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Pollination Biology of Mabea fistulifera (Euphorbiaceae) in
Southeastern Brazil'

Milene Faria Vieira and Rita M. de Carvalho-Okano
Departamento de Biologia Vegetal, Universidade Federal de Vigosa, 36570-000, Vigosa, Minas Gerais, Brazil

ABSTRACT

The floral biology of the tree Mabea fistulifera and the behavior of its floral visitors were studied in Vigosa, Minas
Gerais State, southeastern Brazil. M. fistulifera is monoecious and self-incompatible. Its inflorescences present a female
phase that lasts ten days, followed by a bisexual phase of three days during which animals exploit the nectar and
pollen produced by male flowers. Pollination is effected by nocturnal as well as diurnal visitors, including mammals,
birds and insects. The bats Artibeus lituratus, Vampyrops lineatus and Sturnira lilium and the opossum Didelphis
marsupialis are the nocturnal pollinators. Several passerine birds and bees are the diurnal pollinators. The broad
spectrum of unspecialized pollinators suggests that M. fistulifera reproduction may be little affected by disturbances
of the animal community. Besides being visited by pollinators, the inflorescences are also visited by nectar thieves
such as the flower bat Glossophaga soricina and hummingbirds.

RESUMO

A biologia floral da espécie arborea Mabea fistulifera e o comportamento de seus visitantes florais foram estudados
em Vigosa, Minas Gerais, Sudeste Brasileiro. M. fistulifera é mondica e auto-incompativel. Suas inflorescéncias
apresentam uma fase feminina de dez dias, seguida por uma fase bissexual de trés dias, na qual as inflorescéncias sdo
visitadas por animais que utilizam os recursos florais (pdlen e néctar) produzidos pelas flores masculinas. Os agentes
polinizadores sdo noturnos e diurnos, incluindo mamiferos, passaros e insetos. Os morcegos Artibeus lituratus,
Vampyrops lineatus e Sturnira lilium e o gamba Didelphis marsupialis sio os polinizadores noturnos. Varios passaros
e abelhas sdo os polinizadores diurnos. O amplo espectro de polinizadores ndo-especializados indica que a reprodugéo
de M. fistulifera deve ser pouco afetada pela alteragio da comunidade animal. Além dos polinizadores, as inflorescéncias
também sdo visitadas por pilhadores de néctar, tais como o morcego nectarivoro Glossophaga soricina e beija-flores.
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IN PLANTS THAT HAVE ABUNDANT FLORAL RESOURCES  bat (Steiner 1981, 1983), and M. fistulifera, pol-
mainly at night, diurnal visitots tend to be neglected  linated by monkeys and by an opossum (Tortes de
as pollinators, even though they are commonly seen  Assumpgio 1981, Vieira ez 2/, 1991).
as visitors (Hopkins 1984, Griinmeier 1990). A The purpose of this paper is to provide data on
few authors have compared the efficiency of noc-  the floral biology, breeding system and activities of
turnal versus diurnal pollination of these plants (Al-  nocturnal and diurnal visitors of M. fistulifera.
corn et al. 1961, McGregor et a/. 1962) and the
results showed that diurnal and nocturnal visitors
were equally effecdve. _ MATERIALS AND METHODS

The neotropical genus Mabea, which contains
about 50 species (Willis 1973), was considered to  STuDY spEciES.—At our study site, M. fistalifera is
be anemophilous by Jablonski (1967). Steiner common in secondary vegetation that suffers con-
(1983) assumed bat pollination for 21 species of ~stant human interference; the trees are 5—8 m tall
Mabea, of a total of 28 species examined as pre- and are generally clumped. Blooming extends from
served material. However, studies on the pollination ~ March to June, with a flowering peak between April
biology of this genus are restricted to two species: and May at the beginning of the dry season. M.
M. occidentalis, pollinated by an opossum and 4 fistulifera inflorescences are terminal and subter-
minal, ferruginous red, exposed outside the foliage,
pendulous, paniculate and 9-20 cm long. The flow-

' Received 16 August 1993; revision accepted 7 March ~ efs are monoecious: pistillate flowers (3—12) are
1995. located at the basal nodes of the inflorescence; the
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male flowers (c#. 350) occur in groups of 5 on short
branches inserted spirally around the rachis. Each
staminate flower branch is subtended by a green
bract with biglandular nectaries. The pistillate flow-
er has a perianth of 4G calyx lobes, which alternate
with nectariferous glands at the base of the ovary.
These glands increase in size two- to three-fold dur-
ing fruit development, when they secrete nectar and
are visited by ants. The fused styles separate at the
apex, forming 3 stigma lobes. The staminate flower
has a perianth of small calyx lobes. Anthers are
numerous (25—80) and sessile looking like a globose
head.

Stupy site.—This study was conducted in the mu-
nicipality of Vigosa (20°45'S, 42°51'W), Minas
Gerais State, southeastern Brazil, in Apri-May 1985
and in March—June 1986, 1987 and 1988. The
Vigosa area ranges in altitude from 600—-860 m; its
average annual temperature is 19°C and its annual
rainfall ranges from 1300-1400 mm, with most
of it falling from October through March. Two
study sites were chosen, 3 km apart. The first site,
uninhabited and non-illuminated, is located on the
campus of Universidade Federal de Vigosa, where
M. fistulifera plants occur in brush along a roadside.
The second site is located in the city of Vigosa, near
houses and lampposts, were some individuals of M.
[fistulifera teptresent the remaining natural vegeta-
tion. At both sites, 60 M. fistulifera trees were used
for observations and experiments.

FroraL BioLogy.—The number of days that pistil-
late flower anthesis precedes staminate flower an-
thesis was observed in 10 inflorescences. Duration
of the bisexual phase was determined in 10 inflo-
rescences.

The period of stigma teceptivity of the flowers
of an inflorescence was determined by cross-polli-
nation on emasculated inflorescences covered with
paper bags. Starting when all flowers of each inflo-
rescence were in the anthesis process, each day was
referred to as a “stage’”” (1—13). For each stage, all
pistillate flowers on 5 inflorescences were pollinated
only once in a diurnal series at about 0900 hr.

In otder to identify the flower parts that emit
odor, pistillate flowers, staminate flowers with pol-
len, and biglandular nectaries with nectar were sep-
arated into glass containers. Nectar volume was
measured in five inflorescences, all previously en-
closed in a cage made of mosquito netting. All the
nectar from each inflorescence was collected at 2130
hr for three consecutive nights along the bisexual
phase.

BreepinG system.—Inflorescences were bagged pri-
or to stigma receptivity and subjected to the fol-
lowing treatments: control—pistillate and staminate
flowers left untouched in bags; geitonogamous pol-
lination (at 2000 hr)—inter- and intra-inflorescence
pollen transfer; cross-pollination (at 2000 hr)—
pollen transfer from one study site to the other. An
additional treatment was non-bagged inflorescences
permitting open pollination.

Some cross- and self-pollinated flowers were
fixed in formalin-acetic acid-alcohol solution 12 and
24 hours after pollination and were examined for
pollen growth using the method of Martin (1959).

FLoraAL visrrors.—Bats were observed for a total of
200 hours on 80 nights. A flashlight covered with
a red filter was used for these observations. Obser-
vation time per night was approximately 4 hours,
generally between 1800 and 2200 hr (sunset at
1730 hr). During 2 nights, the obsetvations were
extended to 0500 hr. Some bats were caught in
nylon mistnets in order to petmit the vetification of
pollen type and its localization on the animal’s body
as well as bat identification.

The activities of Didelphis marsupialis, the
common opossum, as a pollinator of M. fistulifera
was already described by Vieira ez #/. (1991).

Birds were observed for a total of 150 hours
on 60 days. They were identified in the field using
8x30 mm binoculars. Some birds were caught in
nylon mistnets and pollen localization on their bod-
ies was recorded.

In order to study the role of insects as polli-
nators, inflorescences were placed inside wire cages
(with openings of 1.5 X 2.0 cm) with the top
protected by a piece of cloth to keep out pollen
from higher inflorescences.

NOCTURNAL VISITORS VERSUS DIURNAL VISITORS.—In-
florescences bagged before pistillate flowers anthesis
were utilized to compare the pollinating activity of
nocturnal and diurnal visitors. Each inflorescence
was exposed for 3 consecutive petiods of 12 hours,
starting at 1800 hr or 0600 hr during the bisexual
phase.

ABIOTIC POLLINATION.—A number of inflorescences
emasculated prior to stigma receptivity were left
non-bagged throughout their duration in order to
verify fruit set that occurs without visitors activity.

RESULTS

FroraAL BIoLOGY.—Female phase of the inflorescence
lasts 10 days, followed by the bisexual phase, which
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FIGURE 1.

Anthesis period and flower duration of a Mabea fistulifera inflorescence; the female phase is represented

by a single flower; the bisexual phase is represented by the female flower of the preceding phase plus cymes with
five male flowers. Each day a group of cymes reaches anthesis (g1, g2, g3). On the 14th day, the male part of the
inflorescence drops. For details, see text. Open circles = male flower bud; shaded circles = male flower with pollen;

filled circles = male flower without pollen.

lasts 3 days (Fig. 1). Pistillate flower anthesis is a
slow process, characterized by the progressive sep-
aration of the 3 stigma lobes, which become reflexed
and spiralled (Fig. 1), and by the exposute of the
green, shiny receptive area. On the first day of flower
anthesis, about one third of the total receptive area
is exposed (Fig. 1). Anthesis of pistillate flowers of
an inflorescence is asynchronous, although on the
fourth day (stage 4) of the inflorescence they present
stigma lobes organized in a similar manner. Pistillate
flowers, both bagged and manually pollinated are
receptive from stage one through 13 (ave. = 73.88%
of fruit set, Table 1). Analysis of variance in which
proportions were arcsine transformed, showed no
significant difference among the 13 stages (Table
1; Fip40 = 1.19, P > 0.05). Staminate flower an-
thesis is characterized by nectat secretion and pollen
release. Each inflorescence sectetes nectar for 3 con-
secutive nights with one-third of the staminate flow-
ers reaching anthesis each night (g1, g2, and g3;
Fig. 1). The staminate flowers nearest the pistillate
flowers are the first to reach anthesis (g1; Fig. 1).
At about 1600 hr the biglandular nectaries secrete
the first nectar drops; at 2130 hr inflorescences pres-
ent abundant nectar production (1-3 ml/inflores-
cence); this nectar is accessible, accamulated around
the rachis. Anthers start to release pollen soon after
1600 hr, and from 2000 hr on flowers become

yellow due to the released pollen. Flowers with
pollen have an odor that resembles that of an over-
ripe fruit. Pollen and nectar are available to visitors
for approximately 18 hr. On the morning following
anthesis, up to 0900 hr, inflorescences still have
abundant nectar and viable pollen (see diurnal cross-
pollination; Table 1). Around 1100 hr staminate
flowers acquire a brownish color. On the 14th day

TABLE 1. Period of stigma receptivity as indicated by
Sruit set from diurnal manual cross-pollina-
tion.

Inflor- Number of Fruit set (%)

escence flowers per

stages inflorescence Range Average
01 5,5,6,7,8 57.14-100.00 76.76
02 4,4,5,5,6 40.00-100.00 73.33
03 4,5,7,8 20.00-100.00 66.61
04 4,4,5,6 50.00-100.00 77.08
05 4,4,6,6,6 16.67-100.00 61.66
06 4,4,5,8,8 75.00-100.00 90.00
07 7,7,8,8,8 14.28-100.00 64.28
08 4,5,6,6,8 12.50-100.00 75.17
09 3,5,6,7,7 57.14-100.00 87.43
10 6,6,7,9,9 22.22-100.00 79.36
11 3,5,5,6,7 100.00 100.00
12 3,4,4,4 0.00-100.00 50.00
13 4,4,4,5 25.00-75.00 58.75
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TABLE 2.  Results of manual pollination, pollinating ac-
tivity of diurnal and nocturnal visitors, and
abiotic pollination of Mabea fistulifera flow-

ers.,

In-
flor-
escen- Flo-  Fruit
Agent or mode Trees ces wers set
of pollination (no.) (no.) (no.) (%)
Cross 6 15 45 62.22
Geitonogamous
Inter-inflorescence 4 15 96 6.25
Intra-inflorescence 4 10 72 8.33
Control 7 15 66 0.00
Open 5 15 87 78.16
Bees 3 11 87 43.60
Diurnal 2 5 36 83.33
Nocturnal 2 5 32  75.00
Abiotic pollination 4 9 42 9.50

of inflorescence activity, the staminate flower portion
abcises (Fig. 1).

BreepING sysTeM.—Very little or no self-pollination
occurs in M. fistulifera (Table 2), even though pis-
tillate flowers hang down among the staminate flow-
ers. No significant difference in fruit set was found
between cross- and open pollination (x? = 3.72, 1
df, P > 0.05), but both were significantly different
from fruit set of geitonogamous (all) pollination (x?
= 70.60, 1 df, P < 0.01, and x*> = 134.31, 1 df,
P < 0.01, respectively).

Fluorescence microscopy showed that after 24
hours pollen tube growth is intense in cross-polli-
nated flowers, although tubes have not yet reached
the micropyle. In self-pollinated flowers, almost no
pollen grains were observed on the stigma lobes;
the few observed grains produce pollen tubes, but
they do not penetrate the stigma.

Visitors

Bats—The phyllostomid bats Artibeus litur-
atus, Vampyrops lineatus, Sturnira lilium (Sten-
oderminae), and Glossophaga soricina (Glossophag-
inae) started their visits at about 1800 h. The first
3 bats visit M. fistulifera by landing and clinging
to its female and /or male flowers, using their feet
and thumb claws, and receiving pollen on the face,
breast, abdomen and wings. G. soricina was not
seen landing on inflorescences and its visits were
very brief with the animal hovering in front of the
inflorescences, receiving pollen only on the snout.

Because of its behaviot. G. soricina seldom contacts
female flowers.

Artibens lituratus (wingspan of about 45 cm
and weighs nearly 65 g) lands on the inflorescence
with its head downward (Fig. 2). When on the
inflorescence, it introduces the snout among the male
flowers and laps the nectat. Visits by this bat gen-
erally involve only 1 individual per plant, lasting
from 1-8 sec per inflorescence. The visitation peak
occurs between 2000 and 2300 hr, with intervals
between visiting bouts ranging from 30 to 60 min.
Inflorescences were contacted 4-8 times during each
visiting bout. Inflorescences were visited by A. /i-
turatus until 0300 hr, always making contact with
the pistillate flowers.

Vampyrops lineatus (wingspan of about 30 cm
and weighs nearly 25 g) and S. Jilium (wingspan
of about 30 cm) land on the inflorescence and re-
main in a position similar to that of A. lituratus,
although with their head upward or downward. V.
lineatus visits flowets in groups of 2—8 individuals
per plant, spending 0.5—1.5 sec on each inflores-
cence. Its visiting behavior, visitation peak, visit
interval, and visit frequency per inflorescence are
similar to those of A. lituratus. Due the sizes of V.
lineatus and S. lilium, these bats contact female
flowers mainly when visiting inflorescences that pres-
ent the first group (gl; Fig. 1) of male flowers at
the anthesis period.

‘Birds.—The more frequent visitors were Coer-
¢ba flaveola (Coerebidae), Thraupis sayaca (Thrau-
pidae) and Eupetomena macroura (Trochilidae).
Twenty-eight additional passerine bird and hum-
mingbird species were also visitors (Vieira ez a/.
1992). The honeycteeper C. flaveola and the tanager
T. sayaca have similar visiting behaviors. They land
and perch on the lower patt of the inflorescence with
their head downward. In this position, they intro-
duce the beak 1 or 2 times into the inflorescence
in order to obtain nectar, when they also contact
female flowers. Visitation started at 1600 hr when
nectar secretion had just started and lasted until
about 1730 hr, and again from 0600 hr to about
1000 hr. Visits lasted from a few seconds to a few
minutes. Mist-netted individual of T. sayaca pre-
sented the neck covered with pollen. The hum-
mingbird E. macroura was observed hovering in
front of an inflorescence and introducing its beak
among the male flowers to take nectar. In this way,
it hardly contacted female flowers.

Insects.—The honeybee Apis mellifera (Apidae)
was seen visiting inflorescences from 1630 hr to
about 1800 hr and again from 0600 hr to 0900
hr to collect pollen. During a visit, the bee lands
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FIGURE 2.
downward.

Artibeus lituratus landing on a Mabea fistulifera inflorescence in an upright position with its head

on male flowers and moves while taking pollen.
Afterward, the bee hovers 1—1.5 cm in front of the
inflorescence, transferring the pollen to the corbicula.
The bee species Trigona spinipes, T. hyalinata
and Partamona cupira (Apidae) visit inflorescences
to gather pollen during the evening and morning.
The behavior of these species of bees is similar to
that of A. mellifera, although they are slower.
Pollen grains of M. fistulifera were found on
different parts of the body of the bees. These insects
can occasionally contact the female flowers which
are among the male flowers. When the inflorescences
were wrapped in a cage, only bees, mainly A. mel-

lifera, had access to the flowers; as a result, fruit
set was 43.6 percent (Table 2).

Diurnal Visitors Versus Nocturnal Visitors.—
No significant difference in pollinating activity was
detected between diurnal (passerine birds and bees)
and nocturnal (bats and opossum) visitors (x> =
0.72, 1 df, P > 0.05; Table 2). When cross-, open,
diurnal and nocturnal pollination were considered,
no significant difference was found among them in
relation to fruic set (x2 = 5.71, 3 df, P > 0.05).
The comparison bees versus diurnal visitors was
significant (x2 = 16.1, 1 df, P < 0.01), showing
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that birds play an effective role in M. fistulifera
pollination.

Abiotic Pollination.—Fruit set was 9.5 percent
(Table 2). This fructification probably occurred due
to pollen fall from the higher inflorescences caused
by visitors. This result does not differ significantly
from that obtained with geitonogamous (all) pol-
lination (x2 = 0.27, 1 df, P > 0.05), but differs
significantly from the smaller frutification rate of
the other treatments, i.e., 43.6 percent caused by
bees (x2 = 15.11, 1 df, P < 0.01; Table 2).
Therefore, abiotic pollination is of very little im-
portance for fruit set in M. fistulifera.

DISCUSSION

PLANT—VISITOR INTERACTIONs.—The long duration
of the M. fistulifera inflorescence bisexual phase (3
days), its non-specialized morphology (nectar and
pollen of easy access) and the long availability of
floral resources (18 h.) are features that favor pol-
lination by a number of nocturnal and diurnal spe-
cies of animals. Ford ez #/. (1979) have verified
that species of Eucalyptus have flowers with non-
specialized morphology and a number of pollinators
(birds, insects, and mammals); these Ewucalyptus
species ate considered to be part of a primitive
condition. The authors mention, moreover, that the
great amplitude of pollinators may be a strategy
highly beneficial for species that occur in recently
disturbed vegetation. Similarly, the pollination of
M. fistulifera by nocturnal and diurnal animals may
also be considered an advantageous preadaptation
which permits the plants to reproduce in places with
frequent disturbance by humans.

Mabea fistulifera has some chiropterophilous
features (Faegri & van der Pijl 1979). The bats
Artibeus lituratus, Vampyrops lineatus and Sturnira
lilium are important pollinators, as suggested by
the frequent presence of pollen on their bodies, their
behavior and their visiting period. The visiting be-
havior of these bats is similar to that described for
bats that visit neotropical species of Parkia (Car-
valho 1960, Vogel 1968, Hopkins 1984). They
land on the inflorescence and cling to the flowers,
as do the paleotropical Pteropodidae bats (Baker &
Harris 1957, Fleming 1982, Griinmeier 1990).
The many records of these bats as flower visitors
have indicated a developed nectarivorous habit (Vil-
la-R. 1966, Heithaus ez «/. 1974, Heithaus et al.
1975, Sazima & Sazima 1975, Sazima 1976, Hop-
kins 1984, Gribel & Hay 1993), in addition to the
habitual frugivorous diet.

Other features of M. fistulifera flowers favor

bird visits to its inflorescences: red and yellow color,
and nectar abundance during the day (Faegri & van
der Pijl 1979, Ford ez al. 1979), strong inflores-
cences, latge number of flowers, and a well-defined
perch (Westerkamp 1990). Passerine (perching)
birds are important diurnal pollinators of M. fis-
tulifera, as suggested by the pollen grain localization
on their bodies as well as by their visiting behavior
and period. Gonzaga (1983) reported that mixed
flocks of passerine birds take nectar from the inflo-
rescence of M. brasiliensis, a species with floral mor-
phology similar to that of M. fistulifera. This sug-
gests that birds can also be pollinators for M. bras-
iliensis. Passerines show most interest in nectar-
feeding during periods of low fruit abundance and
minimum insect availability (Toledo 1977), a sit-
uation which coincides with M. fistulifera flowering
in the Vigosa area.

There is also a similarity between the features
of M. fistulifera and those of plants pollinated by
non-flying mammals. Among these features are large
and resistant inflorescences, an unpleasant odor, and
abundant nectar and pollen (Sussman & Raven
1978, Turner 1982). Visits by non-flying mammals
to neotropical plants pollinated by non-glossophag-
ine bats have been reported (Hopkins 1984, Gribel
1988). Sussman and Raven (1978) comment that
some plants presently pollinated by bats had non-
flying mammals as ancestral pollinators. Where bats
dominate nowadays, non-flying mammals may well
have left a legacy of plant species preadapted for
pollination by bats (Heithaus 1982). Although M.
fistulifera (Vieira et al. 1991) and M. occidentalis
(Steiner 1981) are also pollinated by marsupials,
visits by these animals may be considered oppor-
tunistic or a relic of an ancient relationship between
plant and pollinator, as suggested by Griinmeier
(1990) for Parkia bicolor.

The abundant pollen production of M. fistu-
lifera attracts the introduced, versatile honeybees,
which then act as pollinators. Similarly, Alcorn ez
al. (1961) and McGregor et /. (1962) reported
Apis mellifera as pollinator of Carnegiea gigantea
(Cactaceae), a species also pollinated by bats and
doves. The visiting behavior of Trigona species and
Partamona cupira is similar to that of A. mellifera,
showing that these bees can also be pollinators of
M. fistulifera.

BREEDING sysTEm.—Mubea fistulifera, similarly to
M. occidentalis (Steiner 1983), is a self-incompat-
ible species according to the criterion of Bawa (1974)
and the value of the self-incompatibility index (ISI
= 0.11) for the ratio between the fruit set from



self- and cross-pollination (¢f. Bullock, 1985). Stud-
ies on breeding systems of neotropical tree species
have shown that most are self-incompatible (Bawa
1974, Zapata & Arroyo 1978, Bullock 1985, Bawa
et al. 1985).

The self-incompatibility of M. fistulifera seems

Pollination of Mabea fistulifera 67

genetic studies on the control of incompatibility are
necessary for further clarification.
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to be of the homomorphic sporophytic type (Gibbs
1990). The small number of fixed flowers prevents
a clear definition concerning this matter; besides,
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