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Social coercion of larval development in an ant species
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Abstract Ants provide one of the best examples of the divi-
sion of labor in animal societies. While the queens reproduce,
workers generally refrain from laying eggs and dedicate them-
selves exclusively to domestic tasks. In many species, the
small diploid larvae are bipotent and can develop either into
workers or queens depending mostly on environmental cues.
This generates a conflicting situation between the adults that
tend to rear a majority of larvae into workers and the larvae
whose individual interest may be to develop into reproductive
queens. We tested the social regulation of larval caste fate in
the fission-performing ant Aphaenogaster senilis. We first ob-
served interactions between resident workers and queen- and
worker-destined larvae in presence/absence of the queen. The
results show that workers tend to specifically eliminate queen-
destined larvae when the queen is present but not when she is
absent or imprisoned in a small cage allowing for volatile
pheromone exchanges. In addition, we found that the presence
of already developed queen-destined larvae does not inhibit
the development of younger still bipotent larvae into queens.
Finally, we analyzed the cuticular hydrocarbon profiles of
queen- and worker-destined larvae and found no significant

quantitative or qualitative difference. Interestingly, the total
amount of hydrocarbons on both larval castes is extremely
low, which lends credence on the chemical insignificance hy-
pothesis of larval ants. Overall, our results suggest that
workers control larval development and police larvae that
would develop into queens instead of workers. Such policing
behavior is similar in many aspects to what is known of work-
er policing among adults.
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Introduction

Colonies of eusocial insects demonstrate highly cooperative
behavior and division of labor: a large number of workers
forego reproducing themselves to carry out group domestic
tasks, such as collecting food and rearing brood (Wilson
1971; Heinze and Holldobler 1994). However, this apparently
harmonious arrangement is nonetheless often marred by con-
flicts over who will reproduce and who will not (Chapuisat
and Keller 1999). For example, in some basal ant species, all
females are born with spermathecae and thus have the poten-
tial to mate.Why then domost individuals commit themselves
to the role of helper? It has been shown that only behaviorally
dominant females reproduce whereas challengers are coerced
to remain sterile (Peeters and Higashi 1989; Peeters et al.
1992; Ito 1993; Monnin and Peeters 1999; Tay and Crozier
2000; Monnin and Ratnieks 2001). In other species, the
sexualization of diploid brood gives rise to morphologically
distinct queen and worker castes, which limits reproductive
conflicts among adults since workers have lost the ability to
mate. However, conflicts remain when larvae are bipotent,
meaning they can develop into either caste (Bourke and
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Ratnieks 1999). Hence, diploid larvae could expect to have
higher direct fitness by developing into queens rather than
workers. Adults, in contrast, would derive more benefits from
colony resources being allocated to worker production, which
ensures colony growth and survival.

Conflicts over larval caste fate may be particularly exacer-
bated in species that disperse through colony fission (Pamilo
1991; Boulay et al. 2007). During fission, new colonies are
formedwhen a young queen abandons the mother colonywith
a group of workers (Cronin et al. 2013). Thus, queens are
protected by workers throughout their entire lives and, from
the perspective of adults in the colony, only a very small
proportion of diploid larvae need to develop into queens to
ensure colony reproduction. Consequently, larvae compete to
become queens, which may have resulted in the evolution of a
complex, socially regulated system of queen production
(Bourke and Ratnieks 1999). One way in which workers can
regulate the production of new queens is by controlling larval
food intake, thus limiting larval growth (Bonavita-
Cougourdan and Passera 1978). Indeed, in the honey bee,
queen-destined larvae receive specific proteins that are
contained in the royal jelly (Kamakura 2011; Wolschin et al.
2011) and in ants, the food given to queen-destined larvae is
richer in proteins than that given to worker-destined larvae
(Smith et al. 2008; Smith and Suarez 2010; Caut et al.
2013). In addition to controlling food, workers may also phys-
ically aggress cheating larvae—that is, larvae that would self-
ishly develop into queens in a circumstance in which no queen
should be produced—as in Myrmica species and
Harpegnathos saltator (Brian 1973; Penick and Liebig 2012).

The role of the queen in larvae policing—defined as any
behavior including biting that prevent larval development into
queen—is controversial (Vargo and Passera 1991). However,
her pheromones are known to help regulate the production of
sexuals in several species of ants and bees, either by directly
inhibiting the sexualization of larvae (Vargo and Passera 1991;
Cnaani et al. 1997; Bourke and Ratnieks 1999) or by indirect-
ly modifying worker behavior, thus provoking larvae policing
(Lensky and Slabezki 1981; Boulay et al. 2007). Finally, the
queen may lay down chemical signals using her Dufour’s
gland to mark challengers and encourage punishment by
workers (Gilley 2001; Monnin et al. 2002; Smith et al. 2012a).

In this study, we analyzed the social regulation of queen
production in colonies of Aphaenogaster senilis, a common
ant species that disperses by colony fission. Although diploid
larvae are bipotent until they reach the second instar stage,
most larvae nonetheless develop into workers under natural
conditions (Boulay et al. 2009). Young queens are produced in
very small numbers and only on rare occasions, when the
colony is large enough to permit fission or when the mother
queen dies (Ledoux 1981; Boulay et al. 2007, 2009). When a
colony is queenless, there is a nonlinear relationship between
the number of bipotent larvae and the production of new

queens, which are never greater than 6–7 in number (Ruel
et al. 2012; Villalta et al. 2015). To explain this pattern, it
has been hypothesized that more developed queen-destined
larvae signal their presence to compel less developed larvae
to develop into workers.We conducted bioassays to determine
if workers are able to prevent larvae from becoming queens
via policing and if policing behavior was influenced by queen
pheromones. We then tested if older queen-destined larvae
had a negative effect on the sexualization of younger larvae.
Finally, we performed chemical analyses to determine if
queen-destined and worker-destined larvae exhibited distinct
cuticular hydrocarbon (CHC) profiles. Many authors have
suggested that CHCs act as the main signals of fertility in
adults (Liebig et al. 2000; Cuvillier-Hot et al. 2001; Endler
et al. 2004; Le Conte and Hefetz 2008; Smith et al. 2012b,
2013; van Oystaeyen et al. 2014), but their role in conveying
larval caste fate remains unknown.

Materials and methods

Model system, colony collection, and maintenance
of laboratory colonies

A. senilis is a monandrous and monogynous species that is
distributed over most of the Iberian Peninsula. Most colonies
contain between 1000 and 2000monomorphic workers (range
200–3000). The colonies used in our experiments were col-
lected in Doñana National Park (southwestern Spain) between
June 2007 and September 2012. In the laboratory, they were
housed in artificial nests composed of an open plastic box
(28 ×18×11 cm), whose walls were coated with Fluon to
prevent ants from escaping. As shelter, ants were given five
20-cm-long test tubes; one third of each tube was filled with
water, which was kept in place with a cotton plug. Nests were
maintained under controlled conditions (27 °C, 50 % humid-
ity) and were given sliced mealworms (Tenebrio molitor)
three times a week.

Experiment 1: worker and queen control
of the sexualization of larvae

To obtain the requisite number of queen-destined larvae for
this experiment, we created two Bproduction^ groups from 25
colonies. Each production group was composed of 200
workers and 20 first-instar larvae. In order to limit possible
bias in the composition of the groups, one half of the workers
were collected outside the nests or near the entrance (and were
most likely foragers or guards) while the other half was col-
lected inside the nests (and were most likely nurses). The
production groups were checked daily. As soon as a queen-
destined fourth-instar larva was detected, it was removed and
immediately placed, along with a worker-destined fourth-
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instar larva, in a group with 50 workers from the same source
colony. Fourth-instar queen-developing larvae are about two
times bigger and easily distinguishable from worker-
developing larvae (Villalta et al. 2016). These Bobservation^
groups were housed in Petri dishes (9 cm in diameter) and
experienced one of the following treatment conditions: (1)
the queen from the source colony was present and unhindered
in her movements (queenright, QR; n=15); (2) the queen
from the source colony was present but imprisoned in a 2-
mL tube, whose lid had been replaced by wire mesh allowing
the exchange of volatile chemicals with the workers (queen
imprisoned, Qimp; n=12). The mesh was sufficiently fine to
prevent antennal contacts between the workers and the queen;
(3) the workers were in contact with the source-colony queen
up until the beginning of the experiment but not during the
observation period (queenless, QL; n=15); or (4) the workers
had already been queenless for 2 weeks when the observation
period began (queenless for 2 weeks, QL2w; n=9). Humidity
was maintained in the Petri dishes by the addition of a moist
cotton ball.

Behavioral observations began 30min after the larvae were
introduced and lasted 30 min. Each minute, we recorded the
number of ants that interacted with each larva; we noted the
number of these interactions that were aggressive in nature
(i.e., bites and threats—opening the mandibles with the gaster
bent below the thorax).We thenmonitored the mortality levels
of both larva types over a 5-day period. At the end of a trial, all
the adult ants, including the queen, were returned to their
source colony. Observation groups from each of the 25 source
colonies were exposed to all four treatments; trials were con-
ducted at least 1 month apart.

Experiment 2: effect of larvae with established caste fates
on the sexualization of younger larvae

As in the previous experiment, we created two production
groups of 200 workers and 20 first-instar larvae for each of
20 recently collected source colonies. Larval development
was monitored daily for 3 weeks. When the first queen-
destined fourth-instar larva was detected in a production
group, two experimental groups were immediately created
using the group’s source colony. These experimental groups
were composed of 200 workers and 20 first-instar larvae. One
experimental group received the queen-destined fourth-instar
larva, while the other group received a worker-destined
fourth-instar larva from one of the production groups from
the same source colony. We continued to supply both experi-
mental groups with the same numbers of queen-destined or
worker-destined fourth-instar larvae as they appeared in the
production groups over the next 7 days. The total number of
larvae supplied varied from 1 to 6, depending on the availabil-
ity of queen-destined larvae in the production groups (the
availability of worker-destined larvae was not limiting). On

the eighth day, all the fourth-instar larvae we had added were
removed (some had already reached the pupal stage). We then
monitored the development of the first-instar larvae over the
next 6 weeks in each experimental group.

Chemical analyses

Twelve queen-destined larvae and twelve worker-destined lar-
vae were selected from twelve different queenless colonies.
First, the larvae were photographed using a stereomicroscope
equipped with a digital camera. Then, we used ImageJ open-
source software to measure the length (a) and width (c) of each
larva. Bothmeasurements were treated as the two semi axes of
a prolate spheroid, the surface area of which was calculated as
(Beyer 1987) follows:

S ¼ 2πa2 1þ a� c=e arcsin eð Þð Þ;wheree ¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi

1‐a2=c2ð Þ
p

The larvae were killed and then immersed in 100 μL of
hexane for 1 h to extract their CHCs. We subsequently re-
moved the corpses and evaporated the samples under a nitro-
gen flow. The extracts were stored at 4 °C until the gas
chromatography-mass spectrometry (GC-MS) analysis was
run. First, the extracts were injected into a gas chromatograph
(GC 2010 Shimadzu) equipped with a flame ionization detec-
tor. The temperature program ran from 130 to 240 °C at
15 °C min−1, and then from 240 to 300 °C at 3 °C min−1.
Twenty nanograms of C20 was added to each sample as an
internal standard. The samples were then pooled by caste and
injected into a Perkin Elmer TurboMass GC-MS using similar
chromatographic conditions. The eluting hydrocarbons were
identified by their fragmentation patterns.

Data analysis

All statistical analyses were performed using R (v. 2.14.1; R
Core Team 2012). The behavioral results from the first exper-
iment (i.e., the average number of contacts and aggressive
interactions displayed by the workers towards the introduced
queen-destined or worker-destined fourth-instar larvae) were
analyzed using linear mixed-effect models (Lmer; lme4 pack-
age) where the experimental treatment, the caste of the intro-
duced larva, and the interaction of the two variables were fixed
effects; the identity of the source colony was included as a
random effect to account for the non-independence of obser-
vations and measurements made on groups coming from the
samemother colony. Larva mortality in the different treatment
groups was compared using a generalized linear model
(GLM) with a binomial distribution. Although a binomial dis-
tribution better models binary data such as death versus sur-
vival, GLM models with binomial distributions do not accu-
rately estimate main effects. As a consequence, only the dif-
ferences between levels are given in the Results section.
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For the results of the second experiment, a linear mixed-
effects model was fitted to test the effects of the number and
caste of the supplied larvae, and the interaction between the
two variables, on the total number of female pupae produced
from week 2 to week 7 of the experiment. The identity of the
source colonywas included in the model as a random effect. A
similar model was fitted using the proportion of queens pro-
duced among the female pupae as a response variable; the
same fixed and random effects were used. Also, employing
Pearson’s correlation test, we examined correlations in both
the total numbers of female pupae produced and the propor-
tions of queens produced in the experimental groups that re-
ceived queen-destined versus worker-destined fourth-instar
larvae from the same source colony.

The amount of each CHC present was calculated based on
the relative area of the GC-MS peaks (i.e., compared to the
internal standard), and the amounts present on the larvae’s
entire bodies were estimated. The Wilcoxon test was used to
compare the amounts of each compound found on queen-
destined versus worker-destined larvae. We controlled for
familywise multiple comparisons using the Holm-Bonferroni
correction. Given that ten null hypotheses were tested, the
alpha level was set to 0.005 instead of to 0.05.

Results

Experiment 1: worker and queen control
of the sexualization of larvae

Worker policing of undesired queen-destined larvae was con-
tingent on the presence of the queen. The average number of
contacts between workers and introduced larvae was affected
by the treatment (Fig. 1a; lmer: F3, 91 = 31.40, P<0.0001),
larval caste (F1, 78 = 38.10, P<0.0001), and the interaction
between the two variables (F3, 78=3.84, P=0.012). Hence,
overall, workers interacted more with queen-destined than
worker-destined larvae in the QR, Qimp, and QL groups,
but not in the QL2w group. A similar pattern was observed
for aggressive interactions (Fig. 1b; lmer: treatment: F3,
87 = 2.41, P=0.072; larval caste: F1, 64 =25.01, P<0.0001;
interaction: F3, 64 = 2.99, P=0.037). Although QR, Qimp,
and QL workers behaved more aggressively towards queen-
destined larvae than towards worker-destined larvae, QL2w
ants did not (Fig. 1b). There were significantly fewer contacts
and aggressive interactions displayed by QL2w workers to-
wards larvae, irrespective of larval caste fate (Fig. 1a, b).

The higher level of aggression displayed towards queen-
destined larvae in the QR group meant they had a higher level
of mortality compared to worker-destined larvae (Fig. 2;
glmer: z=3.513, P=0.0004). However, in the Qimp and QL
groups, queen-destined and worker-destined larvae had equal
levels of mortality. The mortality of queen-destined larvae in

the QL2w group was similar to that of larvae in the Qimp and
QL groups (Fig. 2).

Experiment 2: effect of larvae with established caste fates
on the sexualization of younger larvae

The results of the second experiment provided no evidence
that the presence of queen-destined larvae negatively affected
the sexualization of younger larvae. Over the 7 weeks of the
experiment, the number of first-instar larvae that developed
into worker or queen pupae was unaffected by caste or the
number of fourth-instar larvae supplied during week 1
(Fig. 3a; lmer: caste: F1, 18 = 0.04, P = 0.85; number: F1,
18=0.003, P=0.96). The interaction between caste and the
number of supplied larvae was also insignificant (lmer:
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Fig. 1 Number of contacts (a) and proportion of aggressive interactions
(b) (mean ± SE) displayed by workers towards larvae in the different
treatment groups during the 30-min observation period. Differences be-
tween worker-destined larvae and queen-destined larvae across the treat-
ment groups are denoted with a and b versus α and β, respectively. The
asterisks indicate differences between larval castes within the treatment
group. The color of the bars shows which groups received queen-destined
(gray) versus worker-destined (white) fourth-instar larvae
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caste×number: F1, 18=0.05, P=0.83). Only seven male pu-
pae were produced over the whole experiment. The proportion
of queen-destined pupae produced decreased significantly as
greater numbers of fourth-instar larvae were supplied (Fig. 3b;
lmer: number: F1, 18=25.92, P>0.0001). Neither larval caste
nor the interaction between caste and the number of supplied
larvae had a significant effect (lmer: caste: F1, 18 = 4.38,
P=0.051; lmer: caste ×number: F1, 18=1.79, P=0.20).

The identity of the source colony accounted for a large
amount of the total variance in the number of female pupae
produced and in the proportion of queen-destined pupae pro-
duced (70.2 and 60.0%, respectively). Furthermore, there was
a significant correlation between the numbers of female pupae
produced as well as between the proportions of queen-
destined pupae produced in the two experimental groups cre-
ated from each source colony (Fig. S1; Pearson’s correlation:
t18=4.25, P=0.0004 and t18=5.95, P<0.0001, respectively).

Cuticular hydrocarbon analyses

Both queen-destined and worker-destined larvae were rela-
tively depauperate in CHCs compared to adults and eggs
(Ruel et al. 2013b). GC-MS analysis revealed only ten peaks
that corresponded to 11 CHCs, whose chain lengths ranged
from 25 to 30 carbons (Table 1). Methyl-branched alkanes
accounted for 37±4% and 29±5% of the total CHC amounts
observed on queen-destined versus worker-destined larvae,
respectively. The remaining CHCs were linear alkanes.
Dimethyl alkanes were completely absent. Overall, CHC
amounts were significantly greater on queen-destined larvae
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Fig. 3 Relationship between the number of fourth-instar larvae supplied
during the first week of the experiment and the total number of female
pupae that developed from first-instar larvae (a) as well as the proportion
of queens produced from among the female pupae (b). The filled circles/
solid line and the empty circles/dotted line represent the groups that
received queen-destined versus worker-destined fourth-instar larvae,
respectively

Table 1 Amounts of CHCs found on queen-destined and worker-
destined larvae. Compounds are ordered by retention time. Quantities
are expressed in nanograms per square millimeter (mean ± SE). The
alpha level was set to 0.005 after the Holm-Bonferroni correction

Compounds Queens Workers P values

C25 0.30± 0.06 0.57 ± 0.14 0.14

C26 0.25± 0.07 0.26 ± 0.07 0.98

C27 1.09± 0.31 1.45 ± 0.42 0.04

3MeC27 0.72± 021 0.88 ± 0.26 0.71

C28 0.12± 0.03 0.02 ± 0.01 0.02

10+ 12MeC28 0.17± 0.05 0.20 ± 0.06 0.86

C29 2.09± 0.60 2.54 ± 0.73 0.18

11MeC29 0.25± 0.07 0.14 ± 0.04 0.09

5MeC29 0.36± 0.10 0.31 ± 0.09 0.44

C30 0.24± 0.07 0.22 ± 0.06 1.00

Sum 5.58± 1.61 6.59 ± 1.90 0.41
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than on worker-destined larvae (21.7±1.4-ng larva−1 versus
12.6±0.8-ng larva−1, respectively; the Wilcoxon test:W=78,
P<0.0001). However, when cuticular surface area was taken
into account, CHC amounts per square millimeter did not
differ significantly between queen-destined and worker-
destined larvae (5.58 ng mm−2 versus 6.59 ng mm−2; the
Wilcoxon test: W = 57, P = 0.41). Following the Holm-
Bonferroni correction, castes did not differ in their surface area
corrected amounts of any of the CHCs (Table 1).

Discussion

As is probably the case in many species of social
Hymenoptera, in A. senilis, young larvae are bipotent and
can develop into workers or queens depending on environ-
mental conditions. Theory predicts that an individual larva
may experience greater direct fitness if it develops into a
queen (Bourke and Ratnieks 1999). The following question
therefore arises: why do most larvae forgo developing into
queens to become helpers? Previous studies have shown that
workers may control larval development by controlling food
quality and quantity (Ichinose et al. 2009). This study shows
that workers may also police cheating larvae and that this
behavior is likely to depend on exposure to the queen’s contact
pheromones. These pheromones have not been identified but
they can include CHC like in other ant species (van Oystaeyen
et al. 2014) or other secretions (Lensky and Slabezki 1981).
However, in contrast to what was hypothesized, queen-
destined larvae do not inhibit the sexualization of younger
larvae. Furthermore, according to our chemical analyses,
queen-destined larvae do not display a specific CHC.

Worker policing has been described as an efficient means
of controlling cheaters in insect societies (Wenseleers et al.
2004). The workers of several species have been found to
act aggressively towards individuals that could potentially
challenge the queen’s reproductive monopoly (Kikuta and
Tsuji 1999; Monnin and Ratnieks 2001; Ruel et al. 2013a).
The results of our first experiment show that worker policing
also serves to control larval development. When the queen
was present and had unhindered movement, adult workers
demonstrated aggression towards queen-destined but not
worker-destined larvae. Although we had to stop behavioral
observations after 1 h; queen-destined larvae were likely
aggressed during a much longer period. We may, therefore,
hypothesize that prolonged aggression may have provoked
the high level of mortality of the queen-destined larvae in
under 5 days while the worker-destined larvae survived. In
contrast, when adult workers had been queenless for 2 weeks
prior to the beginning of the experiment (QL2w treatment),
they had fewer overall interactions and fewer aggressive in-
teractions with the larvae. As a result, both types of larvae
showed higher levels of survivorship. When the queen was

removed or imprisoned (QL and Qimp treatments, respective-
ly), there were no short-term effects on worker aggressive
behavior: workers remained highly aggressive towards
queen-destined larvae during the first hour of the experiment.
However, 5 days into the experiment, queen-destined larvae
experienced low levels of mortality that did not significantly
differ from those of worker-destined larvae. The mortality
rates of the fourth-instar larvae in the Qimp and QL treatments
were similar to those in the QL2w treatment and were inde-
pendent of larval caste fate. One possible explanation for this
result is that the effects of queen’s pheromones on workers’
behavior remain a few hours even after the queen has disap-
peared: in this case, the workers’ aggression towards larvae
may remain high during 1 h after the queen has been removed
but may decrease sufficiently rapidly to prevent larval death.
Another possible (and non-mutually exclusive) explanation is
that the queen actively participates in policing behavior, al-
thoughwe did not observe aggressive interactions between the
queen and the queen-destined larvae.

Interestingly, the number of contacts between the workers
and both types of larvae was very low in the QL2w treatment.
One explanation of this relative disinterest of the workers
towards the larvae after 2 weeks in queenless condition may
be that workers start laying their own haploid eggs. As a
consequence, they may spend less time caring for the larvae
than when they are in queenright condition (Iwanishi et al.
2003; Villalta et al. 2015). Irrespective of larval type, the
number of contacts in the Qimp treatment was higher than in
the QL2w treatment but did not reach the level of the QR and
QL treatments. This might be due to the fact that the
imprisoned queen attracted several workers that intended to
release her. These workers were, therefore, less in contact with
the larvae.

Under both natural and laboratory condit ions,
queenlessness in A. senilis colonies stimulates the production
of a few new queens (Ruel et al. 2013a; Villalta et al. 2015).
The production of a small number of young queens is adaptive
at the colony level because only one of them is likely to suc-
ceed her mother while the others will be rapidly eliminated by
workers. Therefore, allocating a lot of resources to produce
many queens would be counterproductive for a colony. What
mechanisms limit queen production to a few individuals? Our
results do not support the hypothesis according to which older
queen-destined larvae inhibit the sexualization of younger
bipotent larvae. However, our findings do highlight the
colony-level costs of producing queens: while the total pro-
duction of females (workers+queens) was unaffected when
more fourth-instar larvae were added during the first week of
the second experiment, smaller proportions of queen-destined
pupae were produced during the following weeks. In addition,
source colonies demonstrated large differences in their abili-
ties to rear larvae and produce new queens. This variability
may result from colony-level behavioral syndromes—in some
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colonies, workers may be more efficient at nursing larvae than
in others (Blight et al. 2015; Villalta et al. 2016).

Several studies have highlighted the role of CHCs in ant
communication both within and among colonies. Within col-
onies, the queen and her eggs have specific HC profiles that
differ from those of workers and worker-laid eggs (Endler
et al. 2004; Ruel et al. 2013a; b_see also van Oystaeyen
et al. 2014). Surprisingly, we found that the larvae possessed
very few CHCs, and no caste-related qualitative or quantita-
tive differences were detected. Only ten peaks were found on
the larvae while 18 peaks were found on eggs and 44 peaks
were found on adults (Ruel et al. 2013a, b). In particular, the
specific dimethylalkanes that abound on adult queens and
their eggs were completely absent from the larvae. In addition,
total amounts of larval HCs (21.7±1.4 ng versus 12.6±0.8 ng
for queen-destined and worker-destined larvae, respectively)
were lower than total amounts of egg HCs (87±9 ng versus
73±13 ng, for queen-laid and worker-laid eggs, respectively),
even though eggs are approximately ten times smaller in vol-
ume (Ruel et al. 2013b). CHCs also play a role in nestmate
recognition, and the fact that they are present in very low
concentrations on larval cuticles fits with the idea that larvae
are Bchemically insignificant;^ indeed, they can easily be ex-
changed among colonies without becoming the targets
of aggression (Signorotti et al. 2014). This finding sug-
gests that workers are able to discriminate between
queen-destined and worker-destined larvae using other
chemical cues. These cues could be composed of vola-
tile compounds such as aliphatic esters identified in
honeybee larvae (Le Conte et al. 1989; Trouiller et al.
1992) or polar compounds, which may not have been
extracted with our procedure. Finally, non-chemical sig-
nal cues like behavior or morphology may identify lar-
val caste.

In conclusion, the results of this study clearly show that, in
A. senilis, workers are able to detect and eliminate larvae that
would selfishly develop into queens in small queenright col-
onies. This behavior, which depends on the presence of and
contact with a queen, shares similarities with worker policing
behavior observed among adults in other species of ants and
other social insects. Interestingly, the life history of A. senilis
is comparable to that of the honeybee Apis mellifera and com-
paring both systems may help understanding the evolution of
communication between adults and larvae. A major challenge
for further studies will be to identify the signals that allow
adult workers to regulate the production of queen-destined
larvae.
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