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† Background and Aims Most neotropical Melastomataceae have bee-pollinated flowers with poricidal anthers.
However, nectar rewards are known to be produced in about 80 species in eight genera from four different
tribes. These nectar-producing species are pollinated by both vertebrates and invertebrates.
† Methods The floral morphology and anatomy of 14 species was studied in six genera of nectar-producing
Melastomataceae (Blakea, Brachyotum, Charianthus, Huilaea, Meriania and Miconia). Anatomical methods
included scanning electron microscopy, and serial sections of paraffin-embedded flowers.
† Key Results All vertebrate-pollinated melastome flowers have petals that do not open completely at anthesis, thus
forming a pseudo-tubular corolla, while closely related species that are bee pollinated have rotate or reflexed corol-
las. In most species, nectar secretion is related to stomatal or epidermal nectaries and not filament slits as previously
reported. Moreover, the nectar is probably supplied by large vascular bundles near the release area. Blakea and
Huilaea have nectary stomata located upon the dorsal anther connective appendages. Brachyotum also has
nectary stomata on the anther connectives, but these are distributed lengthwise along most of the connective.
Meriania may release nectar through the anther connective, but has additional nectary stomata on the inner walls
of the hypanthium. Miconia has nectary stomata on the ovary apex. Charianthus nectaries were not found, but
there is circumstantial evidence that nectar release occurs through the epidermis at the apex of the ovary and the
lower portions of the inner wall of the hypanthium.
† Conclusions Nectar release in Melastomataceae is apparently related to nectary stomata and not filament slits. The
presence of nectary stomata on stamens and on ovary apices in different lineages suggests that the acquisition of
nectaries is a derived condition. Nectary location also supports a derived condition, because location is strongly con-
sistent within each genus, but differs between genera.

Key words: Blakea, Brachyotum, Charianthus, Huilaea, Meriania, Melastomataceae, Miconia, nectaries, nectary stomata,
pollination.

INTRODUCTION

Melastomataceae flowers are known for usually providing
pollen rewards to their pollinators. Pollen of Melastomataceae
can be of great ecological importance in the neotropics, where
melastome flowers have been shown to be visited by up to
40 % of bee species in a given locality (Renner, 1989;
Harter et al., 2002). Their poricidal anthers have been seen
as a specialization to protect the pollen, ensuring that it is
only collected by bees. However, nectariferous Melastomata-
ceae, which mostly retain poricidal anthers, have evolved
other strategies for attracting pollinators.

The first report on nectar release in the Melastomataceae
was made by Ule (1896) on Tibouchina, a large genus with
over 350 species, most of which are bee-pollinated (Renner,
1989). Since then, nectar production has been reported in a
handful of other species of Tibouchina (Vogel, 1957;
Renner, 1989; Stein and Tobe, 1989), and in this genus it
has been linked to pollination by hummingbirds, bats and
bees (Vogel, 1957; Renner, 1989). Nectar production associ-
ated with pollination by hummingbirds has also been reported
for several species of Brachyotum (Lagerheim, 1899; Stiles
et al., 1992), and it is believed that all 50 species of this
genus are nectariferous (Wurdack, 1953). Likewise, all
species of the small genera, Charianthus and Huilaea (six

and eight species, respectively), produce nectar and are bird-
pollinated (Snow and Snow, 1980, Mendoza-Cifuentes and
Prieto-Cruz, 2003; Penneys and Judd, 2005). In Blakea, a
genus with about 100 species, rodent pollination has been
reported or suspected in four species (Lumer, 1980; Lumer
and Schoer, 1986; Almeda, 2000), and hummingbird polli-
nation is presumed in two, B. fuchsioides (Almeda, 1989;
D. S. Penneys, unpubl. res.) and B. purpusii (C Lumer,
Cochise County Herbarium). Bat and bird pollination, with
the associated nectar production, has also been reported in
four species of Meriania and closely related Centronia, a
mostly Andean group with 60–70 species (Vogel, 1988,
1997; Muchhala and Jarrin-V, 2002). Additionally, some
insect-pollinated Miconia produce nectar (Mori and Pipoly,
1984; Renner, 1989; Vogel, 1997; Goldenberg and
Shepherd, 1998). Amongst neotropical Melastomataceae,
nectar production has been reported either in the literature
or upon collection labels of about 80 species out of a total
of over 3000 species (Renner, 1989).

The shift from pollen to nectar rewards in Melastomataceae
has been interpreted as a response to selective forces due to
the greater availability of vertebrate pollinators at higher
altitudes (Stein and Tobe, 1989; Cruden, 1972), where
nectar-producing genera usually occur (Renner, 1989).
Hummingbirds are a very speciose group in the Andes and
appear to have tracked the creation of new montane habitats* For correspondence. E-mail isagalarda@ufpr.br
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(Bleiweiss, 1998). On the other hand, bee pollination services
decline along an altitudinal gradient (Arroyo et al., 1982).
This is suggestive of the ecogeographic scenario proposed
by Thomson and Wilson (2008) in which a melitophilous
linage evolves into an ornithophilous one. This theory
would not apply to nectariferous insect-pollinated species of
Miconia, usually found at lower elevations. But, as for
species in higher altitudes, the shift to nectar-flowers in
Miconia can also be interpreted as a change fostered by polli-
nators’ unpredictability. Nectariferous species of Miconia do
not have poricidal anthers, presenting a much more generalist
pollination system (Goldenberg et al., 2008).

In most angiosperms, nectar is exuded from nectaries via
epidermal cells or trichomes, pores, by rupturing or per-
meable cuticules, or by nectariferous tissues with stomata
(Fahn, 1979). Vogel (1997, 1998a, b, c) studied several
species in different families known to produce nectar, but
that lacked obvious nectariferous tissues, the ‘remarkable
nectaries’. Among these remarkable nectaries were
the genera Brachyotum, Medinilla and Meriania in the
Melastomataceae (Vogel, 1997).

Thus far, all studies focusing on floral nectaries in
Melastomataceae (Stein and Tobe, 1989; Tobe et al., 1989;
Vogel, 1997) report the absence of nectariferous tissues,
and failed to find a structure related to nectar release
(except for Medinilla magnifica). In most genera like
Brachyotum, Tibouchina (Stein and Tobe; 1989; Vogel;
1997), Chalybea (Stein and Tobe, 1989) and Meriania
(Vogel, 1997), the release has been suggested to be staminal
with nectar seeping out of parenchyma on the adaxial surface
of the filament geniculum. However, filament slits also occur
in nectarless species (Vogel, 1997; Renner, 1989, 1993;
F. A. Michelangeli, unpubl. res.), and they can be easily
spotted as darker tissue on the filament. These are the
product of damage caused by visiting bees while they grasp
the anthers, and the dark colour is due to necrosis of the
tissue (Renner, 1989). Moreover, at least in the case of
Meriania phlomoides, the slits appear only after the flowers
have been visited by hummingbirds and may also be the
result of the damage caused by the birds (R. Kriebel,
New York Botanical Garden, USA, and F. A. Michelangeli,
unpubl. res.). Other nectar production mechanisms have
been postulated, like the stigmatic secretion of nectar in
Miconia (Stein and Tobe, 1989). Additionally, in Medinilla
magnifica, nectary stomata were found on petal tips (Tobe
et al., 1989; Vogel, 1997), but are probably not related to
pollination (Vogel, 1997). Therefore, the question remains
open as to where and how nectar is released.

In this study, neotropical nectar-producing Melastomata-
ceae were investigated in order to clarify (a) if structures
related to nectar production are present, and (b) if closely
related taxa use similar morphological and/or anatomical
features to release nectar.

MATERIALS AND METHODS

Species studied

Fourteen species, in six genera and four tribes of neotropi-
cal Melastomataceae were studied. All of them produce

nectar, as observed in the field by the authors or collabor-
ators, who also collected the samples (Table 1). The
flowers and buds were fixed in 50–70 % ethanol for later
anatomical studies.

Blakeeae. Blakea chlorantha is a rodent-pollinated species
that secretes copious, mucilaginous nectar at night
(Lumer, 1980). The flowers are pendant, with green
sepals and petals that form a bowl-shaped corolla
(Fig. 1A). Blakea fuchsioides, as well as the two species
of Huilaea mentioned below, is presumed to be
hummingbird-pollinated (Almeda, 2000). The flowers are
pendant, with showy, red floral bracts and pink petals
forming a tubular corolla (Fig. 1B). Huilaea ‘calyptrata’
has flowers that are mostly erect, with inconspicuous
sepals, and light-pink petals forming a tubular corolla
(Penneys, 2007; Fig. 1C). Huilaea ecuadorensis has
pendant flowers, with pink to red, tubular corollas
(Wurdack, 1990).

Melastomeae. Brachyotum is an Andean genus of
hummingbird-pollinated shrubs with tubular corollas
(Wurdack, 1953). Brachyotum confertum has pendant,
nigrescent-purple flowers. Brachyotum ledifolium has
showy, pendant flowers with red sepals and yellow petals
(Fig. 1D). Brachyotum microdon has pendant flowers,
with dark purple petals and a red hypanthium.

Merianieae. Meriania phlomoides is hummingbird- and bat-
pollinated (Vogel, 1997; R. Kriebel, New York Botanical
Garden, USA, and F. A. Michelangeli, unpubl. res.). The
flowers are erect, with green sepals, white petals and bowl-
shaped corollas (Fig. 1E). Meriania tomentosa is
hummingbird-pollinated, and has erect flowers with brown
sepals, red petals, and bowl-shaped corollas (Fig. 1F).

Miconieae. Charianthus is a hummingbird-pollinated genus
of Lesser Antillean shrubs and small trees (Penneys and
Judd, 2005). Charianthus alpinus and C. dominicensis
have erect flowers with red sepals, petals and filaments.
The corollas are tubular with stamens exserted in the
former, and barely so in the latter. Charianthus nodosus
has pendant, tubular flowers, with red sepals, pink petals
and red, exserted stamens (Fig. 1G). Miconia hyemalis is
pollinated mainly by wasps (I. G. Varassin, unpubl. res.).
The flowers are erect, with brown sepals, white petals and
stamens (Fig. 1H). Miconia melanotricha is a
hummingbird-pollinated species (Stein and Tobe, 1989)
with pendant flowers that have pink sepals, pink petals
and red stamens (Fig. 1I). The corolla is tubular with
stamens exserted.

Morphological and anatomical studies

Measurements were taken from flowers preserved in 50 %
ethanol. Flower size was estimated by measuring the tube
width at the outside torus level, and the tube height from
the torus level to the distal tips of petals. The relative size
of the vascular supply in the connective was calculated as
the ratio between radial thickness of the vascular bundle
and the radial thickness of the filament as previously
suggested by Stein and Tobe (1989). All measurements
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TABLE 1. Pollination mode, flower size, nectary features (location and size), thickness ratio among vascular bundle/filament and nectar location reports for species
of nectar-producing Melastomataceae in the neotropics

Tribe Species Pollinators

Floral tube
width and
height (mm) Location of nectaries

Nectary
stomata
(mm)

Ratio of vascular
bundle : filament size Site of nectar release

Collector and
no. of collection

Blakeeae Blakea chlorantha Rodents 5.2 � 8 Dorsal appendage of the
connective

18 0.33 Base of filaments*; abaxial
surface of filaments†

Penneys 1512

Blakea fuchsioides Hummingbirds 7 � 19 Dorsal appendage of the
connective

19 0.30 – Penneys 1744

Huilaea ‘calyptrata’
Penneys & Morales-P

Hummingbirds 17 � 16 Dorsal appendage of the
connective

15 0.63 – Penneys 1892

Huilaea ecuadorensis Hummingbirds 16 � 25 Dorsal appendage of the
connective

35 0.36 – Penneys 1589

Melastomeae Brachyotum confertum Hummingbirds 4 � 17 Dorsal surface of the
connective

35 0.27 – C. Ulloa

B. ledifolium Hummingbirds 7 � 17 Dorsal surface of the
connective

19 0.41 Adaxial surface of filaments† C. Ulloa

B. microdon Hummingbirds 4.5 � 16 Dorsal surface of the
connective

29 0.41 – M. Alford
54-184

Merianieae Meriania phlomoides Hummingbirds
and bats

4 � 19 Dorsal and ventral
surface of the connective
and hypanthium

26 0.38 Release on the abaxial surface
of filaments‡/nectar
accumulated on petals

FAM 947;
Penneys 1776

Meriania tomentosa Hummingbirds 8 � 27 Dorsal and ventral
surface of the connective

– 0.54 Abaxial surface of filaments‡ Penneys 1621

Miconieae Charianthus alpinus Hummingbirds 4 � 16 Ovary apex? – 0.20 – Penneys 1314
C. dominicensis Hummingbirds 3 � 13 Ovary apex? – – – Penneys 1316
C. nodosus Hummingbirds 3.5 � 12 Ovary apex? – 0.25 – Penneys 1275
Miconia hyemalis Wasps, moths 1.5 � 3 Ovary apex 17 0.20 Nectar stored over the floral

tube, stamens
Reginatto 702
and 703

M. melanotricha Hummingbirds 3 � 10 Dorsal and ventral
surface of the anther

24 0.19 Penneys 1730

(–), Not observed.
* Lumer, 1980; † Stein and Tobe, 1989; ‡ Vogel, 1997.
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were made at the basal portion of anther on sections mounted
on microscopy slides. Stomata were measured in SEM
photographs as the diameter parallel to the guard cells.

For light microscopy the samples were dehydrated in an
ethanol–toluene series and embedded in Paraplast Plus.
Cross and longitudinal serial sections of 8–10 mm were
stained alternatively with periodic acid–Schiff reagent for
carbohydrates, or with 0.5 % AstraBlue and 0.2 %
Safranin as a general stain. Ninhydrin–Schiff reaction
was used for proteins and amino acids. Polarized light
was used to search for starch grains. Permanent slides

were mounted with Permount. All slides were observed
on a Zeiss Axioplan compound scope, and photographed
with a Nikon DXM1200c digital camera along with its
Nikon ACT-1c software.

For scanning electron microscopy, the samples were
dehydrated in an ethanol–acetone series, critical point-
dried, and coated for 4.5 min with gold–palladium in a
Hummer 6.2 Sputter Coater. The occurrence of nectaries
was checked on petals, hypanthium and dorsal and ventral
side of the anthers in each species in a JEOL JSM-5410
at 15 kV.

FI G. 1. Nectar-producing flowers in Melastomataceae. (A) Blakea chlorantha, (B) B. fuschisoides, (C) Huilaea ‘calyptrata’, (D) Brachyotum ledifolium,
(E) Meriania phlomoides, (F) M. tomentosa, (G) Charianthus nodosus, (H) Miconia hyemalis, and (I) M. melanotricha.
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RESULTS

Flowers of nectar-producing melastomes are usually large,
with a floral tube always over 10 mm long, and most com-
monly over 15 mm long. In most cases, nectar-producing
flowers are larger (or equal) to closely related, nectarless
species (Fig. 1). In the present sample, hummingbird-
pollinated flowers have floral tubes that appear long
because the petals do not spread open at anthesis, as in
Blakea fuchsioides, Brachyotum spp., Charianthus spp.,
Meriania spp. and Miconia melanotricha. In the rodent-
pollinated Blakea chlorantha, and bat-pollinated Meriania
phlomoides, the petals open (but never spread out comple-
tely), so the floral tube appears wide (Fig. 1A and E).
Huilea spp. have large petals (16 � 25 mm) that by
opening at small amount at anthesis (,308) give the
floral tube a bell shape that is both wide and long
(Fig. 1C). The only species possessing flowers with petals
,5 mm long, and that has no real tube because the petals
spread at anthesis, is the insect-pollinated Miconia hyemalis
(Fig. 1H and Table 1).

Nectary tissue and secretory structures are found in
different organs of the flowers of neotropical
Melastomataceae, but within each genus the structures are
all similar. Staminal nectaries are found in Blakea,
Brachyotum, Huilaea, Meriania and Miconia melanotricha.
Nectary stomata occur in abundance on the proximal
portion of the connective, with the exception of Meriania,
in which stomata are absent. Nectaries occur on the ovary
apex of Meriania phlomoides and Miconia hyemalis,
where nectary stomata were found. All observed nectary
stomata are formed by two guard cells with subsidiary
cells lacking. The surface of the guard cell is always
smooth while the non-specialized epidermal cells are
covered by a ridged cuticule.

Blakeeae

Blakea. Blakea chlorantha and B. fuchsioides have staminal
nectaries on the dorsal surface of the anther connective. The
dorsal epidermis and parenchyma of the anther stained
strongly for carbohydrates (Fig. 2A, B), even in areas
where no nectary stomata are found. Nectary stomata dis-
tributed over the dorsal appendage of the connective
(Fig. 3A–D) are supplied by a vascular bundle that diverges
from the main bundle in the anther (Fig. 2C, D) and the paren-
chyma has copious, intercellular spaces. The appendage
vascular bundle is only four to six cells distant from the
epidermis and nectary stomata (Fig. 2C, D).

Blakea chlorantha possesses large and continuous inter-
cellular space beneath the epidermis of the distal portion
of the anther, close to the dorsal appendage (Fig. 2B).
This intercellular space is rich in carbohydrates (Fig. 2B).

Huilaea. Huilaea ‘calyptrata’ and H. ecuadorensis possess
nectary stomata on the dorsal surface of the anther connec-
tive appendage (Fig. 3E, F). The dorsal epidermis and paren-
chyma of the anther strongly stains for carbohydrates
(Fig. 2F) in areas where nectary stomata are found. The
dorsal appendage is supplied by a vascular bundle that
diverges from the main bundle in the anther (Fig. 2E).

The appendage bundle is only three to six cell layers
distant from the epidermis and nectary stomata (Fig. 2E).
On the appendage, the parenchyma underlying the epider-
mis is rich in intercellular spaces (Fig. 2F). In H. ‘calyp-
trata’, the cells of this parenchyma possess thickened cell
walls, and may store starch (Fig. 2E). The nectary stomata
are small and very abundant over the appendage of connec-
tive and also occur on the first quarter of the connective
close to the appendage (Fig. 3E). In H. ecuadorensis,
nectary stomata occur over the concave depression close
to the appendage (Fig. 3F).

Melastomeae

Brachyotum. Brachyotum confertum, B. ledifolium and
B. microdon possess staminal nectaries on the dorsal
surface of the anther connective. The dorsal epidermis
and parenchyma of the anthers in Brachyotum spp. stains
for carbohydrates (Fig. 2G–I), even in areas where no
nectary stomata are found. Nectary stomata are distributed
on the connective along the proximal third in
B. microdon, two-thirds in B. confertum (Fig. 3H) or the
entire connective in B. ledifolium (Fig. 3G); the stomata
are absent from the dorsal crest of the connective.
Nectary stomata are distributed in lines, tracking the pos-
ition of vascular supply (Fig. 3G, H), and are positioned
above large intercellular spaces (Fig. 2H) of the parench-
yma. The vascular bundle in the connective is large, paral-
leling the epidermis by sometimes only three layers of
parenchyma cells (Fig. 2G–I).

Merianieae

Meriania. Meriania phlomoides and M. tomentosa have
strongly ornamented anther connective appendages with
many channels between the lobes, and nectary stomata
are lacking. The architecture of the appendage (Figs 2J, L
and 3I, J) and the weak staining for carbohydrates along
both faces of the ventral connective (Fig. 2J, L) suggests
that the appendage may function as a nectary. In
M. phlomoides, nectary stomata are found on the inner
surface of the hypanthium, close to the ovary, where the
parenchyma is rich in carbohydrates (Fig. 2K).
Information about the hypanthium is currently lacking for
M. tomentosa.

Miconieae

Charianthus. The source of nectar production in Charianthus
remains enigmatic. No nectary stomata were observed on
stamens, and only a single stomata was observed on the
ovary apex of one specimen of C. nodosus. However, the
parenchyma underlying the epidermis of the ovary apex is
rich in carbohydrates (Fig. 2 N), and the vascular supply is
abundant due to proximity with the ovary (Fig. 2 N).

Miconia. Miconia hyemalis and M. melanotricha are very
distinct in their morphology and nectary stomata location.
Miconia hyemalis has nectaries on the ovary apex posses-
sing vascular bundles close to the epidermis and nectary
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stomata, and the parenchyma is rich in intercellular
spaces (Fig. 2M). The nectary stomata are present on the
inner face of the ovary apex, close to the style base
(Fig. 3L). This area is rich in papillate trichomes
(Fig. 3M). In M. melonotricha, nectary stomata are
found on the ventral face of the anther and dorsal

connective, where only two nectary stomata were observed
(Fig. 3K), and are absent from the ovary apex. In these
stamens, few nectary stomata were present. The vascular
bundle is closer to the ventral face of the anther, which
is probably associated with the richest area of nectary
stomata.

FI G. 2. Aspects of nectary tissues in nectar-producing Melastomataceae. (A) B. chlorantha: dorsal epidermis and parenchyma of anther strongly stains
for carbohydrates. (B) B. chlorantha: large and continuous intercellular space under the epidermis rich in carbohydrates. (C) B. fuschisoides: dorsal epi-
dermis and parenchyma of anther strongly stains for carbohydrates. (D) B. fuschisoides: the dorsal appendage supplied by a vascular bundle that diverges
from the main bundle in the anther. (E) Huilaea ‘calyptrata’: dorsal appendage supplied by a vascular bundle that diverges from the main bundle in the
anther. (F) H. ecuadoriensis: intercellular spaces below stomata. (G) B. microdon: large vascular bundle in the connective close to the epidermis and
stained for carbohydrates. (H) B. ledifolium: stomata and intercellular spaces – a path to vascular supply? (I) B. confertum: vascular bundle in the con-
nective paralleling the epidermis. (J) M. phlomoides: connective strongly ornamented, with many channels between lobes. (K) M. phlomoides:
hypanthium rich in carbohydrates. (L) M. tomentosa: connective vascular supply. (M) M. hyemalis: vascular supply in the apex of the ovary. (N)

C. alpinus: weak reaction for carbohydrates in the apex of the ovary.

Varassin et al. — Anatomy of Nectar-producing Melastomataceae904

D
ow

nloaded from
 https://academ

ic.oup.com
/aob/article/102/6/899/104821 by guest on 10 April 2024



DISCUSSION

Nectaries in Melastomataceae are composed of modified
stomata with little differentiation in their adjacent paren-
chyma. Nectar secretion through stomata has been reported
for many species (Davis and Gunning, 1992; Nepi et al.,
1996; Gaffal et al., 1998; Razem and Davis, 1999; Fahn
and Shimony, 2001; Wist and Davis, 2006; Paiva and
Machado, 2008), but this is the first report on nectary
stomata related to pollination in Melastomataceae. This

kind of nectary seems to be the commonest method of
nectar release in non-monocotyledoneous angiosperms
(Endress, 1994; Bernardello, 2007). These modified
stomata are all very similar, formed by two guard cells,
with no subsidiary cells (Gaffal et al., 1998; Wist and
Davis, 2006). A common feature in nectary stomata is the
smoothness of guard-cells (Wist and Davis, 2006). Such
nectaries are usually differentiated as a disc around the
ovary in eudicots (Endress, 1994), but there are reports of

FI G. 3. Stomata positioned upon the dorsal appendage of the anther: (A, B) Blakea chlorantha, (C, D) B. fuschisoides, (E) Huilaea ‘calyptrata’,
(F) H. ecuadorensis. Stomata upon the anther connective: (G) Brachyotum ledifolium, (H) B. confertum. Lobed anther appendage: (I) Meriania
phlomoides, (J) M. tomentosa. Stomata upon the anther connective: (K) Miconia melanotricha. Stomata upon the ovary apex: (L, M) M. hyemalis.

Scale bars ¼ 100 mm, except to (D) and (M) where scale bars ¼ 10 mm.
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nectar exudation on the stamens (Davis and Gunning, 1992)
or in a staminal column (Razem and Davis, 1999).

Modified stomata associated with nectar secretion in
Melastomataceae were first seen by Vogel (1997) who
described this structure on petal tips of Medinilla magnifica.
Although in M. magnifica the ecological function of the
stomata on the petals is associated with protection by ants
rather than with pollination, these stomata do also secrete
sugars.

Nectary stomata may be homologous to leaf hydathodes
(Vogel, 1997), which are almost twice as large as the
aerial stomata in Medinilla magnifica. The nectary
stomata on the species reported here (see Table 1) are
from slightly bigger than the aerial stomata in
M. magnifica, 13 mm (Vogel, 1997) to larger than its
hydathodes, 21–25 mm (Vogel, 1997) as in Huilaea ecua-
dorensis, Brachyotum confertum and B. microdon.

Since it is difficult to distinguish nectariferous tissue from
the surrounding tissues, Melastomataceae nectaries were
originally described as non-structural (Stein and Tobe,
1989; Vogel, 1997) as defined by Zimmerman (1932).
However, some differentiation may be found, such as the
presence of intercellular spaces next to stomata or below
the epidermis, the presence of thickened cell walls, and
vascular bundles close to the nectary stomata.

The presence of intercellular spaces below the epidermis
is a characteristic feature of nectaries with stomata (Fahn,
1979; Gaffal et al., 1998; Wist and Davis, 2006), where
nectar may be discharged internally, from where it
reaches the exterior via modified stomata (Durkee, 1983;
Gaffal et al., 1998). It remains unknown how nectar
reaches the intercellular spaces, but both apoplastic and
symplastic pathways have been invoked to explain nectar
release (Gaffal et al., 1998; Stpiczynska et al., 2005; Wist
and Davis, 2006). The presence of sucrose-rich nectar in
the species studied here would support the hypothesis of a
phloem origin of nectar (Vogel, 1997). However, even con-
sidering the homology to hydathodes, there is some support
for an active role of parenchyma cells in water exudation
(Fahn, 1979) and nectar is, in many cases, hypertonic to
phloem sap (Durkee, 1983).

The presence of thickened cell walls on the adjacent epi-
dermis parenchyma cells, as in Huilaea ‘calyptrata’, was
reported in some other species where nectary parenchyma
cell walls are thick and heavily cutinized (Fahn, 1979;
Durkee, 1983; Stpiczynska et al., 2005).

As reported here for many species, in vascularized nectaries
the vascular bundle generally ends a few cells away from the
secretory tissue (Durkee, 1983) and may be constituted only
by phloem ends (Gaffal et al., 1998, Wist and Davis, 2006),
or by both xylem and phloem (Stpiczynska et al., 2005).
Supporting the idea that vascular supply is directly
involved with nectar secretion, nectariferous species of
Melastomataceae usually possess stamens with large vascular
bundles whose diameter is approximately one-third that of the
filament (Stein and Tobe, 1989). This pattern is true for all
species investigated in this study that have staminal nectaries
with the exception of Miconia melanotricha. Species with
nectaries on the ovary apex, M. hyemalis, and perhaps
Charianthus spp., all have a low thickness ratio (from 0.20

to 0.25). However, it should be noted that Miconia and
Charianthus are the only genera studied here that belong to
the tribe Miconieae, and this pattern might have a phylogene-
tic origin, rather than be a reflection of the position of the
nectaries.

The staminal nectaries on the dorsal surface of the anther
connective, the parenchyma rich in intercellular spaces, and
the distribution of vascular supply on the connective are
morphological similarities observed in Blakea and
Huilaea. They support the recent hypothesis that Huilaea
belongs in the tribe Blakeeae (Penneys et al., 2004;
Penneys, 2007; M. E. Morales, Universidad Tecnologı́ca y
Pedagógica de Colombia, Colombia, and D. S. Penneys,
unpubl. res.), rather than in the Miconieae as previously
suggested (Wurdack, 1957; Judd, 1989; Renner, 1993). In
Blakea there has probably been a single shift from insect
to vertebrate (hummingbirds and rodents) pollination
(Penneys, 2007), where nectar production is expected.

All three species of Brachyotum studied also have stam-
inal nectaries, but this genus is placed in the Melastomeae.
The staminal nectaries found in the Blakeeae and
Melastomeae could potentially reflect a phylogenetic affi-
nity, as in some cladistic analyses (D. S. Penneys, unpubl.
res.) these two lineages appear to be sister, though
increased generic and tribal-level sampling is needed for
confirmation. Staminal nectaries of Brachyotum differ
from those of Blakea and Huilaea in that no stomata
occur upon the dorsal appendage.

In Meriania, tribe Merianieae, nectar is released through
the epidermis of the inner wall of the hypanthium, either by
rupture of the cuticle, or by cuticle permeability as has been
proposed for other species (Fahn, 1979). It is possible that
in M. phlomoides nectar is released both in the stamens
and the hypanthium. As nectary stomata have been
described occurring in deep depressions (Nepi, 2007), it
is also possible that in M. phlomoides and M. tomentosa
they are enclosed and obscured by the connective lobes.

Miconia hyemalis and M. melanotricha have nectary
stomata either on the ovary apex or on the ventral anther
connective surface. This makes Miconia the only genus
included in this study that shows different nectary locations.
However, Miconia has over 1050 species, is widely distrib-
uted throughout the neotropics, and is paraphyletic
(Michelangeli et al., 2004; Goldenberg et al., 2008).
Miconia melanotricha is not closely related to
M. hyemalis (Goldenberg et al., 2008). Miconia melanotri-
cha is a hummingbird-pollinated species belonging to a
mostly Caribbean clade, while M. hyemalis is an insect-
pollinated species, from an eastern Brazilian clade
(Goldenberg et al., 2008). Miconia hyemalis shares nectar
production, a disagreeable flower scent, and fly pollination
(I. G. Varassin, unpubl. res.) with other species from the
same eastern Brazilian clade such as M. pepericarpa
(Goldenberg and Shepherd, 1998) and M. angellana
(Santos, 2008). It is predicted that nectary stomata are
also found on the ovary apex of the other nectariferous
species in this clade.

Charianthus, which also belongs to the Miconieae,
obviously produces nectar and is hummingbird-pollinated
(Penneys and Judd, 2005; Penneys, 2007). However, this
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study failed to reveal the source of the nectar. Because the
stamens are exserted beyond the corolla tube, and because
hummingbirds place their beak deep into the corolla tube,
it is not surprising that nectar production does not seem
to be associated with the anthers as in other species
discussed above. The level of vascularization and the
amount of carbohydrates at the base of the hypanthium
suggest that nectar is produced in this region.
Alternatively, the vascularization might be associated with
vasculature that supplies the ovary rather than with nectar
production.

A striking feature of nectar-producing melastomes is that
the stamen appendages and basally prolonged connectives
(termed pedoconnectives by Jacques-Felix, 1953) that are
widespread in the family are both small or absent in these
species (with the exception of the appendages of Meriania).
In part, this is related to the fact that most nectar-producing
species belong to clades that have reduced appendages or no
pedoconnectives regardless of their pollination mode (e.g.
Miconieae and Blakeeae), but it is even true for Brachyotum
which belongs to the Melastomeae, a tribe with both pedocon-
nectives and large anther appendages. This may be due to the
fact that these structures are associated with the buzz-
pollination syndrome (Renner, 1989), and might have been
lost in the hummingbird-pollinated lineages. Detailed phylo-
genetic analyses of the Melastomeae and reproductive
biology studies for the same taxa are necessary in order to
test this hypothesis.

The unusual presence of nectaries in the Melastomataceae
species described here is also associated with a flower mor-
phology shift, from rotate, to falsely tubular, pseudocampanu-
late flowers. It is important to clarify that these corollas are
‘tubular’ only from a functional point of view, because like
in all other Melastomataceae, the petals are not connate and
the tubular aspect is produced by corollas that do not spread
open during anthesis (Fig. 1A–G). Nectar-producing flowers
tend to be rather large, except for Miconia hyemalis, the
only insect-pollinated one. According to Faegri and van der
Pijl (1979), large flowers are expected in vertebrate-pollinated
species.

Hummingbird flowers are usually associated with long-
billed Phaethornithinae hummingbirds (Walther and
Brieschke, 2001; Kaehler et al., 2005), and the flowers
are mostly tubular (Buzato et al., 2000), as in Blakea fuch-
sioides, Brachyotum confertum, B. ledifolium, B. microdon,
Charianthus alpinus, C. dominicensis, C. nodosus and
Miconia melanotricha. There are also hummingbird-
pollinated species with large corolla apertures (Buzato
et al., 2000), such as Huilaea and Meriania.

Flower colours of Blakea fuchsioides, Brachyotum con-
fertum, B. ledifolium, B. microdon, Charianthus alpinus,
C. dominicensis, C. nodosus, Huilaea ‘calyptrata’,
H. ecuadorensis, Meriania tomentosa and Miconia melano-
tricha are usually associated with hummingbird pollination.
All of these species have showy flowers, with sepals, and/or
petals usually pink to red, which are not exclusive to
hummingbird-pollinated flowers, but are very common
among them (Faegri and van der Pijl, 1979).

Wide floral tubes and bell- or brush-shaped flowers are
common in bat-pollinated plants, as are dull colours

(Proctor et al., 1996); these characteristics are present in
Meriania phlomoides, and in another bat-pollinated species,
M. pichichensis (Muchhala and Jarrin-V, 2002). However,
M. phlomoides seems to be bat- and hummingbird-
pollinated (Vogel, 1997; R. Kriebel, New York Botanical
Garden, USA, and F. A. Michelangeli, unpubl. res.).
Species that are pollinated by both of these vertebrate
groups have been reported (Sazima et al., 1994), and
M. phlomoiodes, which has diurnal and nocturnal anthesis
along with large, whitish, pseudocampanulate corollas,
may be another.

Flowers pollinated by non-flying mammals are usually
robust, not vivid coloured, and secrete copious nectar
(Proctor et al., 1996); characteristics found in Blakea chlor-
antha (and three closely related species). The structure of
the nectary in B. chlorantha, with a large intercellular
space rich in carbohydrates, may be a feature associated
with voluminous nectar release as reported by Lumer
(1980).

One of the major conclusions of this study is that nectar
release in Melastomataceae is related to nectary stomata and
not filament slits. Thus, the hypothesis that nectar pro-
duction is primitive in Melastomataceae and lost in most
modern members (Renner, 1989) is probably incorrect
because it was proposed under the assumption that filament
slits are widespread in the family, and in some lineages the
slits were co-opted into nectaries (Renner, 1989). The pre-
sence of nectary stomata on stamens and ovaries in different
lineages suggests that the acquisition of nectaries is a
derived condition in the family, as proposed by Stein and
Tobe (1989), and Vogel (1997), and subsequently subject
to convergence. Within the Melastomataceae, it appears
that pathways and locations exploitable for nectary
stomata are conserved within closely related lineages.
This is illustrated by the highly similar staminal nectaries
of the Blakeeae (Blakea and Huilaea) and Melastomeae
(Brachyotum), lineages that appear to be sister
(D. S. Penneys, unpubl. res.), and also in the Merianieae
(Meriania phlomoides) and Miconieae (Miconia hyemalis),
although tribal-level phylogenetic affinities need to be
confirmed.

This research on nectar-producing Melastomataceae is
just beginning and this study should help guide future
research. For example, we still have a very poor understand-
ing about the nectar production and release in Charianthus.
Detailed chemical analyses of Melastomataceae nectar are
also necessary. Considering the diversity of vertebrate pol-
linators, and the occurrence of insect pollination within
nectar-producing species in the family, it would be interest-
ing to study whether some aspects of nectar secretion and
composition are related to pollination syndromes. Since
Melastomataceae usually have poricidal anthers that are
buzz-pollinated, research on the morphological character
changes of the anthers as related to pollen release in nectar-
iferous species is also necessary.
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