Downloaded from rspb.royalsocietypublishing.org on 30 April 2009

Community diversity reduces Schistosoma mansoni
transmission, host pathology and human infection risk
Pieter T.J Johnson, Peder J Lund, Richard B Hartson and Timothy P Yoshino
Proc. R. Soc. B 2009 276, 1657-1663 first published online 20 January 2009
doi: 10.1098/rspb.2008.1718

References

This article cites 32 articles, 4 of which can be accessed free

Subject collections

Articles on similar topics can be found in the following collections

http://rspb.royalsocietypublishing.org/content/276/1662/1657.full.html#ref-list-1

ecology (522 articles)
health and disease and epidemiology (77 articles)

Email alerting service

Receive free email alerts when new articles cite this article - sign up in the box at the top
right-hand corner of the article or click here

To subscribe to Proc. R. Soc. B go to: http://rspb.royalsocietypublishing.org/subscriptions

This journal is © 2009 The Royal Society

Downloaded from rspb.royalsocietypublishing.org on 30 April 2009

Proc. R. Soc. B (2009) 276, 1657–1663
doi:10.1098/rspb.2008.1718
Published online 20 January 2009

Community diversity reduces Schistosoma
mansoni transmission, host pathology
and human infection risk
Pieter T. J. Johnson1,*, Peder J. Lund2, Richard B. Hartson2
and Timothy P. Yoshino3
1

Ecology and Evolutionary Biology, University of Colorado, Ramaley N122, Campus Box 334, Boulder, CO 80309, USA
2
Center for Limnology, University of Wisconsin, 680 North Park Street, Madison, WI 53706, USA
3
School of Veterinary Medicine, University of Wisconsin, 2115 Observatory Drive, Madison, WI 53706, USA
Global biodiversity loss and disease emergence are two of the most challenging issues confronting science
and society. Recently, observed linkages between species-loss and vector-borne infections suggest that
biodiversity may help reduce pathogenic infections in humans and wildlife, but the mechanisms underlying
this relationship and its applicability to a broader range of pathogens have remained speculative. Here, we
experimentally evaluated the effects of host community structure on transmission of the human pathogen,
Schistosoma mansoni, which alternates between snail intermediate hosts and vertebrate definitive hosts. By
manipulating parasite exposure and community diversity, we show that heterospecific communities cause a
25–50 per cent reduction in infection among snail hosts (Biomphalaria glabrata). Infected snails raised
alongside non-host snails (Lymnaea or Helisoma sp.) also produced 60–80 per cent fewer cercariae,
suggesting that diverse communities could reduce human infection risk. Because focal host density was
held constant during experiments, decreases in transmission resulted entirely from diversity-mediated
pathways. Finally, the decrease in infection in mixed-species communities led to an increase in
reproductive output by hosts, representing a novel example of parasite-mediated facilitation. Our results
underscore the significance of community structure on transmission of complex life-cycle pathogens, and
we emphasize enhanced integration between ecological and parasitological research on the diversity–
disease relationship.
Keywords: schistosomiasis; emerging disease; dilution effect; decoy effect; epidemiology;
community ecology

1. INTRODUCTION
Global increases in population extirpations and species
extinctions underscore the urgency of understanding the
ecological and societal importance of biodiversity (Loreau
et al. 2001; Duffy et al. 2007). Recently, growing attention
has focused on the potential role of diversity in influencing
parasite transmission and disease risk (Ostfeld & Keesing
2000; Dobson et al. 2006; Swaddle & Calos 2008). While
host–parasite interactions are often explored in isolation
(single host and parasite species), natural systems support a
broad diversity of both hosts and pathogens, and
interactions among these can have important implications
for transmission (e.g. Collinge & Ray 2006). Empirical and
theoretical evidence increasingly support the notion that
higher levels of host diversity can reduce transmission of
certain pathogens (i.e. the ‘dilution effect’ sensu Keesing
et al. 2006). For vector-borne pathogens transmitted by
blood-feeding arthropods, this can occur when vectors feed
upon hosts that are resistant or refractory to infection, resulting in ‘wasted’ transmission events (LoGuidice et al. 2003;
Ezenwa et al. 2006; Begon 2008; Swaddle & Calos 2008).
Despite a growing list of disease systems that correlate
negatively with biodiversity, the ecological mechanisms
underlying these patterns can be difficult to determine
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from field data alone. Two pressing questions in the
ongoing study of the dilution effect are (i) how does
diversity influence transmission of non-vector-borne
pathogens, including those of human health significance,
and (ii) what are the ecological mechanisms responsible
for observed relationships between community structure
and infection? We suggest that parasites with complex life
cycles also respond strongly to patterns of community
diversity (e.g. Thieltges et al. 2008b). These parasites,
which include many trematodes, cestodes, nematodes,
chytridiomycetes and myxozoans, collectively cause
numerous diseases of medical, veterinary and conservation significance, including schistosomiasis in humans,
whirling disease in fishes, chytridiomycosis in amphibians
and fascioliasis in ruminants. Because such parasites
move among hosts using free-living infectious stages
(e.g. cercariae, zoospores, TAMs), which are often shortlived and host specific, changes in community structure
can interfere with transmission. In diverse communities,
the abundance of free-living infectious stages can be
reduced by predation, the release of toxic substances, or
by attempts to infect the ‘wrong’ host, collectively leading
to what parasitologists term the ‘decoy effect’ (e.g. Chernin
1968; Thieltges et al. 2008b). In contemporary discussions
of the dilution effect, this mechanism represents one form
of what Keesing et al. (2006) called ‘encounter reduction’,
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in which an added species reduces the contact rate
between susceptible hosts and a parasite source (e.g.
infected vector, infected host, parasite propagules, etc.).
Unlike many vector-borne infections, however, complex
life-cycle parasites offer a tractable model for experimental
research on the ecological mechanisms underlying the
diversity–disease relationship. Despite this and the rich
history of parasitological research on the decoy effect,
complex life-cycle parasites have been largely omitted from
recent ecological discussions of how community diversity
influences infectious diseases.
Experimental studies also provide an opportunity to
explore the net ecological consequences of the dilution
effect on host fitness. If non-host taxa reduce parasite
transmission into focal hosts, they may indirectly ‘protect’
such hosts from parasite-induced pathology, enhancing
host fitness in heterospecific communities relative to
monospecific (or low diversity) communities ( Thieltges
et al. 2008a). Johnson et al. (2008) classified this
relationship as ‘parasite-mediated facilitation’. While
parasite-mediated and apparent competition, in which
the strength or outcome of competitive interactions is
altered in the presence of parasites, have received
theoretical and empirical support (Hudson & Greenman
1998), the concept of parasite-mediated facilitation has
received little attention. Given the severe pathology
caused by certain infections in nature, the infectionreducing benefits conferred to sensitive hosts by low
competency taxa could be substantial. However, because
more diverse communities also have higher levels of
interspecific competition, the net benefit of communitymediated changes in infection will depend on the costs of
interspecific competition relative to parasitism.
Here, we evaluated the joint effects of parasitism and
community structure on transmission of the human
pathogen Schistosoma mansoni, a complex life-cycle parasite
that alternates between freshwater snails (intermediate host)
and humans (definitive hosts) via free-living infectious stages
(e.g. miracidia and cercariae). We used an experimental
approach to explore how community structure and species
richness affected (i) parasite transmission into snails, (ii) the
subsequent release of cercariae infectious to humans, and
(iii) intermediate host pathology and fitness. By experimentally manipulating host community structure and parasite
exposure, we evaluated the role of diversity while holding
focal host density constant. We further evaluated the
ecological trade-offs between interspecific competition,
which was expected to be greater in heterospecific
communities, and the costs of parasite exposure, which
were hypothesized to be maximized in the monospecific
condition. In this manner, we assessed the importance of
community composition from two perspectives: infection
risk in humans, as reflected by the release of cercariae from
snails, and intermediate host fitness, as indicated by the
survival, growth and reproduction of snail hosts. Considering that schistosomiasis continues to afflict more than 200
million people worldwide (Steinmann et al. 2006), sometimes causing serious morbidity, understanding the role of
biodiversity for schistosome transmission has significant
implications for human health and economic viability.
Finally, we sought to unite the disparate literatures on the
decoy effect (studied by parasitologists) and the dilution
effect (studied by ecologists), which, despite their similarities, have remained largely isolated from one another.
Proc. R. Soc. B (2009)

2. MATERIAL AND METHODS
To identify the effects of host community on parasite
transmission, we conducted a 2!2!2 factorial experiment
in which we manipulated parasite exposure and the presence
of two non-host species (Helisoma trivolvis and Lymnaea
stagnalis). All treatments included an individual focal host,
Biomphalaria glabrata (NMRI strain), which is the obligate
first intermediate host for S. mansoni. Experimental conditions were thus either monospecific (an individual Biomphalaria only), heterospecific with two species (Biomphalaria
and either one Helisoma or one Lymnaea) or heterospecific
with one individual of all three species. To avoid concurrent
effects resulting from changes in focal host density, we held
the density of Biomphalaria (1 lK1) constant among treatments and varied only species richness. Using this additive
design was essential for disentangling the dilution mechanism
of encounter reduction from susceptible host regulation (see
Keesing et al. 2006). We replicated these four community
structures 50 times, with parasite addition occurring in half of
replicates (200 total containers). We selected Lymnaea and
Helisoma because both genera (but not these exact species)
commonly co-occur with Biomphalaria in Africa and
South America.
Following Carter et al. (1982), we maintained snails in
transmission arenas filled with 1.0 l of artificial pond water (see
Nolan & Carriker 1946), and randomly assigned individual
snails to treatments and containers; initial sizes G1 s.e. of each
species were: Biomphalaria (13.24G0.08 mm); Helisoma
(12.34G0.20 mm); and Lymnaea (15.44G0.18 mm). One
week after establishing communities, we added eight
S. mansoni miracidia to half of the containers in each treatment
based on the results of previous pilot experiments. We obtained
S. mansoni eggs from the homogenized livers of experimentally
infected mice ( Yoshino & Laursen 1995), induced hatching via
exposure to light and added free-swimming miracidia to each
container using a pipette. We maintained snails on a Romaine
lettuce diet and changed water and containers weekly.
Experimental treatments were maintained on a 12 L : 12 D
cycle at 28G1.08C.
We monitored snails daily for mortality and measured
the shell of each individual weekly. In the event of mortality
of a non-host snail, we replaced the individual with a
comparably sized snail from stock colonies. Mortality of
a host (ZBiomphalaria) snail required that the replicate be
terminated. To obtain estimates of reproductive output by
host snails, we recorded the number of egg masses laid weekly
and counted the number of eggs per egg mass in 10 randomly
selected egg masses per container. However, because
Biomphalaria and Helisoma produce indistinguishable egg
masses (both species are in the family Planorbidae), we
isolated a subset of containers (nZ10) each week from
treatments that supported both species together and allowed
eggs to hatch. Resulting offspring were examined under a
stereomicroscope to assign them to genus, and we used the
mean proportion of hatching snails in each genus as a
correction factor to back-calculate the number of eggs
produced by Biomphalaria in remaining containers.
At four and six weeks following parasite exposure, we
individually isolated all Biomphalaria into 24-well plates with
3 ml per well and exposed snails to light for 1 h to induce
cercarial release. Released cercariae were killed with 80
per cent ethanol and counted to estimate per capita cercarial
production. After eight weeks, we dissected any non-shedding
Biomphalaria and examined them for signs of immature
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3. RESULTS
(a) Community structure, parasite transmission
and human infection risk
The addition of one or more non-host species substantially reduced the percentage of successful infections in
Biomphalaria glabrata, with community richness negatively predicting host infection status (logistic regression,
c2Z10.98, pZ0.004, nZ105). While 80 per cent of hosts
in the monospecific condition became infected with
S. mansoni, less than 50 per cent of hosts in heterospecific
communities supported the parasite (figure 1a). Variation
in the heterospecific condition, from two to three species
or from Lymnaea to Helisoma, did not significantly affect
infection success, but the presence of Lymnaea was
associated with a larger decrease in Biomphalaria infection
prevalence (figure 1a). We did not find a significant
interaction between the two non-host species (logistic
regression, pZ0.09, nZ105), and no hosts were infected
within the unparasitized condition.
The presence of one or more non-host species also
significantly reduced cercarial production among
infected B. glabrata (ANOVA, four weeks post-exposure:
Proc. R. Soc. B (2009)
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(prepatent) infection. While we also dissected any host snails
that died prior to the end of the experiment, their tissues
often became too decomposed to assess infection status
with confidence.
We focused our analyses at two levels. In the first, we
sought to identify how changes in community structure
influenced infection success in host snails and their
subsequent release of cercariae infectious to humans. We
therefore calculated (i) the total number and percentage of
infected host snails, (ii) the per capita daily release of cercariae
among infected snails, and (iii) the total production of
cercariae per treatment (product of the number of surviving
infected snails and their daily release of cercariae). In the
second level of analysis, we examined how interactions
between community structure and parasite exposure affected
the growth, survival and reproduction of Biomphalaria. This
allowed us to evaluate the potential benefits of parasitemediated facilitation relative to the costs of interspecific
competition in mixed-species communities (see Johnson
et al. 2008). Simply stated, do the infection-reducing benefits
of non-host snails for Biomphalaria outweigh their added
costs due to competition? Because Schistosoma infection
causes reproduction castration in infected snails (Gerard &
Theron 1997), we expected that the benefits of reduced
infection would affect reproductive output.
We used logistic regression to analyse how community
structure affected host infection status (infected versus
uninfected) and ANOVA to detect differences in per capita
cercarial production (cercariae released per infected snail)
among treatments. Because we did not find statistically
significant differences between Helisoma and Lymnaea on
either response variable, we subsequently combined treatment data to analyse the effects of species richness (one, two
or three species) on parasite transmission. Identical
approaches were used for assessing the responses of focal
hosts (Biomphalaria) to parasitism and interspecific competition, with logistic regression for snail survival (survived
versus died) and ANOVA for individual egg production
(sum of all eggs produced by surviving host snails during
the experiment).
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Figure 1. (a) Effects of snail community structure on the
prevalence of Schistosoma mansoni infection within Biomphalaria
glabrata. Bars represent the percentage of infected snails
(C95% confidence interval) as determined through cercarial
release and dissection. Experimental treatments included
Biomphalaria alone, Biomphalaria with Helisoma, Biomphalaria
with Lymnaea and all three species together. (b) Effects of
community structure on cercarial production. Depicted is the
average number of S. mansoni cercariae released infected
snailK1 hK1 (C1 s.e.) in each community treatment.

F 1,40 Z11.37, pZ0.002; six weeks post-exposure:
F1,39Z7.55, pZ0.009; figure 1b). Infected hosts in the
monospecific community released, on average, between
70 and 170 per cent more cercariae than did infected
hosts in heterospecific treatments. The degree of cercarial
reduction did not differ between the Lymnaea and
Helisoma treatments or between the two and three species
treatments (figure 1b).
When the differences in infection prevalence (percentage of infected hosts) and in cercarial release (number of
parasites per infected host) were combined, the treatmentlevel variation in parasite production and human infection
risk was considerable. Because monospecific communities
had more infected Biomphalaria, each of which released
more cercariae, we estimate that this treatment produced
between two and five times more cercariae per 24 h
than that observed in heterospecific treatments (figure 2).
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Figure 2. Effects of treatment manipulations on the total
number of cercariae produced per treatment. The total number
of cercariae produced was calculated as the mean number of
cercariae produced per infected snail multiplied by the number
of infected snails on a given sampling date. Filled circles,
Biomphalaria; open circles, BiomphalariaCHelisoma; filled
down triangles, BiomphalariaCLymnaea; open down triangles,
BiomphalariaCHelisomaCLymnaea.

As cercariae of S. mansoni are directly infectious to
humans, this represents a potential increase in human
infection risk.
(b) Combined effects of community structure and
parasitism on focal hosts
While we found no effect of parasite exposure or
community structure on host survival or growth, both
independent variables had pronounced effects on host
reproduction. As expected, exposure to S. mansoni—
which is a parasitic castrator (Gerard & Theron 1997)—
significantly reduced fecundity among Biomphalaria in
the monospecific treatment (ANOVA, F1,38Z25.07,
p!0.0001, nZ40; figure 3). On average (G1 s.e.),
individual hosts in the unparasitized and parasitized
treatments produced 280 (G34.9) and 81 (G16.1) total
eggs, respectively, during the experiment. Most infected
snails completely halted reproduction after 23 days.
However, parasite exposure interacted significantly with
community structure (ANOVA, parasite!species richness, F2,139Z4.47, pZ0.013; figure 3): in the absence of
parasitism, the addition of one or more non-host species
had negative (Lymnaea) or neutral (Helisoma) effects on
Biomphalaria egg production (ANOVA, species richness,
F2,74Z3.43, pZ0.04); in the presence of parasitism,
however, the addition of either non-host species significantly increased host egg production relative to the
monospecific treatment (ANOVA, species richness,
F2,65Z4.16, pZ0.02; figure 3). Within parasitized treatments, hosts in heterospecific treatments produced twice
as many eggs during the experiment than did hosts in
monospecific conditions. Indeed, the overall negative
effect of parasite exposure on host reproduction was
eliminated in the three-species condition (ANOVA,
parasite, F1,30Z0.351, pZ0.59).
Proc. R. Soc. B (2009)

2
species richness

3

Figure 3. Joint effects of parasite exposure and community
structure on reproduction by host snails (Biomphalaria
glabrata). Shown is the total number of eggs (C1 s.e.)
produced per surviving B. glabrata as a function of whether
the snail was raised alone (one species), with a second species
(two species, either Helisoma or Lymnaea) or with two other
species (three species in total). Results from parasite-exposed
treatments are depicted in light grey while unexposed
treatments are in black.

4. DISCUSSION
In the light of ongoing biodiversity losses and increased
emergence of human and wildlife diseases, ecologists have
become increasingly interested in how changes in
community composition influence pathogen transmission
(Dobson et al. 2006; Keesing et al. 2006; Swaddle & Calos
2008). While the idea that greater biodiversity can
indirectly reduce disease in particular focal hosts is not
new (e.g. Elton 1958), recent efforts in ecology have
sought to broadly understand the ecological mechanisms
that control the diversity–disease relationship and identify
when and for what types of diseases it will apply (see
Keesing et al. 2006). Thus far, most efforts have focused
on vector-borne pathogens with frequency-dependent
transmission, leaving open the question of how the
dilution effect applies to other types of pathogens.
Experimental studies have also been limited, raising
questions about the relative contributions of different
mechanisms in driving field-based patterns of disease
(Begon 2008).
Here, we experimentally examined how community
structure affected transmission of S. mansoni, a complex
life-cycle parasite that causes human schistosomiasis in
Africa and South America. Our results revealed that
increases in community diversity substantially reduced
parasite transmission into snail hosts, B. glabrata,
consistent with previous work on the decoy effect and
contemporary research on the dilution effect (see Upatham
1972; Christensen 1980; LoGuidice et al. 2003; Ezenwa
et al. 2006). Heterospecific communities with one or
more non-host species alongside the target host supported
25–50 per cent fewer infections relative to monospecific
communities. Importantly, our study design maintained
a constant density of focal hosts, regardless of the number
and identity of non-hosts, such that our results were due
entirely to changes in community structure rather than
in host density (see also Thieltges et al. 2008a, b). Over the
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time scale of our experiments, infected hosts that
co-occurred with non-hosts also produced 60–80 per cent
fewer cercariae. This pattern probably stemmed from either
(i) reduced miracidial penetration rate into focal snails
within mixed-species communities, leading to lower or
delayed cercarial output, or (ii) competition-mediated
reductions in the resources obtained by focal hosts and
thus available to produce cercariae. Combining the results
for infection prevalence and cercarial production, mixedspecies treatments supported fewer infected snails and each
of these produced fewer infectious parasites, translating into
a 70–90 per cent decrease in the total number of cercariae
released per day. Whether this effect equates to a significant
reduction in human infection risk will depend on whether
the decrease in snail infections persists at time scales beyond
the scope of this study.
Our results are broadly consistent with previous
research on what parasitologists term the decoy effect,
which represents one mechanism of encounter reduction
under the dilution effect (Keesing et al. 2006). Although
research on the decoy effect has been largely omitted from
contemporary discussions of biodiversity and disease, it
could provide important and complementary insights on
the ecological mechanisms and applicability of the dilution
effect to a broader range of host–parasite systems.
Beginning with the pioneering work of Eli Chernin
(e.g. Chernin 1968; Chernin & Perlstein 1971), parasitologists have found that (i) the addition of a broad range
of non-hosts (but not shells or inanimate objects)
interferes with the ability of free-living parasites (trematode miracidia and cercariae) to locate and infect target
hosts, (ii) the extent of interference varies among non-host
species and with the ratio of hosts to non-hosts, and
(iii) the addition of non-hosts can cause an increase or
decrease in cercarial production among infected hosts,
probably as a function of miracidial exposure level (e.g.
owing to intra-snail competition by trematodes; Upatham
1972; Upatham & Sturrock 1973; Frandsen & Christensen
1977; Christensen 1980; Moné et al. 1986; Combes & Moné
1987; Moné 1991; Chipev 1993; Kopp & Jokela 2007;
Thieltges et al. 2008a,b). The ecological mechanisms
underlying the decoy effect involve diversion of infectious
parasites away from the target host by non-hosts. Combes &
Moné (1987) suggested that non-host species interfere with
host infection through four pathways: parasite exhaustion;
wrongful penetration; stimulus of host immune defences;
and production of toxins. Observational and experimental
studies have established that non-hosts can cause exhaustion
and morbidity in trematode miracidia; when miracidia do
penetrate the wrong host, they are either unable to complete
normal development (physiological incompatibility) or are
eliminated by the immune system (Combes & Moné 1987).
Non-hosts can also interfere with the transmission of freeliving parasite stages via filtration (e.g. clams, some snails),
release of toxic substances (e.g. planarians) and, especially,
through active predation (e.g. fishes, hydras, zooplanktons
and macroinvertebrates) (see Chernin & Perlstein 1971;
Christensen 1980; Combes & Moné 1987; Thieltges et al.
2008a,b).
Our research provides ecological insights about the
consequences of community-mediated changes in parasitism for host fitness. Unlike many previous parasitological studies focused on the decoy effect, our study
(i) maintained community structures throughout the
Proc. R. Soc. B (2009)
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experiment rather than only during parasite exposure,
(ii) measured host growth, reproduction and survival, and
(iii) included a ‘no-parasite’ treatment to test for
interactive effects between community structure and
parasitism on host fitness. As expected, infection caused
the castration of Biomphalaria, leading to a 70 per cent
reduction in host egg production. However, because the
presence of one or more non-host species indirectly
‘protected’ hosts from infection, heterospecific communities exhibited an increase in fecundity relative to their
monospecific counterparts. Parasite-exposed hosts raised
with non-hosts produced twice as many eggs as hosts
raised alone. In the absence of parasites, the addition of
non-hosts caused negative or neutral effects on host
fecundity, possibly reflecting interspecific competition.
Although food was not limiting in our study, snails can
also interact indirectly through chemicals (e.g. Cope &
Winterbourn 2004). Thus, our results exemplify parasitemediated facilitation: the addition of a less suitable or
resistant host species—by interfering with parasite transmission—causes a net benefit for more-susceptible host
species (see also Kopp & Jokela 2007; Thieltges et al.
2008a). Similarly, Johnson et al. (2008) found that the
addition of a less susceptible amphibian species diverted
trematode cercariae away from more-susceptible hosts,
leading to a decrease in total transmission and host
pathology. This same effect was not observed when a
second individual of the susceptible species was added.
The net significance of parasite-mediated facilitation will
depend on the relative costs of interspecific competition
and parasitism. Here, parasite-induced castration
probably represents a more significant cost to host fitness
than competition, but we acknowledge the limitations of
addressing this question through laboratory studies alone.
In nature, the importance of the decoy effect for
parasite transmission and host fitness is probably dynamic,
varying with changes in host density, non-host density and
identity, and the force of infection, all of which change
through time and across space. At extremely high levels of
parasite abundance, it is possible to saturate the decoy
effect, such that target hosts become infected even in the
presence of non-hosts (e.g. Laracuente et al. 1979).
Moreover, the efficacy of the community in reducing
encounters between hosts and parasites depends strongly
on the specific composition of the community and on
interactions among those species (see Ostfeld & LoGuidice
2003). Some species are more effective decoys than others
(e.g. Christensen 1980; Moné et al. 1986), and the effects
of multiple decoy species may be non-additive, as seen in the
current study. For example, Upatham & Sturrock (1973)
found that while guppies and non-host snails were each
effective decoys alone, their combined effects were less than
additive. The authors suggested that fishes caused non-host
snails to retreat into their shells, reducing their efficacy as
decoys. In a more recent study, however, Thieltges et al.
(2008a) showed a clear relationship between the number of
filter-feeding decoy hosts added and the percentage
reduction in focal host infections. Why the two decoy
species used here failed to exhibit additive effects is unclear.
While it is possible that these species had antagonistic effects
upon each other, thereby reducing the sum of their diluting
influence on transmission, it is also conceivable that the
constrained volume (1 l) used in transmission trials
obscured what might have been stronger effects in larger
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systems. To address this point, and to develop a broader
understanding of the relationship between community
assembly and parasite transmission, we highlight the need
for subsequent experiments that incorporate simultaneous
manipulation of species richness and evenness following the
substitutive experimental designs used in biodiversity–
ecosystem functioning research (e.g. Cardinale et al. 2006).
While our study was conducted under artificial
conditions to maximize mechanistic understanding of
the interactions between infection and community
structure, available evidence suggests that the decoy effect
also applies to more natural settings, including outdoor
mesocosms, agricultural ditches, intertidal communities
and whole wetlands (e.g. Upatham 1972; Upatham &
Sturrock 1973; Laracuente et al. 1979; Thieltges et al.
2008a). Laracuente et al. (1979), for example, reported
that, by adding the non-host snail Marisa cornuarietis to
outdoor ponds, they completely blocked transmission of
experimentally administered S. mansoni miracidia (relative
to 8 per cent infection in control wetlands). In a marine
intertidal experiment, Thieltges et al. (2008a) showed that
non-native oysters reduced trematode infection in focal
mussel hosts threefold. Taken together, results of previous
work on the decoy effect and findings of the current
study, which contribute a broader ecological perspective
to the issue, highlight the importance of community
structure for transmission of complex life-cycle parasites.
Given the medical and veterinary importance of many
such parasites, and the current and forecasted changes
in community diversity in regions where they are endemic,
we emphasize the theoretical and applied benefits
that will emerge from integrating ecological research on
the dilution effect and parasitological research on the
decoy effect.
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manuscript. This work was supported in part by NIH
schistosomiasis supply contract AI30026 (Dr F. Lewis,
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gratefully acknowledges the support of a fellowship from the
David and Lucille Packard Foundation.
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