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SCIENTIFIC CORRESPONDENCE 

Simulation was used to generate 
600 data sets each of 3 trials of 
10 colonies of 3 subfamilies at 
equal frequency. The frequency 
distribution of simulations which 
produced each deviation in 'ob
served' and expected numbers of 
queens for nepotistic subfamilies 
is plotted. Page eta/. observed a 
deviation of 60 queens for their 
experimental data. The figure 
shows that this is well within the 
range expected by chance. Data 
sets were also generated for colo
nies with differing subfamily rela
tive frequency. Results obtained 
were similar to those in figure. 

the total deviation exceeded 60. 
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The simulation performed by Page et al. 
supports the nepotism hypothesis, but this 
probably stems from the interaction 
of two experimental and two simulation 
deficiencies. The experimental deficien
cies are the small sample sizes and that 6 of 
the 10 experimental queens were hetero
zygous for MDH, necessitating allocation 
of subfamily affinity on the basis of prob
ability. These shortcomings mean that 
subfamily frequencies were estimated 
with high sampling error. 

The simulation deficiencies are: first, 
for the real data, the wrong subfamily will 
be designated nepotistic when, through 
sampling error, its relative frequency is 
underestimated in larvae, causing large 
deviations between observed and 
expected frequencies in queens. Incorrect 
subfamilies will be chosen less often in the 
simulations, because all genotypes are 
known, and the sample size is larger. 
Second, worker and queen samples are 
pooled to provide estimates of simulated 
subfamily frequencies. (Expected values 
for the observed data were calculated 
from larval frequencies alone.) The 
weighted average is inevitably intermedi
ate between queen and larval frequencies, 
thereby reducing the magnitude of 
deviations between frequencies in the 
simulated queen and larval samples. Thus 
the total deviation will appear smaller for 
the simulated data than the observed. If 
identical procedures are used for the 
observed data (queen frequencies are pre
dicted from pooled larval and queen fre
quencies), then the total number of excess 
queens is -2, indicating no nepotism. 

We generated 600 random 'data' sets 
drawn from a population of three subfami
lies at equal frequency and analysed them 
using the procedure of Page et al. (see 
figure). Of our data sets, 26 per cent had 
deviations exceeding 60. We then "esti
mated the probability of getting a devi
ation that was as great or greater than our 
results", using the Page et al. simulation. 
Of our data sets, 84 per cent produced a 
'significant' deviation. Thus even data 
drawn from a totally non-nepotistic popu
lation can exhibit 'statistical significance' 
with these procedures. 
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There is no evidence in the data of Page 
et al. that subfamily relative frequencies 
differ significantly between workers and 
queens, which they should if nepo
tistic rearing occurred. It is suggested that 
nepotistic subfamilies are genetically pre
disposed to rear queens. But nepotistic 
subfamily identity varies within colonies, 
suggesting that genetic determination of 
nepotism does not exist. 
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PAGE AND ROBINSON REPLY-The ability 
of worker honey bees to discriminate 
among queen larvae on the basis of kin
ship has been controversial since two 
papers were published in 1984, when 
R. E. P. and Erickson reported 1

' that work
ers could distinguish between nestmate 
and non-nestmate larvae while Breed, 
Velthuis and G.E.R.' failed to find evi
dence for discrimination. These and other 
subsequent studies (for example, refs 3, 4) 
can certainly be criticized on the basis of 
some artificiality introduced by the 
experimental methods, criticisms usually 
stated by the authors themselves (see ref. 
17). 

Oldroyd et al. correctly point out that 
our demonstration 1 of nepotistic queen 
rearing is the result of a sampling bias in 
the Monte-Carlo simulation we used. We 
have now reanalysed some of our original 
data using more conventional statistical 
methods that are free of the biases present 
in the simulation model. Full details are 
available on request from R.E.P. 

Behavioural heterogeneity within 
honey-bee colonies is in part a consequence 
of colony genetic structure. In our study, 
this was most dramatically demonstrated 
by the difference in the subfamily compo
sition of the adult workers sampled on 
queen cells (presumed to be engaged in 
queen care) and the composition of 
samples of worker larvae (presumed to be 

the pool from which larvae were drawn for 
workers to select among as queens, or 
remove). This heterogeneity probably 
results from patterns of sperm use by 
queens resulting from the incomplete mix
ing of sperm from their many mates, or 
from behavioural biases that are a conse
quence of the genotypes of workers. The 
effect of genotype is demonstrated by 
comparing the subfamily representation 
of adult workers sampled on queen cells 
versus those sampled on worker brood. 
Differences in these distributions are 
significant in 4 of 10 colonies and 
highly significant for all colonies com
bined (our unpublished data, available 
from R.E.P.). 

Worker larval samples differ from 
queen samples, but these differences are 
only marginally significant. Both queen 
and worker larval samples fluctuate signi
ficantly from trial to trial within colonies, 
but these fluctuations are different, sug
gesting that some additional nonrandom 
process is affecting the subfamily repre
sentation of queens. We suggest that this 
process involves discrimination during 
queen rearing. 

Our results show that honey-bee colo
nies have a genotypic and behavioural 
structure that could favour nepotism dur
ing queen rearing, provided that larvae 
are genotypically labelled, and workers 
have kinship-related information about 
larval labels. These necessary elements 
have all been reported elsewhere 17

• But a 
conclusive demonstration of nepotistic 
queen rearing remains elusive. 
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