levels and the number of
records for which data would be available. We retained
only parasite–host species pairs for which we had at least
two entries, i.e., samples from two diVerent localities. To
identify the spatial scale covered by the samples included in
each parasite–host species pairs, we determined the approximate maximum distance among sampling sites using the
following scale index: 1:<10 km, 2: 10–100 km, 3: 100–
1,000 km, 4:>1,000 km. We also noted maximum host size,
i.e., maximum shell or body length, from the original publications, identiWcation guides or databases.
To test whether metacercarial infection levels in marine
invertebrate hosts are parasite species characters (i.e.,
varying less among populations of the same parasite species in a particular host than among species), we used two
approaches. First, for each parasite–host species pair, we
plotted the lowest infection level values against all other
values and performed a linear regression analysis. This was
done separately for crustacean and bivalve hosts. Although
this procedure is likely to be skewed towards Wnding a correlation as data cannot fall below the 1:1 line, we did so for
the following reason: the data do not necessarily have to
fall on the 1:1 line a priori. If variation among samples is
large, many points in the plot will accumulate in the upperleft corner of the graph and there would not be a strong positive correlation between the lowest and all other infection
levels in a pair. In contrast, a tight band of points along the
1:1 line would suggest that infection levels among sites for
given pairs are consistent. The graph; thus, visually helps to
interpret the data in this respect. A statistical test for the
signiWcance of the regression line serves as support to the
conclusion that species have consistent infection levels and
helps to estimate how large the scatter in the data is. However, one has to keep in mind that the nature of the data
might confound the tests. For these analyses, we log-transformed intensity and abundance values to meet the assumptions of parametric tests.
Second, we conducted a repeatability analysis following Arneberg et al. (1997) and Poulin (2006a). Using
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separate ANOVAs for each infection level measure and
separately for crustaceans and bivalves, we analyzed the
variation in prevalence, intensity and abundance within
and among parasite–host species pairs. Parasite–host
species pairs served as levels in single factor analyses. A
signiWcant ANOVA result would indicate that the mean
infection levels generally diVer among pairs, although
not all pairs necessarily have to diVer from one another.
This can only result if variances in infection levels
within pairs are relatively small compared with variances among pairs, and would suggest repeatability of
infection levels within pairs. Another indicator of
repeatability we used is the proportion of the total variance that occurs among parasite–host species pairs, as
opposed to within parasite–hosts species pairs. It was
estimated using the coeYcient of intraclass correlation
as explained in Sokal and Rohlf (1995, p. 214). If a high
proportion of the variance occurs among rather than
within parasite–host species pairs, this suggests that
infection levels in a parasite–host species pair at diVerent localities are more similar to each other than to
infection levels from other parasite–host species pairs.
Hence, the proportion of variance associated with
among and within parasite–host pair variation of infection levels can be used as an indicator for repeatability
of infection levels. For all analyses, intensity and abundance data were log-transformed and prevalence data
arcsine-transformed.
In addition to these analyses, we investigated whether
local populations with high prevalence also exhibit higher
infection intensities. To do so, we plotted log-transformed
intensities from all samples in the dataset against prevalence and performed a linear regression analysis, separately
for crustacean and bivalve hosts.
To analyse the eVect of scale on variability in metacercarial loads, we calculated coeYcients of variation
(CV) for the three infection measures (prevalence, intensity, abundance) for each parasite–host species pair,
grouped into the four scale index categories (see above).
We tested for diVerences in CV among the four scale
categories using one-way ANCOVAs with CV as the
dependent variable and scale as the predictor variable.
Maximum host size was added as a covariate to account
for potential eVects of host size on infection levels, as
host size might inXuence parasite accumulation (e.g.,
Thieltges 2008). In a strict sense, the data used for this
analysis are technically pseudo-replicated. Some data in
the dataset come from studies investigating multiple
host species at the same locality and are thus not strictly
independent from each other. There might also be taxonomic eVects on infection levels. However, we decided
to use the analysis in its present form as this is likely the
best approach for the data at hand.
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Results
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The data base included 49 and 36 host–parasite species
pairs for crustaceans (164 total entries) and bivalves (338
total entries), respectively; data on all three infection measures are not available for all entries, however. The dataset
is included as supplementary material in an electronic
appendix (see Supplementary material S1–S4).
Over all samples, intensity was positively correlated
with prevalence in crustacean hosts (R2 = 0.33, P = 0.015).
However, there is a considerable scatter in the plotted data
(Fig. 1). The pattern was stronger in bivalves as indicated
by a higher regression coeYcient (R2 = 0.53, P < 0.001) but
there is still a lot of scatter in the plotted data, especially at
prevalence levels of 100% (Fig. 1). Indeed, in bivalve samples with a 100% prevalence of infection, intensity values
range over three orders of magnitude.
When the lowest prevalence value for a particular host–
parasite species pair was plotted against all other values
for that pair, across all pairs involving crustaceans, a
strong positive correlation emerged (R2 = 0.62, P < 0.001)
(Fig. 2). However, the triangular shape of the scatterplot
indicates that many crustacean host–parasite species pairs
show a wide range of prevalences between localities, from
very low to very high values. The pattern was clearer for
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Fig. 1 Relationship between prevalence and intensity of metacercarial infections in marine crustacean (above) and bivalve (below) hosts.
The lines represent the best Wt of a regression. Crustaceans:
y = 0.0123x + 0.2604; bivalves: y = 0.0164x ¡ 0.0416. The graphs
use a subset of the total dataset as prevalence and intensity values were
not available for all samples
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Fig. 2 Relationship of the lowest infection level value (x axis) within
a parasite–host species pair and all other values of the respective pair
for either prevalence (top), intensity (middle) or abundance (bottom) of
metacercarial infections in marine crustaceans. The graphs use subsets
of the total datasets as infection level values were not available for all
samples, depending on the measure used. For the number of samples
within each parasite–host species pair see Supplementary material S3

intensity and abundance values, where the lowest and all
other values per parasite–host species pair were positively
and signiWcantly correlated (intensity R2 = 0.76, P < 0.001;
abundance R2 = 0.50, P < 0.001). In both cases, there was
less scatter in the data and the roughly linear arrangement
of points suggests a relatively narrow range of intensity and
abundance values within parasite–hosts species pairs at
diVerent localities (Fig. 2). The ANOVA analyses indicated
a similar pattern. Prevalence values were repeatable within
the parasite–host species pairs (F47,97 = 4.43, P < 0.001) but
only 20% of the variation in prevalence among all samples
was associated with diVerences among parasite–host
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Discussion
Intensity and abundance showed some level of repeatability
among parasite–host species pairs, i.e., there was a tendency for parasite species to occur within a relatively
narrow range of values in a certain host species among
localities. This suggests intensity and abundance to be
speciWc for a given parasite–host species pair. In contrast,
prevalences varied widely and the variation among localities within parasite–host species pairs was extensive in
some cases. Hence, prevalence does not appear to be
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species pairs as opposed to diVerences within parasite–host
species pairs. Repeatability patterns were stronger for
intensity (F21,44 = 13.67, P < 0.001) and abundance
(F22,62 = 13.43, P < 0.001), with 81 and 78% of the variation being associated with among parasite–host pair variation, respectively. Hence, most of the variation in intensity
and abundance in crustacean parasite–host systems can be
explained by the identity of the parasite–host species pair.
In bivalves, infection levels among parasite–host species
pairs showed a similar but much weaker pattern (Fig. 3).
Although there was a signiWcant correlation between the
lowest prevalence values of each parasite–host species pair
and all other prevalence values, the associated correlation
coeYcient was very low (R2 = 0.043, P < 0.001). The pattern was stronger for intensity (R2 = 0.126, P < 0.001) and
abundance (R2 = 0.146, P < 0.001), but there was still
considerable scatter in the data plots (Fig. 3), also indicated
by the relatively low correlation coeYcients. Similar to
crustacean parasite–host systems, prevalence patterns were
repeatable among populations of the same parasite–host
species pairs (F32,294) = 4.24, P < 0.001). However, only
25.8% of the variation was associated with among parasite–
host pair variation. Intensity (F30,234 = 5.91, P < 0.001) and
abundance (F31,239 = 6.47, P < 0.001) patterns also showed
repeatability among populations of parasite–host species
pairs in bivalves, but the proportion of the variance associated with variation among parasite–host pairs was much
lower than in crustacean systems, with 37.4% for intensity
and 40.2% for abundance.
The spatial scale covered by the samples within each
parasite–host species pair had no eVect on the variability in
metacercarial infection levels in crustacean hosts as indicated by similar coeYcients of variation (CV) and non-signiWcant eVects in ANCOVAs (Fig. 4; Table 1). Maximum
host size also had no eVect on variability of infection levels
(Table 1). In contrast, variation in all three infection measures (prevalence, intensity, abundance) increased with
scale above 100 km in bivalves (Fig. 4; Table 1). However,
again, maximum host size had no eVect on the variability of
infection levels (Table 1).
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Fig. 3 Relationship of the lowest infection level value (x axis) within
a parasite–host species pair and all other values of the respective pair
for either prevalence (top), intensity (middle) or abundance (bottom) of
metacercarial infections in marine bivalves. The graphs use subsets of
the total datasets as infection level values were not available for all
samples, depending on the measure used. For the number of samples
within each parasite–host species pair see Supplementary material S4

predictable for a speciWc parasite–host species pair but
strongly determined by local factors.
This pattern is consistent with the previous studies on
parasites in Wnal hosts. Arneberg et al. (1997) found that
intensity and abundance, but not prevalence, were repeatable among nematode species parasitic in mammals, and a
similar pattern was reported from helminth parasites in
freshwater Wsh (Poulin 2006a). Prevalence is a measure of
the proportion of hosts infected with a speciWc parasite and
is thus an indicator of the encounter rate of the hosts with
infective stages of the parasite. Encounter rates are largely
governed by processes outside the host such as the distribution

123

988

Mar Biol (2009) 156:983–990
180

Table 1 Results of ANCOVA analyses on the eVect of scale
(1: <10 km, 2: 10–100 km, 3: 100–1,000 km, 4: >1,000 km) on the
three infection level measures (prevalence, intensity, abundance) of
metacercariae in marine crustacean and bivalve hosts
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Fig. 4 Mean coeYcients of variation (CV) (+SE) within parasite–host
species pairs at diVerent spatial scales (<10 km, 10–100 km, 100–
1,000 km, >1,000 km) for the three measures (prevalence, intensity,
abundance) of metacercarial infections of marine crustacean and
bivalve hosts. For the number of samples within each parasite–host
species pair see Supplementary material S3 and S4

Maximum host size was added as a covariate to account for potential
eVects of size on infection levels
SigniWcant results are in bold

and abundance of free-living infective stages, or the availability of infected prey items in parasites transmitted via
predation. In the case of the crustacean and bivalve second
intermediate hosts, it will be the local supply with cercarial
stages that determines encounter rates of the hosts. Shedding rates of cercariae from snail Wrst intermediate hosts
and other external processes are likely to be determined by
local factors that diVer among localities. These include the
distribution and abundance of Wrst intermediate hosts, the
density of the target hosts themselves, and varying temperatures (Fredensborg et al. 2005; Thieltges and Rick 2006;
Poulin 2006b; Thieltges 2007; Thieltges and Reise 2007).
In addition, ambient biota can further modulate infection
levels by interfering with cercarial transmission (Mouritsen
and Poulin 2003; Kaplan et al. 2008; Thieltges et al. 2008a,
b). As a consequence of varying local factors, prevalences
vary substantially among localities. Such a high variation in
prevalences makes it diYcult to predict the prevalence of a
parasite in a certain host species among localities, and
hence prevalence cannot be considered to be a characteristic of a given parasite–host species pair.
In contrast, intensities of infection with endoparasites are
strongly aVected by processes acting within the host (Poulin
2006a). Host size may limit the number of parasites that can

Wt within the body or particular organs of a given host
(Poulin 2006a). However, our analyses did not indicate
any eVect of maximum host size on infection levels,
although a density-dependence of infection levels has been
documented in small second intermediate hosts like amphipods (5–20 mm body length): both the establishment success and the growth of metacercariae decrease with
increasing infection doses in amphipods (Brown et al. 2003;
Fredensborg et al. 2004; Fredensborg and Poulin 2005).
More important in our case might be a density-dependent
mortality of hosts. An increasing mortality of hosts with
increasing density of metacercarial cysts has been well documented, particularly in crustacean hosts (e.g., Meissner and
Bick 1997; Fredensborg et al. 2004). Assuming similar density-dependent mortality eVects among localities, parasites
infecting a certain host species will face a similar densitydependent limitation wherever they occur. As a result, intensities will vary within a narrow range of values since there is
a ceiling on the maximum possible value; thus intensity
values will be more similar within than among parasite–host
species pairs. Hence, intensity (and abundance, i.e., the
product of intensity and prevalence) is predictable among
localities and can be considered to be a characteristic of a
given parasite–host species pair.
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Although intensity and abundance seem to be relatively
predictable for a parasite species in a given host species,
local factors still modulate infection levels in crustaceans
and bivalves, as indicated by the strong scatter in the data.
This is particularly evident for bivalves. Hence, local
factors can override any predetermined ranges in infection
levels in many parasite-bivalve systems. However, in crustaceans our analyses suggest that local factors play a minor
role. What could be responsible for the diVerent patterns
observed in the two host groups? Most crustacean records
in our dataset are from amphipods, isopods and barnacles
which are all relatively small organisms (see supplementary
material S1, S3). As discussed above, the small body size
of crustacean hosts may impose a physical limit on the
numbers of metacercariae that can accumulate inside a host.
In addition, density-dependent mortality can also set an
upper limit of infections. This may explain the relatively
small variation of intensity and abundance within parasite–
host species pairs. Local factors might still alter infection
levels but not beyond certain size-imposed limits. In contrast, bivalves such as mussels, clams and cockles are much
larger and oVer ample space for the accumulation of
metacercariae (which are usually below 200 m in diameter). In addition, eVects of metacercarial infections on
bivalve hosts are less dramatic and rarely involve mortalities, although they may aVect growth and other parameters
(e.g., Thieltges 2006b). Hence, space limitations and density-dependent mortalities should be of minor importance
for metacercariae in bivalves, and variation in local factors
among sites can result in a relatively wide range of infection levels in bivalve hosts.
The observed diVerence in the strength of the repeatability patterns between crustacean and bivalve hosts may also
have methodological reasons. For parasite–host species
pairs in bivalve hosts, data were available from many sampling localities, whereas the number of localities available
for crustaceans was more restricted; this might aVect the
scatter of values for a parasite–host species pair. More
important might be spatial issues. For bivalves, many data
were available from sites ranging over large geographical
distances. In contrast, many entries in the crustacean dataset are from localities relatively close to each other (e.g., in
the vicinity of islands, or bays) (see Supplementary material S3, S4). Hence, it could be that the spatial proximity
results in a high similarity of local factors among localities
for crustacean hosts, thus reducing the measurable eVect of
local factors on the repeatability of infection levels compared with bivalves. However, in crustaceans, the spatial
scale had no eVect on variation in infection levels. This
suggests that intrinsic host factors like host size and
density-dependent mortality are more important than environmental factors, even on large spatial scales. In contrast,
variation in infection levels in bivalves was stronger at
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larger scales (>100 km), suggesting that environmental factors are more important in this host group at larger scales.
Intensity and abundance may not only be characters of a
parasite species, but may also be characters of the host
species. For example, inventories of trematode parasites
in bivalve communities suggest that some host species
generally acquire higher infection levels than others (de
Montaudouin et al. 2000; Thieltges 2006). Unfortunately,
with our dataset it is not possible to distinguish between the
role of parasites and hosts. Not all parasites occur in all
hosts and this results in incomplete designs with many
missing cells for a direct comparison, e.g., a 2-way ANOVA
with both parasite species and host species as factors. We
were only interested in the potential repeatability of
infection levels of speciWc parasite species in speciWc host
species. Further inventories comparing infection levels
among various crustacean and bivalve hosts and/or experimental infections are needed to disentangle the relative
roles of parasite and host species.
What are the implications of these Wndings? First, the
data show that metacercarial infections in crustaceans and
bivalves occur with often high infection levels not just at
single localities but over a larger spatial scale. Hence, any
eVects of trematode infections on their hosts can extend to
many populations. This underlines the large-scale importance of parasites for host population and community
dynamics (Sousa 1991; Mouritsen and Poulin 2002). Second, although there is some repeatability in intensity and
abundance, particularly for metacercarial infections in crustacean hosts, local factors have their share in the observed
patterns. This may become important in the course of climate change which is predicted to result in increases in
infection levels in marine systems (Harvell et al. 2002;
Mouritsen et al. 2005; Poulin and Mouritsen 2006). As
local cercarial supply depends strongly on temperature
(Poulin 2006b), encounter rates of hosts with infective
stages are likely to increase with global warming, resulting
in greater infection. And third, the high variation caused by
local factors, particularly in metacercarial infections of
bivalves, points toward the need to investigate transmission
patterns in marine systems. Currently, our understanding of
cercarial transmission processes in marine environments is
limited. Although some factors are known to aVect transmission (see above), we have no idea of the relative importance of these factors and of the interactions between them,
or of the variation in their relative importance over large
geographical scales. Further studies, preferably using
experiments testing various factors in multivariate designs,
are needed to disentangle the role of local factors on cercarial transmission processes in marine environments.
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