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Summary
Brood survival in 51 bee colonies was investigated. Of those, 15 were in an apiary where bee breeding was not
practised and the queens mated at the apiary; 20 had queens mated in the mating stations of 4 professional
queen breeders; 16 had queens that were each instrumentally inseminated with semen from 1 drone only.
About 7% of larvae disappeared from the combs during the first developmental stages through factors other
than ones related to sex alleles. The overall survival rate in colonies with queens mated naturally was about
85%, whether the queens were mated in the apiary or in mating stations. Thus the brood survival permitted by
the sex alleles was 92%, which indicates the presence of about 12 sex alleles in the populations. Thus a bee
breeding system that expects the sex alleles to allow 85% brood survival is acceptable, although in practice, it
may not appear to be so because the overall survival is only 78%.

Introduction
The genetic mechanism of sex determination in honeybees imposes severe restrictions on bee
breeding systems, because diploid drones develop from any fertilised eggs that are
homozygous at the sex locus (Woyke, 1963a). These drone larvae are eaten by worker bees
shortly after they hatch from their eggs (Woyke, 1963b). Different methods of natural or
instrumental crossing, thus give 50-100% survival of diploid larvae (Woyke, 1963c, 1972).
The number of sex alleles in a population and the number of matings the queens make
determine the numbers of queens producing different populations of homozygotes (Shaskols­
kij, 1968), but the number of matings does not change the mean of homozygotes in the
population. The population genetics of sex alleles in honeybees was first considered by Woyke
(1976). He found only 6 sex alleles in the 100-year-old bee sanctuary on Kangaroo Island. This
allowed only 75'6% brood survival, but despite this, the colonies were good honey producers.
Woyke (1980, 1981) showed that colonies with 50% brood survival were much inferior to
normal colonies but those with 75% survival did not differ very much from normal colonies.
This was because when larvae were eaten, the queen laid new eggs in the empty cells instead of
waiting until they would have become empty, had the larvae survived (Woyke, 1984).

Even in productive colonies, brood survival is normally below 100%, partly through the
effects of sex alleles and partly as a result of other cases (Woyke, 1977). In the spring and
autumn, when the queen is laying few eggs, she can increase her egg laying rate to compensate
for brood that does not develop.

Queen breeders usually rear new queens from a few selected queens and put only a few
colonies with drones in mating stations. This may restrict the number of sex alleles and so give
low brood survival (Woyke, 1972). Instrumental insemination of queen bees gives complete
control of parentage. By using it, inbred lines have been formed and then crossed to give
hybrid interlines (Roberts & Mackensen, 1951; Cale & Gowen, 1958; Moeller, 1976). Another
method has been to start by determining the sex alleles in breeding lines (Maul, 1972). With
both methods, crossing compatible lines overcame production of diploid drones but both are
difficult to perform and very laborious.

Lately, Page and Laidlaw (1982a,b), Page and Marks (1982) and Page et al. (1983, 1985)
have proposed breeding honeybees in closed populations. They arbitrarily chose 85% as the
minimum level acceptable for brood survival. The fact that brood dies in bee colonies for
reasons other than sex-allele homozygosity must be taken into account in any consideration of
the effect of sex alleles.

The purpose of this investigation was to determine brood survival rates in colonies in
apiaries where bee breeding was not practised and in colonies with queens from professional
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