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SUMMARY

Recent theory on the role of parasites in the evolution of social behaviour has emphasized the costs of
social behaviour to hosts. However, parasites whose primary effect on host fitness is to reduce fecundity
can favour the evolutionary origin or maintenance of social behaviour, including eusociality, under
certain conditions. If the parasites are not readily transmitted among members of social groups, then other
group members will not be selected to reject infected individuals as social partners, nor will adaptive
suicide or avoidance of grouping be selectively favoured for infected individuals. Rather, total or partial
parasitic castration may promote the expression of helping behaviour by infected individuals. Some
parasites may therefore act to increase variance in direct reproductive value within populations or
societies, and to promote reproductive division of labour. The necessary conditions of reduced host
fecundity and low within-group transmission are met in some insect—parasite systems, and could occur in

other host—parasite systems as well.

1. INTRODUCTION

Social behaviour is often assumed to entail costs
associated with increased parasite loads (Alexander
1974; Moller et al. 1993 ; Schmid-Hempel & Schmid-
Hempel 1993). Many types of parasites are easily
transmitted within social groups of hosts, and host
groups may be more attractive to some types of volant
parasites (Davies et al. 1991). Therefore, literature
reviews and theoretical models addressing the role of
parasites in social evolution have focused on how
parasites can disrupt social systems over evolutionary
time, or on how social systems can be modified by
selection to counteract the negative effects of parasite
infections (Freeland 1976; Hamilton 1987; Sherman et
al. 1988; Shykoff & Schmid-Hempel 1991a; but see
Mooring & Hart 1992). Here I argue that parasites
can favour the expression of social behaviour in their
hosts under certain conditions, and that parasites may
play roles in the origin and maintenance of eusociality.

Parasites can be defined as symbiotic organisms that
have a negative effect on the fitness of their hosts. Host
fitness comprises both survival and fecundity, and the
effects of parasites on the latter component of fitness
are receiving increasing attention from evolutionary
biologists (Herre 1993; Hurd 1993). Many parasites
are known to either fully or partially reduce the
fecundity of their hosts, a pattern referred to as
parasitic castration (Baudoin 1975). Given a parasite
that induces sterility or reduced fecundity (but not
severely reduced longevity) in infected hosts, parasite
infections of some individuals could increase variance
in reproductive success among potential social partners
or within extant social groups (e.g. colonies) of hosts.
Reduced fecundity favours the expression of helping
behaviour in infected group members. Similar effects
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would be seen in potentially solitary individuals (e.g.
reproductive females ready to initiate new colonies)
that are deciding whether to found nests of their own
or to join previously founded nests as subordinate
helpers (Roseler 1991).

Should parasitized individuals seek or avoid group-
ing with conspecifics, and with close relatives in
particular? How should other group members—or
potential social partners—respond to parasitized
individuals? The answers to these questions depend, in
part, on the risks of transmission of the parasitic
infection within groups of hosts (Herre 1993). In the
context of social evolution it is especially interesting to
consider parasites that are not transmitted well within
groups. For example, certain parasites attack host
individuals when they are away from their nests (e.g.
during foraging trips: Alford 1975; Durrer & Schmid-
Hempel 1994). If the risk of parasite transmission
within groups that include infected members is not
higher than the risk to the population as a whole, then
grouping is not disfavoured either by infected or by
uninfected individuals (Shapiro 1975; McAllister et al.
1990).

If grouping is not disfavoured, then parasites can act
as a mechanism of reproductive caste determination by
reducing host fecundity. Parasitically castrated indi-
viduals that join or remain in groups effectively become
sterile workers. Furthermore, once a subset of inter-
acting individuals becomes infected, reproductive
division of labour is automatically favoured within the
group; the infected individuals should specialize on
worker-like (helping) behaviour, and uninfected indi-
viduals should focus on queen-like (reproductive)
behaviour (West-Eberhard 1981).

Parasitic castration can play several roles in the
process of social evolution. In presocial species,
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castrators may shape the size of social groups by
increasing the frequency of joining among foundresses
of new nests. Increased rates of group formation
provide greater opportunity for selection to modify the
expression of social behaviour. In primitively eusocial
species, conflicts of interest over reproduction may be
reduced by parasitic castrators that infect workers.
Reduced conflict may, in turn, enhance colony
efficiency and productivity (Shykoff & Schmid-
Hempel 1991 ).

2. REPRODUCTIVE VALUE AND DIVISION
OF LABOUR

Reproductive division of labour in a social system
requires that group members (often females) can assess
their reproductive capacity relative to group mates,
and pursue different reproductive strategies appro-
priate to their relative abilities (West-Eberhard 1981 ;
Jeanne 1991). Parasites alter host behaviour by a
diversity of mechanisms (Thompson & Kavaliers
1994), and the physiological pathways by which
parasitic castration is translated into changes in host
behaviour are poorly known (Hurd 1993). Some
authors have suggested that parasitic castrators divert
energy and nutrients away from host reproduction into
parasite growth and reproduction (Strambi et al. 1982
Hurd 1993). In this sense, the behavioural physiology
of parasitic castration may resemble intrinsic (non-
parasitic) caste determination mechanisms in social
insects, which frequently involve nutritional differences
among individuals (Wheeler 1986; Hunt 1991). In
other words, the mechanisms by which parasitic
castration translates into helping or worker-like be-
haviour in hosts may already be in place before the
host—parasite relationship arises.

West-Eberhard (1981) and Jeanne (1991) have
suggested that behavioural differentiation among
social insect reproductive castes (i.e. queens and
workers) is driven by individual differences in re-
productive value. In general, when indirect repro-
ductive value (RV,) exceeds direct reproductive value
(RV,), helping behaviour is favoured over attempting
to reproduce. Parasites may act as a mechanism
favouring reproductive division of labour by causing or
enhancing differences in RV among group members
(figure 1). All else being equal, infected individuals’
RV, is decreased relative to uninfected individuals’
RV,. Parasitically castrated individuals that are not
killed in the course of infection may have alternative
reproductive options available; in eusocial or incipi-
ently social species, infected individuals may be able to
recoup some fitness by aiding relatives’ reproductive
efforts, that is, they may retain some RV;. The strength
of the parasite’s effect on RV, depends on the degree to
which host fecundity is lowered; in the case of total
castrators, host RV, = 0, and all of the host’s fitness
options are through helping (RV;). The degree to
which RV, is also lowered by parasitic infection is an
empirical question, and will depend in part on the
pathology associated with the infection.

Reproductive division of labour caused by parasitic
castrators has the added benefit of helping groups to
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Figure 1. Effects of partial parasitic castrators on the
expression of helping behaviour in a population of facul-
tatively or primitively eusocial hosts. Without parasites (a),
the host population exhibits variation in some measure of
relative capacity to succeed in direct reproduction (e.g. nest-
founding) versus indirect reproduction (e.g. joining founded
nests as helpers). Here, the measure of relative reproductive
capacity is the ratio of direct to indirect reproductive value,
following West-Eberhard (1981). For individuals with
reproductive capacity above a population-specific critical
ratio, direct reproduction is favoured (open area under
curve), and for individuals below the critical ratio, helping
behaviour is favoured (shaded area). When parasitic cas-
trators enter the population (b), RV, of infected females
decreases. If RV, is retained by infected individuals, the
distribution of individuals between the favoured reproductive
strategies will shift, with helping behaviour favoured in a
greater proportion of the parasite-infected population.

avoid infection of all members. In some cases, parasite
transmission within the group (e.g. at the nest) may be
especially rare; for example, when infective stages of
the parasite are broadcast on plant material by foragers
(Kathirithamby 1989; Durrer & Schmid-Hempel
1994) or when infection results from attacks by an
adult, free-living parasite stage (Alford 1968, 1975;
Schmid-Hempel 1995). The reproductives (e.g.
queens) would then be unlikely to become infected,
because they remain at the nest and are less exposed to
sources of infection. In temperate bumble bee (Bombus)
species, queens of early-season nesters are at low risk of



