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Commentary

Parasitic manipulation: a social context
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Thomas et al. (2005)conclude their interesting review
of parasitic manipulation in an optimistic tone and
state that “the study of manipulation is far from being
weak”. This serves as a timely antidote to Poulin’s
sobering message of a Kuhnian type weakening
paradigm (Poulin, 2000). This is not to say that the
authors find fault with Poulin’s analyses, but rather
they find reasons for optimism through their emphasis
on multiple approaches, such as detailing proximate
mechanisms of control (e.g. proteomics), insights
through comparisons with broader behavioural eco-
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et al., 2003). However, some hosts groups, which may
have potential benefits, have been underexploited.
With this in mind I would like to draw the reader’s
attention to the potential of social insects (wasps, bees,
ants and termites) as model systems in which to study
parasitic manipulation of host behaviour.

The social insects can be seen as victims of their
own success! Insect societies have long fascinated
man as evidenced by their mention in the Bible “Go to
the ant, thou sluggard; consider her ways, and be wise”
(Proverbs 6:6). E.O. Wilson called them “among the
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ogical theories (Mafia Hypothesis), understanding the
ole of habitat on manipulating parasites (e.g. other
arasites within the host and the host’s metapopu-

ation), and intraspecific genotypic variation in the
bility of parasites to control the hosts’ phenotype.
erhaps implicit in their interdisciplinary approach

s the need for the parasite manipulator community
o judiciously choose host–parasite systems which
ave the greatest potential pay-off in determining

he factors underlying the expression and evolution
f parasitic manipulators. There are a large number
f candidate parasite taxa which manipulate the
ost behaviour (Moore, 2002) and in many cases
ubstantial progress has been made in understanding

great achievements of organic evolution” (1971
The occurrence of sterile workers presented Da
with his “one special difficulty, which at first appear
to me insuperable, and actually fatal to the wh
theory” (Darwin, 1859). This difficulty was resolve
by Hamilton (1964a,b), which led to a voluminou
literature of diverse aspects of kin selection. Unfo
nately this had been at the expense of understan
the behaviour of social insects in an ecological con
particularly with respect to parasites. In recent y
there has been a change in direction and the
of parasites has received more attention (Boomsma
et al., in press; Schmid-Hempel, 1998, 2001). How-
ever, the perspective has mainly been host ce
he proximate mechanisms of control (e.g.Thomas
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and has largely ignored parasitic manipulation of host
phenotype. This is somewhat ironic considering one
of the most famous examples of manipulation is the
change in ant behaviour by following infection by
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the ‘brainworm’Dicrocoelium dendtriticum(Carney,
1969). Here ants infected by trematodes leave the
colony and ascend blades of grass to which they
attach themselves with their mandibles: this promotes
trophic transmission to grazing definitive hosts (e.g.
sheep). Despite being a very visible phenomenon
with infected ants being common around ant nests
(Manga-Gonzalez et al., 2001) it suffers from a lack of
attention. It appears to me that while there are many ex-
amples of the manipulation of social insect behaviour
by parasites they are largely anecdotal and have not
been examined thoroughly. Or, where there is detailed
work it is often by parasitologists or ecologists who
have little dialogue with the social insect community.
This is disturbing considering the model organism
status of some social insects and the huge information
available regarding their behaviour, physiology,
morphology, population genetics and genomics which
certainly facilitates Thomas et al.’s multidisciplinarian
approach. Here I highlight the utility of social insects
systems to examine parasite mediated changes in
behaviour, as well as two recent examples.

Since the appearance of insect societies over 100
million years ago they have become the dominant
animal members of almost all terrestrial habitats
(Agosti et al., 2000; Tobin, 1991; Wilson, 1992). All
social insect groups (technically eusocial) share three
common features: (1) cooperative care of young; (2)
reproductive division of labour with some more or
less sterile individuals working on behalf of fecund
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behaviour which may be result of parasitic ma-
nipulation. With some model systems such as the
honeybee,Apis mellifera, active research avenues
include understanding the neural, neuroendocrine
and molecular basis of social behaviour (see Gene
Robinson’s site http://www.life.uiuc.edu/robinson/
index.html). Besides the molecular basis of social
behaviour (Whitfield et al., 2002) the whole genome of
the honeybee is currently being sequenced by the Hu-
man Genome Sequencing Centre (http://www.hgsc.
bcm.tmc.edu/projects/honeybee). This gives re-
searchers interested in studying proximate mecha-
nisms of parasite manipulation in other social insects
a very strong base from which to begin.

Additionally, social insects are, on the whole,
amenable to laboratory study. This, in conjunction
with the very large number of individuals in the colony
and high relatedness among colony members facili-
tates repeated sampling of numerous individuals with a
similar genetic background. In line with Thomas et al.
(2005) attention to determining the cost of intraspe-
cific variation in the manipulative process the ability
to examine hosts with an almost identical genetic
background would assist in determining how variable
parasites of the same species are in their effect on host
phenotype. Because of the interest in determining re-
latedness values among social insects there are a large
number of genetic markers and within some groups the
population genetics is well understood (Pamilo et al.,
1997; Ross, 2001) which assists with the examination
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ndividuals; (3) at least two overlapping generati
Wilson, 1971: 4). Because of their ecological do
nance, the obvious parallels with our own soci
nd importance for kin selection theory, a great

s known about the behaviour of social insects (Abe
t al., 2001; Ḧolldobler and Wilson, 1990; Ro
nd Matthews, 1991; Seeley, 1995). For example

nteractions between dominants and subordinate
he colony, between different castes, between a
nd immatures, as well as behaviour away from
est, particularly foraging behaviour and navigation
any cases behaviour has been studied in the co
f proximate cues such as glandular pheromone
uticular chemistry of the individual (Vander Mee
t al., 1998). Such a strong understanding of
ehavioural repertoire and roles of colony memb
ives researchers of parasite manipulation a s
ackground against which to examine aber
f parasitic manipulators within the context of
ost’s metapopulation (Thomas et al., 2005).

There are drawbacks to social insects how
despite the obvious and painful one!). They
enerally difficult to mate under laboratory conditio
nd have long generational times which means
re not suitable for selection experiments. Thoug
ome groups mating and even artificial insemina
s possible (Baer and Schmid-Hempel, 1999, 2000).

In their review the authors state that “host–para
ystems in which the host exhibits a completely n
ehaviour the causal connection between a par
ffect and host behavioural change may be easi
stablish”. Without wishing to be tautological,

heir very definition social insects are social! Th
berrant behaviours whereby infected individu
particularly workers) desert the colony are ea
o see. There are a number of prominent exam
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of parasitized individuals leaving the colony and
in most cases is believed to facilitate parasite life
cycle completion: trematodes, cestodes, mermithid
nematodes,Cordycepsfungi, conopid parasitoids and
Strepsiptera. The last example, Strepsiptera, deserve
special mention because they highlight the advances
which can be made using social insects.

Strepsiptera (Insecta) are parasitic castrators which
infect larval social insects and complete development
in adult hosts (besides Hymenoptera they infect six
other insect orders). Their presence in adult workers
causes a distinct behavioural change where infected
individuals do not work and actually desert the colony
early in adult life which facilitates parasite life cycle
completion (Hughes et al., 2004). Because their hosts
(Polistes wasps) are so well studied the aberrant
behaviour of parasitized individuals in the field was
easily seen (wasps form extra-nidal aggregations
where 98% of occupants are infected: first observed by
W.D. Hamilton). It is cautionary to note that despite the
huge amount of research intoPolistesbehaviour over
the last 50 years (Turillazzi and West-Eberhard, 1996)
this aberrant behaviour was not observed until 1998;
and then not by someone researching studyingPolistes
behaviour! The ability to move from documenting the
existence of aggregations and observing the behaviour
of parasitized wasps in the field to a laboratory based
study where larval wasps were infected owes much
to the biology of Strepsiptera, in which the first instar
is the host seeking stage. However, the background
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party, of this change in behaviour is speculative but
it is noteworthy that the rabies virus mentioned by
Thomas et al. (2005)is also a picorna virus. Currently
attempts are continuing to artificially infect bees, as
well as screen wasps for the presence of this virus (T.
Fujiyuki and T. Kubo, personal communication).

Whilst not all parasitic manipulators of social
insects are so amenable to artificial infection as
Strepsiptera there are good candidate taxa with which
to proceed to elucidate the ontogeny, mechanisms
and costs of parasitic manipulators. So why have
parasitic manipulators of social insects not been the
subject of more scrutiny? One probable reason is the
attention placed on social behaviour in the context
of kin selection. As I mentioned at the outset this is
thankfully changing and there is an increasing focus
on parasitism within the colony. Thus the time is ripe
for members of the parasitic manipulation community
to benefit from the advances made by students of social
insect research. This of course would be reciprocal.
Currently there is an attempt to construct a framework
to examine how social insect life history affects the
transmission and type of disease experienced by
colonies (Boomsma et al., in press). Since colonies
are generally heavily defended fortresses that are
widely distributed (think of islands!), then parasite
manipulation of individuals may facilitate horizontal
transmission. For example an infected ant containing
a gravid parasite may not only leave its colony but, by
overcoming kin recognition cues, may be motivated by
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es certainly assisted in examining this host–para
ystem under controlled conditions. Indeed, before
wn workStrambi and Strambi (1973)infected wasp
nd showed how the presence of the parasite res

n neuroanatomical changes.
In contrast to the desertion behaviour which

elatively common, another striking example of
avioural change associated with parasitism des
pecial mention. Honeybees following infect
ith the picorna-like virus,Kakugo become mor
ggressive (Fujiyuki et al., 2004). The nameKakugo

s Japanese for ‘ready to attack’ and, using rev
ranscriptase-real time PCR, these researchers
hat the virus was only expressed within the mushr
odies of infected bees and individuals which wo
ttack a colony predator (a social wasp) were m

ikely to be infected. The adaptive value, to eit
he parasite to gain ingress into another colony and
he ‘parasitized’ wooden horse of Troy, have ser
onsequences for its new home. This is of co
ighly speculative but does, I think, highlight the n

or communication between social insect researc
nd the parasitic manipulator community. Inde
s the authors optimistically conclude, one of
dvantages of studying parasitic manipulators is
these little worms, tiny protozoa and viruses are. . .
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