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Capitulum and floret phenology in Baccharis aliena (Asteraceae, Astereae)
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Abstract

Inflorescence and floral phenological studies are a source of valuable knowledge to interpret reproductive
mechanisms and phylogenetic hypothesis in plants. We analyzed the morphology and functionality floret stages
that are present in pistillate homogamous and functionally staminate heterogamous capitula of the dioecious
species Baccharis aliena. Phenological monitoring of both types of capitula was carried out in cultivated plants of
B. aliena. Floret phenological stages were defined in homogamous and heterogamous capitula by morphometric
analyses, from pre-anthesis until senescence symptoms first appeared. Florets of homogamous and heterogamous
capitula presented visual anthesis before functional anthesis was achieved and this feature was transferred to
the phenology of capitulum. Anthesis of successive series occurs centripetally during a period of 21 days in the
homogamous capitula and 20 days in the heterogamous capitula. The timing and length of heterogamous and
homogamous capitula is tightly coordinated and almost identical, a feature that ensures floret interaction between
plants and pollinator activities. Understanding of breeding systems in the Astereae subtribe Baccharidinae will most
assuredly provide helpful insights towards a better understanding of the evolution of this highly successful group.
Key words: Baccharidinae, dioecy, head inflorescence, heterogamous, homogamous, reproductive biology.

Resumen

Los estudios fenologicos florales y de inflorescencias son una importante fuente de conocimiento para interpretar
los mecanismos reproductivos y las hipdtesis filogenéticas en plantas. Se analiza la morfologia y funcionalidad
de los estadios florales presentes en los capitulos homogamos pistilados y en los capitulos heterogamos
funcionalmente estaminados de la especie dioica Baccharis aliena. El seguimiento fenologico de ambos tipos
de capitulos fue realizado en plantas cultivadas de B. aliena. Se determinaron los estadios fenoldgicos florales
de los capitulos homogamos y heterdgamos a partir de analisis morfométricos de las flores desde la pre-antesis
hasta los primeros sintomas de senescencia. Las flores de los capitulos homdgamos y heterdgamos presentan
antesis visual previa a la antesis funcional y esta caracteristica se traslada al capitulo. La antesis ocurre de forma
centripeta en las sucesivas series de flores, y tiene una duracion de 21 dias en el capitulo homdégamo y 20 dias en
el capitulo heterégamo. Los capitulos homdgamos y heterogamos coinciden exactamente en tiempo y duracion
del periodo de floracion, caracteristica que asegura la interaccion floral entre las plantas y la actividad de los
polinizadores. El conocimiento de los sistemas reproductivos en las Astereae subtribu Baccharidinae contribuye
a la interpretacion de las estrategias evolutivas de este grupo altamente exitoso.

Palabras clave: Baccharidinae, dioecia, capitulo, heterdgamo, homdgamo, biologia reproductiva.

Introduction

Asteraceae, with ca. 24.000 species is
the largest family of flowering plants, and
it is distributed around the globe except for
Antarctica (Funk et al. 2009). The capitulum is
its most conspicuous feature, and it represents
the functional reproductive unit (Jeffrey 2009).
Florets are arranged in spirals that in most cases
exhibit acropetal initiation. All spirals initiate

development concurrently, thus determining a
circular arrangement of florets, commonly referred
to as series (Harris et al. 1991), composed of florets
that show a similar degree of development. Several
floral traits have evolved in flowering plants to
promote outcrossing and prevent selfing (Lloyd
& Webb 1986; Lloyd & Schoen 1992). Protandry,
self-incompatibility, herkogamy and secondary
pollen presentation are components of a breeding
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system (Neal & Anderson 2005) that have evolved
in the capitulum to minimize the effects of self-
interference between florets and thus improve
outcrossing (Arshid Shabir et al. 2013). All florets
in the capitulum are functional units that determine
its overall functionality. The capitulum operates as
a single flower and it provides more flexible basis
for breeding system evolution than does the single
flower (Jeffrey 2009).

Dioecy occurs in 5-6% of the species and
43% of families of Angiosperms (Renner 2014).
This condition has been interpreted as an extreme
evolutionary adaptation to increase outcrossing
(Thomson & Barrett 1981), but other selective
pressures have been considered as well, such as
resource allocation for male and female functions,
sexual selection, seed dispersal, pollination, and
predation (Bawa 1980; Thomson & Brunet 1990).

Baccharis L. is the largest genus in the
Astereae, with ca. 400 species, occurring from
southern United States to South America in Tierra
del Fuego (Giuliano 2001; Barroso & Bueno
2002; Giuliano & Freire 2011; Heiden 2013).
Most species in Baccharis are morphologically
gynodioecious (perfect florets and pistillate florets
in different individuals) and functionally dioecious
(perfect florets are functionally staminate ones).
Most are shrubs, and usually have small capitula.
Type of floret (i.e., functionally staminate or
pistillate) distribution was a critical character to
most 19th and 20th century authors for the genus
delimitation. The special emphasis on this character
was due to the abundance of species with different
types of capitula, especially dioecious species, in
the subtribe and their extreme rarity elsewhere in
the Astereae (Miiller 2000).
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Baccharis aliena (Spreng.) Joch. Miill.
(Asteraceae: Astereae) is a morphologically
gynodioecious and functionally dioecious shrub
from southern Brazil, central Argentina and eastern
Uruguay (Barroso & Bueno 2002; Deble et al.
2005). The species was considered for a long time
as part of Heterothalamus Less., a satellite genus
close to Baccharis. However, a broader definition
of Baccharis, originally suggested by Nesom
(1988, 1993) and supported more recently by other
authors Giuliano (2001), Miiller (2006) resulted in
Heterothalamus finally included inside Baccharis
(Giuliano & Freire 2011), an idea that is followed
in this paper and corroborated by Heiden & Pirani
(2016) based on a phylogenetic basis.

In Uruguay Baccharis aliena inhabits
hilly areas, mainly in Maldonado and Lavalleja
departments, where it is a typical component of
the vegetation (Valtierra & Bonifacino 2014).
This species has heterogamous and homogamous
capitula arranged in corymbiform capitulescences
(Fig. 1). The heterogamous capitula are radiate,
with pistillate and sterile ray florets, and perfect
but functionally staminate (rudimentary ovaries
are present) disk florets. The homogamous
capitula are radiate and have only pistillate
fertile florets (Valtierra & Bonifacino 2014).
In dioecious species, knowledge about both floret
and inflorescence phenology help interpreting
functionality of each inflorescence, the interactions
between staminate and pistillate plants (Ashman &
Schoen 1995; Speroni et al. 2009) and also provide
relevant information for phylogenetic analysis. In
this context, the objectives of the present study are
threefold: 1) to define floret phenological stages, 2)
to describe floral phenology and floret presentation

Figure 1 - Capitula and florets of Baccharis aliena — a. homogamous pistillate capitulum; b. heterogamous capitulum,;

c. pistillate floret of homogamous capitulum; d. pistillate floret of heterogamous capitulum; e. perfect floret with

rudimentary ovary from heterogamous capitulum. Legend: ro = rudimentary ovary. Scale bar = 1 mm.
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in B. aliena as a way to characterize homogamous
and heterogamous capitula phenology, and 3) to
interpret functional interaction between both type
of capitula during the flowering period.

Materials and Methods

Field observations were carried out in
cultivated plants at the Botanical Garden of Facultad
de Agronomia (Universidad de la Republica,
Uruguay, 34°50°14.47”S; 56°13°12.93”W), from
October 1% up to October 28", 2014. Inflorescence
terminology follows Harris et al. (1991). Floret
phenological stages (e) were defined in homogamous
and heterogamous capitula by morphometric
analyses performed under a dissecting microscope,
from pre-anthesis until senescence symptoms first
appeared using the following characters: 1) floret
length, 2) openness of corolla, 3) color of corolla,
4) style and style branch position relative to corolla
and anther appendages, and 5) secretion visible
(the non-committal term secretion is used instead
of nectar as no chemical analysis was carried out).
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Additionally, anther appendages relative position
to corolla and timing of anther dehiscence were
used to describe perfect but functionally staminate
florets of heterogamous capitula. Forty capitula in
pre-anthesis were marked in both staminate and
pistillate plants, and capitula phenological stages
(E) were defined by the following variables daily
recorded: 1) involucre length, 2) number of floret
series in pre-anthesis, 3) number of floret series
in anthesis, and 4) number of floret series in
senescence. Additionally, paleae position in relation
to each floret was registered in homogamous
capitula too (i.e., paleae longer than corolla,
paleae equaling corolla length, paleae shorter than
corolla).

Results

Florets phenological stages

in the homogamous capitula

Capitula have 100 to 220 pistillate florets
arranged in ca. 15 series. Six phenological stages
were defined, from pre anthesis floret (e0) up to

Pre anthesis  Beginning Anthesis Anthesis Anthesis Senescence
of anthesis
9

Stages e0 el e3 e4 e5
Floret length 1.2mm 1.5mm 22—275mm 235—28mm 22—31mm 27—30mm
Corolla opening Ilml;I:,n;rglns IITZCT:E(;"S open open open
Corolla color green green green — yellow green — yellow green — yellow yellow — brown
Style and style included in corolla  included in corolla apex exserted from style branches style and style style branches
branches position tube tube corolla tube exserted branches exser_ted exserted

p from corolla tube from tube and limb  from corolla tube

Style branches length

above corolla 0.6 mm 0.9mm 0.5 mm
: spread,
Style branches status appressed spreading receptive surface dehydrated

starts and shrinked

is exposed

Figure 2 — Floret phenological stages in homogamous capitulum of Baccharis aliena. The gray shaded area indicates

the floret surface with secretions. Scale bar = 1 mm.
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senescence floret (e5). Features used to characterize
phenological stages are shown in Figure 2.

Stage e0: Pre-anthesis. Closed green corolla
with close limb margins and curved apex.

Stage el: Beginning of anthesis. Limb
margins recurved, style and style branches included
in corolla tube.

Stage e2: Anthesis. Corolla green-yellow,
closed style branches with their apex exserted from
corolla tube.

Stage e3: Anthesis. Style branches are totally
exserted from corolla tube and begin to spread.
In e2 and e3 stages, corolla is visually attractive
for pollinators but florets are not functionally
reproductive yet, because style branches are
appressed and their stigmatic surfaces are not yet
exposed. These stages (e2 and e3) were defined as
visual anthesis.

Stage e4: Anthesis. Style and style branches
are totally exserted from corolla tube and limb,
style branches are spread and stigmatic surfaces
are exposed. Florets are functionally reproductive
and this stage was defined as functional anthesis.
Secretion is present on corollas’ surfaces at the
base of the limb.

PRE ANTHESIS BEGINNING OF ANTHESIS ANTHESIS
EO E1 E2
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Stage e¢5: Senescence. Yellow-brown corolla,
style branches are shrank and dehydrated.

Functional anthesis progresses centripetally
in successive series during approximately 17
days until senescence symptoms first appear

(Fig. 3).

Homogamous capitula phenology

Six phenological stages were defined, from
pre anthesis capitulum (E0) to senescent capitulum
(ES). Capitulum longevity was 25 days. (Figs. 3
and 4).

Stage EO: Pre anthesis. All florets are
subtended by paleae that are longer than the florets
at this stage. The seven outer series have florets in
e2 stage, the next five or four series have florets
in el, and the most internal series in €0. EO lasted
three days.

Stage E1: Beginning of anthesis. In the seven
outer series the florets elongate past subtending
palea, and are in e2 stage. Inner series’ florets stay
as in EO. E1 lasted four days.

Stage E2: Anthesis. Every floret of the
capitulum elongate past subtending palea. The
seven outer series show florets in stages e4 and

ANTHESIS BEGINNING OF SENESCENCE SENESCENCE
E3 E4 ES

Y Anthesis

A Anthesis

Days

EO0 E1 E2
PRE ANTHESIS BEGINNING OF ANTHESIS ANTHESIS

Visual anthesis

E3 E4 E5
ANTHESIS BEGINNING OF SENESCENCE SENESCENCE

Funcional anthesis ------

Figure 3 — Capitula phenology of Baccharis aliena. The concentric circles represent the different series of capitulum
florets. The dark gray lines represent the series of pre anthesis florets, dotted black lines series of anthesis florets,
and light gray lines series of senescent florets. In the top of the figure is represent the homogamous capitulum and

in the bottom is represent the heterogamous capitulum.
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e

Figure 4 — Homogamous capitulum phenology of Baccharis aliena —a. EO: pre anthesis capitulum; b. E1: beginning
of anthesis; c. E2: anthesis; d. E3: anthesis; e. E4: beginning of senescence; f. ES: senescence. Scale bar = 5 mm.

e3. Inner series’ florets are in stages ¢2, el and 0.
E2 lasted five days.

Stage E3: Anthesis. Almost all series of florets
are in stage e4. First symptoms of senescence in
the outer series (with stage e5 florets) are noted.
E3 lasted eight days.

Stage E4: Beginning of senescence. More
than half of the outer series have senescent florets
(e5), and the internal series have florets in anthesis
(e4). E3 lasted eight days.

Stage E5: Senescence. All series in the
capitulum have senescent florets (e5). ES was
registered after the 24th day of observation.

During homogamous capitula development, a
significant increment in the receptacle height was
registered. In E1 stage the height is 1.2mm and in
E4 stage it reaches 1.6 mm.

Floret phenological stages

in heterogamous capitula

Capitula have 15 to 26 ray florets, arranged in
1 series, and 50 to 90 disk florets in ca. 7 series. Five
phenological stages were defined for ray pistillate
florets and six for disk perfect and functionally
staminate florets, from pre anthesis (e0) up to
senescence (e4 in pistillate florets, e5 in perfect
florets). Features used to characterize phenological
stages are shown in Figure 5.

Rodriguésia 69(2): 373-383. 2018

Ray florets, pistillate and sterile

Stage ¢0. Pre anthesis. Unopened green
corolla with close limb margins and curved apex.

Stage el. Beginning of Anthesis. Limb
in vertical position with spread margins, style
branches appressed with 50% of their length
exserted from corolla tube.

Stage e2. Anthesis. Green-yellow corolla,
limb at 75° from the vertical position, style
branches appressed with almost all of their length
exserted from the corolla tube. Secretion is present
on corollas’ surfaces at the base of the limb.

Stage e3. Anthesis. Yellow corolla, style
branches appressed, all of their length and the
apical portion of the style exserted from corolla
tube. Secretion is present on corolla surfaces at the
base of the limb.

Stage e4. Senescence. Yellow corolla, brown
style, dehydrated, and senescent branches, with
yellow corollas becoming dehydrated. Absence
of secretion.

Disk florets, perfect and functionally

staminate

Stage e0. Pre anthesis. Unopened corollas,
green-yellow less developed central Disk florets,
and the external Disk florets are yellow and closer
to the anthesis.
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Pre anthesis
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Ray florets
Beginning Anthesis Anthesis Senescence
of anthesis

Stages el el e2 e3 e4
Floret length 12—14mm 1.6 —1.8mm 2—3mm 3—3.7mm 3—3.7mm
Corolla opening closed opening start open open open

vertical / close limb

vertical / unfolded

i i " ca. 75° from vertical ca. 75° from vertical ca. 75° from vertical
Limb posiion margins margins
Corolla color green green yellow — green vellow yellow
Style and style : exserted from corolla  exserted from corolla exserted from corolla  exserted from corolla
e included
branches position 0—0.3mm 0.4 mm 0.6 mm 0.5 mm
Disk florets
. - . . Beginning of
Pre anthesis  Beginning Anthesis Anthesis Senescence
) senescence
of anthesis

Stages e0 el e2 e3 e4 ed
Floretlength 1.2—25mm 23—26mm 2.9—35mm 2.7—4.5mm 27 —29mm 23—29mm
. lobs horizontally lobs horizontally lobs horizontally lobs erects
Corolla opening closed lobs erects extended extended extended dehydrated
Corolla color  green — yellow yellow yellow yellow yellow — brown brown
Am':lers - indehiscent dehls_cepce dehiscent dehiscent — dehydrated dehydrated
dehiscence beginning
Style and Style - included included exserted from included included

branches position

anther tube

Figure 5 — Floret phenological stages in heterogamous capitulum of Baccharis aliena. The gray shaded area indicates
the floret surface with secretions. Scale bar = 1 mm.
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Stage el. Beginning of anthesis. Open yellow
corolla with erect lobes, and in anthers, style and
style branches are included in the corolla.

Stage e2. Anthesis. Corolla lobes are
horizontally extended, anthers begin anthesis and
are exserted from corolla, style and style branches
are included in the corolla.

Stage e3. Anthesis. Complete dehiscence,
intense yellow pollen covering the internal anther
tube, style and style branches exserted from anther
tube.

Stage e4. Beginning of senescence. Yellow-
brown corolla, anthers are exserted from corolla
and becoming dehydrated, senescent style and
style branches are again included in the anther
tube and corolla.

Stage e5. Senescence. Brown corolla, with
erects lobes, senescent anthers included in the
corolla with whitish pollen scattered throughout
the corolla surface.

Heterogamous capitula phenology

Six phenological stages were defined,
from pre anthesis capitulum (EO) to senescent
capitulum (ES). Capitulum longevity was 25 days.
(Figs. 3; 6).
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Stage EQ. Pre anthesis. All series with pre
anthesis florets (e0). Disk e0 florets have the
typical variations of size and color of the centripetal
maturation. EO lasted four days.

Stage E1. Beginning of anthesis. Ray florets
begin the anthesis (el), Disk florets remain in pre
anthesis (e0). E1 lasted four days.

Stage E2. Anthesis. Ray florets in anthesis
(e2), with secretion. The external disk florets are in
senescence stage (e4),florets in next internal series
are in anthesis (e3), and the remaining series are in
pre anthesis (e0). E2 lasted seven days.

Stage E3. Anthesis. Ray florets in anthesis (¢2
and e3). The three external series of the disk florets
are in different senescence stages (e4 and e5), the
next two series’ florets are in different anthesis
stages (e2 and e3), and the remaining series’ florets
are in pre anthesis (e0). E3 lasted six days.

Stage E4. Beginning of senescence. Senescent
ray florets (e4). The five external series of disk
florets are senescent (e5), the florets of the
remaining seriesare in senescence beginning (e4)
and anthesis (e3). E4 lasted four days.

Stage ES. Senescence. Senescent ray florets
(e4). Disk florets are in different senescence stages
(e4 and e5). ES was registered after 24 days.

Figure 6 — Heterogamous capitulum phenology of Baccharis aliena —a. EQ: pre anthesis capitulum; b. E1: beginning
of anthesis; c. E2: anthesis; d. E3: anthesis; e. E4: beginning of senescence; f. E5: senescence. Scale bar = 5 mm.
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As seen in homogamous capitula, a significant
receptacle height increase was registered during the
flowering period. In E1 receptacle height is 0.9 mm
and in E4 and E5 it reaches 1.5 mm.

All capitula develop simultaneously in each
plant. Three days after the end of the registered
period (October 28th), every capitula of the plant
was senescent. The blooming period in both type
of capitula in B. aliena is tightly coordinated, both
in timing of occurrence and in duration.

Discussion

Several authors have addressed floret
phenological studies (Neff & Simpson 1990;
Cerana 2004; Hong et al. 2008; Huang et al. 2012)
or capitulum phenological studies (Brouillet &
Simon 1979; Corral et al. 2004; Bull-Herefiu &
Arroyo 2009), but few researchers have addressed
them together (Wild et al. 2003; Wist & Davis
2006) as in the present study. The anthesis period
is defined as the length of time in which individual
florets remain open with fresh-looking perianth,
pistil and stamens exposed (Primack 1985;
Ashman & Schoen 1995). The anthesis period is
a very important phase in the reproductive biology
of any Angiosperm, specially in insect-pollinated
ones, as it implies interaction with floral visitors
and pollen flow processes. Many individual floral
adaptations, such as dichogamy/homogamy and
herkogamy and heterostyly, promote self- or
cross-pollination and determine matches between
individuals in this period (Neal & Anderson
2005), but many other flower features are only
displayed to attract pollinators and do not directly
determine a mating system. Sometimes, the timing
of corolla opening matches that in which pistil and
stamens become functional (stigmatic receptivity
and anther dehiscence, respectively), but in many
flowers, pistil and stamens become functional after
anthesis occurs. Therefore, for this latter kind of
flower we propose distinguishing between visual
anthesis, when corolla opens first and it deploys
visual advertising, and functional anthesis, when
pistil and/or stamens are functional.

Pistillate florets in the homogamous capitula
of B.aliena begin the visual anthesis period when
corollas open and color advertising becomes
operational. Functional anthesis comes later, when
style branches are extended and the receptive
surface of stigma is exposed. At this stage,
secretion is present on corolla surfaces at the base
of the limb, as a potential reward for pollinators.
Notwithstanding the fact we did not carry out
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chemical analyses of the secretion, our observing
of several insects feeding on the secretion would
favor the hypothesis of the secretion being
actually nectar as stated by Vogel (1998).

Several authors (Vogel 1998; Wist & Davis
2006; Bernardello 2007; Wist & Davis 2008) have
reported nectar production for the Asteraceae.
These authors describe secretions coming from
the nectary disk present at the base of the style;
no report exist to date of nectar secretion coming
from other parts of the floret in the Asteraceae.
In B. aliena the presence of a copious amount
of secretion in the whole extent of the corolla
could be either an indication of production of
this substance on the corolla itself or a result of
an overflow of the nectar produced in the disk.
Future studies (currently underway) analyzing the
anatomy of the florets and monitoring the nectar
production throughout the anthesis period will
hopefully shed light on this issue.

Each floret in the homogamous capitula
of B. aliena is subtended by a paleae and pre
anthesis of capitulum is defined by all florets
yet elongating past the paleae, although florets
of outer series have already opened the corollas
beneath such paleae. Anthesis of the capitulum
starts when florets of outer series emerge of their
paleae and open corollas become visible. This is
a visual anthesis that acts attracting insects, but
florets are not reproductively functional yet. The
functional anthesis of the capitulum begins four
days after visual anthesis has started and it is
defined by the exposure of the stigmatic receptive
surface, which is now ready to receive the pollen
provided by pollinators. At this time, individual
florets attract pollinators and provide rewards
by secretions present on the surface of corollas.

Contrasting with the homogamous capitula,
florets in the heterogamous ones lack paleae,
therefore pistillate sterile ray florets come into
anthesis when corolla is open and style branches
are exserted from the corolla tube. Style branches
remain appressed during floret development, but
secretion is still observed on corolla surfaces at
the base of the limb. These florets are present in
the outer series of the capitulum and act as visual
advertising and floral rewards for pollinators, but
they don’t directly have a reproductive function.

Disk florets are morphologically perfect
but functionally staminate. They first come into
visual anthesis when actinomorphic corollas
open, anther tubes becomes exposed above the
corolla, but pollen is not visible yet. Functional
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anthesis takes place right after, when style
branches grow, they are exserted from anthter
and yellow pollen is exposed on abaxial side of
style branches.

Secondary pollen presentation is present
in Asteraceae and it involves a pollen relocation
mechanism from the anther onto another floral
organ, which then functions as the pollen donor
organ for pollination (Howell ez al. 1993). In
functionally perfect florets of Asteraceae, protandry
is common and it is hypothesized to be the result
of selection to avoid self-fertilization (Arshid
Shabir et al. 2013). In Disk florets of Baccharis
aliena, pistil has no receptive surfaces and its only
function seems to be as a part of the secondary
pollen presentation mechanism. Therefore, disk
florets of B. aliena present spatial but not functional
protandry as defined by Arshid Shabir et al. (2013).

In the heterogamous capitula of B.aliena,
pistillate sterile ray florets start anthesis first
and begin visual pollinator attraction by color
advertising. Zygomorphic corollas have been stated
to increase visual attraction in Asteraceae capitula
(Lane 1996), although florets of B. aliena also offer
nectar as a floral reward. Style branches of these
florets never spread, which is consistent with their
lacking of functional receptive surfaces. After three
days exhibiting only visual anthesis, functionally
staminate disk florets begin releasing pollen.
Florets of one or two series open simultaneously
and anthesis occurs centripetally in successive
series during an extended period of almost 17
days. Throughout this time period, pistillate sterile
ray florets remain open, which reinforces visual
advertising for the capitulum visitors. In these
florets, senescence is first manifested on the pistil
and later in the corolla, which extends over time
the period of corolla visual attraction.

Phenological synchronization was observed
between marked capitula of the same plant, so
flowering occurs in a concentrated time period
in which all capitula are almost at the same
functional stage (Fig. 3). Visual anthesis lasts
four days in homogamous capitula and three days
in heterogamous ones. Thereafter, both types of
capitula start a long period of functional anthesis
(ca. 17 days), considerably longer than the five
to eight days registered in /nula racemosa Hook.
f.capitula (Arshid Shabir et al. 2013), and the four
to six days recorded in Bidens pilosa var. radiata
(Sch. Bip.) J.A. Schmidt (Huang et al. 2012).
Reports of the period of functional anthesis for
other Baccharis species are lacking to date. As
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mentioned before, sincronization of blooming
period in both type of capitula in B. aliena is tightly
coordinated. This feature does not match records
for the dioecious Baccharis dracunculifolia DC.
in which flowering phenology differed between
functionally staminate and pistillate capitula, with
staminate plants producing more inflorescences,
and earlier, than pistillate ones (Espirito-Santo et al.
2003). Flowering synchronization is very important
in a dioecious species, because ensures pollinators’
activities and florets interaction between staminate
and pistillate plants. Flower synchrony was
related in dioecious species to out-crossing and
pollinators’ attraction rather than climatic factors
(Morellato 2004). Species with flowers arranged
in inflorescences show an increase in the length of
the blooming period, which triggers an increase of
staminate and pistillate plants interactions (Wyatt
1982). Some authors (Wyatt 1982; Harris 1995)
have interpreted the capitulum as a unit biologically
equivalent to a single flower. However, Burtt
(1961) stated that this is true only in reference
to pollinator attraction because presentation of
many single-ovule florets increases outcrossing
rates when compared to multi-ovule florets. This
latter author called Asteraceae floret organization
as “collectivist” and he asserts that the type of
inflorescence present in the Asteraceae is a way to
extend the flowering period.

Floret’s phenology of both types of capitula
in B.aliena determine overall functionality in
homogamous and heterogamous capitula. A visual
period, which attracts floral visitors, precedes a
functional period in which pollen flow and its
reception occur. This situation (i.e., visual anthesis
achieved before functional one) could be a strategy
to establish a pollinator community on Baccharis
aliena populations before functional anthesis
is achieved by means of assuring the arrival of
effective pollinators (Ballantyne ef al. 2015). This
strategy could be a key factor behind reproductive
success for a dioecious species that shows a high
degree of flowering synchronization between plants
as it has been reported in this study.

Floret features observed such as spatial
protandry, secondary pollen presentation, floret
advertising and the evidence of secretion determine
capitula breeding system and promote tight
synchronization and outcrossing rates between
pistillate and staminate shrubs.

Dioecy in the Astereae is a rather uncommon
condition mostly restricted to the Baccharidinae,
a monogeneric group formed by the large genus
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Baccharis (Muller 2006). Given the diversity of
breeding systems present in this rather complex
genus (Nesom 1993; Muller 2006), studies aimed
towards a better understanding of such systems
will add invaluable information to interpret
phylogenetic hypothesis in Baccharis and see how
such different reproductive strategies could have
both evolved and driven the evolution of this highly
successful taxon as a whole.
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