
SCIENTIFIC CORRESPONDENCE 

Anarchy in the beehive 
SrR Worker bees in eusocial 
Hymenoptera colonies often have func
tional ovaries which can produce fertile 
male eggs1

• The sons of a worker's 'super 
sister' are only 3

/4 as much related to her 
as her own sons, and only 1/2 as much 
related to her as sons of the queen. This 
leads to the possibility of intense competi
tion among workers for the production of 
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(3) workers carrying queen-laid drone 
eggs through the queen excluder. 

A candidate colony was reported from 
Ipswich, Queensland in late winter, before 
swarming season. The colony was normal 
in every respect except that most 
drone-sized cells ( > 100) above the queen 
excluder contained brood. No worker 
brood was present above the queen 
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Pedigree of a honeybee colony determined from three microsatellite loci. Drones marked with an 
asterisk are unique to that family, and indicate that at least three workers laid eggs. 

males2
. In many species, however, worker 

reproduction is extremely rare3
•
4

, probably 
because it is suppressed by a mutual 
'policing' behaviour in which workers pre
vent others from laying eggs5

·
6

• In honey
bees there is good evidence that the 
mechanism of worker policing involves 
the marking of queen-laid eggs by a 
pheromone. In queen-right colonies, 
workers can identify worker-laid eggs by 
the lack of this putative pheromone, and 
eat them7

. This system works very well 
most of the time, but is open to the inva
sion of 'anarchistic' behaviour. Here we 
report a colony where workers of a single 
patriline 'cheated' to produce many of the 
colony's male offspring. 

Occasionally colonies are seen where 
most drones are likely to be offspring of 
workers, not the queen4

• We asked bee
keepers to report colonies where drone 
pupae were present above a queen exclud
er in otherwise normal colonies. Because 
a queen cannot pass through a queen 
excluder, drone pupae above it can only 
result from: (1) a second queen above the 
queen excluder; (2) laying worker(s); or 

NATURE · VOL 371 · 27 OCTOBER 1994 

excluder. We obtained samples of worker 
brood from below the queen excluder, 
and adult workers and 49 drone pupae 
from above the excluder. Drone pupae 
were only present in drone-sized cells. We 
extracted DNA from these samples and 
analysed it for vanat1on at three 
microsatellite lod to determine the 
paternity and maternity of each bee. 
Analysis of 128 adult and 74 pupal work
ers with microsatellite Al07 revealed that 
every worker carried a 189 base-pair (bp) 
allele. Therefore the single queen heading 
the colony was homozygous for the 189 bp 
allele. Twelve A107 alleles were present in 
the worker progeny indicating that the 
queen had mated with at least 12 drones. 
Examination of 12 workers with addition
al microsatellites A14 and A76 revealed 
that the queen was heterozygous 338/336 
and 234/222 for these loci, as all workers 
carried at least one of these alleles. 

From the distribution of microsatellite 
alleles among the drone pupae, the most 
parsimonious hypothesis is that they are 
offspring of at least three workers sired by 
the same drone of genotype 160-233-218. 

One additional drone was descended from 
a worker of another patriline marked 
by the 170 allele at locus A107. It is 
overwhelmingly likely that the remaining 
48 drones were derived from workers of a 
single patriline because only one non
queen allele was found at each micro
satellite locus in all drones examined. 

It is almost impossible for our sample 
to have contained any drones laid by the 
queen. In 42 cases this possibility can be 
definitely excluded because these drones 
did not carry a queen allele at one or 
more loci. In the other six cases, it is possi
ble but unlikely, as workers would have to 
have moved queen-laid eggs through the 
queen excluder7

. 

We conclude that anarchistic behaviour 
is genetically determined, that one of 
the males mating this queen passed an 
ability to his worker offspring to evade the 
policing mechanism. If queen-laid eggs 
are protected from policing by a 
queen-derived pheromone5

•
7

, then it is 
likely that several bees of this patriline 
were able both to develop ovaries and to 
produce an acceptably queen-like 
pheromone that protected their eggs. It 
seems likely that workers of this patriline 
were more queen-like9 than normal bees. 
There is large genetic variance in the 
speed at which individuals develop ovaries 
and the probability that they will become 
'false queens' in queenless colonies4

• 

This anarchistic behaviour could rapid
ly spread in honey bee populations. The 
fitness of these bees is higher than that of 
workers that cannot evade policing. Selec
tion on workers to police this behaviour is 
expected to be strong §iven the number of 
times the queen mates . These results sup
port the worker policing hypothesis, while 
demonstrating a previously unrecognized 
dynamic equilibrium between reproduc
tive conflict and cooperation. 
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