
ORIGINAL PAPER

Alessandro Cini & Rachele Nieri & Leonardo Dapporto &

Thibaud Monnin & Rita Cervo

Received: 6 May 2013 /Revised: 14 October 2013 /Accepted: 20 November 2013 /Published online: 11 December 2013
# Springer-Verlag Berlin Heidelberg 2013

Abstract Insect social parasites, like other parasites, may
benefit from inhibiting their host from reproducing (complete
or partial parasitic castration) because they can then exploit
more of the host’s resources for their own reproduction. In
particular, social parasites that kill or expel the host queen
need to prevent host workers from reproducing; this is a
common worker response to the absence of their queen.
Indeed, host workers would benefit from detecting the pres-
ence of the parasite and investing in direct and indirect fitness.
Studying whether and how social parasites control host work-
er reproduction can provide information about the degree of
integration of the parasite in the host colony and help identify
factors regulating workers’ reproductive decisions in social
insects. We investigated whether the paper wasp social para-
site, Polistes sulcifer, suppresses Polistes dominula (host)
worker reproduction as efficiently as the dominant host female
does in queen-right colonies by comparing worker reproduc-
tive efforts in parasitized and non-parasitized (control) colo-
nies. Our results show that 6 weeks after usurpation of their
colony by the social parasite, parasitized workers (1) had more
developed ovaries than control workers and (2) laid more eggs
as soon as the opportunity arose. This reproductive readiness
of parasitized workers was not apparent 2 weeks after colony

usurpation. This suggests that P. dominula workers have
evolved means to react to social parasitism, as occurs in some
ants, and that the parasite has only limited control over host
reproduction.

Keywords Reproductive skew . Reproductive decision .

Brood parasitism . Intracolonial conflicts . Paper wasps .

Polistes sulcifer .Polistes dominula

Introduction

Insect societies represent valuable resources and, despite effi-
cient cooperative defensive behaviours, are exploited by a vast
array of predators and parasites, some of which are themselves
social. This is the case for social parasites sensu stricto , i.e.
social insect species that parasitize the brood care of other
social insects to rear their own offspring (Wilson 1971). In
the social Hymenoptera, social parasites have repeatedly
evolved from the social ancestors (Lowe et al. 2002) in ants
(Hölldobler and Wilson 1990), allodapine bees (Michener
1974), honeybees (Neumann et al. 2001), bumblebees
(Alford 1975) and wasps (Cervo 2006). They often parasitize
only one or a few related species, to which they are often
closely related (Emery’s rule, e.g. Savolainen and Vepsäläinen
2003). Some social parasites live together with host queens, but
others kill or expel them, i.e. “usurp” the colony (reviewed in
Alford 1975; Brandt et al. 2005; Cervo 2006). In removing the
host queen, social parasites also remove the inhibitory effect
she has on host worker reproduction. Indeed, workers of many
species do not lay eggs in the presence of their queen but retain
the ability to do so if their queen is absent or unfertile. In highly
eusocial species, workers can only lay unfertilized eggs that
develop into males, but in primitively eusocial species, they
can mate and hence also lay fertilized eggs that develop into
females (e.g. Bourke 2011). Social parasites would therefore
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benefit from preventing host workers from reproducing be-
cause they could then exploit more of the host colony’s re-
sources for their own reproduction. Indeed, complete or partial
castration of the host is a common feature of parasitism across
many taxa (e.g. Baudoin 1975; Hurd 2001).

Many social parasites "fool" host workers by behaviourally
and chemically mimicking the fool ousted host queen(s)
(Alford 1975; Lorenzi 2006; Martin et al. 2010). However,
this is not always perfect (e.g. Bagnères et al. 1996; Turillazzi
et al. 2000) and workers, given the high fitness cost of social
parasitism, may be selected to detect social parasites and to
behave so as to regain some fitness. For instance,
Temnothorax ant workers enslaved by Protomognathus
americanus kill two thirds of the pupae of the social parasite,
and this may increase their fitness if it lowers the parasite
pressure (raids) against related neighbouring colonies
(Achenbach and Foitzik 2009). Experimental brood exchange
shows that this “rebellion” is stronger against parasite pupae
from allopatric populations, suggesting that parasite pupae are
under strong selection to chemically mimic sympatric host
pupae (Achenbach et al. 2010). A more direct route for
workers to secure some fitness would be to lay eggs and/or
rear the brood of related reproducing workers. The extent of
control exercised by the social parasite on worker reproduc-
tion varies depending on the host–parasite system examined.
Four out of five social parasite bumblebees and two out of
three social parasite wasps examined fully suppress worker
reproduction (Fisher 1983, 1984; Jeanne 1977; Greene et al.
1978; Cervo and Lorenzi 1996; Vergara et al. 2003; Zimma
et al. 2002; Kreuter et al. 2012). Understanding whether social
parasites succeed in controlling host worker reproduction is a
key step to understand the degree of parasite integration into
the host colony. In addition, analysing the reproductive re-
sponses of workers to social parasitism may give clues to the
factors regulating division of labour in social insects. Division
of labour, including the division of reproduction favoured by
kin selection, is the key feature of insect societies and is
largely responsible for their great ecological success (Fittkau
and Klinge 1973; Wilson 1990).

In this paper, we investigated whether the obligate
workerless social parasite paper wasp Polistes sulcifer sup-
presses the reproduction of its Polistes dominula host
workers. P. dominula is a functionally monogynous species:
colonies are founded by one or several foundresses, but only
one female is behaviourally dominant and nearly monopolizes
reproduction (Queller et al. 2000). If the dominant foundress
dies, another foundress takes over reproduction, whereas if all
foundresses die, one or a few workers reproduce (Pardi 1946;
Strassmann et al. 2004; Monnin et al. 2009). Indeed, Polistes
workers can mate, reproduce sexually and start new colonies
(Reeve et al. 1998; Strassmann et al. 2004; Dapporto et al.
2005; Liebig et al. 2005). However, workers do not normally
reproduce in the presence of a fertile foundress, unless many

cells are empty, which presumably indicates that the foundress
has recently disappeared or her fertility is decreasing (Liebig
et al. 2005). Workers reproduce in orphaned colonies, even if
most cells contain brood (Pardi 1946; Strassmann et al. 2004).
Therefore, the presence of both a fertile foundress and abun-
dant brood seems necessary to suppress worker reproduction.

P. sulcifer invades P. dominula colonies through violent
fights. The dominant host foundress is usually expelled or
killed but sometimes remains as a subordinate, non-
reproducing foundress, while the parasite becomes the exclu-
sive or nearly exclusive breeder. The parasite behaves like a
dominant foundress and mimics the chemical cues of the
ousted foundress (Turillazzi et al. 1990; Dapporto et al.
2004; Cervo 2006). Host workers are apparently fooled by
the social parasite: they remain on the nest and rear her
offspring (Cervo 2006). However, whether they are complete-
ly deceived or detect that something has changed remains to
be seen. Host workers do not reproduce when their foundress
is replaced by a conspecific and familiar foundress, even if the
latter is less or not related to the workers (Monnin et al. 2009).
Nonetheless, they may be more likely to detect invasion by a
heterospecific and unfamiliar parasite. This opens the possi-
bility that they may react to social parasitism, as Temnothorax
ants do (Achenbach and Foitzik 2009), for instance, by repro-
ducing more when their colony is parasitized than when it is
not or by readying themselves to reproduce at any opportunity.

Extensive knowledge on the reproductive biology of the
host and on the strategies employed by the parasite to enter
and be accepted by a host colony allows us to make predic-
tions about the ability of the parasite to control host worker
reproduction. Since P. sulcifer chemically and behaviourally
mimics the foundress, we might expect that she suppresses
host worker reproduction as efficiently as the host foundress
did. However, previous preliminary studies provide contra-
dictory evidence: Turillazzi et al. (1991) demonstrated that
worker ovarian development did not increase in parasitized
colonies, suggesting efficient control by the parasite, whereas
Dapporto et al. (2004) showed that parasitized colonies pro-
duced a few host females at the end of the season, therefore
indicating incomplete castration of the host foundresses and/
or host workers by the parasite. Here, we study whether the
social parasite suppresses host worker reproduction as effi-
ciently as the dominant foundress does by comparing worker
ovarian development and egg laying between parasitized and
non-parasitized (control) colonies.

Material and methods

Collection of colonies and laboratory rearing

Monogynous P. dominula colonies (N =60) in the pre-worker
phase were collected in Central Italy, in the surroundings of
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Florence, during the springs of 2010 (n =40), 2011 (n =8) and
2012 (n =12). We maintained them in the laboratory for the
entire experimental period. Each colony was reared in glass
cages (15×15×15 cm) with ad libitum water, sugar and fly
maggots as food, under natural light–dark cycle, and warmed
with additional artificial light (from 8 a.m. to 5 p.m.). P.
sulcifer females (n =30) were collected in Central Italy
(Sibillini Mountains) at the beginning of May (2010, n =20;
2011, n =4 and 2012, n =6), during the last part of their
overwintering phase. This ensured that the parasites had not
yet made usurpation attempts. Parasites were kept in the
laboratory under overwintering-like conditions (4 °C) until
late May, when usurpations usually take place in the wild.
Parasites were then activated at warm temperature for 5–
16 days, following Ortolani et al. (2008), and offered a host
nest to usurp.

We used allopatric populations of parasites and host for two
reasons. First, P. sulcifer is a rare species and we could not
find enough parasite females for each host population. Sec-
ond, it is difficult to define sympatric populations of the
parasite and its host. This is because the parasite reproduces
in low lands but hibernates on mountain tops (Cervo 2006)
and because it is not known whether parasites return to the
host population from which they emerged or go down the
mountain to any surrounding host population. Therefore,
when collecting hibernating parasites, one does not know
which population of hosts it comes from andwhich population
it would naturally parasitize. To avoid mixing parasites that
may be sympatric of our host colonies and parasites that may
be allopatric, we used allopatric host and parasite populations
only (more than 200 km apart).

We obtained 30 parasitized colonies by allowing parasites
to usurp randomly selected host colonies. The 30 remaining
host colonies were used as controls. Colonies were reared for
either 2 weeks (early season experiment; 10 controls and 10
parasitized colonies; years, 2011 and 2012) or 6 weeks (late
season experiment; 20 controls and 20 parasitized colonies;
year, 2010) after usurpation. The behaviour of the parasite was
monitored to confirm the success of the usurpation in both
experiments. All usurpations were successful: the parasite
became dominant and she produced offspring in the late
season experiment. At the end of the experiments, all nests
were full of brood which shows that they were healthy. Con-
trols and parasitized colonies were balanced across years.

Measurement of worker egg laying

Two or 6 weeks after the onset of the experiment, the domi-
nant host foundress of control colonies and the parasite and
supplanted dominant host foundress (when present) of para-
sitized colonies were removed and killed by freezing. In
addition, in each nest, 10 cells located in the central part of
the comb were emptied of the brood. Brood removal triggers

worker egg laying (Liebig et al. 2005) and removal of the
breeder stops policing by oophagy, so that the worker’s read-
iness to lay eggs could be measured by counting the number
of eggs laid into emptied cells 1 day after brood removal (in
addition, workers were killed by freezing and then dissected,
see below). While this is not a measure of egg laying in the
presence of the breeder, it gives an indication of the physio-
logical and behavioural promptness of workers to lay eggs
whenever an opportunity arises. All nests were filled with
brood before experimental brood removal; hence, the results
cannot be attributed to pre-existing differences in the number
of empty cells.

Measurement of ovarian development

All individuals (parasites, foundresses and workers) from the
60 colonies (n =681 wasps) were dissected. For each individ-
ual, we calculated as a reliable index of ovarian development
the mean length of the six longest oocytes (Cini et al. 2013).
We then compared the mean ovarian development of workers
of each colony. Ovaries of 35 out of the 681 wasps were rotten
due to poor storage conditions and could not be dissected (all
workers from one parasitized and one control colony, 14
workers and 12 parasites/foundresses scattered in other
colonies).

Data analysis

Since both the number of cells and the number of workers are
indices of colony size (and positively correlated: early season:
Pearson r =0.730, p <0.001, N =20; late season: Pearson r =
0.528, p <0.001, N =40), we used principal component anal-
ysis (separately for each experiment) to produce a single
“colony size” predictor explaining most variance of the two
original colonial features (87 and 82 % of variance explained
for early and late season experiments, respectively; worker
number and cell number had loadings greater than 0.86 and
0.90, respectively).

Data were analysed using general linear models (GLMs).
The dependent variables were mean ovarian development of
workers for each colony and the number of eggs laid by
workers in each colony. We performed preliminary model
selections based on the Akaike Information Criterion (AIC)
by starting with a parameter-rich model which included the
following explanatory variables: “colony size” (as a covari-
ate), presence/absence of the former alpha foundress in para-
sitized colonies (as a factor), the parasitized/control category
(as a factor) and the meaningful interaction between category
and colony size. We then used the best model identified by
AIC to detect effects for selected predictors.

We applied a GLM on the normally distributed log-
transformed data for ovarian development (homogeneity of
variance was respected: early season: Levene’s test F =0.23;
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df1,2=1, 18, p =0.880; late season: Levene’s test F =2.00,
df1,2=1, 36, p =0.166). Egg laying data were not normally
distributed, even after transformation, and therefore analysed
with a generalized linear model (GLZ) with quasipoisson
distribution and log-link function. Quasipoisson models also
allow for possible over-dispersion of data. GLM, GLZ and
AIC were carried out using the “glm” and “step” function of
the “stats” R package.

In addition to comparing the mean ovarian development of
workers between parasitized and control colonies (above), we
also compared the pattern of worker ovarian development
within each colony by analysing the bias in individual degree
of ovarian development by computing the B index (Nonacs
2000) using Skew Calculator 2003 (http://www.eeb.ucla.edu/
Faculty/Nonacs). B equals 0 when ovarian developments vary
randomly between individuals within a colony, is positive
when ovarian development varies more than expected from
a binomial distribution and is negative when ovarian
development is more similar than as expected from a
binomial distribution. The 99 % confidence intervals for B
indices were compared with expected B values for random,
even and monopolized distribution for each colony (as
suggested by Nonacs 2000). Since B can be non-linear, we
used non-parametric statistics to compare B among groups.
SPSS 20.0 was used for statistical analysis. The joint GLM
and B index analyses allowed us to evaluate whether parasit-
ized and control colonies differed in their average level and
pattern of worker ovarian development.

Results

In the early season experiment, neither worker ovarian devel-
opment nor worker egg laying was significantly affected by
parasitism (Table 1, Fig. 1a, c). Worker ovarian development
was significantly affected by colony size (workers from larger
colonies had less developed ovaries on average, Fig. 1a) while
worker egg laying was not (Fig. 1c).

In contrast, in the late season experiment, both worker
ovarian development and egg laying were higher (approxi-
mately 1.5 and twice as high, respectively) in parasitized
colonies than in control colonies (Table 1, Fig. 1d, f). Neither
ovarian development nor egg laying was affected by colony
size (Table 1, Fig. 1d, f).

Colony size of parasitized and control colonies did not
differ 2 weeks after usurpation (T test, t =0.244, df =18, p =
0.810), but it was significantly bigger in control colonies
6 weeks after usurpation (T test, t =2.173, df =38, p =0.036).

B indices of all colonies suggested a generally significant
but limited skew in worker ovarian development: 52 out of 58
colonies had a B index significantly higher than zero (99 %
confidence intervals of B did not include zero). Reproductive
skew did not differ significantly between early and late

seasons (T test, t =−0.671, df =56, p =0.505) and was not
different between parasitized and control colonies in both
early and late seasons (Table 2, Fig. 1b, e). There was no
correlation between B index and colony size in early (Pearson
r =0.040, p =0.840, n =19) or late season (Pearson r =−0.288,
p =0.079, n =38).

Ovarian development of workers did not correlate with that
of the parasite and/or alpha foundress, whether in the early
season (Pearson r =−0.176, p =0.486, N =20) or late season
experiment (Pearson r =−0.11, p =0.593, N =28). Worker egg
laying was not correlated with the ovarian development of the
parasite and/or alpha foundress in the early season experiment
(Pearson r =0.081, p =0.749, N =20), while it was correlated
(but not highly significant) in the late season experiment
(Pearson r =0.382, p =0.049, N =29). This suggests that col-
onies with more fertile dominant breeders may experience
more worker egg laying because of their larger number of
workers (itself a consequence of breeder fertility). Indeed,
when considering parasitized and control nests separately,
the positive correlation between breeder ovarian development
and worker egg laying holds in control nests where worker
number depends on the foundress fertility (Pearson r =0.749,
p =0.007, n =11), but not in parasitized nests (Pearson r =
0.239, p =0.392, n =15), as expected.

At the end of the experiments, parasite females did not
differ in ovarian development from the host alpha foundress of
the control colonies (early season (mean ± std. dev.): 1.07±
0.42 mm (N =10) vs. 1.27±0.35 mm (N =9), T test, t =
−0.292, p =0.773; late season (mean ± std. dev.): 1.84±
0.84 mm (N =16) vs. 1.69±0.21 mm (N =12), T test, t =
0.288, p =0.776).

Discussion

Our results show that workers of P. dominula colonies
usurped by the social parasite P. sulcifer have a heightened
readiness to reproduce. Specifically, they have more devel-
oped ovaries than workers from control colonies, and they lay
eggsmore rapidly when given the opportunity. This effect was
apparent 6 weeks after parasitism (late season, Table 2), but
not 2 weeks after parasitism (early season, Table 1) even
though 6 days is enough to allow workers to develop their
ovaries (Monnin et al. 2009). Our results therefore suggest
that the social parasite initially suppresses host worker repro-
duction but does not, in the long term, maintain this suppres-
sion as efficiently as the host dominant foundress does.

Our results also indicate that ovarian development was
higher in larger colonies, which can result from a more effi-
cient division of labour so that larger colonies can sustain
reproductive workers, whereas smaller colonies cannot. The
presence of the former dominant foundress in the colony did
not affect ovarian development or egg laying. Indeed, when
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Table 1 Results of GLM and
GLZ for the influence of parasit-
ism (parasitized vs. control colo-
nies) and “colony size” (compos-
ite index using cell number and
worker number) on worker ovar-
ian development (GLM) and egg
laying (GLZ) in the early and late
season experiments (sample size:
n =20 colonies for the early sea-
son experiment, n =38 and 40
colonies, respectively, for the
ovarian development and egg
laying of the late season
experiments)

Presence/absence of the former
foundress was never entered in
the models. “Not selected” indi-
cates explanatory variables that
were not retained in the focal se-
lected model by AIC but were
important explanatory variables
in other models

Factor Estimate S.E. t p value

Early season

Ovarian development (ovarian index)

Parasitism Not selected

Colony size −0.034 0.008 −4.541 <0.001

Parasitism × colony size Not selected

Egg laying

Parasitism Not selected

Colony size 1.038 0.578 1.812 0.089

Parasitism × colony size Not selected

Late season

Ovarian development (ovarian index)

Parasitism 0.153 0.052 2.968 0.005

Colony size Not selected

Parasitism × colony size Not selected

Egg laying

Parasitism 0.839 0.313 2.678 0.011

Colony size 0.096 0.212 0.452 0.654

Parasitism × colony size 0.401 0.208 1.303 0.201

Fig. 1 The relationship between worker ovarian development (a , d), reproductive skew(b , e) and egg laying (c , f) in early and late post-usurpation
experiments (2 and 6 weeks, respectively) and parasitism (parasitized: black circles ; non-parasitized: empty circles) and colony size
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she was not expelled, she stopped behaving as a dominant
individual. On the contrary, she often remained motionless on
the back of the nest and was sometimes submissive to
workers. The presence of the parasite did not affect the bias
in ovarian development among workers (Table 2), that is,
parasitism did not result in more or fewer workers developing
their ovaries. This is consistent with the notion that reproduc-
tive workers can be costly because they contribute less to
colony efficiency (e.g. Monnin et al. 2003; Heinze 2008), so
that most enslaved workers may gain more inclusive fitness
by supporting related workers than by attempting to reproduce
themselves.

When colonies are parasitized, some workers are therefore
ready to reproduce, which could be advantageous if the par-
asite dies or becomes old. In our experimental setting, alter-
native strategies such as absconding the nest to found new
colonies were impossible. Workers would benefit from expel-
ling the parasite but did not do so. This could be because the
parasite has high fighting abilities and can defeat up to 11
workers (Cervo and Turillazzi 1996) or because workers may
benefit more by adopting a covert than an overt response to
the presence of the parasite.

From the parasite perspective, workers’ investment in re-
production should be minimized in order to maximize their
investment in rearing the parasite’s brood. This could be
achieved by directly punishing reproductive workers through
aggressions or, more likely, indirectly punishing through
oophagy (Wenseleers and Ratnieks 2006). Direct punishment
of reproductive workers has been shown in some eusocial
species (e.g. Monnin and Ratnieks 2001; Monnin et al.
2002; Wenseleers et al. 2004; Ratnieks et al. 2006; Teseo
et al. 2013), but not in primitively eusocial Polistes wasps
(Liebig et al. 2005). This is probably due to the lack of reliable
cues for fertility in this species (Dapporto et al. 2007). More-
over, when the colony is parasitized, the odour differences
among colony members tend to decrease (Dapporto et al.
2004) and the parasite is thus likely unable to recognize fertile
workers. However, she nevertheless monopolizes most of the
colony reproductive potential through dominance behaviour
and efficient egg policing (Turillazzi and Cervo 1996). In-
deed, the report that parasitized colonies produce only a few
host reproductives (Dapporto et al. 2004) suggests that only a
few host eggs were laid and escaped parasite control.

Incomplete castration of workers by the social parasite may
occur because of incomplete control and/or because of

“reproductive concessions” of the parasite to workers. If
workers somehow detect that their colony is being parasitized,
they may collectively start reproducing so as to regain some
fitness. The parasite may be unable to destroy all worker-laid
eggs, but she may also concede some fitness to workers in
order to prevent them from leaving the nest to attempt starting
new colonies (see review of reproductive skew theory by
Nonacs and Hager 2011). Incomplete control and reproduc-
tive concessions may not necessarily be exclusive, and they
may not necessarily occur at the same time in the colony
annual cycle. Indeed, given that the parasite brood develops
faster than the host brood (Cervo et al. 2004) and that its
reproductive cycle is shorter than that of its host (Cervo
et al. 2004), the parasite needs worker help mostly in the early
season. In contrast, workers gain fitness in the late season,
when producing males and future foundresses (Reeve 1991).
However, sexual production obviously depends on the work-
force available, which becomes greatly reduced by the parasite
through a combination of usurpation and oophagy of
foundress-laid eggs.

The known triggers of worker reproduction in P. dominula
colonies are the lack of dominant foundress (Pardi 1946;
Monnin et al. 2009) and/or the presence of empty cells
(Liebig et al. 2005). Worker reproduction was therefore not
expected given that the parasite did not differ in ovarian
development from the dominant foundress and that parasitized
colonies did not have more empty cells than control colonies.
It is thus evident that the parasite does not completely fool
workers, who somehow realize that their colony is being
parasitized even though they may not be able to identify the
parasite as such. Several factors may allow workers to detect
parasitism. First, the chemical mimicry of the ousted dominant
foundress by the parasite (Dapporto et al. 2004; Cervo 2006)
is not perfect (Turillazzi et al. 2000). Second, the facial visual
pattern of the parasite differs conspicuously from the host
(Ortolani et al. 2010), in which facial markings are involved
in communication (Tibbetts et al. 2010; Ortolani et al. 2010,
but see Cervo et al. 2008b; Green and Field 2011; Cini et al.
2011). Third, the brood of the parasite may differ from the
brood of the host, as evidences suggest in other social para-
site–social host systems (Chernenko et al. 2013). However,
eggs of P. sulcifer do not differ chemically from P. dominula
eggs (Dani et al. 2004), P. sulcifer larvae are chemically
insignificant (Cervo et al. 2008a) and there is no evidence that
parasitized workers kill parasite pupae unlike what occurs in

Table 2 Results of comparisons
of skew in reproductive invest-
ment in workers from parasitized
and control colonies in both early
and late season experiments

Experiment N B index (mean ± std. dev.) T test p

Parasitized Control

Early season 10 vs. 10 0.084±0.047 0.068±0.052 t=−0.715 0.484

Late season 19 vs. 19 0.094±0.117 0.090±0.081 t=−0.107 0.916
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Temnothorax /Protomagnathus interactions (Achenbach and
Foitzik 2009). Nevertheless, newly emerged P. sulcifer wasps
have their own specific chemical profile (Dani et al., unpub-
lished results), and they are typically present in the colony
from around the fifth to sixth week after usurpation, which is
when parasitized workers showed increased ovarian develop-
ment and readiness to lay eggs. The possibility that the odour
of young adult parasites is the cue to which host workers react
is an intriguing hypothesis to be tested.

It is thus possible that workers perceive the presence of a
heterospecific parasite several weeks after usurpation, when
the parasite has realized most of her fitness and reproductive
competition with her sharply decreases, and that they react by
developing their ovaries. If the cue of usurpation is the emer-
gence of young parasite wasps, then it would explain why
workers do not react similarly when their colony is usurped by
an unrelated yet conspecific foundress (Monnin et al. 2009),
because cuticular cues may not allow reliable recognition of
kinship (Dani et al. 2004).

Several studies have shown co-evolution of sympatric so-
cial hosts and social parasites, with local adaptation either
favouring the exploitation of the host by the parasite or the
defence of the host against its parasite (Foitzik et al. 2001,
2003; Fischer and Foitzik 2004; Ruano et al. 2011; Lorenzi
and Thompson 2011; Pamminger et al. 2013). The complex
biology of P. sulcifer , with its annual migration between
breeding in P. dominula colonies in low lands and hibernating
on mountain tops, prevented the use of sympatric populations.
We were constrained in using allopatric hosts and parasites,
which is artificial. Our results are nevertheless likely to remain
valid for sympatric populations, because previous studies
showed that local adaptation had a quantitative effect on
host–parasite interactions rather than a qualitative effect. De-
termining whether post-hibernation parasites return to the host
population where they emerged or parasitize any
neighbouring host population would be useful to better un-
derstand this host–parasite system.

Our findings challenge the idea that P. sulcifer is capable of
perfectly mimicking the host foundress she overthrows and
monopolizing all the resources of the host colony to her own
needs. They suggest that the P. dominula–P. sulcifer social
host–social parasite system is dynamic, with host workers
fine-tuning their reproductive effort, and adds complexity to
our understanding of workers’ reproductive decisions. Unlike
P. dominula workers, Temnothorax workers do not react to
social parasitism by readying themselves to reproduce at any
opportunity but rebel by killing parasite pupae (Achenbach
and Foitzik 2009). This may be because their parasite cannot
defend its pupae given that they are spread out across nest
chambers, while inPolistes , they are grouped in a small comb.
It may also be that an overt reaction is the only option for
enslaved Temnothorax. P. dominula workers may obtain fit-
ness after their parasite has completed its annual cycle, but this

is not an option for Temnothorax whose parasite is long lived.
It would be interesting however to determine whether
enslaved Temnothorax also pursues a more direct route to
secure some fitness, i.e. by laying eggs or readying themselves
to lay as P. dominula does. This work also underlines the
importance of social parasites as key models to unravel the
proximate and ultimate factors that regulate worker reproduc-
tion in insect societies.
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