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Abstract
The pollination biology and breeding system of Couepia uiti was studied. In this species, flowers opened at 06:00 AM
anthesis, and nectar production began at around 0800 h, reached a maximum volume from 09:30 AM to 10:30 AM,
and decreased thereafter. The nectar sugar concentration increased continuously, but showed an abrupt increase from
10:00 AM to 12:00 AM. Pollen release occurred at about 09:30 AM and was quickly collected. The stigmas became
receptive at around 12:00 AM. The pollinators of C. uiti included the bees Apis mellifera, Xylocopa sp. and Bombus
sp., and three species of wasps. This conclusion was based on the observation that these hymenopterans had C. uiti
pollen on their bodies, visited the receptive flowers, and touched the anthers and stigmas, thereby promoting pollination. Of these floral visitors, A. mellifera was considered to be the most efficient pollinator. However, mixed pollination also occurred. The number of C. uiti flowers visited in the morning (n = 52) was three times smaller than in the
afternoon (n = 62), and the species richness of floral visitors was also bigger in the afternoon (eight in the afternoon
versus five in the morning). This finding indicated that these floral visitors preferred to exploit nectar rather than pollen.
Controlled pollination experiments showed that C. uiti was a self-incompatible species that produced fruits only by
cross-pollination. Treatments such as agamospermy and spontaneous and self-pollinations did not produce fruits.
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Polinização e sistema reprodutivo de Couepia uiti
(Chrysobalanaceae, no Pantanal da Nhecolândia
Resumo
Estudei a biologia da polinização e o sistema reprodutivo de Couepia uiti. Esta espécie apresentou antese matutina,
produção de néctar iniciou por volta das 08:00 horas, atingindo volume máximo entre 09:30 e 10:30 horas e diminuindo após este horário. A concentração de açúcares no néctar aumentou continuamente, apresentando aumento
abrupto entre 10:00 e 12:00 horas. A liberação de pólen ocorreu às 09:30 horas e este foi rapidamente removido. O
estigma estava receptivo às 12:00 horas. Considerei polinizadores de C. uiti as abelhas: Apis mellifera, Xylocopa sp.,
Bombus sp. e três espécies de vespas, pois apresentaram polén de C. uiti em seus corpos. Visitaram flores quando estavam receptivas, tocando as anteras e os estigmas, promovendo a polinização. Dentre os visitantes florais, A. mellifera
foi considerado o polinizador mais eficiente, no entanto, polinização mista parece ocorrer. O número de visitas a flores
de C. uiti pela manhã (n = 52) foi três vezes menor que o encontrado no período da tarde (n = 162) e o número de espécies de visitantes também foi maior à tarde, sendo encontradas cinco espécies durante a manhã e oito à tarde. Portanto,
é possível concluir que estes visitantes florais preferem explorar o néctar em comparação ao pólen. Os tratamentos de
polinizações controladas mostraram que C. uiti é uma espécie auto-incompatível, produzindo frutos somente por polinização cruzada. Tratamentos de agamospermia, polinização espontânea e autopolinização não produziram frutos.
Palavras-chave: sistema reprodutivo, chrysobalanaceae, Couepia uiti, hymenoptera, biologia da polinização.

1. Introduction
With the exception of the breeding systems of
Couepia polyandra (Kunth) Rose (1899) (Bullock,
1985), and Hirtella glandulosa Spreng and Hirtella
gracilipes (Hook f.) (1967) Prance (Arista et al., 1997),
the reproductive biology of the Chrysobalanaceae speBraz. J. Biol., 67(4): 715-719, 2007

cies has been poorly studied. In studies indicated above,
C. polyandra (Benth.) Prance (1969) and H. glandulosa
(Spreng, 1753) were considered to be self-incompatible,
whereas H. gracilipes was self-compatible. The pollination biology of this group also remains little stud715
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ied, with only records of bat pollination in Maranthes
polyandra (Benth.) Prance (Lack, 1978) and pollination
by butterflies in H. glandulosa and H. gracilipes (Arista
et al., 1997). In this study, the pollination biology and
breeding system of C. uiti in the southern Pantanal, in
southwestern Brazil was investigated.

Couepia uiti (Mart. Et. Zucc.) is an arboreous species 3.0-6.0 m in height, with a wide crown reaching 4 m
in diameter. In the study area, this species grows in native pastures in sandy grassland with fluvial inundation
and riparian forest. Flowering occurs from August to
November (Pott and Pott, 1994).

The breeding system was assessed by manual selfand cross-pollinations. The pollen was collected in the
morning and used in controlled pollinations early in the
afternoon, when the flowers were receptive. Untreated
and emasculated buds were bagged to verify spontaneous
pollination and agamospermy, respectively. The agamospermy treatment used here did not cover pseudogamy.
For the cross-pollinations, pollen from trees belonging
to three sites was used to ensure that the individuals were
the least related as possible. Control flowers were tagged
without treatment to assess the success of natural pollinations. The results of the breeding system were used to
calculate the index of self-incompatibility (ISI), which is
the ratio between the fruit set resulting from self- versus
cross-pollination (Bullock, 1985).

2.2. Study site

2.5. Floral visitors

This work was done along the margins of the
Rio Negro on the Fazenda Rio Negro, in Pantanal
da Nhecolândia, Mato Grosso do Sul (19° 34’ S and
56° 14’ W), from October 6th to November 24th, 2001,
with the field observations and breeding system studies
being concentrated from the 6th to the 10th of October.
The remaining time was used for supplementary observations on fruit development and fruit set census. Data
were gathered at three sites located 1-2 km apart, at the
co-ordinates 19° 34’ S and 56° 15’ W (site 1), 19° 35’ S
and 56° 14’ W (site 2) and 19° 35’ S and 56° 14’ W
(site 3). The co-ordinates and the distances among the
three sites were obtained using a GPS.

Floral visitors were censored using 10 minutes observations in three plants, to give a total of 30 minutes
per hour of observation. These observations were made
from 07:00 AM-16:00 PM on three days, with one day
for each site (a total of 27 hours of censoring). Specimens
of all of the floral visitors observed were captured for
identification.

2. Materials and Methods
2.1. Plant species studied

2.3. Floral biology
To determine the floral biology, including nectar
volume and concentration, five trees some 50 m apart
at site 3 were observed to monitor the floral visitors.
The breeding system was studied using 15 trees (five
at each site). The floral visitors were also monitored
by hourly censuses of three trees at each site. Different
flowers were used to study the floral biology, to record
the nectar and for the controlled pollination experiments.
Ten flowers were marked and observed daily on
each of five trees to determine the flower longevity, timing and sequence of the following anthesis events: anther dehiscence, stigma receptivity and corolla changes
over five consecutive days. Nectar was collected over
four days from 10 flowers of five individuals at hourly
intervals from 06:00 AM to 04:00 PM using 10 µL microcapillaries. The nectar volume was determined just
during the period of activity of floral visitors that was
until 04:00 PM. After 04:00 PM no floral visitors were
observed. The nectar volume was determined by measuring the column length in the capillary, and the nectar
sugar concentration of 10 flowers from five individuals
was recorded pre-anthesis phase to avoid visits by potential pollinators. Stigmatic receptivity was assessed using
H2O2 (Dafni, 1992).
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2.4. Breeding system

3. Results
3.1. Pollination breeding system
Anthesis began early in the morning (06:00 AM).
The flowers starting anthesis showed a loosening of the
petals to form an orifice in which it was possible to see
plicate and spiralled stamens with pale yellow anthers.
At this stage, there was no nectar production, pollen was
still not available and the stigmas were not receptive.
By the end of anthesis, the stamens gradually expanded
and acquired an erect position, the anthers became dark
yellow, and the petals expanded and were held erect.
Nectar was produced by the pilose and annular nectary
in the hypanthium, where it accumulated as small droplets for the floral visitors. The nectar was apparently not
reabsorbed since its volume increased continuously from
early in the morning until 04:00 PM. The nectar volume
gradually increased up to 09:30 AM and reached a maximum between 09:30 AM and 10:00 AM. The volume
then decreased continuously until about 14:00 PM and
gradually increased again (Figure 1a). In general, the
sugar concentration increased continuously, although
there was an abrupt increase in the nectar sugar concentration between 11:00 AM and 12:00 AM (Figure 1b).
Anthers dehisced at 09:30 AM, and pollen was quickly
removed by the floral visitors. By 12:00 AM, few flowers still had pollen available. The stigmas were receptive
from 12:00 AM to the end of the afternoon. The functional flowers lasted one day, but dropped off only on the
third day while the stamens persisted for approximately
four days. And after 4 or 5 days, immature fruits beginning their development were observed.
Braz. J. Biol., 67(4): 715-719, 2007
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Table 1. Fruit set from controlled pollinations of flowers of
Couepia uiti (Chrysobalanaceae), Fazenda Rio Negro, Pantanal da Nhecolândia, Mato Grosso do Sul.

Treatments

6
3
0
09:00

12:00

15:00
b

75
60
45

Fruits
(n)
6

Success
(%)
11.11

20
25
30
45

0
0
0
5

0
0
0
15.0

30
15

60

3.2. Floral visitors
The first floral visitors began to inspect the C. uiti
flowers from the beginning of anthesis (06:00 AM). Apis
mellifera (Linnaeus, 1758) visited flowers and touched
the reproductive structures, thereby promoting pollination. This species was the most frequently observed
(61%, n = 232 floral visits) and visited more flowers
than all of the other visitors together. In addition, two
wasp species (Vespidae) also showed a high visiting
rate (31%, n = 116). Visits by other species were rare (<
2%; n = 6) (Figure 2). The latter visitors included bees
(Xylocopa sp., Centris sp., Trigona spinipes (Fabricius,
1793)), one species of wasp (Scoliidae) and an unidentified ashen colored butterfly species. At other sites along
the margins of the Rio Negro, other floral visitors were
observed, including the bees Bombus sp., Frisiomelitta
varia (Friese, 1900), and Oxytrigona tataira (Smith,
1863), a mosquito species, one species of Syrphidae
and another indeterminate fly species, in addition to the
birds Paroaria captata (Orbigny and Lafresnaye, 1837)
(Emberezidae), Eupetomena macroura (Gmelin, 1788)
and Hylocharis chrysura (Shaw, 1812) (Trochilidae). Of
all of the visitors, A. mellifera, Xylocopa sp., Bombus
sp. and both wasp species represented legitimate visits.
Paroaria captata only pillaged nectar, without promotBraz. J. Biol., 67(4): 715-719, 2007

15
0
Butterfly

According to Bullock (1985), plants with an index of
self-incompatibility (ISI: the ratio of fruit set from selfpollinated versus cross-pollinated flowers) smaller than
0.25 are considered self-incompatible. Based on this
criterion, the breeding system experiments showed that
C. uiti was self-incompatible, with fruits produced exclusively by cross-pollination (Table 1). Agamospermy
treatment and spontaneous and self-pollinations did not
produce fruits.

30

T. spinipes

Figure 1. a) Nectar volume; and b) nectar sugar concentration of the Couepia uiti, Fazenda Rio Negro, Pantanal da
Nhecolândia, Mato Grosso do Sul.
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Figure 2. Frequency of visitor species in flowers of Couepia
uiti, Fazenda Rio Negro, Visitors
Pantanal da Nhecolândia, Mato
Grosso do Sul.

ing pollination since visits by this species did not involve
touching the reproductive structures. The hummingbirds
E. macroura and H. chrysura were recorded only at site
1, where they showed a high frequency of visits to flowers of different C. uiti plants. These hummingbirds apparently promoted pollination because they also appeared to
undertake legitimate visits in which they touched the anthers and stigmas, and frequently flew among various individuals of C. uiti, thereby favouring cross-pollination.
The number of flowers visited from 07:00 AM to
11:00 AM was three times smaller than the number
visited from 12:00 AM to 04:00 PM, i.e., 52 and 162,
respectively (Figure 3). The species richness of visitors
was also higher in the afternoon (Figure 3).

4. Discussion
The floral morphology of C. uiti fitted the syndrome
of melitophily (Proctor et al., 1996). Flowers of C. uiti
offered nectar and pollen to the visitors and were pollinated mainly by bees. Couepia uiti flowers received
more visits from an increased number of visiting species
only when nectar was more concentrated. A similar pattern has also been observed in plant species pollinated
by bees (e.g. Waller, 1972; Bachman and Waller, 1977;
Pyke and Waser, 1981; Proctor et. al., 1996).
717
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Figure 3. Number of visits and flower visitors of Couepia uiti, Fazenda Rio Negro, Pantanal da Nhecolândia, Mato Grosso
do Sul.

The nectar sugar concentration can show considerable variation because of evaporation and changes in
humidity (Proctor et. al., 1996). Hence, the decline in
the nectar volume after 10:00 AM may be related to
an increase in temperature and high evaporation rates.
Temperature can affect the nectar volume and sugar concentration because nectar accumulates in the external part
of the nectar chamber and is subject to wind and solar
radiation. The continuous production of nectar combined
with continuous water evaporation may account for the
progressive increase in the nectar sugar concentration of
C. uiti flowers.
The results of fruit set from self- versus cross-pollinations indicated that C. uiti was a self-incompatible
species with an ISI of zero (Bullock, 1985). Although
H. gracilipes was reported to be a self-compatible species (Arista et al., 1997), self-incompatibility appears
to be the tendency in Chrysobalanaceae since self-incompatibility occurs in C. polyandra (Bullock, 1985),
H. glandulosa (Arista et al.,1997) and also in C. uiti.
However, since there have been few studies of the breeding system in this plant family, more studies are necessary to confirm this tendency.
The fruit set of manual cross-pollinations seen here
was less than for natural pollinations, which is unusual
in this type of experiment. The heterogeneity of the pollen used in these experiments was restricted to flowers of
five plants at each site, whereas this pollen heterogeneity is generally much higher in natural pollinations. In
this specific case, in addition to A. mellifera which can
carry the pollen of numerous flowers of different plants
for greater distances, the action of secondary pollinators
can still increase the pollen heterogeneity. Since C. uiti is
a self-incompatible species and the pollen used in these
experiments was much less heterogeneous than that of
natural pollinations, the fruit set resulting from manual
pollinations was smaller. The pollinators were probably
718

more efficient and deposited more pollen on the stigmas
than was deposited in manual pollinations.
Agamospermy and spontaneous pollination tests did
not produce fruits, indicating that this species is highly dependent on external pollinators. Other Chrysobalanaceae
species, such as H. glandulosa and H. gracilipes, also
produced no fruit by agamospermy or spontaneous pollination (Arista et al., 1997).
Most floral visitors of C. uiti were bees. The main
pollinator species of C. uiti were A. mellifera, Xylocopa
sp., Bombus sp., and wasp species. All of these visitors had C. uiti grains adhered to their bodies, visited
receptive flowers and touched the anthers and stigmas,
thereby promoting pollination. Apis mellifera was the
most frequent pollinator and visited more flowers than
all of the other visitors combined. The number of flowers visited is very important for the reproductive success
of plants (Waser, 1983). However, in the case of C. uiti,
the behaviour of the floral visitors and the morphology
of the flowers indicated that bumblebees (Xylocopa and
Bombus spp.) were the main pollinators because their
mode of touching the anthers and the stigmas was more
efficient. In addition, bumblebees can perform a higher
number of cross-pollinations since they can fly longer
distances. The finding that A. mellifera, a non-native bee
introduced into the Americas, is a more assiduous pollinator of C. uiti than are native species is quite remarkable since the opposite was expected. The hummingbirds
E. macroura and H. chysura were also potential pollinators. Consequently, the low fruit set recorded (15%)
for natural pollination may reflect competition between
A. mellifera and bumblebees, with a consequent reduction in the number of visits by efficient, native pollinators. Further studies are required to assess the efficiency
of pollen deposition on stigmas and the resulting fruit set
in order to determine whether bumblebees really are the
main pollinators.
Braz. J. Biol., 67(4): 715-719, 2007
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The fact that C. uiti flowers were visited by animals
of different groups (bees, wasps, butterflies, and birds)
may be a consequence of the large floral display that consists of inflorescences with flowers in different developmental stages. The presence of inflorescences with open
flowers may increase the visitation rate, as observed for
H. glandulosa (Arista et al., 1997). In addition, the accumulation of nectar at a depth of 2-4 mm in an annular
nectary in the hypanthium makes this store accessible to
a large range of insects and small birds. A similar pattern has also been reported by Arista et al. (1997) for
Hirtella spp. In the latter study, although long-tongued
flies, bees and hummingbirds were observed in the study
areas, they never visited H. glandulosa and H. gracilipes
flowers, which were pollinated exclusively by butterflies.
The high sugar concentration of the nectar observed here
may explain the absence of butterflies from C. uiti flowers since these vectors prefer only moderately concentrated nectar (Arista et al., 1997; Faegri and van der Pijl,
1979).
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