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The collection of pollen, nectar and building materials of five Melipona
species from the Amazon forest was studied during the dry and rainy
seasons. Pollen collection took place mainly in the dry season and
occurred in the early morning. The peak in pollen collection was syn-
chronised for four species. The bees collected pollen probably from the
same plant species (predominantly Myrtaceae). Mud and resin were
collected essentially in the rainy season. The resin contained numerous
seeds, that were incorporated in the entrance ornamentation as well as
in the outer structures surrounding the nest. Some of these seeds ger-
minated, producing plants. The collected nectar was of similar sugar
content. However, M. flavolineata collected a nectar of lower sugar con-
centration. This is assumed to be associated with the different needs of
temperature regulation of this species, compared to the other ones.
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The social bees of the genus Melipona, containing more than 40 species, are all
neotropical and many are found in the Amazon region. The bees are relatively
large and in human rural populations several species are bred for their honey pro-
duction. These bees collect food throughout the year and, although polytrophic,
seem to prefer visiting plants of the Leguminosae, Solanaceae, Myrtaceae and
Melastomataceae (Ramalho et al. 1990, Wilms & Wiechers 1995). It is of interest
that these bees are able to perform ‘buzz-pollination’. It is also known that they
visit plant species that produce pollen grains in pollinia, such as the Brazilian rain
forest orchid Maxillaria parviflora aff. (Cortopassi-Laurino, unpublished data).

The pollen and nectar gathering of a social bee colony may be studied for dif-
ferent reasons, such as to know more about the colony’s food requirements, its
pollinating functions through the quantity and quality of pollen and nectar col-
lected, or to identify, through the pollen, the plant species visited.

As a result of small weather changes such as wind, temperature, relative
humidity, cloudiness, soil humidity, etc., the production of nectar by the plant
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and the sugar concentration of the nectar may fluctuate considerably over time.
However, the pollen is brought out only once by flowers.

In 1967 Jansen pointed out that many trees of tropical areas have evolved to
synchronize their flowering and fruiting period with the dry season, to maxi-
mize competitive ability of individuals and to maximize the use of pollinating
and dispersing agents. Our study was done with the purpose of obtaining infor-
mation on the dynamics of the seasonal gathering. We considered some meteo-
rological parameters that might have an impact on the bees and on the diversity
and quantity of the materials collected. In contrast to the rainy season, the dry
season is a period of abundant flowering. What would be the changes of gather-
ing of Melipona bees during these two seasons in the same region?

MATERIAL AND METHODS
Observations of the flight activities and gathering of bees were made in the
Amazon region, at the city of Xapuri-Acre (10° 65’ S, 68° 50’ W), for some days
during the dry season in October, 1999, with diurnal temperatures varying
between 22-41°C and relative humidity between 47-92%, and in the rainy season
in January, 2004 (23.8-33.1°C and 64-98% RH). The annual precipitation varies
from 2,000-2500 mm and the mean annual temperature is about 26°C. The dry
season lasts from May to October.

The flight activity of Melipona crinita Moure & Kerr, 1950 (locally known as
uruçu amarela), M. eburnea fuscopilosa (uruçu roxa), M. flavolineata Friese, 1900
(jandaíra amarela) and M. grandis Guérin, 1844 (caboclinha) was registered all
day long and the type of collected material (pollen, resin, mud) was recorded.
However, for the 5th species studied, M. fuliginosa Lepeletier, 1836 (uruçu boi), it
was difficult to identify the collected material due to the very early hours this
bee collects most of them.

The observations were made from dawn (5:00 a.m.) or some minutes earlier,
when activities of the bees were becoming visible, until the end of daylight (5:30
p.m.). The number of bees entering the colony during 10 min in every 30 min, or
during 15 min in every hour later on in the day, was counted. The material work-
er bees carried on their legs as well as the weather conditions at these times were
written down.

For all individuals that returned without any identifiable material, nectar
gathering was attributed arbitrarily. From a number of these workers (of M. fus-
copilosa, M. crinita, M. grandis and M. flavolineata) returning to the nest, the nec-
tar was collected using a capillary tube, by pressing the abdomen. The quantity
of the liquid and the concentration of sugar were immediately measured in a
field refractometer (Bellingham & Stanley).
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RESULTS

Flight activity
Flight activities are summarized in Table 1 (dry season) and Table 2 (rainy sea-
son). For all species except M. grandis, and in both seasons, the peak of activity
occurred during the early morning. Soon after, the flight activity reduced to very
low levels. In M. grandis the peak activity was found to be much later. This
species collected the several commodities during the entire day, and was special
by its remarkably less fluctuating pattern of flight activity.
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Table 1. Flight activity of five Melipona species in the dry season

Peak of activity Number of flights Estimated nest
Bees Temp (°C) Time RH (%) per day population size
M. fuliginosa 22.0 06:00 93 - 1.500-2.000
M. fuliginosa1 23.5 12:00 91 21.894 1.500-2.000
M. crinita 23.0 05:40 92 10.851 1.000-1.500
M.e. fuscopilosa 24.0 05:20 91 12.044 1.500-2.000
M. flavolineata 26.0 05:55 84 2.757 500-1.000
M. grandis 35.0 11:15 57 2.325 500-700
1Rainy day

Table 2. Flight activity of five Melipona species in the rainy season

Peak of activity Number of Estimated nest
Bees Temp (°C) Time RH (%) observations population size
M. fuliginosa 25.4 05:25 92 329 1.500-2.000
M. crinita 25.3 06:25 91 2086 1.000-1.500
M.e. fuscopilosa 27.0 07:50 83 405 1.500-2.000
M. flavolineata 26.3 06:45 94 824 500-1.000
M. grandis 33.0 10:45 64 442 700-1.000

Table 3. Materials harvested by Melipona species in the two seasons

Species Mud (%) Resin (%) Pollen (%) ‘Nectar’ (%)1

Dry season
M. flavolineata 0.0 0.4 56.6 51.3
M. grandis 0.0 4.2 11.7 85.2
M. crinita 0.0 3.5 38.0 58.5
M.e. fuscopilosa 0.0 0.2 50.5 49.3

Rainy season
M. flavolineata 18.1 26.7 2.9 52.3
M. grandis 15.6 25.3 9.0 50.0
M. crinita 48.7 26.1 3.9 21.3
M.e. fuscopilosa 15.1 25.7 9.6 49.6

1Remaining flights were assumed to be for nectar collection.



Comparing the materials collected in the two seasons (Table 3), a shift in the
more prevalent materials was noted. Pollen collection was predominant in the
dry season, and a rubbery resin, including seeds, as well as mud dominated in the
rainy season. This resin or red pulp with seeds, and the mud, is present in the
structures surrounding the inside of the nest, such as the walls and batumen, as
well as in the outside structure, many seeds being incorporated in the entrance
ornaments (Figs. 1 and 2). The percentage of the remaining flights, for which we
assumed nectar had been collected, shows seasonal differences for M. grandis and
M. crinita only (Table 3).

The gathering of mud, which was absent in the dry season, reached 48.7% in
the samples of M. crinita and stayed above 15% for the other bee species. The
transport of these materials increased immediately after every heavy rainfall.
The collection of resin, hardly observed during the dry season, accounted for
more than 25% of all samples during the rainy season.

Pollen was collected mainly during the early morning hours (Table 4).
However, pollen collection could continue throughout the day. The origin of the
pollen was also analyzed. The bees collected monofloral pollen at each trip. Most
bees returned with white-colored pollen. It was obtained from the corbiculae of
all five bee species, and originated from two species of Myrtaceae. The yellow-
colored pollen came from four different plant species, three of them belonging
to the Myrtaceae. These pollen types were found on the legs of four species. The
two samples of orange-colored pollen were from one type only, probably from
an umbelliferous plant.
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Figure 1. Entrance tube of a Melipona fuliginosa nest, with cone-shaped seeds and an
orange-red resin or rubbery pulp. This material was also found in the batumen of oth-
ers species of Melipona.



Nectar harvesting
All bees returning without any material on the hind legs were considered to have
been foraging for nectar. For three species the peak of this activity occurred at
temperatures of 35-36°C and 57-58% RH, but for M. flavolineata it coincided with
25°C and 87% RH. During the periods some bees collected pollen, other mem-
bers of the same colony collected nectar. This latter activity was observed all
day, until 16:15h.
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Table 4. Pollen collection by Melipona species in two seasons

Peak of activity Last collection
Species Temp (°C) Time RH (%) Temp (°C) RH (%)

Dry season
M. flavolineata 24.0 05:45 84 - -
M. grandis 24.5 05:50 91 35.0 57
M. crinita 26.0 05:40-06:20 84-91 35.0 57
M.e. fuscopilosa 26.0 06:55 84 36.0 53

Rainy season
M. flavolineata 26.3 06:45 94
M. grandis 27.7 07:50 82
M. crinita 27.3 07:00 84
M.e. fuscopilosa 27.0 07:15 83

Figure 2. Seedlings emerging from holes in the batumen of a nest of Melipona.



From the 80 nectar samples obtained from workers, the concentration of sug-
ars was between 11-68% (Table 5). The mean values for the volumes carried by
individual bees corresponded with the size of the bees, M. crinita and M. grandis
carrying the larger loads. The total amount of nectar the species M. crinita and
M. fuscopilosa brought to the nest was near 90 ml/day. After evaporation of the
excess of water (40%, Table 6) the bees may have added to the colony about 1.5
pots of honey in a single day.

In order to calculate the energy gains by the colonies, the quantity of sugar
from nectar was transformed into kcal. M. crinita and M. fuscopilosa colonies col-
lected similar amounts, 157.07 and 110.8 kcal respectively, while the smaller
colonies of the other two species gained less. For M. grandis the value of 25.4 kcal
was obtained using data collected till 13:30h.

DISCUSSION

Flight activities
The bees made collecting trips throughout the day. The fact that they already
did so before daybreak means that some food was already available and that they
could orient themselves in the dim luminosity of daybreak.

A peak of flight activity in the first hours of the morning was observed in
four species (exception M. grandis). This peak occurred in both seasons, and was
synchrone among the species. At the same time, the temperature range for this
peak activity was very narrow in the dry season, 22-26°C, and a little higher in
the rainy season, 25.3-27.0°C, indicating that this may be a key factor for the bees
and their resources.
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Table 5. Characteristics of nectar harvested by four Melipona species in the dry season

Workers of n Quantity (μl) Concentration (%) (range) Joules / ind. Kcal / nest
M. flavolineata 8 8.7-16.8 18.3 (11-31) 26.0 7.2
M. grandis 23 17.0-34.7 35.7 (24-55) 108.5 25.4
M. crinita 31 23.8-34.7 33.5 (22-68) 143.8 157.1
M.e. fuscopilosa 18 14.7-26.6 34.7 (11-62) 91.4 110.8

Table 6. Quantity of water evaporated from nectar to make it honey

Species Water content (%) of nectar Water content (%) of honey Evaporated water (%)
M. flavolineata 81.6 26.8 54.9
M. grandis 64.3 26.3 38.1
M. crinita 66.5 25.3 41.2
M.e. fuscopilosa 65.4 26.8 38.6



M. CORTOPASSI-LAURINO, H.H.W. VELTHUIS & P. NOGUEIRA-NETO

111

Other researchers, that observed species from the same genus in Central
America, have reported on similar behaviors of intense food gathering in the
early morning by M. marginata, M. fasciata (ex M. panamica), M. compressipes and
M.fuliginosa (Roubik & Buchmann 1984), M. beecheii, besides M. fasciata
(Biesmeijer 1997), M. seminigra merrillae and M. fulva (Oliveira 2003), and M.
scutellaris (Pierrot & Schlindwein 2003). However, they did not evaluate the
impact of meteorological conditions.

This similarity in behavior, now shown to occur in 12 species of Melipona, is
interpreted as an adaptive parallelism. Though the species share morphological
similarities uniting them as a genus, there are important differences in their
body sizes and in their coloration. Also variation in population density and
availability of resources from the plants in a given season could potentially
attribute to variation in foraging strategies.

According to Heinrich (1993) dark-colored bees have a tendency to forage in
dark environments or at cold places of high altitude, but such circumstances do
not characterize the foraging activities of the black and largest bee of the genus,
M. fuliginosa. Outside its natural habitat, the forest, these bees usually fly very
early in the morning and almost stop before 6 a.m. On the other hand, on a
cloudy day during the same dry season, its peak of activities was at 12:00h (Table
1), when a similar temperature was reached as was recorded during the early
morning of some days before, when this species was also observed. In their nat-
ural habitat, the dense wood, a colony of this species was observed to have high
activity levels around noon.

Pollen collection
The peak of pollen gathering, as observed for the four species during both sea-
sons, coincided with a limited range of temperatures (24-28°C) and humidities
(82-94%). This result suggests the independence of this behavior from colony
condition and the size and coloration of workers. The M. grandis colony was
exceptional, with peak activity at 11:15 AM (35°C and 57% RH). However, it also
had its greatest pollen collecting activity at about the same time as found in the
other bee species observed.

According to Cooper et al. (1985), individual Apis bees collecting pollen in hot
regions, always do it at lower temperatures than those individual bees that gath-
er nectar or water. This would be plausible because the latter are able to reduce
their body temperature by evaporating the liquids they carry. This hypothesis is
consistent with our results, considering the great convergence in values.
However, high levels of humidity during the early morning may also promote
pollen collection, by facilitating the agglutination of pollen and may have an
impact on the availability of pollen grains in the plants. In guava (Myrtaceae)
flowers, where our species of stingless bees were observed to harvest, pollen is
offered by the plant only in the first hours of the morning.



Regarding the botanical origin of honey, all the Melipona (with the exception
of grandis), as well as Tetragonisca weyrauchi, Scaptotrigona sp and Plebeia alvaren-
gae, nesting in Xapuri, had Myrtaceae pollen as the dominant component
(>75.8%) in the dry season.

A similar predominance of Myrtaceae was found in the pollen present in lar-
val food, being on average 94.8% Myrtaceae pollen. This similarity of the pollen
diet for the larvae is of interest. It shows the similarity of the food niche of these
co-existing bees. The egg size is very similar in these Melipona species, but the
quantity of larval food varies, and is greater for larger species (Velthuis et al.
2003).

Resin collection
The rubbery resin, collected especially during the rainy season (it was collected
only in minute quantities during the dry season), had an orange-red color. The
presence of cone-shaped seeds in this resin suggests that this material originat-
ed from some fruits. Such resins containing seeds were only observed on
entrance tube ornaments, batumen and walls of the hives. Seeds were never
incorporated in the combs or the pots used to store food. M. crinita bees brought,
sometimes, globules of this resin in their mandibles and on the corbiculae.

According to Garcia et al. (1992), these resins or rubbery pulp with seeds are
obtained from two plants: Vismia sp. (Guttiferae) and Coussapoa asperifolia
(Cecropiaceae), the latter with oval-shaped seeds. The plant is frequently visit-
ed by stingless bees. Vismia sp. is locally known as ‘lacre’. Seeds from Zygia race-
mosa (Leguminosae) were reported from the nests of two other amazonian
species, M. seminigra merillae and M. compressipes manaoensis (Bacelar-Lima et al.
2006). The fact that some of these seeds germinate, producing seedlings emerg-
ing from holes in the bee’s nests, shifting from their original position in the
batumen, suggests that stingless bees may be contributing to the dispersal of
these plants in the Amazon region.

Nectar foraging
During the dry season, the four species collected nectar from 5:50-16:00h. A total
of 80 nectar samples obtained from returning foragers were analysed. For 3 out
of the 4 species studied these samples showed similar mean sugar concentra-
tions. These sugar concentrations were not dependent on the hour of the day.
The yellowish-colored bee, M. flavolineata, however, had the lowest concentra-
tion of sugar in its nectar. We are inclined to associate this with its lighter
colour, its smaller size and the position of its nest sites, being higher up in the
trunks of the trees, compared to all the others that nest near soil level inside the
trunks.

In relation to the maximum volume collected, a correlation with body size
was found: M. grandis and M. crinita carried the biggest loads. Similar data were
obtained from some Melipona bees in Panama, (exception: M. fuliginosa) (Roubik
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& Buchmann 1984). In Costa Rica, M. fasciata and M. beecheii, collected a maxi-
mum volume of 48.7 μl and 51.4 μl respectively (Biesmeijer 1997). But when these
measurements were made in different places and by different researchers, quite
different maximal values were reported (for M. fasciata ranging from 16.1-51.4 μl;
data from Roubik et al. 1995 and Biesmeijer et al. 1999, respectively).

The quantities of energy (kcal/day) collected by the bees of the colonies stud-
ied in Xapuri are comparable to those found by Roubik & Buchmann (1984) in
Panama. These authors reported 123-200 kcal/day for M. fasciata and 164-274
kcal/day for M. compressipes. The impact of differences in the sizes of the indi-
viduals and the colonies of the species, other than merely the effect of time of
the year should be studied in more detail. Strong nests of M. bicolor started their
collecting behaviour earlier on the day than weak ones (Hilario 1999).

Comparing the quantity of water in nectar carried in the crop to the nest and
in the honey stored inside the nest (Table 6), we observe that the honey is sim-
ilar in the four species, but that the nectar taken from the smallest species, the
yellowish-colored M. flavolineata, has a higher water content compared to the
other three species. Consequently, this species evaporates more water from the
nectar collected. We may suggest this is associated with its nest being in warm
places, receiving more energy from the sun, a condition that might sometimes
necessitate this species to collect nectar with a lower sugar content compared to
the other species. It is unknown which quantity of water bees must evaporate to
keep the desired temperature within the nest. In this perspective, a lower sugar
concentration may not be a disadvantage. Near 40% dehydration of the nectar
may be useful to maintain the optimal temperature range within the nest.
Honey, however, is rather similar within Melipona; with 25-30% of water it
appears to be very conservative. Even M. subnitida, living in small exposed trees
in the northeastern arid regions of Brazil has honeys with 25-29% of water
(Cortopassi-Laurino, unpubl.).

In Xapuri, the only bee observed to dehydrate its nectar outside the nest was
Oxytrigona obscura. Tetragonisca weyrauchi, which builds aerial nests on tree
branches, has on the upper part of the nest a prolongation with pores. These
pores are enlarged during the hottest time of the day and are closed during the
night, a feature that enables ventilation and temperature regulation within the
nest according to the needs (Cortopassi-Laurino & Nogueira-Neto 2004).
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