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INTRODUCTION

In numerous social insects, ovarian activity is correlated with hierarchies (West-
Eberhard, 1978; Roseler et al. 1980; Sledge et al. 2001); additionally, oogenesis is a process
limited by the availability of nutrients that an individual may acquire as larva or as imago
(Wheeler, 1996).

Ovarian development in queenright colonies is found in all social Hymenoptera
(Sakagami, et al., 1963; Holldobler & Wilson, 1990; Edwards, 1980). In Apis bees, although
queen and larvae highly inhibit ovarian development of the workers, some may escape control
and lay (Bourke, 1988; Ratnieks & Visscher, 1989). In stingless bees, brood production is
characterized by a complex, ritualized progression of behaviors denominated the provisioning
and oviposition process, POP. Among the nurses participating in POP, ovarian development
is very common (Sakagami et al., 1963) with only 4 genera presenting totally sterile workers
(Sakagami & Zucchi, 1968; Terada, 1970; Sakagami & Zucchi, 1974, Sakagami & Inoue
1990 apud. Crespi, 1992; Zucchi, 1993).

While most of the worker eggs laid by stingless bees are consumed by the queen
(worker trophic eggs), workers of several species contribute significantly in male production
(with worker reproductive eggs) illustrating the conflict at the individual reproductive level
(Beig, 1972, Contel & Kerr, 1976; Koedam, et al. 1999; Sommeijer, et al. 1999; Toth, et
al. 2002; Téth et al., 2004). From an evolutionary outlook, “benefactor” behaviors may
evolve if workers conserve the “hope” for reproducing (Lin & Michener, 1972), in addition it
then would be possible that the principal function of trophic eggs is that of keeping the ovaries
active (West-Eberhard 1981, apud. Crespi, 1993). These ideas are interesting bases upon
which we can discuss our results.

Our objective is to verify if those workers that participated more in the POP are
heavier (indirectly representing the influence of food in oogenesis) and if they present higher
levels of ovarian development (representing the “hope” for reproducing).

For M. bicolor, we correlated individual weight and extent of ovarian development
with the levels of activity presented by each nurse bee. Our results lead us to believe that
ovarian development is necessary for workers to assist effectively in brood production explaining
the so called “idiosyncratic inclination to attend the brood”” (Oster & Wilson, 1978). We demonstrate
thatin M. bicolor, behavioral differences divide nurses into non layers and layers (of trophic and/
or reproductive eggs), being egg layers the most interested in POP as demonstrated by their
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continuous presence (constancy) and contributing significantly to each process (assiduity). This
separation indicates that ovarian development may play an important role in task partition in the
colony and that it influences the degree of involvement presented by each worker.

MATERIALS AND METHOD

For filming: Two colonies (one polygynic, one monogynic) were kept in observation
hives (Fig. a.) where workers were free to forage. All POP were filmed and mapped during
20 consecutive days. In order to avoid behavioral changes caused by exposing the comb to
daylight, the colonies were kept in portable dark rooms (Fig. b.), illuminated by cold, red light.

For following individuals: Individual recognition of the workers was done by means
of a tag glued to their thorax on the day of their emergence (Figs. c. & d.). For capturing the
callow, mature combs were kept in a small annex connected to the colony (Fig. a.). Emerging
callow were tag marked 3 times per day during 18 consecutive days.

c ' d.

Behavioral components: for each worker of known age participating in a POP was
noted the occurrence and duration of the following behaviors: body insertion (partial or total),
larval food discharge, egg laying (trophic or reproductive), and cell operculation. For each
individual was calculated:

e *Assiduity: total frequency of each basic behavior monitored;

e *Constancy: total number of POP in which an individual participated;

e *Total time invested on each behavior.

Physical components: at the end of the monitoring period all marked workers in the
monogynous colony were sacrificed, individually weighted and dissected. Ovaries were fixed
and photographed; ovarian area was measured using the program SCION
(www.scioncorp.com), special for analysis of medical images. Not all marked bees were
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recovered (some died or lost the tags) and not all dissections were successful, reducing the
final size of the samples.

Statistical analysis included Kruskall Wallis, Mann Whitney, variation coefficient
and Spearman correlation (Sokal & Rohlf, 1997).

RESULTS

As we observe on figure e, individual nurses born on the same day do not present
ovaries of the same size. The coefficient of variation of the ovary area computed for workers
within each age group (workers which emerged on a given day) was found to have a wide
range of values between the age groups, from 29.2 to 172.6 in the monogynic colony. The
high level of variation in ovary area is mainly due its growth and differentiation, which is, in
turn, dependent on age, and also includes both within- and between-individuals’ variation.

Area: 1.76

1.68
Figure e.: Ovaries of bees all 24 days old in M. bicolor.

The polygynic colony presented 11 individuals that laid from 1 to 3 reproductive
eggs. As we can see in figure f, their participation in all behaviors demonstrated an outstanding,
extraordinary performance: they were present in at least 7 times more POP (constancy),
being active participants by discharging larval food.
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Figure f.: Comparison between the constancy and assiduity of the behavioral
performance of the three types of nurses participating in POP in M. bicolor.

As for trophic egg laying, when comparing mature nurses (older than 10 days: min.
age for laying trophic eggs) that laid or not, we find that in both monogynous (Mann Whitney
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p<0.05 for all variables and behaviors) and polygynous colonies (Kruskall Wallis p<0.05 for
all variables and behaviors), layers of trophic eggs differ significantly from non layers. Trophic
egg layers present averages of activity that double fold the activities of non laying bees as we
can see in Figure g.
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Figure g.: Comparison between the constancy, assiduity and time invested for the
behavioral performance in POP between trophic egg layers and non egg layers in M.
bicolor.

Another way to perceive the great contribution of egg layers in the POP is by calculating
an average participation per bee, seen in the following table:

Table 1. Average participation in POP per individual in polygynous and monogynous
colonies of M. bicolor.

Monogynous colony Polygynous colony
Nurses n=214 Nurses n=353
Total number of Total Total
events in 20 15,380 % 13,689 %

consecutive days

154 nurses participated in 217 nurses participated in average

Non egg layers average in 50 events >0 in 24 events 38
. 60 nurses participated in 125 nurses participated in average

Trophic cgg layers average in 128 events >0 in 44 events 40

Reproductive egg 11 nurses participated in average 29

layers in 271 events
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In the monogynous colony we see that of the total number of nurses, 1/3 of the
trophic laying nurses participate in 50% of the events; in the polygynous colony we see the
extraordinary efforts of only 11 reproductive nurses participating in almost % of the total
number of recorded events.

When we correlated individual physical characteristics of each nurse type with their
behaviors, we obtained the following results:

EGG LAYERS: we find little or no correlation between ovarian area and behavioral
variables. This is explicable once we consider that within egg layers, there were two subgroups
present: bees with developed ovaries that if they had lived longer would had laid more eggs,
but among these were also older bees who presented ovaries degenerating after oviposition.
However, we do see that the heaviest laying nurses were more constant and assiduous in the
POP. We also find a correlation of the constancy presented by laying bees as they age (Table
IT). Because of space limitations, correlations with the basic behaviors were not included
here, though some may be mentioned in the discussion.

YOUNG NON EGG LAYERS: among non layers we also find subgroups: old bees
that never laid eggs and young bees, many of which demonstrated that as they age, ovaries
mature and grow, their levels of activity increase, as well as their weight (Table II). If these
were left to live longer they would had become egg layers. Young non laying workers were
then the most adequate group to follow.

Table I1: Significant correlation coefficients between physical and behavioral variables
in M. bicolor

Trophic egg layers n Young non egg layers n=51
Body weight 0.27
= Ovarian Area 0.42
O  _ _Assiduity 0.40
< £ “Constancy 033 36 0.43
~  Time invested 0.33
7 Body weight
=< Age
Z 2 _ Assiduity 0.44
> < %ﬁ Constancy 0.48
© T Time invested 0.45
Ovarian Area
[
> T Age
82 . _Assiduity 0.34 48 0.36
& § S _Constancy 0.32 43 0.37
©  Time invested 0.38
DISCUSSION

When we analyzed nurses in both colonies, we find great variability in individual
behavior for each age group. By dividing nurses into egg layers and non layers, we find
significant differences between the three types of nurses for all variables measured. From the
analysis on the average individual participation, we see that even though there were only 11
reproductive nurses, they presented such high levels of performance that competitively reduced
the participation other nurses in the POP. In the monogynous colony where there were no
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reproductive nurses, the reduced number of trophic egg layers (n=60) worked 2.5 times
more than non laying nurses (n=154) in order to participate in 50% of the events. We clearly
perceive the great interest laying nurses have in the POP. There is no information in the literature
where to compare our results.

Egg laying has been related to division of labor. In several social species, behavioral
changes of aging workers parallel with changes in the development of their ovaries: young
individuals that work in the nest present developed ovaries, while older ones forage and
present degenerated ovaries (Wilson, 1985). Inoue & col. (1996) found in Trigona
(Tetragonula) minangkabau, that the population of a nest could be divided into nurses
dedicating all their lives to care for the brood, and foragers that hardly remained with the
brood. However, it is worth noting that these bees are totally sterile. It is possible that in some
species ovarian development evolved as a mechanism to divide work in Hymenoptera (Bourke,
1988). Another approach suggests that laying workers would prefer to remain in the nest,
close to their reproductive interests while not exposing themselves to predators (Franks &
Scovell, 1983).

Our results indicate that laying nurses are behaviorally very different from non laying
ones. A general comparison demonstrates that they are more constant, more assiduous and
invest more time in the POP. Due to age differences within the complete group of egg layers,
we found no correlation between ovarian area and behavioral variables. However, we do see
that the heaviest laying nurses were more constant and assiduous in the POP, inspecting the
cells and laying their eggs; these behaviors were found to be correlated with age. As for the
young non layers, there were clear correlations showing how as they age and their ovaries
mature and grow, their levels of efficient interest in the POP increases, as well as their weight.
Since significant correlation coefficients were never higher than 0.59, we conclude there must
exist intricate feedback relations between weight, ovarian development, hormonal levels, social
interactions and even learning capacity.

Correlation between dominance and ovarian development has been demonstrated
since 1948 on wasps (Pardi, apud. West-Eberhard, 1978). Proximal mechanisms involve the
concentration of hormones that change with age, probably acting best on well fed individuals.
However our results permit us to discuss the meaning of why workers have retained ovarian
development. What we see in M. bicolor are females trying to reproduce. It has been proved
that among social bees persists the ancient conflict for reproducing. Even among Apis bees
where queen and larvae highly inhibit ovarian development in workers, some may escape
control and lay (Bourke, 1988; Ratnieks & Visscher, 1989) and isolated workers of the same
age present individual differences in ovarian development (Velthuis, 1970). As for behavioral
differences, genera that present totally sterile workers, are characterized by POP considered
as “simple”, lacking the typical excited behavior observed in species where nurses produce
eggs (e.g. Sakagami & Zucchi, 1968, 1974). The simplicity of these POP suggests that the
ritualized interactions queen-workers are associated to the conflict over male production and
that ritualization partially resolves conflict leading to cooperation (Crespi, 1992).

Lin & Michener (1972) argue that a benefactor behavior with no altruism involved
may develop, provided there is a significant contribution to male production by workers.
Whenever a female conserves the “hope” for reproducing, her participation in colony tasks
may be considered as an investment in her future reproduction. In many Meliponine species
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there is a percentage of workers that lay reproductive eggs, contributing significantly in male
production. In the Melipona genera we have: M. subnitida (Contel & Kerr, 1976), M.
Javosa (Sommeijer, et al. 1999), M. marginata, M. scutellaris and M. quadrifasciata
(Toth, et al. 2002). Furthermore, the same individual may produce both trophic and
reproductive eggs (e.g. Koedam, et al. 1999). This evidence may indicate that there is selection
to keep the production of trophic eggs in an individual that can produce both types of eggs
(Kukuk, 1992); it may also indicate that males sons of reproductive workers have a high
reproductive success. Trophic eggs may have the function of deceiving the queen, but West-
Eberhard (1981, apud Crespi, 1993) proposes a more interesting hypothesis, stating that the
function of trophic eggs is to maintain ovaries active. This would indicate that the role of
trophic eggs as the principal source of nutrients for the queen (Sakagami, 1982) is a subproduct
of the cooperative interaction between worker and queen.

We conclude then what we see in M. bicolor is that the best fed workers keep their
ovaries activated probably in “hope for reproducing”, and that they participate effectively in
as many POP as possible. In M. bicolor is recreated in each POP, although hidden within
their ritualized behaviors, the ancestral war between all females for the privilege of reproducing.
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