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ABSTRACT. Queen, male and worker production was studied
during one year in three Plebeia remota colonies from Atlantic
Rainforest in Cunha, Sdo Paulo State, and two from a subtropical
Araucaria forest in Prudentépolis, Parana State. All the colonies
were kept in S3o Paulo city during our study. Plebeia remota has
reproductive diapause during autumn and winter, which makes its
biology of special interest. Brood production begins before spring,
renewing the colony cycle. We sampled brood combs monthly
in these five colonies. The number of cells in each comb varied
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significantly with time of the year; the smallest brood combs appear
to be a consequence of reduced food availability. However, worker,
queen and male frequencies did not differ significantly in time, and
this presumably is due to the fact that they all are necessary for the
growth, maintenance and reproduction of the colony. Although some
molecular, morphological and behavioral differences have been
detected in several studies comparing populations from Cunha and
from Prudentépolis, we did not find significant differences between
the colonies from these two localities in number of brood cells and
worker, queen and male production.

Key words: Plebeia remota; Stingless bees; Queen production;
Worker production; Male production

INTRODUCTION

Although the biology of stingless bees (Meliponini) is similar to that of honey
bees (Apini), they also possess many unique features, mainly related to reproduction. One
of them is the number of males that the mother queen mates with. In honey bees, queens
mate with 10 or more males, but in the Meliponini single mating is the rule (Peters et al.,
1999; Strassmann, 2001). Other major differences exist in the way that brood cells are
provisioned. In stingless bees, cells are mass provisioned, whereby each brood cell is
filled with liquid larval food regurgitated by the workers, after which the queen deposits
an egg into the cell, and the workers close it. In this way, the larvae have all the food avail-
able necessary for their entire development without requiring any further contact with the
adult workers. By contrast, in Apis honey bees, larvae are fed progressively by the work-
ers in open cells (Sakagami, 1982).

Caste determination in stingless bees is also more variable than in honey bees. In
the majority of stingless bee genera, except for Melipona, queens are reared in royal cells
that are bigger than the other cells. In these cases, caste is trophogenically determined,
as is also the case in honey bees, because queen-destined larvae receive a greater amount
of larval food than the workers and males. However, in some species, including Cepha-
lotrigona capitata (von lhering, 1903), Nannotrigona testaceicornis (Imperatriz-Fonseca
et al., 1997), Plebeia julianii (Juliani, 1967), P. pugnax (Ribeiro et al., 2006), P. remota
(Ribeiro et al., 2003a, 20006), and Schwarziana quadripunctata (Camargo, 1974; Ribeiro
and Alves, 2001; Ribeiro et al., 2006), queens may be reared in both royal cells and small
cells (for a review, see Ribeiro et al., 2006). The latter are smaller than normal queens,
since they emerge from brood cells in which normally only workers and males are reared.
Just like normal queens, however, miniature queens can successfully mate and head colo-
nies (Ribeiro and Alves, 2001). Finally, in Melipona, queens and workers are produced in
identically sized cells, and are typically produced in great excess of colony needs (Kerr,
1950; Ratnieks, 2001; Wenseleers et al., 2003). The ultimate reasons for the great varia-
tion in the way that queens are reared in stingless bees are currently a very active area of
study (see Wenseleers et al., 2003, Ribeiro et al., 2006).

Common to both honey bees and stingless bees, as well as all other haplodiploid
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eusocial insects, is that the queen can control the sex of the eggs she lays via the con-
trolled release of sperm stored in her spermatheca, whereby fertilized eggs give rise to
females (queens or workers) and unfertilized eggs give rise to males (Hamilton, 1964a,b).
The workers, in contrast, cannot mate, but usually retain the ability to lay unfertilized,
male eggs. This causes a conflict between the mother queen and the workers, as each are
most related to their own sons, and so would like to produce the colony’s males (for revi-
sion, see Mehdiabadi et al., 2003; Té6th et al., 2004). In honey bees, worker reproduction
is usually quite rare (Ratnieks, 1993), but in stingless bees it can be frequent, not only in
queenless colonies but also in the presence of the mother queen (Sakagami et al., 1963;
Beig, 1972; Bego, 1982, 1990; Koedam et al., 1999; Toth et al., 2002, 2004).

Many studies have been conducted in an attempt to determine the ultimate reasons
that cause this great variation in reproductive patterns in stingless bees, particularly on the
genus Melipona. These studies are concerned both with the mechanisms of caste deter-
mination, as well as male maternity. However, relatively little attention has been given to
worker production and the ergonomics of colony growth. Greater knowledge about these
factors would enable us to better understand the mechanisms of maintenance and growth
of the colony, and how worker and sexual production should be traded off against each
other (Reuter and Keller, 2001).

In this context we examined queen, male and worker production over one full year
in two populations of the stingless bee Plebeia remota, from Cunha, Sdo Paulo State, and
from Prudentépolis, Parana State. We chose this species for three main reasons. The first
concerns the way that the queens are reared, in royal cells and in cells with similar size
used for rearing workers and males. The second reason concerns the molecular and be-
havioral evidence that suggests that P. remota from Cunha is different from what is found
in Prudentdpolis (Ribeiro et al., 2003b; Francisco et al., 2008). And the third concerns the
period, between autumn and winter, of reduced activity (van Benthem et al., 1995), called
reproductive diapause (Ribeiro et al., 2003b), which is an adaptation to unfavorable envi-
ronmental conditions, and its consequences on seasonal brood production.

MATERIAL AND METHODS

We used three Plebeia remota nests from Cunha, Sao Paulo State (23°05°S,
44°55°W) (C1, C2, and C3) and two from Prudentopolis, Parana State (25°13°’S,
50°59°W) (P1 and P2). All the colonies were kept in wooden observation boxes in the
Bee Laboratory of the Bioscience Institute, Sdo Paulo University (23°33°S, 46°43°W),
in Sao Paulo city. The colonies were covered with glass lids to allow observation of
the inside of the nests. In addition, the colonies were connected with the exterior of
the laboratory using a plastic tube, so that the workers could forage freely for food and
dispose of their garbage.

Once a month, we sampled old brood combs from the colonies, containing bees
ready to emerge or pupae with pigmented eyes, to evaluate worker, queen and male pro-
duction. Sometimes, if the comb was positioned at the bottom of the box and sampling
would have required intense manipulation, or if the comb was very small (<40 cells), we
chose not to collect it. For this reason, not all the colonies were analyzed every month.

To count the number of individuals present in the collected combs, we opened all
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cells of the combs with an entomological pin. Subsequently, the morphological charac-
teristics of the heads were used in order to distinguish the sex (male or female) and caste
(queen or worker) of each individual. Finally, we returned the combs to their mother colo-
nies, after which the workers repaired them with a cerumen layer so that all individuals
could still emerge in their natal colony.

We analyzed 37 brood combs during two periods, from February to June 2003
(N = 18 combs) and from October 2003 to January 2004 (N = 19 combs). The gap be-
tween these two periods corresponds to the reproductive diapause that occurs in autumn
and winter in this species (van Benthem et al., 1995; Ribeiro et al., 2003b). In June, the
colonies were already in diapause, and the sampled combs were the last ones that were
produced in the nests. The combs sampled in October correspond to the first ones that
were constructed after the end of the diapause period.

To analyze our data, we utilized the Kruskal-Wallis test, using the test statistic K
when we compared more than two groups. We also used Spearman correlations; P values
smaller than 0.05 were considered to be significant.

RESULTS

Over the whole one-year period, we collected 37 brood combs from five P. remota
colonies from the two populations examined. Overall, these contained 11,184 individuals,
of which 73.40, 26.52 and 0.08% were workers, males and queens, respectively. Among
all the female brood produced (N = 8218), 0.11% were queens, all but one of which were
reared in large, royal cells. Overall, 26.60% of the individuals produced were sexuals
(males or queens).

Number of brood cells

The brood combs had ample variation in size, from 41 to 826 cells (302.27 +
170.63 cells). The brood combs collected in colonies from Cunha (N = 23 combs) had
320.78 £+ 182.41 cells (minimum: 97; maximum: 826 cells), whereas those collected in
colonies from Prudentépolis (N = 14 combs) had 271.86 + 150.72 cells (minimum: 41;
maximum: 546 cells). We did not find significant differences between cell number in
combs from Cunha versus Prudentépolis (H = 0.769; P = 0.381).

Also, we did not find significant differences between comb sizes from the dif-
ferent colonies (K = 5; H=1.479; P = 0.830). The combs from colonies C1, C2, C3, and
P1 were similar in mean size, but the combs sampled from colony P2 were the smallest
(Table 1).

The largest combs were sampled in February (552.00 + 137.27 cells) and December
(478.60 £ 57.50 cells), while the smallest were collected in June (157.50 £ 25.32 cells) and
October (89.83 + 15.68 cells). The number of cells varied significantly with time of the year
(K=9; H=128.203; P<0.001).

There was a significant correlation between the number of cells and the number of
individuals produced. We found a positive correlation between the number of cells and the
number of workers (r = 0.851; P < 0.001; Figure 1) and between the number of cells and the
number of males (r = 0.717; P < 0.001; Figure 1). This means that bigger combs produced
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Table 1. Mean relative frequency (%) of queens, workers and males produced and respective standard deviations
(SD), minimum frequencies (min.) and maximum frequencies (max.) in Plebeia remota colonies, between
February 2003 and January 2004.

Cunha Prudentopolis
C1 C2 C3 P1 P2
Relative frequency (%)
Queens
mean 0.10 0.22 0.00 0.26 0.34
SD 0.24 0.41 0.00 0.59 0.69
min. 0.00 0.00 0.00 0.00 0.00
max. 0.60 1.03 0.00 1.32 2.04
Workers
mean 89.95 80.50 70.62 78.08 75.61
SD 16.57 15.59 26.96 24.46 20.64
min. 60.23 63.71 34.98 46.22 41.06
max. 100.00 99.48 99.18 98.68 100.00
Males
mean 9.95 19.29 29.38 21.65 24.05
SD 16.64 15.81 26.96 24.74 20.71
min. 0.00 0.00 0.82 0.00 0.00
max. 39.77 36.29 65.02 53.78 58.17
Absolute frequency
Brood cells
mean 330.67 315.50 318.89 316.40 247.11
SD 202.50 152.56 213.08 167.18 144.95
min. 109.00 97.00 122.00 76.00 41.00
max. 648.00 504.00 826.00 546.00 425.00
total 1984.00 2524.00 2870.00 1582.00 2224.00
Queens 1.00 2.00 0.00 1.00 5.00
Workers 1683.00 1922.00 1951.00 1126.00 1527.00
Males 300.00 600.00 919.00 455.00 692.00
Brood combs 6.00 8.00 9.00 5.00 9.00

The absolute frequencies of brood cells, queens, workers, males, and brood combs analyzed in colonies from
Cunha (C1, C2, and C3) and from Prudentopolis (P1 and P2) are given.

more workers and males. The relationship between the number of cells and the number of
queens was negative and significant (rs = -0.369; P = 0.025), although we found a low fre-
quency of this caste. This result could be due to the fact that these queens were reared in small
combs, with a mean size of 181.29 + 124.41 cells, varying from 98 to 425 cells.

Worker production

Workers were found in all brood combs; however, their frequencies were below 40%
in two samples, because of intense male production. In four combs (10.81% of the samples),
we found only workers. The percentage of workers varied from 34.98 to 100% of workers
(78.11 £ 21.17%).

Worker production by colonies from Cunha did not differ from those from Prudent6po-
lis (H=0.454; P=0.501). June and October 2003 were the months with the highest proportion
of workers (Table 2). These periods corresponded to the last combs constructed before repro-
ductive diapause and to the first combs after this phase, respectively (Table 2).

Genetics and Molecular Research 8 (2): 672-683 (2009) ©FUNPEC-RP www.funpecrp.com.br



Worker and sexual production in Plebeia remota 677

830 7 By orkers
a00 4 Omales L]

550 4
500 4
450
400 4
350 4
300 4
250 7
200 4
150 4
100
50 4
D T Dql] T T T T T T 1

0 50 100 150 200 250 300 350 400 450 500 550 400 650 700 750 200 250

MNumber of hrood cells

Number of ind #viduals

Figure 1. Correlation between the number of brood cells and the number of individuals (workers and males) in 37
brood combs sampled from Plebeia remota colonies.

Table 2. Mean relative frequencies (%) of queens, workers and males produced monthly and respective standard-
deviations (SD), minimum frequencies (min.) and maximum frequencies (max.) in Plebeia remota colonies,
from February 2003 to January 2004.

Relative Months
frequency
(%) Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Jan
Queens
mean 0.00 0.15 0.00 0.00 0.81 * * * 042  0.00 0.05 0.00
SD 0.00 0.34 0.00 0.00 0.87 * * * 0.53  0.00 0.11 0.00
min. 0.00 0.00 0.00 0.00 0.00 * * * 0.00  0.00 0.00 0.00
max. 0.00 0.76 0.00 0.00 2.04 * * * 1.32 0.00 0.24 0.00
Workers
mean 67.12 67.96 70.39 70.95 97.80 * * * 97.15  69.51 74.68  75.01
SD 6.40 29.32 25.94 30.17 2.76 * * * 3.61 19.61 1534 26.87
min. 60.23 41.06 38.49  49.62 93.88 * * * 90.72  49.41 57.33 34.98
max. 72.88 100.00  100.00 92.28 100.00 * * * 100.00 9626 9739  91.93
Males
mean 32.88 31.89 29.61 29.05 1.54 * * * 234 3049 2527 2499
SD 6.40 29.15 25.94 30.17 1.96 * * * 348 19.61 1534 26.87
min. 27.12 0.00 0.00 7.72 0.00 * * * 0.00 3.74 2.61 8.07
max. 39.77 58.17 61.51 50.38 4.08 * * * 825 50.59  42.67 65.02
Brood cells 1656 1554 1025 702 630 * * * 539 1104 2393 1581
Brood combs 3 5 4 2 4 * * * 6 4 5 3

The absolute frequencies of brood cells and brood combs analyzed monthly are given. *Months without samples
due to reproductive diapause period.

When we compared the frequencies of workers produced monthly, we did not find sig-
nificant differences among them (K = 9; H = 12.435; P = 0.133) nor between the frequencies of
workers produced before and after diapause (H = 0.067; P =0.796).

The mean frequencies of workers in colonies C1 and C2 were higher than 80%, whereas
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the lowest was found in colony C3 (Table 2), although this nest produced the most of males. In
absolute frequencies, colonies C1, C2 and C3 contributed more workers to the population, which
corresponded to, 20.50, 23.41 and 23.77%, respectively, of sampled workers, than the other colo-
nies. However, when we compared the frequencies of workers produced, there were no significant
differences among the colonies (K =5; H=5.110; P =0.276).

Queen production

We found few queens (N = 9) in the brood combs; in 81.09% of them, queens were absent.
Eight of the nine queens were reared in royal cells (88.89%). Only one queen was found in a cell
with similar size with those where workers and males are reared. We did not find significant dif-
ferences in queen production between the localities (H = 1.530; P = 0.216), though colonies from
Prudentopolis had produced 66.66% of the queens (N = 6 queens).

The queens were produced only in March, June, October, and December 2003 (Table 2).
However, their frequency did not vary significantly in relation to the month of the year (K =9; H
=10.510; P=0.231). The highest proportions were found in June (33.33% of the queens) and Oc-
tober (33.33% of the queens) (Figure 2), corresponding to the last combs built before reproductive
diapause and to the first combs built after this period, respectively. However, when we compare the
period before and after this phase of inactivity, we did not find significant difference (H = 0.084;
P=0.773).

Colony C3 did not produce any queens in nine sampled combs. However, with the same
number of brood combs, we found five queens in colony P2 (55.56% of the queens). Nevertheless,
we did not find difference among the colonies (K = 5; H = 3.463; P = 0.484), when we compared
the relative frequencies of queens in brood combs.

32: B workens (H = 8209)
3004 O maes (M= 268)

|a:

D 3 10 13 20 25 30 35 40 45 50 55 a0 &5 70 73 80 25 S0 93 100
Frequency of individuals (%9

Figure 2. Relative frequency distributions (%) of workers and males in Plebeia remota brood combs. N = total
number of individuals observed.
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Male production

Among 2966 sampled males, only two had been reared in royal cells (0.07% of males).
One was found in May in colony P2 and another in November in nest C2. Among the 10 indi-
viduals reared in royal cells, the giant males corresponded to 20% of them.

In 18.92% of the samples, males were absent (Figure 2). However, in 16.22% of the
combs, the male percentages were superior to 50% of the individuals. Among these combs
with many males, only one had two queens; in another five combs, males and workers were
produced. There was ample variation (0-65.02% males); the mean was 21.71 £ 21.27% males.
When we compare male frequencies, we did not find significant differences between colonies
from Cunha and from Prudentépolis (H = 0.320; P = 0.572).

In February, March and November 2003 there were more than 30% males (Table 2).
The brood combs collected in June and October had the lowest average frequencies, with 1.54
1 1.96% and 2.34 + 3.48% males, respectively. On the other hand, these combs were composed
almost entirely by workers, since they were the last ones before the period of cell construc-
tion stop and the first ones after this period of reproductive inactivity. When we compared the
male frequencies in different months, we did not find significant differences among them (H =
13.859; P=10.086), nor inter-colony differences (K = 5; H=4.829; P =0.305), even though col-
ony C3 was responsible for 30.98% of the males sampled during the study period (Table 1).

DISCUSSION

Differences between P. remota colonies from Cunha and Prudentdpolis have been
reported in some studies, suggesting that they are two species. These differences concern
architectural aspects of the nests, duration of reproductive diapause (Ribeiro et al., 2003b),
workers’ and queens’ Dufour secretions, queen’s scutellum (Patricio and Imperatriz-Fonseca,
2004), wing venation patterns, mitochondrial DNA patterns analyzed via PCR + RFLP, cuticu-
lar hydrocarbons, and DNA microsatellite analyses (Francisco et al., 2008). However, we did
not find significant differences between colonies from Cunha and from Prudentopolis in the
number of brood cells and worker, queen and male production.

Worker, queen and male production did not differ significantly before and after repro-
ductive diapause, or in the different months. These results indicated that workers, queens and
males are present at population level in the whole year.

Number of brood cells

The number of brood cells could be a direct consequence of the colony state, such as
population density and food supply. In stronger colonies, we found larger brood combs due to
greater activity in cell construction, whereas in weaker colonies, the number of cells in con-
struction was lower, so the combs were smaller. In accordance with Bego (1990), the colonies
pass for different moments in which they are strong and subsequently they become weak, and
each colony has an optimum to be reached. This cycle can explain the significant difference in
the numbers of cells according to the time of the year.

van Benthem et al. (1995) observed that the P. remota combs from weak colonies had
from 100 to 350 cells, while combs from strong colonies had 550 to 850 cells, similar to what
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we found. The authors concluded that the number of cells is proportional to the population
of adult workers, responsible for the different tasks in the nest. The smallest combs that we
encountered in P. remota colonies, with less than 100 cells, could be a consequence of insuf-
ficient food supplies. Similar results were found for Scaptotrigona postica (Bego, 1990) and
for Trigona ventralis (Chinh and Sommeijer, 2005). In the latter species, there is a significant
correlation (P = 0.036) between the number of food pots and the number of brood cells, and
during the dry season the amount of food stored in the nest and the comb size were smaller
than during the wet season. In S. postica, Bego (1982, 1990) attributes the variation in comb
sizes to intrinsic relations of various extra- and intra-colonial factors. She emphasizes, as do
Chinh and Sommeijer (2005), that during the rainy period, colony growth rate raises, owing to
an ample quantity of pollen and nectar from flowers.

The positive relationship between the number of brood cells and the number of in-
dividuals produced was also found by Santos-Filho et al. (2006) for species that build royal
cells (P. remota and Schwarziana quadripunctata). These authors indicate that there is strict
control over the allocation to workers, due to their ergonomic function to the colony (Oster
and Wilson, 1978). The positive relationship between comb size and male production can be
explained by the investment in reproductives, since investment in gynes for P. remota colonies
was very low (see Santos-Filho et al., 2006).

Worker production

Workers were presented in all sampled combs, and this demonstrates their fun-
damental importance for the functioning of the colony as a whole, due to many tasks
performed by them involving the growth and maintenance of the nest (Oster and Wilson,
1978). Some combs were composed basically of workers, whereas some had values below
40%. Santos-Filho et al. (20006) interpreted these low values as a minimum threshold for
the survivorship of the colony.

The highest percentages of workers were found in June and October, accounting for
98.41 and 97.22% of the individuals produced, respectively. During these months, the sampled
combs were the last combs constructed before reproductive diapause and the first combs after
this phase. This phenomenon corresponds to interruption of brood cell construction by work-
ers and consequently, the mated queen stops laying eggs (van Benthem et al., 1995; Ribeiro
et al., 2003b). Therefore, workers are needed during this phase of reduced activity in order to
conduct other tasks in the colony, such as foraging (Hilario, 2005). Because they are the last
ones to emerge in the nest, these workers have a longer longevity than those produced in the
other months (van Benthem et al., 1995), and they are responsible to build brood cells when
reproductive diapause ceases.

Queen production

The low frequency of queens (0.08% of the individuals) that we found in P. remota
colonies was similar to what has been reported for other species that rear their queens only
in royal cells, the typical queens, such as in 7. ventralis (166 queens in 205,536 cells) (Chinh
and Sommeijer, 2005). During 21 months of study, Bego (1990) evaluated 129,000 brood cells
from S. postica colonies and found approximately 0.05% royal cells. In three S. bipunctata
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colonies, 1472 cells were recorded; only 0.27% corresponded to queens reared in royal cells
(Alves DA, Wenseleers T and Imperatriz-Fonseca VL, unpublished results).

Nannotrigona testaceicornis and S. quadripunctata, which have both systems of queen
production (in royal cells and in normal-sized cells), have low investments in queens similar to
those of species that rear their queens only in royal cells. The annual queen production recorded in
N. testaceicornis was 0.01% (Cabral and Imperatriz-Fonseca, 2007) and it was 0.56% in S. quadri-
punctata (Wenseleers et al., 2005). However, exceptionally high queen production can occasionally
occur and this phenomenon was reported for Cephalotrigona capitata (N = 20; von Ihering, 1903),
N. testaceicornis (N =9 queens, in a small piece of comb; Imperatriz-Fonseca et al., 1997) and S.
quadripunctata (N = 29; Camargo, 1974). Ribeiro et al. (2003a) recorded within two months 46
queens in a P. remota colony and another 21 queens emerged from a comb with 40 cells. The great
majority of these queens were miniature and their high production implies some costs for the colo-
nies (Wenseleers et al., 2003). This was an isolated event and is very uncommon.

The production of miniature queens can be explained by the caste conflict hypothesis.
It assumes that selfish females reared in normal-sized cells become queens, instead of workers,
because they have direct benefits in reproduction (Ratnieks, 2001; Wenseleers et al., 2003, 2005).
We encountered only 0.01% miniature queens among 8210 females reared in normal-sized cells.

Although we did not find significant differences among months, the queens were pro-
duced in higher proportions in June and October. All were recorded in royal cells and this fact
indicates that the workers construct these special cells to assure the survival of the colony
during unfavorable environmental conditions. If the mated queen dies during reproductive
diapause, there are new queens in the nest to be selected by workers, which can mate and
replace the dead one, thus the future of the colony is assured.

Male production

The occurrence of giant males is relatively common in Meliponini species, includ-
ing Friesella schrottkyi (Camillo, 1971), P. julianii (Juliani, 1967), S. postica (Bego and Ca-
margo, 1984), and S. quadripunctata (Santos-Filho et al., 2006). Camillo (1971) found that F.
schrottkyi giant males have 2.35 times more spermatozoids than males emerged from normal-
sized cells. Some authors have suggested that they are produced during male-producing pe-
riods, because workers cannot distinguish royal cells from normal-sized cells when they are
laying reproductive eggs (Camillo, 1971; Bego and Camargo, 1984). However, another pos-
sibility would be that if these males are queens’ sons, the queen can decide if she will fertilize
the egg or not during oviposition. Because the royal cells have a larger diameter, the mated
queen could perceive this and lay a haploid egg. Thus, she would avoid future competition
with her daughter and to be replaced by it. However, this hypothesis needs to be tested; this
could be done with molecular tools.

In a 4.5-month study of combs from P. remota, there was an ample variation in male pro-
duction, from complete absence to high frequencies, with up to 70% males (van Benthem et al.,
1995). We also found a wide variation in male frequency in combs, from 0 to 65.02% of males.

Other studies have reported similar variations, such as in S. quadripunctata (0-100%;
Alves and Imperatriz-Fonseca, 2005), S. postica (Bego, 1990), Tetragonisca angustula (Grosso
et al., 2000), and 7. ventralis (0-100%; Chinh and Sommeijer, 2005). Velthuis et al. (2005) dis-
cuss that in these species and other Melipona species, most males are produced during short pe-
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riods and they called them male-producing periods. These periods are not necessarily synchro-
nous among colonies, because each colony has its dynamics in the production of reproductives.
Over a short period of time, some workers lay reproductive eggs along with haploid eggs laid
by the mated queen (Velthuis et al., 2005). But similar to what was found by van Benthem et al.
(1995) in P. remota, the great majority of males are produced by the mother queen of the colony.
The same was detected by Toth et al. (2002) with DNA microsatellite analysis, which showed
that a small proportion of males were workers’ sons in some stingless bee species. These males
were detected in one colony among seven that they sampled. Thus, both methodologies, based
on direct observation and on molecular techniques, indicated that the workers contribute to
male production, but in a relatively inconspicuous way (Velthuis et al., 2005).

Because these combs had a lot of males, low percentages of workers were ob-
served, indicating that the colony invests less in workers when many males are produced
(Santos-Filho et al., 2006).
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