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ABSTRACT

The influence of season and type of colony on the development of the
hypopharyngeal glands of Apis mellifera workers was investigated in the present
study. Three types of colony were observed: strong (with a population of about
50.000 bees), median (about 20.000 bees) and weak (about 3.000 bees). The
results showed that the average of worker lifetime is longer in the more populous
colonies and in times of higher temperatures, nevertheless the weak colonies were
more susceptible to the weather conditions than the strong ones. Although the

colony size affects the worker lifetime and its glandular development, this not
changes the pattern and sequence of tasks in the three types of colonies.
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INTRODUCTION

Since Rosch (1925, 1927, 1930), Lindauer (1953), Cruz-Landim and Silva de
Moraes (2000) up to Deseyn and Billen (2005) the labor division among Apis
mellifera workers has been correlated to the particular stage of some exocrine gland
development, mainly the hypopharyngeal, wax and mandibular glands. The ability of
workers to nurse the brood and feed the queen depends on the degree of functioning
of the hypopharyngeal glands, as well as the ability to build new combs depends
upon the wax production by the wax glands. Therefore the sequence and duration of
the tasks performed by the workers in their function of colony maintenance depends
on the sequence in which these glands mature and the time span during they are
active. The division of labor in advanced eusocial bees is known as a polyethism
etary in the sense that the sequence of tasks is connected to the worker age,
although being consensus nowadays that is more related to the worker physiological
maturity than the chronological age (Lindauer 1952, 1953, 1961; Free 1965;
Ribbands 1952, 1953; Sakagami 1953; Gracioli et al. 1999; Deseyn and Billen
2005). Nevertheless is equally well known that the sequence of tasks performance is
not rigid (Free 1965) and may be influenced by environmental factors from inside or
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outside the colony as nutritional factors or colony specific needs (Kratky 1931;
Ribbands 1952; Sakagami 1953; Gracioli et al, 1999; Gracioli and Silva de Moraes
2002; Huang et al. 1989; Huang and Otis 1989). For instance if foragers are being
necessary for attending the colony need in food collection, some workers may jump
over anterior functions and become foragers, independently of later return to the
functions that they passed over (Free 1965).

Particularly about the hypopharyngeal gland, factor as nutrition, juvenile
hormone titers in the hemolymph of workers (Rutz et al. 1976; Fluri et al. 1982; Liu
1989; Gracioli et al. 1999; Gracioli and Silva de Moraes 2002) and colonial
conditions, as absence or presence of open brood (Browers 1982, 1983; Gracioli et
al. 1999; Gracioli and Silva de Moraes 2002), are known as determinant factors of its
development and lasting of its functioning. Huang et al. (1989) used colonies divided
into brood-right and broodless portions with single or double screens, what resulted
that the signal from the honey bee brood which activates the protein synthesis in the
hypopharyngeal glands of nurse honey bee could only be obtained by workers that
had direct access to the brood. The results showed that the brood had a significant
effect on the hypopharyngeal glands activity, since only nurse workers from the
brood-right sides of hives had elevated rates of protein synthesis in the
hypopharyngeal glands.

This study reports the influence of the colony size and season on the
development of the hypopharyngeal glands in workers of the honey bee.

MATERIAL AND METHODS

Workers with controlled age were obtained from colonies with different
population sizes, located in the apiary of the UNESP, Rio Claro, SP, Brazil. The
studied workers were all daughters of the same queen in order to avoid general
genetically differences. Combs containing eggs from the chosen queen were
transferred to the folling types of queen right colonies:

1. Strong colony or brood-chamber having an estimated population of 50 to 70

thousands of bees (C3);

2. Median colony or nest having an estimated population of 20 to 25 thousands

of bees (C2);

3. Weak colony or nuclei having an estimated population of 3 to 5 thousands of

bees (C1).

New ovipositions in the transferred combs, by the resident queen, were avoided
using exclusion screen. The larvae ecloded in the colonies and were treated by the
resident workers. When the adults emerged, they were marked with atoxic paint and
returned to the colony. The study of the developmental stage of the hypopharyngeal
gland was performed in 0, 3, 7, 10, 15, 20, 25, 30, 40 and 45 days old workers.
Three workers of each age had their glands dissected and stained with 1% acetic
orcein. Five acini of each gland were then measured and the average calculed.
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These procedures were repeated in the period of May - June (E1) when the

temperatures were lower and the humidity higher and September - November when
the temperatures were higher and the humidity lower.
In order to verify if the colony size or climate conditions influence the bees lifetime,
300 workers were marked at the emergency and returned to the colonies. From time
to time (3 days interval) the marked bees were counted until their complete
disappearance.

RESULTS

The hypopharyngeal glands of A. mellifera consist of acini formed by several
glandular cells, linked to an axial excretory duct by a bunch of conductor canals. The
aspect and size to the acini change with the gland functional state. In the normal
cycle of development, the glands have small and flaccid acini in newly emerged
workers, well developed and turgid acini in the nurse workers and, again, small and
flaccid acini in the forager workers (Fig. 1A, B, C).

In the present experiment, the acini of the hypopharyngeal glands of the
workers from the three colonies showed large at the age between 7 and 15 days, but
in the weak colony, the higher developmental state of the acini last more time (Fig.
2). In this colony, the size of the acini remained unchanged in workers between 7
and 15 days old, decreasing slowly than in the other two colonies.

The weather also affected the glandular development. The size achieved by the
acini was higher in the hot season (Fig. 3). The maximum size of the acini was
reached in 7 days old workers, in the period of higher temperatures, while in the
period of lower temperature it was observed only at workers with 10 days old.

Some workers emerged from the strong colony, with etary ranging from 10 to
20 days old, presented underdeveloped glands for the age, the acini being very
small, similar those of newly-emerged workers. This event was detected in the
strong colony, rarely in the median colony and never in the weak colony.

The worker longevity was affected by the colony size and weather conditions
(Tables I, II). The average lifetime of the workers was 45, 42 and 40 days
respectively, for the strong, median and weak colonies, in the hot season (Table II),
while in the cold season this average was 40, 35 an 33 days for the strong, median
and weak colonies (Table I).

Table I - Longevity of the workers in the tree types of colony in low temperature.
Humidity = 79.240; minimum average temperature = 57.2 F°; maximum average
temperature = 68 F°.

Colony State Maximum Longevity (days) Months of observations
Weak 33 May/June
Median 35 May/June
Strong 40 May/June
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Table II - Longevity of the workers in the tree types of the colony in high temperature.
Humidity = 63.50; minimum average temperature = 78 F°; maximum average
temperature = 82.4 F°.

Colony State Maximum Longevity (days) Months of observations
Weak 40 September/November
Median 42 September/November
Strong 45 September/November

Figure 1 - Scanning electron microscopy of the hypopharyngeal glands of Apis mellifera
workers. A. glands of workers obtained from strong colony, B. glands of workers
obtained from median colony, C. glands of workers obtained from weak colony. (a= acini
of hypopharyngeal glands, ex= excretory duct, cc= conducting canals, bars= 75 pm).
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Figure 2 - Development bend of the hypopharyngeal glands in the tree colonies: weak
(C1), median (C2) and strong (C3), in the long of lifespan.
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Figure 3 - Cycle of hypopharyngeal glands during the seasons: winter (E1) and summer
(E2).

DISCUSSION

The results shown that in the present weather condition the average lifetime of
the worker was longer in the more populous colonies and in times of higher
temperatures, feature also verified by Terada et al. (1975) for the subtropical
climate of Ribeirao Preto, SP, Brazil. Nevertheless, the weak colony seems more
susceptible to the weather conditions than the strong ones (Saraiva 1985). In the
temperate zones where the winter is very cold and the workers do not leave the
colony they have a longer average lifespan during the winter and the workers remain
in the colonies in a kind of hibernation over all the season (Sakagami and Fukuda
1968). The smaller average lifetime of the workers in the subtropical climate cold
season may be due, to the depletion of the nutritional resources in the environment
or to the lowering of the forager activities than due to the temperature.

Although the colony size affects the worker lifetime and glandular development,
it does not change the pattern the sequence of tasks in the three types of colonies.
According to Sekiguchi and Sakagami (1966) the maturity of most of the
morphophysiological factors which capacitate the workers for their colony functions
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are already complete after 3 - 5 days from the emergence. The present results
shown that, for the hypopharyngeal gland, the whole maturation was reached only
by the 7 days old workers in the weak and median colonies and delayed 10 days in
the strong ones. Therefore the weak colony compensate the small number of
workers and their small lifetime by beginning their work program early and lasting
more time in the condition of its execution. The lasting of the glandular development
in the higher stage makes possible the alternance function postulated by Lindauer
(1953). Although several authors (Browers 1982, 1983; Gracioli et al. 1999; Gracioli
and Silva de Moraes 2002) postulated the possibility of hypopharyngeal gland
reactivation in response to the colony requirements, it seems that this fact is only
reflex of the function alternance. Therefore, workers that have yet functional glands
and are required for functions out of the colony, can return to the functions inside of
the nest in answer to the colonial needs.

The possibility of the gland reply to the requirements of the environment is
reinforced by the presence of workers which do not develop their glands in strong
colony. This fact is in accordance with the observation of Lindauer (1961) who
observed workers that remain all life in idleness in strong colony.

CONCLUSION

In conclusion, the principal determinant factors of the hypopharyngeal gland
development is not the age of the workers and yes the general physiological
conditions of the individual in interaction with the inner and outer environment of the
colony. Therefore, studies in which the knowledge of the maturation stage of the
individuals is need, it must observe the function in which it is performing than the
chronological age.

REFERENCES

BROWERS, E.V.M. Measurement of hypopharyngeal gland activity in the honey bees. Journal of
Apicultural Research, v. 21, p. 193-8, 1982.

BROWERS, E.V.M. Activation of the hypopharyngeal glands of honeybees in winter. Journal of
Apicultural Research, v. 22, n. 3, p. 137-41, 19883.

CRUZ-LANDIM, C., SILVA DE MORAES, R.L.M. Morte celular programada em abelhas como uma
forma de redirecionar a morfologia e a fisiologia adaptativa. Editora e Tipografia Costa. Rio
Claro, SP, BRAZIL, 2000, 48pp.

DESEYN, J., BILLEN, J. Age-dependent morphology and ultrastructure of the hypopharyngeal
gland of Apis mellifera workers (Hymenoptera, Apidae). Apidologie, v. 36, p. 49-57, 2005.
FLURI, P., LUSHER, M., WILLE, H., GERIG, L. Changes in weight of the pharyngeal gland and
haemolymph titers of juvenile hormone protein and vitellogenin in worker honey bees.

Journal of Insect Physiol., v. 28, p. 61-8, 1982.

FREE, ].B. The allocation of duties among worker honeybees. Proc. Symp. Zool. (London), v. 14,
p. 39-59, 1965.

GRACIOLI, L. F., SILVA DE MORAES, R.L.M. Juvenile hormone promotes changes in the
expression of hypopharyngeal gland proteins of worker Apis mellifera (Hymenoptera:
Apidae). Sociobiology, n. 40, p. 443-8, 2002.

GRACIOLI, L. F., SILVA DE MORAES, R.L.M., CRUZ-LANDIM, C. Electrophoretical studies on
protein of hypopharyngeal glands of aged Apis mellifera (Hymenoptera: Apidae) workers
induced to return to brood-feeding activity. Naturalia, v. 24, p. 9-17, 1999.

HUANG, Z. Y., OTIS, G.W., TEAL, P.E.A. Nature of brood signal activating the protein synthesis of
hypopharyngeal gland in honey bees, Apis mellifera (Apidae: Hymenoptera). Apidologie, v.
20, p. 455-64, 1989.

HUANG, Z.Y., OTIS, G.W. Factors determining hypopharyngeal gland activity of worker honey
bees (Apis mellifera L.). Insectes Sociaux, v. 36, n. 4, p. 264-76, 1989.

6 Naturalia, Rio Claro, v. 31, p.1-7, 2008



KRATKY, E. Morfologie und physiologie der drusen in kopf und thorax der honigbiene (Apis
mellifera L.) Z. wiss. Zool., v. 139, n. 1, p. 120-200, 1931.

LINDAUER, M. Ein Beitrag zur Frage der Arbeitsteilung im Bienenstaat. Z. Vergl. Physiol., v. 34, p.
299-345, 1952.

LINDAUER, M. Division of labour in the honey bee colony. Bee world, v. 34, p. 63-73, 1953.

LINDAUER, M. Communication among social bees. Cambridge: Harvard Univ., 1961, 143pp.

LIU, T.T. Juvenile hormone III induced ultrastructural changes in the hypopharyngeal glands of
honeybee Apis mellifera L. (Hymenoptera; Apidae) without and with infection by Nosema apis
Zander (Microsporidae: Nosematidae). Int. J. Insect Morphol. & Embriol., v. 18, n. 2/3, p. 73-
83, 1989.

RIBBANDS, C.R. Division of labour in the honeybee community. Proc. Roy. Entomol. Soc. London
(B), v. 140, p. 32-43, 1952.

RIBBANDS, C.R. The behavior social life of the honey bees. Bee Res. Ass. London, p. 352, 1953.

ROSCH, G.A. Untersuchugen uber die Arbeitsteilung im Bienenstaat. 1-Die Tatigkeiten in
normalen Bienenstaate und ihre Beziehungen zum Alter der Arbeitsbienen. Z. vergl. Physiol.,
v. 2, p. 571-631, 1925.

ROSCH, G.A. Uber die Bautatigkeit im Bienenvolk und das Alter der Baubienen. Z. vergl. Physiol.,
v. 6, p. 264-98, 1927.

ROSCH, G.A. Untersuchugen uber die Arbeitsteilung im Bienenstaat. 2-Die Tatigkeiten der
Arbeitsbienen unter experimentell veranderten Bedigungen. Z. vergl. Physiol., v. 12, p. 1-71,
1930.

RUTZ, W., GERIG, L., WILLE, H., LUSCHER, M. The function of juvenile hormone in adult worker
honey bees Apis mellifera. Journal of Insects Physiology, v. 22, p. 1485- 91, 1976.

SAKAGAMI, S.F., FUKUDA, H. Life tables for worker honey bees. Res. Population Ecol., v. 10, p.
127-39, 1968.

SAKAGAMI, S.F. Arbeitsteilung der Arbeiterinnen in einem zwergvolk, bestehend aus
gleichaltrigen. Volksgenossen. J. Fac. Sci. Hokkaido Univ., (Zool.) v. 11, p. 343-400, 1953.
SARAIVA, J.A.P.G. Bioclimatic factors affecting flights of honeybees Apis mellifera L.
(Hymenoptera: Apidae). In: Soares, A.E.E., Jong, D. De (Ed.). Pesquisas com abelhas no
Brasil (Brazilian bee research). Ribeirdo Preto, S3do Paulo: Revista Brasileira de Genética, p.

399-400, 1985.

SEKIGUCHI, K., SAKAGAMI, S.F. Structure of foraging population and related problems in the
honeybee, with considerations on the division of labor in bee colonies. Hokkaido Nat. Agric.
Exp. Station. Sapporo, Japan, v. 69, p. 1-65, 1966.

TERADA, Y., GAROFALO, C.A., SAKAGAMI, S.F. Age survival curves of workers of two eusocial
bees (Apis mellifera and Plebeia droryana) in a subtropical climate, with notes on worker
polyethism in P.droryana. Journal of Apicultural Research, v. 14, n. 3/4, p. 161-76, 1975.

Naturalia — ISSN: 0101-1944 - UNESP, Rio Claro, SP, Brasil
Licenciada sob Licenca Creative Commons

7 Naturalia, Rio Claro, v. 31, p.1-7, 2008



