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Parasites often play an important role in modifying the physiology
and behavior of their hosts and may, consequently, mediate the
influence hosts have on other components of an ecological com-
munity. Along the northern Atlantic coast of North America, the
dominant herbivorous snail Littorina littorea structures rocky in-
tertidal communities through strong grazing pressure and is fre-
quently parasitized by the digenean trematode Cryptocotyle lin-
gua. We hypothesized that the effects of parasitism on host
physiology would induce behavioral changes in L. littorea, which in
turn would modulate L. littorea’s influence on intertidal commu-
nity composition. Specifically, we hypothesized that C. lingua
infection would alter the grazing rate of L. littorea and, conse-
quently, macroalgal communities would develop differently in the
presence of infected versus uninfected snails. Our results show
that uninfected snails consumed 40% more ephemeral macroalgal
biomass than infected snails in the laboratory, probably because
the digestive system of infected snails is compromised by C. lingua
infection. In the field, this weaker grazing by infected snails
resulted in significantly greater expansion of ephemeral macroal-
gal cover relative to grazing by uninfected snails. By decreasing the
per-capita grazing rate of the dominant herbivore, C. lingua indi-
rectly affects the composition of the macroalgal community and
may in turn affect other species that depend on macroalgae for
resources or habitat structure. In light of the abundance of para-
sites across systems, we suggest that, through trait-mediated
indirect effects, parasites may be a common determinant of struc-
ture in ecological communities.

behavior modification | ecosystem functioning | herbivory |
intertidal zone | trait-mediated indirect interactions

Parasites can substantially affect host populations by influ-
encing host mortality, fecundity, growth, nutritional status,
energetic requirements, and behavior (1-6). Such host—parasite
interactions may shape components of an ecological community
other than the host population, particularly if the host is abun-
dant or ecologically influential (7-13). For example, parasites
may weaken competitively dominant hosts, altering the outcome
of competition between the host and its competitors (9, 11,
14-16). Parasites are also known to alter rates of predation, and
hence, the feeding ecology of predators and population dynamics
of prey (9, 17). However, few studies have documented effects of
parasites on the grazing pressure exerted by influential herbi-
vores (18). By indirectly altering the abundance of plant matter,
parasites of herbivores could affect the basal food resource and
physical structure of a community.

The marine gastropod Littorina littorea is an important grazer
in rocky intertidal communities along the east and west coasts of
the North Atlantic and exerts strong top-down control on
ephemeral macroalgal species in rocky intertidal communities
where it is found (19-21). Since its invasion of the New England
rocky intertidal zone in the mid-19th century and subsequent
spread to its current southern limit of Cape May, NJ (A.M.H.B.
and J.E.B., unpublished work), L. littorea has become the most
abundant gastropod along the northwestern Atlantic coast (20).
Because it strongly prefers ephemeral macroalgae like Ulva
lactuca, Porphyra sp., and Neosiphonia harveyi to mechanically
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and chemically defended taxa like Ascophyllum sp. and Chondrus
crispus (20), this herbivorous snail substantially affects the
relative abundance of ephemeral versus perennial species, with
concomitant changes in the abundance of other intertidal taxa
(19-21).

The vast majority of gastropod parasites are digenean trematodes
(22), and the most common species infecting L. littorea, in both the
northeastern and northwestern Atlantic (23, 24), is Cryptocotyle
lingua. Like most digeneans, C. lingua has a complex life cycle with
an obligate dependence on three hosts (24); for C. lingua, L. littorea
serves as the first intermediate host, in which asexual reproduction
takes place (24). The distribution of this parasite among snail host
populations is spatially heterogeneous and depends on the distri-
bution of the definitive host (i.e., seabirds). Although snail popu-
lations usually have low infection prevalences of C. lingua, preva-
lences can sometimes reach 50% (A.M.H.B. and J.E.B.,
unpublished work; J.E.B., AM.H.B., E. Linder, A. Cooper, and T.
McGuire, unpublished work) and, occasionally, as high as 90% at
rocky intertidal sites in New England (25, 26). Developing trema-
tode rediae obtain nutrition by consuming the host’s visceral hump,
which contains the gonad, digestive gland, and some connective
tissue (24, 27). Extensive damage is induced in L. littorea’s digestive
gland during the course of trematode infection (22) as a result of
direct consumption by parasite larvae (24), mechanical pressure
(22), flooding with parasite wastes (22), loss of glycogen (28) and
glucose (29), and autophagic and autolytic activity (22). Addition-
ally, parasitism causes reduced fecundity and, often, a complete
cessation of gamete production in the host (30, 31). Infections are
sometimes lost, but, in the majority of cases, persist for an entire
lifetime (32, 33) of 4-10 years in the field (34).

In light of L. littorea’s dominant role in the rocky intertidal, we
hypothesized that any effects of the abundant digenean trematode
parasite, C. lingua, on the grazing pressure exerted by populations
of L. littorea could have important consequences for community
composition. Given the apparent severity of the physiological
effects of parasitism on the digestive system of the snail, consump-
tion rates of snails seem likely to be altered in response to trematode
parasitism (27), although the direction of change is difficult to
predict a priori. Snails may respond to infection by increasing the
rate of consumption to compensate for a diminished digestive
efficiency or for the additional energetic burden of supporting
developing parasites (27, 35). Increases in consumption rate could
also result from C. lingua’s manipulation of its host; manipulation
by parasites of host behavioral and physiological processes for the
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Fig. 1. Change in the mass of macroalgae over the course of a 13-day
laboratory experiment in compartments with no snails (i.e., control, n = 4),
compartments with a single infected snail (n = 34), and compartments with a
single uninfected snail (n = 23). Control compartments were not included in
the statistical analysis and are presented here for reference. Columns are
means = 1 SE.

purpose of increasing parasite fitness is well documented in certain
host—parasite pairs (2, 36). Alternatively, snails may decrease their
rates of consumption in response to parasitism. For example, a
compromised digestive system may have a lower maximum effi-
ciency or capacity, or, because parasitized snails are often castrated
(24, 31), the decreased need to allocate resources to reproduction
(37) may reduce energy demands, permitting a lower consumption
rate. Finally, infected snails may be less capable foragers. Field
observations suggest that infected L. littorea migrate more slowly
and for shorter distances than uninfected snails (38, 39), potentially
limiting rates of consumption by reducing the rate of encounter with
food items. Regardless of the direction of effect, we hypothesized
that parasite-induced changes in grazing rate would affect the
community composition of intertidal macroalgae, an important
food and habitat resource for many other intertidal organisms
(19, 21, 40, 41).

We designed experiments to separately address two research
questions: (i) Is consumption rate of L. littorea influenced by
infection with C. lingua, and (ii) do differences in consumption rate
between infected and uninfected snails influence the composition
of the intertidal macroalgal community? A laboratory experiment
tested for differences in the consumption rates of infected and
uninfected snails that were provided with unlimited, high-quality
macroalgal food. In the field, enclosure pens stocked at ambient
densities with predominantly infected or predominantly uninfected
groups of snails were monitored for changes in community com-
position of the underlying macroalgal bed.

Results and Discussion

Does Infection Status Influence Consumption Rate? In the labora-
tory, uninfected snails provided with unlimited, high-quality
macroalgal food consumed more macroalgal biomass (mean =
SE = 0.40 = 0.06 g) in 13 days than infected snails (0.29 £ 0.05 g;
Fig. 1), supporting the hypothesis that grazing rates differ
between infected and uninfected L. littorea. There was a weak
positive relationship between consumption rate and shell length
[slope = SE = 0.03 = 0.02; Fy 50 = 4.07; P = 0.049; supporting
information (SI) Table 2] and infected snails (mean shell
length = SE = 24.02 = 0.44 mm) were significantly larger than
uninfected snails (22.30 = 0.56 mm; t53 = —2.42; P = 0.019).
However, trematode infection status of snails remained a sig-
nificant predictor of the amount of macroalgae consumed over
the 13-day trial after we statistically controlled for the effect of
shell length (F1s50 = 4.24; P = 0.045; SI Table 2). Because the
range of shell lengths for infected (19.13-28.93 mm) and unin-
fected snails (19.50-28.30 mm) overlapped substantially, statis-
tical inferences are likely to be sound. Furthermore, the potential
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bias was conservative, because if differences in shell length were
responsible for producing the differences in consumption rate
between infected and uninfected snails, we would have observed
high consumption rates among infected snails, which tend to be
larger than uninfected snails. Because the opposite pattern was
found, we can be confident that infection status drove the
differences in consumption rate between the two groups. In the
control replicates that we maintained free of snails, algal biomass
increased slightly over the course of the experiment (mean =
SE = 0.05 * 0.05 g; Fig. 1), suggesting slight growth of macroalgae
in the absence of grazing.

Five mechanisms could have generated the observed depres-
sion in consumption rate among infected snails relative to
uninfected snails. First, snails with lower consumption rates may
be more susceptible to acquiring trematode infection. This
explanation, however, is unlikely, because L. littorea becomes
infected by incidentally ingesting deposited trematode eggs while
grazing in the intertidal zone, and snails with high consumption
rates would therefore have the most contact with trematode
eggs. Second, reduction in foraging may be the result of host
behavior modification by the parasite that reduces movement of
host snails; however, this also seems improbable as, in this
system, such behavior is unlikely to enhance transmission of
released trematode cercariae to their second intermediate hosts
(i.e., near-shore fish). Third, parasitic infection may have in-
creased the efficiency of the digestive system, perhaps by in-
creasing the secretion of digestive enzymes (22), thereby reduc-
ing the amount of food necessary to meet energetic
requirements. Fourth, damage to the digestive gland during the
course of parasitic infection may have limited the efficiency or
capacity of the snail’s digestive system, reducing the rate at which
ingested material could be processed and hence, the rate of
consumption (35). Rees (35) and James (42) have demonstrated
that trematode infection causes substantial damage to digestive
tissues in L. littorea, suggesting that a compromised digestive
system may explain the diminished consumption rates of infected
snails relative to uninfected snails. Finally, various effects of
parasitism [e.g., elimination of gamete production (24, 31),
retardation of growth (31), and/or breakdown of snail tissues
(22)] may have reduced the energetic demands on snail hosts,
reducing in turn the amount of food consumed to meet this
demand [if these savings are not outweighed by energetic costs
associated with trematode cercarial production (27, 35)]. We
surmise that damage to the digestive system and/or reduction of
energetic demands cause L. littorea with trematode infections to
graze macroalgae at lower rates than uninfected snails.

Do Differences in Consumption Rate Between Infected and Uninfected
Snails Influence the Composition of the Intertidal Macroalgal Com-
munity? In agreement with previous findings, grazing by L.
littorea, regardless of infection status, strongly influenced the
abundance of ephemeral algae present in experimental cages
installed in the intertidal zone. The percent cover of ephemeral
algae increased significantly more in cages without snail grazers
than in those with snails (F;,7 = 5.72; P = 0.029; Fig. 24).
Moreover, macroalgal community composition underwent more
dramatic shifts toward ephemeral species in cages without snails
than in cages with snails, as summarized by the first principal
component (Fy,17 = 10.95; P = 0.004; Fig. 2B and Table 1). The
difference in community composition was primarily caused by
increased abundance of the ephemeral alga N. harveyi in treat-
ments without snails (Table 1). N. harveyi grows almost exclu-
sively as an epiphyte on C. crispus. Thus, because we quantified
only the top layer of algae, the decrease in C. crispus evident in
Table 1 reflects increased colonization by the epiphytic N.
harveyi, not a true decline in abundance of C. crispus. These data
reaffirm that L. littorea is capable of structuring the intertidal
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