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Comparettia falcata is an epiphytic, neotropical orchid that produces nectar as a pollinator reward. In Puerto Rico, C.
falcata is allogamous and pollinated by the endemic hummingbird Chlorostilbon maugaeus. Autogamous pollinations are
possible, but may result in reduced fruit set. For the 1989 and 1990 flowering seasons, the probability of pollinarium
removals and natural pollinations increased with individual inflorescence display size. However, the frequency of effective
pollinator visits was independent of flowering phenology in both years. A positive correlation between inflorescence size
and reproductive success occurred in 1990 but not in 1989. In 1990 plants produced longer spurs, a higher standing crop
of nectar, and a more concentrated nectar than in 1989. There was no relation between nectar availability (= standing crop
of nectar) and sugar concentration in either year. Nectar availability and sugar concentration did not vary among the first
four flowers of an inflorescence in either season. Nectar availability was not a good predictor of effective visitation. Comparettia
falcata has a higher natural fruit set than tropical deceptive orchids, suggesting that pollinator visitation may be enhanced
by nectar reward. The small, dilute nectar volumes secreted by C. falcata may benefit the plant by increasing interplant

pollinator movement and pollen dispersal.

Orchid pollination systems may have evolved largely
in response to competition for pollinators (Benzing and
Atwood, 1984), a situation that may exist when polli-
nators are infrequent (Waser, 1983), which is a common
condition for most orchids (Darwin, 1885; Dressler, 1968).
Most studies of pollinator-limited tropical orchids have
been conducted with species that offer no floral rewards
and rely on food-deceptive mechanisms to attract their
pollinators (Janzen et al., 1980; Ackerman and Montero-
Oliver, 1985; Kjellsson, Rasmussen, and Dupuy, 1985;
Montalvo and Ackerman, 1987; Rico-Gray and Thien,
1987; Ackerman, 1989; Zimmerman and Aide, 1989;
Ackerman and Montalvo, 1990; Calvo, 1990a, b; Chris-
tensen, 1992). For orchids that offer pollinator rewards,
nectar is the most common reward (Dressler, 1981). Nec-
tariferous tropical orchids, such as Myrosmodes cochleare,
have relatively high fruit set levels (14.2%-26.6%, Berry
and Calvo, 1991) compared to deceptive species, whose
fruit production levels average 9.0% (calculated from Cal-
vo, 1990c).

Inflorescence size (total number of flowers per inflo-
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rescence) also contributes to attraction of pollinators. In-
florescences containing different numbers of flowers have
been shown to be differentially successful as pollen re-
cipients and donors (Willson and Price, 1977; Schemske,
1980; Montalvo and Ackerman, 1987; Firmage and Cole,
1988; Ackerman, 1989; Campbell, 1989), hence affecting
the fitness of the plant on which the inflorescence is borne.

Herein we examine how nectar availability (= standing
crop of nectar) and inflorescence display size (number of
flowers that are open at one time) may affect effective
pollinator visits to a tropical epiphytic orchid. During
1989 and 1990 we studied a Puerto Rican population of
Comparettia falcata Poeppig & Endlicher to determine
its breeding system, flower production, pollinators, pat-
terns of nectar availability, and frequency of effective
pollinator visits.

MATERIALS AND METHODS

Study species and field site— Comparettia falcata (Fig.
1) is a perennial, twig epiphyte that occurs in the Greater
Antilles, Mexico, and in Central and tropical South Amer-
ica (Liogier and Martorell, 1982). The plant is caespitose
and has small, aggregated and cylindrical pseudobulbs
with mostly one, seldom two, and rarely three or four
coriaceous, oblong-elliptic, obtuse leaves. Comparettia
falcata has a lateral, loosely flowered raceme that bears
one to 13 flowers. Flowers are conspicuous, resupinate,
and deep red to rose pink. The dorsal sepal is narrow and
erect; lateral sepals are fused together to form a curved
spur that contains a quantity of visible nectar. The lip is
membranous, flat, broad, and quite narrowed toward the
base; two filiform, basal extensions extend into the spur.
The anther bears a single pollinarium composed of two
hard, yellow pollinia attached to a thin stipe and basal
viscidium. Unpollinated flowers remain in anthesis for
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6-21 d, most being open for approximately 14 d. Fruits
are subcylindrical and mature and dehisce during autumn.

This study was conducted during February—April 1989
and 1990 at the Toro Negro Forest Reserve in southcentral
Puerto Rico. Most of the reserve lies within the classifi-
cation of Subtropical Lowland Montane Wet Forest
(Holdridge’s life zone system; Ewel and Whitmore, 1973).
At our study site near Lago El Guineo (18°09'30"N,
66°32'00"W; elevation 1,000 m), Syzygium jambos and
Mpyrcia deflexa are the dominant tree and shrub species,
respectively, and the most common phorophytes of C.
falcata (Rodriguez-Robles, Ackerman, and Meléndez,
1990).

Data collection —1In 1989 we marked 220 mature plants,
some of which were lost due to hurricane damage in Sep-
tember 1989 (Rodriguez-Robles, Ackerman, and Melén-
dez, 1990; Scatena and Larsen, 1991). In 1990 we tagged
22 additional plants. On all plants we determined plant
size using leaf length. When the plant had more than one
leaf (54 out of 383 cases over the 2 yr), we measured the
longest leaf, a trait proven useful in studies of Jonopsis
utricularioides, a morphologically similar species to C.
falcata (Montalvo and Ackerman, 1987). On reproduc-
tively active plants, we also measured inflorescence size
and spur length. A randomly selected set of these plants
was unmanipulated in either season. For another ran-
domly chosen group of plants, we measured the standing
crop of nectar of unvisited flowers by cutting off the spurs
and gently squeezing the nectar out into either 2- or 5-ul
capillary tubes (Drummond “microcaps”). We believe
this is a good estimate of nectar availability for two rea-
sons. First, we were confident that the flowers measured
were unvisited because the orientation of the column above
the narrow entrance to the spur (Fig. 1c) makes it unlikely
that a visitor reaching the nectar could avoid dislodging
the pollinarium and/or pollinating the flower. Conse-
quently, differences among individuals in nectar produc-
tion rates were expressed in standing crop of nectar (Cress-
well and Galen, 1991). Second, we have detected no case
of nectar overflow, theft, and only five cases of nectar
robbery in 4 years of study (1989-1992).

In 1990, we measured the height of the nectar column
in the spur prior to collecting the nectar. To estimate
nectar volumes, we measured the height of the nectar in
the capillary tube(s). We obtained sugar concentrations
in the field with a temperature-compensated hand-held
refractometer (American Optical, Model 10431). Sugar
concentration measurements were fewer than volume
measurements because many times nectar quantity was
not enough to obtain a reading with the refractometer.

Breeding system —Incidence of autogamy in the field A

was determined in 1989 by placing nylon net bags over
inflorescences of five different plants, with a combined
total of 14 flowers, to prevent pollinator access. Fruit
production of these flowers was monitored.
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We checked for self-compatibility by self-pollinating 13
flowers on eight plants in 1989 and 14 flowers on nine
plants in 1990. As each flower opened, we removed the
pollinarium using a dissecting needle and placed the pol-
linia on the stigma. Swelling and closing of the stigma
occurred within 1 day, preventing the deposition of ad-
ditional pollen. Fruit set of these flowers was recorded.

Effective visitation frequency—Plants were censused
weekly for the presence of flowers, pollinia removal, and
pollination throughout the 1989 and 1990 flowering sea-
sons to estimate effective pollinator visitation frequency.
The effect of floral display on visitation was assessed by
comparing the number of ““visits™ for each inflorescence
display size for a given census date. Flowers with either
pollinarium removed, pollinia deposition, or both were
scored as “visited.”

Pollinator observations—During the flowering peak of
1989 we observed eight plants for 16 hr for pollinator
visits, and in the flowering peak of 1990 we observed
three plants for 9.4 hr. All observations were made from
1100 to 1600 hr. Nighttime observations were considered
inappropriate because of reddish or pink flower color and
lack of odor, unlikely attributes of moth-pollinated flow-
ers (van der Pijl and Dodson, 1966; Dressler, 1981).

Mist-netting and insect trapping were conducted from
19 March to 17 April 1989, and from 10 March to 14
April 1990. Once (1990) and twice a week (1989) four
nets 10 m long were left open for approximately 5.5 hr
each day. Trapped birds were checked for pollinaria and
released immediately. To estimate the activity level of
hummingbirds in our study area we conducted hearing
and visual censuses. As we censused plants, we recorded
each time we heard or saw a hummingbird. Butterflies
were caught with insect nets, examined for pollinaria, and
liberated.

Data analyses —Statistical procedures follow Sokal and
Rohlf (1981). We checked all data for normality with the
Shapiro-Wilk test prior to analysis. We used nonpara-
metric statistics to analyze data sets that did not meet the
assumptions of the analogous parametric tests. G-test of
independence (with Williams correction) was also utilized
for data analyses. All tests were performed using the STA-
TISTIX (Version 3.0, Analytical Software, 1989) statis-
tical software.

RESULTS
Floral biology and breeding system —In Toro Negro, C.

_ falcata blooms from February to April, with the flowering

peak occurring in mid-March (Fig. 2). In 1989, 46.8% of
the marked plants were reproductively active, whereas in
1990 42.3% of the plants produced inflorescences. Only
four plants produced more than one inflorescence si-
multaneously over the study period. In the first season

Fig. 1.
bottom): lateral sepals, petal, dorsal sepal.
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Comparettia falcata. a. Plant habit. b. Lip. c. Flower, front view. d. Pollinarium. e. Column. f. Perianth parts (clockwise, starting from



