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The production of queens and drones was studied for the stingless bee Melipona beecheii (Apidae, 
Meliponini) in relation to food storage and brood and adult populations. We found a negative 
correlation between the quantity of food stored and brood and adult populations. The colony 
growth observed at the end of the rainy season, a period characterized by poor foraging conditions, 
came from surplus food stores. Queens were produced all year round. A significant correlation was 
found between the amount of pollen stored and the production of queens and drones. The 
production of queens and drones was synchronized at population level, but within colonies no 
correlation was found between both sexes, which is an important out-breeding strategy. 
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In highly eusocial bees, the production of gynes (sexual females that are not socially functional 
reproductives) must be limited, or the gynes killed after they mature to prevent repeated swarming 
and resultant small maternal colonies. On the other hand, gynes must be produced to replace aging 
queens and to start new colonies. The optimum proportion of females that should develop into 
queens ranges from 14 to 20 percent in Melipona bees, according to the recently proposed caste 
conflict model by Ratnieks (2001) and Wenseleers (Wenseleers et al. 2001). In Melipona, gynes 
are produced all year round and killed by workers (Sakagami 1982). Sommeijer et al. (2003a) 
observed in Melipona favosa that 57% of new born gynes were not eliminated by workers but did 
successfully leave the nest. They hypothesize that workers which ‘chase’ their sister gynes out of 
the nest may increase their own fitness if the gynes become accepted and have reproductive 
success in another colony (Sommeijer et al. 2003a,b). The control mechanisms of the production 
of gynes are not known. 

At population level drones of many stingless bee species are produced all year round, their 
numbers changing with the season (Chinh et al. 2003; Sommeijer et al. 2003b). Bego (1982) could 
not find a correlation between drone production in Scaptotrigona postica and climatic factors, food 
storage nor the age of the queen. The absence of a clear seasonal cycle in the tropics may be one of 
the reasons that drone production is not limited to a particular period. Another reason may be that 
in many species of stingless bees, drones emerge from worker laid eggs (Sakagami 1982, 
Sommeijer et al. 2003b). Some species temporarily have drone populations of up to more than 
one-half the number of adult workers (Roubik 1982; Sommeijer et al. 2003b). Moo-Valle (Moo-
Valle et al. 2001), conclude that large food reserves are indispensable for the production of sexual 
offspring in M. beecheii. 

Long-term studies on seasonality in colony development and the production of gynes and 
drones in stingless bees are scarce. Conservative trends in brood production and food storage were 
observed for Melipona favosa and M. fulva in French Guiana (Roubik 1982) and for M. beecheii in 
Costa Rica (Van Veen et al. 1992). Roubik (1982) found that brood production diminished with 
declining pollen stores even when the pollen supply in the nest is relatively large. He assumed that 
if a colony is near reproductive maturity, brood production may be independent of resources 
available at that moment in the environment. Large food storages are being considered conditional 
for successful colony reproduction in stingless bees, basically because the newly founded nest 
depends at least partly on food provisions from the mother colony (Engels & Imperatriz-Fonseca 
1990; Van Veen & Sommeijer 2000). This study describes the seasonal colony development in 
relation to the production of gynes and drones for Melipona beecheii. 
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MATERIAL AND METHODS 
Hives of Melipona beecheii were studied in Guanacaste province, Costa Rica. Lowland secondary 
semi-dry forest was within foraging range of the colonies. The climate is characterized by a dry 
season lasting from December through April, during which flowering is abundant. Between May 
and November is the rainy season (average annual rainfall 2000 mm), which is interrupted by a 
four-week period of less precipitation in June-July, during which important flowering occurs. The 
average annual temperature is 27.5°C. 

All colonies of M. beecheii were taken from log hives and transferred into 15 mm plywood 
observation boxes (Van Veen et al. 1992). All colonies had an egg-laying queen. A total of 25 
colonies of M. beecheii was used, nine of which were used for the complete observation period, 
two from February 1991 until September 1992, and 14 only occasionally. The colony size was 
estimated according to Van Veen et al. (1992). 

All colonies were opened monthly between December 1990 and December 1993. The total 
number of brood cells was estimated, using a transparent plastic with circular comb outlines on it. 
The number of cells of each comb is then given by Nc=4.165πr2 (Nc=number of cells, r=circle 
radius), where 4.165 is the number of cells per cm2. The total quantity of brood cells was corrected 
for holes in combs with emerging brood. Because drones and gynes of Melipona emerge from cells 
indistinguishable from worker cells, samples of mature brood were taken to identify sex and caste 
and measure their production. This was done alternately from different colonies to ensure 
independency of the samples. A total of 47 samples, containing 3716 cells were analyzed. During 
each sampling the storage pots with pollen and honey were counted. Average storage pot volumes 
were used to calculate total food stores (Roubik 1982). All queens were marked on the thorax with 
a dot of paint, so cases of supersedure and some information on longevity could be obtained. 

RESULTS 
The population dynamics and the honey and pollen stores show a great variation throughout the 
year. Most brood was found at the end of the rainy season and the first three months of the dry 
season, from November through March (Fig. 1). During the rainy season significantly less brood 
was found (Spearman-r=0.71, P<0.009). Adult populations varied less throughout the year 
(Kruskal-Wallis, P<0.01), and were specifically higher in December and January. 

During the whole year pupae of drones and gynes were found in the combs, with exception of 
drones in October (Fig. 2). The lowest percentage (2%) was found in August for gynes, whereas 
peak production was in June, 24.5% for drones and 16.8 percent for gynes. Yearly averages were 
5.7% for drones and 5.3% for gynes. 

The food stores show a very conservative pattern (Fig. 3). Surplus honey is stored mainly in 
February and March and again, though in smaller quantities in July and August. During the months 
with most precipitation (September through November), the honey stores diminished strongly, to 
reach lowest values in December and January. The pollen stores incremented gradually from 
December to May, having a peak value in June, after which they stayed stable but lower. 

At population level, significant positive correlations were found between brood and adult 
populations (R2=0.44, p=0.02), drone and gyne production (R2=0.56, p=0.03), and the quantity of 
pollen stored with the production of both gynes (R2=0.50, p=0.009) and drones (R2=0.31, p=0.06). 
Significantly negatively correlated were adult population and honey stores (R2= –0.74, p=0.004), 
as well as the brood population with honey (R2= –0.53, p=0.007) and pollen stores (R2= –0.52, 
p=0.008). Within colonies no significant correlation was found between drone and gyne 
production (R2=0.02, p=0.53). This means that colonies produced either drones or gynes in high 
quantities, but not both at the same time. 

In three of the eleven colonies observed during almost the whole period, supersedure took 
place in July 1991. In one of these colonies the queen was superseded again in June 1993, being 23 
months old. Both other queens were still alive at the end of the experiment, when 29 months old. 
In six out of the eleven colonies no queen replacement took place, so these queens lasted for more 
than three years. We therefore conclude that queens of M. beecheii under natural conditions last 
for more than two years on the average. 
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Figure 1. Average populations of adult bees and brood cells. 

 
 

 
Figure 2. Monthly occurrence of drones and gynes in the brood combs. 

 
 

 
Figure 3. Average volumes of nectar and pollen stores (bottom). 

0

500

1000

1500

2000

2500

3000

1 2 3 4 5 6 7 8 9 10 11 12N
u
m

b
er

 o
f 

ad
u
lt
 b

ee
s 

an
d
 b

ro
o
d
 c

el
ls

+
 s

.e
.

Adult bees

Brood cells

0

5

10

15

20

25

30

35

1 2 3 4 5 6 7 8 9 10 11 12

P
ro

p
o

rt
io

n
 o

f 
d

ro
n

e
s 

a
n

d
 g

y
n

e
s 

in
 

th
e
 b

ro
o

d
 (

%
) 

+
 s

.e
.

Drones

Gynes

 

0 
50 

100 
150 
200 
250 
300 
350 
400 

1 2 3 4 5 6 7 8 9 10 11 12

V
o

lu
m

e
 o

f 
n

e
ct

a
r 

a
n

d
 p

o
ll

e
n

 s
to

re
s 

 
(c

c)
+

 s
.e

.  

Nectar

Pollen



38 SOCIAL INSECTS 

 

DISCUSSION 
Major honey and pollen acquisition followed dry season floral abundance. Brood and adult 
populations were negatively correlated with food storage in the nests. This means that ample food 
stores were very important for the high production of brood at the end of the rainy season. We 
observed that when foraging conditions were favourable and food stores were built up, brood and 
adult populations started to diminish. Surplus pollen was stored in May, probably due to the 
diminishing adult and brood population on one hand and the apparently abundant availability on 
the other hand. Honey was stored in relatively large quantities in February and March, and then 
again in July and August, when major flowering occurred. Roubik (1982) found that foraging bees 
of M. favosa and M. fulva had only half the average life span of nest mates, probably due to their 
high susceptibility to predation and senescence. This effect might explain the adult population 
reduction observed during and shortly after the period when nectar (and pollen) was collected. 
During the rainy seasons the food stores gradually diminished, which is a clear indication of floral 
scarcity on one hand and the investment of the stored food in brood production on the other hand. 
The fact that brood and adult populations are about half as big during the rainy season as during 
the dry season can be explained as an adaptive strategy in response to the floral scarcity which 
characterizes this period (Roubik 1982; Van Veen et al. 1992). 

During the months with heaviest rainfall (August through November) a lower percentage of 
drones was produced, and no drone production was recorded for October. Roubik (pers. comm.) 
never found drones in nests of Melipona in Panama between October and January, a period 
coinciding with poor resource conditions. In nests of M. favosa (Sommeijer et al. 2003b) drones 
were found in brood samples throughout the year, their numbers varying significantly over the 
months. We found that the percentage of gynes was more constant over the year. These results are 
in accordance with the generally observed patterns of a constant gyne production in Melipona 
(Roubik 1982; Sommeijer et al. 2003b). High percentages of gynes and drones were found in the 
months of June and July. The four events of supersedure were also observed in this period. 
Imperatriz-Fonseca et al. (1998) assume that synchronized supersedure occurs in Tetragonisca 
angustula. We observed a peak in the rather gradually growing or diminishing pollen reserves in 
June, after the major honey flow, when brood and adult populations had already decreased 
considerably. Drone and gyne production were correlated positively, but colonies produced either 
gynes or drones in high numbers, not both. This is an important outbreeding strategy. 

The production of gynes and drones was positively correlated to the quantity of pollen stored, 
and ranged from two percent in August to 16.8 percent in June. These percentages of queens agree 
with the predictions by Velthuis & Sommeijer’s (1991), and Ratnieks’ (2001) one-locus genetic 
model for the determination of the optimum proportion of females that should develop into queens. 
Moo-Valle et al. (2001) found that the production of drones in M. beecheii correlated with the 
quantity of food stored in the colonies. 
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