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ABSTRACT. The Dufour gland is found closely associated with the sting apparatus
of all hymenopteran females, playing multiple roles among bees. In Apis mellifera
Linnaeus, 1758 the gland is connected to the dorsal vaginal wall and, in queens, it
produces egg-marking pheromones. In workers the function of this gland is unknown,
except by its capacity to mimic the queen secretion in egg-laying workers. In an attempt
to understand the development and to substantiate the present knowledge about the
Dufour gland in A. mellifera, a morphometric study of the gland between and within
the female castes was made. Glands of workers and queens with different ages and life
stages were dissected and measured with an ocular micrometer adapted to a stereos-
cope. The results showed that the Dufour gland is larger in queens than in workers,
and that among workers, the gland is larger in egg-laying and foragers than it is in
newly emerged and nurse workers. The larger size of the gland in egg-laying queens
and workers is in accordance with its role in reproduction. In forager workers the larger
size of the gland suggest that, as happens in some species of bees, the gland may
participate in pheromone production for nest-mate or nest-entrance recognition.
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All insects have accessory glands associated to the female reproductive
apparatus; these glands are also known as colleterial glands. The original function
of these glands is to facilitate the oviposition and to protect the eggs.

The Dufour gland of the aculeated hymenopterans is considered homologous
of the colleterial glands of the other insects, being found associated to the sting
apparatus of all hymenopteran females, even in those with atrophied sting (KERR
& LELLO 1962; BILLEN 1986; HEFETZ 1987).

In hymenopterans the Dufour gland is often described as a single tube or
epithelial sac, partially involved by muscular fibbers, tracheoles and nerves. The
glandular epithelium is constituted by a single layer of epithelial cells, whose
luminal surface is covered by a thick and undifferentiated cuticle (BILLEN 1986;
ABDALLA & CRUZ-LANDIM 1996, 1997; ABDALLA et al. 1999a,b).

The morphology of the Dufour gland varies along the hymenopteran lineage,
between the castes in a same species and among the individuals of the same caste
with different ages, or doing different tasks in the colony of the social species (KERR
& LELLO 1962; LELLO 1971a,b,c,d; BILLEN 1986; ABDALLA et al. 1999a,b).
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Among the bees, the Dufour gland is larger in bees situated bellow in the
phylogenetic tree. In Colletidae, Halictidae and Andrenidae the gland is large, in
Megachilidae there is a decreasing of its diameter, in Mellitidae there is a decreasing
of its length and in Anthophoridae there is a decreasing in both dimensions, being
the gland in Apidae small and even vestigial or absent in Meliponinae that have
atrophied sting (LELLO 1971a,b,c,d).

In Apis mellifera Linnaeus, 1758 the Dufour gland secretion is used to mark
the eggs laid by the queen, preventing them from being devoured by the inspecting
workers. In workers the gland function is unknown, except its capacity to mimic
the queen secretion in egg-layer workers under orphanage condition (KATZAV-GoO-
ZANSKY et al. 1997).

Size variation of the Dufour gland with different ages and life stages of the
female castes in A. mellifera was investigated. An attempt is made of correlate the
size variation to the gland function as known by the corresponding literature reports.

MATERIAL AND METHODS

The Dufour glands of newly-emerged, nurse, forager and egg-layer workers,
as well as of newly emerged and egg-laying queens (12 till 18 months old), from
colonies maintained at the Department of Biology (Universidade Estadual Paulista
- Unesp - Rio Claro, Brazil), were dissected in physiologic solution and their length
and diameter measured with an ocular micrometer adapted to a stereoscope.

The egg-laying workers were collected from a queenless colony, where
worker oviposition was beforehand observed.

Data were submitted to the Tukey-test with 5% level of significance to verify
differences among the measurements of the groups studied.

RESULTS AND DISCUSSION

The Dufour gland of Apis mellifera workers has a very special morphology,
its wall is folded like wind-chest of an accordion, being able to increase its size
(length and width) according to the amount of secretion stored into the glandular
lumen (ABDALLA & CRUZ-LANDIM 1996, 1997). The monolayered epithelium
presents many infoldings and when the glandular lumen is empty they are very close
one to the other (Fig. 1A,B). On the other hand, if the lumen is filled with secretion
the epithelial infoldings that withdraw and the lumen opens, permitting the gland
decreases in diameter and increases in length (Fig. 1C,D).

The variance analysis indicated differences among the groups analysed. The
Dufour gland show size variation according to the age and to the tasks performed
by the female castes, being larger in queens than in workers, and that among workers,
the gland is larger in egg-laying and forager workers than it is in newly emerged
and nurse workers. Newly-emerged queens have shorter glands than egg-laying
ones, maintaining the same width (diameter) in both queen types studied (Tab. I).

In newly-emerged and nurse workers the gland is short because its empty
lumen is collapsed and the epithelium infoldings are close one to the other, so that
the gland presents a small length, but a large diameter. In forager workers the gland
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Fig. 1. Scheme of Dufour gland epithelium (Ep) variation of Apis mellifera workers. In newly-
emerged workers (A) the Dufour gland (Dg) has a empty lumen () with many epithelium
infoldings (B, arrow). On the contrary, in egg-layers and foragers (C) the lumen (1) is open and
filled with secretion (D). The opened lumen (I) withdraws the epithelial infoldings (arrow),
permitting the gland decreases in diameter (width) and increases in length.
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is more extended with more secretion into the glandular lumen, which causes
increasing of its length and decreasing of its diameter.

In egg-laying workers the gland has the same length showed by the foragers,
but its lumen contains more secretion. Therefore, its diameter is also lager. On the
contrary, the gland diameter between the analysed queens does not vary, but the
length in egg-laying is larger than in newly-emerged.

Table |. Measurements of the length and diameter of the Dufour gland of Apis mellifera and
statistical analysis of the data. (CV) Coefficient of variation, (N) number of individuals analysed.

Length (mm) Diameter (mm)
Caste Individuals N
Means cv Means cv
Workers Newly-emerged 10 0.83 0.002a 0.17 0.001a
Nurse 10 0.83 0.001a 0.14 0.002 b+-—
Forager 10 0.99 0.006 b 0.13 0.001 b-
Egg-laying 10 1.06 0.006 b 0.15 0.001 b+
Queens Newly-emerged 10 2.45 0.007c 0.27 0.001 ¢
Egg-layer 10 277 0.004d 0.27 0.001¢c

Measuremants followed by the same letter and signal do not differ by the Tukey-test (P 0.05).

CONCLUSION

On the morphometric view-point the gland involvement in reproduction is
clearly showed by the largest size in the egg-laying queen and worker. The reasons
for the size differences of the gland in non laying workers is still unknown. The
greater size of the gland in forager workers suggest that it must have some function.
As happens with the Dufour gland in some species of bees (HEFETZ 1987; HEFETZ
et al. 1993), the forager’s gland may participate in pheromone production for
nest-mate or nest-entrance recognition. According ABDALLA & CRUZ-LANDIM
(2001), the Dufour gland of forager workers may participate in alarm pheromone
production.
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