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ABSTRACT. Invasion of exotic plants is threatening global biodiversity. Bidens pilosa L. var. radiata, a
member of Asteraceae, has successfully invaded Taiwan after being introduced to the island. Knowledge of
its reproduction is necessary in developing effective ways to control the spread of this plant. The objective
of this study was to investigate the floral biology including: (1) floral structure, (2) the process of secondary
pollen presentation, and (3) pollen/ovule ratio (P/O ratio) of this invasive plant. Plants were grown in pots
from seeds and placed at the experimental farm of the National Taiwan University. Besides describing floral
morphology, number of disk florets per capitulum, number of pollen grains per floret, and P/O ratio were
quantified. Furthermore, we defined six floral stages according to anther tube and style morphology to inves-
tigate the process of pollen presentation and assessed pollen viability and stigma receptivity. Significant dif-
ferences were found in the number of disk florets per capitulum (range 19-61, average 44.1) and the number
of pollen grains in each floret (range 6,556-11,378) among individuals. Secondary pollen presentation was
observed as the growing style brushes and pumps pollen grains out of the anther tube. Incomplete protandry
was found from the observation of the flowering process and the tests of pollen viability and stigmatic recep-
tivity. High P/O ratio (means + s.e. : 8,827 + 464) was measured which suggested that B. pilosa var. radiata
might be obligately xenogamous.
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INTRODUCTION

Invasion of exotic species is a global phenomenon
which often has negative environmental and economic
impact on the region being invaded (Mooney and Hobbs,
2000; Pimentel et al., 2000). Therefore, invasion by non-
indigenous species has been recognized as one of the most
serious threats to global biodiversity (Begon et al., 1996;
Vitousek et al., 1997; Shortt and Vamosi, 2012). Reducing
population size of invasive species and preventing their
spread are critically important in controlling their expan-
sion. Reproduction is necessary for plants to increase pop-
ulation size and to spread into other habitats (Richardson,
2004). Through increasing our understanding of invasive
plant reproduction, we will have a better chance to find the
most effective way(s) to control them and reduce their en-
vironmental threat.

Bidens pilosa L. var. radiata Sch. Bip., an annual or
perennial herb belonging to Asteraceae, was first collected
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and documented in 1842 (Peng et al., 1998) and recorded
in Taiwan in 1909 (Wu et al., 2010). After being intro-
duced into Taiwan (probably from North America), it is
distributed from low to mid elevations throughout the is-
land (Peng et al., 1998) and has become one of the twenty
most noxious invasive plants in Taiwan (Chiang et al.,
2003). One of the fundamental questions about invasive
plants is what makes them invasive (Sutherland, 2004).
Reproduction plays an important role in establishing a new
colonizing population (Baker, 1955). Plants with efficient
reproductive strategies could potentially have a better
chance to increase population size and distribution range
than those without (Xiao et al., 2011). Bidens pilosa var.
radiata was found to be able to reproduce vegetatively
(Hsu, 2006; Huang, 2008), which might partially contrib-
ute to its success in dominating colonized habitats.

In addition to vegetative reproduction, B. pilosa var. ra-
diata also produces achenes on its flower heads by sexual
reproduction which could increase genetic diversity. To
our knowledge, sexual reproduction and floral biology of
B. pilosa var. radiata in Taiwan have not been studied. A
detailed study of the functional morphology of the flow-
ers of this invasive plant would provide clues regarding its
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mode of sexual reproduction.

Secondary pollen presentation, the relocation of pollen
grains from anthers onto another flower organs as pollen
presenting organ for pollination, is found in five monocot-
yledon and 20 dicotyledon families of angiosperms (How-
ell et al., 1993). It is a typical characteristic of Asteraceae.
The apical portion of its style may be externally covered
with sterile hairs (called sweeping hairs) which often par-
ticipate in the pollen presentation process (Ladd, 1994).
Three types of secondary pollen presentation have been
described in this family, which are correlated with the ar-
rangement of the sweeping hairs (Leins and Erbar, 1990;
Erbar and Leins, 1995). Species with hairs only at the tip
of the style operated the pump mechanism, those with
hairs reaching below the branches of the style performed
the brush mechanism, and those with hairs clothing only
part of the externals of the style branches conducted an
intermediate mechanism. Most species with secondary
pollen presentation were also protandrous to avoid self-
pollination (Howell et al., 1993; Yeo, 1993; Ladd, 1994;
Shivanna, 2003). Therefore, the stylar morphology, pollen
viability and stigma receptivity of Bidens pilosa var. ra-
diata were studied to better understand the pollen presen-
tation mechanism and to test the hypothesis whether this
taxon is protandrous.

Although outcrossing can increase genetic heterogene-
ity, it also reduces the reproduction assurance. Because
their pollen need to be transferred to other individuals for
fertilization, xenogamous (cross-pollinating) plants often
invest more resources to male versus female than autoga-
mous (self-pollinating) ones, like producing more pollen
grains, to increase reproduction assurance. Consequently,
xenogamous species often have higher pollen/ovule ratio
(P/O ratio) than autogamous species (Richards, 1997; Shi-
vanna, 2003). Cruden (1977) found significant difference
in P/O ratio between xenogamous and autogamous species,
and suggested that the P/O ratio of flowering plants could
reflect their breeding system (Cruden, 1977; Richards,
1997; Wang and Hu, 2011). Thus, in this study, we also
investigated the P/O ratio of the plant to gain a prediction
about the possible breeding system of this invasive plant.

This study aims to understand floral biology of B. pi-
losa L. var. radiata, including (1) floret morphology, (2)
the process of secondary pollen presentation and (3) the
P/O ratio.

MATERIALS AND METHODS

Plant materials

Plant materials were planted from seeds, which were
collected from central Taiwan (23°26’ N, 120°36' E, 500 m
a.s.l.). Plants were grown in 4 L pots (18.5 cm % 19.5 cm)
and placed at an experimental farm of the National Taiwan
University (25°00" N, 121°32" E, 15 m a.s.l.). When the
plants started flowering, about two to three months after
planting, we observed the flowering process and analyzed
the adult flowers.
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Floral structure

The inflorescence of B. pilosa var. radiata is a capitu-
lum composed of two types of sessile florets. Five to eight
white ligulate florets (sterile, 0.5-1.5¢cm long) surround
disk florets arising at the same level on a flattened axis,
and the whole is surrounded by involucre bracts.

The size of fresh pollen grains was measured with a
light microscope equipped with a calibrated ocular mi-
crometer. To examine the detailed morphology of pollen
grains, florets were removed from capitula and put in a dry
cabinet (SBM-BI1B, Bossmen, Taipei, Taiwan) more than
72 hrs, and then pollen grains were spread on metal stubs
with double-sided adhesive tape and sputter-coated with
gold by a gold-particle coating machine (E101, Hitachi,
Tokyo, Japan). The resulting materials were then observed
with an SEM (inspect S, FEI, Brno, Czech).

To prevent the dehydration of the styles, a different
procedure was used for preparation. Fresh styles were
collected, mounted directly on a metal stub with double-
sided adhesive tape and observed with a SEM with cryo-
holder facilitates (TM 1000, Hitachi, Tokyo, Japan) (Tang
etal., 2012).

Floral stage and lifespan

Bidens pilosa var. radiata is a hermaphrodite and its
yellow disk florets are all monoclinous. Six floral stages
of a disk floret (A, B, C, D, E, and F) were defined based
on the morphology and behavior of anther tube and style
(Figure 3). At stage A, corolla was closed. At stage B,
corolla opened, anther tube raised and part of pollen grains
were presented at top of anther tube. At stage C, the style
elongated and brushed and pumped pollen grains out of
anther tube. At stage D, style branches separated and ex-
posed the stigmatic areas. At stage E, style branches were
bent downward. Flower was withered at stage F. The du-
rations of each floral stage and total floral lifespan were
monitored daily on a capitulum (marked before anthesis)
until the last floret of the capitulum senescence.

Stigma receptivity and pollen viability

At each floral stage, styles were removed from florets
and put on a slide for the detection of stigmata receptivity.
A droplet of the test solution, mixture of one 15 x 15 mm
peroxtesmo Ko peroxidase test paper (Macherey-Nagel,
Dueren, Germany) with 1 ml distilled water, was applied
onto the stigma (style branches). The stigma was consid-
ered receptive if it turned dark (Dafni and Maués, 1998).

At each floral stage, pollen grains were collected from
anther tube, spread on a slide, stained by fluorescein diac-
etate (FDA) solution, and finally examined under a fluo-
rescence microscope (Nikon, Tokyo, Japan). Viable pollen
grains would show bright fluorescence when excited by
blue illumination (filter set: B-2A excitation filter 450-490
nm and DM 510 dichronic mirror; Nikon, Tokyo, Japan).
We counted 200 pollen grains of each sample and deter-
mined the pollen viability (= viable pollen number/200).
The average of three florets taken from 3 different capitula
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of the same individual was used to represent the value of
that individual, and five individuals were sampled.

Number of pollen grains and pollen/ovule ratio

To estimate the number of pollen grains and P/O ratio,
pollen grains of a single tubular floret was counted with a
counter chamber under a microscope. Pollen numbers of
two florets from one individual were counted and means
were calculated to represent the pollen number of this
individual. In total, 20 florets from 10 individuals were
counted. The difference of number of pollen grains among
10 individuals was analyzed with ANOVA (general linear
model procedure of SAS, release 9.1, SAS Inst. Inc.).

RESULTS

Number of disk florets/capitulum

Among the 58 capitula counted, most (50) capitula had
35 to 55 disk florets, only 5 capitula had disk florets less
than 35 and 3 capitula had disk florets more than 55 (Fig-
ure 1). The mean florets number of each capitulum was
44.1 = 1.0 (mean + s.e., n = 58), and there was significant
difference in the number of disk florets per capitulum
among the ten individuals (Fy = 2.11, p = 0.047).

Floral morphology

The dissection of a disk floret of B. pilosa var. radiata
is shown in Figure 2A. A disk floret was composed of five
joined petals (forming a tubular corolla), five stamens with
coherent brown anthers (forming an anther tube) and sepa-
rated white filaments (Figure 2B,, 2B,), a long style with
two branches at the apex ascending from the center of the
anther tube and an inferior ovary.

Before disk floret anthesis, the anthers dehisce and
release of pollen grains into the anther tube (Figure 2B)).
The pollen grains (Figure 2C), diameter of 32.1 + 0.5 um
(with spinule) or 27.9 + 0.8 um (without spinule), were
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Figure 1. Normal frequency distribution (Kolmogorov-Smirnov
test, D = 0.096, n = 58, p > 0.15) of hermaphroditic disk florets
number in a capitulum of Bidens pilosa var. radiata.

Figure 2. Disk floret and its reproductive components of Bidens
pilosa var. radiata. (A) a dissected disk floret consisting five
joined petals (forming a tubular corolla, Co), five stamens with
united brown anthers (forming an anther tube, white arrowhead)
and white filaments free from each other (white arrow), one style
with two stylar arms (yellow arrowhead) situated in the center
of the anther tube, and an inferior ovary (yellow arrow) (bar =
1 mm); (B,) a dissected anther tube full of pollen grains before
anthesis (bar = 200 pm); (B,) a dissected anther tube with few
pollen grains remained after the style branches growing out of
the anther tube (bar = 200 pum); (C) the equatorial view (the right
two) and the polar view (the left one) of the tricolporate pollen
grains with echinate ornaments (bar = 10 um); (D) the branches
of style tip with sweeping hairs (or brushing hairs) on the tip and
abaxial surface (white arrowhead) and stigmatic papillae on the
adaxial surface (white arrow) (bar = 100 um).

echinate globular with tricolporate. After the style grew
out of the anther tube, only a few pollen grains would be
left in the anther tube (Figure 2B,).

Style tip was covered by two kinds of microstructure
(Figure 2D). The tip and abaxial surface of the style
branches were covered by longer brushing hairs (or
sweeping hairs) (Figure 2D) while the adaxial surface (the
stigmatic area) was occupied with smaller and shorter pa-
pillae (Figure 2D).

Flowering process and floral stage

Flowering of B. pilosa var. radiata occurred continually
in the field. A capitulum of B. pilosa var. radiata began
anthesis with maturation of sterile ligulate florets. Follow-
ing up, disk florets opened sequentially, about one whorl
per day, from periphery to the centre of a capitulum. The
flowering duration from the first disk floret to the final one
was approximately four to six days.
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Figure 3. The six floral stages (A-F) of Bidens pilosa var. radiata during anthesis (A) Stage A: corolla still closed (arrowhead); (B)
Stage B: corolla opened, the anther tube (arrowhead) raised above the corolla, pollen grains presented at the top of the anther tube (due
to pollen pumping); (C) Stage C: style elongated, stylar branches (arrowhead) begin to separate and brush pollen grains out of the an-
ther tube; (D) Stage D: stylar branches separated and exposing the stigmatic areas (arrowhead); (E) Stage E: the style branches are bent
downward; (F) Stage F: flower withered. All figures share the same scale bar in F (bar = 1 mm).

According to the flowering process of the floret, six
floral stages (A, B, C, D, E, and F) was defined according
to the morphology of the floret, and it extended for about
6 days from flower bud to flower withered (Figure 3). In
general, the disk floret started anthesis with the opening
of the corolla before 8:00 am. Within 24 hours before
anthesis, the corolla was closed and its tip turned yellow.
The disc florets with this appearance were defined as at
stage A (Figure 3A). Following stage A, the corolla tube
elongated, the tip of the corolla tube separated into five
lobes, and the anther tube (with its tip still closed) grew
out of corolla (stage B, Figure 3B). About 16 hours after
stage B (00:00 a.m. on day 2), the style elongated through
the anther tube, when was defined as stage C (Figure 3C).
The growing style brushed and pumped the pollen grains
out of the anther tube (the process of secondary pollen
presentation). Thus, at stage C the pollen grains were
exposed out for pollination. After protruding through the
anther tube, the style gave off two branches at the apex
and then exposed the stigma, this stage was defined as
stage D (Figure 3D). Stage D usually happens around 8:00
am. About 24 hours later (08:00 a.m. on day 4), the style
branches bended downward, and the stigma was at the
highest position of the floret, the floret was defined as at
stage E (Figure 3E). Finally, at stage F (on day 5 and day

6), anthers and style branches were dehydrated, withered,
and shrank back (Figure 3F).

Stigma receptivity and pollen viability

Results from the peroxidase test revealed that the
stigma surface occupied with papillae was the site for the
reception of pollen grains and where were not receptive
(Figure 4A, 4B) when the style branches were still in the
anther tube, i.e. at stage A and B. Surprisingly, although
the stigma had not been exposed at stage C, it already ap-
peared receptive (Figure 4C). The stigma remained recep-
tive after being exposed, at stage D and E (Figures 4D and
4E). Accordingly, the stigma was exposed and receptive
for about 2 days.

The change of pollen viability was very different from
that of stigma receptivity. Before florets flowering, at stage
A, 77.2 £ 2.1% (mean =+ s.e., n = 5) pollen grains were
viable (Figure 5). After florets open, the percentage of vi-
able pollen decreased gradually from stage B to stage F. At
stage F, only 3.5 + 1.8% pollen grains were viable.

Number of pollen grains and pollen/ovule ratio

Number of pollen grains of a single tubular floret was
8,827 £ 464 (mean + s.e., n = 10). Significant difference

L aple

Figure 4. The peroxidase test of stigma receptivity of florets at different floral stages (A-F). The stigma was receptive, appeared dark,
at stages C, D, E, but not at stage A, B, F. All figures share the same scale bar as in F (bar = 1 mm).
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Figure 5. Mean pollen viability (mean + s.e., n = 5) of Bidens
pilosa var. radiata at six floral stages (as defined in Figure 3).

was found in the number of pollen grains in each floret
(range 6,556-11,378) among the 10 individuals (Fy o=
6.78, p = 0.003). Since there is only one ovule in each flo-
ret, the average number of the pollen grain per floret can
also be used to represent the P/O ratio.

DISCUSSION

Bidens pilosa var. radiata has invaded Taiwan and is
threatening local biodiversity (Chiang et al., 2003; Wu et
al., 2004; Hsu, 2006; Huang, 2008; Wu et al., 2010). The
growth and physiology of the plant have been studied
(Hsu, 2006; Huang, 2008; Hsu and Kao, 2009) while its
sexual reproduction is nearly unknown. According to our
observations, the invasive plant produces flowers and sets
fruits in field year-round. Thus, sexual reproduction is ex-
pected to play an important role in spreading of the plant.
This study provides some basic information on floral biol-
ogy of this invasive plant.

All taxa in the Asteraceae were reported having pollen
presenters (Ladd, 1994). Consistent with Ladd’s report,
secondary pollen presentation was also observed in B.
pilosa var. radiata (Figure 3). Secondary pollen presenta-
tion has been suggested as a mechanism enhancing the
efficiency and accuracy of pollen exportation and/or pol-
len reception (Yeo, 1993). According to which organ is
presenting pollen grains, whether pollen is exposed or
concealed within a structure, and how the pollen loaded
onto the presenters, nine different secondary pollen pre-
sentation types were identified in 16 angiosperm families
(Howell et al., 1993). In Asteraceae, the tip or the abaxial
surface of the style branches are the pollen presenters
(Ladd, 1994; Torres and Galetto, 2007). Due to growth
of the style, the sweeping hairs located on top of the style
or style branches push pollen grains out of anther tube
for pollination (Howell et al., 1993; Ladd, 1994), and this
process was also found in B. pilosa var. radiata. Accord-
ing to the location of the sweeping hairs, the presentation

mechanisms were divided into pumping, brushing, and a
combination of both types (Leins and Erbar, 1990; Yeo,
1993; Leins and Erbar, 2006). In B. pilosa var. radiata,
the tip and the abaxial surface of the style branches were
covered by the sweeping hairs (Figure 2D). Based on
Leins and Erbar’s (1990, 2006) classification, the pollen
presentation mechanism of B. pilosa var. radiata com-
bined a pump and a brush mechanism which is a typical
feature in the Asterales complex (Leins and Erbar, 1990;
Yeo, 1993; Leins and Erbar, 2006).

Dichogamous protandry, male matures before female, is
common in hermaphroditic floret in the Asteraceae (Faegri
and Pijl, 1979; Cerana, 2004). If the flower is protandrous,
secondary pollen presentation would promote xenogamy
(Howell et al., 1993; Yeo, 1993; Ladd, 1994; Shivanna,
2003). According to our observation of the flowering
process of the plant (Figure 3), the pollen grains were pre-
sented out for pollination at stage C (referred as functional
male phase). Though the stigma was already receptive at
stage C (Figure 4C), however, it was not exposed until
stage D (referred as functional female phase). Because its
male phase (stage C) appeared prior to the female phase,
the hermaphroditic floret of B. pilosa var. radiata could be
considered as protandrous. However, further assessments
revealed that there was some overlap between functional
male and functional female phase. Though pollen viability
decreased gradually from stage A to stage F (Figure 5),
there were about 20% of pollen grains which remained
viable at stage D during the presence of the functional fe-
male phase. Thus, protandry was incomplete in this plant.
A similar situation was also found in Mikania micrantha
(Hong et al., 2008), another invasive weed belonging to
the Asteraceae.

Cruden (1977) measured P/O ratio of many taxa with
different breeding systems to investigate the relation-
ship between P/O ratio of these plants and their breeding
system. It was found that P/O ratio was highest (2,108-
195,525, n = 25) in obligately xenogamous species and
decreased from obligate xenogamy, facultative xenogamy,
facultative autogamy, obligate autogamy to cleistogamy.
In Asteraceae, the P/O ratio ranged from 262 to 12,890 in
obligate xenogamy, from 114 to 8,214 in facultative xeno-
gamy or facultative autogamy, and from 33 to 373 in obli-
gate autogamy (Erbar and Langlotz, 2005). The P/O ratio
of B. pilosa var. radiata (8,827 + 464) was much higher
than that of closely related taxa B. lemmonii (113.7) and
B. leptocephala (998.6 + 42.6), which were facultative
autogamous and facultative xenogamous, respectively
(Cruden, 1977; Erbar and Langlotz, 2005). The result
suggests that B. pilosa var. radiata might be obligately
xenogamous. In addition, the size (range: 20—40 pm) and
the morphology of the pollen grains (with many spinules,
Figure 2C) imply that pollen grains of B. pilosa var. ra-
diata are adapted for adherence to insects vectors (Wode-
house, 1935). It was reported that B. pilosa var. radiata
could not produce seeds in an insect excluded greenhouse
(Hsu, 2006). Thus, it is highly possible that B. pilosa var.
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radiata is self-sterile or self-incompatible and depends on
animals for cross-pollination.

Autogamous (self-pollinating) plants can produce oft-
spring and establish a new population from a single indi-
vidual, thus have reproductive assurance. On the contrary,
xenogamous (cross-pollinating) plants need another indi-
vidual plant and vectors for pollination. Thus, the autoga-
mous plants are expected to have higher propagation rates
than xenogamous ones in closely related taxa. This might
be the reason that autogamous taxa were found to be more
widespread than xenogamous ones in many closely related
taxa (Erbar and Langlotz, 2005). However, xenogamous
plants can increase genetic heterogeneous, thus are fa-
vored in heterogeneous and variable environments. It was
reported that B. pilosa var. radiata could reproduce asexu-
ally by clonal growth (Hsu, 2006; Huang, 2008). Thus, the
combination traits of vegetative reproduction and xeno-
gamy might contribute to the widespread distribution of
this invasive plant in Taiwan.

In conclusion, Bidens pilosa var. radiata has the
mechanism of secondary pollen presentation. The grow-
ing style brushes and pumps the pollen grains out of the
anther tube. Results from the observation of the flowering
process, the test of stigma receptivity and the measure-
ment of pollen viability revealed that B. pilosa var. ra-
diata is incomplete protandrous. The high P/O ratio found
in this plant suggested that B. pilosa var. radiata might be
obligately xenogamous.

Acknowledgements. We thank Dr. Claudia Erbar and an
anonymous reviewer for useful comments on the first ver-
sion of this manuscript, and Ya-Chan Yang and Yi-Chun
Chuang from the Technology Commons, College of Life
Science, NTU for the excellent technical assistance on
scanning electron microscopy (SEM) and fluorescence mi-
croscopy. This study was partly supported by a grant from
the National Science Council of Taiwan, R. O. C. (NSC
100-2621-B-002-004).

LITERATURE CITED

Baker, H.G. 1955. Self-compatibility and establishment after
“long-distance” dispersal. Evolution 9: 347-349.

Begon, M., J.L. Harper, and C.R. Townsend. 1996. Ecology: In-
dividuals, Populations and Communities. 3rd ed. Blackwell
Science, Oxford, 1068 pp.

Cerana, M.M. 2004. Flower morphology and pollination in Mi-
kania (Asteraceae). Flora 199: 168-177.

Chiang, M.-Y., L.-M. Hsu, C.-I. Yuan, F.-Y. Chen, and Y.-J.
Chiang, 2003. The harmful effect and ecology of invasive
plants in Taiwan The Harmful Effect and Field Manage-
ment of Mikania micrantha, 97-109. Weed Science Society
of the Republic of China and Hualien District Agricultural
Research and Extension Station, Council of Agricultural
Executive Yuan, Hualien.

Cruden, R.W. 1977. Pollen-ovule ratios: A conservative indicator

Botanical Studies, Vol. 53, 2012

of breeding systems in flowering plants. Evolution 31: 32-
46.

Dafni, A. and M.M. Maués. 1998. A rapid and simple procedure
to determine stigma receptivity. Sex. Plant Reprod. 11: 177-
180.

Erbar, C. and P. Leins. 1995. Portioned pollen release and the
syndromes of secondary pollen presentation in the Campan-
ulales-Asterales-complex. Flora 190: 323-338.

Erbar, C. and M. Langlotz. 2005. Pollen to ovule ratios: standard
or variation a compilation. Bot. Jahrb. Syst. 126: 71-132.

Faegri, K. and L.v.d. Pijl. 1979. The Principles of Pollination
Ecology. 3rd ed. Pergamon Press, New York, 244 pp.

Hong, L., H. Shen, W.H. Ye, H.L. Cao, and Z.M. Wang. 2008.
Secondary pollen presentation and style morphology in
the invasive weed Mikania micrantha in South China. Bot.
Stud. 49: 253-260.

Howell, G.J., A.T. Slater, and R.B. Knox. 1993. Secondary pol-
len presentation in Angiosperms and its biological signifi-
cance. Aust. J. Bot. 41: 417-438.

Hsu, H.-M. 2006. Implication of the invasiveness of Bidens
pilosa var. radiata Sch. Bip. by studing its superiority over
Bidens bipinnata L. MS thesis, National Taiwan University,
Taipei.

Hsu, H.-M. and W.-Y. Kao. 2009. Contrasting effects of aqueous
tissue extracts from an invasive plant, Bidens pilosa L. var.
radiata, on the performance of its sympatric plant species.
Taiwania 54: 255-260.

Huang, H.-L. 2008. A comparison of Bidens pilosa populations
at two altitudes in Taiwan. MS thesis, National Taiwan Uni-
versity, Taipei.

Ladd, P.G. 1994. Pollen presenters in the flowering plants - form
and function. Bot. J. Linn. Soc. 115: 165-195.

Leins, P. and C. Erbar. 1990. On the mechanisms of secondary
pollen presentation in the Campanulales-Asterales complex.
Bot. Acta 103: 87-92.

Leins, P. and C. Erbar. 2006. Secondary pollen presentation syn-
dromes of the Asterales - a phylogenetic perspective. Bot.
Jahrb. Syst. 127: 83-103.

Mooney, H.A. and R.J. Hobbs. 2000. Invasive Species in a
Changing World. Island Press, Washington, D.C., 457 pp.

Peng, C.I., K.F. Chung, and H.L. Li. 1998. Compositae. In T.C.
Huang et al. (ed.), Flora of Taiwan, Vol. 4, 2nd ed. Depart-
ment of Botany, National Taiwan University, Taipei, pp.
807-1101.

Pimentel, D., L. Lach, R. Zuniga, and D. Morrison. 2000. Envi-
ronmental and economic costs of nonindigenous species in
the United States. Bioscience 50: 53-65.

Richards, A.J. 1997. Plant Breeding Systems. 2nd ed. Chapman
& Hall, London, 529 pp.

Richardson, D.M. 2004. Plant invasion ecology - dispatches
from the front line. Divers. Distrib. 10: 315-319.

Shivanna, K.R. 2003. Pollen Biology and Biotechnology. Sci-
ence Publishers, Enfield, NH, 301 pp.



HUANG et al. — Floral biology of Bidens pilosa var. radiata, an invasive plant in Taiwan 507

Shortt, K.B. and S.M. Vamosi. 2012. A review of the biology of
the weedy Siberian peashrub, Caragana arborescens, with
an emphasis on its potential effects in North America . Bot.
Stud. 53: 1-8.

Sutherland, S. 2004. What makes a weed a weed: life history
traits of native and exotic plants in the USA. Oecologia
141: 24-39.

Tang, C.-Y., R.-N. Huang, L.-L. Kuo-Huang, T.-C. Kuo, Y.-
Y. Yang, C.-Y. Lin, W.-N. Jane, and S.-J. Chen. 2012. A
simple cryo-holder facilitates specimen observation under a
conventional scanning electron microscope. Microsc. Res.
Tech. 75: 103-111.

Torres, C. and L. Galetto. 2007. Style morphological diversity
of some Asteraceae species from Argentina: systematic and
functional implications. J. Plant Res. 120: 359-364.

Vitousek, P.M., C.M. D’Antonio, L.L. Loope, M. Rejmanek,
and R. Westbrooks. 1997. Introduced species: A significant

component of human - caused global change. N. Z. J. Ecol.
21: 1-16.

2 ENZHY KR E

A g

EEio

Wang, Y.C. And J.M. Hu. 2011. Cryptic dioecy of Symplocos
wikstroemiifolia Hayata (Symplocaceae) in Taiwan. Bot.
Stud. 52: 479-491.

Wodehouse, R.P. 1935. Pollen Grains: Their Structure, Identi-
fication, and Significance in Science and Medicine. 1st ed.
McGraw-Hill, New York, 574 pp.

Wu, S.-H., C.-F. Hsieh, S.-M. Chaw, and M. Rejmanek. 2004.
Plant invasions in Taiwan: insights from the flora of casual
and naturalized alien species. Divers. Distrib. 10: 349-362.

Wu, S.-H., T.Y.A. Yang, Y.-C. Teng, C.-Y. Chang, K.-C. Yang,
and C.-F. Hsieh. 2010. Insights of the latest naturalized flora
of Taiwan: change in the past eight years. Taiwania 55: 139-
159.

Xiao, Y., J. Tang, H. Qing, C. Zhou, W. Kong, and S. An. 2011.
Trade-offs among growth, clonal, and sexual reproduction
in an invasive plant Spartina alterniflora responding to in-
undation and clonal integration. Hydrobiologia 658: 353-
363.

Yeo, P.F. 1993. Secondary pollen presentation: Form, function
and evolution. Plant Syst. Evol. Suppl. 6: 1-268.

FACH AW R IR

' BT EEOR R A AR B L AR Y RS T
? BITTERERER AR
BT EE AR AR R R ARG A

SN NEEH RIREY SRS B E R - KEECE S | A28 - CEOREENARE
Yz — o T NEEYIR AT AE Y R] DUE BhEAMTE Szl EE AL - AN 9E = SRR KB AT
e BEH (1) JEERE - (2) REJEm 2 - (3) 16k / BBk - SR E BRIV AL EE
HEFEEEZ TP IERERGRKERRY  FEYFLR - BENSTER R - SRS ATERE R
—{ESERIEFT | - H 5-8 [E RIS RIERIFF 22 nl 220 RTE © BR T EARTE ~ TEEERT - JEAEEETER
HIERE - Il & —EEERTE R FERIEREE - — @B IRTERIERm B BE BT / IRERL « SRS EEE
AT B AT BT REIRF N EAE IO AR 53 Ry /SIS B -+ Sl 53 B A B 7/l B A By BRUE SRR P S SRR -
—{EGERAC_EEIRTERT R (19-61, P15 44.1) BL—(EEIRIEFT & 1ER B (6,556 — 11,378) (E{ERERIH B
FFF o KICEEER AR 2 EREHZ e R e HE I EEERE o 70R) BELAE BETE PR I E A
0 BERTEME DI RE R R MR PR R (HRE R TE 257 » BUR R e 2 e - JARBIER / IX
BRI (8,827 £464) G SAHERI R TERC S R A 1 EETE T AR RE R B R AL -

RABEER © HA 5 AALBEE ; BHIRTEFY 5 ek / IREREL 5 HEJes s R 230 HEBEALZE ; 7k

N o

\
\|

S






