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In the parthenogenetic ant Platythyrea punctata policing behaviour is not expected on relatedness
grounds as workers are normally clonemates and thus equally related to all offspring in the colony.
Nevertheless, colonies usually contain only a single reproductive and other workers that begin to lay eggs
are attacked by their nestmates (‘policing’). We found that those individuals that most actively engaged
in policing later themselves had activated ovaries when the old reproductive was removed from the
colonies. This suggests that police workers, through attacking and eliminating others, increase their own
chances of becoming reproductive themselves. Because regular parthenogenesis leads to a clonal colony
structure, individuals are not expected to invest energy in dominance and policing. On the assumption
that physical dominance reﬂects an individual’s reproductive potential, aggression among workers might
ensure that the most fecund individual becomes the next reproductive, which would beneﬁt the colony
as a whole. Furthermore, aggression among nestmates may be maintained in this species despite
predominant clonality, because infrequent sex, recombination or the adoption of alien workers may
introduce genetic heterogeneity into the colony.
Ó 2009 The Association for the Study of Animal Behaviour. Published by Elsevier Ltd. All rights reserved.

The societies of eusocial Hymenoptera (ants, bees, and wasps)
give the appearance of harmoniously cooperating groups, in which
most individuals refrain from producing their own offspring and
instead help rear the progeny of one or a few reproductives in the
colony. Nevertheless, conﬂicts of interest occur in such societies,
and several mechanisms, such as dominance, punishment and
policing, have evolved to resolve such conﬂicts and to prevent the
breakdown of the society (Ratnieks 1988; Heinze et al. 1994;
Monnin & Ratnieks 2001; Heinze 2004; Ratnieks et al. 2006). For
example, in the presence of a fertile queen workers may prevent
other workers from reproducing by policing, that is, they attack
egg-laying workers or eat their eggs. Policing is expected to evolve
when workers are less closely related to the male offspring of other
workers than to the sons of the queen(s), for example when colonies have multiple related queens or when queens mate multiply
(Woyciechowski & qomnicki 1987; Pamilo 1991; Ratnieks et al.
2006). Furthermore, even when workers are more closely related to
worker-produced males than to queen-produced males as in
colonies with a single, singly mated queen, policing may be beneﬁcial if the costs associated with worker reproduction or the
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beneﬁts of policing to colony efﬁciency are high (Frank 1996;
Ratnieks et al. 2006).
Assuming policing behaviour to be costly and the availability of
resources to vary among individuals, models predict that policing is
performed particularly by the strongest group members (Frank
1996). Indeed, not all individuals engage randomly in policing, but
a subset of workers within the colony performs aggressive behaviour towards uncooperative individuals (van Zweden et al. 2007).
Recent studies suggest such policing workers are the most dominant workers (Saigo & Tsuchida 2004; Wenseleers et al. 2005;
Wenseleers & Ratnieks 2006; Stroeymeyt et al. 2007), which lay
eggs themselves when the colony’s queen is removed (Stroeymeyt
et al. 2007). Policing may therefore serve to increase not only the
average inclusive ﬁtness of all group members but also the potential direct ﬁtness of the police worker. In this case of ‘selﬁsh
policing’ (Saigo & Tsuchida 2004; Wenseleers et al. 2005; Ratnieks
et al. 2006; Stroeymeyt et al. 2007), the concept of policing (individuals attack egg-laying workers or eat their eggs to increase the
indirect ﬁtness gains of themselves and others, Ratnieks 1988;
Monnin & Ratnieks 2001) partly overlaps with the concept of
dominance (high-ranking individuals attack others to increase their
own direct ﬁtness, Clutton-Brock & Parker 1995; Monnin &
Ratnieks 2001).
Workers of a few species of social Hymenoptera are capable of
producing female offspring from unfertilized eggs by thelytokous
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parthenogenesis. As recombination is extremely rare (Schilder et al.
1999a), thelytokous mothers produce genetically identical
offspring, and colonies are essentially clones (Onions 1912; Heinze
& Hölldobler 1995). Conﬂicts and mechanisms of conﬂict resolution
based on genetic grounds are not expected to occur in such clonal
societies, as workers then are equally related to offspring produced
by themselves or any other nestmate (Greeff 1996). However, in the
thelytokous Cape honeybee, Apis mellifera capensis, worker-laid
eggs are selectively removed (Pirk et al. 2003; but see Moritz et al.
1999; Beekman et al. 2002). Similarly, in the thelytokous ant
Platythyrea punctata, workers that begin to lay eggs in the presence
of an established reproductive are attacked and their eggs are
selectively removed (Hartmann et al. 2003). Decreased colony-level
performance caused by a mismatch between egg layers and nurses
might be the driving force of policing in such species (Ratnieks
1988; Hartmann et al. 2003).
In this study, we investigated the relation between aggressive
policing behaviour and the future reproductive success of workers
in thelytokous societies of P. punctata. We created supernumerary
reproductives by splitting and reuniting colonies, and observed the
behaviour and ovarian status of the old and new reproductives and
nonreproductive workers.
METHODS
Set-up and Housing of Colonies
We used six colonies of P. punctata (K1, K2, K3, K6, K7, K8;
containing 45–59 individuals; X  SD ¼ 50.5  5.8) that were
collected in Puerto Rico in 2003 and 2005. Colonies from the Puerto
Rico population are queenless and headed by a single worker or in
rare cases by two workers which monopolize reproduction
(Schilder et al. 1999a, b). Since these workers are not mated, and
because of the mechanism of thelytoky, colonies show a clonal
structure, with all colony members being identical (Schilder et al.
1999a). Colonies used in this experiment were genotyped beforehand and showed no intracolonial variation (K1, K2, K3, K6, K8
analysed in Hartmann et al. 2005; K7 analysed by K. Kellner,
unpublished data). During the experiment, colonies were housed in
plastic boxes (20  10 cm and 6 cm high) with plaster ﬂoors. A
preformed cavity in the plaster (7  5 cm and 0.5 cm high), covered
with a glass plate and red foil, served as a nest. Colonies were kept

Phase 1:
split colonies

under near natural conditions (27  C, 60% humidity, 12:12 h
light:dark cycle) and fed ad libitum a mixed diet of honey and
pieces of crickets, cockroaches and Drosophila ﬂies. The plaster was
regularly moistened and a tube with water and cotton served as
a permanent water supply.
Behavioural Observations and Experimental Design
Behavioural observations were carried out under a stereomicroscope. All ants were marked individually with dots of enamel
paint. Colonies were observed by opportunistic sampling in each
session of 10 min, three to seven sessions per day. We recorded the
location of individuals (inside/outside the nest, sitting on brood)
and the occurrence of brood care, foraging, allogrooming behaviour
and aggression (ritualized aggression: antennal boxing; overt
aggression: biting, biting and dragging, gaster ﬂexing, stinging
attempts).
Since reproductive individuals do not have a distinct
morphology, we identiﬁed them before the experiment by directly
observing egg laying or other traits typical of reproductives (see
Hartmann et al. 2003). To corroborate our predictions, individuals
suspected to be the reproductive were then separated from the
colony overnight (ca. 12 h) and we checked for freshly laid eggs the
next morning.
To induce policing behaviour, we applied a standard experimental design following Hartmann et al. (2003). By splitting the
colonies ﬁrst into two fragments (Phase 1) we induced the establishment of a second reproductive individual; then by reuniting
the two parts (Phase 2), we caused aggression to arise because of
the presence of a supernumerary reproductive. By expanding the
experiment with a third phase (the two reproductives were
removed, and the establishment of a further reproductive was
induced), we could determine whether individuals that engaged in
aggression in Phase 2 became reproductive in Phase 3. This association might clarify whether aggression has a selﬁsh component.
An overview of the different phases of the experiment is given in
Fig. 1.
Phase 1: Splitting of Colonies
Colonies were split into two fragments with one fragment
containing the established reproductive individual (fragment ‘A’)

Phase 2:
reunion of part A and B

Phase 3:
orphaned colonies

A

B

Figure 1. Experimental design. Prior to the experiment, the reproductive individual (marked with a star) was determined by directly observing egg laying. In Phase 1, colonies were
split into two parts ‘A’ and ‘B’, with part ‘A’ containing the reproductive. In part ‘B’, a new reproductive individual (marked with a circle) quickly became established. In Phase 2, both
parts were reunited and aggression between the two reproductives and other individuals was recorded. The two reproductives were then removed from the nest and, in Phase 3,
the orphaned colonies were observed until a new reproductive individual (marked with a triangle) was established. After the observations, all individuals were dissected to record
the state of ovary activation.
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Phase 2: Reunion of Colonies
Thereafter, both fragments were reunited. After reuniting the
colonies in Phase 2, we observed policing behaviour by aggression
against the old and new reproductive individuals (OR and NR
respectively), as shown before by Hartmann et al. (2003). The
presence of a supernumerary reproductive caused aggression
between the two reproductives and other colony members. The
colonies were observed over several days until aggression had
ceased (10–35 days, 35–52 sessions of 10 min each; 350–520 min
total observation time; X ¼ 436.6 min).
Phase 3: Orphaning the Colonies
We removed all old and the new reproductives plus all eggs and
kept them frozen for further analyses. Colonies were then observed
until new eggs were discovered (which indicates the establishment
of a new reproductive individual) in the colonies and aggression
had ceased (observation time: 4–5 days, 16–17 sessions of 10 min
each; 160–170 min total observation time; X ¼ 165 min; ﬁrst eggs
appeared 2–3 days after removal of the former reproductives,
which suggests that policing workers had already begun to activate
their ovaries during Phase 2). To test whether aggressive behaviour
has a selﬁsh component, we investigated whether this new
reproductive had been engaged in aggression in Phase 2. If
aggression serves selﬁshness, the individual that becomes reproductive in Phase 3 should have been among the aggressive individuals in Phase 2.
Ovarian Activation
After observations, all individuals were frozen and dissected
under a stereomicroscope to assess the activation of their ovaries.
As described in Hartmann et al. (2003), individuals were categorized by their state of ovarian activity: Status I: undeveloped
ovaries (ovary length: X  SD ¼ 1.40  0.88 mm), Status II: developed ovaries, but no yellow bodies (ovary length:
X  SD ¼ 4.76  1.45 mm) and Status III: fully developed, mature
ovaries with oocytes and yellow bodies suggesting former egglaying activity (ovary length: X  SD ¼ 8.44  2.43 mm). We
determined quantitatively that our assignment of categories indeed
corresponded to ovary length, since ovary length differed signiﬁcantly between all three categories (ANOVA: F2,134 ¼ 121.9,
P < 0.0001). Speciﬁcally, we found that ants with ovary Status III
had the longest ovaries and ants with Status I the shortest (post hoc
Scheffé’s test: Status I–II: P < 0.0001; Status I–III: P < 0.0001; Status
II–III: P < 0.01).
All analyses were conducted with Statistica version 6.1 (Statsoft ,
Tulsa, OK, U.S.A.). For comparing the number of aggressive attacks
received by reproductives and nonreproductives (calculated by
aggressive acts/individual per 10 min), two-tailed two-sample
permutation tests were performed with PAST version 1.82b
(Hammer et al. 2001).

Table 1
Number of attacks old and new reproductives (OR, NR) received from nonreproductives and other reproductive individuals in colonies of the parthenogenetic ant
Platythyrea punctata after the reuniﬁcation of colony fragments
Colony Reproductives Number of attacks Number of attacks c2
received by
received by
nonreproductives reproductives

P

K1

15

<0.001

21

<0.001

K2
K3
K6

K7
K8

OR
NR
OR
NR
OR
NR
OR
NR1
NR2
OR
NR
OR
NR

0
7
3
1
15
0
15
11
10
0
1
1
1

0
8
1
1
6
0
36
22
6
0
1
2
1

0.04

0.84

For details see text; chi-square tests, c2 and P values are given in the table.

RESULTS
Whereas in natural, unmanipulated colonies only infrequent
ritualized aggression (antennal boxing) was observed (observations
before colony splitting), in reunited colonies workers acted much
more violently by stinging, biting, dragging and immobilizing the
opponent. ORs and NRs were observed ﬁghting each other, showing
sting-smearing behaviour, again as previously observed (Hartmann
et al. 2003). Sting smearing appears to cause nonreproductives to
join the ﬁght and to attack the ORs and NRs. Generally, nonreproductives did not show any preference for either of the reproductives
(see Table 1). An overview of the number of attacks reproductive
individuals received from other reproductives and nonreproductives is given in Table 1. In four of six colonies, reproductives (OR or
NR) were signiﬁcantly more frequently attacked than nonreproductive individuals (two-sample permutation test; Fig. 2).

Received aggressive acts/individual/per 10 min

and one fragment without a reproductive individual (fragment ‘B’).
Nonreproductive workers were distributed randomly between the
two colony halves. Both colony fragments were observed; colony
fragments without the reproductive individual were observed until
new reproductive individuals had been established and new eggs
appeared. Consistent with former observations (Hartmann et al.
2003) this generally occurred after a period of 5–15 days with
30–53 observation sessions of 10 min each (300–530 min total
observation time; X ¼ 441.7 min). To conﬁrm reproductive status,
we separated individuals for 1 night (ca.12 h) if they were not
directly observed laying eggs.
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0.1
****

0.09

OR
NR
Nonrep

0.08
0.07
0.06
0.05
NS
0.04
0.03
0.02

*

**

NS

*

0.01
0

K1

K2

K3

K6

K7

K8

Figure 2. Number of attacks received by old reproductives (OR), new reproductives
(NR) and nonreproductive workers (Nonrep) during the policing phase (Phase 2) in
colonies of the clonal ant Platythyrea punctata (calculated by aggressive acts/individual/10 min). Number of individuals and total time of observation in each colony: K1:
42 individuals, 350 min observation; K2: 35 individuals, 520 min; K3: 31 individuals,
440 min; K6: 41 individuals, 430 min; K7: 22 individuals, 450 min; K8: 14 individuals,
430 min. P values denote the signiﬁcant differences between the number of received
attacks by ORs and NRs together against nonreproductive individuals (two-sample
permutation test: *P < 0.05; **P < 0.01; ****P < 0.0001).
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Table 2
Distribution of aggression and origin of nonreproductive individuals attacking reproductives after the reuniﬁcation of two colony fragments of Platythyrea punctata
Colony

Total number of
nonreproductives

Total number of
nonreproductives
being aggressive

Total number of
nonreproductives
attacking reproductives

Reproductives

Origin of nonreproductive
attackers

K1

40

9

7

K2

33

24

4

K3

29

19

15

K6

38

23

20

K7

20

9

1

K8

12

5

2

OR
NR
OR
NR
OR
NR
OR
NR1
NR2
OR
NR
OR
NR

d
1 ‘A’;
2 ‘A’;
1 ‘B’
6 ‘A’;
d
6 ‘A’;
7 ‘A’;
7 ‘A’;
d
1 ‘A’
1 ‘A’
1 ‘B’

3 ‘B’; 3 callows
1 ‘B’
6 ‘B’; 3 callows
6 ‘B’; 3 callows
1 ‘B’; 3 callows
1 ‘B’; 2 callows

In the splitting phase (Phase1), old and new reproductives (OR and NR) had been separated with nonreproductives into fragments ‘A’ and ‘B’. After new reproductives were
established, both fragments were reunited.

120

Number of workers

Expected number of aggressive acts
100
Observed number of aggressive acts

80
60
40

DISCUSSION
Our study demonstrates that aggression in P. punctata is associated with an increase in the likelihood of an individual becoming
a reproductive in the future. As predicted by policing models (Frank
1996), only the most dominant individuals of a society attacked
new reproductives. They were also most likely to become the future
reproductives when all established reproductives were removed
from the nest. Both freshly eclosed workers, which soon after
eclosion establish their position in the hierarchy of unmanipulated

7
b
6
5
4
3
a

ab

2
1

20
0
0

the colonies in Phase 3 (Wilcoxon signed-ranks test: K1: Z ¼ 0.228,
N ¼ 49, P ¼ 0.820; K2: Z ¼ 4.432, N ¼ 35, P < 0.0001; K3: Z ¼ 3.823,
N ¼ 36, P < 0.0001; K6: Z ¼ 4.457, N ¼ 41, P < 0.0001; K7:
Z ¼ 2.366, N ¼ 17, P ¼ 0.018; K8: Z ¼ 0.731, N ¼ 14, P ¼ 0.465).
Aggression decreased rapidly within a few days, and the appearance of new eggs after 2–3 days suggests that a new egg layer had
very quickly become established.

Number of aggressive acts

In the policing phase (Phase 2), individuals were not equally
likely to initiate aggressive acts. In all six colonies, only a minority of
workers exhibited at least one aggressive act, and not all workers
attacked one or both reproductives (Table 2). The number of
attacks expected from a Poisson distribution differed signiﬁcantly
from the observed number of attacks (chi-square test: l ¼ 1.676,
X22 ¼ 149.94, P < 0.00001; Fig. 3). Some of these attackers had been
in the colony fragment with the OR, some in the fragment with the
NR, and in three colonies the attackers were freshly born individuals, which eclosed during Phase 2 and therefore had not been
present during the splitting process. Table 2 gives an overview of
the origin of aggressive individuals and shows that aggressive
behaviour against reproductive individuals was not inﬂuenced by
a change of colony odours during Phase 1.
How often individuals behaved aggressively during the policing
phase (Phase 2) was clearly connected with the reproductive status
they later obtained in the orphaned colonies (in Phase 3). When
dissected after the experiment, individuals that were most
aggressive during Phase 2 had ovaries with the highest status of
activation (Status III) after we orphaned the colonies again in Phase
3 (ANOVA: F2,144 ¼ 3.92, P0 < 0.05 after Bonferroni’s correction for 3
comparisons; Fig. 4).
In four of six colonies, aggression (number of aggressive acts/
individual per 10 min) decreased signiﬁcantly after we orphaned

0
2

4

6

8 10 12 14 16 18 20 22 24 26 28
Number of aggressive acts

Figure 3. Frequency distribution of worker aggression during the policing phase
(Phase 2) in colonies of Platythyrea punctata and the number expected from a Poisson
distribution.

I

II

III

Ovary status
Figure 4. Aggressive acts (mean and SD) initiated during Phase 2 of the experiment by
workers of Platythyrea punctata with different ovarian status at the end of the
experiment. Signiﬁcant differences (Scheffé’s test: df ¼ 144) are indicated by different
letters (a, b). Data were square-root transformed prior to statistical analysis but are
here depicted untransformed.
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colonies (Heinze & Hölldobler 1995; K. Kellner, unpublished data),
and a few older workers behaved aggressively. By our manipulation
of splitting and later reuniting the colonies, we presumably
disturbed the natural rank orders, and individuals that attacked the
new reproductives tried to re-establish or improve their social
status. When we removed all reproductives and eggs from the
colonies, it took only 2–3 days until new eggs were found within
the colonies, and only 4–5 days until aggression declined. This
suggests that police workers not only behaved aggressively during
the policing phase, but also at least prepared for egg laying at the
same time, probably in response to the changed social structure of
the nest. Another explanation could be that successful aggression
reinforces the dominance status of high-ranking workers, which
may result in the activation of ovaries so that, as soon as the colony
becomes orphaned, a new reproductive becomes established and
ensures egg production without delay. This might explain the rightskewed distribution of aggression in Fig. 3.
Why do workers of P. punctata aggressively compete for egglaying rights and dominance, even though they are usually all
members of the same clone? Policing and dominance might
maximize the reproductive output of the whole group. By attacking
surplus reproductives or destroying their eggs, workers maintain
a ﬁne-tuned numerical balance between reproductives and
nonreproductives, which maximizes the total output of the colony
and thus maximizes inclusive ﬁtness (Hartmann et al. 2003).
Furthermore, workers, even in clonal societies, might vary in their
reproductive potential. If physical strength were a reliable indicator
of an individual’s reproductive potential (but see Ortius & Heinze
1999 for a case in which it is not), aggressive policing and dominance might ensure that the most fecund individual becomes the
next reproductive. This would increase the average inclusive ﬁtness
of all nestmates, while simultaneously minimizing the costs of
reduced group productivity. Policing in P. punctata might therefore
be maintained because it serves the interests of the group, but we
doubt that it evolved as a group-level adaptation. Policing is
widespread in ponerine ants, whereas thelytoky in P. punctata is
a derived trait (e.g. Hartmann et al. 2005). Policing, therefore, was
presumably present already in genetically heterogeneous ancestors
of thelytokous P. punctata as an adaptation at the individual level,
because, as shown by Gardner & Grafen (2009), mechanisms of
conﬂict resolution cannot be regarded as group-level adaptations.
Rather, we feel that policing in P. punctata originally had a selﬁsh
component, as recently shown also in other social insects (Saigo &
Tsuchida 2004; Wenseleers et al. 2005; Wenseleers & Ratnieks
2006; Stroeymeyt et al. 2007). Genetic data document that
a considerable percentage of colonies are genetically heterogeneous because of the adoption of unrelated workers, colony fusion
(K. Kellner, unpublished data) or occasional sexual reproduction
(Hartmann et al. 2005). Furthermore, in the thelytokous ant
Pristomyrmex punctatus selﬁsh clones exploit other clones by
monopolizing reproduction (Dobata et al. 2009). In the case of
fusion or usurpation, aggressive competition among workers of P.
punctata may therefore be considered as selﬁsh policing, as it
would beneﬁt some but not all members of the society.
Disentangling the various causes of the maintenance of policing
in clonal colonies of P. punctata requires more detailed studies on
group productivity, the frequency of adoption and fusion, and the
likelihood that adopted individuals or usurpers start to reproduce.
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