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ABSTRACT: Studies about reproductive biology of weed species can have implications on the establishment
of controlling practices that minimize the effects of these weed populations on agricultural fields. The
pollination biology of Bidens alba (L.) DC., B. pilosa L., and Bidens subalternans DC., was studied at
different sites and climatic seasons. Bidens pilosa and B. subalternans are widely distributed in agricultural
areas, in disturbed habitats, and along road sides. Bidens alba occur only along the coast. The three species
are self-compatible and non agamospermous. The composition of the pollinator community changes during
the year and between sites. Hymenopterans and | epidopterans are the most frequent visitors to Bidens species
in both areas studied. Although the species are self-compatible, the presence of pollinators may affect the
levels of inbreeding. The attraction of insects by Bidens species may be benefical to agricultura crop and
may also have important implications for conservation biology.
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BIOLOGIA REPRODUTIVA EM ESPECIES
DE BidensL. (Asteraceae)

RESUMO: Estudos de biologiareprodutiva de espéciesinvasoras podem ter implicagdes sobre o estabel ecimento
de préticas de controle que minimizem o efeito das popul agdes destas espécies em areas agricol as. A biologiada
polinizag8o de Bidensalba (L.) DC., B. pilosa L. eBidens subalternans DC. foi estudadaem diferenteslocaise
estagBes climaticas. Bidens pilosa e B. subalternans sao espécies amplamente distribuidas em éreas agricolas,
em habitats perturbados e em margens de estradas. Bidens alba ocorre somente em regides litoraneas. As trés
espécies sdo auto-compativeis e ndo sdo agamospérmicas. A composi¢cdo da comunidade de polinizadores
apresentadiferencas durante 0 ano e entre locais. Himendpteros e | epidopteros sdo os visitantes mais frequentes
nas espéci es de Bidens. Embora as espécies sgjam auto compativel's, a presenca de polinizadores pode afetar os
nivels de endocruzamento. A atragdo de insetos por espécies de Bidens pode beneficiar as culturas agricolas e
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apresentar importantes implicagdes para a biologia da conservagéo.
Palavras-chave: visitantes florais, biologia da polinizac&o, plantas daninhas

INTRODUCTION

Even though the botanical family Asteraceae is
an important component of agricultural systems, little at-
tention has been given to the biology of this family, and
many aspects are still unexplained. Studies about repro-
ductive biology of weed species can have implications on
the establishment of controlling practices that minimize
the effects of these weed populations on agricultural
fields.

The Asteraceae are generalists, pollinated by sev-
eral insects groups such as Coleoptera, Diptera and Hy-
menoptera (Noronha & Gottsberger, 1980; Arroyo et d.,
1982; Sazima & Machado, 1983; Abbot & Irwin, 1988;
Herrera, 1990; lwata, 1990; 1992). The genetic structure
of generalist plant species may be significantly affected
by the proportion of pollen transferred by different pol-
linators (Schmitt, 1980).

Bidens pilosa L. and B. subalternans DC. have
similar morphology and habitat: both are therophyte
herbs, widely distributed in agricultural and disturbed ar-
eas and aong road sides in tropical and subtropical cli-
mates; both are invasive plants of annual and perennial
crops. Bidens alba (L.) DC. life forms vary from herb to
sub-arbust and are coastal in distribution.

Bidens pilosa usually has discoid flower heads
(without ray florets). However, a radiate morph (the ray
florets have ligules) is also common throughout most of
this species. Bidens subalternans and B. alba have only
flowering heads with ray florets. The major function of
the ray florets in most species of Asteraceae is related to
the attraction of pollinators (Sun & Ganders, 1990).

Plants that occur in disturbed areas are usually
self-compatible (Baker, 1974). In such plants, the num-
ber of flowers visited by pollinators may determine the
proportion of the seed set that is selfed or outcrossed, and
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this will affect the levels of inbreeding. Furthermore the
proportion of seasonal pollinators and the different for-
aging behavior of the pollinators may affect the neigh-
borhood area. This process ensures high genetic variabil-
ity (Palmer et a., 1988; Campbell & Waser, 1989).
Except for some reports on North and Central
American species (Ballard, 1986; Jaimes & Ramirez,
1999), there is no information on the reproductive biology
of Bidens species. This research identifies the pollinator
community of Bidens species and examines the relation-
ship between pollinators and flower head morphology. The
mating systems in three Bidens species was also assessed.

MATERIAL AND METHODS

Bidens alba: Herb to sub-arbust 0.4-1.2 m tall, green or
vine colored, erect or dorsal decumbent, square, stems;
radiate flower heads, white, reflexed and sterile, ray-flo-
rets 6-16 mm long; yellow, tubular disc-florets, 5.5 mm
long; cypselas dark brown, costate, 10 mm long, chiefly
with two awns (Figure 1).

Bidens pilosa: Annual herbs 0.3-1.0 m tall, green or vine
colored, erect or dorsal decumbent, square, stems; discoid
or radiate flower heads, when present, white to salmon,
sterile ray-florets, 5 mm long; yellow, longer, disc-florets;
when presents disc-florets, yellow, tubular and ca. 5 mm
long; cypselas dark brown, costate, 5-11 mm long, chiefly
with three awns (Figure 1).

Bidens subalternans. Annual herbs 0.3-1.2 m tall, green
or vine colored, erect, square, stems, radiate flower heads,
yellow, sterile, 5-6 mm long; ray-florets always present;
disc-floret yellow, tubular, ca. 5 mm long; cypselas dark
brown, costate, 6.5-11 mm long, chiefly with four awns
(Figure 1).

Field methods. Data were collected for populations of
B. pilosa and B. subalternans at two sites: a) an aban-
doned area in Campinas (21°52'S, 46°25'W), and b) an
agricultural area in Piracicaba (18°28'S, 48°25' W).
Bidens alba achenes came from Cubat&o, SP (23°52'S and
46°25'W) and were cultivated together with the other spe-
cies only in Campinas, SP. Data of this species were col-
lected in Campinas.

Floral visitors of each species were observed dur-
ing four, non-consecutive days (one day interval between
each observation), four consecutive hours per day. The
observations were made in April and May (dry season)
and in November and December (wet season of 2000).
Captured insects were analyzed for the presence of pol-
len. The relative abundance of visitors was estimated
based on the number of visits by each insect group com-
pared to the total number of visits

For B. pilosa it was examined whether radiate
plants were more attractive to pollinators than non-radi-
ate ones. Two potted plants of each type were combined
in four artificial groups. Visitors to these plants were re-
corded during four, non-consecutive days, four consecu-

Figure 1 - A) Bidens alba flower head; B) B. subalternans flower head; C). B. pilosa radiate flower head and D) B. pilosa discoid flower

head.

Sci. Agric. (Piracicaba, Braz.), v.61, n.2, p.185-189, Mar./Apr. 2004



Reproductive biology in species of Bidens L. 187

tive hours per day. The daily hours were divided into 15
min periods so that data could be obtained by aternat-
ing between groups.

Mating system: The sample size was 15 plants per spe-
cies. Automatic self-compatibility was investigated in 25
bagged flower heads at the budge stage. Agamospermy
was estimated in 25 bagged flower heads at the budge
stage in which the anthers were removed to prevent self-
pollination. Twenty five open heads were used as con-
trols. All cypselas from marked flower heads were col-
lected, counted, germinated under controlled conditions
(20°-30°C; 12 W light/ dark).

Statistical analysis: The number of cypselas showing
from automatic self-pollination, open pollination and aga-
mospermy was analysed using Student’s t-test for inde-
pendent samples. The number of viable cypselas from au-
tomatic self-pollination and open pollination, was ana-
lyzed by c®test. The c? test for independent samples was
also used to compare the frequency of insect visits be-
tween radiate and non-radiate plants. All of the statisti-
cal tests were done as described in Zar (1999).

RESULTSAND DISCUSSION

Anthesis of the flower head occurs early in the
morning (7h00-8h00). One or two flowers open per day
in centripetal sequence. The main resource offered to pol-
linators is nectar, but pollen is also sought by insects.

The radiate flower head has peripheral ray flo-
rets that are either female or sterile, and are with white,
salmon or yellow; the inner disc florets are tubular, bi-
sexual and yellow. The discoid flower head consists of
only tubular, bissexual, yellow florets. There are five sta-
mens united in an anther tube with free filaments. The
florets are protandrous and during the male phase there
is secondary pollen presentation; the anther has longitu-
dinal dehiscence, which keeps the pollen within the an-
ther tube. When the stile grows, it passes aong the an-
ther tube and the pollen grains are trapped among the ster-
ile hairs on the stile arms. During the female phase, the
still arms open and expose the inner receptive surface.
Asresult, self pollen remains outside on the receptive sur-
face.

Floral visitors: Insects of various orders were observed
visiting the flower heads of all species (Table 1). The
community of floral visitors differed between the study
sites. In addition, the relative abundance of visitors in the
insects groups differed among populations (Table 2).
Hymenopterans were responsible for 67%-93% of
the visits at both studied sites (Tables 1 and 2). Most of
the hymenopterans were solitary bees, except for the fam-
ily Apidae, whose members are socia and have peren-
nial colonies (Roubik, 1989). Solitary bees are consid-

Table 1 - Flora visitors to Bidens alba, B. pilosa and B.
subalternans at both study sitesin different seasons.

Visitors Campinas Piracicaba Campinas Piracicaba
March-April/2000 Nov-Dec/2000
Diptera
Shirphidae
Pseudodoros cf. X
Sarcophagidae
sp. 1 X
sp. 2 X
Hymenoptera

Anthophoridae
Ceratina volitans X X
Ceratina sp. X

Apidae
Apis mellifera X
Exomalopsis auropilosa X X X
Nomada sp.
Paratetrapedia sp.

X X X X

Tetrapedia sp.

Halictidae
Augoclora sp. 1 X
Augoclora sp. 2 X X X X
Augocloropsis sp. 1 X

x
x

Dialictus sp. X
Megachilidae
Dicranthidium gregarium X X
Epanthidium tigrinum X
Hypanthidium nigritulum X X
Moureana sp. X
Vespideae
Ammophila gracilis X
sp. 1 X X
sp. 2 X X
Lepidoptera
Hesperidae
Lerodea erythrostica X
Pyrgus communis
Pyrgus oileus X
sp. 1

X X X X

sp. 2
Urbanus dorantes X
Nymphalidae
Anartia jathrophae X
Closyne lacinia X X X
Euptoitea hegesia X
Hemiagrus hanno X
Hermeuptica hermes X
Strimon sp. X
Leptotes cassius X
Pieridia

Eurema nise X X
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ered efficient pollinators since they have a tendency to
collect pollen and nectar simultaneously. These insects
forage at different times of the day and prefer heads with
greater proportion of florets in the male phase (Lane,
1996).

Lepidopterans, particularly Nymphalidae, were
abundant at both sites (Table 1 and 2). Visitation by Lepi-
doptera has been reported for Bidens (Arroyo et al., 1982;
Abbot & Irwin, 1988; Sun & Ganders, 1990; Cabrera &
Dieringer, 1992; Iwata, 1992). Butterflies are important
pollinators of Asteraceae flowers and represent nearly
75% of al visitors (Mani & Saravanan, 1999). Accord-
ing to some authors, the irregular, unpredictable and ran-
dom foraging behavior of butterflies may improve the
genetic variability of plants. In the study areas, butter-
flies were responsible for 1.5%-26% of al visits. Butter-
flies remain on the plants for up to 60 s, but no pollen
was found on their bodies. If there is any role for these
insects in the pollination of Bidens, it is probably of mi-
nor importance.

Three dipteran species of the families Syrphidae
and Sarcophagidae were observed visiting Bidens alba,
B. pilosa and B. subalternans. Many Syrphidae are con-
sidered important pollinators of Asteraceae (Mani &
Saravanan, 1999). There are no other reports of
Sarcophagidae visiting flower heads.

Radiate versus non-radiate plant morphs: The results
from the mixed plots showed that pollinators made 65%
of their visits to discoid plants (N=101 visits, ¢*= 9.51;
df = 1; P < 0.05). Many authors suggest that the pres-
ence of ray-flowers in the Asteraceae is an adaptation to
make the heads more attractive to pollinators (Stuessy et
al., 1986). In addition, some studies have shown that ra-
diate heads have greater outcrossing rates than discoid
ones (Marshall & Abbot, 1982; Abbott & Irwin, 1988;
Sun & Ganders, 1990). However, contrary to these ob-
servations, no evidence was found that insects preferen-
tially visited radiate plants. Similar results were reported
by Gross & Werner (1983) and Andersson & Widén
(1993). The presence of ray flowersin Bidens is not im-
portant in attracting pollinators.

Table 2 - Relative abundance of visits by each insect group
found on Bidens pilosa and B. subalternans at the
two study sites.

Mating system: The three species studied are self-com-
patible (Table 3). There was no significant difference be-
tween the germination of self-pollinated and control
cypselas (Table 4). None of the species investigated
showed agamospermy. Before anthesis, the stile branches
were partially separated and had pollen on their recep-
tive surface. Sun & Ganders (1990) reported similar ob-
servation for Bidens pilosa. According to these authors,
this mechanism may ensure pollination in the absence of
pollinators, or may be caused by the age of the flower
(Patil, 1980 apud Lane, 1996). The presence of pollina
tors may influence the amount and distribution of genetic
variability in self-compatible plants (Maimoni-Rodella &
Rodella, 1992) and the number of flowers visited per
plant will determine the proportion of seeds set that are
selfed or outcrossed (Schimitt, 1980).

Bidens pilosa (hairy beggarticks) and B.
subalternans (beggarticks) are species that have devel-
opment resistance against herbicides in Brazil (Monguero
et a., 2003). The pollinator foraging behavior could pro-
mote gene flux among resistants (R) and non resistents
(S) plants, easing the spread of R-plants in crops. The
importance of studying local communities of floral visi-
tors goes beyond the interest in the biology of a given
species and a knowledge of potential pollinators is rel-
evant when choosing for cultivation and has implications
for conservation biology (Waser et a., 1996).

The species found at sea level was identified by
Magenta (1998) as Bidens alba. In North America, this
species is self-incompatible (Ballard, 1986). Differences
in the size of the ray florets and the number of awns plus
mating system relative to other Bidens suggest the pres-
ence of a new Brazilian species of Bidens with a coastal
distribution.

Generdist plants, such as B. alba, B. pilosa and
B. subalternans, represent an important food resource for

Table 3 - Mean number of cypselasfrom self-pollination and
open pollination in three Bidens species.

Species Mating system
S Open
Self-pollination pollination t (p)
B. alba 48.7 £ 8.7 47456 0.54 (> 0.05)
B. pilosa 455+ 76 43.7+8.8 0.77 (> 0.05)
B. subalternans 58.6 + 6.4 60.2 + 8.2 0.47 (> 0.25)

Campinas Piracicaba Campinas Piracicaba

Visitant March-April November-December
2000 2000

Diptera g 2 & i
(6.3%)  (4.8%) (2.2%) (3.7%)

Hymenoptera 7+ 59 118 78
(67.4%) (93.7%)  (76.6%)  (70.3%)

Lepidoptera o . £ &2
(26.3%)  (1.5%) (21.2%) (26%)

Total 94 63 154 111

Table 4 - Number of viable cypselas from self-pollination
and open pollination in three Bidens species.

Species Mating system
o Open
Self-pollination pollination c2 (p)
B. alba 89 (67%) 83 (62%) 1.00 (>0.5)
B. pilosa 80 (80%) 81 (81%) 0.04 (>0.05)
B. subalternans 53 (53%) 44 (44%) 1.62 (>0.25)
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hymenopterans and dipterans. These plants may be im-
portant components of agroecosystems because they play
asignificant role in sustaining communities of insects that
contribute to crop growth.
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