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ARTICLE INFO ABSTRACT

Edited by: Dr Cecilia Zumajo Floral diversification in the widespread Loranthaceae reaches its greatest expression in the Andes, spanning
entomophilous species to ornithophilous taxa. Tripodanthus, a genus restricted to South America, comprises three

Keywords: species with medium-sized flowers. Among them, the threatened T. belmirensis, endemic to Colombia’s Central

Bird frugivory Cordillera, displays ornithophilous red to orange corollas that contrast sharply with the entomophilous, whitish

Fenestrate anthesis

Omithophil flowers of its congeners T. acutifolius and T. flagellaris. We examined the reproductive traits of the little-known
rnithophily

Parasitic plants T. belmirensis. Its flowers possess six free petals that form an actinomorphic, tubular, fenestrate corolla, and three

Subpéramo mistletoes long stamens alternating with three short ones, all epipetalous. The ovary is three-locular, each locule containing

Santalales a highly reduced ovule. Only a single dicotyledonous embryo develops per flower, surrounded by a massive
compound endosperm, whereas the remaining embryo sacs arrest early in development. The viable embryo is
pendulous. The fruits consist of a dry, indehiscent pericarp enclosed by a viscin-rich epicarp. In the absence of a
seed coat, the embryo and endosperm lie directly against the pericarp. Together, the substantial viscin layer and
endosperm provide abundant nutritive resources for frugivorous birds, particularly the Indigo-winged parrot
(Hapalopsittaca fuertesi, Psittacidae: Arinae), an endemic and critically endangered species of Colombia’s Central
Cordillera.
Resumen: La diversificacion floral de la familia Loranthaceae, ampliamente distribuida, alcanza su maxima
expresion en los Andes, abarcando desde especies entomofilas hasta ornitdfilas. Tripodanthus, género restringido
a Sudamérica, comprende tres especies con flores de tamano mediano. Entre ellas, T. belmirensis, especie ame-
nazada y endémica de la Cordillera Central de Colombia, presenta corolas ornitéfilas de color rojo a naranja que
contrastan marcadamente con las flores blanquecinas y entomofilas de sus congéneres T. acutifolius y
T. flagellaris. Estudiamos los caracteres reproductivos de T. belmirensis, especie poco conocida. Sus flores poseen
seis pétalos libres que forman una corola actinomorfa, tubular, fenestrada, y tres estambres largos que alternan
con tres cortos, todos epipétalos. El ovario es trilocular; cada 16culo contiene un évulo muy reducido. Solo se
desarrolla un embri6n dicotiledéneo por flor, rodeado por abundante endosperma compuesto, mientras que los
sacos embrionarios restantes detienen su desarrollo en etapas tempranas. Los frutos constan de un pericarpo seco
e indehiscente, envuelto por un epicarpo rico en viscina. Debido a la ausencia de cubierta seminal, el embrion y
el endosperma se encuentran en contacto directo con el pericarpo. En conjunto, la masiva capa de viscina y el
endosperma proporcionan abundantes recursos nutritivos para las aves frugivoras, en particular para la cotorra
aliazul (Hapalopsittaca fuertesi, Psittacidae: Arinae), una especie endémica y criticamente amenazada de la
Cordillera Central de Colombia.
Palabras clave: Antesis fenestrada, frugivoria por aves, ornitofilia, plantas parasiticas, muérdagos de subparamo,
Santalales.
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1. Introduction

Flowers in the mistletoe family Loranthaceae Juss. (Santalales) reach
their highest degree of morphological diversification in the Andes.
However, most of the studies on floral morphoanatomy and reproduc-
tive biology have been carried out in Old World members of the family
(e.g. Blakely, 1922; Maheshwari et al., 1957; Johri, 1963; Bhatnagar and
Johri, 1983; Feehan, 1985; Ladley & al.,1997). The New World genus
Tripodanthus Tiegh. (Loranthaceae) comprises three species restricted to
South America: T. acutifolius (Ruiz & Pav.) Tiegh., which is widespread
across tropical and subtropical regions of the continent, except Chile;
T. belmirensis F.J. Roldan & Kuijt, confined to the Central Andes of
Colombia; and T. flagellaris (Cham. & Schltdl.) Tiegh., occurring in
northern Argentina and western Uruguay (Eichler, 1868; Rizzini, 1952;
Kuijt, 1986; Roldan and Kuijt, 2005; Amico et al., 2012; Dettke and
Waechter, 2014; Kuijt and Hansen, 2015). Tripodanthus belongs to the
subtribe Psittacanthinae, together with the genera Aetanthus (Eichler)
Engler, Cladocolea Tiegh., Dendropemon (Blume) Rchb., Maracanthus
Kuijt, Oryctanthus Eichler, Oryctina Tiegh., Panamanthus Kuijt, Passovia
H.Karst., Phthirusa Mart., Psittacanthus Mart., and Struthanthus Mart.
(Wilson and Calvin, 2006b; Vidal-Russell and Nickrent, 2008; Nickrent
etal., 2010; Su et al., 2015; Galvan-Gonzalez et al., 2024). However, the
precise phylogenetic relationships within the subtribe remain poorly
resolved. Preliminary analyses suggest that Tripodanthus is sister to all
other members of the subtribe, with this divergence estimated to date
back to the Oligocene (Liu et al., 2018) or possibly even earlier, in the
Eocene (Grimsson et al., 2017). Given the pivotal phylogenetic position
of Tripodanthus as a likely early-diverging lineage, and the remarkable
variation in floral and fruit anatomy and morphology across the subtribe
Psittacanthinae (Amico et al., 2012; Grimsson et al., 2017; Liu et al.,
2018), the features present in T. belmirensis are of particular importance
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for understanding patterns of character evolution within the group. The
genus Tripodanthus is characterized by epicortical adventitious roots
that penetrate stems and, occasionally, roots of their hosts; indetermi-
nate inflorescences that are mostly terminal on foliose branches and
composed of groups of two, or more commonly three flowers; and by
medium-sized (1-4 cm long) tubular flowers with dimorphic stamens
and a three-locular ovary. The epicortical roots arise from shoots that
function either as secondary haustoria or as tendrils facilitating climb-
ing, and have been reported to develop in response to wounds (Kuijt,
1982; J. 1989; Calvin and Wilson, 2006; Wilson and Calvin, 2006a,
2006b; Heide-Jgrgensen, 2008). Despite the current understanding of its
vegetative and parasitic structures, including the haustorial system, in-
formation on the morphoanatomy and development of the flowers and
fruits of Tripodanthus remains limited, as its species are rare in the wild.

To address the need for documenting floral and fruit traits in this
poorly known genus, we studied a population of Tripodanthus belmir-
ensis, endemic to the Central Cordillera of Colombia. This species in-
habits a limited number of high-Andean cloud forests, subparamos, and
paramos in the departments of Antioquia, Caldas, Risaralda, and Valle
del Cauca, at elevations ranging from 3000 to 3693 m. (Fig. 1). The
species represents the northern limit of the genus distribution, and its
range is disjunct with respect to its congeners. Along with Aetanthus,
Gaiadendron G. Don, and Tristerix Mart., it is among the few members of
the Loranthaceae that reach paramo vegetation in Colombia. The hab-
itats occupied by these species are increasingly threatened by agricul-
tural expansion and severe disturbance. Except for the widespread
G. punctatum G. Don., the remaining species of these genera qualify as
Critically Endangered under IUCN (2022) criteria B1 (Extent of Occur-
rence < 100 km?) and B2 (Area of Occupancy severely fragmented or
limited number of locations), owing to the very low numbers of known
individuals (Gonzalez and Pabon-Mora, 2023). Beyond its restricted

Fig. 1. Site study and life form of Tripodanthus belmirensis, and its associated parrot. A-B. High-Andean cloud forests. C. Stem hemiparasitic habit. D. Indigo-winged

parrot, Hapalopsittaca fuertesi (Psittacidae: Arinae), pearching near T. belmirensis.
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distribution and conservation status, understanding the ecological role
of Tripodanthus belmirensis is crucial, as mistletoes are widely recognized
as keystone resources, particularly for vertebrates (Watson, 2001). Birds
play a critical role in mistletoe dispersal, germination, and establish-
ment (Docters van Leeuwen, 1954; Ladley and Kelly, 1996; Ladley et al.,
1997; Robertson et al., 1999) and may also act as important drivers of
mistletoe diversification (Restrepo et al., 2002; Amico et al., 2007). In
this context, T. belmirensis likely contributes to sustaining local biotic
interactions as its fruits constitute an important food source for the
Indigo-winged parrot, Hapalopsittaca fuertesi (Chapman, 1912) (Psitta-
cidae: Arinae; Fig. 1D), an endemic species of Colombia’s Central
Cordillera that is considered critically endangered (Diaz-Gonzalez et al.,
2024). Additionally, foliage of related mistletoe species, such as Tripo-
danthus acutifolius (Loranthaceae) and Antidaphne viscoidea Poepp. &
Endl. (Santalaceae), serves as primary food for the larvae of Pieridae
butterflies (Pierini: Aporiina) (Biezanko, 1958; Remillet, 1988; Braby
and Nishida, 2010; Gonzalez et al., 2021), suggesting that T. belmirensis
may play a comparable role within high-Andean ecosystems.

In light of the limited knowledge of Tripodanthus belmirensis, its
restricted distribution, and its potential ecological significance, this
study examines the morphoanatomy of its reproductive structures to
enhance our understanding of the species and to document traits that
may influence its survival and long-term persistence as a critically en-
dangered Andean endemic mistletoe. Specifically, we aim to: (1) provide
a detailed account of floral and fruit morphology, anatomy, and devel-
opment in T. belmirensis; (2) identify structural features that inform in-
terpretations of its reproductive biology and functional ecology; (3)
clarify characters relevant to understanding evolutionary patterns
within Psittacanthinae and Loranthaceae; and (4) establish a morpho-
logical and anatomical framework to support future ecological, evolu-
tionary, and conservation studies of the species.

2. Material and methods
2.1. Plant material

Three individuals of Tripodanthus belmirensis were collected in the
locality of Cortaderal, municipality of Santa Rosa de Cabal, department
of Risaralda, on November 30th, 2023, at an elevation of 3177 m (co-
ordinates: 4.855645, -75.481913) (Fig. 1). Voucher specimens were
deposited in the herbarium Unisarc (CUS-P), Santa Rosa de Cabal
(Risaralda), and in the National Herbarium of Colombia (COL), Uni-
versidad Nacional de Colombia, Bogota, under the number S. Quintero
Garcia 970. We examined three to four flowers per individual at two
developmental stages—preanthesis and anthesis. Because fruits were
actively consumed by birds, fewer developmental stages could be
analyzed, and samples were obtained from only two individuals. The
fruits examined measured 0.5, 1, and 2 cm in length.

2.2. Tissue processing

Reproductive organs at different developmental stages (from pre-
anthesis flowers to mature fruits) of Tripodanthus belmirensis were
initially preserved in 70 % ethanol. Flowers in pre-anthesis and anthesis,
as well as fruits of various sizes, were dissected in 90 % ethanol under a
Leica MZ7.5 stereomicroscope (Leica Microsystems, Heerbrugg,
Switzerland). Samples were dehydrated through a standard etha-
nol-Histochoice series (90 %, 95 %, and 100 % x 2; 30 min each) and
embedded in Paraplast X-tra (Fisher Healthcare, Houston, Texas, USA).
Both, transverse and longitudinal serial sections (10-14 pm thick) were
obtained using a Leica RM2125 rotary microtome. Sections were stained
with Johansen’s Safranin and 0.5 % Astra Blue, and permanently
mounted in Permount (Fisher Scientific, Pittsburgh, Pennsylvania,
USA). Additional free-hand sections were stained with Potasium Iodide
(K1, Lugol; ThermoFisher Scientific), in order to test for the presence of
starch. All protocols followed Johansen (1940). Observations and digital
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images were made using a Leica DM500 optical microscope equipped
with a Leica ICC50W camera, operated with LAS EZ software. ImageJ
(imageJ.net/ij/) was used to measure and estimate the percentages of
viscin and endosperm in both a transverse and a longitudinal section of
fully mature fruits.

2.3. Landmarks and terminology

Terminology follows Weberling (1981), Suaza-Gaviria et al. (2016,
2017), Gonzalez & Pabon-Mora (2017a, 2017b, 2018, 2019), and
Botero-Castano et al. (2026). The histological zones of the flowers and
fruits were defined using the vascular system as a positional landmark,
as follows: the vascular bundles shared by petals and stamens delimit the
extracarpellary-derived epicarp externally and the carpellary-derived
pericarp internally.

3. Results

Tripodanthus belmirensis is a robust, shrubby, obligate stem hemi-
parasite characterized by upright branches, predominantly decussate
leaves, although some may be alternate on the proximal portions of the
shoots (Figs. 1C, D, 2A, B, D, E). The specimen examined for the
anatomical studies presented here was collected growing on a species of
Escallonia Mutis ex L.f.(Escalloniaceae). Individuals branch profusely
from early elongation stages, shortly after seedling establishment.
Young stems are somewhat fleshy and tetragonal in transverse section,
becoming woody, terete and lenticellate at maturity. The leaves are
shortly petiolate, with elliptic blades bearing a cuneate base, an
acuminate apex, a pronounced midvein, inconspicuous higher-order
veins, and a slightly succulent texture. They are light green in color,
with distinctly red margin (Fig. 2E, F).

Flowering shoots are upright, reaching up to 1 m in length (Fig. 2A,
B, D, E). The inflorescences are indeterminate thyrses borne on the
terminal portion of the first and second order branches (Fig. 2B, D, E).
Each thyrse comprises 5 to 8 partial inflorescences, each consisting of
simple dichasia (i.e. one central and two lateral flowers) that develop in
the axils of inconspicuous bracts (Fig. 2C, E). The central flower of each
dichasium develops first, although it often aborts or fails to develop,
resulting in two-flowered partial inflorescences. The proximal flowers of
the thyrse open and transition to fruits earlier than the distal flowers.

Flowers are borne on pedicels 4-6 mm long (Fig. 2C). The calyx is
glabrous and green, with a rounded red apex that is scarcely six-lobed
(Fig. 2C). The corolla is actinomorphic, measuring 3.5-4 cm in length
and 3-8 mm in diameter (Fig. 2B-E), and exhibits valvate aestivation.
The six petals are entirely free, although their marginal epidermal cells
remain interlocked until anthesis, forming a narrow, straight tube. The
petals are orange to red externally and light yellow internally. Anthesis
is fenestrate ab initio as the petals begin to separate at mid-lenght
(Fig. 2C); subsequently, the distal third of the petals expands and be-
comes symmetrically reflexed, fully exposing the epipetalous stamens
(Fig. 2C-E).

The androecium is dimorphic, consisting of three long stamens
alternating with three short ones. The stamens are upright and adnate to
the petals along their proximal half, with the zone of coherence between
petals and filaments extending up to 1.7 cm in length. The long stamens
are nearly as long as the petals. The free portions of the filaments are
light yellow with red apices, and measure 10-12 mm in length. The
anthers are dorsifixed, versatile, dithecal and tetrasporangiate; they are
isomorphic, ovoid, and short (2-3 mm long), and with a small terminal
apiculum and a dull creamy-yellow color (Figs. 2C-E, 3E, F, I).

The gynoecium is composed of six congenitally fused carpels, as
indicated by the six vascular bundles (see below) and the alternating
edges between petals and stamens, although only three poorly defined
locules are discernible in the ovary (Fig. 3B). The ovary is inferior, 5-7
mm long and is crowned by a prominent six-lobed nectary, whose lobes
alternate with the petals and stamens. The style is upright, slender, and
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Fig. 2. Tripodanthus belmirensis flowers and fruits. A. Individual from which samples were collected for the present study (voucher S. Quintero Garcia 970). B.
Flowering shoots with terminal inflorescences. C. Detail of inflorescence; note ab initio fenestrate corolla anthesis (arrowhead), style (sy) and stigma (sg). D.
Reproductive shoots showing (from left to right) flowers at preanthesis (pre), anthesis (ant), post-anthesis (pa) and fruits (fr); note persistent styles (sy) in post-
anthetic flowers. E. Flowers at full anthesis showing truncate calyx, reflexed petals, and versatile dorsifixed stamens. F. Fully formed fruit. Scale bars: 3 cm in B,

D;5mminC, E; 1 cmin F.

light yellow, except for a narrow zone immediately below the capitate
stigma, and it nearly equals the stamens in length (Fig. 2B-E). The style
persists through the early stages of fruit development.

The fruits of Tripodanthus belmirensis are globose to subglobose,
1-1.5 cm in diameter, and enclosed by the calyx, to which they are fused
except at the apical portion. The outer surface of the calyx in mature
fruits gradually shifts in color from dull green and vinaceous when
young to dark purple at full maturity (Fig. 2D, F), and exudes a copious
green secretion.

Floral anatomy: Six vascular bundles enter the pedicel and split
radially at the mid-level of the ovary into outer and inner bundles
(Fig. 3A, B). The outer bundles supply the common petal-stamen bases,
whereas the inner traces serve the gynoecium. The vascular trace
entering the common petal-stamen base further divides radially into
separate petal and stamen traces (Fig. 3C, D).

The hypanthium is massive and covered by a unistratified epidermis
(Fig. 3A, B). The 6-8 outermost layers of the mesophyll consist of large
tannin-like filled cells. In the upper hypanthium, the calyx exhibits a
mesophyll composed of 3-4 layers, bounded by an outer epidermis and a
narrower inner epidermis (Fig. 3C, D). No stomata or vascular traces
irrigating the hypanthium were detected.

Each petal is supplied by a central vascular trace and two

submarginal traces (Fig. 3E-H). In transverse section, the petals display a
rectangular and slightly curved outline. Both the inner and outer
epidermis consist of a single layer of small, slightly tangentially elongate
cells. Along the inner half of the petal margins, papilliform epidermal
cells form a tightly interlocked surface during pre-anthesis and early
anthesis (Fig. 3D-H). The petal mesophyll comprises 10-15 cell layers,
with the outer half composed of large tannin-like filled cells and the
inner half formed by smaller, isodiametric to ovoid cells. Patches of
nectariferous mesophyll, interspersed with intercellular spaces
(lacunae), occur within this inner region (Fig. 3H).

Each stamen receives a single vascular trace (Fig. 3E-I). The abaxial
and lateral mesophyll of the filament consists of 4-6 layers of large,
isodiametric, tannin-like filled cells (Fig. 3G). The two pollen sacs of
each theca dehisce through a common latrorse stomium (Fig. 3E, F, I).
The anther wall comprises a thin unistratified epidermal layer of
tangentially elongated cells, a thick, fibrous endothecium of radially
elongate to cuboidal cells with ring-like to spiral wall tickenings, and
one or two ephemeral middle layers of thin, tangentially elongated cells
(Fig. 3I-L). The tapetum is secretory, uni- to bistratified, and de-
generates by late preanthesis (Fig. 3I-L). Pollen grains are radially
symmetrical, isopolar, oblate, deeply trilobed, and fossaperturate
(Fig. 3L).
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Fig. 3. Tripodanthus belmirensis, floral anatomy. A-F. Successive transections from the base (A) to mid-level (F) of the flower. A. Histology (from the outside in): outer
epidermis; tanniferous parenchyma; ground parenchyma; initials of the viscine layer; six common petal/stamen vascular bundles; carpellary parenchyma; and base of
the gynoecium. B. Transection at the level of the three gynoecial locules (arrowheads); note the radial split of petal (black arrow) and stamen (white arrow) vascular
traces. C, D. Sections at the level of the 6-lobed nectary (C) and the base of the style (D); note the epidermal interlocking of petal margins and the outer tanniferous
parenchyma of the petals; black and white arrows point to petal and stamen vascular traces, respectively. E, F. Sections showing the three short stamens (in E)
alternating with the three long stamens (in F). G, H. Transection of young (G) and fully formed (H) petal; note the epidermal interlocking of petal margins and the
outer tanniferous parenchyma. I. Anther. J. Anther wall. K. L. Anther locule with pollen clumps (K) and loose pollen grains (L). M. Transection of style. Abbreviations:
ae, anther epidermis; cp, carpellary parenchyma; cps, common petal-stamen base; cv, central vein of petal; en, endothecium; gb, gynoecium base; gp, ground pa-
renchyma; ie, inner epidermis of calyx; ivl: initials of viscine layer; Is, long stamen; ml, middle layer; n, nectary; oe, outer epidermis of calyx; p, petal; ss, short
stamen,; sv, submarginal vein of petal; sy, style; ta, tapetum; tp, tanniferous parenchyma; vps, common petal/stamen vascular bundles. Scale bars: 500 um in A-F. 200
um in G-I; 50 ym in J-L; 100 pm in M.
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The ovary is trilocular and served by six small vascular traces
(Fig. 3B). The locules are evident at the base and mid-level of the ovary,
each containing a highly reduced, ategmic ovule (Figs. 3B, 4B, C).
Immediately above the ovary, a massive nectarial disk is formed
exhibiting a strong Lugol-positive signal indicative of high starch
accumulation (Figs. 3C, D, 4A, D-G). The style is solid, slightly six-lobed
and supplied by an equal number of poorly developed vascular traces
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(Fig. 3p-F, M). The style epidermis is unistratified and formed by small,
slightly papilliform cells surrounding a mesophyll composed predomi-
nantly of isodiametric cells. The central transmitting tissue is heavily
amyliferous, exhibiting intense Lugol-positive staining (Figs. 3M, 4A, D-
G). The stigma is terminal, solid and undifferentiated except for the
short papilliform epidermal cells.

Fruit anatomy: Two stages of fruit development were sampled

Fig. 4. Tripodanthus belmirensis, flower-to-fruit transition. A. Long section of ovary through two of the three locules (arrowheads). B, C. Details of ategmic, reduced
ovules. D. Longitudinal section of a flower in anthesis at the level of the ovary prior to lugol-staining. E. Detail of D showing the nectary and the style. F. Long section
of a flower in anthesis at the level of the ovary after lugol-staining. G. Detail of F showing intense stain indicating strong carbohydrate accumulation in the nectary
and the style. H, Section of a fruit (ca. 0.5 mm long), showing the young pendulous embryo and endosperm surrounded by viscin layer. I. Detail of embryo and
endosperm. Abbreviations: b, bract; cl, calyx lobe; em, embryo; en, endosperm; gb, gynoecium base; n, nectary; sy, style; tp, tanniferous parenchyma; vl, viscin layer.

Scale bars: 500 um in A, H; 100 ym in B; 50 um in C; 200 pym in p-G, 1.
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Fig. 5. Tripodanthus belmirensis, fruit. A-C. Transverse sections of a fruit (ca. 1 cm in diameter) at proximal (A), middle (B), and distal (C) levels. D. Cotyledons
surrounded by endosperm. E-F. Ectopic arrested embryos (E, detail of inset in B). G. Transverse section of a 1 cm fruit prior to Lugol staining. H. Same section after
staining, showing intense starch signal in the endosperm. I. Longitudinal section of a 1 cm fruit prior to staining. J. Same section after staining, revealing strong starch
signal in the endosperm. Abbreviations: co, cotyledon; em, embryo; en, endosperm; gp, ground parenchyma; tp, tanniferous parenchyma; vl, viscin layer; vps,
common petal/stamen vascular bundle. Asterisks in G-J mark the embryo. Scale bars: 500 pm in A-C; 200 ym in D; 250 pm in G-J; 100 um in E; 50 pm in F.

(Figs. 4,5). The first stage sampled corresponds to a fruit 0.5 cm in
diameter. At this stage the viscin layer is clearly differentiated and
surrounds the pendulous embryo and the forming endosperm (Fig. 4H,
1). The growing embryo tip is in close contact with the sclerenchymatic
gynoecium base. At this stage the hypanthial tissue outside of the viscin
layer is formed by ca. 15 layers of ground parenchyma (Fig. 4H).
When fruits have reached 1 cm in diameter, the hypanthium is
enclosed by a unistratified epidermis, followed by 10-12 layers of large
isodiametric, tannin-like filled cells. The inner mesophyll comprises 6-8

layers of tangentially elongate cells with thinner walls and no tannins,
followed by a massive viscin layer composed of radially elongate cells
(Fig. 5A-C). All tissues up to here correspond to the extra-carpellary
epicarp. The six main vascular bundles that supply the petal/stamens
remain evident in the fruit as they are persistent outside the carpellary
tissue (Fig. 5A-C). The pericarp is reduced to 1-3-layers that crush at
maturity. The lack of a seed coat causes the embryo and endosperm to lie
directly against a vestigial, dry pericarp, a condition characteristic of
Loranthaceae (Fig. 5G-J). The embryo is large, with two massive
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cotyledons, and is surrounded by a six-angled, starch-rich abundant
endosperm (Fig. 5C, D, G-J). Several arrested, non-viable embryos are
also evident (Fig. S5E, F).

4. Discussion

Floral traits of Tripodanthus belmirensis. Tripodanthus belmirensis
conforms to Hofmeister’s rule between sepals and petals on one side,
and stamens and carpels on the other, but this rule is disrupted between
petals and stamens, as is typical in Loranthaceae (Suaza-Gaviria et al.,
2016; Gonzalez and Pabon-Mora, 2019). Furthermore, the most relevant
floral traits that are plesiomorphic in Loranthaceae, namely, the irreg-
ular development of the calyx, the uniseriate corolla and androecium,
the epipetalous stamens, and the actinomorphic corolla, consistently
appear in all species of Tripodanthus.

We report here, for the first time, the fenestrate anthesis of corollas in
Tripodanthus belmirensis, a mechanism in Loranthaceae first described in
Old World mistletoes by Evans (1895). This mode of anthesis consists of
the opening of lateral narrow, window-like slits between the petals prior
the opening of the corolla tip (Fig. 2C), evoking the appearance of
“lighted candles” (Evans, 1895: 235) or “Chinese lanterns” (Bernhard &
al., 1980: 441). This mode of anthesis, rare among New World Lor-
anthaceae (e.g. Tristerix; Amico et al., 2007; Gonzalez and Pab6n-Mora,
2017 a), is far more common in Old World members of the family. Re-
ports exist for species of the Australian Amyema Tiegh. (Blakely, 1922;
Dixit, 1958 a; Bernhard et al., 1980), the African Erianthemum dregei
(Eckl. & Zeyh.) Tiegh. and Englerina woodfordioides (Schweinfurth) Balle
ex M.G. Gilbert (Werth 1915; Kirkup, 1998), the New Zealand Alepis
flavida Tiegh., Peraxilla colensoi (Hook. f.) Tiegh., P. tetrapetala (L. f.)
Tiegh. and Trilepidea adamsii Tiegh. (Evans, 1895; Feehan, 1985; Aluri
and Subba Redi, 1995), as well as the Bornean Amylotheca duthieana
(King) Danser (Yumoto et al., 1997). Fenestrate corollas have also been
illustrated in Agelanthus platyphyllus Hotchst. ex A. Rich. (Fig. 72 in
Engler and Krause, 1935) and Helicanthes elastica (Desr.) Danser (Figs. 4
and 5 in Johri et al., 1957). Because these taxa are phylogenetically
scattered, it is likely that fenestrate anthesis represents a convergent
trait that evolves through different developmental mechanisms, which
reinforces Vidal-Russell & Nickrent’s (2008) statement that tubular,
bird-pollinated  flowers have evolved independently from
insect-pollinated ancestors.

Fenestrate corollas have been associated with ornithophily, the pri-
mary pollination mechanism in both Old and New World Loranthaceae,
including Tripodanthus and Tristerix (Reiche, 1904; Werth, 1915;
Blakely, 1922; Feehan, 1985; Galetto et al., 1990; Kirkup, 1998; Aizen,
2003, 2005; Amico et al., 2007; Gonzalez and Pabon-Mora 2017a).
However, this mode of anthesis is not restricted to cross-pollinated
mistletoes, as it also occurs in self-compatible and even cleistogamous
species, such as Peraxilla colensoi and P. tetrapetala (Ladley et al., 1997).

Four large, orange- to red-flowered lineages of Psittacantheae (sensu
Nickrent et al., 2010), Tristerix (Ligarinae) and Aetanthus, Psittacanthus,
and Tripodanthus (Psittacanthinae), converge in Colombia, all of which
commonly exhibit hummingbird pollination (Gonzalez and Pabon-Mora
2017a, 2019). Tripodanthus belmirensis fits this pattern: its
fragrance-free, bright orange to red tubular corollas (up to 3 cm long)
appear adapted for ornithophily, and our field observations confirm the
tourmaline sunangel (Heliangelus exortis, Trochilidae: Lesbiini) as a
frequent floral visitor, consistent with previous reports in related genera
such as Aetanthus, Psittacanthus, and Tristerix (Rivera et al., 1996; Aizen,
2003; Azpeitia and Lara, 2006; Gonzalez and Pabon-Mora, 2017a). The
floral morphology of T. belmirensis contrasts sharply with that of its
congeners T. acutifolius and T. flagellaris, which bear fragrant, white to
pale yellow, shorter, insect-pollinated flowers (Jacobi and Do Carmo
2011). Following the phylogeny of Tripodanthus (Amico et al., 2012), the
ornithophilous, orange-red corollas of T. belmirensis are therefore
interpreted as autapomorphic, derived from the entomophilous condi-
tion present in its sister species.
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Embryological traits of Tripodanthus belmirensis. In general, our
observations on Tripodanthus belmirensis align with those reported for its
congeners by Cocucci and Venturelli (1982), Venturelli (1983), and
Forstreuter and Weber (1991), particularly with respect to the trilocular
ovary surrounded by a massive viscin layer, the formation of a single
ovule per locule, the morphology of the single viable embryo, and the
compound hexagonal endosperm (Figs. 3- 5).

Full development of a single embryo and a massive compound
endosperm, and the occurrence of vestigial, non-viable and arrested
proembryos (Fig. 5E, F), is here detected for the first time in Tripodan-
thus. Similar observations are limited to two New World genera of Lor-
anthaceae, namely, Ligaria (as Psittacanthus; Bhatnagar and Chandra,
1968) and Tristerix (as Phrygilanthus, Reiche, 1904; Gonzalez and
Pabon-Mora, 2017b, 2018). Conversely, these embryological traits are
widely known in numerous Old World representatives of four families of
Santalales. Within Loranthaceae, these have been documented in species
of Amyema (Schaeppi and Steindl, 1942; Dixit, 1958a), Atkinsonia (Garg,
1958; Prakash, 1961), Barathranthus (Schaeppi and Steindl, 1942; Pra-
kash, 1963), Dendrophthoe (Singh, 1952; Narayana, 1954, 1956), Heli-
canthes (Johri and Agrawal, 1954; Johri et al. 1957), Helixanthera
(Maheshwari and Johri, 1950), Lepeostegeres (Dixit 1955, 1958b), Lysi-
ana (Narayana, 1958a), Macrosolen (as Loranthus, Treub, 1885;
Maheshwari and Singh, 1952), Nuytsia (Van Tieghem, 1898; Narayana,
1958b), Peraxilla (Prakash, 1960), Tapinanthus (as Loranthus; Pienaar,
1951), Taxillus (Schaeppi and Steindl, 1942; Subrahmanyam et al.,
2015), Tolypanthus (Dixit, 1961), and Tupeia (Van Tieghem 1895b;
Smart, 1952). Comparable patterns also occur in Olacaceae (species of
Olax and Strombosia; Agarwal, 1961, 1963a, 1963b), in Santalaceae
(species of Arceuthobium, Exocarpos, Ginalloa, Leptomeria, Mida, Osyris,
Santalum, Scleropyrum and Thesium; Johnson, 1888; Van Tieghem,
1895a, 1895b; Rao, 1942; Bhatnagar, 1959, 1960; Ram, 1959a, 1959b;
Bhatnagar and Agarwal, 1961; Jones and Gordon, 1965; Sedgley, 1982;
Ma et al., 2006), and in Viscaceae (species of Dendrophthora, Kor-
tharsella, Phoradendron and Viscum; Jost, 1888; Van Tieghem, 1895b;
Billings, 1933; Stevenson, 1935).

Kuijt and Hansen (2015) described the presence of endosperm in
Tripodanthus as a distinguishing trait separating it from the closely
related genera Aetanthus and Psittacanthus, which were though to lack
endosperm. However, this diagnostic trait should be reconsidered, as the
presence of endosperm in species of both of these latter genera has now
been documented (Engler and Krause, 1935; Gonzalez and Pabon-Mora
2017b, 2018; Botero-Castano et al., 2026).

Ecological role of Tripodanthus belmirensis. This report increases
to 19 the number of species known to contribute fruits or seeds to the
diet of the Indigo-winged parrot, Hapalopsittaca fuertesi (Psittacidae:
Arinae), a species endemic to the Central Cordillera of Colombia and
considered as critically endangered. Five of these species (the Lor-
anthaceae Gaiadendron punctatum and Tripodanthus belmirensis; the
Santalaceae Antidaphne andina and A. viscoidea, Santalaceae; and the
Viscaceae Dendrophthora sp.) are mistletoes native to the Colombian
flora (Gonzalez and Pabon-Mora, 2023). Collectively, these mistletoes
represent the primary lineage of flowering plants in the diet of H. fuertesi
(Diaz-Gonzalez et al., 2024). Among them, Tripodanthus belmirensis
produces the largest fruits in the region. It is also likely that Tristerix
longibracteatus (Loranthaceae), another mistletoe species inhabiting the
study area (Gonzalez and Pabon-Mora 2017a, 2019) also contributes to
the parrot diet, as its fruits are even larger than those of T. belmirensis.
Notably, mistletoe viscin is rich in proteins, polysaccharides (especially
glucose, xylose and arabinose), and uronic acids (Geladovich-Shedletsky
et al., 1988; E. 1989), and can constitute up to 42 % of the epicarp
(Geladovich-Shedletsky et al., 1988). Our observations suggest that
Tripodanthus belmirensis fruits contain remarkably high levels of viscin,
accounting for 70-80 % of the fruit, and approaching 90 % when the
starch-rich endosperm is considered (Fig. 5A-C).

Given the dual ecological role of birds as primary pollinators or
dispersers of mistletoes, it is worth investigating whether dispersal is less
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constrained than pollination in Tripodanthus and other large-flowered
New World mistletoes, as has been reported for New Zealand Lor-
anthaceae (Kelly et al., 2004).

Finally, we incidentally observed significant floral damage on the
corolla tube of Tripodanthus belmirensis prior to anthesis, consisting of
randomly distributed punctures caused by the larvae of an unidentified
coleopteran species (not shown) that feed on the floral tissues. Because
this type of damage can destroy the anthers, it warrants detailed study to
assess its impact on floral viability.

5. Conclusion

In summary, our study provides the first comprehensive account of
flower and fruit morphology, anatomy, and development in Tripodan-
thus belmirensis, placing this species in a comparative framework with its
congeners. T. belmirensis retains the plesiomorphic floral architecture
typical of Tripodanthus and other members of Loranthaceae, such as a
uniseriate corolla and androecium, epipetalous stamens, and an inferior
ovary surrounded by a massive viscin layer. Conversely, it also exhibits
distinctive features, including fenestrate anthesis and an ornithophilous
floral syndrome, that set it apart from its primarily entomophilous sister
species. Embryologically, the confirmation of a single functional embryo
accompanied by a massive compound endosperm and vestigial pro-
embryos strengthens developmental parallels with other New World
genera while aligning Tripodanthus with broader patterns documented
across Santalales. These structural and developmental traits clarify key
aspects of reproductive biology, such as pollination mode, breeding
system, seed development, and dispersal potential, and refine character
interpretations within Psittacanthinae and Loranthaceae. By integrating
floral, embryological, and ecological data, this work establishes a robust
framework for future studies addressing the evolution of pollination
syndromes, developmental convergence, host-parasite interactions, and
the conservation significance of T. belmirensis, particularly in light of its
role in sustaining threatened Andean frugivores.
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