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Abstract. Arana, M. D.; M. G. Romagnoli, A. R. Andrada, V. de los A. Paez & A. I. Ruiz. 2025. A new fern hybrid
from Northwestern Argentina: Pleopeltis x albornozeana (Polypodiaceae). Darwiniana, nueva serie 13(1): 153-166.

A new hybrid in the genus Pleopeltis, distributed in the Yungas of the northwestern, Argentinean
Andes is described and illustrated. This is the first Pleopeltis hybrid recorded in Argentina and
continental Southern Cone and the third of all South America. The hybrid co-occurs with its two
putative progenitors, Pleopeltis macrocarpa and Pleopeltis tweediana, and is readily recognizable by
its rhizome scales of different shapes (ovate, ovate-apiculate to lanceolate and long caudate vs. ovate-
acuminate to oblong-acuminate in P. tweediana, and lanceolate to caudate in P. macrocarpa), also
the intermediate lamina dissection (pinnate at the base and pinnatifid towards the apex vs. pinnatifid,
sometimes with lobed pinnae in P. tweediana, and simple in P. macrocarpa), irregularly lobed pinnae
and also its cryptochlorophyllous spores. Morphological and cytogenetic relationship with the
putative parents and with other similar species is discussed. Pleopeltis x albornozeana is the first taxa
of Pleopeltis from Argentina in which cryptochlorophyllous spores are reported. It is noteworthy that
in the hybrid, the smallest chromosomes have the shortest lengths reported to date.

Keywords. Cryptochlorophyll; Ferns; Polypodiales; South America; Taxonomy.

Resumen. Arana, M. D.; M. G. Romagnoli, A. R. Andrada, V. de los A. Paez & A. I. Ruiz. 2025. Un nuevo helecho
hibrido para el Noroeste de Argentina: Pleopeltis % albornozeana (Polypodiaceae). Darwiniana, nueva serie 13(1):
153-166.

Se describe e ilustra un nuevo hibrido en el género Pleopeltis, cuya distribucién abarca las
Yungas del Noroeste de los Andes argentinos. Este es el primer hibrido de Pleopeltis registrado para
Argentinay para el Cono Sur continental, y el tercero para Sudamérica. El hibrido coexiste con sus dos
progenitores putativos, Pleopeltis macrocarpa'y Pleopeltis tweediana, y es facilmente reconocible por
sus escamas rizomaticas, de diferentes formas (ovadas, ovado-apiculadas a lanceoladas y largamente
caudadas vs. ovado-acuminadas a oblongo-acuminadas en P. tweediana, y lanceoladas a caudadas en
P. macrocarpa), ademas por la diseccion intermedia de la ldmina de las frondes (pinnada en la base
y pinnatifida hacia el apice vs. pinnatifida, a veces con pinnas lobuladas en P. tweediana, y simple
en P. macrocarpa), las pinnas irregularmente lobadas y ademads por sus esporas criptoclorofilicas.
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Se discuten las relaciones morfologicas y citogenéticas con los parentales putativos y otras especies
similares. Pleopeltis % albornozeana es el primer taxén de Pleopeltis de Argentina en el que se
reportan esporas criptoclorofilicas. Es de destacar que, en el hibrido, los cromosomas mas pequefios
tienen las longitudes mas cortas reportadas hasta la fecha.

Palabras clave. Criptoclorofila; Helechos; Polypodiales, Sudamérica; Taxonomia.

INTRODUCTION

The importance of hybridization in speciation,
especially in disturbed or novel habitats, has
long been recognized (Anderson & Stebbins,
1954). Among ferns, over 1200 hybrids have
been reported, presumably because ferns have
fewer reproductive barriers to hybridization
than Angiosperms (Smith, 1972; Barrington et
al., 1989; Knobloch, 1996; Ranker & Sundue,
2015). The survival of hybrids is associated
with availability of disturbance-created habitat
conditions intermediate between those of the
progenitors (Folk et al., 2013), and the potential
for hybridization between closely related species
increases when both taxa have higher similarity
in their ecological niches and have sympatric
distributions (Andujar et al., 2014; Zhang et al.,
2018).

The family Polypodiaceae is notable for being
one of the richest, most diverse, and abundant
groups of ferns in tropical and subtropical
forests (Schneider et al., 2004, PPG 1, 2016).
The diversification of Neotropical Polypodiaceae
may have happened in the later Cenozoic as
indicated by occurrences in the Californian
Miocene (Kvacek et al., 2004) and divergence
time estimates indicating the Polypodiaceae
are not older than the Eocene (Schneider et al.,
2004). The lineage currently comprises 65 genera
and approximately 1655 species (PPG I, 2016).
One of the genera, Pleopeltis Humb. & Bonpl.
ex Willd. is monophyletic and comprises more
than 90 species, mainly in the New World, but
with two species and one hybrid in Africa, India,
and Sri Lanka (Smith & Tejero-Diez, 2014). The
species of Pleopeltis have special ecological
preferences for forest canopy in the temperate
sub-humid and humid zones of the Neotropics
(Wolf & Flamenco-S., 2006), where scaly blades,
poikilohydrous character, and bifacial anatomy
of laminae in some species are obviously
advantageous (Moran, 2004; Sanchez Gonzalez,
2008; Dubuisson et al., 2009; Smith & Tejero-
Diez, 2014). American xeric habitats also harbour
several Pleopeltis species, as the case of the
Prepuna (South America) and southern Mexico
(Central America), where there are several
species, many of them endemic, adapted to the
seasonal dry habitats (Arana et al., 2024), mainly
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owing to a dense cover of epidermal indument,
either hairs or scales, particularly on the abaxial
side of the lamina (Hietz, 2010; Sprunt et al.,
2011).

In Polypodiaceae, hybridization is dynamic
and frequent, and one of the principal process of
speciation and adaptation to epiphytism (Wagner
& Wagner, 1975; Hooper & Haufler, 1997; Haufler
et al., 2000), particularly in Pleopeltis, lineage
where numerous hybrids have been described,
mainly in Central America (Otto et al., 2009;
Smith & Tejero-Diez, 2014; Ceron-Carpio et al.,
2017; Smith et al., 2018).

In Argentina, with the recent described P.
glandulosa Arana, Bulacio & Slanis, Pleopeltis
comprises nine taxa (Arana et al., 2024),
distributed mainly in the Neotropical area of
the country. Surprisingly, there is no hybrid of
Pleopeltis registered for the flora of continental
Southern Cone. Smith et al. (2018) mentioned
Pleopeltis x cuspidata (Desv.) Boudrie, Cremers
& Viane (as Pleopeltis % leucospora (Klotzsch) T.
Moore) for Southern Brazil, but in the taxonomic
treatment of Pleopeltis for Brazil (De Souza
& Salino, 2021) is not mentioned. Accurate
taxonomic identification is essential to estimate
the biodiversity and constitutes the basis to carry
out anatomical and biochemical analysis, as well
as ecological, biogeographical and evolutionary
studies. Therefore, this work aims to describe
the new hybrid Pleopeltis x albornozeana,
including a detailed analysis of the diagnostic
morphological, palynological, and cytological
traits of this taxon. Additionally, information on
distribution and habitat is provided.

MATERIALS AND METHODS

In order to obtain information about the habitat
and habit of the putative hybrid and the potential
parents, field observations in several localities
representing the Yungas biogeographical
province in Argentina during 2013-2025 were
carried out and at least five plants representing all
taxa of Pleopeltis were collected and preserved
with usual techniques. Photographs of the
habitat and the plants were taken “in situ” by the
former author. The specimens were deposited
in herbarium LIL (Thiers, 2025). Fresh and
herbarium samples to compare the characteristics
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of the new hybrid with the putative parents
and related taxa were used. The analysed
characteristics were rhizome habit, scales of
rhizome (shape, length, margins and apex),
lamina division, shape, indument and margin,
venation and presence of hydathodes. Also, if
the sporangia and spores were well-formed or
malformed was studied. Specimens from CORD,
CTES, JUA, LIL, LP, RB, RCVC and SI herbaria
were consulted. We also examined specimens
online, through the websites of IBODA (http://
www2.darwin.edu.ar/), SpeciesLink (http://www.
splink.org.br/) and Tropicos (http://tropicos.org),
including types, mainly from JSTOR (https://
www.jstor.org/). Also, specific bibliography was
consulted (Cerdn-Carpio et al., 2017; Lagoria et
al., 2018; Smith et al., 2018).

Descriptions of general morphological
characters follow Lellinger (2002). Rhizome and
frond scales, and spores were mounted in 20%
glycerin without prior treatment. Frond laminae
were treated with KOH 10%, stained with astrablue
to observe the venation pattern (D’ Ambroggio de
Argiieso, 1986). The analysed characteristics of
spores were colour, shape in polar and equatorial
view, laesura type and perispore ornamentation,
and compared with the available descriptions
(Giudice et al., 2004). Observations were made
with a stereoscopic microscope (Olympus SZX7,
Olympus Co., Tokyo, Japan), light microscope
(Carl Zeiss, Axiostar Plus, Gottingen, Germany),
fluorescence microscopes (Optika-02493, Model
B-383LD, Ponteranica, Italy, and Olympus BX43,
Tokyo, Japan), and photographs were taken with
an Olympus Q colour-5 camera (5 mp, Ontario,
Canada). The microscopic slides used in this
study are stored in the Instituto de Morfologia
Vegetal, Fundacion Miguel Lillo.

Chromosome counting

The rootlets were  pre-treated  with
8-hydroxyquinoline for a period of six hours at
room temperature, then fixed in farmer’s solution
(ethyl alcohol - acetic acid 3:1) for 24 hours and
kept in 70% ethyl alcohol until use (Sharma &
Sharma, 1965). To soften the material, it was
subjected to acid hydrolysis in 1IN HCI for 20
minutes at 60 °C, then rinsed with distilled
water, stained with basic fuscin for 20 minutes,
and mounted with a drop of 45% acetic acid.
Chromosome counts were performed on 10
cells in mitotic metaphase. The preparations
were observed under an Olympus BX43F light
microscope (Tokyo, Japan) and microphotographs
were taken with an Olympus Qcolor5 camera
(5 mp, Ontario, Canada). The measurement of
total chromosome lengths was conducted utilising
the MicroMeasure 3.3 software (Reeves, 2001).

RESULTS

Pleopeltis x albornozeana Arana & Romagnoli,
hybr. nov. (= P. tweediana (Hook.) A. R. Sm. x
P. macrocarpa (Bory ex Willd.) Kaulf.). TYPE:
ARGENTINA. Tucuman. Depto. Monteros,
Rio Los Sosa, 27°02°54.5”’S, 65°40 01. 6”W
1065 m a.s.l., 5-X11-2023, G. Romagnoli,
P Albornoz & M. Arana 29 (Holotype, LIL
618341). Figs. 1-4.

Diagnosis. hybrid between Pleopeltis tweediana
(Hook.) A.R. Sm. and P. macrocarpa (Bory ex
Willd.) Kaulf., as proposed putative parentals,
with intermediate characters. It is characterized
by having rhizomes slender, long creeping,
rhizome scales orbiculate, ovate, lanceolate and
long caudate, concolorous (orbiculate and ovate
scales) and bicolorous (lanceolate to long caudate)
intermingled, with glandular papillae at the apex
and sometimes on margins; fronds distant, with
stipes (and rachis) green, lamina lanceolate
to triangular-lanceolate, 1-pinnate at the base,
pinnatifid and gradually tapering towards the apex;
basal pinnae and medial segments with (1-)2-3
pairs of long lobo-crenate segments; medial and
apical segments with lobo-crenate margins; scales
scattered on both surfaces, orbicular to ovate-
apiculate, centre obscure brown to black, margin
pale brown; margins dentate, fimbriate at base;
venation free to partially areolate, without include
veinlets; sori rounded, naked.

Plants epiphytic (Figs. 1A and 2A); rhizomes
slender, long-creeping (Fig. 2B), scaly; scales
peltate, concolorous to bicolorous, clathrate or
not, comose or glabrous, orbiculate, ovate (Fig.
3A) to lanceolate (Fig. 3B) and long caudate
(Fig. 3C); margins entire (Fig. 3A-C), sometimes
denticulate or papillose, fimbriate or erose, with
glandular apical cell at the apex and sometimes
on margins (Fig. 3A-C). Fronds monomorphic,
distant; stipes Y4 to 4 the length of the lamina
(Fig. 1A, 2A), with or without wings, green, scaly;
scales peltate, bicolorous, clathrate, lanceolate,
margin erose to dentate, teeth bipapillate, with
glandular papillaec at the apex and sometimes
on margins (Fig. 3D); laminae lanceolate to
triangular-lanceolate, 1-pinnate at the base,
pinnatifid towards the apex, with last segments
lobulate, particularly the basal pinnae and medial
segments, basal pinnae and medial segments
with (1-)2-3 pairs of long lobo-crenate segments;
medial and apical segments linear to oblong,
with lobo-crenate margins, irregularly scaly (Fig.
2E), sparsely scaly near midvein (Fig. 2F) to
densely scaly on lobes (Fig. 2G); scales peltate,
orbiculate to ovate-apiculate, margin erose to
dentate, teeth bipapillate, with glandular papillae
at the apex and sometimes on margins (Fig. 3E
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Fig. 1. Pleopeltis % albornozeana. A, habit. B, sterile frond. C, fertile frond. From the Holotype, Romagnoli, Albornoz
& Arana 29 (LIL).
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Fig. 2. Pleopeltis x albornozeana. A, habit. B, rhizome. C, detail of sterile frond. D, detail of fertile frond, red arrows
indicate sori. E-G, distribution of the scales in laminae. E, irregularly scaly. F, sparsely scaly near midvein. G, densely
scaly on lobes. From the Holotype, Romagnoli, Albornoz & Arana 29 (LIL).
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and inset); segments with or without auricle;
margin crenate with some lobes; venation free or
partially anastomosing without included veinlets
(Fig. 3F, G); hydathodes present (Fig. 3G). Sori
rounded, medial, (Figs. 1C and 2D), glabrous or
with peltate scales near the margins; sporangia
glabrous, sometimes malformed (Fig. 4A-C);
spores many irregularly formed, and typically
show reduced or entirely absent cytoplasm,
causing them to appear collapsed and translucent
(Figs. 4E-K), well-formed spores yellow,
ellipsoidal, 45-68 pm, monolete, generally
verrucose, low to high verrucose (Fig. 4G, K),

DARWINIANA, nueva serie 13(1): 153-166. 2025

sometimes papillate, baculate and with sparse
to dense globules, cryptochlorophyllous (Figs.
4D, F). The chromosome number of sporophytic
metaphase cells is 2n = 70 (Fig. 6A). The length
of the chromosomes ranges from 1.05-4.45 pm
(Fig. 6B).

Etimology. The hybrid is dedicated in honour
to Dr. Patricia Liliana Albornoz (FML-LIL),
who made many remarkable generous and
disinterested contributions to our knowledge
of the morphology, anatomy and mycorrhizal
associations of Argentinian ferns and lycophytes.

4

Fig. 3. Pleopeltis x albornozeana. A-C, thizome scales with glandular apical cell. A, ovate scale. B, lanceolate scale.
C, long caudate scale. D, petiole scale with glandular apical cell. E, laminae scale with glandular apical cell. F,
venation. G, venation and hydathodes. Abbreviations: va, venation anastomosing; vf, venation free. A-E, arrows
indicate apical gland. In G arrows indicate hydathodes. From the Holotype, Romagnoli, Albornoz & Arana 29 (LIL).
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Distribution and habitat. This hybrid is
known only from two localities of North-western
Argentina. P. X albornozeana is growing in humid
montane forests of Tucuman province, in habitats
of the Yungas biogeographic province, growing
epiphytically on Blepharocalyx salicifolius (Kunth)
0. Berg (“horco molle”), Myrtaceae, Tipuana
tipu (Benth.) Kuntze, Fabaceae, two typical tree
species from Yungas (Arana et al., 2021), and also
on Salix humboldtiana Willd. (“sauce criollo”),
Salicaceae, near yunguean watercourses. Despite
numerous field trips and the study of hundreds of

herbarium specimens in Argentina we have been
unable to find additional records of this hybrid,
but it likely occurs elsewhere, as both putative
progenitors grow together throughout Yungas.

Additional specimen examined (Paratypes):
ARGENTINA. Tucuman. Depto. Capital: Parque
9 de julio, epifito sobre tipa, 9-1V-2024, M. Arana
& M. Catania 7381 (LIL 618342). Depto. Lules,
Quebrada de Lules, 26°54°06.8”S 65°22°14.5”W,
epifito sobre sauce criollo, 15-1V-2025, M. Arana,
G. Romagnoli & V. Paez 7405 (LIL).

bl BHD

Fig. 4. Pleopeltis * albornozeana. A-C, malformed sporangia. D, sporangia with cryptochlorophyllous
spores (fluorescence light microscopy). E, spores without cellular content (epifluorescence microscopy). F,
cryptochlorophyllous spores (fluorescence microscopy). G-K, verrucose spores, many irregularly formed.
Abbreviations: v, verrucae. From the Holotype, Romagnoli, Albornoz & Arana 29 (LIL).
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DISCUSSIONS AND CONCLUSIONS

The existence of hybrids in nature is of
considerable floristic, ecological and evolutionary
importance (Tseng et al., 2024). About 10-30% of
multicellular animal and plant species hybridize
regularly in sympatry (Mallet, 2005), which
might contribute to adaptive divergence between
populations, and it also result in the generation of
new populations of mixed ancestry that remain
distinct from both parental taxa (Mallet, 2007;
Abbott et al., 2010). Several studies have shown
that potential for hybridization between closely
related taxa increases when both taxa have higher
similarity in their ecological niches (Andujar et
al., 2014; Rueda et al., 2021), similar habitats
and they have sympatric distributions (Liao et
al., 2015; Zhang et al., 2018). Hybridization
is common in ferns (Barrington et al., 1989),
thought to have fewer reproductive barriers to
hybridization than angiosperms (Smith, 1972;
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Ranker & Sundue, 2015), over 1200 instances of
inter- and intrageneric hybrids have been reported,
and is thought to be one of the major processes
in their evolution (Knobloch, 1996; Sigel, 2016).
Closely related species tend to hybridize more
often, in particular, species in rapidly diversifying
adaptive radiations may be particularly prone to
hybridization (Price & Bouvier, 2002; Seehausen,
2004; Gourbiere & Mallet, 2010). One example is
the very modern (not older than the Eocene) and
highly diverse fern family Polypodiaceae (Kvacek
et al., 2004; Schneider et al., 2004).

By combining field observations, studies
of meiotic chromosome behaviour, as well as
surveys of macro- and micro-morphological
features using living and preserved specimens,
new species have been discovered and the
reticulate patterns of hybridization and polyploidy
have been eclucidated (Haufler & Windham,
1991). The discovery of a hybrid in Pleopeltis
is usually based at first sight on the presence of

- D 2

Fig. 5. Pleopeltis tweediana. A, habit and habitat. B, lamina showing division and crenate margins. C, detail of
fertile frond in abaxial view showing sori position and indument. Pleopeltis macrocarpa. D, habit and habitat. E-G,
details of fertile fronds. E, adaxial side. F, abaxial side. G, detail of adaxial side showing margins and indument.

Photos A-F, M Arana, G, D. Gorrer.
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anomalous fronds (irregular growth or lobing).
According to Cerén Carpio et al. (2017) and
Sorojsrisom et al. (2023), in several cases, these
hybrids are known from one or a few collections
(as the case of P. X albornozeana), but they are so
distinct morphologically that their hybrid origins
are readily evident, even at first glance. Spores
from specimens of hybrid origin tend to display
high variability in size and shapes (Taylor et al.,
1985; Wagner et al., 1986), and the presence of
at least 75% spores exhibiting reduced, absent,
or collapsed cytoplasm have been documented
in fern hybrids (Wagner et al., 1986; Quintanilla
& Escudero, 2006; Ekrt & Koutecky, 2016), as
observed in P. x albornozeana (Fig. 4E), even at
the tetrad level (Fig. 3J, K), this also could support
the conclusion that P. x albornozeana is infertile,
occasional hybrid and probably incapable of
reproducing sexually itself (Wagner & Chen,
1965; Wagner et al., 1986). The apparently normal
spores of P. x albornozeana have similar shape,
colour and ornamentation (Table 1) compared
to P. tweediana and P. macrocarpa (described in
Giudice et al., 2004).

In Yungas, P. macrocarpa and P. tweediana
share very similar habit (Fig 5A, D), habitats, and
have sympatric distribution, so hybridization is
possible. Hybrids appear to be relatively common

L

Sum A

HntsensRmHm

CHEALII ettt
SH B

Fig. 6. Pleopeltis x albornozeana. A, mitotic
metaphase. B, metaphase karyogram shown in A. A,
From the Holotype, Romagnoli, Albornoz & Arana 29
(LIL). B, From the Paratype Arana & Catania 7381
(LIL).

in Pleopeltis, sometimes between intrageneric
groups  exhibiting extreme morphological,
disparate characters, such as those observed in
the simple-lamina “Pleopeltis macrocarpa group”
and any group with pinnatifid or pinnate fronds
(Smith & Tejero-Diez, 2014; Cerén Carpio et al.,
2017; Smith et al., 2018). The hybrid Pleopeltis
x cuspidata (Desv.) Boudrie, Cremers & Viane
(Cremers et al.,, 2022) is widespread in the
Neotropics (Hispaniola; Costa Rica; Colombia to
Peru), and Wagner & Wagner (1975) presented
evidence that this is a hybrid between Pleopeltis
macrocarpa, a simple-bladed species (Fig. 5D-G),
and Pleopeltis thyssanolepis A. Braun ex Klotzsch,
a pinnatifid species (Smith et al., 2018).

In light of the aforementioned evidence, it
is hypothesised that the probable parents of the
hybrid are P. tweediana and P. macrocarpa.
Pleopeltis tweediana is a very common species,
widespread in Northwest Argentina and shares
the pinnatifid, scaly lamina with evident crenate
margins (Fig. 5B, C) with P. x albornozeana.
Furthermore, the presence of glandular papillae
on the scales of P. X albornozeana is a character
shared with the sympatric P. macrocarpa (Lagoria
et al., 2018). The only other registered species in
which glands are present on scales, at least in
Argentine flora, is P. glandulosa Arana, Bulacio
& Slanis, but the latter inhabits the Prepuna, a
completely different biogeographical environment
(Arana et al., 2024).

The importance of hybridization in speciation
in novel lineages, especially in disturbed or novel
habitats, has long been recognized (Stebbins, 1940,
1950; Anderson & Stebbins, 1954; Price & Bouvier,
2002; Seehausen, 2004; Gourbiere & Mallet, 2010;
Sorojsrisom et al., 2023). This could be related
to the environments in which P. X albornozeana
was found, where the natural landscape has been
transformed by urban development, but some
native tree species are represented among the park
trees. It is precisely in these native species trees
that the hybrid was found growing epiphytically.
The type localities of P. x albornozeana highlight
the importance of close observation of ferns from
both, transformed landscapes, where the natural
vegetation has been almost completely replaced
by human-made urban environments, or allegedly
well-collected areas. The same situation as occurred
with other fern hybrids (Sorojsrisom et al., 2023).

Hybridization might result in the generation of
new populations of mixed ancestry (Mallet, 2007;
Abbott et al., 2010). These new populations may
be sexual or asexual, homoploid or polyploid.
Hybridization leading to a new taxon, distinct
from both parent species (but with no increase
in ploidy), is called homoploid hybrid speciation
(Mallet, 2007; Mavarez & Linarez, 2008;
Abbott et al., 2010), as the case of the diploid
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Table 1. Comparative table of morphological and palynological characters between the hybrid Pleopeltis

x albornozeana and the potential parental species.

Rhizome

Scales of rhizome

Length of rhizome
scales (mm)

Margin of rhizome scales

Apex of rhizome
scales

Lamina

Division of the lamina

Lobes of lamina

Lamina margin

Venation

Hidatodes

Distribution of lamina
scales

Sporangia

Spores

Spores ornamentations

Average equatorial spore
size (um)

P x albornozeana (Fig. 4). Schwartsburd et al.

P. tweediana
long-creeping

ovate-acuminate to
oblong-acuminate

1.5-2.5

without glandular papillae

without apical glandular
papillae

herbaceous

pinnatifid

simple

crenate

free to partially areolate
and evident

absent

homogeneous

normal

normal

verrucate, with low
verrucae, and globules

69.6

P. x albornozeana
short-creeping

ovate, ovate-apiculate to
lanceolate and long caudate

1.3-3.8

with glandular papillae

with apical glandular papillae

herbaceous

pinnate at the base and
pinnatifid towards the apex,
with last segments lobulate
pinnatifid
crenate, repand to almost

sinuate

partially areolate,
without include veinlets and
partially evident

present

heterogeneous

mainly malformed

mainly malformed

verrucose to papillate,
baculate with sparse to
dense globules

well formed: 56.5
malformed: 36.4

P. macrocarpa

long-creeping

lanceolate to caudate

1.5-3.5

with glandular papillae

with apical glandular papillae

coriaceous

simple

absent

entire to repand

areolate and not evident

present

homogeneous

normal

normal

verrucate, with few globules

81.6

Pleopeltis, including x = 34, 35, 36 and 37.

(2020) suggested that combinations of sporophyte
morphology, palynology, chromosome counts and
chloroplast DNA sequences, have the potential
to unambiguously reveal diploid hybrids. The
homoploid hybrids are derived from hybridization
between normal, reduced gametes and have ploidy
levels identical to their progenitors (Sigel, 2016).
The P. X albornozeana sporophyte chromosome
number 2n = 70 demonstrates its diploid nature,
as evidenced by the fundamental chromosome
number x = 35 (Hopper, 1995). Previous studies
have documented divergent basic numbers for
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Nevertheless, the majority of chromosome counts
conducted on Pleopeltis species align with the
number n = 35 bivalent and 2n = 70 chromosomes
(Hopper, 1995; Evans, 1963; Smith & Mickel,
1977; Srivastava, 1985; Winkler et al., 2011). The
chromosome numbers of the genus are indicative
of the crucial role played by aneuploidy in the
process of its evolution (Lewis, 1980). Although
the chromosome lengths observed in this putative
hybrid (1.05 pm to 4.45 pm) are consistent
with the lengths observed in other ferns as the
Pteridaceae Argyrochosma flava (Hook.) M.
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Kessler & A. R. Sm. (2.4 um to 5.02 pm, Windham
& Yatskievych, 2003), and Doryopteris triphylla
(Lam.) Christ (1.59 um to 4.38 um, Neira et al.,
2017) and other Polypodiaceae (Polypodium ssp.,
2.2 um to 4.5 um, Rodriguez et al., 2024). It is
noteworthy that in the taxon analysed here, the
smallest chromosomes have the shortest lengths
reported to date.

Pleopeltis % albornozeana is the first
taxa of Pleopeltis from Argentina in which
cryptochlorophyllous spores are reported (Fig.
4D, F). These kinds of spores contain chlorophyll
but appear nongreen to the naked eye or under
a light microscope because chlorophyll is being
covered by the perispore pigments (Sundue et al.,
2011). Both putative parents were analysed and
have not such type of spores (Table 1), which
could indicate that aberrant status of the hybrid
spores. Compared with species with nongreen
spores, species with spores with chlorophyll
have greater success in colonizing new habitats
(Dassler & Farrar, 2001). That could be the case
of P. x albornozeana, found in novel, anthropic
habitats.

The discovery of Pleopeltis x albornozeana
constitutes the first register of an Argentinian and
also continental South American Cone hybrid
within the genus. Another hybrid described for
such area is Pleopeltis x cerro-altoensis Danton
& Boudrie, a hybrid between P. macrocarpa and
Pleopeltis masafuerae (Phil.) de la Sota, but
endemic to Robinson Crusoe Island (Masatierra)
in Juan Fernandez Archipelago in Chile (Danton
et al.,, 2015). In continental South America,
Pleopeltis x cuspidata (Desv.) Boudrie, Cremers
& Viane (Cremers et al., 2022) is also found,
widespread in the Neotropical region, but mainly
in Andean tropical biomes from Venezuela to
Peru.

ACKNOWLEDGEMENTS

We are grateful to R. Delgado (Fundacion
Miguel Lillo, FML) for his technical assistance
during field trips in Tucumadn, to the scientific
illustrator L. Bordén (Iconography section, FML)
for her meticulous work, and Daniel Gorrer for
facilitating photographs.

BIBLIOGRAPHY

Abbott, R. J.; M. J. Hegarty, S. J. Hiscock & A. C. Brennan.
2010. Homoploid hybrid speciation in action. 7axon 59:
1375-1386. DOI: https://doi.org/10.1002/tax.595005

Anderson, E. & G. L. Stebbins Jr. 1954. Hybridization as an
evolutionary stimulus. Evolution 8: 378-388.

Andujar, C.; P. Arribas, C. Ruiz, J. Serrano & J. Gomez-Zurita.

2014. Integration of conflict into integrative taxonomy:
fitting hybridization in species delimitation of Mesocarabus
(Coleoptera: Carabidae). Molecular Ecology 23: 4344-
4361. DOI: https://doi.org/10.1111/mec.12793

Arana, M. D.; E. Natale, A. Oggero, N. Ferreti, G. Romano,
G. Martinez, P. Posadas & J. J. Morrone. 2021. Esquema
biogeografico de la Republica Argentina. Opera lilloana
56: 1-240.

Arana, M. D.; A. Slanis & E. Bulacio 2024. Pleopeltis
glandulosa (Polypodiales: Polypodiaceae), a new species
from the Prepuna district of Monte biogeographic province
in Argentina. Phytotaxa 677(2): 181-188. DOI: https://doi.
org/10.11646/phytotaxa.677.2.7

Barrington, D. S.; C. H. Haufler & C. R. Werth. 1989.
Hybridization, reticulation, and species concept in ferns.
American Fern Journal 79(2): 55-64. DOI: http://dx.doi.
org/10.2307/1547160

Ceron-Carpio, A. B.; A. F. Rojas-Alvarado, J. D. Tejero-
Diez & L. C. Onofre. 2017. Los hibridos de Pleopeltis
(Polypodiaceae, Polypodiophyta) en México: novedades y
precisiones. Acta Botanica Mexicana 119: 101-114. DOI:
http://dx.doi.org/10.21829/ abm119.2017.1234

Cremers, G.; M. Boudrie; R. L. L. Viane & G. Aymonin. 2022. Le
Pére Charles Plumier (1646 — 1704): son ceuvre, son herbier
de ptéridophytes américains. — 2. Typifications. Journal de
Botanique de la Société Botanique de France 103: 2-117.
DOI: http://dx.doi.org/10.3406/jobot.2022.2377

D’Ambroggio de Argiieso, A. 1986. Manual de Técnicas en
Histologia Vegetal. Buenos Aires: Hemisferio Sur.

Danton, P.; M. Boudrie; A. Bizot & R.L.L. Viane. 2015.
Pleopeltis *cerro-altoensis (Polypodiaceae), A new fern
hybrid from Robinson Crusoe Island (Juan Fernandez
Archipelago, Chile). The Fern Gazette 20(2): 65-78.

Dassler, C. L. & D. R. Farrar. 2001. Significance of gametophyte
form in long-distance colonization by tropical, epiphytic
ferns. Brittonia 53: 352-369.

De Souza, F. S. & A. Salino. 2021. Pleopeltis (Polypodiaceae)
in Brazil. Phytotaxa 512(4): 213-256. DOI: https://doi.
org/10.11646/phytotaxa.512.4.1

Dubuisson, J. Y.; H. Schneider & S. Hennequin. 2009.
Epiphytism in ferns: Diversity and history. Comptes Rendus
Biologies 332: 120-128.

Ekrt, L. & P. Koutecky. 2016. Between sexual and apomictic:
unexpectedly variable sporogenesis and production of
viable polyhaploids in the pentaploid fern of the Dryopteris
affinis agg. (Dryopteridaceae). Annals of Botany 117(1):
97-106. DOL: https://doi.org/10.1093/aob/mecv152

Evans, A. M. 1963. New Chromosome Observations in the
Polypodiaceae and Grammitidaceae. Caryologia 16(3):

163



661-667. DOI: https://doi.org/10.1080/00087114.1963.10
796107

Folk, R. A.; M. L. Gaynor, N. J. Engle-Wrye, B. C. O’Meara, P.
S. Soltis, D. E. Soltis, R. P. Guralnick, etal. 2013. Identifying
climatic drivers of hybridization with a new ancestral niche
reconstruction method. Systematic Biology 72: 739-752.
DOI: http://dx.doi.org/10.1093/sysbio/syad018

Giudice, G. E.; M. A. Morbelli; M. R. Pifieiro; M. Copello & G.
Erra. 2004. Spore Morphology of the Polypodiaceae from
Northwestern Argentina. American Fern Journal 94(1):
9-27.

Gourbiere, S. & J. Mallet. 2010. Are species real? The shape of
the species boundary with exponential failure, reinforcement,
and the “missing snowball”. Evolution 64: 1-24. DOI:
https://doi.org/10.1111/j.1558-5646.2009.00844.x

Haufler, C. H.; E. A. Hooper & J. P. Therrien. 2000. Models and
mechanisms of speciation in pteridophytes: Implications
of contrasting patterns in ferns representing temperate and
tropical habitats. Plant Species Biology 15: 223-236. DOI:
https://doi.org/10.1111/j.1442-1984.2000.00042.x

Haufler, C. H. &. M. D. Windham. 1991. New species of North
American Cystopteris and Polypodium, with comments on
their reticulate relationships. American Fern Journal 81:
7-23. DOI: https://doi.org/10.2307/1547129

Hietz, P. 2010. Fern adaptations to xeric environments, en K.
Mehltreter, L. R. Walker & J. M. Sharpe (eds.), Fern Ecology,
pp. 140-176. Cambridge: Cambridge University Press.
DOI: https://doi.org/10.1017/CB0O9780511844898.006

Hooper, E. A. & C. H. Haufler. 1997. Genetic diversity and
breeding system in a group of neotropical epiphytic
ferns (Pleopeltis; Polypodiaceae). American Journal
of Botany 84(12): 1664-1674. DOI: http://dx.doi.

org/10.2307/2446464
Hopper, E. A. 1995. New combinations in the Pleopeltis
macrocarpa  group  (Polypodiaceae:  Polypodieae).

American Fern Journal 85(3): 75-82. DOL: https://doi.
org/10.2307/1547509

Knobloch, 1. W. 1996. Pteridophyte hybrids and their
derivatives. Michigan: Michigan State University.

Kvacek, Z.; J. Daskova & R. Zetter. 2004. A re-examination
of Cenozoic Polypodium in North America. Review of
Palaeobotany and Palynology 128(3-4): 219-227. DOI:
https://doi.org/10.1016/S0034-6667(03)00134-9

Lagoria, M. A.; G. Avila, D. A. Neira, A. M. Rodriguez, N. F.
Rios, J. Prado & M. A. Hernandez. 2018. Morphoanatomical
and histochemical characteristics of the epiphytic fern
Pleopeltis macrocarpa (Polypodiaceae). Brazilian Journal
of Botany 41: 739-750. DOI: https://doi.org/10.1007/
s40415-018-0474-8

164

DARWINIANA, nueva serie 13(1): 153-166. 2025

Lellinger, D. B. 2002. A modern multilingual glossary for
taxonomic pteridology. Pteridologia 3: 1-263.

Lewis, W. (1980). Cytogenetics of polyploids, in: W. Lewis
(ed), Polyploidy: biological relevance, pp 17-44, New
York: Plenum Press.

Liao, R. L.; Y. P. Ma, W. C. Gong, G. Chen, W. B. Sun, R.
C. Zhou & T. Marczewski. 2015. Natural hybridization and
asymmetric introgression at the distribution margin of two
Buddleja species with a large overlap. BMC Plant Biology
15: 146. DOI: https://doi.org/10.1186/s12870-015-0539-9

Mallet, J. 2005. Hybridization as an invasion of the genome.
Trends in Ecology and Evolution 20: 229-237. DOI: https://
doi.org/10.1016/j.tree.2005.02.010

Mallet, J. 2007. Hybrid speciation. Nature 446: 279-283. DOI:
https://doi.org/10.1038/nature05706

Mavarez, J. & M. Linarez. 2008. Homoploid hybrid speciation
in animals. Molecular Ecology 17: 4181-4185. https://doi.
org/10.1111/§.1365-294x.2008.03898.x

Moran R. C. 2004. 4 Natural history of ferns. Oregon: Timber
Press.

Neira, D. A.; A. R. Andrada, V. A. Paez, A. M. Rodriguez,
N. F. Rios, O. G. Martinez & M. A. Hernandez. 2017.
Anatomical, histochemical and cytogenetic features of
Doryopteris triphylla (Pteridaceae). American Journal of
Plant Sciences 8: 907-920. DOI: https://doi.org/10.4236/
ajps.2017.84061.

Otto, E. M.; T. Janssen, H. P. Kreier & H. Schneider. 2009.
New insights into the phylogeny of Pleopeltis and related
neotropical genera (Polypodiaceae, Polypodiopsida).
Molecular Phylogenetics and Evolution 53(1): 190-201.
DOI: http://dx.doi.org/10.1016/j.ympev.2009.05.001

PPG I (2016). A community-based classification for extant
ferns and lycophytes. Journal of Systematics and Evolution
54: 563-603. DOLI: https://doi.org/10.1111/jse.12229

Price, T. D. & M. M. Bouvier. 2002. The evolution of F1
postzygotic incompatibilities in birds. Evolution 56: 2083-
2089. DOI: https://doi.org/10.1111/j.0014-3820.2002.
tb00133.x

Quintanilla, L. G. & A. Escudero. 2006. Spore fitness
components do not differ between diploid and allotetraploid
species of Dryopteris (Dryopteridaceae). Annals of Botany
98: 609-618. DOLI: https://doi.org/10.1093/a0b/mcl137

Ranker, T. A. & M. A. Sundue. 2015. Why are there so few
species of ferns? Trends in Plant Science 20: 402-403. DOI:
https://doi.org/10.1016/j.tplants.2015.05.001

Reeves, A. 2001. MicroMeasure: a new computer program for
the collection and analysis of cytogenetic data. Genome 44:
439-443. DOLI: http://dx.doi.org/10.1139/gen-44-3-439

Rodriguez, A. M.; M. G. Derita, A. R. Andrada, V. A. Paez, M.



ARANA ET AL. Pleopeltis x

Ponce, O. G. Martinez, D. A. Neira & M. A. Hernandez.
2024. Glandular trichomes as a source of antifungal
metabolites in a karyologically characterized population
of Argyrochosma flava: Morphology and histochemistry.
Flora 311(30): 152456. DOI: https://doi.org/10.1016/].
flora.2024.152456

Rueda, M. N.; F. C. Salgado-Roa, Q. C. H. Gantiva, C.
Pardo-Diaz & C. Salazar. 2021. Environmental drivers of
diversification and hybridization in neotropical butterflies.
Frontiers in Ecology and Evolution 9: 75. DOL: https://doi.
org/10.3389/fev0.2021.750703

Sanchez Gonzalez, L. 2008. Los helechos epifitos; adaptaciones
en Polypodiaceae. Universidad Nacional Autéonoma de
México, México. Recuperado de https://repositorio.unam.
mx/contenidos/373093 (accessed February 18, 2025).

Schneider, H.; E. Schuettpelz, K. M. Pryer, R. Cranfill, S.
Magalloén, & R. Lupia. 2004. Ferns diversified in the
shadow of angiosperms. Nature 428: 553-557. DOL: https://
doi.org/10.1038/nature02361.

Seehausen, O. 2004. Hybridization and adaptive radiation.
Trends in Ecology and Evolution 19: 198-207.

Sharma, A. K. & A. Sharma. 1965. Chromosome techniques,
theory and practice. London: Butterworth & Co.
(Publishers) LTD.

Schwartsburd, P. B.; L. R. Perrie, P. Brownsey, L. D.
Shepherd, H. Shang, D. S. Barrington & M. A. Sundue.
2020. New insights into the evolution of the fern family
Dennstaedtiaceae from an expanded molecular phylogeny
and morphological analysis. Molecular Phylogenetics and
Evolution 150: 106881. DOI: https://doi.org/10.1016/].
ympev.2020.106881

Sigel, E. M. 2016. Genetic and genomic aspects of hybridization
in ferns. Journal of Systematics and Evolution 54: 638-655.
DOI: https://doi.org/10.1111/jse.12226

Smith, A. R. 1972. Comparison of fern and flowering plant
distributions with some evolutionary interpretations for ferns.
Biotropica 4: 4-9. DOL: https://doi.org/10.2307/2989639

Smith A. R. & J. T. Mickel. 1977. Chromosome counts for
Mexican ferns. Brittonia 29(4): 391-398. DOI: https://doi.
0rg/10.2307/2806481

Smith, A. R. & J. D. Tejero-Diez. 2014. Pleopeltis
(Polypodiaceae), a redefinition of the genus and
nomenclatural novelties. Botanical Sciences 92(1): 43-58.

Smith, A. R.; M. Kessler; B. Leon; T. E. Almeida; I. Jiménez-
Pérez & M. Lehnert. Prodromus of a fern flora for Bolivia.
XL. Polypodiaceae. Phytotaxa 354 (1): 1-67. 2018. DOI:
https://doi.org/10.11646/phytotaxa.354.1.1

Sorojsrisom, E. S.; O. Alvarado-Rodriguez & W. Testo. 2023.
Goniopteris * tico (Thelypteridaceae), a New Hybrid Fern

albornozeana, a new hybrid

from Costa Rica. Systematic Botany 48(4): 471-481. DOI:
https://doi.org/10.1600/036364423X17000842213632

Sprunt, S.V.; H. Schneider, L. E. Watson, S. J. Russell, A.
Navarro Gomez & R. J. Hickey. 2011. Exploring the
molecular phylogeny and biogeography of Pleopeltis
polypodioides (Polypodiaceae, Polypodiales) Inferred from
Plastid DNA Sequences. Systematic Botany 36 (4): 862-869.

Srivastava, R. B. 1985. Ferns of the Indo-Nepal border.
Proceedings of the Royal Society of Edinburgh, Section B,
86: 471-472.

Stebbins, G. L. 1940. The significance of polyploidy in plant
evolution. American Naturalist 74: 54-66.

Stebbins, G. L. 1950. Variation and evolution in plants. New
York: Columbia University Press.

Sundue, M. A.; A. Vasco & R. C. Moran. 2011.
Cryptochlorophyllous spores in ferns: Nongreen spores than
contain chlorophyll. International Journal of Plant Sciences
172: 1110-1119. DOI: https://doi.org/10.1086/662071

Taylor, W. C.; N. T. Luebke & M. B. Smith. 1985. Speciation and
hybridisation in North American quillworts. Proceedings of
Royal Society of Edinburgh, Section B, 86: 259-263. DOI:
https://doi.org/10.1017/S0269727000008216

Thiers, B. [continuously updated, consulted 2025] Index
Herbariorum: a global directory of public herbaria and
associated staff. New York Botanical Garden’s Virtual
Herbarium. Available at http://sweetgum.nybg.org/ih

Tseng, Y-H; L-Y Kuo, I. Borokini & S. Fawcett. 2024. The role
of deep hybridization in fern speciation: examples from the
Thelypteridaceae. American Journal of Botany 111 (8):
¢16388. DOL: https://doi.org/10.1002/ajb2.16388

Wagner, W. H. & K. L. Chen. 1965. Abortion of spores and
sporangia as a tool in the detection of Dryopteris hybrids.
American Fern Journal 55: 9-29. DOI: https://doi.
org/10.2307/1546429

Wagner, W. H. Jr. & F. S. Wagner 1975. A hybrid polypody
from the New World tropics. The Fern Gazette 11: 125-135.

Wagner, Jr., W. H.; F. S. Wagner & W. C. Taylor. 1986.
Detecting abortive spores in Herbarium Specimens of
Sterile Hybrids. American Fern Journal 76(3): 129-140.
DOI: http://dx.doi.org/10.2307/1547721

Windham, M. D. & G. Yatskievych. 2003. Chromosome studies
of cheilanthoid ferns (Peridaceae: Cheilanthoideae) from
the western United States and Mexico. American Journal
of Botany 90: 1788-1800. DOI: https://doi.org/10.3732/
ajb.90.12.1788.

Winkler, M.; M. Koch & P. Hietz. 2011. High gene flow in
epiphytic ferns despite habitat loss and fragmentation.
Conservation Genetics 12: 1411-1420. DOI: https://doi.
org/10.1007/s10592-011-0239-4

165



DARWINIANA, nueva serie 13(1): 153-166. 2025

Wolf J. H. D. & A. Flamenco-S. 2006. Vascular epiphytes and Zhang, N. N.; Y. P. Ma, R. A. Folk, J. J. Yu, Y. Z. Pan & X.

their potential as a conservation tool in pine-oak forests Gong. 2018. Maintenance of species boundaries in three
of Chiapas, Mexico. In M. Kappelle (ed.), Ecology and sympatric Ligularia (Senecioneae, Asteraceae) species.
Conservation of Neotropical Montane Oak Forests, pp. Journal of Integrative Plant Biology 60: 986-999. DOI:
375-391. Berlin: Springer-Verlag. https://doi.org/10.1111/jipb.12674

166



