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Abstract — Stingless bees are a diverse group of highly eusocial tropical bees and potential pollinators of
natural and crop environments. Nevertheless, large-scale breeding for agricultural purposes still needs
development. A bottleneck is the small number of queens generally found in the colonies of most species. A
proposed solution is to develop in vitro rearing of stingless bee queens, which includes a technical support due
to the massive liquid feeding of larvae. In this study, we tested the efficacy of in vitro queen-rearing techniques
in terms of queen size, survival, and fecundity. We found that humidity must be kept high during the first
6 days of larval development and reduced thereafter to 75 %. In the most effective treatments, we obtained up
to 97.9 % queen survival. We also found that queens not different in size from natural queens could be
produced if sufficient larval food is provided. In vitro queens were able to mate and lay viable eggs. This
methodology is also useful for several research appliances, like pesticide effect on bees, pollen quality effect in

caste determination, and the use of genetic sources for selection programs, among others.

Scaptotrigona depilis | Meliponini/ colony multiplication / meliponiculture / pollinator

1. INTRODUCTION

Unlike honeybees and bumblebees, the euso-
cial stingless bees do not provision their brood
progressively. All Meliponini species mass
provision their brood with liquid larval food,
which is a mixture of pollen, gland secretions,
and honey (Michener 1974; Hartfelder and
Engel 1989). The queen then lays an egg on
the top of the food, and the workers close the
brood cell. The brood cells are only opened
when the adult bees emerge (Michener 1974;
Nogueira-Neto 1997).

In most of Meliponini genera (except
Melipona), queens are reared in larger brood
cells, called royal cells, whereas males and
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workers are reared in smaller brood cells
(Darchen and Delage-Darchen 1971; Engels
and Imperatriz-Fonseca 1990). Generally, royal
cells are provisioned with up to eight times
more larval food than worker and male cells
(Darchen and Delage-Darchen 1971; Camargo
1972a, b). In all genera of Meliponini, except
for Melipona, female larvae develop into queens
if they receive the larger amount of larval food
(Camargo 1972a, b; Campos and Costa 1989;
Campos and Coelho 1993). In Melipona bees, a
large number of queens are produced (up to
25 % among the females), and queens do not
receive larger amounts of larval food. Their
castes seem to be determined by both genetic
and trophic factors, but the mechanism that
triggers queen development is still unresolved
(Hartfelder et al. 2006). Therefore, in Melipona
bees, it is not possible to induce queen
production by adding larger amount of larval
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food, as in other stingless bee genera (Maciel-
Silva and Kerr 1991).

Manipulation of larval feeding as an attempt to
artificially produce queens has been investigated
in Brazil. Camargo (1972a) pioneered these
studies and developed a technique for rearing
stingless bee larvae in vitro, under controlled
conditions, based on existing methods for hon-
eybee queen rearing. Artificial cells were built
with honeybee wax and filled with larval food
harvested from recently built brood cells. A
young larva from a worker cell was then
transferred to this artificial cell, where more
larval food could be added. The cell was then
closed and kept in incubators with controlled
environmental conditions. In this way, all female
larvae could be induced to become queens.

The initial experiments were performed with
Scaptotrigona postica, and other researchers
later extended the technique to some other
species (Almeida 1974; Campos and Costa
1989; Maciel-Silva & Kerr 1991; Hartfelder
and Engels 1992). Although these studies have
been very important in understanding the basic
mechanisms of caste determination in stingless
bees, the technique was very rudimental, and
generally, survival rate was very low. For
example, in the first publication of Camargo
(1972a), out of 40 trials, only one queen
emerged. Although this survival rate increased
later to around 50 %, several aspects of the
technique still needed to be improved. The
queens produced under in vitro conditions were
smaller than natural queens (Hartfelder and
Engels 1992; Baptistella et al. 2012), and
building of wax cells was very laborious.
Besides that, it is not clear whether these in
vitro queens were able to mate and lay eggs.

Additionally, up to now, all efforts to produce
queens in vitro were for basic research purpo-
ses. Earlier studies also suffered from small
sample sizes. Nowadays, with the advance of
meliponiculture and its potential application in
agricultural pollination (Cortopassi-Laurino et
al. 2006), this technique has a greater impor-
tance for producing large numbers of stingless
bee colonies, similar to what occurred in
apiculture. Advances of queen-rearing techni-
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ques of honeybees (4pis mellifera) improved
beekeeping possibilities and were the base of
genetic improvement programs, allied with
instrumental insemination (Laidlaw and Page
1997; Cobey 2007).

Moreover, the number of royal cells built varies
from one species to another. In some stingless bee
species, royal cells are rarely seen in the nest, and
within the same species, it is influenced by many
factors (Imperatriz-Fonseca and Zucchi 1995).
Some of these species are good candidates to be
used as crop pollinators, and beekeepers could
benefit from in vitro queen-rearing technique. For
example, Tetragonisca angustula, an important
pollinator of strawberry, produces a low number
of virgin queens, three to six queens per year
(Prato 2011).

The present study tests several modifications of
the previous methodology for in vitro queen-
rearing and the influence of these modifications
on survival rate and size of the produced queens.
Experiments focused the control of relative
humidity throughout larvae development; the
success rate of queens produced with the use of
acrylic artificial cells; the control of quantities of
larval food and queen size; and detection of other
possible bottlenecks during in vitro queen-rearing.
We also tested whether the in vitro produced
queens are able to mate and lay eggs.

2. MATERIAL AND METHODS
2.1. Study site and study species

The experiments were performed at University of
Sado Paulo, campus of Ribeirdo Preto (S@o Paulo
State, Brazil). We used Scaptotrigona depilis (Moure
1942) for this study. This species is a medium-sized
bee (0.5 cm) and live in perennial colonies with
around 10,000 bees and a single physogastric queen,
which lays around 300 eggs per day.

2.2. General description of in vitro
queen-rearing technique

We used the technique described by Camargo
(1972a) with modifications, as described above.
Instead of wax cells, we used commercially available
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ELISA acrylic plates for immunology tests
(Figure 1). Each plate has 96 cavities of 7 mm of
diameter and 10 mm of depth, similar size to natural
royal cells of the studied species, S. depilis. All the
materials were washed with boiling water and
sterilized under UV for 15 min to avoid contamina-
tion with external organisms.

The larval food used in the experiments was
removed from recently built combs containing around
50-100 brood cells. The cells were opened; the eggs
were removed with a forceps, and the liquid larval
food was poured on a container. It was homogenized
with an automatic pipette (drawing up the larval food
and dispensing it several times) and then distributed
amongst the artificial cells. The volume of larval food
in each cell varied according to each experiment, as
described below.

To avoid excessive damage to source colonies, we
harvested only one or two young combs per hive.
Each source colony was used once every 15 days
without any considerable damage. To produce 100
queens, we needed four to five recently built combs
containing around 50-100 closed brood cells to
obtain larval food and another comb with young
larvae.

The young larvae, between 0 and 1 day old, were
obtained from healthy S. depilis colonies. The age of
the larvae was estimated by their size and position in
the brood comb, e.g., recently hatched larvae are
close to cells containing eggs. In each rearing plate,
we used larvae from three different colonies. Brood

Figure 1. Acrylic plate used for in vitro queen rearing
of S. depilis. 1t is placed in a Petri dish filled with
saturated salt solution to control humidity levels.
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cells were opened, and, using a small hook, larvae
were transferred to the artificial cells, where they
were left floating on the surface of the larval food.
The acrylic plates were then placed on Petri dishes
(150%x30mm), placed in an incubator at 28 °C, which
is the standard temperature used in previous studies
and between the natural range, 26-32 °C (Engels et
al. 1995). They were monitored daily until larvae
became pupae, after which they were monitored
every 3 days.

2.3. Ideal humidity conditions to larval
development

So as to ascertain the ideal humidity for larval
development, larvae were reared in different humidity
conditions throughout their development. The rearing
plates were kept inside Petri dishes, and humidity
was controlled by filling the bottom of the Petri dish
with either a saturated salt solution or pure water
(Figure 1). To maintain humidity at 75 %, we used
NaCl; to maintain humidity at 85 %, we used KCI,
and to maintain humidity at 100 %, we used pure
water (Winston and Bates 1960).

The use of saturated solutions is a precise method
for controlling humidity in biological research.
Winston and Bates (1960) provide a long list of
compounds that can be used at various temperatures.
We chose NaCl and KCl1 which keep humidity around
75 % and 85 %, respectively, at 25-30 °C. We used a
hygrometer to verify if our breeding system was
working properly.

In each treatment, we prepared 96 cells with food
and larvae. In all treatments of this experiment, we
put 134 uL of larval food in each artificial cell, which
was similar to the average amount of larval food we
found in natural royal cells (n=10 cells, mean=134.0,
SD=15.8). The volume of larval food from royal
cells was measured with graduated capillary.

We tested the following humidity treatments: (1)
100 % humidity during all development period; (2)
85 % during all development period; (3) 75 % during
all development period; (4) 100 % during the first
3 days and 75 % during the additional days of
development; (5) 100 % during the first 6 days and
75 % during the additional days of development; (6)
100 % during the first 3 days and 85 % during the
additional days of development; (7) 100 % during the
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first 6 days and 85 % during the additional days of
development; (8) 100 % during the first 3 days, 85 %
during the next 5 days, and 75 % during the
additional days of development; (9) 100 % during
the first 6 days, 85 % during next 5 days, and 75 %
during the additional days of development.

The criteria used to determine the day at which
each humidity level was applied was based on the
results of treatments 1, 2, and 3. The most relevant
evidences were water accumulation around the larvae
and larval food dehydration.

After queens emerged, we measured 30 queens
produced in treatments 4, 5, 8, and 9 and compared
them with 30 queens produced in natural royal cells.
We chose these treatments because they resulted in
good survival rates (over 75 %) and larval develop-
ment was healthy. The other treatments presented
many problems due to fungal growth on the pupae
and larval food dehydration, which influenced
queens’ size. The natural queens used in this
experiment were collected from 30 different colonies
about 2 days before emergence. We used the
intertegular distance as the queen size parameter.

2.4. Influence of quantity of larval food
on queens size

In this experiment, we provided larvae with
different volumes of larval food so as to ascertain
the quantity of food necessary to produce queens of
the same size as natural queens. Three volumes were
used 120, 134, and 150 pL. All of them received the
same humidity treatment (treatment 5:100 % during
the first 6 days and 75 % during the additional days
of development). Thirty queens of each group were
measured and compared with 30 naturally produced
queens.

2.5. Arein vitro queens able to mate and lay
eggs?

To test whether in vitro queens are able to mate
and lay eggs, 50 queenless nests were produced, and
each one received three in vitro queens between 3
and 5 days old. The queens were marked with paint
on their thorax and introduced inside a wax pot with
holes at their wall, which were slowly opened by
workers, to avoid rejection.
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Each nest received one brood comb containing
about 350 pupae, 150 young workers, building
materials, one pollen pot, and one honey pot. The
colonies were closed for 1 week to avoid attacks by
ants and phorid flies, and to allow workers to build
and organize essential structures inside the nest.
Before opening the hives, we inspected all the nests
to verify if at least one marked queen was accepted
by the workers and was still alive.

After 1 week, the hives were opened to the
environment and placed on shelves, 30 cm from each
other and facing in the opposite direction to their
neighbors. They were inspected once a week for egg
laying.

Colonies were fed with one pollen pot and one
honey pot every 15 days. If and when a queen started
laying eggs, the colony received one more brood
comb containing about 350 pupae so as to strengthen
the colony further.

2.6. Statistical analyses

We used ANOVA to test whether humidity treat-
ments influenced queen size. Tukey's multiple compar-
ison tests were used to compare one treatment to another
separately. To test whether the quantity of larval food
provided to larvae influenced queen size, we also used
ANOVA and Tukey’s tests. We used the program Prism
5(1992-2007, GraphPad Software, Inc.).

3. RESULTS

3.1. Ideal humidity conditions for larval
development

The highest humidity condition (treatment 1)
caused water accumulation inside artificial cells.
Consequently, all larvac were submerged and
died around 7 days after being transferred.
Water accumulation also occurred in treatments
5, 7, and 9, but the exchange of water by salt
solution on the sixth day promoted water
evaporation from the cell, saving the brood but
otherwise not affecting larval development.

On the other hand, low humidity levels
caused larval food to dry out. At 75 % humidity
(treatment 3), larval food dehydrated complete-
ly, and all larvae died by day 11. At 85 % of
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humidity (treatment 2), only food on the borders
of the plastic comb dried out. Although many
larvae survived in this treatment, they ingested
only a small quantity of larval food and thus
became workers.

Treatments in which humidity was at first
high and then reduced on the third or sixth day
after transfer were more successful, up to
97.9 % of survival (Table I). In general, larvae
ingested most of larval food available, but
there was always some left on the bottom of
the artificial cells at pupation. At the pupa
stage, mortality was high when humidity was
kept at 85 %, and there was intense fungal
proliferation, especially on feces and larval
food remains. In treatments with 75 % of
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humidity during the pupa stage, there was
very little fungus proliferation and high
survival (Figure 2).

The humidity conditions influenced the size
of queens produced (ANOVA, F=28.69; R*=
0.44; P<0.0001) (Figure 3). When the humidity
inside the Petri dish was reduced on day 3 after
transfer (treatments 4 and 8), the produced
queens were smaller, probably because the
larval food dried out and thus the larvae stopped
eating earlier than larvae from treatments where
the humidity was reduced later (treatments 5
and 9). However, all of the queens produced in
this experiment (treatments 4, 5, 8, and 9)
were smaller than natural queens (Tukey’s test,
P<0.05) (Figure 3).

Table I. Humidity treatments tested for in vitro queen-rearing of S. depilis, survival rates, and general

observations.
Treatment ~ Humidity Conditions Survival ~ General observations
number rate
1 100 % during all development period 0 % Water accumulated around larvae at
the sixth day; all larvae died
2 85 % during all development period 66.7 % Larval food dried at the acrylic plate
borders; only workers emerged
3 75 % during all development period 0% Larval food dried out completely; all
larvae died
4 100 % during the first 3 days and 75 % 89.6 % Healthy development
during the additional days of development
5 100 % during the first 6 days and 75 % 97.9 % Water accumulated around larvae at the
during the additional days of development sixth day but diminished after humidity
reduction; healthy development
6 100 % during the first 3 days and 85 % 53.1% Water accumulated around larvae at the
during the additional days of development sixth day; high mortality between the
15th and 30th day; intense fungus
proliferation at pupa stage
7 100 % during the first 6 days and 85 % 60.4 % Water accumulated around larvae at the
during the additional days of development sixth day; high mortality between the
14th and 24th day; intense fungus
proliferation at pupa stage
8 100 % during the first 3 days; 85 % during ~ 97.9 % Healthy development
the next 5 days; and 75 % during the
additional days of development
9 100 % during the first 6 days; 85 % during  75.0 % Water accumulated around larvae at the

next 5 days; and 75 % during the
additional days of development

sixth day; high mortality between the
14th and 23th day; intense fungus
proliferation at pupa stage

Ninety-six larvae were tested in each treatment

@ Springer



Figure 2. Acrylic cells of in vitro queen-rearing of S.
depilis with high survival rates at pupa stage.

3.2. Influence of quantity of larval food
on queen size

The size of queens is also influenced by the
quantity of larval food eaten by the larvae

C. Menezes et al.

(ANOVA, F=91.60; R*=0.70; P<0.0001)
(Figure 4). All the experimental groups were
significantly different between each other in
relation to size (Tukey’s test, P<0.05). However,
there was no significant difference between the
group fed with 150 uL of larval food and natural
queens (Tukey’s test, P>0.05) (Figure 4).

3.3. Challenges during the experiments

The acrylic cells used for producing in vitro
queens did not present any problems during
larval development. When the larvae stopped
eating, they weaved a silk cocoon around
themselves inside the cell. The cell itself
remained opened during the entire larval devel-
opment stage.

We observed some filamentous fungus grow-
ing at the borders of artificial brood cells, but
they did not represent a problem to larvae
survival. We also found this fungus inside
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Figure 3. Size of in vitro queens produced under different humidity treatments compared with natural queens
from royal cells of S. depilis. Each dot represents a measured queen and horizontal bars indicate the mean.
Different letters above groups signify statistically significant differences at P<0.05, Tukey’s test. Treatment
description: 4 100 % during the first 3 days and 75 % during the additional days of development; 5 100 %
during the first 6 days and 75 % during the additional days of development; § 100 % during the first 3 days,
85 % during the next 5 days, and 75 % during the additional days of development; 9 100 % during the first
6 days, 85 % during next 5 days, and 75 % during the additional days of development. All treatments in this

experiment received 134 uL of larval food.
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Figure 4. Intertegular distance as a measure of size of in vitro queens produced with different quantities of
larval food (120, 134, and 150 puL) and of natural queens. Each dot represents a measured queen, and
horizontal bars indicate the median. Different letters above groups signify statistically significant differences at

P<0.05, Tukey’s test.

natural brood cells of healthy colonies, and the
larvae eat them as they grow.

The main difficulty found was an infesta-
tion by the mite Tyrophagus putrescentiae.
Infestation occurred twice and was responsi-
ble for the mortality of all the larvae and
pupae that were developing inside the incu-
bator. Adult mites, eggs, and mite feces were
found on the pupae and larvae. T. putrescen-
tiae is a common mite in humid domestic
environments and feed on decomposing or-
ganic materials (C.H.W. Flechtmann, personal
communication).

After these infestations, we adopted addi-
tional hygienic procedures during all queen-
rearing procedures and inspections. The incu-
bator was sterilized every month with hypo-
chlorite solution. The queen-rearing materials
(acrylic cells, metal transfer hooks, Petri
dishes, etc.) were also sterilized before larval
transfer, and inspections were performed
inside laminar flow hood to avoid contamina-
tion with external organisms. No further mite
infestations occurred after these procedures
were adopted.

3.4. Are in vitro queens able to mate
and lay eggs?

Out of 50 introductions of in vitro produced
queens to queenless colonies, 13 were success-
fully established, and the queens were able to
mate and lay eggs. These colonies grew slowly
but were considered independent after 6 months.
One colony died after being formed due to an
attack by another stingless bee species (7rigona
spinipes). The other 36 colonies lost their in
vitro queens for unknown reasons. We suspect
the queens were lost during their nuptial flight.

4. DISCUSSION

In this study, we demonstrate that humidity
control is very important during in vitro
stingless bee queen-rearing. Stingless bees
control the internal conditions of brood cells
adding cerumen layers on the top of the recently
built comb, making it very thick (Camargo and
Pedro 2004). During brood development, this
cerumen is removed and added to the new cells.
This manipulation of the cells’ wall allows a
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control of the internal condition of the cells,
what must be kept in mind in the artificial queen
rearing. Although humidity reduction during
larvae development was already used by
Camargo (1972a) and also adopted by other
researchers (Almeida 1974; Campos and Costa
1989; Campos and Coelho 1993; Maciel-Silva
and Kerr 1991; Hartfelder and Engels 1992), the
artificial cells made from wax and closed with a
wax cover made humidity control ineffective. In
the first study by Camargo (1972a), only one
queen emerged out of 40 transferred larvae.
Survival rates were higher in later studies but
still generally lower than 50 % (Almeida 1974;
Campos and Costa 1989; Maciel-Silva and Kerr
1991; Baptistella 2009; Prato 2011). These low
survival rates were probably related to ineffec-
tive humidity control. Humidity inside the cells
can be controlled using acrylic cells without a
cover instead of closed wax cells. The absence
of a cell cover did not harm the larvae, and
humidity levels inside the Petri dish can be
effectively controlled using saturated salt sol-
utions (Winston and Bates 1960).

Another problem frequently found in previ-
ous stingless bee queen-rearing experiments
was the difficulty of producing queens of a
natural size. Hartfelder and Engels (1992)
produced a large number of in vitro queens of
S. postica and found that these queens were
smaller than natural queens. Baptistella et al.
(2012) also produced in vitro queens smaller
than natural queens of Frieseomelitta varia.
When we used the quantity we found in natural
royal cells (134 uL), we also obtained smaller
queens (Figure 4). But by using150 uL of larval
food, about 10 % more than the average found
in natural cells, we obtained queens of the same
size of natural queens. Queen size is important,
as in some species smaller queens lay fewer
eggs than larger queens (Ribeiro 1998; Ribeiro
and Alves 2001), although this was not found to
be the case in all stingless bee species (Ribeiro
et al. 2000).

Although in vitro queen rearing has been
previously used to study the caste systems of
stingless bees, it was not clear how fecund in
vitro queens were. Camargo (1972a) was the
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first to show that in vitro queens were able to
mate. Out of five in vitro queens, two were
killed by workers before the nuptial flight, two
never returned after their nuptial flight, and one
mated successfully and laid eggs. Twenty years
later, Hartfelder and Engels (1992) produced a
large number of in vitro queens and compared
their ovaries with natural queens’ ovaries. They
found that the ovaries of in vitro queens were
differently sized and shaped if compared with
those of natural queens, and the fecundity of the
in vitro queens was questioned. This study
reports successful in vitro production of S. depilis
queens which were able to mate and lay eggs.

In vitro queen-rearing is an efficient way of
obtaining large number of virgin stingless bee
queens. When adequate conditions are provid-
ed, high survival rates can be achieved, and
queens of the same size as natural queens can be
produced. It is thus possible to produce
hundreds of queens from a single colony in a
short period of time. In vitro queen production
may thus be usefully for both colony multipli-
cation efforts and genetic improvement pro-
grams, likewise occurred with honeybees
(Laidlaw and Page 1997). Although meliponi-
culture is still a modest economical activity,
there is a growing interest in tropical areas for
honey production and crop pollination. Thus,
much more biological information and improve-
ment of breeding techniques are required
(Cortopassi-Laurino et al. 2006).

We have successfully produced 13 new
colonies using only two brood combs and 150
young workers from the mother colony.
Therefore, we used only 10 % of a mature
colony, since S. depilis has around 20 brood
combs and 10,000 worker bees. Thus, this
technique allows a single mother colony to
produce several small ones, requiring in vitro
queens. This seems to be an interesting possi-
bility instead of splitting in half, which is the
traditional way used so far (Nogueira-Neto
1997; Cortopassi-Laurino et al. 2006).

Recently, in vitro queens of several species
were successfully produced (Nannotrigona tes-
taceicornis (Menezes and Imperatriz-Fonseca
2008), T. angustula (Prato 2011), F. varia
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(Baptistella et al. 2012)). Although methods were
slightly different, the principles used by these
authors were the same as ours. For example,
Baptistella et al. (2012) used a vacuum pump to
harvest the larval food and stored it in a freezer at
—20 °C before using, whereas we used fresh larval
food in the present study. Therefore, the technique
seems to be useful for several stingless species
without severe changes.

We achieved a survival rate of almost 98 %.
This is similar to the natural brood loss in
Scaptotrigona colonies, which varies from 1-
6 %, with an average of 3 % (Flechtmann and
Camargo 1974). Since we can obtain a survival
rate similar to natural conditions, the technique
will also have other uses, including exploring the
nutrition and development of stingless bees, the
effects of diseases, or testing pesticides. In vitro
rearing of honey bees (4. mellifera) have been
investigated and improved recently for these
purposes (Brodshneider et al. 2009; Kaftanoglu
et al. 2011). Therefore, stingless bees would also
work as biological models for this kind of studies.
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