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Abstract

The phenology of microphallid trematodes within their intermediate host populations has been studied on an
intertidal mud flat. The parasites use the mud snailHydrobia ulvaeand the infaunal amphipodCorophium volutator
as first and secondary intermediate host, respectively. Migratory shorebirds act as final hosts. Our results show
a general trend of decline in the density of infected intermediate hosts during both spring and autumn, which
could mainly be ascribed to shorebird predation. During summer the density of both infected snails and infected
amphipods increased considerably, with a culmination in June within the snail population (1000 infected m�2)
and in August within the amphipod population (40 000 infected m�2). This time lag in parasite occurrence could
be related to (1) the development time of larval trematodes within the snails, (2) higher ambient temperatures in
late summer increasing parasite transmission between snails and amphipods during this period, and (3) a general
increase in theCorophiumpopulation during late summer. From samples collected between 1990 and 1995 it is
shown that microphallid trematodes occasionally may give rise to mass mortality in the amphipod population.
The prerequisites for such an event are a high parasite prevalence within the first intermediate host population
and unusually high ambient temperatures, facilitating parasite transmission to the secondary intermediate host,
C. volutator.

Introduction

Considering a community of infaunal macro inverte-
brates at an intertidal mud flat, an array of reasons
why a given species should show wide fluctuations
in abundance can be given. Among the well-known
factors the often harsh environmental conditions that
prevail in tidal areas can be mentioned, e.g. prolonged
and strong offshore winds causing desiccation, strong
onshore winds causing substrate erosion, thermal and
osmotic stress during low water and mechanical stress
due to ice pack during winter at higher latitudes (Reise,
1985; Barnes & Hughes, 1988; Nybakken, 1993).
However, also biotic factors may have profound influ-
ence on the population dynamics of intertidal softbot-
tom organisms. For instance, well-defined periods of

recruitment usually result in substantial increases in
abundance of many benthic organisms, whereas sea-
sonality in the often very significant predation pressure
from fish, shorebirds and other epibenthic and infau-
nal predators may cause sudden declines in density
of many infaunal organisms, includingC. volutator
(Reise, 1985; Posey, 1987; Peer et al., 1986; Ambrose,
1991; Wilson, 1991).

However, one biotic factor only very rarely con-
sidered in ecological studies of softbottom macro-
zoobenthic communities is parasitism. In the light of
the growing body of evidence emphasizing parasites
as more or less cryptic determinants of host population
dynamics and even community structure (Dobson &
Hudson, 1986; Anderson, 1991; Minchella & Scott,
1991; Holt, 1993), and given that most if not all soft-
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bottom macro invertebrates are hosts of one or usually
more species of parasites (Kinne, 1980; Sousa, 1991),
the lack of attention to the ecological consequences of
parasitism is unfortunate.

An initial step in achieving more information about
the parasites’ effect on their host population is to
obtain knowledge of the phenology of the parasites
themselves in order to identify factors controlling their
abundance. The present study aimed at describing the
phenology of parasites in their intermediate host pop-
ulations of the mud snailHydrobia ulvae(Pennant)
and the tube-dwelling amphipodCorophium volutator
(Pallas). The life cycle of the microphallid digenean
trematodesMaritrema subdolumJägerskïold, 1909
andMicrophallus claviformis(Brandes,1888) on inter-
tidal mud flats is used as a model. Special reference
is given to the parasites’ influence on the population
dynamics ofCorophium. Hydrobia and Corophium
are both widely distributed and abundant on inter-
tidal mud flats, and hence, can be considered central
macro-zoobenthic organisms in the softbottom inter-
tidal ecosystem.

Materials and methods

The microphallid life cycle

The two species of microphallid trematodes have a
similar but rather complex life cycle (Figure 1). The
adult parasites reproduce sexually in the digestive tract
of their final vertebrate hosts, being various shorebirds.
Their eggs are expelled to the exterior through the drop-
pings of the birds. Left on the sediment surface, some
of these eggs may be eaten (probably accidentally) by
the first intermediate host,Hydrobia spp. Within the
gonads of the snails, the parasites reproduce asexu-
ally and develop into sporocysts that upon the right
stimuli proliferate myriads of tail-carrying cercariae.
The cercariae then seek out and penetrate the cuti-
cle of the secondary intermediate amphipod host, in
the Wadden Sea usuallyCorophiumspp. Within the
body cavity of the amphipods the now tail-less cercari-
ae encyst as metacercariae that gradually develop into
adult trematode worms. The life cycle is completed
when the infectedCorophiumspecimen is eaten by a
suitable shorebird host.

The study site

As study site we selected a mid-tidal station on an
approximately 80 ha largeCorophium-bed at Højer
tidal flat (approximately 1500 m intertidal zone) in the
southern part of the Danish Wadden Sea (Figure 2).
At low water, aCorophium-bed is often characterized
by a mosaic of alternating tidal pools and emerged
areas (Figure 3). The latter supports very high numbers
of amphipods, whereas considerably fewer specimens
occur in the pools. The mud snailH. ulvae can be
found abundantly on both the emerged areas and in
the pools. TheCorophium-bed is very attractive to
feeding waders, especially the DunlinCalidris alpina,
which in this area occur at average densities above
200 foraging birds per hectare during the autumn and
spring migration periods (Mouritsen, 1994).

Collection and treatment of animals

At each sampling event, five to ten core samples
(50 cm2, 25 cm deep) were collected on the emerged
areas of theCorophium-bed and sieved on location
through a 500�m mesh sieve. Retained animals were
preserved in pH-buffered 4% formaldehyde. In the
laboratory densities were calculated and the length of
the amphipods was measured from rostrum to telson.
Snails and amphipods were subsequently dissected and
examined for the presence of microphallid trematodes.
Parasites were identified in accordance with Deblock
(1980), Lauckner (1987) and own unpublished experi-
mental results regarding identification of metacercariae
in the amphipods.

Measurements and dissection were carried out on
animals from unbiased subsamples at each sampling
occasion (Hydrobia: 33–220 specimens;Corophium:
102–150 specimens).

Analysis and presentation of data

Regarding the main phenological description (Fig-
ure 4), the data originate from seven sampling occa-
sions in 1995. Statistical treatments of these data are
restricted to 95% confidence limits (density of hosts,
Figure 4B) and the Z-test (Snedecor & Cochran, 1989)
when dealing with parasite prevalence (part of Fig-
ure 4A, see below). When evaluating trends in infec-
tion intensity (Figure 4C), the non-parametric Mann-
Whitney test has been applied rather than 95% confi-
dence limits, due to the overdispersed distribution of
parasites within the amphipods. For convenience, ordi-
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Figure 1. The life cycle of the microphallid trematodesMaritrema subdolumandMicrophallus claviformis. See text for details.

nary standard error of the mean is nevertheless shown
in the figure.

Figure 4A, showing the temporal development in
density of infected hosts, is based on mean host density
multiplied by trematode prevalence. Since the latter is
obtained from a subsample, the statistical significance
of the observed changes can not be tested formally.
However, if both mean host density and trematode
prevalence show similar and statistically significant
trends, or when one of those parameters shows no
significant trend whereas the other one does, it is rea-
sonable to consider an observed change in the density
of infected hosts to be significant. In Figure 4A such
significant changes are indicated by an asterisk.

Indication of the main periods of bird presence
at the study site is based on own bird counts in the
area in concert with data presented by Laursen &

Frikke (1984). Temperature data originate from a near-
by meteorological station.

In Figure 5 the mean densities of hosts are shown
without attached variation in order to simplify the fig-
ure. The statistical significance (using one-way ANO-
VA and Z-test) of any trends mentioned is, however,
indicated in the figure legend.

All statistical tests are two-tailed, using the default
5% level of significance.

Results and discussion

The phenology

Considering the microphallid life cycle (Figure 1)
it is possible to make at least four obvious predic-
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Figure 2. The location of the study site in the Danish Wadden Sea (B ). The intertidal flats are shown in the Lister Dyb tidal area (between
Rømø and Sylt) on the inserted map (shaded areas).

tions regarding the phenology of these parasites with-
in their intermediate host populations. Firstly, the
abundance of microphallids in the amphipods should
depend on the density of infectedHydrobia, which in
turn is dependent on former bird presence. Second-
ly, their occurrence inCorophiumshould lag behind
their occurrence inHydrobia because it may take
about 1–1.5 month before these parasites reach matu-

rity within the snail host (Jensen & Mouritsen, 1992).
Thirdly, the occurrence of metacercariae within the
amphipods should increase as ambient temperatures
rise due to a positive association between temper-
ature and cercarial emergence. In experiments, we
showed that the number of shedMaritrema-cercariae
increased by a factor of nine as the water tempera-
ture rose from 15�C to 25�C (Mouritsen & Jensen,
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Figure 3. A view of a well-developedCorophium-bed at Højer tidal flat in the southern part of the Danish Wadden Sea.

1977; see also Ginetsinkaya, 1988). Fourthly, the size
of the microphallid metapopulation within the amphi-
pod hosts should also depend on the amphipod densi-
ty itself. This should occur, not because of the usual
expectation of density dependence due to e.g.malnutri-
tion causing the infective stages to transmit more read-
ily (e.g. Anderson, 1991 and references therein), but
simply because more hosts may be able to absorb more
of the released cercariae. The microphallid cercariae
become exhausted after approximately six hours, and
if they fail to find a suitable host within this period they
will die (K. N. Mouritsen, unpubl. data).

The above predictions are fully confirmed by our
results. During spring a decline in density of infect-
edHydrobiaandCorophiumis observed (Figure 4A),
corresponding to a decrease in the density of these
hosts in general (Figure 4B). These changes are most
likely due to bird predation which is quite intensive
during spring. The most numerous shorebird species
at our study site, Dunlins, prey on bothCorophium
andHydrobia(Worrall, 1984; Mouritsen, 1994), and it
has previously been shown that shorebirds are capable
of diminishing prey abundance, includingCorophium,
significantly (e.g. Wilson, 1991; Peer et al., 1986).

Following the spring migration period of the birds,
a considerable and rapid increase in the density of
microphallid infected snails to about 1000 specimens
m�2 in early June is observed (Figure 4A). This

increase should be seen as a consequence of the pre-
vious presence of birds giving rise to new infections
via transmission of microphallid eggs from their drop-
pings to the snails. In support of this interpretation no
more new infections appear during the summer peri-
od in which migratory shorebirds are absent. Regard-
ing the density of infected amphipods, a consider-
able peak of about 40 000 infected specimens m�2

can be observed in mid August. Hence, almost half
of the entireCorophiumpopulation is infested with
microphallid trematodes just before the shorebirds
return during their autumn migration.

As predicted there is a time lag between the increase
in density of infected snails and infected amphipods
(Figure 4A). Three points should sufficiently explain
this pattern. During spring and especially summer a
significant increase in the abundance of amphipods
in general is observed, which can be ascribed to two
recruitment periods (Figure 4B). From April to May the
proportion ofCorophiumindividuals larger than three
mm (the approximate size from which the amphipods
can be sexed by the presence of oostegites) shows a
decline from 89% to 38%. A similar trend is observed
from June to August, where the proportion of the larger
specimens is reduced from 50% to 28%. In conclusion,
the population of amphipods increases during the sum-
mer, and more specimens will catch up the released
microphallid cercariae. The larval trematodes do not
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Figure 4. The phenology of hosts and parasites from spring to autumn 1995 on Højer tidal flat. Shaded areas denote the principal periods of
wader presence. A: The seasonal changes in the density (numbers m�2) of microphallid infectedHydrobia ulvaeandCorophium volutator. The
black bar below the x-axis shows the period in which the weekly mean of daily maximum temperature exceeded 20�C (� denotes changes that
can be considered significant; see Materials and Methods). B: The population dynamics of theHydrobia andCorophiumhost (mean density
m�2

� 95% confidence limits). C: Changes in the mean number (�S.E.) of microphallid trematodes within infected amphipod individuals
(n= 19–39Corophiumspecimens).� p<0.05 (Mann-Whitney test, Z>2.01),�� p<0.001 (Mann-Whitney test, Z = 3.74).

hy4121HH.tex; 16/04/1998; 9:19; v.7; p.6



67

Figure 5. The mean density m�2 of Hydrobia (B ) andCorophium(E ), and the prevalence (%) of microphallid infections within the snail
population (white bars) at three sampling occasions in spring and summer 1990–95. A dotted line indicates that the density is outside the
range of the y-axis. During all years, the general trends of increase (decrease in 1990) in the amphipod population are statistically significant
(One-way ANOVA, F>23.6,p<0.001). Also the changes in parasite prevalence from the first to the third sampling event in the years 1991–95
and between all three sampling events in 1990 are significant (Z-test, Z>1.95,p<0.05).

seek out their host actively, but rely mainly on passive
transport via the ventilation current of the amphipods
to obtain contact (Mouritsen & Jensen, 1997). The
increase in host abundance especially during late sum-

mer is not, however, the sole explanation for the time
lag. As it appears from Figure 4C, there is a significant
increase from June to August in the infection intensi-
ty of the largerCorophiumspecimens, indicating that
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also the rate of cercariae transmission increases during
this period. This is likely due to the coincident eleva-
tion of ambient temperatures (Figure 4A) causing an
accelerated shedding of cercariae from the snail hosts.
The final and additional explanation of the time lag is
related to the development time of the larval trema-
todes within the snails. Although a high prevalence of
trematode infected snails was observed already in ear-
ly June, not all infections were mature and therefore
not ready for transmission. Although the above expla-
nations are not mutually exclusive, we expect that the
rise in temperature during late summer is the most
important factor contributing to the observed time lag.

During autumn (August–October) the density of
both the infected first and the secondary intermediate
hosts, the abundance of amphipods in general, and the
infection level ofCorophiumdecrease (Figure 4). The
decline in amphipod density, infected or uninfected,
should readily be explained by bird predation.Decreas-
ing temperatures during autumn probably reduce the
transmission of cercariae from snails to amphipodssig-
nificantly, contributing to a lower infection level in the
latter. A decline in the density of infectedHydrobia
(Figure 4A) further enforces this trend. The similar
trend in the parasite level of the larger amphipod spec-
imens (Figure 4C) may also be explained by a lowered
transmission rate, by predation (the larger individuals
are most attractive to feeding birds (Peer et al., 1986)
and usually harbour most parasites (Bick, 1994)), and
by growth of smaller and less infected individuals into
the larger size class. In conclusion, most of the changes
of the amphipod population can be attributed to the
presence of very high numbers of feeding shorebirds
in the study area (not only the adult birds, but also
their offspring pass through the Wadden Sea during
the autumn migration period) and lower ambient tem-
peratures.

However, the observed autumn decline in the den-
sity of infectedHydrobia, though the abundance of
snails in general seems to be steady (Figure 4B), is a
most intriguing result. Following a period of high bird
presence, the density of infected snails would at least
be expected to remain unaltered. The reason may be
that the Danish Wadden Sea is the first main stopover
during the birds’ autumn migration (Smit & Piersma,
1989). Hence, the birds arrive from basically terrestrial
breeding habitats and can therefore not yet be expected
to harbour many marine trematodes; the parasites per-
sist for only a few weeks in the bird host before they
are lost. Accordingly, no trematode eggs are proba-
bly expelled through the droppings of the birds during

autumn and consequently no new infections can be
expected to accumulate. More speculations include:
(1) Infected snails show changed behaviour (Mouritsen
& Jensen, 1994) perhaps making them more subjected
to bird predation than uninfected specimens (Dobson,
1988), (2) since it has been shown that infected snails
may be less resistant to unfavourable abiotic condi-
tions (e.g. Tallmark & Norrgren, 1976; Huxham et al.,
1993; Sousa & Gleason, 1989; Jensen et al., 1996),
infected specimens may experience a higher mortality
rate than uninfected, and (3) infected snails may die off
following intensive cercariae emission (Dobson, 1988;
Jensen & Mouritsen, 1992). Additional possibilities
could be imagined, but an exhaustive discussion is out
of the scope of this paper.

Consequences for population dynamics

The results show that microphallid trematodes are
rather successful in completing their complex life
cycle. However, if the parasite level is sufficiently high,
they are also able to kill their secondary intermediate
host before trophic transmission is accomplished, and
hence, the parasites may be expected to affect the pop-
ulation dynamics of the amphipods. By experimental
infection ofCorophium volutatorwith microphallids,
we found that those individuals that died during the
treatment harboured on average 22 metacercariae each,
whereas the surviving (and infected) specimens con-
tained only 12 cysts (Jensen, 1996). Considering 22
metacercariae as a kind of lethal level, the maximum
of about six cysts per amphipod specimen found in the
largest animals of the samples from August 1995 (Fig-
ure 4C) does not suggest any obvious parasite-induced
mortality. Although some regulation in the sense of
May and Anderson’s theoretical framework (Ander-
son, 1991 and references therein) on theCorophium
population may occur (individuals harbouring more
metacercariae might have died off before sampling),
no significant reduction in the abundance ofCorophi-
umcan be ascribed to the direct effect of parasites in
1995.

Similar conclusions can be drawn for the years
1991, 1992 and 1994 which resemble quite well the
situation in 1995 (Figure 5). The general picture is a
gradual and significant increase in the prevalence of
microphallid trematodes within the snail population
during spring and summer, reaching about 20% at the
most. During the same period significant increases also
in the density ofCorophiumdue to recruitment have
been observed. However, 1990 was different. That
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year the parasite prevalence in the snail population
increased rapidly already in spring reaching close to
50% in May, and the parasites had almost disappeared
in June. The high microphallid prevalence in May cor-
responds to a density of infectedHydrobia of about
12 000 m�2, a number that should be compared with
1000 m�2 in August 1995 (Figure 4A). During the
same period the whole amphipod population vanished,
and from further three sampling occasions in autumn
and winter 1990 (data not shown) we know that the
population ofCorophiumdid not recover until spring
1991. Beside these changes in population dynamics
of both host and parasites, 1990 was also unusual
regarding spring temperatures. Compared with a ten
year temperature-normal, the ambient temperatures in
spring 1990 were several degrees higher and reached
a maximum of 26�C already in the beginning of May
(see Jensen & Mouritsen, 1992 for details). We there-
fore suggested that the population crash inCorophium
was a result of the high prevalence of microphallid
trematodes in theHydrobiapopulation in concert with
unusually high ambient temperatures causing a mass
transmission of cercariae from snails to amphipods,
eventually driving the population of the latter extinct.
This interpretation is strongly supported by a labora-
tory experiment showing that microphallid trematodes
are able to induce a mortality of above 50% in compari-
son with a control during nine days of experimentation
under 1990in situ conditions (Mouritsen & Jensen,
1997). As emphasized in the introduction, many rea-
sons can be given why a species should show wide fluc-
tuations in abundanceother than parasites. However, as
argued in detail elsewhere (Jensen & Mouritsen, 1992),
most conceivable factors causing significant mortality
in an intertidal infaunal amphipod species, including
e.g. predation, strong off- or onshore winds, anoxic
sediment conditions, were absent or insignificant in
May and June 1990.

Besides our observation in 1990, previous studies
have also reported on sudden decline or even local
extinction of Corophiumpopulations in which par-
asites have been, or could be, suspected to be the
causative mortality agent (Segerstråle, 1960; Muus,
1967; Möller & Rosenberg, 1982; Reise, 1985;
Ólafsson & Persson, 1986). But parasite-induced mass
mortality inCorophium, however, does not seem to be
an annual event, as it also appears from Figure 5. The
underpinning reason for the mortality in 1990 should
be found in the concurrence of unusually high temper-
atures and parasite prevalence in the snails. The high
temperatures may have been responsible not only for

the transmission of cercariae, but also for an acceler-
ated egg-to-snail transmission and cercariae develop-
ment within the snails, giving rise to the unexpected
high spring prevalence of parasites in the snail popu-
lation. It is also possible that the shorebirds feeding
at our study site in spring 1990 were unusually highly
infected, and hence, supplied the tidal flat with high
numbers of infective trematode eggs. The reason for
the latter possibility should probably be sought in the
birds’ wintering areas.

Conclusions

The metapopulations of microphallid trematodes with-
in their intermediate hosts show profoundseasonal pat-
terns. They decrease during spring and autumn and
increase during the summer period. The occurrence
of the parasites in the secondary intermediate hosts
is time delayed in relation to their occurrence in the
first intermediate host population. An intimate inter-
play of factors is responsible for this scenario, includ-
ing predation by the shorebird final hosts, the ambient
temperatures and the development time of infective
larval trematodes within theHydrobia snails. Hence,
the microphallid life cycle does not seem to be com-
pleted within a single season (spring or autumn) in
which all three hosts occur together, but runs main-
ly in three steps separated in time: (1) transmission
of trematode eggs to snails during spring, (2) trans-
mission of cercariae to the amphipods during summer,
and (3) trophic transmission of metacercaria-infected
Corophiumto the birds during autumn.

Microphallids may occasionally give rise to high
mortality in the secondary intermediate host popula-
tion. The prerequisites for this to happen in the Danish
Wadden Sea apparently imply a high parasite preva-
lence in the mud snail population in addition to high
ambient temperatures (at least above 20�C).
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