


A general l'low diagram showing the colonial development of V. vulgaris 
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immediate replacement. This facility decreases the rate at which larvae 
appear: otherwise a larva appears 5 days after an egg is laid. Again near 
the time of the start of large cell building larval neglect begins to operate. 
In reality this means that the larvae in the upper or older combs are starved 
so that they fail to become sealed brood. Otherwise, after 10 days (the 
length of the larval stage) a larva becomes a sealed brood and 10 days later 
an adult. These adults are usually workers but from day 96 (18th Aug.) male 
adults emerge at the rate of 1% of emerging adults, but from day 105 
(27th Aug.) this rate rapidly grows until day 132 (23rd Sept.) when 50% 
of emerging small cell adults are males. 

Large cell building begins on day 93 (15th Aug.) at a high rate and 
linearly declines to zero one developmental period before day 160. The 
percentage use of large cells in which to lay eggs starts at a low value, 
rapidly increasing to a maximum value by day 110 (1st Sept.). Eggs give 
rise to larvae and larvae to sealed brood using the same developmental 
length of time as used for the brood in the small cells. The emerging 
adults are males or queens; the percentage of adults emerging as males 
increasing to 25% by day 130 (21st Sept.), but decreasing again to zero by 
day 145 (6th Oct.), when all emerging adults are queens. Finally on day 
160 (21st Oct.) the number of small cells is divided by the number of large 
cells and if the ratio is above 5, all males produced from large cells are 
converted to queens, since experience has shown that such nests only 
produce queens from large cells. If the ratio value is less than 5, the 
males produced from large cells remain, since such nests produce males 
and queens from large cells. 

To check the output of this programme against actual data, about 
150 nests have been examined, 101 in considerable detail. 59 additional 
nests were examined by Spradbery (1971). Such data was used to estimate 
a "mean" nest and the programme has been operated so as to agree with 
this mean nest. Thus a day to day description of colonial development has 
been obtained. The simulation has generated information which is at present 
impossible to collect, e. g. the number of males produced per colony, and 
has thrown up unexpected information, e.g. a periodicity of about 25 days 
with respect to brood rearing in the model was found, which reflects the 
developmental period of 25 days that was selected. Observations in the 
field on the foraging behaviour of workers also showed periodicity in earth 
removal, pulp and flesh collection, of about 14 days. The model also 
demands a queen nest far larger than has normally been supposed to be 
built by a queen. A new method of determining the size of the queen nest 
from a mature nest taken at the end of the season confirms the model's 
requirements, and a queen nest of 70 cells is now considered reasonable. 
The model also allows the possibility of sensitivity analysis, that is, to 
study the effect on output, on varying input, so that the relative importance 
of the forcing functions and parameters can be assessed, e .g. the character-
istics of the decline of the small cell building rate per day per worker is 
shown to be very critical. 
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