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ABSTRACT

Woolly Corchorus, (Corchorus hirsutus),
is a common low shrub that grows in coppices and
open fields throughout the Bahamas. We present
the first description of its floral biology, breeding
system, pollinators, and fruit set. Our pollination
studies on San Salvador Island demonstrate that
plants are self-incompatible and require outcross
pollen and pollinators for fruit set. Flowers are
unusual in having a short lifespan of less than five
hours and in opening during mid-afternoon.
Flowers are also unusual in not producing nectar
so that pollen is the only pollinator reward. Bees,
which forage for pollen, were the most frequent
flower visitors and are probably the only effective
pollinators. A sweat bee, (Agapostemon columbi:
Halictidae), was observed visiting flowers on San
Salvador and Inagua. Other frequent bee visitors
on San Salvador were a leafcutter bee (Megachile
poeyi alleni: Megachilidae) and a small, unidenti-
fied halictid bee. Floral traits closely match those
described for a bee-pollination syndrome. Woolly
Corchorus has a specialist hemipteran seed preda-
tor, Ochrostomus pulchellus (Lygaeidae), that
may reduce fruit and seed set.
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INTRODUCTION

The study of species on islands has pro-
vided insights into selection and evolution ever
since Darwin’s voyage to the Galapagos Islands.
Islands typically have fewer and different pollina-
tor species than mainland populations (Carlquist
1974, Feinsinger et al. 1982, Spears 1987, Elm-
qvist et al. 1992, Inoue 1993, Barrett 1996). Dif-
ferences in pollinators can promote the evolution
of different pollination syndromes (floral traits
adapted to a pollinator type) and breeding systems
(e.g., Carlquist 1974, Inoue 1993). The pollina-
tion biology and breeding systems of many plant
species in the Bahamas have not been described,
and data are not available for island-mainland
comparisons. A goal of our research in the Ba-
hamas has been to provide descriptions of the pol-
lination and floral biology of common plant spe-
cies (Rathcke 1998, Rathcke and Kass 2003a and
2003b, Rathcke et al. 1996, Rathcke et al. 2001b)
and to record flower visitors (Rathcke et al.
2001a, Landry et al. in press).

Here we provide the first published de-
scription of the pollination biology of Woolly
Corchorus  (Corchorus  hirsutus L.: Tili-
aceae/Malvaceae). Literature searches using Bio-
sis and the Web of Science revealed no recent
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studies on the pollination biology of Woolly Cor-
chorus. We describe floral traits, including
phenology, morphology, and rewards, and present
a description of the pollination syndrome. We did
pollination experiments on San Salvador to de-
termine the breeding system, and we recorded
flower visitors (potential pollinators) on San Sal-
vador and Inagua, Bahamas.

The genus, Corchorus, has traditionally
been placed in the Tiliaceae (Correll and Correll
1982), but a recent study using sequence analysis
of plastid genes has placed it in the Malvaceae
(Bayer et al. 1999). Woolly Corchorus is a low
shrub that grows in coppices, scrublands and open
fields throughout the Bahamas and is also found
in the West Indies, continental tropical America
and northeast tropical Africa (Correll and Correll
1982, Wunderlin 1998). On San Salvador,
Woolly Corchorus is a common shrub along road-
sides and in disturbed areas of the Coastal Cop-
pice Community (Smith 1993). The leaves are
used in a medicinal tea on San Salvador (Smith
1993).

METHODS

Our studies on floral traits and pollination
were done on Woolly Corchorus shrubs growing
in a field southeast of the Gerace Research Center
on San Salvador Island, Bahamas. We have per-
manently tagged 20 shrubs. In 2002 we estimated
the size of each tagged plant as total length of ma-
jor stems in meters; small twigs were not in-
cluded. The total number of flowers open on each
plant was monitored throughout the afternoon and
evening on January 3, 2003. To plot flower open-
ing, the percent of the total maximum flowers
open (N = 491) was calculated for each time pe-
riod and plotted against time. Stamens were
counted for one flower for each of the 20 plants.
One mature fruit (capsule) was collected from
each of ten plants, length and width were meas-
ured and the number of seeds was counted.

To determine the breeding system, we did
experimental pollinations on the San Salvador
population. In December 2002 we tagged and
studied 20 shrubs. To determine if flowers can
self-pollinate and self-fertilize, buds were bagged
with bridal-veil netting and left unmanipulated
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(Bagged, No Hand-pollination Treatment). To
determine if plants are self-compatible (can self-
fertilize), buds were bagged and self-pollen was
added to stigmas by rubbing dehisced anthers over
the stigma within the flower (Bagged, Self-pollen
added). To quantify fruit set under natural polli-
nation, flowers were left exposed to visitors
(Open, Natural Pollination) umbels were exam-
ined every day and new flowers were recorded
and hand-pollinated depending on the treatment.
Each treatment flower was tagged with a thread
tied loosely around the pedicel and was monitored
for subsequent fruit set. In December 2000, we
did only two pollination treatments on five shrubs:
Bagged, No hand-pollination and Open, Natural
pollination.

Fruit set is calculated as % Fruit set = 100
(fruits/flowers). Fruit set was based on the devel-
opment and expansion of the ovary. This initial
fruit development more closely reflects successful
fertilization than later fruit set which may be de-
termined by abortion due to low resources or
damage. Fruit set was measured 7-11 days after
being exposed to pollination treatments. By this
time, it was clear whether the ovaries would de-
velop or not. Often undeveloped ovaries had ab-
scised. Seed set was not measured for the treat-
ment flowers because ovaries were small and
ovules were difficult to count.

All flower visitors on San Salvador and on
Inagua were recorded. On San Salvador, we
(LBK and BJR) recorded flower visitors during
December 2000, December 2002 and June 2003,
and on Inagua, N. Elliot recorded flower visitors
in January 2003. Nomenclature for insect visitors
is based on Roberts (1972), Elliott (1993), Smith
et al. (1994), and Janjic and Packer (2003).

Statistics were done using SPSS Version
10.0. For fruit set, significant differences were
tested using non-parametric Mann-Whitney U-
tests because percentage data were not normally
distributed and variances were unequal.

RESULTS
Flowering Phenology

Our observations on San Salvador show
Woolly Corchorus flowering in December 1994,
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1999, 2000 and 2002, in April-May 2000, and
June 1985 and 2003. All plants had buds, flow-
ers, developing fruit, and mature fruit during these
observation periods. Woolly Corchorus was flow-
ering in January 2003 on Inagua. The species is
described as flowering throughout the year (Cor-
rell and Correll 1982, Kass 1991).

Flower and Fruit Biology

Figure. 1. The flower of Woolly Corchorus, Cor-
chorus hirsutus (Malvaceae/Tiliaceae), being vis-
ited by a leaf-cutter bee, Megachile poeyi alleni
(Megachilidae), on San Salvador Island, Baha-
mas.

Woolly Corchorus flowers are bright yel-
low and have four or five petals (see Correll and
Correll 1982, Kass 1991) (Figure 1). In our study
population, the proportion of flowers having five
petals (vs. four petals) was 0.44 (S.D. 0.22, N =
15 plants, 150 flowers), and the range was 0 to
0.80. All but one plant had a mixture of both
four- and five-petaled flowers with both morphs
often occurring in the same umbel. The average
number of stamens per flower in the study popula-
tion was 122.2 (S.D. = 28.1, N = 19 plants), and
stamen number ranged from 80 to 194. Stamens
were 4-6 mm long (N = 10 plants, 10 flowers).
Pollen is bright yellow and very visible on flower
visitors. The sepals are woolly, as are the leaves.
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Flowers are displayed in small umbels
(Figure 1). In our study population, umbels had
an average of 8.0 buds (SD = 0.76, range = 5-10,
N = 7 plants). Most umbels (86%) had only one
open flower during any one day, 12% had two
flowers open, and 1.4% had 3 flowers open; none
had more than 3 flowers open on any one day
(N=20 plants, 282 umbels). For the 20 tagged
plants, total flowers open on the entire plant on
one day ranged from 2 to 153. The number of
flowers open on one day increased with plant size
(stem length in meters) (regression; flowers = -6.9
+ 3.7 size; r = 0.73, P < 0.0001).

Flowers usually open in late afternoon
(Kass 1991). In the San Salvador population of
20 plants, the first flowers opened at 2:30 PM and
all were open by 4:30-5:00 PM on January 3,
2003 (Figure 2). Flowers started closing after
dark about 7:00 PM and nearly all were closed by
7:30 PM. Flowers senesce after this, so flower
lifespan is only 3-5 hours. On Inagua, flowers
opened by 2:00 PM in January 2003. Flower
opening appears to be sensitive to light levels; on
cloudy days, flowers may open earlier, even in the
morning. One plant that was growing near an
outside yard light had many flowers still open at
8:00 PM.
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Figure 2. The timing of flower opening during one
day for Woolly Corchorus, Corchorus hirsutus on
San Salvador, January 3, 2003. The percent of
the maximum number of flowers open for 20
tagged plants are shown for different times during
the afternoon and evening,

Flowers do not secrete nectar. No nectar
could be collected and no glistening was observed
in the flowers. The floral diagram in Correll and
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Correll (1982, p. 910) does not show any glandu-
lar tissue in the flower. Pollen appears to be the
only pollinator reward. The numerous stamens
supply abundant pollen. Flowers had no detect-
able odor, even when placed into glass vials to
concentrate any volatiles. Bioassays were made
with several researchers.

Fruits are woolly, oblong capsules and
contain 4-5 celled ovaries (Correll and Correll
1982, Smith 1993) (Figure 1). In the study popu-
lation average fruit width was 6.7 mm (S.D. =
0.87, N = 9 plants) and length was 14 mm (S.D. =
15, N = 9 plants). The average number of seeds
per fruit was 31.7 (S.D. = 15.0, N = 9 plants) and
ranged from 9 to 60 in healthy fruits. Two fruits
had been eaten and had only 2 and 4 seeds. Fruit
length (mm) significantly predicted seed number
(regression; seeds = -25.2 + 4.0 length mm;
r=0.33; P=0.04). Seeds are black and 1.4-2 mm
long (Correll and Correll 1982, personal observa-
tions), but seeds were larger (2.8 mm) in fruits
that had only 2-4 seeds.

Breeding System

Flowers are hermaphroditic (i.e. perfect),
having both male and female parts (Figure 1).
The stigma is 1-2 mm above the anthers, which
may reduce self-pollination. In our pollination
experiment in 2000, one fruit was produced in the
bagged, unmanipulated flowers, but this seems
likely to be the result of pollen contamination or
due to a previously pollinated flower that was ac-
cidentally included in a bagged treatment (Table
1). In 2002 when we had a larger sample size of
plants and flowers, none of the bagged flowers
produced fruit, whether they were unmanipulated
or had self-pollen added (Table 1). Overall, our
results suggest that plants are self-incompatible
and that flowers require pollinator and outcross
pollen for fruit set.

Table 1. Breeding system of Woolly Corchorus,
Corchorus hirsutus, on San Salvador, Bahamas as
determined by pollination experiments during two
years. % Fruit set = 100 (fruit/flowers). Means
and Standard Deviations are shown. N = number.

Fruit sets of bagged flowers (pollinators ex-
cluded) and open flowers (natural pollination) are
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significantly different (Mann-Whitney U test, N =
3 plants, **P = 0.008). The single fruit set in
2001 is probably due to contamination (see text).
For the 2003 data, tests cannot be done with zero
values.

TREATMENT N plants N flowers % Fruit set

January 2001
Bagged, 5 54 1.8 +4.02
No hand-pollination
Open, 5 75  42.8+20.24**
Natural pollination
January 2003
Bagged, 20 39 0
No hand-pollination
Bagged, 20 46 0
self-pollen added
Open, 20 46  84.8+30.92
natural pollination

Flower Visitors

On San Salvador, the only flower visitors
that we observed on Woolly Corchorus were three
species of bees. During December 2000-January
2001, the only flower visitor we observed was a
leafcutter bee, Megachile (Pseudocentron) poeyi
alleni Mitchell (Hymenoptera: Megachilidae)
(Figure 1). These bees never probed the flowers
for nectar. Instead, they rubbed their abdomens
over the stamens of the flowers as they moved
quickly around the top of each flower. Their ab-
domens were usually bright yellow with pollen
and these bees commonly moved between plants
and were probably effective pollinators. During
December 2002-January 2003, M poeyi alleni was
the most frequent flower visitor, but two other oc-
casional visitors were a sweat bee, Agapostemon
columbi Roberts (Hymenoptera: Halictidae) and a
small black bee (4-5 mm long), possibly Dialictus
(Halictidae). During June-July 2003, all three
species were seen visiting flowers, but the most
frequent visitor was the small black Halictid.
These small bees often foraged for pollen without
touching the stigma and may frequently act as
pollen thieves, rather than pollinators. The larger
sweat bee, 4. columbi, was typically seen visiting
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a single flower on a plant and flying out of the
local area rather than to a nearby plant.

On San Salvador, we never observed but-
terflies visiting flowers of Woolly Corchorus, al-
though many species were frequently seen flying
in the area and visiting other co-flowering species.
We commonly saw Thrips (Order: Thysanoptera)
in the flowers, but these small insects are unlikely
to be significant cross-pollinators as they probably
seldom move between plants. Thrips feed on plant
juices or nectar and are probably herbivores,
rather than pollinators.

On Inagua in January 2003, diverse spe-
cies were observed visiting flowers of Woolly
Corchorus including bees, butterflies, and flies.
The most frequent visitor was a sweat bee, tenta-
tively identified as Agapostemon columbi Roberts
(Hymenoptera: Halictidae) by Dr. B. Dan forth.
This species was also a visitor on San Salvador.
Females of A. columbi visited flowers and males
hovered around, possibly waiting to mate. The
other visitors were infrequent and included two
butterfly species (Wallengrenia drury Lattreille
(Hesperiidae) and Strymon martialis (Herrich-
Schaffer) (Lycaenidae). Two fly species (one
Bombycid species and one species unidentified to
family) were also observed on flowers. The but-
terflies and flies may have been “accidental” visi-
tors because they typically forage for nectar which
is not available. They may have been deceived or
may use the flowers as a resting platform. These
visitors could transfer pollen, but because they are
probably infrequent and inconstant visitors, it
seems unlikely that they are significant pollina-
tors.

If the identification of the bee, 4. columbi,
on Inagua is confirmed by further examination
and comparisons, this would be a new distribu-
tional record. Agapostemon columbi has only been
reported for San Salvador (Watling’s Island) in
the Bahamas (Roberts 1972, Janjic and Packer
2003). Based on a parsimony analysis of mor-
phological characters, Janjic and Packer (2003)
place this species in columbi-ochromops clade of
eight species that all occur on islands in the Ba-
hamas or the Caribbean.

Pollination Syndrome

Woolly Corchorus appears to be special-
ized for bee pollination. The floral traits are simi-
lar to those described as being characteristic of a
bee-pollination syndrome (Howe and Westley
1988) (Table 2). The lack of nectar is unusual,
but nectar is not a necessary reward to attract bees
that also collect pollen. The many anthers per
flower provide an ample pollen reward. The
variation in petal number (4-5) is relatively un-
usual for plants but is common in the Tiliaceae
(Correll and Correll 1982).

Table 2. The pollination syndrome of Woolly Cor-
chorus, Corchorus hirsutus (Malva-
ceae/Tiliaceae), on San Salvador, Bahamas com-
pared to the floral traits characteristic of a bee
pollination syndrome (based on Howe and
Westley 1988; see also text for discussion.)
*indicates a difference between Woolly Corchorus
and the bee pollination syndrome or an unusual
Sfloral trait... A thesis = flower opening.

TRAITS WOOLLY BEE
CORCHORUS
COLOR bright yellow variable but not red
ODOR not detectable sweet
SHAPE radial symmetry radial or bilateral
*No tube; flat or broad tube
no nectar
*petals are 4 or 5
ANTHESIS afternoon/evening  day/night
NECTAR *none moderate amounts
POLLEN abundant abundant
Fruit/Seed Predators

We frequently observed the hemipteran
seed predator, Ochrostomus pulchellus (Hemip-
tera.  Lygaeidae) (formerly Craspeduchus
bilimeki) on Woolly Corchorus plants, usually on
the developing fruits. Often adults and young
nymphs were aggregated on umbels; we saw sev-
eral adults mating on plants. Some fruits had few
seeds, probably caused by feeding by this species.
This species has only been observed feeding on
Woolly Corchorus on San Salvador and may be
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specialized (Elliott 1987). Elliott also collected
this species on Woolly Corchorus on Inagua in
January 2003.

DISCUSSION

Woolly Corchorus appears to be special-
ized for bee pollination. Although the flowers
look generalized because they are dish-shaped and
the anthers and stigma are exposed, the flowers
produce no nectar and therefore are infrequently
visited by insects other than bees. Bees foraged
for pollen, and bees were the most frequent flower
visitors on San Salvador and Inagua. On San Sal-
vador, three bee species were observed visiting
Woolly Corchorus. On Inagua, only one species
was observed and this species, Agapostemon
columbi Roberts: Halictidae, was also seen on
San Salvador.

The different bee species probably vary in
their effectiveness as pollinators of Woolly Cor-
chorus. On San Salvador, a leafcutter bee,
Megachile poeyi alleni (Megachilidae), was the
most frequent visitor and may be the most effec-
tive pollinator because bees typically rubbed their
pollen-covered abdomens over the stigma, and
individuals moved between plants during a forag-
ing bout. The two other bee species may be less
effective pollinators. On San Salvador the sweat
bee, A. columbi, was an infrequent visitor and was
seldom observed moving between plants, al-
though it was a frequent visitor on Inagua. On
San Salvador, a small black halictid, possibly Di-
alictus, was rare except during June-July 2003
when it was the most frequent flower visitor.
However, these small bees were probably pollen
thieves, rather than pollinators, because individual
bees seldom touched the stigma as they foraged
for pollen.

In general, bees are relatively infrequent
visitors to flowers on San Salvador, but they were
abundant visitors to Woolly Corchorus. We have
seldom observed bee species visiting flowers
(Rathcke et al. 2001a, Rathcke, personal observa-
tions), although a number of species are present
on the island (Elliott 1993). Although carpenter
bees (Xylocopa cubaecola: Anthophoridae) were
frequent visitors of some nearby shrubs on San
Salvador during this period, we never observed
them visiting Woolly Corchorus (Rathcke et al.
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unpublished data). Syrphid flies (mostly Palpada
spp) are common visitors to other species, such as
White Mangrove (Rathcke et al. 2001, Rathcke et
al. this Symposium), but we have never observed
them visiting Woolly Corchorus on San Salvador

The flowers of Woolly Corchorus are un-
usual in having a very short lifespan of three-five
hours and opening in the afternoon. Most plant
species have floral longevities of 2-4 days, al-
though many tropical species do have floral life-
spans of one day (Primack, 1985). On San Salva-
dor, many species have floral lifespans of one day
(personal observations). Such short floral longev-
ity can indicate that pollination is predictable and
reliable (Primack 1985, Ashmann and Schoen
1994, Rathcke 2003). Alternatively, the short lon-
gevity of tropical flowers is often attributed to
predation or disease that prevents longer floral life
(Primack 1985). We saw no evidence of floral
predation for this species, or other species in gen-
eral. However, the hemipteran seed predator,
Ochrostomus pulchellus (Lygaeidae) (formerly
Craspeduchus bilimeki), was commonly observed
on plants; the nymphs and adults pierce the fruit
capsules and feed on developing ovaries (Elliott
1987) and could reduce fruit and seed set.

Because Woolly Corchorus is specialized
for bee pollination, is self-incompatible, and has
an unusually short flower lifespan of 3-4 hours,
the reproduction of this species may be especially
vulnerable to habitat and species changes (see
Rathcke and Jules 1993, Rathcke 1998, Eshbaugh
and Wilson 1996).

ACKNOWLEDGMENTS

We thank the Gerace Research Center, the
Director Vince Voegeli, and the staff for all their
valuable support and logistical help. We espe-
cially extend our thanks to Dr. Maurice Isaacs and
Eric Carey, Bahamian Department of Agriculture,
for permits to do our research on San Salvador
Island and Inagua. We thank Susan Danforth,
Bob Hunt, and Nancy Slack who helped set up the
pollination experiments and did pollinator
watches, Bob Dirig at Cornell University who
identified the butterflies, and Bryan Danforth at
Cornell University who confirmed the identifica-



The 10" Symposium on the Natural History of the Bahamas

tion of the bee, Agapostemon columbi. The iden-
tification of Ochrostomus (Lygaeidae) was
checked with specimens at the American Museum
of Natural History. Insect identifications were
also checked using voucher specimens in the in-
sect collection at the Gerace Research Center and
in the Bahamian National Entomological Collec-
tion in the Department of Agriculture’s Conserva-
tion Unit Building at the Botanic Garden in Nas-
sau.

REFERENCES

Ashman, T-L., and Schoen, D.J., 1994, How long
should flowers live?: Nature, v. 371, p.
788-790.

Barrett, S.C.H., 1996,T he reproductive biology
and genetics of island plants: Philosophi-
cal Transactions of the Royal Society,
London B, v. 351, p. 725-733.

C., Fay, MF. De Brujin, AY.,
Savolainen, V., Morton, C.M., Kubitzki,
K., Alverson, W.S., and M.W. Chase,
1999, Support for an expanded family
concept of Malvaceae within a recircum-
scribed order Malvales: a combined analy-
sis of plastic atpB and rbcL. DNA se-
quences: Botanical Journal of the Lin-
naean Society, v.129, p. 267-303.

Bayer,

Carlquist, S., 1974, Island Biology: Columbia
University Press, New York, New York,
USA.

Correll, D.S., and Correll, H.B., 1982, Flora of the
Bahama Archipelago. J. Cramer: In der
A.R. Gantner Verlag Kommanditge-
selleschaft.

Elliott, N.B., 1993, Field Guide to the Insects of
San Salvador Island, Bahamas. 2nd Edi-
tion. San Salvador, Bahamian Field Sta-
tion.

Elliott, N.B., 1987, Hemiptera associated with
several Bahamian shrubs, iz R.S. Smith,
ed., Proceedings of the 2nd Symposium on

111

the Botany of the Bahamas: San Salvador,
Bahamian Field Station, p. 1-5.

Elmgyvist, T., Cox, P.A., Rainey, W.E., and Pier-
son, E.D., 1992, Restricted pollination on
oceanic islands: pollination of Ceiba pen-
tandra by flying foxes in Samoa:
Biotropica, v. 24, p. 15-23.

Eshbaugh, W.H., and Wilson, T.K., 1996, On the
need to conserve Bahamian floral diver-
sity, in Elliott, N.B., Edwards, D.C., and
Godfrey, P.J., eds., Proceedings of the 6™
Symposium on the Natural History of the
Bahamas: San Salvador, Bahamian Field
Station, p. 77-82.

Feinsinger, P., Wolfe, J.A., and Swarm, L.A.,
1982, Island ecology: reduced humming-
bird diversity and the pollination biology
of plants, Trinidad and Tobago, West In-
dies: Ecology, v. 63, p. 494-506.

Howe, H.C., and Westley, C.C., 1988, Ecological
Relationships of Plants and Animals. Ox-
ford University Press, New York, New
York, USA.

Inoue, K., 1993, Evolution of mutualism in plant-
pollinator interactions on islands: Journal
of BioScience, v. 18, p. 525-536.

Janjic, J., and Packer, L., 2003, Phylogeny of the
bee genus Agapostemon (Hymenoptera:

Halictidae): Systematic Entomology v.
28, p. 101-123.

Landry, C., Rathcke, B.J., Kass, L.B., Elliott,
N.B., and Boothe, R., Flower visitors to
White Mangrove: A comparison between
three Bahamian Islands and Florida, in
Proceedings of the 10th Symposium on the
Natural History of the Bahamas: San Sal-
vador, Gerace Research Center, This Vol-
ume.

Kass, L.B., 1991, An Illustrated Guide to Com-
mon Plants of San Salvador Island, Baha-



The 10" Symposium on the Natural History of the Bahamas

mas. San Salvador, Bahamian Field Sta-
tion.

Primack, R. B., 1985, Longevity of individual
flowers. Annual Review of Ecology and
Systematics, v.16, p.15-37.

Rathcke, B.J., 1998, Bird pollination of the en-
demic Bahama Swamp-bush, Pavonia ba-
hamensis Hitchc. (Malvaceae): the risk of
specialization, in Wilson, T.K., ed., Pro-
ceedings of the 7th Symposium on the
Natural History of the Bahamas: San Sal-
vador, Bahamian Field Station, p. 105-
110.

Rathcke, B.J., 2003, Floral longevity and repro-
ductive assurance: seasonal patterns and
an experimental test with Kalmia latifolia
(Ericaceae): American Journal of Botany,
v. 90, p. 1328-1332.

Rathcke, B.J. and Jules, E.S., 1993, Habitat frag-
mentation and plant-pollinator interac-
tions: Current Science, v. 65, p. 273-277.

Rathcke, B. and Kass, L.B., 2003a, Andro-
monoecy in Calliandra haematomma (Fa-
baceae): A bird-pollinated shrub endemic
to the Bahamas, in Smith, D., and Smith,
S., eds., Proceedings of the 9th Sympo-
sium on the Natural History of the Baha-
mas: San Salvador, Gerace Research Cen-
ter, p. 21-27.

Rathcke, B., and Kass, L.B., 2003b, Temporal
dioecy in Thouinia discolor (Sapindaceae),
a medicinal shrub endemic to the Baha-
mas, in Smith, D., and Smith, S., eds.,
Proceedings of the 9th Symposium on the
Natural History of the Bahamas: San Sal-
vador, Gerace Research Center, p.28-33.

Rathcke, B.J., Kass, L.B., and Elliott, N.B.,
2001b, The floral biology and pollination
of Strongback, Bourreria succulenta (Bo-
raginaceae), on San Salvador Island, Ba-
hamas, in Clark-Simpson, C., and Smith,
G., eds., Proceedings of the 8th Sympo-

112

sium on the Natural History of the Baha-
mas: San Salvador, Gerace Research Cen-
ter, p. 78-88.

Rathcke, B.J., Kass, L.B., and Hunt, R.E., 1996,
Preliminary observations on plant repro-
ductive biology in mangrove communities
on San Salvador Island, Bahamas, in Elli-
ott, N.B., Edwards, D.C., and Godfrey,
P.J., eds., Proceedings of the 6th Sympo-
sium on the Natural History of the Baha-
mas: San Salvador, Bahamian Field Sta-
tion, p. 87-96.

Roberts, R.B., 1972, Revision of the bee genus
Agapostemon (Hymenoptera: Halictidae):
University of Kansas Science Bulletin, v.
49 (9), p. 437-590.

Smith, R.R., 1993, Field Guide to the Vegetation
of San Salvador Island, The Bahamas.
2nd Edition. San Salvador, Bahamian
Field Station.

Smith, D.S., Miller, L.D., and Miller, J.Y., 1994,
The Butterflies of the West Indies and
South Florida.Oxford University Press,
Oxford, UK.

Spears Jr., E.E., 1987, Island and mainland polli-
nation ecology of Centrosema virginianum
and Opuntia stricta: Journal of Ecology, v.
75, p- 351-362.

Wunderlin, R.P., 1998, Guide to the Vascular
Plants of Florida. University Press of Flor-
ida, Gainesville, Florida, USA.



