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ABSTRACT

In heterantherous flowers, some anthers have an attraction and feeding function, while others are related to plant
reproduction. Microlicia cordata has dimorphic stamens organized in two cycles: the antesepalous one with large
stamens and pink anthers, and the antepetalous one with small stamens and yellow anthers. Division of labor
was analyzed using the parameters of structure, composition, amount and estimated viability of pollen, and the
color of floral parts. The anthers of the pollinating stamens were larger than the anthers of the feeding stamens,
although anatomically similar. There was a difference in the amount of pollen produced by the anthers of the two
cycles, but no difference was found in pollen viability. Considering a bee color vision model, the color of the anthers
of the pollinating stamens contrasted less with that of the corolla, and thus is probably less attractive to visitors.
Conversely, the anthers of the feeding stamens and the ventral appendage of the connective of the pollinating stamens
contrasted more with the corolla, presenting the same color to the pollinators. These results are in accordance with
the idea of division of labor among anthers of heterantherous flowers, especially regarding the quantity of pollen

and the color of the floral parts.
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Introduction

Among the Angiosperms, approximately 20,000 species
contain pollen as the only reward for their pollinators in
the so-called pollen flowers (Vogel 1978; Buchmann 1983;
Luo et al. 2009). Among them, the buzz-pollinated flowers
are adapted to pollination by bees and their pollen grains
not only participate in the transport of male gametes,
but are also consumed by these insects (Buchmann 1983;
Vallejo-Marin et al. 2009). In this respect, the utilization
of pollen for feeding potentially reduces the number of
viable gametes for reproduction, leading to an evolutionary

conflict known as the “pollen dilemma” (Westerkamp 1996;
Luo et al. 2009; Vallejo-Marin et al. 2009; Lunau et al. 2014;
Baroénio et al. 2016).

The occurrence of two or more types of stamens
in the same flower, or heteranthery, is understood as a
mechanism for the solution of this conflict since it generates
specialization of stamen types with different and specific
functions in the pollination process (Luo et al. 2008; Vallejo-
Marin et al. 2009; Barrett 2010). Usually, these stamens
differ in shape, position, size and/or color, a condition that
has arisen in at least 16 angiosperm families (Buchmann
1983; Luo et al. 2009; Vallejo-Marin et al. 2009; 2010;
Barrett 2010). Such differences might also be associated
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with differences in the amount of pollen grains as well
as pollen exine ornamentation and cytoplasmic content
(Hrycan & Davis 2005; Luo et al. 2009). Heteranthery was
first described more than 150 years ago, when Darwin, in
1862, stated that he was intrigueded by the phenomenon.
A few years later, Miiller (1881; 1882; 1883) suggested the
division of labor between the different stamens, whereby
one set would serve to feed and the other would act on the
pollination process, as supported by current studies (Luo
et al. 2008; 2009; Vallejo-Marin et al. 2009; Paulino et al.
2016; Papaj et al. 2017).

In Melastomataceae, heteranthery has been described in
species of different tribes such as Bertolonieae, Melastomeae,
Merianieae, Microlicieae, Rhexieae and Sonerileae (Miiller
1881; Cogniaux 1891; Renner 1989; Mendoza & Ramirez
2006; Luo et al. 2008). This family, although notoriously
diverse, with more than 5.400 species (Goldenberg et al.
2015), typically possesses falciform anthers with poricidal
dehiscence (Renner 1989; Santos et al. 2009). These
characteristics cause pollen grains to be available only to
bees that are able to vibrate their wing muscles during
their visits to flowers, with pollen grains usually being the
only reward offered by the flower (Renner 1989). Thus, the
evolutionary history of the family is closely associated with a
pollination system known as “buzz pollination” (Buchmann
1983; Renner 1989; Luo et al. 2008; Luca et al. 2013).

In species of this family, the androecium commonly
consists of two stamen cycles (Cogniaux 1891; Mendoza
& Ramirez 2006; Luo et al. 2009). In the species with
heteranthery, the set of “feeding” stamens (antepetalous)
consists of smaller and more conspicuous elements and
is located in an accessible place in the flower. In contrast,
the remaining stamens (antesepalous), considered to be
“pollinating” stamens, are larger, have a more discrete color
or a color similar to that of the corolla and their location

corresponds to the position of the stigma. This permits
the pollen to be deposited in strategic places on the body
of the bee that are not easily reached during the grooming
behavior (Forbes 1882; Almeda 1977; Renner 1989; Luo et
al. 2009; Ferreira & Aratjo 2016).

In addition to the morphology of the different types of
stamens, the division of labor may be cryptic and involve
the pollen grains from each type of anther, which may
vary in structure, content, quantity and release dynamics
(Mori et al. 1980; Nepi et al. 2003; Luo et al. 2008; Leite
2016; Paulino et al. 2016). Moreover, since heteranthery
may be related to the color patterns of the floral parts,
especially the corolla, stamens and ventral appendage of
the connective (Fig. 1), it is essential to understand how the
colors of these different structures are potentially perceived
and discriminated by the pollinators, and if they also have
some function in the process of division of labor (Luo et
al. 2009; Ferreira & Araudjo 2016). Until now, the color
patterns of such structures (i.e. conspicuous feeding anthers
and cryptic pollinating anthers) were only considered in
terms of humam-based color vision, but not in terms of
bee color vision models. Once confirmed that the ventral
appendage of the connective has the same color as the
feeding anthers in the pollinator color vision, this structure
would be considered a strategy increasing the attractiveness
of the flowers, which would signal more stamens than the
flower actually has (Dafni 1984; Lunau 2006). Within this
context, the species of Microlicia (Melastomataceae) are good
models for testing the division of labor between anthers
at different levels, since they present two stamen cycles of
different size, shape and color (Romero 2003), reflecting
the extensive occurrence of heteranthery in the family.

The objective of the present study was to analyze the
different levels of differentiation and speciallization of
each type of anther in the flowers of Microlicia cordata and

Figure 1. Microlicia cordata. A. Front view of a flower showing the presence of two morphological types of stamens; B. Detail of the
morphology of the feeding stamen on the left, and of the pollinating stamen on the right. Symbols: 1: anther; 2: pedoconnective; 3:
filament; 4: ventral connective appendage. Scale bars: A: 1.5 mm; B: 1 mm.
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to compare morphological and anatomical data between
anthers and pollen grains from the pollinating and feeding
stamens that may promote division of labor. The following
questions were considered: 1) Are there differences in
amount and viability of pollen grains, and in morphology
and in cytoplasmic content between the feeding and
pollinating anthers? 2) Are the anthers of the pollinating
stamens less conspicuous than the anthers of the feeding
stamens when compared to the corolla, considering bee
color vision? 3) Do the anthers of the feeding stamens and
the ventral appendage of the connective of the pollinating
stamens have the same color? According to the division of
labor hypothesis, we expect to find differences in pollen
content and structure, as well as in pollen quantity and
quality produced by different anthers. We also expect the
pollination anthers to be more cryptic, whereas the feeding
anthers and the ventral appendage of the connective of
the pollinating stamens to be similar in color and more
conspicuous to the pollinators.

Materials and methods
Study area and species

The study was conducted at the Private Natural Heritage
Reserve (RPPN) of the Clube Caga e Pesca de Uberlandia,
Minas Gerais, Brazil (18°59’S 48°18°W), an area of 640
hectares on the banks of the Uberabinha river covered with a
cerrado sensu stricto, dry grasslands and palm swamp areas
(Apolinario & Schiavini 2002). The climate of the region
is of the Aw type, with well-defined dry and rainy seasons
(Alvares et al. 2013). The topography of the region is flat,
the soil is acidic (latosol), dystrophic, permeable and sandy,
mainly consisting of arenite and clay (Schiavini & Aratjo
1989). Individuals of Microlicia cordata (Spreng.) Cham.
occur in sandy soil in the transition between palm swamp
and cerrado sensu stricto (Bacci et al. 2016). Data were
collected from April 2015 to December 2016.

Microlicia cordata is a much branched subshrub 40-90
cm tall, covered with hirsute and glandular sessile trichomes,
with sessile leaves measuring 8—13 x 5-9 mm. The flowers
are hermaphroditic, solitary, pentamerous, with pedicels 1-3
mm long; pink petals 4.5-6 x 2—2.5 mm, with an entire and
glabrous margin, and have 10 dimorphic stamens arranged
in the antesepalous and antepetalous cycles. Especially the
antesepalous stamens have a long pedoconnective but both
set of stamens have ovoid-oblong anthers with a slightly
rostrate apex (Cogniaux 1883; Romero 2003; Bacci ef al.
2016). A voucher of the species has been deposited at HUFU
herbarium, Romero et al. 8688, HUFU 71013.

Morphology and anatomy of the stamens and pollen
grains

Freshly opened flowers from 15 individuals were
collected and photographed. The two stamen cycles were
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removed, numbered, and photographed in order to measure
the size of the anthers, the pedoconnective and ventral
appendage of the connective of both cycles, with the aid
of ImageJ software (Hartig 2013). Structural measures
were obtained from the photographs. Analysis of variance
(ANOVA) was applied considering length as the response
and structure (anther of the feeding stamen, anther of the
pollinating stamen and ventral appendage of the connective
of the pollinating stamen) as the independent variable. The
lengths of the structures were then compared a posteriori
by a pairwise t-test with Bonferroni corrections.

For the analysis of anatomy and pollen grain content,
flower buds and freshy opened flowers of five M. cordata
individuals were collected and fixed in 2 % glutaraldehyde
and 4 % formaldehyde in 0.1 M sodium phospate buffer, pH
6.8 (McDowell & Trump 1976), dehydrated in an ethanol
series and embedded in plastic resin (Gerrits & Smid
1983). The material was cut into 2 pm thick lengthwise
and crosswise sections with a manual rotary microtome
equipped with a disposable tungsten blade. The sections
were stained with 0.05 % Toluidine blue (O’Brien et al.
1964; Feder & O’Brien 1968), or submitted to biochemical
tests for the determination of the substances stored in
the pollen grains. The Lugol reagent was used to detect
starch (Johansen 1940), PAS was used to detect neutral
polysaccharides (Feder & O’Brien 1968), and Sudan IV
and Sudan black (Pearse 1980) were used to detect total
lipids. The material was observed and photographed with
an Olympus BX51 microscope coupled to a DP70 digital
camera. All analyses were performed in the Laboratory of
Plant Morphology and Images of the Federal University of
Uberlandia (LAMOVI - UFU).

Amount and estimated viability of pollen grains

The amount and estimated viability of pollen were
determined for 90 pre-anthesis flowers collected from
30 individuals (three flowers per individual). The flower
buds were fixed and stored in 50 % FAA (formaldehyde,
glacial acetic acid, 50 % ethanol; 5:5:90. v/v) (Johansen
1940). The anthers of the two stamen cycles were dissected
separately in 100 pl acetic carmine for the extraction of
pollen grains. Next, 10 pl of each sample were transferred to
ahemocytometer and the number of pollen grains present
in each quadrant of the chamber was quantified with the aid
of an Olympus BX51 light microscope, and the total quantity
of pollen per flower was estimated (Dafni et al. 2005). Pollen
viability was estimated by staining the cytoplasm with 1.2 %
acetic carmine, and the counted grains were considered
to be viable or not based on the presence or absence of
cytoplasm staining (Radford et al. 1974).

A generalized linear mixed model was used for the
comparison of the total quantity of pollen grains and for the
estimate of pollen viability in each anther cycle, considering
the anther type (anther of the feeding stamen or anther of

351



Mariana de Souza Carvalho Velloso, Vinicius Lourenco Garcia de Brito, Ana Paula Souza Caetano and Rosana Romero

the pollination stamen) as a fixed factor and the individual
and the quadrant of the hemocytometer as random factors.

Color of the floral parts

The reflectance curves of the floral parts (corolla, anthers
of the pollinating stamens and of the feeding stamens and
ventral appendage of the connective of pollinating stamens)
of 90 flowers in anthesis were collected from the same 30
individuals of the M. cordata population using an USB JAZ
spectrophotometer (Ocean Optics, Inc.). A standard white
(Ocean Optics, Inc.) and the absence of light as black were
used for calibration. A color space model that takes into
consideration the visual color ability of bees was later used
to estimate the ability to discriminate the colors of these
floral elements and of the corolla by potential bee pollinators
(Chittka & Menzel 1992; Lunau et al. 2011).

The color space model used was the color hexagon
(Chittka 1992). A green leaf standard as background and
a daylight illumination standard (D65, Wyszecki & Stiles
1982) were used for the construction of the model. The
spectral sensitivity curves for the three photoreceptors
(UV, blue and green) of Apis mellifera were also used since
this species is phylogenetically close to the genus Centris
(Hedtke et al. 2013), bees that visit the flowers of M. cordata
(VLG Brito, MSC Velloso unpubl. res.). In the color hexagon,
the colors of the flower structures are represented as points
occupying a locus and the distance between them reveals
the difference between colors (Chittka & Kevan 2005).
To determine if the points of the floral parts occupy the
same region of the color hexagon, the number of points
representing each floral part was counted in each area of
the hexagon and the data obtained were compared by a
Chi-square test.

A null model was used to test the spatial overlap of the
points that represent the anthers of the feeding stamens and
of the ventral appendage of the connective of the pollinating
stamen in the hexagon. In this model, the identity of the
points was randomized 1000 times and the overlap of two
sets of points was calculated for each randomization. To test
whether the real overlap is greater than expected by chance,
the real overlap was compared to the null distribution of the
random overlaps considering a 95 % confidence interval.

Since different colors may have the same preference by
pollinators when they have the same chromatic contrast
value (Lunau et al. 1996), these values were also compared
for the anthers of the pollinating stamens, the anthers of
the feeding stamens and the ventral appendages of the
connective of the pollinating stamens in relation to the petal.
The distance between loci was used as the measurement
of color contrast and compared by analysis of variance
(ANOVA), and then analyzed a posteriori by a Tukey test. All
analyses were carried out using the R 3.0 (R 2016) statistical
software and the “pavo” (Maia et al. 2013) and “Ime4” (Bates
et al. 2015) packages.
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Results

Morphology and anatomy of the stamens and pollen
grains

This species has an androecium with 10 dimorphic
stamens organized in two cycles (Fig. 1A, B). The antesepalous
(pollination) cycle consists of the five larger stamens, with
pink anthers 1.48 + 0.04 mm long, strongly arched pink
pedoconnectives 2.76 + 0.18 mm, pink filaments 2.5 + 0.12
mm long, and slightly bilobated yellow ventral appendages
1.02 + 0.06 mm long. The antepetalous (feeding) cycle
contains the five smaller stamens, which have yellow anthers
1.23 + 0.03 mm long, pink pedoconnectives 0.79 + 0.05
mm long, pink filaments 2.59 + 0.13 mm long, and yellow
ventral appendages 0.16 + 0.01 mm long. The antesepalous
stamens, antepetalous stamens and ventral appendage of
the antesepalous stamens are of different sizes (ANOVA:
F=98.4; df=2; p<0.001). The pollinating anthers are larger
than the feeding anthers (p<0.001) and than the ventral
appendage of the connective of the pollinating stamens
(p<0.001), and, in turn, the feeding anthers are larger than
the ventral appendage of the connective of the pollinating
stamens (p<0.001).

The anthers of the two stamen cycles are anatomically
similar, being bithecal and tetrasporangiate (Fig. 2A).
At anthesis, the cells of the intersporangial septa are
disintegrated, forming a single pollen sac or locule in each
theca (Fig. 2B). Each anther is irrigated by a single vascular
bundle, and in the stages observed, the anther wall is formed
by epidermis and endothecium (Fig. 2A, B).

The pollen grains are released in monads at the bicellular
stage formed by vegetative and generative cells (Fig. 2C-F).
The vegetative cell is larger, occupies large part of the pollen
grain and has a more or less centralized nucleus (Fig. 2C, E).
The generative cell is considerably smaller, markedly
elongated and fully located inside the cytoplasm of the
vegetative cell (Fig. 2D, F). No polysaccharides or lipids
were detected in pollen grains in any of the stages analyzed
of the two cycles.

Several pollen grain abnormalities were detected in
the anthers of the two stamen cycles, with some grains
having little or no cytoplasmic content (Fig. 2G) and some
containing two cells without morphological differentiation
(Fig. 2H). The presence of immature stages such as vacuolated
microspores was also observed in mature anthers (Fig. 21).

Amount and estimated viability of the pollen grains

The anthers of the pollinating stamens produce more
pollen grains than the anthers of the feeding stamens (Fig.
3A; Z=-23; p<0.001). The mean number of pollen grains is
32.830 + 1.660 in the anther of the pollinating stamen per
flower and 17.430 + 920 in the anther of the feeding stamen.
On the other hand, there is no difference in the estimate of
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Figure 2. Anatomical aspects of the anther and of pollen grains of the feeding and pollinating stamens of Microlicia cordata. A. Transverse
section of an anther of the feeding stamen showing the four sporangia and the beginning of degeneration of the intersporangial
septum (arrow). The dotted circles delimit the two sporangia on one of the thecae; B. Transverse section of an anther of the pollination
stamen showing a single sporangium per theca due to the degeneration of the intersporangial septum. The dotted circle delimits the
sporangia of one theca; C-D. Detail of mature pollen grains from the pollinating stamen; E-FE. Detail of mature pollen grains from
the feeding stamen; G. Pollen grains with little or no cytoplasmic content originating from the feeding stamen; H. Pollen grain with
two morphologically identical cells originating from the pollinating stamen; I. Vacuolated microspores orignating from a feeding
stamen. Abbreviations: En: endothecium; Ep: epidermis; GC: generative cell; VB: vascular bundle; VC: vegetative cell; VCN: vegetative
cell nucleus. Scale bars: A: 20 pm; B: 25 pm; C-F: 2 ym; G: 5 pm; H-L: 2 pm.

pollen viability between anthers (Z=1.13; p>0.05), with the
anthers of the pollinating stamens having 50.89 % + 2.80 %
viable pollen grains per flower and the anthers of the feeding
stamens having 53.06 % + 2.90 % viable grains (Fig. 3B).

Color of the floral parts

The color of the anthers of the pollinating stamens is
similar to that of the corolla, while the anthers of the feeding
stamens and the ventral appendage of the connective of the
pollinating stamens have a similar color. It is intersting to
note that these two structures occupy the same region in
the color hexagon and strongly contrast with the corolla.
The reflectance curves indicated that the corolla and anther
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of the pollinating stamens have a greater reflectance in the
blue and red ranges (Fig. 4A, B) corresponding to the pink/
purple color. On the other hand, the feeding stamens and
the ventral appendage of the connective of the pollinating
stamens show a high reflectance starting from 500 nm
(Fig. 4C, D), which corresponds to the yellow and red range.

The floral parts occupy different regions of the hexagon
(?=17.8; d.£.=6; p<0.01). It was observed that 97 % of the
color points of the petal are located in the blue region and
80 % of the color points of the anthers of the pollinating
stamens are located in the blue-green region. In contrast,
99 % of the points of the anthers of the feeding stamens
and 83 % of the points of the ventral appendage of the
connective of the pollinating stamens occupy the same space
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Figure 3. Number of pollen grains per flower (A) and estimated pollen viability (B) in the pollinating anthers (PA) and feeding anthers
(FA) of Microlicia cordata. (* significant in a 95 % confidence interval. NS, nonsignificant).
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Figure 4. Reflectance curves of the floral parts of Microlicia cordata. A. Petal; B. Anther of the pollinating stamen; C. Anther of the
feeding stamen; D. Ventral appendage of connective of the pollinating stamen.

in the green region of the hexagon (Fig. 5). In addition, there
is a 95.81 % overlap between the points of the anthers of
the feeding stamens and of the ventral appendage of the
connective of the pollinating stamens in the color hexagon.
This overlap was greater than expected by chance according
to the null model (p<0.05), indicating that they have the
same color in bee color vision.

The structures also differ in color contrast with the
corolla (F=25.19; d.f.= 2; p<0.001). Specifically, the contrast
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between the anther of the pollinating stamen and the corolla
(0.097 + 0.067) is lower than the contrast between the
anther of the feeding stamen and the corolla (0.151 + 0.312)
(t=-2.974; d.£.=58; p<0.01). And the contrast between the
anther of the pollinating stamen and the corolla is lower
than the contrast between the ventral appendage of the
connective of the pollinating stamen and the corolla (0.197
+0.311) (t=-6.069; d.f.=58; p<0.001). However, there was
no difference in color contrast between the anthers of the
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feeding stamens or the ventral appendage of the connective
of the pollinating stamens and the petals (t=-0.032; d.f.=58;
p=0.975).

Discussion

Microlicia cordata showed a clear dimorphism regarding
the size, the amount of pollen grains and the color between
the anthers of the feeding and pollinating stamens,
especially when the color vision ability of bees is considered.
However, the anatomical characteristics of the anthers or
their structure and the viability of pollen grains do not differ
between the stamen cycles of this species. Abnormalities
were detected in the grains of both cycles.

Bithecal and tetrasporangiate anthers, endothecium
without parietal fibrous thickenings and grains released
in monads in the bicellular stage are conserved conditions
frequently reported for Melastomataceae, regardless of the
type of stamen (Tobe & Raven 1983; Luo et al. 2008; Caetano
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et al. 2013a; b; Cortez et al. 2015). Particularly regarding
the pollen grains, even though the parameters analyzed
indicated great similarity of the grains from different types
of anthers, some Melastomataceae species may differ in
shape, size, pattern of wall ornamentation, viability and
content of pollen grains of the feeding and pollination
anthers (Forbes 1882; Luo et al. 2008; 2009). However,
these differences do not involve all the species analyzed
thus far (Almeda 1977; Fracasso & Sazima 2004; Luo et al.
2009; Ferreira & Araujo 2016; Soares & Morellato 2018).
The pollen grains from both cycles of the anthers of M.
cordata are potentially functional in terms of participation
in fertilization. On the other hand, the quantity of pollen
grains is markedly greater in the larger pollinating anthers
of M. cordata, as also observed in other Melastomataceae
species (Miiller 1881; Luo et al. 2008; 2009; Hoffmann &
Varassin 2011; Brito & Sazima 2012; Ferreira & Aratjo 2016;
Leite 2016) and in other angiosperm groups (Dulberger
1981; Paulino et al. 2016). This may be understood as a
differential investment in the production of larger anthers
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and, consequently, more pollen grains that will be directly
utilized in reproduction, a fact that can also be understood
as a direct evolutionary response to the pollen dilemma
(Luo et al. 2009; Valejo-Marin et al. 2009).

In addition, the different colors of the pollinating and
feeding stamens of M. cordata are related to the role of each
stamen type in the pollination process. The pink pollinating
anthers have a discrete color that is less contrasting in
relation to the corolla, suggesting that these anthers exert
alow visual attraction on bees compared to the anthers of
the feeding stamens (Miiller 1881; Forbes 1882; Luo et al.
2008; 2009). Also, the pollinating stamens of M. cordata
face the lower part of the flower, being located close to the
stigma, while the feeding stamens are located in the central
part of the flower, a common pattern in Melastomataceae
species with heteranthery (Renner 1989; Gross & Kukuk
2001; Fracasso & Sazima 2004; Luo et al. 2008; Romero et
al. 2015a; b; Romero & Versiane 2016). This morphology
permits deposition of the pollen from the pollinating and
feeding anthers on different sites of the body of pollinators
(Forbes 1882; Fracasso & Sazima 2004; Luo et al. 2008;
Vallejo-Marin et al. 2009; Ferreira & Aratjo 2016). In
general, the pollinating anthers deposit more pollen grains
on the dorsal surface of the bee’s abdomen, a site of difficult
access for grooming, while the feeding anthers deposit
more pollen grains on the ventral surface of the abdomen,
where access for feeding is facilitated (Luo et al. 2008; Kock
etal. 2017).

On the other hand, the anthers of the feeding stamens
function as an attraction for pollinators, especially due to
their UV-absorbent yellow color that contrasts with that of
the corolla (Lunau 2000; Heuschen et al. 2005), a pattern
that seems to be common in the family. The color of the
ventral appendage of the connective of the pollinating
stamens is similar to that of these anthers since they
occupy the same region in the color hexagon and produce
the same contrast in relation to the corolla. Altough these
central structures of the flower may also help and direct the
pollinator during the flower visit, they do not guarantee that
small bees will not have access to the pollination grains in
some cases (Lunau 1992; Westerkamp 1996; Gross & Kukuk
2001; Heuschen et al. 2005; Ferreira & Araujo 2016). Thus,
owing to its color and position, the ventral appendage of
the connective of the pollinating stamens may play a major
role as a signal for pollinator attraction in M. cordata.

The UV-absorbent yellow color of the anthers of the
feeding stamens and of the ventral appendage of the
connective of the pollinating stamens of M. cordata can
be understood within the context of the hypothesis of
“pollen and stamen mimicry”, a common phenomenon in
Angiosperms (Lunau et al. 2017; Lunau & Wester 2017).
According to this hypothesis, some plants exploit the
innate preferences of their pollinators by being similar to
the visual signals of the pollen grains when they reflect
yellow absorbent UV, misleading the floral visitors that
actively collect pollen (Lunau & Wester 2017). Thus, this
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intrafloral mimicry system of M. cordata consists of three
major components: 1) the model structure, as is the case
for the anthers of the feeding stamens; 2) the mimicry
structure, which is the ventral appendage of the pollinating
stamens, and 3) the signal receptors, which are the visiting
bees (Lunau 2006). Since the quantity of pollen is constant
throughout floral anthesis, many species use these mimicry
structures to overcome the disadvantages of attracting and
rewarding floral visitors with all the pollen produced (Dafni
1984; Lunau 2006).

On this basis, three important intrafloral color processes
occur in M. cordata, which mediate the interaction between
flowers and pollinators. First, the anthers of the pollinating
stamens are presented to the pollinators in a camouflaged
manner due to their inconspicuous color compared to the
corolla. Second, the anthers of the feeding stamens are
quite attractive to the pollinators by having a color highly
contrasting to that of the corolla and by honestly signaling
the resource offered (pollen). Finally, the ventral appendage
of the connective of pollinating stamens may be a mimicking
structure because of the similarity of its color to that of the
anthers of the feeding stamens. However, this color only
mimics the anthers, increasing the attraction signal for the
pollinators although no reward is directly offered by this
structure. Such intrafloral process could be reinforced also
by the scent characteristics of each strutucture, a hypothesis
that should be addressed in future studies.

Supporting the hypothesis of the division of labor, the
anthers of the pollinating stamens actually contain a larger
amount of pollen grains compared to the anthers of the
feeding stamens, possibly as a function of their larger size.
However, there is no difference in pollen viability or in grain
content, indicating that there is no pollen specialization
related to the division of labor in the species under study.
The color of the two stamen cycles permits us to conclude
that they are related to the role of each flower part in the
pollinating process, while the ventral appendage of the
connective of pollinating stamens acts in a mimic manner,
increasing the attraction signal for the pollinating agents.
In this respect, we may extend the model of division of
labor, commonly associated only with heteranthery, to
other intrafloral attributes such as the quantity of pollen
grains made available by each type of anther and its color
pattern as perceived by pollinating bees.
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