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FORUM is intendedfor new ideas or new ways of interpretingexistinginformation.It
provides a chance for suggestinghypotheses and for challengingcurrent thinking on
ecologicalissues. A lighter prose, designedto attract readers,will be permitted.Formal
researchreports,albeit short, will not be accepted,and all contributionsshouldbe concise
with a relativelyshort list of references.A summaryis not required.

Parasites and ecosystem engineering:what roles could they play?
Frederic Thomas, Station Biologique, Tour du Valet, F-13200 Arles, France. - Robert Poulin, Dept of Zoology,
Univ. of Otago, PO Box 56, Dunedin, New Zealand. - Thierryde Meeiis, Jean-Franfois Guegan and
Frantois Renaud, Laboratoire de Parasitologie Comparee, UMR 5555, Universite Montpellier II, Place Eugene
Bataillon, F-34000 Montpellier, France (renaud@crit.univ-montp2.fr).

In recentyears,therehas beena growinginterestin understanding the ecologicalimportanceof ecosystemengineers.In this
paper we argue that parasites,throughthe phenotypicalterations they inducein their hosts, are likely to be involvedin
engineeringprocessesfor at least two reasons. First, when
ecosystemengineersare themselvesinfected,phenotypicalterationsinducedby parasitescaninterferewithhosttraitsinvolved
in the engineeringprocesses.Secondly,parasitesthemselvescan
be ecosystemengineerssincethe phenotypicalterationsof hosts
directlymodifythe habitatof all the speciesinhabitingfree-living organisms.This new researcharea at the interfacebetween
of
ecology and parasitologyshouldimproveour understanding
of phenotypicalterationsinducedby
the ecologicalconsequences
parasitesin ecosystems.

Ecosystem engineers are organisms, plants or animals,
that directly or indirectly modulate the availability of
resources to other species, by causing physical state
changes in biotic or abiotic materials (Jones et al. 1994,
1997). These species have strong effects on ecosystem
processes in modifying, maintaining or creating new
habitats (available ecological niches, Jones et al. 1994).
Since evidence suggests that many habitats on Earth
support, and are influenced by, ecosystem engineers,
increasing attention is now devoted to understand the
ecological and evolutionary importance of these species
(Jones et al. 1997, Aho et al. 1998, Alper 1998). However, although the literature is rich in examples of
habitat modification by organisms, little is known concerning the possible influence of parasites in these processes. Numerous parasites have been shown to alter
the phenotype of their host (see Combes 1991, Poulin
1998 for reviews). The reasons behind these phenomena
are various, ranging from simple pathological side effects to adaptive changes in the context of parasite
transmission or reproductive strategies (see Poulin 1998
for a review). Whatever the exact proximate or ultimate
causes of these changes, many of them are substantial
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and, consequently, it is plausible to consider that parasites are able to turn living materials from one state to
another, shifting the host phenotype from a state A to
a state B. Indirect ecological consequences of phenotypic alterations induced by parasites on their hosts
remain, however, poorly investigated and understood.
Until now, evidence for a key role of parasites in
structuring animal communities is based on the idea of
a differential susceptibility of closely related host species to infection or its consequences (Park 1948,
Minchella and Scott 1991, Thomas et al. 1995, Combes
1996, Yan et al. 1998). Indeed, parasites do not usually
infect host species at statistically similar frequencies,
and/or virulence differs from one host species to another. Thus, a host species whose fitness is impaired by
parasitism is at a selective disadvantage in competition
with a closely related but relatively unaffected species
(Fig. 1). In this paper, we discuss and illustrate the idea
that parasites can directly or indirectly be involved in
engineering processes through the phenotypic alterations they induce in their hosts.
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Fig. 1. Direct effect of parasites on communitiesalready
documentedin the literatureand recognizedby ecologists.A
parasitewith differentialeffects on two or more host species
can changethe outcomeof competitionbetweenthese species.
The thicknessof lines representsthe relativestrengthof interspecificeffects.The size of circlesrepresentsthe relativeabundance of speciesin the communities.
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Fig. 2. Interactionsbetween traits altered by parasitesand

traits involved in engineering processes (see text for explanation).

Infection of ecosystem engineers
All acts of engineering from free-living species in
ecosystems directly or indirectly result from traits of
their phenotype as for instance their morphology, their
behaviour and/or their molecular make-up. Knowing
that parasites alter a large variety of phenotypic traits
in their hosts (see Poulin 1998 for a review), several
cases of interactions can be envisaged between host
traits that are altered by parasites and those that are
involved in engineering acts.
The simplest situation is the case of non-interference
(Fig. 2A) when host traits altered by parasites are not
those, or not related to those, involved in an engineering function of the host. This would be for instance the
case of parasites altering the colour of host species that
play an engineering role because of their behaviour or
their size. Although cases of non-interference are probably common, traits altered by parasites can also directly correspond, or be related, to traits involved in an
engineering function of the host (Fig. 2B). In these
situations, parasites are thus expected to interfere with
the engineering processes of their hosts. For instance,
numerous free-living species are considered as autogenic engineers because they directly provide living
space for other organisms (see Jones et al. 1997). Any
parasite altering the growth of such hosts (negatively or
positively) should then affect the trait (i.e. host size)
involved in the engineering process. Empirical evidence
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of such phenomena may come from studies on mollusc
first intermediate hosts of trematodes. Indeed, while the
shells of molluscs are well known to serve as substrate
for a variety of epibionts such as algae and sessile
invertebrates (Smith and Newell 1955, Nichols and
Wilcox 1997, Thomas et al. 1998), several cases of shell
gigantism have also been reported in molluscs infected
by trematodes (Minchella 1985, Joose and Van Elk
1986). Since colonisation rates are generally positively
influenced by the size of the shell (e.g. Warner 1997,
Thomas et al. 1998), trematode infections could positively influence the diversity of invertebrate communities. More generally, engineering acts that result from
the engineer's activity are likely to be altered by parasites since a common consequence of numerous
pathologies is a reduced activity. This simple effect
could theoretically have important ecological consequences. For instance, it has been argued that gastrointestinal nematodes can have an impact on plant
communities by altering the appetite of herbivores
(Arneberg et al. 1996). The engineering functions of the
host and/or their effects are also likely to be modified
when parasites induce a major alteration of the host
such as a change of microhabitat (e.g. Helluy 1984,
Curtis 1987). Indeed, the ecological conditions and the
interactions between the host and the other species are
likely to be modified in the new habitat. This situation
is well illustrated in the association between the cockle
Austrovenus stutchburyi and the trematode Curtuteria
australis (Thomas et al. 1998). The cockle A. stutchburyi
typically lives just under the surface of the mud in
many sheltered shores of New Zealand. In the absence
of rocky surface in these areas, the shell of A. stutchburyi is the only hard substrate where benthic invertebrates such as limpets and sea anemones can attach. In
this respect, A. stutchburyiitself can be considered as an
(autogenic) ecosystem engineer (sensu Jones et al.
1997). However, when infected by C. australis, cockles
are unable to burrow perfectly under the mud and
typically lie at the surface of the sediment. This behavioural alteration renders cockles more vulnerable to
predation by oystercatchers, the definitive host of the
parasite (Thomas and Poulin 1998). Given the important ecological differences (e.g. light, humidity, temperature) between living under or above the surface of the
mud, manipulated cockles constitute clearly a new habitat for invertebrate species. As expected, the structure
of the invertebrate community is significantly altered by
the effect of C. australis on host behaviour. Indeed,
while limpets significantly prefer manipulated cockles to
uninfected ones, an opposite preference is observed for
sea anemones (Thomas et al. 1998). Competition between the two species for attachment space on cockles,
and the greater susceptibility of anemones to desiccation during low tides when on surface cockles, suggest
that the trematode C. australis creates two distinct
types of cockles and facilitates the local co-existence of
limpets and anemones (Thomas et al. 1998).
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and its host, the crab Carcinus Imaeinas.The parasitic
larval stage penetrates into the crab and develops an
extensive system of branches extending even into the
appendages of the host (Hoeg 1995). The physiology of
the crab is then completely altered and an important
aspect of these alterations is that infected crabs do not
moult in most cases (O'Brien and van Wyk 1985). The
cuticle of infected C. nmaeiucasthen becomes a more
permanent substrate for several invertebrate species
than that of non-infected crabs which present a normal
moulting cycle. Interestingly, classical illustrations of
crabs infected by rhizocephalan parasites mentioned an
epibiont community on the cuticle (Fig. 3A, B). This
example illustrates that sometimes only one trait (e.g.
the inter-moult duration) can prevent one species from
having an engineering role and that by altering specifically this trait, parasites can favour the emergence of
engineering functions.
Probably the most important role of parasites as
ecosystem engineers occurs inside host species since
free-living organisms are themselves habitats for numerous parasite species. Thus, by altering their hosts, parasites directly alter some characteristics of the habitat for
other parasites. To understand these phenomena, it is,
however, necessary to consider the living host as a
particular habitat. For instance, one of the most imporThe
colonial
3.
infected
Crabs
A)
by Rhizocephalans.
Fig.
tant ecological constraints met by parasites and pathoventral
side
of
the
Thomp.sonia
dofleinliinfecting
rhizocephalan
a mature male Portlunllspelagicu.scaught near Tuas, Singapore gens to exploit free-living organisms is the defensive
(drawn by Beyerholm. after Jespersen and Litzen 1992). The
artist carefully represented several barnacles on the cuticle. B) systems of host species (e.g. immune response of verteSpecimens of the sacculinid Heterosaccius doll/ifsi Boschma brates). In this context, parasites responsible for imattached to the abdomen of the swimming crab CharLvhdis muno-suppression control the availability of resources
longicollis Leene caught along the Israel shores (after Hoeg
and Lutzen1995).Once again,the artistrepresentedepibionts for other parasites by modifying the level of environ(serpulid polychaetes) on the cuticle. The presence of these mental adversity. For example, positive effects on
abundance and richness of other parasite species (i.e.
epibionts reveals that moulting events have ceased for crabs.
opportunistic diseases) are well demonstrated in the
case of humans infected by HIV (Table 1). Knowing
Parasites as ecosystem engineers
that these secondary infections often reduce the host's
survival and subsequently the engineer's fitness, a negaBy altering particular traits of their hosts, parasites can
also favour the emergence of engineering functions in tive feedback is, however, likely to exist for immunotheir host (Fig. 2C). In these cases, parasitic alteration suppressor engineers.
Numerous parasite species have complex life cycles,
is thus responsible for habitat creation. This situation is
for instance illustrated in the association between the exploiting successively different host species as tempocrustacean parasite Sacculina carcini (Rhizocephala) rary habitats. Among these parasitic communities, nu-

A

B

Table 1. Some of the major opportunistic complications of HIV infection from Moore and Chaisson (1996). Data come from
clinical records of 1246 patients with HIV infection: 300 were monitored for the development of opportunistic diseases between
1989 and 1995.
Fungal infections

Viral infections

Bacterial infections

Herpes simplex virus

Candidiasis
Mycobacterium
Avium complex
Tuberculosis
Aspergillosis
Bacterial respiratory infections Cryptococcal
meningitis
Bacterial enteric infections
Coccidioidomycosis

Varicella zoster virus (HSV)
Cytomegalovirus retinitis
(CMV)
CMV neurological disease

Leukoencephamopathy (PML) Bartenolla
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Cryptococcal
meningitis

Protozoal infections
Cryptosporidiosis
Microsporidiosis
Pneumocystis carinii pneumonia
(PCP)
Toxoplasmosis
Leishmaniosis
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merous species have the potential to alter the phenotype of their intermediatehosts (see Combes 1991 and
Poulin 1998 for reviews).Severalstudies suggest that
the exploitationof intermediatehosts by differentparasite speciesis sometimesdeterminedby the new characteristics of modified hosts. For instance, a positive
influencehas been demonstratedin a trematodecommunity: the non-manipulativetrematode Maritrema
subdoluminfectspreferentiallygammaridhosts that are
already modified by the manipulativetrematodeMi(Thomaset al. 1997).Indeed,
crophalluspapillorobustus
with
non-infected
hosts, gammaridsharbourcompared
ing M. papillorobustusare strongly photophilic, geophobic and display an aberrant evasive behaviour
making them more likely to be predatedby aquatic
birds, the definitive hosts of both parasites (Helluy
1984). In this case, gammaridsmanipulatedby M.
have to be consideredas a new type of
papillorobustus
habitat for other parasites, with new characteristics
such as a higherpredationrate by aquaticbirds. Selection pressuresexertedin this interactionhave also led
to evolutionary responses (sensu Miller and Travis
1996) since M. subdolumdisplaysa particularadaptation to preferentiallyinfect gammaridsharbouringM.
(Thomaset al. 1997).
papillorobustus
Engineeringprocesses can have both positive and
negativeeffects on speciesrichness(Jones et al. 1997).
Althoughmodifiedhosts, becauseof their new properties, may be easier to exploit by other parasitesthan
other hosts, it is, however, expected that conflict of
interestsshould also exist betweenmanipulativeparasites. This situation is realised when several parasite
species share the same intermediatehost but end their
life cyclein differentdefinitivehosts. Lafferty(in press),
in a complexassociationbetweenfour parasitessharing
a crab as intermediatehost, provided evidence that
conflictsof interestbetweenmanipulativeparasitessignificantlyinfluencethe structureof the parasitecommunity. While two of these parasitesend theirlife cycle in
the intestineof an aquatic bird, the other species end
their life cycle in the intestine of a shark. Parasite
species sharing same interests are more often found
together in the same crabs than expectedby chance.
Conversely, avoidance is observed between parasite
speciesthat have differentdestinations.Differentialinterspecificcompetitionbetween parasite species could
explain these distributions. However, it seems also
likely that these patternsof associationversus avoidance between parasites directly result from how the
intermediatehost is modified.

evidence for a differentialsusceptibilityof closely related host speciesto infectionor its consequences(e.g.
Minchella and Scott 1991, Combes 1996). It seems,
however, that parasites could have other important
effects on communitiesthroughtheir roles in engineering processes.Althoughthe possibleevidencefor engineer parasitesmainly concernsexamplesfrom marine
systems, we believe that engineer parasitescan exist
under a wide range of ecologicalsituations.More empiricalevidenceof indirectand directroles of parasites
(and parasitoids) in engineeringprocesses is clearly
needed at the moment. Future studies could for instance investigatehow the engineeringactivityof engineers is altered when they are infected by parasites.
Suchinformation,coupledwith data on parasiticabundancesin populations,should allow us to predictsome
indirecteffects of parasiteson communitystructure.It
seemsalso likelythat competitionbetweenrelatedengineerscould be mediatedby parasitesin naturalcommunities. Consequencesof this phenomenonon diversity
in ecosystemsremainto be explored.The issuesof how
engineerparasitesmay cause changesin hosts are undoubtedlyimportantones. More particularly,we have
a very poor idea of the effect of engineerparasiteson
their hosts in evolutionaryterms. How engineerparasites may interact with the ecological traits of their
hosts, e.g. fixationof one characterlike shell shapeand
size, whichcould conferhighercolonizationcapabilities
and persistenceto parasitisedindividualsharbouring
these features,comparedto unparasitisedsmallerorganisms.The role of parasitesin ecosystemengineering
in evolutionarytermshas still not been studied,and we
stronglyencourageresearchin this direction.Finally,
we also encourageparasitologiststo analysethe entire
parasiticcommunityinhabitinghosts debilitatedby manipulativeparasitessince these situationsare ideal to
understandthe role of engineerparasiteson the structure of the parasiticcommunity.Overall,knowingthat
most, if not all, free-livingorganismsharbourparasites
and knowingthe varietyof host traitsalteredby parasites, this new area of research at the junction of
ecology and parasitologyappearspromising.
- We thank John H. Lawton for his enAcknowledgements
couragement.This work was supportedby Luc Hoffmann
(StationBiologiqueTour du Valat).

References
Aho, K., Huntly, N., Moen, J. and Oksanen, T. 1998. Pikas

(Ochotonaprinceps:Lagomorpha)as allogenicengineersin

Concluding remarks and future directions
To date, most of the studies illustratinga key role of
parasites in structuringanimal communitiesrely on
170

an alpine ecosystem. - Oecologia 114: 405-409.
Alper, J. 1998. Ecosystem 'engineers' shape habitats for other
species. - Science 280: 1195-1996.
Arneberg, P., Folstad, I. and Karter, A. J. 1996. Gastrointestinal nematodes depress food intake in naturally infected
reindeer. - Parasitology 112: 213-219.
Combes, C. 1991. Ethological aspects of parasite transmission.
- Am. Nat. 138: 866-880.
OIKOS 84:1 (1999)

Combes, C. 1996. Parasites, biodiversity and ecosystem stability. - Biodiv. Conserv. 5: 953-962.
Curtis, L. A. 1987. Vertical distribution of an estuarine snail
altered by a parasite. - Science 235: 1509-1511.
Helluy, S. 1984. Relations h6tes-parasites du trematode Microphallus papillorobustus (Rankin 1940). III Facteurs impliques dans les modifications du comportement des
Gammarus h6tes intermediaires et tests de predation. Ann. Parasitol. Hum. Comp. 59: 41-56.
Hoeg, J. T. 1995. The biology and life cycle of the Rhizocephala (Cirripedia). - J. Mar. Biol. Assoc. UK 75: 517550.
Hoeg, J. T. and Luitzen,J. 1995. Life cycle and reproduction in
the Cirripedia Rhizocephala. - Oceanogr. Mar. Biol.
Annu. Rev. 33: 427-485.
Jespersen, A. and Liitzen, J. 1992. Thompsoniadofleini Hafele,
a colonial akentrogonid rhizocephalan with dimorphic,
ova- or sperm-producing, externae (Crustacea: Cirripedia).
- Zoomorpology 112: 105-116.
Jones, C. G., Lawton, J. H. and Shachak, M. 1994. Organisms
as ecosystem engineers. - Oikos 69: 373-386.
Jones, C. G., Lawton, J. H. and Shachak, M. 1997. Positive
and negative effects of organisms as physical ecosystem
engineers. - Ecology 78: 1946-1957.
Joose, J. and Van Elk, R. 1986. Trichobilharzia ocellata:
physiological characterization of giant growth, glycogen
depletion and absence of reproductive activity in the intermediate snail host Lymnea stagnalis. - Exp. Parasitol. 73:
36-43.
Lafferty, K. D. in press. The evolution of trophic transmission. - Parasitol. Today.
Miller, T. E. and Travis, J. 1996. The evolutionary role of
indirect effects in communities. - Ecology 77: 1329-1335.
Minchella, D. J. 1985. Host life history variation in response
to parasitism. - Parasitology 90: 205-216.
Minchella, D. J. and Scott, M. E. 1991. Parasitism: a cryptic
determinant of animal community structure. - Trends
Ecol. Evol. 6: 250-254.

OIKOS 84:1 (1999)

Moore, R. and Chaisson, R. 1996. Natural history of opportunistic disease in a HIV-infected urban clinical cohort. Ann. Inter. Med. 124: 633-642.
Nichols, S. J. and Wilcox, D. A. 1997. Burrowing saves Lake
Erie clams. - Nature 389: 921.
O'Brien, J. and van Wyk, P. 1985. Effects of Crustacean
parasitic castrators (epicaridean isopods and rhizocephalan
barnacles) on growth of crustacean hosts. - In: Wenner, A.
(ed.), Crustacean growth: factor in adult growth. A. A.
Balkema, Rotterdam, pp. 191-218.
Park, T. 1948. Experimental studies of interspecies competition. I. Competition between populations of the flour
beetles, Tribolium confusum Duval and Tribolium castaneum Herbst. - Ecol. Monogr. 18: 265-308.
Poulin, R. 1998. Evolutionary ecology of parasites. - Chapman & Hall, London.
Smith, J. E. and Newell, G. E. 1955. The dynamics of the
zonation of the common periwinkle Littorina littorea (L.)
on a stony beach. - J. Anim. Ecol. 24: 35-56.
Thomas, F. and Poulin, R. 1998. Manipulation of a mollusc
by a trophically transmitted parasite: convergent evolution
or phylogenetic inheritance? - Parasitology 116: 431-436.
Thomas, F., Renaud, F., Rousset, F., Cezilly, F. and DeMeeiis, T. 1995. Differential mortality of two closely related host species induced by one parasite. - Proc. R. Soc.
Lond. B 260: 349-352.
Thomas, F., Mete, K., Helluy, S., Santalla, F., Verneau, O.,
De Meeuis, T., Cezilly, F. and Renaud, F. 1997. Hitchhiker parasites or how to benefit from the strategy of
another parasite. - Evolution 51: 1316-1318.
Thomas, F., Renaud, F., De Meeuis, T. and Poulin, R. 1998.
Manipulation of host behaviour by parasites: ecosystem
engineering in the intertidal zone? - Proc. R. Soc. Lond. B.
265: 1091-1096.
Warner, G. F. 1997. Occurrence of epifauna on the periwinkle,
Littorina littorea (L.), and interactions with the polychaete
Polydora ciliata (Johnston). - Hydrobiologia 355: 41-47.
Yan, G., Stevens, L., Goodnight, C. J. and Schall, J. J. 1998.
Effects of a tapeworm parasite on the competition of
Tribolium beetles. - Ecology 79: 1093-1103.

171

