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ABSTRACT

Thisresearchwasdevelopedin the center-urban areaat the city of Dourados
(MS), in Tibouchinagranulosa trees,a plant popularly known as “quaresmeira”
in Brazil. The floral visitors of this species were recorded in three daily peri-
ods: 7-8am. 1-2p.m. and 4 -5 p. m. Bee visitors of those plants were
collected with an entomological net when they landed on the flowers. The
bees were anesthetized in a closed camera containing etila acetate, conserved
in Dietrich s fixative and, soon afterwards, transferred to 70% ethyl alcohol
for subsequent identification. Almost 300 specimens of Africanized Apis
mellifera, Trigona spinipes and Tetragonisca angustula were collected. The
presence of these three species of bees in the flowers of 7. granulosa suggests
that they can be considered the main floral visitors of that vegetal species.
1. angustula workers did not visit the flowers of 7. granulosa between 7 and
8 a.m., but they were the main floral visitors from 4 to 5 p.m. The workers
of 1. spinipes presented a very aggressive behavior against the Africanized 4.
melliferaworkers on the quaresmeira flowers, defending the food sources with
strength and efficiency and provoking a drastic reduction in the number of
honeybee visits between 1 and 2 p.m. Nevertheless, they did not interfere
in the opportunistic activity of foraging by 7. angustula workers, mainly
between 4 and 5 p.m. The most important result of this research was the
detection of the Competitive Exclusion Principle between A. mellifera and
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1. spinipes species in relation to the foraging behavior, when they exploit the
floral resources of 1. granulosa.

Keywords: Quaresmeira, Tibouchina granulosa, Foraging behavior, Bees,
Competitive Exclusion Principle.

INTRODUCTION

Thespecies Tibouchinagranulosa(Cogn.) belongs to the Melastomataceae
family, being popularly known as quaresmeira. It is a characteristic plant of
Atlantic Pluvial Forestand blooms twice ayear (from July to August and from
December to March). Their flowers present coloration that varies from rose to
purple. The tree grows to between 8 and 12 meters in height, with a trunk of
30-40 cm diameter and pubescent tough leaves in both faces (Lorenzi 1992).
In the city of Dourados (MS) it is used in forestation and ornamentation of
the main streets.

Oneofthe mostimportantsubjectsin research on conservation of biodiver-
sity is the study of the interactions between floral visitants and vegetal species
in natural ecosystems. According to Kearns and Inouye (1997), the loss of
pollinationisassevere and harmfulin any ecosystemas the physical alterations
of the habitat, but, frequently, it is generally considered of minor importance
in relation to the loss of species. In tropical regions such as Brazil, the main
pollen vectors are bees (Silberbauer-Gottsberger & Gottsberger 1988, Bawa
1990, Renner & Feil 1993, Rincén ez al. 1999, Barbola ez al. 2000, Aguiar &
Santos 2007), simply because these organisms are strictly dependent on floral
resources for their survival (Roubik 1989, Michener 2007).

Brazil is a very rich environment in species of social stingless bees of the
subfamily Meliponinae. The life cycle and the social regulation of these bee
species are intrinsically dependent on a very good brood feeding during all
the developmental phases, and also during adult life.

One of the main advantages of the socialization is the development of
eflicient mechanisms of communication among the members of the colony,
which provide conditions to explore the habitat and to collect information
on alternative sources of foraging. This ability improves their capacity to use
the floral resources at a given moment, as well as to recruit additional foragers
to seck the source of food that is being explored (Beeckman ez a/. 2007, Diaz
et al. 2007). This strategy makes possible the selective exploration of more
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profitable sources in a frequently unstable natural environment (von Frisch
1967, Seeley 1995), because the food sources are frequently ephemeral and
dispersed, although they can be diversified in some habitats. The communi-
cation systems, still little studied for most species, are also quite diversified.
Each of many behavioral characteristics can be potentially changed in order
to improve the strategy for exploitation of the floral resources and also the
individual and collective alimentary economy (Ramalho ez 2/. 1991). There-
fore, the foraging efliciency of social bees depends on the influence of many
abiotic factors, as well as of conditions of the habitat, as the space and tem-
porary distribution of food sources (Sherman & Visscher 2002, Dornhaus
& Chittka 2004, Pasquet ez /. 2008). The profitability of the alimentary
sources and the amount of food stocked in the nest are also essential factors
in the regulation of the foraging activity of the colony (Secley 1989, Pirez
& Farina 2004, Griiter & Farina 2007). For this reason, the stingless bees
present foraging strategies that vary from individual and opportunists to
collective and monopolists.

Apis mellifera is an exotic species, of relatively recent introduction in the
American Continent. After the importation of African honeybees, 4. 7.
scutellata (Lepeletier 1836), from South Africaand Tanzaniato Brazilin 1956
(Kerr 1967),anew organism which resulted from crossings among these bees
and four European subspecies of honeybees was produced (Ruttner 1986,
Stort & Gongalves 1994, Pereira & Chaud-Netto 2005). These poly-hybrid
bees presented scutellata-like characteristics, such as reproductive, foraging
and defensive behaviors. For this reason they received the name of African-
ized honeybees (Diniz ef al. 2003). The relationships between these bees
and the neotropical environment surprised researchers all over the world, as
they have high adaptability to variable ecological conditions, produce a great
number of swarms, and their workers are very eflicient foragers, competing
for floral resources with many species of native bees (Pereira & Chaud-Netto
2005, Traveset & Richardson 2006, Carbonari ez 2/ 2009, Brizola- Bonacina
2009).

The scientific community considers scarce the knowledge on the influence
of the honey bee on the Brazilian flora. Furthermore, minimal information
is available on the interference of the natural sources of floral resources and
environmental factors in the foraging activity of this eusocial bee. The efh-
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cient system of communication and the fast population growth of 4. mellifera
make this bee a dominant floral visitor in natural environments and also in
agriculture areas, especially in the tropics. Nevertheless, its presence can pro-
duce a potentially negative effect on the reproduction of many native plants,
which are not adapted to pollination by this bee. The workers of A. mellifera
consume all the floral resources of these vegetable species and, consequently,
this harmful behavior reduces the activity of the native pollinators (Traveset
& Richardson 2006, Carbonari ez 4. 2009). On the other hand, many native
plants already have their reproductive effectiveness maximized as a result of
the intense activity of pollination of the honey bee in their flowers.

The relationships between floral visitors and angiosperms are based on
exchange of rewards. Most of the time, a floral visit is motivated by the food
offer or, in other words, the vegetal species offer attractives, as nectar and
pollen, and receive the benefits of pollination (Pesson 1984). Complex in-
teractions between floral visitors and the vegetable species which are visited
can be observed in different environments. The visitants developed varied
strategies to explore the floral resources produced, including the exploitation
of different plant species (Pleasants 1980), the search for nectar and/or pol-
len at different times of the day or even in different periods of a determined
season (Ginsberg 1983, Koptur ez al. 1988, Morato & Campos 2000), and
foraging in different patches of resources (Carpenter 1979) and at different
densities in the patches (Johnson & Hubbell 1974, Ginsberg 1983).

The objective of this research was to get information on the species of
bees that visit the flowers of 7. granulosa, as well as the interactions among
these organisms in relation to the use of the alimentary resources produced
by this species.

MATERIAL AND METHODS

The bees were collected with an entomological net in trees of 7. granulosa
(quaresmeira) in the center-urban area of the city of Dourados (MS). Three
intervals of one hour each were established for the collections: the first from
7 to 8 a.m., the second from 1 to 2 p.m. and the third from 4 to 5 p.m. During
the time elapsed in each interval the bees foraging the flowers of 7. granulosa
were collected, anesthetized inacamera containingethyl acetate,and grouped

consideringthe collection interval. Soon afterwards the specimens were fixed
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in Dietrich (Begak & Paulete 1976), for 12 hours. After the fixation they were
conserved in ethyl alcohol to 70% for subsequent selection and identification
in species level, with base in morphologic characters.

The number of bees collected in the flowers of 7. granulosa was recorded,
and the relative frequencies obtained for each species were calculated, using
formula (ni / N) X 100 where, ni = number of collected bees of a certain
species and N = total number of collected bees. The number of visitors of
cach bee species to the flowers of 7. granulosa was used to perform a faunistic
analysis of abundance, setting a 5% confidence interval (CI) and 1% prob-
ability (p) (Kaps & Lamberson, 2004). For this finality the floral visitors
were classified in one of the following classes of abundance (Silveira Neto ez
al. 1976): 1. Very abundant - in this case, the number of visitors of a certain
species was higher than the upper limit of the Cl at 1% p level; 2. Abundant
— the number of individuals observed was between the upper limits of the
CI at 5% and 1% p level; 3. Common —the number of visitors recorded on
the flowers was within the CI at 5% p level; 4. Dispersed — the number of
visitors was within the lower limits of the CI at 5% and 1% p level; Rare - in
this case, the number of visitors was smaller than the lower limit of the CI at
1% p level. The results of this analysis permit to determine the characteristics
of the floral visitors and their importance to the flowers of 7. granulosa. To
verify whether the environmental factors were related to the foragingactivity
of the floral visitors the Pearson’s correlation test was applied to the data.
The main objective of this analysis is to determine the functional dependency
between the foraging activity and each abiotic variable. The SPSS Program
for Windows was used to determine the confidence intervals and to perform
the Pearson’s correlation tests.

The frequencies of visitors of the species observed on the flowers of 7
granulosa were calculated and the G Test of Independence was used to com-
pare the data. For this purpose the software BioEstat 5.0 (Ayres ez 4/. 2007)

was used.

RESULTS AND DISCUSSION

Workers of three bee species [Apis mellifera (L. 1758), Trigona spinipes
(Fabr. 1793) and Tetragonisca angustula (L. 1911)] foraged the flowers and
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Table 1. Bees collected on the flowers of 7. granulosa in three daily intervals of observation.

BEES
Daily Intervals
Apis mellifera Trigona spinipes Tetragonisca angustula
7 to 8am. 51 37 0
lto2p.m. 7 82 27
4to5p.m. 23 16 51
Total 81 135 78

were considered the predominant visitors of Tibouchina granulosa. In total,
294 bees were collected throughout the experiment (Table 1).

The relationship among the species of bees collected in the flowers of 7.
granulosa during the daily intervals of observation can be observed in Fig. 1.
An analysis of that figure revealed that the frequency of bees on the flowers
of T. granulosa varied according to the period of the day and the behavior
of each visitor species. The workers of 1 spinipes were the most aggressive
visitors in the food source.

In the first daily interval of observations, 4. mellifera was more abundant
in number of individuals. In Brazil, this species is represented mainly by the
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Fig. 1. Relationships among the species of bees collected on the flowers of 1. granulosa during the
daily intervals of observation.
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Africanized honeybees, a polyhybrid bee resulting of crossings among four
subspecies of European origin (A.m.ligustica, A.m.caucasica, A.m.mellifera
and 4. m. iberica) and the African subspecies, 4. m. scutellata (Ruttner 1986,
Stort & Gongalves 1994, Pereira & Chaud-Netto 2005). According to Free
(1980), Africanized honeybees are extremely efficient in the recruitment of
foragers, and rapidly attract a great number of collectors for the exploitation
of food sources.

In thesecond dailyinterval of collections the most representative bee species
observed in the flowers of 7. granulosa was 1. spinipes (“irapud”). The workers
of this species presented a very aggressive behavior against the Africanized 4.
melliferaworkers on the quaresmeira flowers, defending the food sources with
strength and efhiciency, and provoking a drastic reduction in the number of
honeybee visits between 1 and 2 p.m. The workers of Africanized honeybees
practically were expelled from the food sources in this period. Nevertheless,
the workers of 7 spinipes did not interfere in the opportunistic activity of
foraging by 7. angustula workers, mainly between 4 and 5 p.m. According
to Johnson & Hubbell (1974), the recruitment system of Zrigona workers is
not as efficient as the observed in A. mellifera, but they compensate for this
apparent disadvantage with an extremely aggressive behavior in the sources of
food. This peculiar behavior, to the detriment of the great number of “rivals’,
can vary from an alarm posture to direct corporal confrontations. Engels &
Engels (1980) noted many aggressive exhibitions of meliponids in relation
to foragers of A. mellifera, in the exploitation of floral resources. In all the
cases they observed that the stingless bees were victorious, as some honeybee
workers had their wings damaged and most of them could not fly after the
confrontations.

In the third daily interval of observation and collection, the workers of 70
angustula (“jatai”) were more abundant. These small-sized meliponids do not
enter in direct competition with the larger bees by the floral resource that is
being explored. They act only as collectors of the remaining pollen found in
the floral structures, resulting from the foraging activity of other organisms
which visited the same source of food before them (Laroca 1970).

There was a significant negative correlation between the number of visits
(N.V.) performed by workers of 7. spinipes and relative air humidity (R.H.)
values (r = - 0.9532; t = - 31.54; df = 1), but not with the temperature (T)
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(r=0.4003; t = 0.4369; df = 1). For 1. angustula there was a non-significant
correlation between N.V. and R.H. (r = - 0.0243; t = - 0.0243; df = 1), and
also between NV. and T (r = 0.7683; t = 12.00; df = 1), although this last
value obtained for t is very close to the critical value of significance (12.70)
at 2.5% of probability indicated in the table for t values, in the bicaudal test
(Kaps & Lamberson 2004). In the case of Apis mellifera there was a significant
negative correlation between N.V.and T (r=-0.9868; t =-60.99; df = 1), but
anon-significant positive correlation between N.V.and R H. (r=0.7716; t =
12.13; df = 1). The effect of both climatic variables on the foraging activity
of T spinipes, T. angustula and A. mellifera workers was clearly different.

The bees usually forage more intensely when the relative humidity of the
air is low and the environmental temperature is high. The results obtained
for 7. spinipes in this research are similar to those registered by Hilario e 4.
(2000) and Kasper ez 4/. (2008), in what concerns to the relationship between
food collection and relative humidity of the air. On the other hand, although
the correlation between the number of flower visits of 7. spinipes and the
temperature has not been significant, there was a tendency of increase in the
N.V.in higher temperatures. In the case of 4. mellifera there was adecrease in
the N.V. under higher temperatures and lower values of R.H. and an increase
in the N.V. in opposite conditions. These results are different from those ob-
tained in other research (e.g. Coelho 1991, Polatto ez a/. 2012). The results
of the correlation tests performed in this research represent an argument in
favor of the occurrence of competitive exclusion between 7 spinipes and A.
mellifera regarding food exploitation: the foragingactivity of the Africanized
honeybees was moved to less favorable schedules, particularly the beginning
and the end of the day, to avoid the trophic overlapping with 7. spinipes in
the middle of the day, considered the period in which the environmental
conditions are more favorable.

The frequency of visits of 7. spinipes workers to the flowers of T. granulosa
(45.92%) was greater in relation to the frequencies recorded for workers of A.
mellifera(27.55%) and T. angustula (26.53%) (G =155.34; p< 0.0001; df=4).
Renner (1983) observed 34 species of plants of the family Melastomataceae,
common in Neotropical communities (Atlantic Forest and Amazonian For-
est), and verified that all of them were visited by species of Trigona (5 species
and 4 subspecies, respectively).
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In the present research, considering the classes of abundance proposed
by Silveira Neto et al. (1976), T. spinipes was classified as a very abundant
species in relation to A. mellifera and T. angustula, considered two common
species. In relation to the foraging behavior, the three species were classified
as constant organisms. 1. spinipes was the dominant species on the flowers of
1. granulosa. The predominance of T. spinipes, followed by A. mellifera and
1. angustula, three bee species with eusocial lifestyle, may be a consequence
of the large number of members in their colonies and their generalist habits.
Vieira & Marchini (2009) studied the diversity of bees in a Brazilian Cerrado
areain the city of Cassilindia, Mato Grosso do Sul,and observed that the two
most abundant species were also A. mellifera and T. spinipes. In a particular
environment, the most abundant alimentary sources are efhiciently exploited
by these bees, and they generally forage in groups (Kerr ez al. 1981, Wilms ez
al. 1996, Johnson & Steiner 2000).

The workers of Apis and Trigona established, amongst themselves, a
competition relationship for exclusion in relation to the foraging behavior,
when they explore the floral resources of 7. granulosa. In other words, the
presence of one of them on the flowers drastically reduced the presence of
the other (Fig. 1).

The way bees explore floral sources of pollen and nectar depends on relative
selection pressures regarding the bee, the flower and also the environment.
The environmental characteristics and the time that the food sources stay
available to the visitor are fundamental variables in the consumers’ economy.
In an environment with previsible resources in time and space, specialization
can present advantages in relation to the search and use of food (MacArthur
& Pianka 1966). Specialization eventually brings a competitive advantage
in the use of specific resources. On the other hand, the generalist alimentary
habit makes possible the adaptation of the species to the variations in the food
offered, besides those due to the competitors™ presence (Morse 1980). The
social apids maintain a great colonial biomass for a long period and, for this
reason, they cannot specialize (Michener 1979). Additionally, they present
morphologic and functional characteristics (for instance, the corbicle and a
long proboscis) that favor the generalist alimentary habit (Michener ez 4/.
1978, Loken 1981). For this reason they are predisposed to interspecific
interactions in the use of the floral sources of food.
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There is some indirect evidence that competition alters the method of
use of the floral sources among Apidae (Inouye 1978, Heinrich 1978, 1979,
Pyke 1982). The foragers of some species of meliponids exhibit aggressive
and monopolist behaviors during the bloomed periods of the year (Johnson
& Hubbell 1974, 1975, Hubbell & Johnson 1978), and some species which
form great colonies make demarcations with pheromones in the area where
the colony is acting, with the apparent purpose of avoiding the installation of
new nests (Hubbell & Johnson 1977). Koeniger & Vorwohl (1979) observed
that, among four species of Apidae (Apis dorsata, A. florea, A. cerana and
Trigona iridipennis), the smallest of them (7. iridipennis) exhibited aggres-
sive behavior in relation to the other three species. Those authors admitted
that this behavior may be related to the smaller area of food exploration by
the colony of 7. iridipennis, and would have the function of preserving the
foraging space of this species. They also observed a larger diversification of 7.
iridipennis in relation to food collection. This peculiarity apparently attests
to the efficiency of that bee to defend its feeding territory.

The hypothesis postulated by Koeniger and Vorwohl establishes a certain
difhiculty for the analysis of the coexistence among meliponid species. For
instance, Trigonini, the larger species which form great colonies and, there-
fore, have a larger action area, exhibit aggressive and monopolist behaviors
(Johnson & Hubbell 1975, Hubbell & Johnson 1978, Roubik & Johnson
1982), while the smaller species avoid direct contact with the larger ones and
are passive and opportunist in relation to the gathering of floral resources.
Engel & Dingemans-Bakels (1980) noticed that small species of stingless bees,
as Plebeia minima, Tetragonisca spp. and Trigona jaty foraged some types of
flowers which were not visited by larger bees, and suggested the existence of
some alimentary specialization related with the size of the species.

CONCLUSIONS

The data obtained in this research allowed the following conclusions: (1)
The capture of bees in foragingactivity on the flowers of 7. granulosaindicates
the possibility of effective pollination; (2) The floral resources are collected by
the bees A. mellifera, T. spinipes and T. angustula; (3) The constant presence
of Apis and Trigona on the flowers of T. granulosa indicates that this vegetable
species is an important food source for them; (4) Of the bees that visited the
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flowers of 1. granulosa, T. spinipes appeared dominant to the others, probably
due to their aggressive behavior in the exploitation of that food source; (5)
There is a competition relationship for exclusion between Apis and Trigona
in relation to the foraging behavior, when they explore the floral resources of
1. granulosa : the presence of one of them on the flowers drastically reduced
the presence of the other.
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