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Commentary

Conflict between co-occurring parasites as a confounding
factor in manipulation studies?
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In their review,Thomas et al. (2005)highlight that, in
cases where multiple infections occur in the same in-
termediate host individual, parasitic manipulation may
be the result of not just a single parasite, but may be the
cumulative effect of infection by two or more manipu-
lating parasites. Such parasites may be in conflict when
they share the same intermediate host but have differ-
ent final hosts: they may manipulate the host in differ-
ent ways in order to effect their different transmission
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posing interests in their use of the host to favour trans-
mission. Such conflicts may be widespread in nature
since there are many cases where hosts are infected
by multiple parasites, of which many may be phyloge-
netically unrelated (Petnay and Andrews, 1998). Thus,
there should be a high likelihood of finding a “ma-
nipulator” (P1) co-infecting a host with another para-
site type (P2). If P1 has a complex life-cycle and ma-
nipulates the host to ensure its horizontal transmission
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atterns. In this comment, we extend the argument of
homas et al. (2005)by first considering inter-specific
onflict between parasites with different transmission
outes sharing the same host. We go on to discuss intra-
pecific conflict between the same parasites infecting
he same host with respect to developmental stage and
exual reproduction.

. Conflict within parasite species: a matter of
ransmission route

Competition between parasites within the same host
eads to conflicts when co-occurring parasites have op-
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(e.g. trophic transmission) and P2 has a more si
life-cycle involving one host only, a conflict situati
arises. This conflict may be solved by avoidanc
virulence sabotage (Thomas et al., 2002). Thomas e
al. (2002)investigated this idea in the amphipodGam-
marus insensibilis, which is infected by a manipul
tive trematode (P1) and a non-manipulative nema
(P2). While there were contradictions between t
field and experimental data with regards to sup
for their “sabotage” hypothesis, they concluded
the selective pressure imposed by P1 on P2 ma
be strong enough for sabotage to evolve. Indeed
strength of selection pressure will determine the
come of conflict between co-occurring parasites,
depends, for example, on the relative prevalence
the parasites, the strength of virulence, host-resis
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to one or both parasites, and the mode of parasite
transmission.
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The conflict of interest between two parasites will be
particularly strong in cases where a manipulator shares
its host with a vertically transmitted (VT) parasite. VT
parasites are transmitted from mother to offspring via
the eggs, in so-called transovarial transmission (Bandi
et al., 2001). Their fitness is directly related to that of
their hosts, since they rely on host reproduction for
transmission, and therefore should not be virulent to
their host (Fine, 1975). VT parasites may exhibit sex-
specific virulence by altering host sex ratio to increase
the proportion of the transmitting sex (Hurst, 1993;
Bandi et al., 2001) but, everything else being equal,
they are predicted to have either a positive or neutral
effect on host fitness, and in particular, on host repro-
ductive success (Ebert and Herre, 1996; Hurst et al.,
1994; Dunn and Smith, 2001). Thus, where a host is
also infected by a trophically transmitted parasite, there
is conflict in transmission mode, and therefore with re-
spect to virulence. In such cases, the co-occurrence of a
manipulating parasite will exert a strong selective pres-
sure on the VT parasite to counter-manipulate the host
(i.e. sabotage,Thomas et al., 2002), to decrease the
probability of predation. Note, however, that avoiding
infecting intermediate hosts that are already infected
by a manipulator (Lafferty et al., 2000) is not an op-
tion in this case, since the VT parasite is present in the
host from birth, before infection by the manipulating
parasite.

VT microbes are ubiquitous (Stouthamer et al.,
1999; Zchori-Fein and Perlman, 2004; Terry et al.,
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a recent study:Oliver et al. (2003)found that VT bac-
terial endosymbionts confer resistance to their aphid
host against a virulent co-occurring parasitoid.

2. Conflict within parasite species: a matter of
developmental stage and sex?

In addition to conflict between parasite species,
there is potential for conflict to occur between individ-
uals of the same parasite species. Conflict may arise,
e.g., where two parasites of different maturation stages
simultaneously infect a single individual host. If a par-
asite at the infective stage co-occurs with an imma-
ture, non-infective, parasite there is conflict: the im-
mature parasite requires further time to develop be-
fore transmission to the final host, while the infective
parasite requires transmission to the final host in or-
der to continue its development in the next stage of
its life-cycle. There are a number of examples show-
ing that transmissible and non-transmissible stages dif-
fer in their effect on intermediate host behavioural
changes, both in trematodes (e.g.Levri and Lively,
1996; McCarthy et al., 2000) and acanthocephalans
(Bethel and Holmes, 1974). Generally, the immature
stage does not change host behaviour (or induces few
changes), while the infective stage does. However, the
effect on host behaviour when the two developmen-
tal stages co-occur in a single host has not been de-
termined. The two most simple resolutions of con-
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004), some are able to manipulate host behav
Varaldi et al., 2003), and some are known to share
ame species or group of species as manipulators
xample, the freshwater amphipodG. roeseliis host to
canthocephala, a phylum of manipulating helmin
nd VT microsporidia (Bauer et al., 2000; Haine et a
004). Where such parasites co-infect the same h
ost studies concentrate on the host–parasite int

ions of one, or the other, type of parasite and do
onsider potential interactions between them. Ind
oexistence of manipulating parasites and VT para
ay be an important confounding factor for desc

ions of behavioural manipulation and in the study
daptive significance, and since many VT infecti
re asymptomatic and require PCR-based detec

hey may not be identified as co-occurring paras
n a particular host. The importance of such inte
ions has been clearly overlooked and is illustrate
ict in this case would be either repression of
avioural manipulation by non-infective stages (
ause of the strong selective pressure imposed o
on-transmissible stage to maintain the intermed
ost alive until maturation), or maintenance of the
avioural changes by the transmissible stage de

he presence of the immature stage. A recent resu
canthocephalus dirusinfecting an aquatic isopod

n favour of the later hypothesis (Sparkes et al., 2004),
ut some preliminary observations inPomphorhynchu
canthocephalans (M.J. Perrot-Minnot, personal c
unication) showed no behavioural change when s

nfective and non-infective stages co-occur, sugg
ng that a “sabotage” of behavioural changes by n
ransmissible stage might occur.

Intraspecific conflict may also arise as a resu
arasite sex ratio. The argument is similar to that u

or explaining the sex ratio of malaria parasites (Jovani
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2002; Gardner et al., 2003). If a manipulating parasite
reproduces sexually, it is imperative that both sexes
are present in the final host, for continuation of the
life-cycle. It is potentially beneficial for one parasite to
share an intermediate host with a con-specific of the op-
posite, rather than the same, sex. For trophically trans-
mitted parasites, this is conditional on sex determina-
tion occurring during development in the intermediate
rather than the final host, but reproduction occurring
vice versa. The selective pressure would be particu-
larly strong where intermediate hosts have a generally
low intensity of infection (i.e. only a few parasites are
able to share the same individual host). Ensuring co-
infection with a con-specific of the opposite sex may
be achieved in different ways. First, many parasites are
not able to choose their host (i.e. choosing between
a potential host that is already infected or uninfected)
since infection often results from ingestion of parasite
eggs. In such cases, environmental sex determination
(ESD) may be selected (Charnov and Bull, 1977), an
evolutionary pathway beyond the scope of this paper.
Second, where parasite sex determination is not plastic,
killing a con-specific, or avoiding co-infecting a host
with a con-specific, of the same sex, could occur. A
third possible strategy for a parasite to ensure repro-
duction in the final host could be to delay manipulation
of the intermediate host until it is co-infected by an in-
dividual of the opposite sex. In this case, behavioural
changes induced in singly infected hosts (or hosts in-
fected with two parasites of the same sex) should be
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data in interpreting parasitic manipulation. A variety of
conflicts may occur between parasite species, but also
within species, conflicts that can (at least potentially)
lead to modifications in behavioural changes induced
by manipulative parasites. Such interactions may at
least explain some of the variation generally observed
in behavioural changes associated with infections by
manipulating parasites (e.g.Thomas et al., 2002).
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