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ABSTRACT

Considering the ecological importance of stingless bees as caretakers and
pollinators of a variety of native plants makes it necessary to improve tech-
niques which increase of colonies’ number in order to preserve these species
and the biodiversity associated with them. Thus, our aim was to develop a
methodology of 77 vitro production of stingless bee queens by offering a large
quantity of food to the larvae. Our methodology consisted of determining
the amount of larval food needed for the development of the queens, collect-
ing and storing the larval food, and feeding the food to the larvae in acrylic
plates. We found that the total average amount of larval food in a worker
bee cell of £ varia is approximately 26.70 + 3.55 uL. We observed that after
the consumption of extra amounts of food (25, 30, 35 and 40 pL) the larvae
differentiate into queens (n = 98). Therefore, the average total volume of
food needed for the differentiation of a young larva of F. varia queen is ap-
proximately 61.70 £ 5.00 uL. In other words; the larvae destined to become
queens eat 2.31 times more food than the ones destined to become workers.
We used the species Frieseomelitta varia as a model, however the methodol-
ogy can be reproduced for all species of stingless bees whose mechanism of
caste differentiation depends on the amount of food ingested by the larvae.
Our results demonstrate the effectiveness of the 77 vitro technique developed
herein, pointingto the possibility of its use as a tool to assist the production of
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queens on alarge scale. This would allow for the artificial splitting of colonies
and contribute to conservation efforts in native bees.

Key Words: stingless bees; production of queens; caste determination;
Frieseomelitta varia; larval food; colony splitting.

INTRODUCTION

Stingless bees (Apidae, Meliponini) are very common in the tropics and
are the main pollinators of tropical ecosystems (Roubik 1984; Corlett 2004).
It is believed that about 40 to 90% of native trees in Brazil are pollinated by
these bees (Kerr ez al. 1996). Thus, the need to preserve the species of native
bees lies mainly in the broad action of these agents as pollinators of our flora,
ensuring the conservation of the fauna and all its associated biodiversity.

One of the most striking features of the biology of stingless bees, besides
thatofbeinghighly eusocial and asister group of Apis mellifera (Apidae, Apini)
(Michener 2000), is related to the larvae’s feeding process, which presents a
strategy of mass food supply in their brood cells (Kerr 1948; Nogueira-Neto
1997; Michener 2000).

The mechanism of caste determination differs between the bees of the
genus Melipona and the bees from other genres of this tribe (Kerr 1950; Kerr
& Laidlaw 1956; Maciel-Silva & Kerr 1991; Hartfelder ez 4/. 2006). The
caste induction in most of the stingless bees is related to the amount of food
ingested by the larvae during their development (Wheeler 1986; Hartfelder
et al. 2006).

The larvae destined to become queens eat an increased amount of food
compared to those who will develop into workers (Kerr 1948; Hartfelder
& Engels 1989; Engels & Imperatriz-Fonseca 1990; Hartfelder ez a/. 2006)
with the exception of bees from the genus Melipona, where the process is
also associated with genetic factors (Kerr 1950; Kerr & Laidlaw 1956; Kerr
& Nielsen 1966), and few species that produce miniature queens such as
Schwarziana quadrz’pummm ( Camargo 1974; Imperatriz—Fonseca & Darakj ian
1993; Wenseleers ez al. 2005), Plebeia julianii (Juliani 1962), Plebeia remota
(Ribeiro ez al. 2006), Nannotrigona testaceicornis (Imperatriz-Fonseca et al.
1997) and Plebeia lucii (Teixeira & Campos 2005).

Amongthe species of the genera Leurotrigona and Frieseomelitta, as well as
in Plebeia lucii, the brood cells are not grouped and there is no construction
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of typical royal cells (which are notably larger); the queens develop in cells
formed from the junction of two equally sized brood cells, and the adjacent
cell contains only the larval food (Terada 1974; Faustino ez a/. 2002; Teixeira
& Campos 2005).

With the advance of meliponiculture (Cortopassi-Laurino ez a/. 2006),
the growing interest in using these bees as agricultural pollinators, as well as
the commercialization of stingless bee products, such as pollen, honey, and
propolis, the demand for colonies has considerably increased.

With this in mind, we attempt to develop a technique for queen produc-
tion in the laboratory as a first step to enable the production of the colonies
on a large scale, allowing for their use both ecologically and economically,
and to enable further study of the biology and caste determination of the
stingless bees.

METHODS

The technique for “iz vitro” production of stingless bee queens consists
of three steps:

Determination of the amount of larval food needed for the
development of queens

The biological material was taken from three colonies of Frieseomelitta
varia (Lepeletier, 1836), kept at the Meliponary of the Genetic Department
ofthe University of Sao Paulo, Ribeirao Preto, Brazil. From May 2007 to April
2008, recently capped brood cells containing eggs (n= 522) were collected.
The eggs were removed in the laboratory and the food in each cell was col-
lected and volumetrically measured with a micropipette (10uL).

Collection and storage of larval food

The larval food was collected from the cells of Friescomelitta varia by
vacuum suction with the aid of a vacuum pump (Fig. 1) and rapidly cooled
to 4°C. After collection, the material was stored in a freezer at -20°C for later
use in larvae transference tests.

Transference of the larvae

Elisa-type 96 well 500 uL round bottom acrylic plates were used in this step.
Different volumes of stored larval food (25, 30, 35, 40 e 50 L) were homog-
enized and transferred to the culture plate wells with a SOuL micropipette.
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Fig. 1. Instrument used to collect larval food by suction: (I) vacuum suction pump; (II) receptacle
for the collection of waste; (III) food collector tube kept in ice; (IV) food suction hose and (V) petri
dish to accommodate the brood cells.

v
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Fig.2.(I) Larvacof Friescomelittavariatransferred toartificial cells (Elisa-typeacrylic plate). Inmature
developmental stages iz vitro: (II) feeding larva; (III) final feeding phase; (IV) defecation phase, (V)
queen pupa phase and (IV) queen.
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Larvae (immature) in the final stage of larval feeding (predefecant) with
milky white coloration and a full gut were selected for this step. Using round
tip tweezers, the larvae were transferred to the cells and deposited in the same
position onto thelarval food. At that stage of development, the Frieseomelitta
varialarvae are easily identified because of their milky-white coloration, their
food-filled gut and their larger size, which facilitated handling them during
the transfer process.

Afterwards, the plates with the larvae were placed inside plastic containers
with saturated NaCl solution in order to keep the humidity between 70-80%
and sealed with PVC film. They were kept in BOD greenhouse at 28 +%°C
and the bees' development was observed until birth (Fig. 2).

When the virgin queens emerged, they were weighed with an electronic
analytical balance Metter” (AE50) and then compared with the recently
emerged virgin queens produced naturally in the colony.

In order to verify the dominant behavior of the iz vitro produced queens,
small orphaned colonies (without queen) were formed with brood combs
containing imagines, 40 newly emerged workers, pollen reserves from the
species itself and a 50% (p/v) sucrose solution. The queens were individually
introduced to those nests, which were then covered with a transparent glass
to allow for observation.

The data was analyzed using the statistical test Oze- way ANOVA and the
Tukey test a posteriori.

RESULTS

Quantifying the amount of larval food in the brood cells of
Frieseomelitta varia

We observed seasonal environmental variations with significant effect on
the amount of food deposited in the brood cells (Table 1, Fig. 3, ANOVA
test p<0.001), during the months of larval food collection in Frieseomelitta
varia. The amount of larval food in the brood cells of £ varia ranged from
20 to 38 puL (Fig. 3).

Analyzing the total number of uncapped cells and the total volume of food
collected during this time (Table 1), we observed that the average amount
of larval food in a worker cell of F varia is 26.7+ 3.55 pL (n=522), which
varied during the year according either to the higher precipitation periods
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(February, April, May, November) or to the lower precipitation periods (June

and August) (Fig. 3).

In vitro production of queens

A total of 98 queens of Frieseomelitta varia were reared using the method-
ology developed for i vitro production of stingless bee queens (Table 2).
After analysis of the weight of individuals produced i% vitro (n=98) and
the naturally produces queens in the colonies of F. varia (n= 6), we observed
that the queens produced iz vitro weighed less than those produced naturally

(p< 0.001) (Fig, 4).

Table 1: Average amount (L) of larval food from Frieseomelitta varia deposited in the brood
cells during the collection months (2007-2008). SD= Standard Deviation, SEM = Standard

Error of the Mean.
Amount of larval food in brood cells of Frieseomelitta varia

Month of Total no. Total
data collection of cells volume (uL)  Mean/cell SD SEM
February 115 2751 23.92 2.53 0.24
April 64 1476 23.06 3.11 0.39
May 112 2713 24.22 4.78 0.45
June 92 2564 27.87 4.37 0.46
August 63 2024 32.13 342 0.43
November 76 2202 28.97 2.72 0.31
Total 522 13730 26.70 3.49

Amount of larval food (pl.)

February April May

June

Months of data collection

August

November

26
24
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Fig. 3. Variation of the amount of larval food (uL) in brood cells of Frieseomelitta varia (n=522 cells),
during the collection months (2007-2008) and the relation with precipitation (mm). Tukey’s Test

(p< 0,050). Different letters indicate statistically significant differences among months.
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The in vitro queens that were accepted by the workers in the new colonies,
therefore assuming their role as dominant females (n=11), had a similar
weight compared to the natural queens (n=6), withoutsignificant differences
amoung them (p=0.083). The same did not occur in the other 7 vitro queens

Table 2: Transference of Frieseomelittavarialarvae to the in vitro production of queens with different

amounts of larval food (uL) and their respective survival rates (%).

Test  Volume of Transferred .
Birth Work
larval food (uL) Larvac = Queens =
Number % Number % Number %
1 25 100 82 82 13 16 69 84
2 30 100 20 20 15 75 5 25
3 35 100 31 31 30 97 1 3
4 40 100 50 50 40 80 10 20
S 50 100 0 0 0 0 0 0
Total 500 183 37 98 54 85 46
0.030
0.028
0.026
0.024
_ 0022
oo
_;_ 0.020
=
=
0.018
0.016
0.014
0.012
®  Median
0.010

Naturals

Queens

In vitro

25%-75%
_I_ Non-Outlier Range

Fig. 4. Comparison of the weight (mg) of the virgin queens of Frieseomelitta varia produced under
natural conditions (n=6) and i vitro (n=98).
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(n=87) that were rejected and therefore eliminated by the workers. They had
a significantly lower weight than the others (p<0.001) (Fig.5).

DISCUSSION

Amount of larval food in worker cells

An average total volume of 26.7 + 3.55 uL (n= 522) (Table 1) of larval
food was found in the brood cells of £ varia. Considering that the larvae
which become queens feed on the contents of their cell and on the larval food
of the auxiliary cell, the larvae that become queens ingest more food than
the worker larvae (Faustino ez 4/. 2002). This results in an approximate 2:1
proportion of food, for queen larvae compared to worker larvae.

Compared with other species of Meliponini, such as Scaprotrigona aft.
depilis, where the proportion of food is 4:1 (130 uL in royal cells and 31 pL
in worker cells) (Menezes 2010), we noted that there is not a great difference
in the amount of food offered to the larvae in Frieseomelitta varia; there is a

0.030 s
0.0239
1T b
0.028 0.0176
0.026 R
0.0203
0.024
— 0.022
20
Z 0020 |
=
=
0.018
0.016
0.014
0.012
0.010 = Median
- Maturals Accepted Rejected ] 25-75%
Quecens —T_ Non-outlier range

Fig. 5. Comparison between the weight (mg) of queens of Frieseomelitta varia produced
under natural conditions (n=6) and i vitro that were accepted by the workers (n=11),
and queens produced iz vitro that were rejected and eliminated by the workers (n= 87).
*There is no significant difference between the queens” weight (p=0,083), ® there is a
significant difference between the queens’ weight (p<0,001).
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threshold for theamountoflarval food responsible for differentiatinga worker
larva into a queen. This shows up as differences in weight, size of adults and
phenotipic characteristics of queens, which are not much larger than their
workers, when compared to the other species.

We verified the occurrence of avariation of theamount of larval food inside
the brood cells during the collection months (February, April, May, June,
August, November) coinciding with the dry and the rainy seasons of the year
when there is little or much food respectively available in the environment.
This occurrence wasalsodescribed by Castilho-Hyodo (2001) in Schwarziana
quadripunctatabrood cells, where the amount of larval food was not the same
year-round, but varied depending on the environmental conditions.

We attribute the variation in the amount of food in the brood cells to the
availability of food resources in the environment, to the food stored in the
colony, and also to the number of individuals in the colonies which is directly
related to the number of active foragers. Thus, the higher the number of work-
ers collecting food in the field, the higher the amount of food being brought
into the colonies, therefore promotingan increase in the number of cells built
and eventually increasing the number of individuals in the colony.

On theotherhand, when there are fewer resources available, the production
of brood in the colony also decreases (fewer cells are built). Consequently,
the nurse workers of Frieseomelitta varia teed the larvae and deposit larger
amounts of larval food per cell in order to meet the needs of the colony.

The phenomenon of a decrease in the number of brood cells and amount
of larval food in each cell during times of “environmental stress” has been
shown in four species of stingless bees: Melipona quadrifasciata (Ramalho
et al. 1998), S. quadripunctata (Castilho-Hyodo 2001), Plebeia remota
(Ribeiro ez al. 2003), Scaptotrigona aff. depilis (Menezes 2010) and now in
Frieseomellita varia.

This data indicates that this phenomenon is common in Meliponini spe-
cies, strengthening the importance and the relation of the larval food with the
mechanisms of caste determination in stingless bees, with the environmental
conditions as a promoting factor of intra and extra-nesting cycles, with the
production of sexed individuals (queens and males) and with the ecological
expansion of those bees.
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Transfer of the larvae to the production of iz vitro queens

Assuming that the larvae used in these experiments had ingested the aver-
age amount of 25 uL of larval food prior to the transfer, we verified that after
the consumption of extra food (25, 30, 35 ¢ 40 uL), the larvae differentiated
into queens.

Therefore, the total amount of food needed for the differentiation of a
younglarva of Frieseomelitta variainto aqueen is approximately 61.70 + 5.00
uL, that is, the larva destined to become a queen consumes 2.31 times more
food thanalarvadestined tobecome aworker. This threshold is the amount of
food capable of inducing the differentiation and the morphogenetic changes
in these larvae to become queens.

We found that 100% of the larvae that received SOuL of extra larval food
were not able to consume it and drowned inside the food. In this way, an ex-
cess amount of larval food, around 75 pL, exceeds the capacity of ingestion/
digestion by the developing larvae.

These results confirm that in Frieseomelitta varia the mechanism of caste
determination depends exclusively on the amount of food provided to the
developing larvae and that the larvae at the end of the feeding phase (pre-
defecant) are able to keep feeding and to develop into queens; they are still
conditioned to the availability of larval food and to the ability of ingestion.
These findings agree with other studies related to the effect of larval nutrition
on the caste determination in stingless bees (Hartfelder ez a/. 2006).

The variation in the amount of food provided to the larvae which become
queens also varies by species of Meliponini. In Trigona spinipes, for instance,
the queens consume 10 times more food (360 pL) than the workers (36 L)
(Buschini & Campos 1995; Lisboa ez al. 2005); in Scaptotrigona postica, Ca-
margo (1972) demonstrated that extra supply of food to the worker larvae
caused them to develop into queens.

Another discussed factor related to the amount of food in the brood cells
of Meliponini is the existence of dwarf queens that can emerge from worker
cells if they receive an increased amount of food than that received by nor-
mal workers, as was noted by Campos & Costa (1989) and Castilho-Hyodo
(2001) in Schwarziana quadripunctata.

The weight of emerged individuals does not seem to influence the final
acceptanceor rejection, once the produced queenswere accepted asdominant
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females in the new nests (n= 11) they had a similar weight compared to the
queens produced iz vitro that were eliminated by workers (n=87). Most likely,
this suggests that the workers do not interpret queen weight as an indication
of fitness, a fact that is also evident in other behavioral and physiological
features (Hartfelder ez /. 2006).

On the other hand, in species of stingless bees in which the phenomena of
miniature queens does occur such as Nannotrigona testaceicornis, Imperatriz-
Fonsecaeral.(1997) showed that recently emerged miniature queens weighed
7.67 mg (SD 0.87) on average, and workers weighed 7.13 mg (SD 0.7).

There may be other intrinsic factors related to the dominant behavior
(Imperatriz-Fonseca & Zucchi 1995; Jarau ez al. 2009; Jarau et al. 2010)
such as patterns of cuticular hydrocarbons present in these bees (Nunes ez 4/.
2008) which interfere with the recognition of the individuals and are related
to the process of acceptance of a new queen into the nest (Nunes ez 2/. 2009)
or even group decision making regarding the choice of a new queen (Tarpy
& Gilley 2004).

This method developed for the iz vitro production of stingless bees was
shown to be efficient, with a success rate of 45.75% (n= 183, excluding the
values of test 5). We believe that one of the factors responsible for the larvae’s
high mortality of 54.25% (n=217) is related to the variation of the relative
humidity during the first experiments. Additionally, in some cases there was
an excessiveamountof microorganismsin thelarval food that was responsible
for larval death.

Anotherimportantfactor regardingthe transferringoflarvaeis the position-
ing of the larva inside the cell which can be responsible for larval mortality.
One must carefully place the larva on top of the food in the same position it
was found so that the larva can perform the gas exchange through the tegu-
ment when it is in contact with the air, thus avoiding its suffocation.

Eleven new colonies were obtained from the queens produced 7z vitro,
allowinga fast increase of the number of colonies over a short period of time,
demonstrating the efficiency of this technique.

In this way, our methodology can be successfully applied as a tool in stud-
ies on the mechanism of caste determination, especially those involving the
large-scale production of queens from many species of stingless bees. This
will allow for the production of colonies which can be used for the economic
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benefits of pollination and will also help in the conservation and reintroduc-
tion of stingless bees in their natural ecosystems.
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