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ABSTRACT

The pollination ecology of Swartzia apetala Raddi var. apetala was studied in the restinga of Maricá, State of Rio
de Janeiro, Brazil. S. apetala var. apetala is a shrub with  asynchronic annual blooming, between the months of
November and April (hot-rainy season). Each plant can exhibit more than one blooming episode in this period.
Their flowers are hermaphrodites, apetalous, heterantherous, odoriferous, and the pollen represents the only
reward offered to visitors. It is pollinized by species of Centris and Xylocopa, solitary and polyletic bees, which
collect the pollen by means of vibratory movements. Other bees such as Apis mellifera, Pseudaugochloropsis
graminea and Trigona spinipes are only pollen-thieves. In this variety of  Swartzia vibrating is an efficient method
to collect pollen from the anthers despite non-poricidal dehiscence.. The flowering phenology and the behavior of
visitors influence the rate of outcrossing.
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INTRODUCTION   

The sandy coastal plains of Brazil are covered
by very characteristic vegetation, usually called
“restinga”. Restinga vegetation is composed of
different communities influenced by topography
and environmental conditions. The variety of
these factors favors the appearance of several
habitats and, consequently, of a rich and
diversified flora (Araújo, 1984), threatened by
real estate projects and by the disordered
development of coastal areas. There are many
studies concerning different aspects of the
biology of reproduction of the restinga species
to understand the dynamics of this ecosystem
(Correia, 1983; Pinheiro et al, 1988; Lima et al,
1989; Leite, 1991; Ormond et al, 1991; Pimenta,
1992; Correia et al, 1993; Costa et al, 1993;
Ormond et al, 1993; Pinheiro et al, 1994;
Pinheiro et al., 1995; Ormond, 1995; Pinheiro,
1995; Vieira, 1995; Correia et al, 1996; Martins
& Correia, 1996; Moço & Pinheiro, 1996;
Santos & Lima, 1996). The study of the sexual
displays and reproductive systems presented for
the species of the restinga of Maricá revealed

that most of them depended on biotic vectors for
pollination (Ormond et al, 1991).

Swartzia apetala Raddi var. apetala is a shrub
that occurs frequently in the restinga of  Maricá
and has pollen-only flowers. Pollen-flowers,
particularly those with poricidal anthers, are
noted for the great similarity in the pollination
syndrome, being visited by bees that vibrate the
anthers when collecting pollen (“buzz
pollination”). In the genus Swartzia, the flowers
present anthers with longitudinal dehiscence.
However, pollen collection by buzzing bees,
similar to the buzz-polination that was described
by Buchmann (1983) poricidal species, was
registered to S. pickelii (Lopes & Machado,
1996). Other studies also mention the use of
vibration in the pollination of other species with
non-poricidal anthers (Buchmann, 1985;
Oliveira & Sazima, 1990;  Vogel, 1978).

In this work we aimed to study the pollination
ecology of Swartzia apetala Raddi var. apetala
emphasizing the efficiency of the vibration
method to collect pollen from non-poricidal
anthers.



MATERIAL AND METHODS

This study was performed during the period of
March 1994 to February 1996 in the restinga
located in the municipality of Maricá, including
the Districts of Barra de Maricá and Itaipuaçu,
State of Rio de Janeiro, Brazil (22o 56’ 15’’ to
22o 58’ 12’’ S and 42o 54’ 08’’ to 42o 47’ 30’’
W) (Louro & Santiago, 1984). The climate is
tropical rainy, with a warm and rainy summer,
in which December and January are the months
with the highest pluviosity, and a winter with a
non-severe drought (Dau, 1960). During the
study period the mean temperature of the hottest
month was 25.6o C and of the coldest month
20.8o C. The daily temperature ranged between
6o C and 7o C.

During this study, excursions were made
throughout the flowering period. Flowers and
buds were collected for morphological study and
to perform laboratory tests. The floral visitors
were also collected and dryed for identification
and analysis of  the pollen location on their
bodies.

The observations of flower characteristics such
as morphology, colour and nutritive resources,
were performed on about 10 flowers from every
5 plants marked in the study areas.  The
phenological data was collected from 10 marked
plants.  Observations were made for the
blooming period, and the number, duration and
synchronization of the episodes. Additional
observations in unmarked plants were
performed periodically. The classification of the
flowering pattern was done according to
Newstrom et al. (1994).

The pollen grains from the two kinds of stamens
were analysed separately. The viability of the
pollen grains was tested with acetic carmine
(Radford et al, 1971), and the detection of lipids
on the surface of the pollen grains (“pollenkitt”)
was done with Sudan III (Johansen, 1940).  The
stigma was examined under optical and
stereoscopic microscopes and which was
classified according to Heslop-Harrison &
Shivanna (1977).  The odour was detected and

classified from flower structures isolated in
closed vessels. The odoriferous areas were seen
in flowers plunged into the Neutral Red solution
for about 10 min and after that washed in
flowing water to check the colored areas (Vogel,
1963).

The foraging behavior of the floral visitors were
followed during the period of anthesis
throughout the flowering. Observations were
made regarding the number of flowers visited
per plant, time and mode of staying in the flower
and the kind of resource collected.

RESULTS

S. apetala var. apetala occurs behind sand
dunes` belt, parallel to the sea, and at inland
restinga.  It may be present either inside of
shrubs and at open spaces.  The plants can reach
2,5m tall, and can be found isolated or
aggregated.

The flowering of S. apetala var. apetala was
annual asynchronic in a populational level and
occurred between the months of November and
March (hot-rainy season). Intra-plant
asynchronic blooming episodes were frequent,
being marked by the blooming of a branch or a
group of them in isolation. Each plant presented
from 1 to 5 episodes, each one standing from 5
to 15 days, with an interval between them up to
15 days.

The inflorescence was racemose and varied in
length from 1 to 18 cm, each one producing 1 to
40 flowers. The smallest inflorescences (≤ 9 cm)
presented 1 to 3 open flowers each day, and the
largest ones, 6 to 8. The daily production of
flowers per plant was around 80 flowers.

The flowers were hermaphrodites,
zygomorphics, apetalous and odoriferous, ca.
1.50 cm long and the pollen represented the only
reward to visitors. The calyx was glabrous,
green-colored, and presented 4 or 5 lobes. The
ovary was 4.5-6.0 mm long, glabrous, green-
colored, unicarpelar, unilocular, superous, raised
by a stipe 2.0-4.5 mm length, half-moon shaped,
and presented 7-12 ovules. The style was lateral
and short, with only 0.4 mm long, leaving the



stigma almost sessile. The stigmatic area was
dry and papilous. The androecium was glabrous,
white-colored, dimorphic, constituted by ca. 80
smaller stamens forming a brush at the upper
end of the flower, and two bigger ones at the
lower end, one on each side of the ovary. The
former had anthers ca. 0.6-0.7 mm long and
filaments 7.0-9.0 mm long. The anthers of both

stamen types had longitudinal dehiscence. Their
pollen grains presented a viability index of
about 90%. The grains from the big stamens
formed small masses due to the high amount of
lipids on their surfaces (“pollenkitt”), while the
small ones were dry and powdery.  Odour was
realeased from the filaments of the small
stamens, exhaling a strong sweet scent.

Figure 1. Flower structure of Swartzia
apetala var. apetala: SS = small
stamen, BS = big stamen, OV = ovary.

Figure 2. Pollination of Swartzia apetala
var. apetala by Centris flavifrons. Note
the area where the bee abdomen comes in
contact with the stigma and the big
stamens.

Anthesis began at 5.30 am. There was a
complete exposure of the pollen grains in the
anthers of the big stamens, caused by the total
retraction of the thecae. In the small stamens,
the pollen grains remained inside of the thecae
that had tiny longitudinal apertures. There was a
spatial separation between the gynoecium and
the stamens in the flower; therefore the pollen
grains never came in contact with the stigma
(Fig. 1). Around 12 noon, the scent exhalation
ceased, the small stamens faded and the large
ones fell off, characterizing the end of anthesis.
The group of small stamens only falls from  the
floral receptacle at the end of the day.

The flowers of S. apetala var. apetala were
visited by Xylocopa ordinaria (Smith),
Xylocopa frontalis (Olivier), Centris flavifrons

(Fabricius), Centris varia (Erichson), Centris
lutea (Friese), Apis mellifera (Linneu), Trigonia
spinipes (Fabricius), and Pseudaugochloropsis
graminea (Fabricius).  The visits began around
5.30 am, at which time the flowers are attractive
and the floral reward is available. They occurred
more frequently from 5.30 am to 9.30 am.
Approximately from 10 am the visits became
scarce and the anthers of the flowers were
practically without pollen.

The Centris and Xylocopa species were
pollinators, X. ordinaria and C. flavifrons being
the most frequent in populations studied (Table
1). All these species of bees were solitary and
polyletic, ranging from medium to large size,
and only the females collected the pollen grains
to feed their larvae. The intra-floral visits of



these bees were fast, with a mean time of 29
seconds for Xylocopa and 12 seconds for
Centris. The bees visited few flowers per plant,
never exceeding 20 in a foraging flight.

During the visits, the pollinating bees landed on
a flower, held the group of small stamens with
the first and second pair of legs, put the wings
back, bent the abdomen and vibrated. These
vibratory movements allowed the cloud-like

departure of the pollen grains from the small
stamens, and deposition on the ventral surface
of the bee. During the vibratile behavior, the
dorsal portion of their abdomen came in contact
with the stigma and the big stamens (Fig. 2).
After visiting several flowers, the bees flew over
the inflorescence and cleaned the ventral surface
of the abdomen, transferring the pollen derived
from the anthers of the small stamens to their
third pair of legs.

Table 1:  Relative activity and frequency of the visiting bees Swartzia apetala var. apetala observed during the
study in the restinga of Barra de Maricá/ Itaipuaçu - RJ.

 (*) low frequency: less than 5 visits per plant/day; medium: 5 to 10 visits per plant/day; high: more than 10 visits
per plant/day .

The grains of the big stamens remained on the
dorsal surface of the abdomen and were not
removed during this cleaning process.

Apis mellifera (a medium-sized bee), Trigona
spinipes and Pseudaugochloropsis graminea
(both small- sized bees), acted only as pollen-
thieves (Table 1). A. mellifera and T. spinipes
foraged  in a similar way and their intra-floral
visits took a long time, varying from 2-15 min.
They landed on the small stamens and with their
front legs and mouth parts collected pollen from
each anther in a single step, and used up the
floral reward. Manipulation of the large anthers
rarely occured. In these species of bees, the
pollen deposition was diffuse. They collected
pollen from several flowers of the same plant,
making short flights.

Pseudaugochloropsis graminea collected pollen
by means of vibration. The intra-floral visit was
long, up to 5min.  During the visits, the bee

landed on the small group of stamens (five),
helds some of them with its first and second pair
of legs and vibrated.  This vibration released a
pollen cloud and the grains were deposited over
the whole ventral surface of the bee. Then it
walked over the small stamens and repeated this
movement up to five times on each flower,
foraging different groups of stamens in a
circular route. The bees of this species rarely
foraged the big stamens. Pollinating and pollen-
thief bees were frequently observed foraging
together on the same plant, with no aggressive
behavior.

DISCUSSION

The maintenance of the populations of all bee
species in a given ecosystem is related to the
continuous offer of different floral rewards,
especially nectar and pollen. S. apetala var.
apetala flowers intensely in the hot-rainy season
and their pollen contributes to the feeding of the

SPECIES ACTIVITY FREQUENCY (*)
Anthophoridae
            Xylocopa ordinaria   pollinator          high
            Xylocopa frontalis   pollinator          low
           Centris flavifrons   pollinator          high
           Centris lutea   pollinator          low
           Centris varia   pollinator          low
Halictidae
          Pseudaugochloropsis graminea  pollen-thief          low
Apidae
         Apis mellifera  pollen-thief        medium
         Trigona spinipes  pollen-thief        medium



larvae of  Xylocopa frontalis, X. ordinaria,
Centris flavifrons, C. varia, C. lutea, Apis
mellifera, Pseudaugochloropsis graminea and
Trigona spinipes.  Among these species, Centris
flavifrons and Xylocopa ordinaria stand out as
the effective pollinators of this plant, collecting
pollen by means of vibratory movements (“buzz
pollination”), despite the non-poricidal anthers.
Bees of the genus Eulaema present the same
behavior when visiting the flowers of Swartzia
pickelli (Lopes & Machado, 1996).

The use of the floral vibration method to collect
pollen in species with non-poricidal anthers has
been recorded in several families (Buchmann,
1985; Macior, 1964 e 1968; Oliveira & Sazima,
1990; Vogel & Machado, 1991). In spite of
being initially regarded as rare and occasional
(Buchmann, 1985), this collecting method has
now proven to be  efficient for the species with
non-poricidal anthers as for those with poricidal
anthers (Oliveira & Sazima, 1990). In poricidal
species the pollen transfer is more precise,
preventing great losses (Buchmann, 1985).

In S. apetala var. apetala, heteranthery has an
important role in pollination dynamics. Pollen
grains with different functions are deposited in
distinct areas on the body of the pollinator. This
spatial difference in pollen grain deposition on
the body of the pollinator, enables only the
grains from the big anthers to be deposited in
the stigma of another flower. The consequence
is the reduction of interference between food
and fertilizing pollen grains, favoring
pollination and the reduction of pollen waste. In
this regard, the different amount of pollenkitt
present on the surface of the grains has an
important role in Swartzia pollination and
signifirs a highly adaptive character.
Undoubtedly, the adherence of the fertilizing
pollen during the transport on the body of the
bee and their capture for the dry and tiny stigma
are favored by the great amount of this
substance, while the production of dry grains for
the small stamens allows the realease of this
pollen in the form of  a cloud. Apis mellifera and
Trigona spinipes, not being able to vibrate,
make long visits, manipulating each anther
individually. It could be concluded that in S.
apetala var. apetala pollen collection by

vibration, performed by pollinating bees, might
be the most efficient foraging pattern, since the
pollen grains were collected simultaneously
from all feeding anthers in a short period of
time.

In the restinga of Maricá, Centris spp. and
Xylocopa spp. were the main pollinators of
many poricidal species that flowers in the same
season, belonging to the Leguminosae,
Melastomataceae and Ochnaceae families
(Correia et al, 1996; Costa et al, 1993; Pinheiro,
1995; Pinheiro et al, 1988). The use of several
sources of pollen by bees has been advantageous
in order to assure different nutritional
requirements for the offspring (Haydak, 1970).
On the other hand, the frequency of outcrossing
should decrease according to the number of
species in flowering at the same time (Heirich &
Raven, 1972).

The inter-specific competition for pollinators
might favor the selection of reproductive
strategies that benefited the attraction of
pollinators, increased the frequency of visits and
reduced the interference of foreign pollen
(Bawa, 1983). In S. apetala var. apetala the
plant display, odor concentration and the
amount of available rewards to the visitors,
resulting from intense daily flower production,
were the important factors that reinforced
attraction. According to Jansen (1971) massive
flower production was an efficient strategy used
to enhance the visitors attraction and to assure a
higher number of legitimate visits. The flower
attraction function was performed only by the
group of small stamens, since the flowers did
not have petals and the calyx was inconspicuous
during the anthesis. These stamens, besides
being showy, were responsible for odour
emission and the production of the nutritional
reward. In this variety, the scent was very
strong, which was not common in other
mellitophilous pollen-flowers which, in general,
produced a weak sweet fragrance (Batra, 1984;
Faegri & Pijl, 1971; Pinheiro, 1995).

It was observed that S. apetala var. apetala
presented a peak in the visiting frequency of
pollinating bees from 8 am to 9.30 am. Pinheiro
(1995) noted that seven species of



Melastomataceae from the restinga, that bloom
in the same season and offer pollen to the same
bee species, have their visits restricted to the
early morning hours, 100% of their flowers
being pollinated from 7 am to 8 am. Levin &
Anderson (1970) sustained that the flowers of a
species ignored in a such foraging flight might
be the target in the next one. In order to show
the bees efficiency as pollinators, Batra (1984)
pointed out that they have the tendency to visit a
sequence of flowers from the same species in
succession.  However, the fertilizing pollen
deposition in an area of the body of the bee that
was not coincidental with the area of deposition
of any other poricidal species in the restinga of
Maricá, even with other species of heterandric
Leguminosae, like Senna spp., showed the
specialization in the pollination of S. apetala
var. apetala.

S. apetala var. apetala was self-incompatible
and showed a low reproductive success and the
movement of the pollinating bees between plant
populations was essential to the deposition of
compatible pollen on the stigma, in order to
increase fruit production (Moço, 1996). Frankie
& Baker (1974) and Bawa (1983) stated that the
asynchronism between flowering episodes in the
same plant could decrease the interference of
incompatible pollen and to improve crossings.
This could be expected to happen in the present
case also. Opportunistic pollen-thief visitors,
such as A. mellifera, P. graminea and T.
spinipes, actively collected pollen from the
small stamens and finish them off. This reward
was limited, on the contrary of nectar and oil,
that in many species might be continuously
secreted during anthesis (Percival, 1965;
Simpson & Neff, 1983; Vieira, 1995).
Therefore, the pollinating bees increased inter-
plant foraging flight to obtain the optimum
amount of food for their offspring. In this way,
the plundering activity enabled a higher pollen
flow increasing the outcrossing rates.

C. flavifrons and X. ordinaria exhibited long
foraging flights with short intra-plant visits
favoring cross-pollinations. The same behavior

was also recorded in other species with mass
blooming, such as Marcetia taxifolia in the
restinga of Maricá (Pinheiro, 1995) all visited
by solitary bees. Heinrich (1972) remarks that
the vibratory movements caused an increase in
the temperature of the thoracic flight muscles,
therefore it could be assumed that the use of
vibration to collect pollen and need to alternate
the visiting periods with long flights to keep
their body temperature stable. Some doubts still
remain as to the reasons that lead the bees to
forage few flowers per plant in species with
great reward availability (Frankie et al., 1976;
Augspurger, 1980; Frankie & Harper, 1983), but
at any rate,  this behavior favors cross-
pollinations.
ACKNOWLEDGEMENTS

The authors wish to express their gratitude
to Prof. Wilma Teixeira Ormond (Museu
Nacional - UFRJ) for her valuable
suggestions during this work; to Profs.
Heloísa Alves de Lima Carvalho (Museu
Nacional - UFRJ) and Ana Cláudia de
Macedo Vieira for reading the manuscript
and for critical suggestions. The authors are
also grateful to CNPq (Brazilian National
Research Council) for the financial support.

RESUMO

A ecologia da polinização de Swartzia apetala
Raddi var. apetala foi estudada na restinga de
Maricá, Estado do Rio de Janeiro, Brasil.  S.
apetala var. apetala é um arbusto com floração
do tipo anual assincrônica, entre os meses de
novembro e abril (estação quente- chuvosa).
Cada planta pode apresentar mais de um
episódio de floração neste período.  As flores
são hermafroditas, apétalas, heterândricas,
odoríferas e o polem constitui a única
recompensa oferecida aos visitantes.  É
polinizada por espécies de Centris e Xylocopa,
abelhas solitárias e poliléticas, que coletam o
polem através do método de vibração. Nesta
variedade de Swartzia a vibração é um método
eficiente de coleta de polem apesar das anteras
apresentarem deiscência rimosa.  Outras
abelhas, como Apis mellifera,



Pseudaugochloropsis graminea e Trigona
spinipes, são pilhadoras de pólen. A fenologia
da floração e o comportamento dos visitantes
florais influenciam a taxa de fertilização
cruzada.

REFERENCES

Araújo, D. S. D. (1984), Comunidades vegetais.
In- Restinga: origem, estrutura, processos,
eds. Lacerda, L.D., Araujo, D.S.D.,
Cerqueira, R. e Turco, B.. CEUFF, Niterói

Augspurger. (1980), Mass-flowering of tropical
shrub (Hybanthus prunifolius): influence on
pollinator attraction and movement.
Evolution, 34, n.3, p.475-488

Batra, S. W. T. (1984), Solitary bees.  Scientific
American v.250, n.2, p.86-93, 1984.

Bawa, K. S. (1983), Patterns of flowering in
tropical plants. In- Handbook of experimental
pollination biology. eds. C. E. Jones & R. J.
Little. Scientific and Academic Editions,
New York

Buchmann, S. L. (1978), A biophysical model
for buzz pollination in Angiosperms. J.
Theor. Biol., 72, 639-657

Buchmann, S. L. (1983), Buzz pollination in
Angiosperms.  In- Handbook of experimental
pollination biology. eds. C. E. Jones & R. J.
Little, Scientific and Academic Editions,
New York. pp.73-113

Buchmann, S. L. (1985), Bees use vibration to
aid pollen  collection from  non-poricidal
flowers. Journal of the Kansas
Entomological Society, 58, n.3, 517-525

Burd, M. (1994), Bateman's Principle and Plant
Reproduction: The Role of Pollen Limitation
in Fruit and Seed Set. Bot. Ver., 60, n.1, 83-
139

Correia, M. C. R. (1983), Contribuição ao
estudo da biologia floral e do sistema de
reprodução de Clusia fluminesis Pl. & Tr.
(Guttiferae).  Dissertação de Mestrado,
Museu Nacional/Universidade Federal do Rio
de Janeiro. Rio de Janeiro. Brasil , pp.
x+94,il.

Correia, M. C. R.; Ormond, W. T.; Pinheiro, M.
C. B.; Lima, H. A. (1993), Estudo da biologia
floral de Clusia criuva Camb. - um caso de
mimetismo. Bradea, 6, n.24, 209-219

Correia, M. C. R.; Ormond, W. T.; Silva,  A. L.
G. (1996), Biologia floral de Senna australis
(VELL.)IRWIN E BARN. (Leguminosae). In-
Resumos do XLVII Congresso Nacional de
Botânica, pp.403

Costa, C. M.  C. S.; Ormond, W.  T.  e  Moço,
M. C. C. (1993), Contribuição  ao  Estudo  da
Biologia  Floral  de  Ouratea cuspidata (St.
Hil) Engler (Ochnaceae). In- Resumos do
XLIII Congresso Nacional de Botânica, II,
294

Dau, L. (1960), Microclimas das restingas do
Sudeste do Brasil. I- Restinga interna de Cabo
Frio.  Arquivos do Museu Nacional, L, 79-
134

Faegri, K. & Pijl, L.Van Der. (1971), The
principles of pollination ecology. Pergamon
Press, Oxford, pp. XII+291, il.

Frankie, G. W.; Vinson, S. B.; Newstrom,L.E.;
Barthell, J. F.; Harber, W. A. & Frankie, J. K.
(1990), Plant phenology, pollination ecology,
pollinator behavior and conservation of
pollinators in Neotropical dry forest. In-
Reproductive ecology of tropical forest
plants. eds. Bawa & Hadley. UNESCO,
Paris, 37-47

Frankie, G. W & Baker, H. G. (1974), The
importance of pollinator behavior in the
reproductive biology of tropical trees. An.
Inst. Biol. Nal. Autón. México 45 ser.
Botanica , n.1, 1-10

Frankie, G. W & Harber (1983), In- Handbook
of experimental pollination biology.  eds. C.
E. Jones & R. J. Little.  Scientific and
Academic Editions, New York

Frankie, G. W; Opler, P. A. & Bawa, K. S.
(1976), Foraging behavior of solitary bees:
implications for outcrossing of a neotropical
forest tree species. J. Ecol. 64, 1049-1057

Haydak, M. H. (1970). Honey bee nutrition.
Ann. Ver. Ent., 15, 143-156

Heinrich, B. (1972), Temperature regulation in
bumblebee Bombus vagans : a field study.
Science, 175, 185-187

Heinrich, B. & Raven, P. H. (1972), Energetics
and pollination ecology. Science, 176, 597-
602

Heslop-Harrison, Y. & Shivanna, K. R. (1977),
The receptive surface of the Angiosperm
stigma.  Ann. Bot., 41, n.176, 1233-1258



Jansen, D. H. (1971), Euglossine bees as long-
distance pollinators of tropical plants.
Science, 171, 203-205

Johansen, D. A. (1940), Plant microtechnique.
Mc. Graw-Hill Book Company, New York,
pp. xi+523, il.

Leite, C. O. (1991), Biologia da reprodução de
Allagoptera arenaria (Gomes) O. Kuntze
(Diplothemium maritimum Mart.) Palmae.
Dissertação de Mestrado, Museu
Nacional/Universidade Federal do Rio de
Janeiro. Rio de Janeiro. pp. XVI+80, il.

Levin, D. A. & Anderson, W. W. (1970),
Competition for pollinators between
simultaneously flowering species. Am. Nat.,
104, n.939, 455-467

Lima, H. A. de; Pinheiro, M. C. B.; Ormond, W.
T.; Jesus, S. R. S. de & Barbosa, A. A.
(1989). Recompensas florais das plantas da
restinga de Maricá, RJ, Brasil. Resumos  do
XL Congresso Nacional de Botânica, Cuiabá,
Mato Grosso,  p.101

Linsley, E. G. (1958), The ecology of solitary
bees. Hilgardia, 27, n.19, 543-599

Lopes, A. V. F. & Machado, I. (1996), Biologia
floral de Swartzia pickelii Killip ex Ducke e
sua polinização por Eulaema spp. (Apidae -
Euglossine). Rev. Brasil. Bot., 19, n.1, 17-24

Louro, R. P. & Santiago, L. J. M. (1984), A
região de Barra de Maricá, RJ, e a
importância de sua preservação. Atas Soc.
Bot. Bras., 2, n.15, 105-118

Macior, L. W. (1964), An experimental study of
the floral ecology of Dodecatheon meadia.
Amer. J. Bot., 51, 96-108

Macior, L. W. (1968), Pollination adaptation in
Pedicularis groenlandica. Amer. J. Bot., 55,
927-932

Martins, N. S.; Correia, M. C. R. (1996),
Biologia floral de Jacaranda jasminoides
(THUMB.)SANDW. (Bignoniaceae). In-
Resumos do XLVII Congresso Nacional de
Botânica, 402

Moço, M. C. C. (1996), Biologia da reprodução
de Swartzia apetala Raddi var. apetala
(Leguminosae - Caesalpinioideae).
Dissertação de Mestrado, Museu
Nacional/Universidade Federal do Rio de
Janeiro. Rio de Janeiro, pp.  x+70, il.

Moço, M. C. C. & Pinheiro, M. C. B. (1996),
Biologia floral de Swartzia apetala Raddi

var. apetala (Leguminosae -
Caesalpinioideae) na restinga de Itaipuaçu-
Maricá/RJ. In- Resumos do XLVII Congresso
Nacional de Botânica, 403

Newstrom, L. E.; Frankie, G. W. e Baker, H. G.
(1994), A new classification for plant
phenology based on flowering patterns in
lowland tropical rain forest trees at La Selva,
Costa Rica. Biotropica, 26, n.2, 141-159

Oliveira, P. E. A. M. & Sazima, M. (1990),
Pollination biology of two species of
Kielmeyera (Guttiferae) from Brazilian
cerrado vegetation. Pl. Syst. Evol., 172, 35-49

Ormond, W. T. (1960), Ecologia das restingas
do sudeste do Brasil. Parte I. Arquivos do
Museu Nacional, 50, 185-236

Ormond, W. T.; Pinheiro, M. C. B.; Lima, H.
A.; Correia, M. C. R.; Castro, A. C. (1991),
Sexualidade das plantas da restinga de
Maricá, RJ. Bol. Mus. Nac., N.S., Bot., 87, 1-
24

Ormond, W. T.; Pinheiro, M. C. B.; Lima, H.
A.; Correia, M. C. R.; Pimenta, M. L.(1993),
Estudo das recompensas florais das plantas da
restinga de Maricá - Itaipuaçu, RJ. I -
Nectaríferas.  Bradea, 6, n.21, 179-195

Ormond, W. T.; LIMA, H. A.; Pinheiro, M. C.
B.; Moço, M. C. C. (1995), Philodendron
corcovadense kunth (Araceae) - aspectos da
biologia floral. Bradea, 6, n.41, 338-344

Percival, M. S. (1965). Floral Biology.
Pergamon Press

Pimenta, M. L. (1992), Biologia da reprodução
de Sagittaria lancifolia L. subs. lancifolia -
Alismataceae.  Dissertação de Mestrado,
Museu Nacional/Universidade Federal do Rio
de Janeiro, Rio de Janeiro. pp. xii+89,il.

Pinheiro, M. C. B.(1995), Biologia da
reprodução de cinco espécies de
Melastomataceae da restinga de Maricá - RJ.
Dissertação de Doutorado Universidade
Estadual de Campinas. Campinas. São Paulo

Pinheiro, M. C. B.; Correia, M. C. R.; Ormond,
W. T.; Lima, H. A. (1994), Biologia Floral de
Tocoyena bullata (VELL.) MART.
(Rubiaceae).  Bradea, 6, n.21, 179-195

Pinheiro, M. C. B.; Ormond, W. T.;  Leite, C.
O.; Lima, H. A. (1988), Ecologia da
Polinização de Chamaecrista ramosa (Vog.)
Irwin e Barn. var. ramosa.  Rev. Brasil. Biol.,
48, n.4, 665-672



Pinheiro, M. C. B.; Ormond, W. T.; Lima, H.
A.; e Correia, M. C. R. (1995), Biologia da
reprodução de Norantea brasiliensis Choisy
(Marcgraviaceae). Rev. Brasil. Biol., 55,
supl.1, 79-88

Radford, A. E.; Dickson, W. C.; Massey, J. R. e
Bell, C. R. (1971), Vascular plant
systematics.  New York, Harper & Row
Publishers, pp.891

Santos, R. C. C. & Lima, H. A. (1996), Biologia
da polinização e sistema de reprodução de
Vitex polygama CHAM. var. polygama
(Verbenaceae). In- Resumos do XLVII
Congresso Nacional de Botânica,  399

Silva, J. G. & Oliveira, A.  S. (1989), A
vegetação da restinga no Município de
Maricá - RJ. Acta Bot. Bras., Supl. 3, n.2,
253-272

Simpson, B. B. & Neff, J. L. (1983), Evolution
and diversity of floral rewards. In- Handbook
of experimental pollination biology. eds. C.
E. Jones & R. J. Little. Scientific and
Academic Editions, New York

Vieira, A. C. M. (1995), Biologia da polinização
e sistema de reprodução de Peixotoa
hispidula Juss. (Malpighiaceae). Dissertação
de Mestrado, Museu Nacional/Universidade
Federal do Rio de Janeiro. Rio de Janeiro, pp.
xi+69, il.

Vogel, S. (1963), Duftdrüsen im dienste der
bestäubung.  Über Bau und Funktion der
Osmophoren.  Akad. Wiss. Lit. Maiz. Abh.
Math. Naturwiss. Klasse, Jahrg. 10, 600-763

Vogel, S. (1978), Evolutionary shifts from
reward to deception in pollen flowers.  In-
The pollination of flowers by insects. ed. A. J.
Richards. Linn. Soc. London, Academic
Press, London, pp. 89-96

Vogel, S. & Machado, I. C.(1991), Pollination
of four sympatric species of Angelonia
(Scrophulariaceae) by oil-collecting bees in
NE. Brazil. Pl. Syst. Evol., 178, 153-178

Received: February 03, 1998;
Received: September 29, 1998;

Accepted: June 21, 1999.


