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GLOSSOPHAGINE BAT POLLINATION IN
HELICTERES BARUENSIS (STERCULIACEAE)
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Abstract. Helicteres baruensis Jacq. (Sterculiaceae) is a common shrub of the tropical dry forest in the Pacific lowlands of
Costa Rica. We studied the floral characteristics of Helicteres baruensis and observed the feeding activity of animals at the
inflorescences, Flowers of Helicteres baruensis were visited by moths and nectar-feeding bats, Glossophaga soricina (Phyllo-
stomidae; Glossophaginae). Only glossophagine bats touched the anthers and stigma; pollen was deposited on the throat
and belly when they approached and hovered in front of the flowers. Nectar secretion of the flowers was confined t a
single night with a peak necrar secretion rate of ¢. 25 Ul per hour around midnight and an average sugar concentration of
15% (weighe/weight), which is in agreement with the syndrome of chiropterophily. Flowers of Helicteres baruensis are dif-
ficult for large-sized pollinators to exploit because: (1) they are located at the tip of pendulous branches, (2) they lack struc-
tures that enable a heavy pollinator to cling to them, (3) the androgynophore is oriented into the flight path of an appro-
aching pollinator, and (4) necrar is offered deep in the calyx. Based on these floral characteristics we predicted that only
glossophagine bats with their sophisticated ability for maneuvering and hovering flight would be able to exploit flowers of
H. baruensis. In agreement wich this prediction we found pollen of H. baruensis only on Glossophaga soricina and not on
syntopic frugivorous bats of the subfamilies Stenodermarinae and Carolliinae. Therefore, we suggest chac Helicreres baru-
ensis is adapted to pollination by glossophagine bats and that Glossophaga soricina is the main pollinator of H. baruensis in
northwestern Costa Rica. The extrafloral nectaries in the vicinity of the flowers possibly manipulate the communication
system of ants to prevent foraging on floral nectar. Accepred 23 February 2002.
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INTRODUCTION

Bat-pollinated plants are found predominantly in the
tropical regions. Dobat & Peikert-Holle (1985) coun-
ted approximately 570 bat-pollinated plant species in
the New World contrasting with 160 known for the
Old World . Flowers visited by bars share some com-
mon characteristics, such as nocturnal anthesis, bell-
shaped or pincushion-like corollas, whitish, greenish,
or purplish colors, exposed position, large amounts

Sterculiaceae, members of the genus Helicteres provi-
de an outstanding example of diversification in pol-
linator use within a single genus. Floral syndromes in-
clude psychophily, ornithophily and chiropterophily
(Sazima & Sazima 1988, Vogel 1990); with bat-pol-
lination confirmed in Helicteres rekoi (Vogel 1990) and
Helicteres ovata (Sazima & Sazima 1988). Vogel
(1954) mentioned Helicteres jamaicensis as being
sphingophilous, but this species may also be bat-pol-

of nectar and pollen, a sugar concentration of ap-
proximately 16 % of nectar, and a musty to sour odor
often dominated by sulfur compounds (e.g., Vogel
1958, Fagri & van der Pijl 1979, Dobat & Peikert-
Holle 1985, von Helversen 1993, Knudsen & Toll-
sten 1995, von Helversen ez 4/ 2000).

Vogel (1990) discussed the parallel radiation of
Neotropical plants into different pollination modes,
including chiropterophily, by describing, among other
examples, the floral syndromes of the family Stercu-
liaceae and the corresponding pollinators. Among the
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linated, as its scent is unpleasant, reminiscent of the
smell of pumpkin (Vogel, pers. comm.). Bat-polli-
nation in Helicteres baruensis was fisst proposed by Ha-
ber & Frankie (1989). Subsequently Ruiz ez al (1997)
found pollen of H. baruensis in the feces and fur of
Glossophaga longirostris in the arid zone of Tatacoa in
Colombia. However, neither authors presented details
of the floral characteristics or the specific mode of pol-
lination.

Among the four phyllostomid subfamilies kno-
wn to pollinate plants, Carolliinae, Stenodermatinae,
Phyllostominae, and Glossophaginae (Dobat & Pei-
kert-Holle 1985), glossophagine bats are especially
well adapted for flower exploitation and represent the
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most important mammalian pollinator of Neotropi-
cal plants. Von Helversen (1993) suggested that the
parallel and independent evolutionary acquisition of
bats as pollinators in Neotropical plant families (Vo-
gel 1958, 1968/69, 1990; Dobatr & Peikert-Holle
1985) was facilitared by the evolution of small-sized
bars capable of sustained hovering flight. Glossopha-
gine bars, with body masses of down to 6 or 7 g, can
cover their energy demands with comparatively small
portions of nectar — less than 10 pl per visit — and
their small size is also advantageous for energetically
costly hovering flight (von Helversen 1986, 1993).
Glossophagine bats expend less energy during ho-
vering than moths and hummingbirds of similar si-
ze probably because of their larger wing span (Voigt
& Winter 1999). Therefore, glossophagine bats may
achieve a net energy gain from flower exploitation
even if the single nectar reward is small. All these fea-
tures in a potential new pollinator may have allowed
many taxonomic groups of New World plants to
switch from pollination by sphingids, birds, or terre-
strial mammals to glossophagine bats (von Helversen
1993, Winter & von Helversen 2001). In the follo-
wing we show that Helicteres baruensis belongs to the
group of plants specifically adapted to the pollinati-
on by bats of the subfamily Glossophaginae. We de-
scribe some floral characteristics of this plant and the
mode of flower exploitation by its predominant glos-
sophagine pollinaror.

MATERIALS AND METHODS

Helicteres baruensis Jacq. is a shrub of seasonal dry fo-
rests, growing up to 5 m in height and flowering at
the end and at the beginning of the rainy season (M.
T. Fernandez-Morillo, pers. comm.). We observed
Helicteres baruensis and its pollinators in the Guana-
caste Protection Area (Santa Rosa National Park), in
northwestern Costa Rica (district of Guanacaste;
10°50' N, 85°37" W). The distinctly seasonal forest
of the Pacific lowland in northern Costa Rica has be-
en described by Holdridge er a/. (1971), Janzen & Lie-
sner (1980), Hartshorn (1983), and others. We visi-
ted the site in November 1995 and November/De-
cember 1996 ar the end of the rainy season and fo-
und flowering shrubs of Helicteres baruensis at the bor-
der of secondary dry forests and in abandoned pa-
stures surrounding the Santa Rosa Biological Station
(50 to 100 m above sea level).

Necrar secretion rates of 21 flowers located on 10
plant individuals were measured at three-hour inter-
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vals during two consecutive nights. Additionally, we
also monitored the nectar secretion of each flower du-
ring the day. We refer to day 0 as the day of anthesis
and day 1 and day-1 as one day prior and one day
after anthesis respectively. We covered the inflores-
cences with plastic bags to prevent any visitation and
extracted the nectar from the nectar containers with
capillary tubes. Sugar concentration (% weight/weight)
was measured with a refractometer (Atego) to an
accuracy of 0.2%.

During five nights, from 18:00 to 22:00 or
23:00 h, we captured bats with mist nets near Helic-
teres baruensis bushes. We set two to three mist nets
(6m, 50 D*2, 19 mm mesh) near to flowering bus-
hes of H. baruensis where we expected the flightpath
of approaching bats. Pollen samples were taken with
gelatine cubes (Thomas 1988) from all regions of a
bat’s body. The pollen was stained with Fuchsin and
all samples were mounted on slides and checked un-
der a light microscope for the presence of Helicteres
baruensis pollen.

To describe the mode of visitation in detail, flo-
wer visitors of H.baruensis were observed with a night-
vision scope and videotaped with an infrared-sensi-
tive camera (Sanyo). Infrared light was provided by
a large array of IR-photodiodes that fired 0.5 ms flas-
hes of 750 nm wavelength, triggered by the video ca-
mera. We converted the video sequences of interest
into bitmap sequences using a video board and video
editing software (Adobe premiere). To gain a higher
time-resolution we split each picture into its two half-
pictures and converted the resultant sequences again
into a video sequence using a custom-written pro-
gram.

RESULTS

(a) Floral Characteristics

Flower morphology. Flowers were exposed on the tips
of branches in groups of one to five at a height of one
to five meters. Only one or rarely two flowers per
group opened during a single night. The appearance
of the flowers was dominated by a large green calyx.
The corolla was reduced to five inconspicuous, long,
slender, whitish lobes (Fig. 1), curved back from the
calyx. The green calyx had an average length of 3.5
cm, and opened with a diameter of 1.5 to 2 ¢cm in
the vertical axis and 0.7 to 1 cm in the horizontal axis,
giving the flower a zygomorphous, monosymmetric
shape. The androgynophore protruded from the ca-
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night O
with nectar
secretion

night 1
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FIG. 1. Flowers of Helicteres baruensis on several consecutive nights. The flowering night, when nectar is secre-
ted, was defined as “night 0.”
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lyx approximately 8 to 10 cm at anthesis. The anthers
were located on the tip of the androgynophore, fol-
lowed distally by the large pistil with its filamentous
style. The overall coloration of the flower was whi-
tish (corolla and androgynophore) to greenish (calyx).
The flowers had a faint but distinctly chiroptero-
philous odour.

Buds opened slowly, usually starting one night be-
fore the onset of nectar secretion. Initially the curved
androgynophore was hidden in the closed bud. When
the bud opened, the medial part of the androgyno-

phore protruded from the calyx with the reproduc-
tive organs still hidden (Fig. 1, night -1). During the
following day, the androgynophore grew out of the
calyx and unfolded stretching out and upwards.
Anthers dehisced at dusk of the same day (night 0 in
Fig. 1) and nectar secretion began. During the follo-
wing day, the petals, pistil and anthers did not chan-
ge their position but gradually became dry and bro-
wnish. A few days later the characteristic coiled, “heli-
cal” structure of the fruit — from which the genus
name Helicteres originates — developed.
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FIG. 2. (top) Mean secretion rate (i1l x h™") and (below) mean sugar concentration (% wt/wt) of the nectar
of Helicteres baruensis. The rate of secretion was calculated by dividing the amount of extracted nectar by the
time interval since the last extraction and was plotted against the mean of the time interval (n=21; average

values for two-hour intervals; error bars give SE).
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Nectar secretion. The average total nectar secretion per
flower over 24 hours was 235 ml (+ 106 ul SD; n =
21; max. = 475 pl). Necrar secretion starred between
16:00 and 17:00 h (Fig. 2). After a peak nectar secre-
tion of ¢ca. 27 pl h~' around midnighrt the secretion
rate decreased, and nectar production stopped around
04:00 to 05:00 h in the morning. Each flower secre-
ted nectar only during a single night. The sugar con-
centration of the nectar averaged 15% (weight/
weight). During peak nectar secretion the concen-
tration was slightly higher (mean 16%) (Fig. 2B).
Nectar concentration dropped to approximately
10% in the morning. Sugar was probably reabsorbed
actively by the flower in the morning hours as we
found litcle or no nectar during the day, even in
flowers that had been bagged during the whole pre-
ceding night.

(b) Behavioral observations

Mist netting. We caught the first bats shortly after sun-
set, around 18:00 h. We mist nerted the following spe-
cies in the vicinity of Helicteres baruensis: Artibeus ja-
maicensis (3 individuals), Dermanura toltecus (1), Der-
manura phaeotishwatsoni (4), Glossophaga soricina (10),
Carollia perspicillata (1), Carollia subrufa (1). Of the
six species only Glossophaga soricina carried pollen of
Helicteres baruensés (all individuals). The pollen of 4.
baruensis was concentrated in the fur of the throat and
belly and on the proximal parts of the ventral side of
the wings.

Videotaping. Glossophaga soricina usually approached
the flower from above, maneuvering downward in a
slow hovering flight (Fig. 3). The androgynophore was
pushed down with the bat’s body, and by coming clo-
ser to the calyx the anthers and the pistil slid ventrally
along the bar’s belly. In doing so, the pollen was de-
posited ventrally on the body and the underside of
the wings near to the body. Still hovering, the bat pus-
hed its snout into the opening of the calyx to reach
the nectar with its tongue. Due to the pressure exer-
ted by the bar, the slender, pendulous flower bran-
ches were pushed down, swinging up again when the
bar left. Flower visits only lasted for approximarely a
half second.

Bacs visited all flowers of the same bush or group
of bushes consecutively, often within short time in-
tervals of only 5 to 20 s. Flowers that were located
high in the shrub were preferred. Individual flowers
were visited every 15 to 40 minutes during the first

half of the night.
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FIG. 3. Glossophaga soricina approaching the flower
of Helicteres baruensis. Single frame from a video
recording made with an IR-sensitive camera and
IR-emitting diode flashes (Nov. 26, 1996; Sta. Rosa
National Park, Costa Rica).

We observed constant feeding activity of moths
(mostly medium-sized noctuids) on Helicteres baru-
ensis during the night. Moths approached the flower
from the side or from below and landed on the ca-
lyx. We never saw moths touching either anchers or
stigma. During the period of observation no sphin-
gid moths ever visited Helicteres baruensis.

Robbing of flowers. During the day, especially ar da-
wn and dusk, large black Meliponine bees robbed the
flowers by biting a hole into the base of the calyx. The
bees seemed to be more interested in the pollen, which
they took from the hidden anthers one day prior to
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flowering, than in the nectar. They may have also pro-
fited from nectar at those flowers that had not been

visited by bats during the night.

Extrafloral nectaries. Starting at least one week befo-
re anthesis, two extrafloral nectaries developed at the
base of each flower bud. The large green disks of the
extrafloral nectaries were covered with small amounts
of nectar during both the day and night and they
dried when the flower withered. A single measure-
ment revealed the same sugar concentration in the ex-
trafloral nectaries as in the flower (c. 15%). Several
ant species were attracted to the extrafloral nectaries
and the species composition differed sometimes bet-
ween day and night. Usually only a few (not more
than 4 to 6) individuals visited an extrafloral nectary
at the same time. Visitation rate at the extrafloral nec-
taries did not differ berween days. We never obser-
ved ants invading the calyx in the flowering night and
gathering flower nectar, although the flowers lacked
any mechanical obstacles that could have prevented
such an intrusion.

DISCUSSION

Bat pollination. Our observations reveal that Glosso-
phaga soricina was the main nocturnal visitor of Helic-
teres baruensis flowers and that only G. soricina car-
ried pollen of this plant in its fur. The sugar concen-
tration of the nectar and other floral characteristics
are typical for a bat-pollinated flower (von Helversen
1993). Based on our observations we conclude that
H. baruensis is bat-pollinated and that members of the
subfamily Glossophaginae are the predominant pol-
linators of Helicteres baruensis in the Guanacaste area
of Costa Rica, at least during its flowering period at
the end of the rainy season. In Taracoa, Colombia,
Ruiz et al. (1997) found that in the absence of G. so-
ricina the congeneric similarly sized G. longirostris was
a visitor to H. baruensis. More derailed investigations
at other study sites and at other times of the year, e.g.,
at the beginning of the rainy season, will be useful for
comparison.

Although sphingid moths visited neighboring
sphingophilous plants and the chiropterophilous Bau-
hinia ungulata (see also Heithaus er /. 1975, C.C.
Voigr & O. von Helversen, pers. observ.) we never ob-
served or videotaped them at Helicteres baruensis.
Sphingid moths may occasionally visit Helicteres ba-
ruensis but Haber & Frankie (1989) found pollen of
H. baruensis on the proboscis of hawkmoths in only
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one out of 546 studied specimens, suggesting that
such visits are rare.

The floral syndrome of Helicteres baruensis is ty-
pical for “glossophagine” flowers (von Helversen
1993) and presumably excludes barts of the subfami-
lies Carolliinae, Stendermatinae, and Phyllostominae.
We suggest that the exclusion of non-glossophagine
bats is due to the following specific plant characteri-
stics: (1) The flowers ate situated on the tip of long
and pendulous branches which immediately bend do-
wn when a bat tries to cling to them, (2) the long and-
rogynophore reaches into the flight path of an ap-
proaching bat, which makes the handling of the flo-
wer more difficult, (3) the nectar is hidden in the ca-
lyx and therefore not reachable by short-tongued bats,
(e.g., Dermanura, Carollia, Artibeus, and Phyllosto-
mus), and (4) the small amount of necrar is sufficient
only for small-sized bats. With a secretion rate of c.
25 ul h- the energy gain is at the lower margin, even
for a Glossophaga if the bat visits the flower 1 10 3
times per hour (von Helversen er /., in prep.).

Convergent evolution towards bat pollination. The ge-
nus Helicteres is an example of the radiation of a plant
taxon into different pollination modes, commonly
found in many angjosperms (Vogel 1990). An evo-
lutionary shift from one pollinator guild ro another
may occur when the resource usages by pollinators
overlap and/or the supply of pollinators changes in
time or space. Another driving force may be the need
for prefertilization isolating mechanisms to avoid
hybridization between related, syntopic species (Grant
1949). The ornithophilous species Helicteres guazu-
maefolia HBK commonly occurs syntopically with A.
baruensis in Guanacaste. The flowers of Helicteres
guazumaefolia are about half the size of those of H.
baruensis and differ from them in possessing broad,
red pertals and a much shorter androgynophore. It
flowers at the same time of the year and is visited by
several species of hummingbirds during the day (Voigt
& von Helversen, pers. observ.).

It is likely that Helicteres baruensis is derived from
a moth-pollinated ancestor. The flowers share sever-
al characteristics with moth-pollinated flowers, espe-
cially the long, narrow, whitish petals. In this respect
the flower morphology of Helicteres baruensis is very
different from the other two bat-pollinated conge-
nerics. Helicteres rekoi has large, thick, waxy, white pe-
tals which open broadly (Vogel 1990) and A. ovata
has a tube-like corolla with broad, deep red petals, re-
sembling ornithophilous species like H. guazumaefo-



lia. Thus the three species appear to have converged
on chiropterophily independently, thus demonstrating
the ease of an evolutionary change in the mode of pol-
lination, especially from sphingid and bird pollinati-
on 1o glossophagine bat pollination (von Helversen

1993).

Extrafloral nectavies. \n H. baruensis two large ex-
trafloral nectaries locared at the base of each flower
are visited by several ant species. These extrafloral nec-
taries are visited throughout the day and night by a
number of ant species that take the secreted nectar.
It has been proposed that extrafloral nectaries serve
to protect the plant by attracting guarding ants (e.g.,
Koptur 1992). However, several questions about ex-
trafloral necraries, especially regarding those that are
located close to flowers, remain: (1) Do extrafloral
nectaries protect flowers from “nectar thieves” (van der
Pijl 1954) without deterring pollinators (Willmer &
Stone 1997)2, and (2) how do plants prevent “guar-
ding” ants from exploiting the flower nectar (Haber
et al 1981)?

In Helicteres baruensis, nectar-robbing Meliponi-
ne bees were not attacked by ants, which makes a pro-
tective role of ants unlikely (see also Fiala e a/. 1996).
Even more astonishing is that we never observed ants
exploiting the floral nectar, although the extrafloral
ncctaries are in close proximity. Possibly ants are di-
stracted from the flower nectar by some feature of the
extrafloral nectaries. The first person who raised this
idea was Kerner von Marilaun (1876), and he illust-
rated his idea with the example of fmpatiens mricor-
nis. Plants possibly exploit the communication system
of the ants by simulating a poor nectar source. If the
ants learn thar a cerrain nectar source is insufficient
for a large number of foragers, it is unlikely that they
will recruit other foragers and, as a consequence, the
colony as a whole is “discouraged” to initiate more
foraging visits to this site. This hypothesis seems to
be promising but also remains to be tested.
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