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ABSTRACT
A fern hybrid of the genus Pleopeltis was discovered on Robinson Crusoe Island
in the Juan Fernández Archipelago, off the coast of Chile, and is described as P.
×cerro-altoensis. Its putative parents are P. macrocarpa and P. masafuerae, two
species present in the archipelago.

Mots-clés : Pleopeltis, hybride, Polypodiaceae, Juan Fernández, Chili

RÉSUMÉ
Un hybride de fougère appartenant au genre Pleopeltis a été découvert sur l’île
Robinson Crusoë, dans l’archipel Juan Fernández, au large du Chili, et est décrit
sous le nom de P. ×cerro-altoensis. Ses parents probables sont P. macrocarpa et
P. masafuerae, deux espèces présentes dans l’archipel.

Palabras clavas : Pleopeltis, híbrido, Polypodiaceae, Juan Fernández, Chile

RESUMEN
Un híbrido de helecho que pertenece al género Pleopeltis ha sido descubierto en
la isla Robinson Crusoe, en el archipiélago Juan Fernández, a la altura de Chile,
y es descrito con el nombre de P. ×cerro-altoensis. Sus parientes probables son
P. macrocarpa y P. masafuerae, dos especies presentes en el archipiélago.

INTRODUCTION
Since 1997, the first author has undertaken, with the association ROBINSONIA1,
regular expeditions in the Juan Fernández Archipelago, off the coast of Chile, to study
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1 French association registered under Law 1901, on 9th October 2001, involved in the inventory
and conservation of the Flora of Juan Fernández Archipelago, in relation with local communities
and notably with the Corporación Nacional Forestal (CONAF) of Chile.



both the indigenous and the introduced flora of the three islands that constitute this
archipelago (Figure 1): the main island, Robinson Crusoe (or Masatierra) and the
nearby Santa Clara Island (also called Île aux Chèvres), and the third one, Alejandro
Selkirk Island (or Masafuera), located 180 km further west.

During these expeditions, on 29th January 1999, a small isolated population of a
polypodiaceous fern was discovered on a cliff of volcanic rocks, at Cerro Alto (Figures
2 & 3) on Robinson Crusoe Island (Masatierra). The presence of peltate scales on both
surfaces of the lamina and its axes showed that it belongs to the genus Pleopeltis Humb.
& Bonpl. ex Willd. (Figures 4 & 7). 

We compared this plant with the Pleopeltis species known from the area, but our
review of botanical literature relating to Juan Fernández (Hemsley, 1884; Johow, 1892-
93, 1896; Christensen & Skottsberg, 1920; Skottsberg, 1953; Barrera Moscoso, 1997;
Marticorena et al., 1998; Boudrie, 2003; Danton & Perrier, 2006) and to continental
Chile (Gay, 1853; Looser, 1961, 1962, 1965-66, 1968; de la Sota, 1967; Marticorena &
Rodriguez, 1995; Zuloaga et al., 2008) has shown that it was not recorded in any of the
floras or floristic catalogues, nor any description applied to it. Therefore, whatever its
identity or origin, we believe that it is a taxon new to the Juan Fernández Archipelago.

Two other species of Pleopeltis (previously placed in the genus Polypodium) occur
in the Juan Fernández Archipelago (Figure 5):

- Pleopeltis macrocarpa (Bory ex Willd.) Kaulf., Berlin. Jahrb. Pharm.
Verbundenen Wiss. 21: 41. 1820.
Basionym: Polypodium macrocarpum Bory ex Willd., Sp. Pl. ed. 4, 5: 147. 1810.
Syn. : Polypodium lanceolatum L., Sp. Pl. 2: 1802. 1753.
Distribution: almost pantropical, America (from Central America to Chile and
Argentina, Juan Fernández, Galapagos), tropical southern Africa, India. 

- Pleopeltis masafuerae (Phil.) de la Sota, Darwiniana 45(2): 239. 2007.
Basionym : Polypodium masafuerae Phil., Linnaea 29: 107. 1857.
Distribution: Juan Fernández Archipelago (only on Alexander Selkirk Island =
Masafuera), Chile (province of Antofagasta); mentioned from southern Peru
(Marticorena & Rodriguez, 1995), but not confirmed to our knowledge.

Concerning the identity of P. masafuerae, its relationships with several South American
Pleopeltis such as P. pinnatifida (Gillies) Hook. & Grev., P. pycnocarpa (C.Chr.)
A.R.Sm. and Polypodium mollendense Maxon are unresolved (pers. comm. A.R. Smith,
2015). Although the circumscription of Pleopeltis has recently been enlarged, based
both on molecular and on morphological studies (Otto et al., 2009; Smith & Tejero-
Díez, 2014), Neotropical Pleopeltis taxa are a taxonomically difficult group, with
polyploids and numerous hybrids, and a modern revision is needed to clarify the
taxonomy. Tryon & Stolze (1993), treating the Peruvian species (in Polypodium),
alluded to these complexities.

Because neither of these two species matched the newly discovered plant, which
thus might represent a new taxon (Danton et al. 1999), a more careful study of it was
undertaken, as described below.

MATERIAL AND METHODS
The material used for this study comprises:

- Fronds collected in the field at Cerro Alto, now pressed and dried herbarium
specimens:

● Danton B(652)619 (P, SGO, private herb. Ph. Danton)
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● Boudrie 3793 (P)
- Fresh fronds collected at the Botanical Conservatory of Mulhouse, France, where

a Pleopeltis plant collected by one of us (Ph. D.) at Cerro Alto on Feb. 27, 2002,
has been in cultivation since 2002 under the number CBM 03-301, and now,
extensively propagated. All the herbarium specimens mentioned below are issued
from the CBM 03-301 plant.

● Ph. Danton – Mulhouse – 1 (private herb. R. Viane)
● Ph. Danton – Mulhouse – 2 (private herb. R. Viane)
● Ph. Danton – Mulhouse – 3 (private herb. R. Viane)
● Bizot 2905 (private herb. A. Bizot)
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Figure 1: Location of the Juan Fernández Archipelago and Robinson Crusoe Island,
west of Chile. Map base source : © Google maps, 2015

Figure 2: Alexander Selkirk Island (left) and Robinson Crusoe Island (right). © Ph.
Danton & Ch. Perrier, 2004
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Figure 3: Pleopeltis ×cerro-altoensis in situ at Cerro Alto. © Photo Ph. Danton,
22/01/1999 

Figure 4: Pleopeltis ×cerro-altoensis. © Ph. Danton, 25/01/1999. a - entire plant; b -
portion of adaxial laminar surface; c - abaxial surface of fertile frond; d – peltate-based
lanceolate laminar scale; e – peltate-based lanceolate rhizome scale.
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Figure 5 – Left: Pleopeltis masafuerae (Phil.) de la Sota, rocks at the beginning of the
Quebrada Las Casas, Alejandro Selkirk Island, 19/12/2003, Danton G(1319)1083. –
Right : Pleopeltis macrocarpa (Bory ex Willd.) Kaulf., epiphytic in forest under the
Mirador de Selkirk, Robinson Crusoe Island, 07/12/1998, Danton B(410)366. © Photo
Ph. Danton, 26/05/2015.



70                                                                                     FERN GAZ. 20(2):65-78. 2015

Figure 6: Pleopeltis ×cerro-altoensis Danton & Boudrie, Cerro Alto, Robinson Crusoe
Island, Juan Fernández Archipelago, holotype (SGO). Danton B(658)619. © Photo Ph.
Danton, 17/11/2014.
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Figure 7: Abaxial laminar surface of Pleopeltis ×cerro-altoensis, showing peltate-
lanceolate scales and sori (from Bizot 2905). © Photo A. Bizot, 8/10/2014.

Figure 8: Peltate-based, lanceolate, fimbriate scale of abaxial laminar surface of
Pleopeltis ×cerro-altoensis (from Bizot 2905). © Photo A. Bizot, 10/10/2014.
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Figure 9: Sporangium and malformed spores of Pleopeltis ×cerro-altoensis (from
Bizot 2905). © Photos A. Bizot, 8/10/2014 & 18/10/2014.



- Dried herbarium specimens issued from the cultivated plant at Mulhouse under
number CBM 03-301 :

● Boudrie 3966 (P)
● Boudrie 4500 (P)
● Danton Z(hs)1727 (private herb. Ph. Danton)

- Other Pleopeltis taxa from Mexico, deposited in the personal herbarium of one of
us (R. V.), but used, when freshly collected, for FCM analyses. Only one, P.
guttata, is in cultivation in R.V.’s garden in Serskamp, near Ghent.

● Viane 11001: Pleopeltis guttata (Maxon) E.G. Andrews & Windham
● Viane 11005: Pleopeltis polylepis (Roem. ex Kunze) T.Moore var. erythrolepis
(Weath.) Wendt
● Viane 11013: Pleopeltis polypodioides (L.) E.G.Andrews & Windham var.
knoblochiana (Mickel) A.R.Sm. & Tejero

Herbarium specimens of the respective private herbaria of A.B., Ph. D. and R. V., cited
above, will be deposited in the future in official institutions. 

To establish its characters and identity, several methods have been applied to the
material mentioned above.

Micromorphological observations 
Micromorphological observations were carried out by A.B. using a microscope Bresser
triocular TRM-301 microscope at 400x to 1000x enlargements, equipped with a Bresser
MicroCamLab-1 ocular camera. Fresh fronds from material in cultivation in the
Botanical Conservatory of Mulhouse [Bizot 2905] were used.

- Laminar scales were observed (Figures 7 & 8) on fresh fronds. Rhizome scales
were not microscopically observed. However, despite their more lanceolate shape
than the laminar scales, they show the same clathrate pattern of cells.

- Stomata: Using tweezers, three epidermial slices were excised from the abaxial
side of the lamina in the middle of a median pinna. The epidermis was observed
in glycerin at 1000x enlargement. Eighty (80) stomata were measured.

- Spores were observed (Figure 9) in glycerin liquid at 1000x enlargement. They
were collected from several (3-4) sori of three different fresh fronds as well as
from more than two sori of a frond collected in the field [Danton B(652)619].

Comparison of size of stomata of the Cerro Alto plant with stomata from plants of P.
macrocarpa and P. masafuerae may reveal important information, but this investigation
was impossible owing to the lack of adequate fresh material.

Measurements of rhizomes
The width (rhizomes are slightly flattened) and the thickness of rhizomes of the 10
specimens of P. macrocarpa, four specimens of P. masafuerae, and four specimens of
the Cerro Alto plant were measured from dried herbarium specimens. Sectioned pieces
of rhizomes were observed under a binocular and measured using a plastic ruler with
the smallest calibrated unit being 0.5mm.

DNA content using FCM 
A few fresh fronds (Botanical Conservatory of Mulhouse, France) of the Pleopeltis
from Cerro Alto (in cultivation since 2002) were sent to the laboratory of Pteridology
of Ghent University (Belgium) on 6th October 2014 for flow cytometric measurements
(FCM). For this analysis, fresh samples were first chopped, using a sharp razor blade,
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in a glass Petri dish containing nucleus-isolation buffer (2.1% [w/v] containing citric
acid monohydrate, 0.5% [w/v] Tween 20, and distilled water; this suspension was then
filtered through a 50-µm nylon mesh. The nuclear suspension was supplemented with
DAPI reagent [6.5% NaH2PO4.2H2O, 40µl DAPI stock solution (5mg DAPI/ml
distilled water), distilled water], and each sample was measured three times. The
samples were analysed using a flow cytometer (Ploidy Analyser, Partec GmbH,
Münster, Germany), following the supplier’s instructions. To calculate the relative
nuclear DNA content, Agave striata (2n = 2x = 60, 2C = 7.8pg (Zonneveld et al., 2005)
was used as an internal standard.

Fresh material of P. macrocarpa or P. masafuerae was unavailable, as the islands
where they grow are difficult of access.

To establish ploidy levels, our FCM results were compared with those of some
Mexican Pleopeltis taxa collected in Chihuahua: diploid P. polylepis (Roem. ex Kunze)
T.Moore var. erythrolepis (Weath.) Wendt (Viane 11005); P. guttata (Maxon)
E.G.Andrews & Windham (Viane 11001); and triploid P. polypodioides (L.)
E.G.Andrews & Windham var. knoblochiana (Mickel) A.R.Sm. & Tejero (Viane
11013). To confirm the FCM results, a chromosome count was made for P. guttata,
revealing it to be triploid (Van den heede, pers. comm.).

The three specimens from Cerro Alto submitted for FCM have been registered as
“Ph. Danton - Mulhouse - 1" to "Ph. Danton -Mulhouse- 3", all sampled from the
cultivated plant at Mulhouse under the number CBM 03-301.

RESULTS
Micromorphology, spores and stomata
Spores are either irregular in shape and in size or totally malformed (Figure 9), a
condition typical for interspecific fern hybrids. Stomata range from 45 to 63µm long,
with an average of 53µm and a standard deviation of 3.1µm.

Rhizome measurements

Although the number of measurements is rather low, the values obtained for width and
diameter of rhizomes from the Cerro Alto plant are intermediate between those of its
putative parents, P. macrocarpa and P. masafuerae.

Flow cytometry
Comparison of FCM values of the Cerro Alto plant with those of Mexican Pleopeltis
taxa shows that it is most probably tetraploid (4x). Polyploidy is known within
Pleopeltis, and, within P. macrocarpa, three cytotypes, diploid, tetraploid and
hexaploid, have been reported (Evans, 1963; Jarret et al., 1968; Walker, 1973; Wagner
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Taxon Width (mm) Thickness (mm)

min. mean max. min. mean max.

Pleopeltis macrocarpa 1.2 2.1 2.5 0.7 1.4 2.0

Pleopletis masafuerae 3.0 3.3 4.0 1.8 2.0 2.4

Cerro Alto plant 2.3 2.5 2.8 1.5 1.7 2.1



& Wagner, 1975).

FCM results are presented in the table below:

*RCstriata : average (based on 3 measurements) of relative DNA content compared with
Agave striata. 
From the value of 3.06 for RCstriata for the new hybrid, we infer that it is tetraploid. 

DISCUSSION
Interspecific hybrids are well known among species of Pleopeltis, as redefined by
Smith & Tejero (2014), and are discussed there, as well as in several floras, e.g., Mickel
& Beitel, 1987; Mickel & Smith, 2004. Such hybrids, mostly in the Neotropics but a
few in southern Africa, have sometimes been treated under the hybrid genus,
×Pleopodium, because historically they were thought to involve species of two different
genera, Pleopeltis and Polypodium. Our study of the Cerro Alto plant shows that it is a
hybrid that clearly belongs to Pleopeltis. 

Only two species of Pleopeltis occur in the Juan Fernández Archipelgo: P.
macrocarpa, with entire, narrowly lanceolate laminae, and P. masafuerae, with deltate,
pinnatisect laminae and undulate pinnae that are slightly decurrent onto the rachis. The
latter species occurs on Alejandro Selkirk Island and on the coasts of Chile (Antofagasta
province). Remarkably, P. masafuerae has never been found on Robinson Crusoe
Island. However, due to the inaccessibility of large areas and infrequency of
hybridization, it may have been overlooked. 

The overall lanceolate laminar shape of the Cerro Alto plant is similar to that of P.
macrocarpa, whereas its division, though less incised (pinnatilobed to pinnatifid) and
with distinctly decurrent but less undulate pinnae, is more similar to P. masafuerae. In
addition, we have compared the laminar morphologies of the Cerro Alto plant with the
Pleopeltis hybrids described by Wagner & Wagner (1975) and Mickel & Beitel (1987),
in particular between species with entire, lanceolate laminae, such as P. macrocarpa or
P. mexicana (Fée) Mickel & Beitel, and a species with deltate pinnatisect laminae, such
as P. thyssanolepis (A.Braun ex Klotzsch) E.G.Andrews & Windham that has laminae
similar to those of P. masafuerae. Two hybrids, P. ×leucospora (Klotzsch) T.Moore and
P. ×tricholepis (Mickel & Beitel) T.Moore, show a laminar morphology very similar to
that of the Cerro Alto plant. An interesting similarity is the irregularity of the shape of
the laminae and of the length of the pinnae, pointed out by Wagner (1962), that we
notice also in our plant. However, the Cerro Alto plant differs from P. ×leucospora by
a shorter stipe and a shorter terminal segment, and from P. ×tricholepis also by a shorter
stipe, broader pinnae and a lamina reduced at its base.

These observations lead us to believe that P. macrocarpa and P. masafuerae are
probably the parents of the Cerro Alto plant. As the hybrid is presumed tetraploid, based
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Taxon Voucher RCstriata * Ploidy level

Pleopeltis polylepis var. erythrolepis Viane 11005 1.56 2x

Pleopeltis guttata Viane 11001 2.26 3x

Pleopeltis polypodioides var. knoblochiana Viane 11013 2.54 3x

Pleopeltis ×cerro-altoensis cult Mulhouse 3.06 4x



on FCM values, we assume that tetraploid P. macrocarpa is involved in the
combination, and that P. masafuerae is also tetraploid.

We conclude that the Cerro Alto plant is a hybrid new to the Juan Fernández
Archipelago.

Pleopeltis ×cerro-altoensis Danton & Boudrie, hyb. nov.
Abortivis sporis, tetraploideum, hybridum filix est, repente rhizomate, 5-7 cm in
longitudine fronde, angustissime alato atrobrunneo petiolo, appressis, fimbriatis
peltatisque paleis penitus pinnatifido lanceolato limbo atque infra atrobrunnea et super
viridiluteola rhachidi. A P. macrocarpa pinno-pinnatifido limbo, et a P. masafuerae basi
reducta lanceolato limbo praecipue differt. 

Types: CHILE. Archipel Juan Fernández, île Robinson Crusoe, Cerro Alto, Quebrada
Puerto Inglés, rochers en falaise sur le versant est-sud-est du cerro, 300 m, 22 janvier
1999, Danton B(652)619 [holotype: SGO (Figure 6); isotypes: P, private herb. P.
Danton].

Description: Epilithic fern. Rhizomes creeping, 2.5-3 mm diam. (4-5 mm including the
scales), branched, densely covered with oblanceolate, acute, clathrate, bicolorous
scales, with dark centres and narrow, light brown, and finely dentate-fimbriate margins.
Fronds monomorphic, 0.5-1 cm apart, 6-15 × 0.6-4 cm. Stipes 2-5 cm, about 1/3 - ¼ as
long as laminae, dark brown, with sparse, elongate scales. Laminae coriaceous, dark
green, matt adaxially, light green to yellowish and slightly glaucous abaxially, narrowly
elliptic to lanceolate, deeply pinnatifid, tapering proximally to reduced lobes, and below
that long-decurrent (young fronds entire to sinuately lobed), distally ending in a long
pointed to obtuse segment; laminar surfaces covered with numerous, scattered, peltate-
based, appressed, bicolourous lanceolate scales with dentate or fimbriate margins,
scales more abundant abaxially than adaxially. Dark brown rachis colour ending at the
base of the apical segment abaxially, adaxially the colour ending at the first or second
proximal pinnae and becoming green-yellowish distally. Pinnae 5-7 per side, triangular
to oblong, 24-26 × 5.5-6 mm (for the longest ones), of variable length, oblique to rachis,
alternate to more opposite in the distal half of the laminae, apices obtuse to rounded;
laminar margins cartilaginous and slightly recurved. Stomata (45)-53.5-(63) µm long.
Sori round to slightly oblong, ca. 0.3 cm diam., exindusiate, mixed with peltate scales,
median on both sides of the costae or (in less divided blades) of the rachis. Spores
whitish to yellowish, malformed and irregular in shape and in size, (53)-73.5-(90) µm
long. Tetraploid (4x).

Etymology: The epithet of the taxon refers to the locality, Cerro Alto, where the plant
was found.

Distribution and habitat: To our knowledge, endemic to Robinson Crusoe Island
(Masatierra) in Juan Fernández Archipelago (Chile), on southern flanks of Cerro Alto.
Plants grow in a limited population of four small, relatively close patches, on small
rocky edges covered by thin soil, on subvertical unstable volcanic cliffs, exposed to the
winds, at 300 m elevation (Figure 3). Due to its ability to revive, it can tolerate periods
of drought.
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Specimens examined (paratypes): CHILE. Juan Fernández Archipelago, Robinson
Crusoe Island, Quebrada Puerto Inglés, rebords de rochers en falaise et balmes sur le
versant est-sud-est du Cerro Alto, 300 m, M. Boudrie et session SBF, 20 février 2002,
Boudrie 3793 (P).

Specimens ex horto examined (paratypes): CHILE. Juan Fernández Archipelago,
Robinson Crusoe Island, Puerto Inglés, rebords de rochers en falaise et balmes sur le
versant est-sud-est du Cerro Alto, 300 m, ex horto Conservatoire Botanique de la ville
de Mulhouse (Haut-Rhin, France), M. Boudrie et J.-P. Reduron, 22 août 2003, Boudrie
3966 (P); idem, Ph. Danton et M. Hildebrand, 13 juin 2006, Z(hs)1727 (private herb.
Ph. Danton); idem, M. Boudrie et J.-P. Reduron, 5 octobre 2009, Boudrie 4500 (P);
idem, M. Hildebrand, 29 septembre 2014, Bizot 2905 (private herb. A. Bizot), and P.
Danton - Mulhouse - 1, 2 & 3 (private herb. R. Viane).

IUCN Status: “CR”

Conservation ex situ: A plant was previously cultivated, from 1999 to 2004, in the
garden of the Administration of the National Park, on Robinson Crusoe Island, but is
now dead. Another specimen has been maintained and propagated in the Botanical
Conservatory of the town of Mulhouse (France) since 2002.
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