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Summary. In the polyandrous honey bee, Apis mellifera,
workers can potentially increase their inclusive fitness by
rearing full-sister queens. If the mother queen dies suddenly,
workers feed a few larvae in worker cells with royal jelly and
rear them into queens (emergency queen rearing). Using
DNA microsatellite markers we determined the patriline of
emergency queens reared in two colonies headed by natural-
ly-mated queens before being made queenless. We found that
some patrilines were reared more than others in one colony,
but not in the other. These differences between colonies sug-
gest that selective rearing is not always present and this might
explain the mixed results of previous nepotism studies in the
honey bee.
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Introduction

Queen honey bees, Apis mellifera, mate with many males
(Estoup et al., 1994; Arnold et al., 1996; Oldroyd et al.,
1997). Within a colony, workers are related to new queens by
0.75 (full-sister) or 0.25 (half-sister). New queens are reared
in three contexts: swarming, supersedure of a failing queen,
and emergency (if the mother queen dies suddenly). In emer-
gency queen rearing, only a few larvae among the numerous
ones available in worker cells are selected by workers to rear
as queens. These larvae are then fed royal jelly and the work-
er cell is transformed into a queen cell. Because of related-
ness differences, workers can potentially gain a threefold
increase in inclusive fitness if they can cause a full-sister to
head a new colony instead of a half-sister (Visscher, 1998).
This can lead to reproductive conflict between nestmates if
workers can discriminate between half-sister and full-sister

larvae. Arnold et al. (1996, 2000) have shown that the cutic-
ular hydrocarbons of adult workers vary more among patri-
lines than within patrilines which suggests that there is suffi-
cient variability for workers to discriminate between full and
half-sisters, at least for some patrilines. Despite numerous
studies, evidence of nepotism in honey bee queen rearing
remains controversial and only weak nepotism, or absence of
nepotism, has been observed (reviewed in Breed, 1994; Viss-
cher, 1998). Early studies of kin recognition were hindered
by a lack of sufficient genetic markers to assess kinship in
colonies headed by naturally-mated queens, which have
many patrilines. The use of DNA microsatellites now allows
the precise assessment of kinship in natural colonies (e.g.
Estoup et al., 1994; Palmer and Oldroyd, 2001; Chaline et al.,
2002) and has greatly facilitated the study of kinship and
reproductive conflict in honey bees (e.g. Franck et al., 2002;
Tilley and Oldroyd, 1997; Wattanachaiyingcharoen et al.,
2002).

Three studies using microsatellites have so far studied
nepotism in emergency queen rearing. Tilley and Oldroyd
(1997) have shown that in long-established queenless
colonies with repeated introductions of young brood, some
patrilines were preferentially selected. Osborne and Oldroyd
(1999) suggest that this unequal representation of patrilines
could be caused by nepotism. On the other hand, Franck et al.
(2002) failed to find any patriline differences between work-
er and queen proportions.

We conducted a similar experiment to that of Tilley and
Oldroyd (1997). The patrilines of emergency queens reared
after queen removal were determined in two colonies. There
was a significant difference between patriline representation
in workers and emergency queens in only one colony. These
results show that selective queen rearing sometimes occurs
and sometimes does not and helps explain why mixed results
have been obtained previously.
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Material and methods

Sample collection

Two Apis mellifera colonies (A and B) with brood and a one-year-old
queen kept at the Laboratoire de Neurobiologie Comparée des
Invertébrés (LNCI, INRA-CNRS, 91440 Bures-sur-Yvette, France)
were studied in 1997. Emergency queen rearing was initiated by remov-
ing the queens. The colonies were kept queenless until they contained
sealed queen cells. The queen pupae were then collected and placed at
—20°C for DNA analyses. At the same time as the queen pupae were
removed, we also removed a comb of sealed brood from each colony and
placed it in an incubator at 35 °C to collect emerging workers. The work-
ers and the queens came from eggs laid at the same time. The mother
queens were then reintroduced to their respective colonies. Five weeks
later, when the queen had resumed normal egg-laying, we repeated the
process above. We repeated the procedure a third time on colony A but
the second reintroduction of colony B’s queen failed. We did not collect
additional samples of workers as Estoup et al. (1994) and Tilley and
Oldroyd (1997) have shown that colony kin composition remains stable
over short periods.

DNA extraction and microsatellite analyses
DNA was extracted according to Garnery et al. (1990) using proteinase

K and phenol. To determine the patrilines of queens and workers, we
used three highly polymorphic microsatellite markers (A76, A29 and
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Figure 1. Percentage of each patriline in the worker and queen samples
from colony A (a) and B (b).
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B124 identified by Estoup et al., 1994). Polymerase chain reactions fol-
lowed Estoup et al. (1994). The patriline of each sample was determined
using standard procedures (Estoup et al., 1994).

Statistical analyses

We pooled the samples of queen larvae from the different trials for each
colony because the sample sizes of some trials were very low (8 and 14).
Because the expected values in the contingency tables were low, we
analysed the data using Fisher’s exact test with an exact method using
the program ‘Monte Carlo RxC 2.2’ developed by W. Engels, Universi-
ty of Wisconsin.

Results

We analysed 136 workers and 66 queens (respectively 14, 28
and 24 for each trial) in colony A and 212 workers and 34
queens (respectively 26 and 8) in colony B. Colony A had 13
patrilines and colony B had 7. There was a significant differ-
ence in the patriline composition of queens and workers in
colony A (p = 0.008, Fisher’s exact test), but not in colony B
(p=0.194, Fisher’s exact test) (Fig. 1). In colony A, one
patriline, K, accounted for 19 of the 66 queens (28.8%). If
this patriline is removed from the analysis, no significant dif-
ferences can be found in the distribution of queens and work-
ers of the other patrilines in colony A (p=0.281 Fisher’s
exact test).

Discussion

Our results show that in emergency queen rearing the pro-
portion of emergency queens and workers can differ in their
patriline composition, but that the pattern is not consistent
among colonies. It also seems that only a few patrilines are
preferred over others, such as patriline K in colony A. Our
results confirm, although with slightly different methods, the
findings of Tilley and Oldroyd (1997). Contrary to Tilley and
Oldroyd (1997), the queen was reintroduced in the test
colonies and allowed to re-establish normal egg-laying
between samples. Thus, our experiment allowed the different
trials to be done in a more natural situation with the queens
present in the colonies before each sample.

Our study does not investigate why some patrilines are
reared more than others and the actual reason is unclear. It
could result from nepotism by rearing workers, or because
larvae vary heritably in their attractiveness as potential
queens (“royalty alleles”; Osborne and Oldroyd, 1999). How-
ever, Osborne and Oldroyd (1999) failed to find any evidence
for the “royalty alleles” when rearing queens in related and
unrelated colonies. In our study, both possibilities could
explain why patriline K, one of 13 patrilines and representing
only 8% of the workers, was highly preferred, representing
28% of the queens in colony A. The variability in the expres-
sion of preferences between colonies also occurred in
Osborne and Oldroyd’s (1999) study. This suggests that patri-
line preference, be it caused by nepotism or “royalty alleles”,
is a weakly expressed and relatively rare and polymorphic
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trait in the honey bee. The number of queens reared from
each patriline was not related to its relative size (Fig. 1),
which refutes the hypothesis that the patriline with the most
workers dominates queen rearing and preferentially rear full-
sister larvae (Tilley and Oldroyd, 1997).

Arnold et al. (2000) have shown that, in a colony envi-
ronment, cuticular hydrocarbon profiles of adult workers
from different patrilines often become less distant while
some patrilines remain very distinct and this could explain
disparities between the different patrilines if a similar pattern
occurs in larvae. Such polymorphism between nepotistic and
non-nepotistic patrilines can be maintained if kin discrimina-
tion is associated with some costs to colony efficiency (Rat-
nieks and Reeve, 1991) and it would be the same for royalty
alleles. Our study adds some evidence for the presence of
reproductive competition in queen rearing in the honey bee,
at least during emergency queen rearing, but it also shows
that much variation occurs among colonies and so may help
explain the mixed results in the previous studies.
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