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As compared to Apis mellifera where only workers have hypopharyngeal glands, in Scaptotrigona postica,
these glands occur in workers, queens and males. They are composed of two long axial ducts with many
unicellular secretory alveoli interconnected by secretory canaliculi. The axial ducts are longer in males than
in workers, but the alveolar areas of queens and males are generally smaller. In workers the alveoti have
their greatest size in the nurses or middle-aged individuals while in queens and males they are larger in
newly emerged individuals. The results indicate that the glands in workers may produce food for the brood
as in A. mellifera, since they are well developed in the nurse workers. However, the function of the glands
in queens and males remains to be clarified since these individuals have no part in brood care.

1.

Introduction

In the eusocial bees, the hypopharyngeal glands consist
of a pair of long bunches in which secretory units are
individually connected by thin canaliculi to an axial
excretory canal (Schiemenz 1883; Cruz 1963; CruzLandim 1963, 1967). In Apis mellifera, these glands are
present only in workers, and their greatest development
occurs when these individuals are nursing the brood
(ROsch 1925; Lindauer 1952; Halberstadt 1966). The
function of the workers hypopharyngeal glands is the
production of the proteinaceous constituents of the royal
jelly (Patel et al 1960; Knecht and Kaatz 1990) that is
given as food to the larvae. These glands have a secretory
cycle entirely compatible with this function.
In some species of meliponines, the hypopharyngeal
glands are present in queens and absent in males, while
in other species they are present in the female and male
castes (Costa and Cruz-Landim 1977). This is the case
in Scaptotrigona postica (Costa 1997; Costa and CruzLandim 1977). The hypopharyngeal gland secretory cycle
of workers of this species corresponds to that of A.
mellifera. The glands are in a pre-functional stage in
newly emerged workers, reach their highest development
in nurse workers, and regress in foragers (Cruz-Landim

1967; Cruz-Landim and Hadek 1969; Silva-de-Moraes
et al 1985).
The hypopharyngeal gland secretory cells have a well
developed rough endoplasmic reticulum and as the
secretion is produced, it accumulates around the collector
canal, which is located inside the secretory cell. This
space may be considered as an intracellular reservoir.
The secretion accumulation results in an increase of cell
size during the production and accumulation stage (CruzLandim and Hadek 1969; Cruz-Landim et al 1986/87;
Knecht and Kaatz 1990). For this reason, measurements
of the size of the hypopharyngeal gland secretory units,
or cells, may be indicative of their functional condition,
because it is mainly the nucleus-cytoplasmic ratio that
varies and that may be used to estimate glandular activity.
Since in a S. postica colony only the hypopharyngeal
glands of workers have an apparent function and their
presence in queens and males have no apparent relationship with the roles of these individuals in the community,
the purpose of the present paper is the comparison of
excretory duct length and secretory cell size in different
phases of adult workers, queens and males of S. postica,
in order to get an idea of when the gland is more
developed and through that, an idea of its function in
these individuals.
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2.

Materials and methods

Specimens of Scaptotrigona postica Latreille were
collected from the apiary of U N E S P - C a m p u s of Rio
Claro, SP. Three types of adult individuals were used:
(i) workers: newly-emerged, nurse and forager; (ii)
queens: newly emerged and egg laying; (iii) males: newly
emerged and mature for mating.
2.1

Anatomical aspects of the glands

The glands were dissected in buffered saline solution
for insects (7-5g NAC1+2.38 g Na2HPO a + 2 . 7 2 g
KH2PO4 + 1 1 H20 d), fixed in half strength in Karnovsky
fixative (paraformaldehyde 2%; glutaraldehyde 2.5% in
S/3rensen buffer 0.1 M) for 24 h; dehydrated in ethanol,
critical point dried and coated with gold. The glands
were examined and photographed with a Jeol JSM-P15
scanning electron microscope.
2.2 Length of the glands
The length of 20 hypopharyngeal gland axial ducts of
each stage (except from queens: 3 of newly emerged
queens and 5 of laying queens) were measured, totalling
108 glands (60 of workers, 40 of males and 8 of queens).
The glands were dissected, stretched out on a histology
slide in buffered saline solution, and measured under a
binocular stereomicroscope with a micrometric ruler
adapted to the ocular. The measured values were subjected
to parametric statistical analysis of Bartlett and Tukey
(Vieira 1991; Beiguelman 1994). The average values
were transformed to millimeters by using an objective
ruler to calibrate the ocular.

Size of cells

2.3

The cellular and respective nuclear areas were measured
in photographs, through a digitalizing table coupled to
a computer, using an Autocad program. The total and
nuclear areas of 30 cells of seven individuals of each
class were measured, totalling 210 cells. The nucleuscytoplasmic ratio (nucleus area/cell area) was calculated,
and the values were subjected to parametric statistical
analysis of Bartlett and Tukey (Vieira 1991; Beiguelman
1994). The values were obtained in the same manner for
all samples, but were not transformed to absolute values.
3.

Results

In S. postica, the hypopharyngeal glands are present in
workers, males, and queens where they have a similar
organization. These glands are constituted by very long
bunches (from 2.0 to 2.6 ram) of secretory units, located

along the pharynx and coiled around the brain, ending
inside the oral cavity, on the hypopharyngeal plate. The
secretory elements are alveolar and each one is made
of a single cell. The alveoli are connected to the axial
excretory ducts through secretion excretory canaliculi.
Figures 1-7 show SEM micrographs of the secretory
units or alveoli of the gland in the different life phases
of workers, queens and males. Variation in the size and
aspect of the alveoli is easily seen.
The samples showed heterogeneity of variances (test
of Bartlett) and averages (test of Tukey) in the axial
duct lengths. Two groups were recognized: newly
emerged, nurse and forager workers (group A), and
newly emerged and mature males (group B) (figure 8).
It was expected that the workers would constitute a
homogeneous group, because there is no increase of the
gland size in adults since cellular divisions do not occur
in this stage.
The queens were not included in the statistical tests
of axial duct length, due to the impossibility of obtaining
a large enough quantity of glands. However, the average
values of the axial duct length of 3 newly emerged
queens (2.3 ram) and 5 laying queens (2.5 mm) were
very similar to those of males.
The size and shape variation of the alveoli in the
various individuals were already observable during the
dissection and even more so through the observations
through scanning electron microscope observations
(figures 1-7). Nevertheless, the diameter of some alveoli
was measured in micrographs to characterize the size
variations.
In newly emerged workers (figure 1), the alveoli were
small (10 gm diameter), while in nurse workers (figure 2)
they measured 20 gin. In forager workers (figure 3), the
secretory units were less turgid and spherical and had
smaller diameters (8 gin), but manifesting a greater size
variation than in nurse workers. In queens, the apparent
difference between newly emerged and laying individuals,
was confirmed. In newly emerged queens, the alveoli
were spherical and turgid, measuring 10 I.tm in diameter
(figure 4). In laying queens, the majority of the alveoli
were flaccid, irregular (figure 5) and measuring 7 gm in
diameter. In newly emerged males, the alveoli (figure 6)
were spherical and very similar in aspect and size to
the alveoli of newly emerged workers and queens (10 gm
diameter). In mature males (figure 7) instead of an
increase, the alveoli had experienced an involution
(+6 gm diameter). The gland showed a generally disorganized aspect, their alveoli having lost their spherical
shape to become very irregular. In this stage, the glands
were covered by fatty body cells, a condition that could
also be observed during the dissections in the SEM
micrographs.
The cellular and nuclear areas were measured, and the
nucleus-cytoplasmic ratio (nucleus area/cell area) was
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calculated, with the goal of evaluating the cytoplasmic
and nuclear variations during the glandular cells secretory
cycle. The nurse workers had the largest cellular area,
while the cellular area in newly emerged and forager

99

workers was practically the same (figure 9). In the three
stages of the glandular cycle (figures 1, 2, 3 and 9),
the nuclear area remained constant (figure 10). Consequently, the nucleus-cytoplasmic ratio was higher in

Figures 1-7. Scanning electron microscopy of the hypopharyngeal glands of workers, queens
and males of S. postica, showing the aspect and size variation of the secretory alveoli (A).
(1) Newly emerged worker. (2) Nurse worker. (3) Forager worker. (4) Newly emerged queen.
(5) Laying queen. (6) Newly emerged male. (7) Mature male. (Bar= 10~m.) Ac, Axial canal;
EC, extracellular excretory canals; FB, fatty body.
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newly emerged and forager workers. In other words, the
percentage of the cellular area occupied by the nucleus
was relatively lower in nurse workers (11%) than in
newly emerged (32%) and forager workers (36%)
(figure 11). Figure 10 shows that the size the nucleus
did not vary, while the nucleus-cytoplasmic ratio varied
inversely with the cellular area. This means that the
cytoplasm increased in size during the nurse stage.
Three heterogeneous groups with respect to the variances and averages emerged: newly emerged and forager
workers, and newly emerged and mature males (group

A), nurse workers (group B), and newly emerged and
laying queens (group C) (figure 11).
4.

Discussion

The present results confirm that the glandular cycle in queens
and males is quite different from that of workers. Whereas
the glands of workers began their cycle in an undeveloped
condition and underwent a growth period and a final regression
period, the cells of queens and males were larger in newly
emerged individuals (figure 9). However, the greater bunch
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Figure 8. Average canal lengths and standard deviation of the
hypopharyngeal gland of workers and males of S. postica.
*, Relative values; EW, newly emerged workers; NW, nurse
workers; FW, forager workers; EM, newly emerged males; MM,
mature males. Note: The same representations correspond to
statistically similar classes at ct=0-05.
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Figure 10, Average nuclear areas and standard deviations of
the secretory cells of the hypopharyngeal gland ol" workers,
males and queens of S. postica. *, Relative values; EW, newly
emerged workers; NW, nurse workers; FW, tbrager workers;
NQ, newly emerged queens; LQ, laying queens: EM, newly
emerged males; MM, mature males.
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Figure 9. Average cellular surface areas and standard deviations
of the secretory cells of the hypopharyngeal gland of workers,
males and queens of S. postica. *, Relative values; EW, newly
emerged workers; NW, nurse workers; FW, forager workers;
NQ, newly emerged queens; LQ, laying queens; EM, newly
emerged males; MM, mature males.

Figure 11. Nucleus-cytoplasmic ratio of the secretory cells
of the hypopharyngeal gland of workers, males and queens of
S. postica. *, Relative values; EW, newly emerged workers:
NW, nurse workers; FW, torager workers: NQ, newly emerged
queens; LQ, laying queens; EM, newly emerged males: MM,
mature males. Note: The same representation correspond to
statistically similar classes at a = 0.05.
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length in queens and males as compared to those in
workers, was not expected. Also unexpected were the
variations in canal length in workers, since they have a
cuticular reinforcement that apparently should not permit
distention, and cellular divisions do not occur in the
adult.
Concerning queens and males, the results indicate that
the gland product may be useful in young adults and
dispensable for the functions they will exercise in the
colony, since both egg laying queen and nature male,
have underdeveloped glands.
The growth of the secretory apparatus (i.e., rough
endoplasmic reticulum) and the secretion accumulation
in the cytoplasm must be responsible for the cellular
area increase in nurse workers. This result is in agreement
with the idea of Wetzig (1964), Cruz-Landim and Hadek
(1969), Ortiz-Picon and Diaz-Flores (1972) and Knecht
and Kaatz (1990), all of whom accept the existence of
a compartment that functions as a secretion reservoir
inside the glandular cells. This compartment is the pericanalicular space that is actually extracellular, even though
it appears to be located inside the cell (Beams and
Anderson 1961).
In males and queens, the nucleus-cytoplasmic ratio
was statistically the same as that of newly emerged
individuals (figure 10) even though the cell aspect of
older individuals was different (figures 5, 7). This
finding seems to be due to the fact that the irregularities of the surface of old cells cause an increase of the
cell area that does not correspond to a growth in cell
activity.
The newly emerged queens and workers showed a
similar nuclear area. However, the standard deviation of
the nuclear area of queens was greater, and as verified
by Costa (1997) their glandular cells produce three
different secretion types. This greater variation in the
quantitative values and in glandular function, indicated
that the newly emerged queens should be considered as
a group different from the others. In egg-laying queens,
the cells had a nuclear area resembling that of newly
emerged and mature males (figure 10), suggesting again
that in queens and males the hypopharyngeal glands are
functional in the youngest individuals and degenerate in
the oldest ones. The glands of workers had a secretory
cycle with a peak in the nurse stage, while males and
queens had just a glandular involution as confirmed by
the measurements.
As the function and developmental cycle of the
hypopharyngeal glands are well studied only in the
domestic bee A. mellifera, the role of this gland in bees,
is known only for workers. The present data show their
presence also in queens and males and their activity in
these individuals precedes their functional phases in the
colony. Although the hypopharyngeal glands in workers,
queens and males are morphologically similar, the present
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analysis demonstrates the existence of developmental and
functional differences in the life stages of a particular
caste or sex. Therefore the present data indicate that
more studies must be done in other species of bees and
with other methodologies in order to understand the
general function of this gland in bees, and in the order
Hymenoptera, and how it comes to be a food production
gland in the eusocial bees.
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