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Marattiaceous ferns are conspicuous fossil element in upper Paleozoic and lowerMesozoic deposits, but become
rarer to almost absent in Cretaceous to Holocene deposits. In this contribution, fragmentary synangia recovered
from the Aptian CerroNegro Formation (Livingston Island, Antarctica) are described. Synangia are bivalvate, con-
taining at least four lachrymiform sporangia per valve. Valves are fused at the base, and connect to the leaf blade
by a short peduncle. Sporangia contain more than 400 oval to reniform (probably monolete), smooth to
microgranulate spores. The reproductive structures have morphological similarities with extant Marattia and
Ptisana, and the apparent absence of labia suggests a closer relationship with the latter genus. The presence of
Marattiaceae, along with previously described ferns (e.g. Cyatheales) supports warm climatic conditions during
the Aptian in this region of Antarctica.

© 2016 Elsevier B.V. All rights reserved.
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1. Introduction

Extant Marattiaceae is a small group of ferns restricted to wet trop-
ical and subtropical regions, in primary and secondary forests, where
the canopy is dense (Camus, 1990). Several classification schemes
have been proposed for this group (see Murdock, 2008a, b, and cites
therein, for a review). Despite the lack of consensus regarding the rela-
tionships among Marattiacean taxa, most authors agree in considering
them as a single evolutionary unit of primitive eusporangiate ferns
(Murdock, 2008a, b, and references therein).

Marattiaceae has one of themost extensive fossil records. Fossils re-
ferable to this group, preserved as impression/compression, petrifica-
tion, charcoalification and isolated palynomorphs, can be found in
strata ranging from the Carboniferous to the Holocene. However, as
was highlighted by Hu et al. (2006), post Jurassic records of this family
are very scarce. To date, Cretaceous specimens referred to the
Marattiaceae include the charcoalified isolated synangia Goolangia
minnesotensis Hu, Dilcher, Schneider et Jarzen and Mesozoisynangia
trilobus Hu, Dilcher, Schneider et Jarzen, recovered from the Dakota
Formation (Huet al., 2006). Fragmentary fertile remains ofMarattiaceae
were also recorded as impression/compressions by Césari et al. (2001)
in the Aptian Cerro Negro Formation (Antarctica). Cenozoic records of
the group are even less common (Millay, 1979; Hill and Camus, 1986;
Collinson, 2001; Kvaček, 2014).

In this contribution, permineralized synangia recovered from the
Early Cretaceous Cerro Negro Formation are described in detail, and
05DJR Buenos Aires, Argentina.
referred to the fern family Marattiaceae. Comparisons with extant and
extinct representatives of this groupof ferns aremade, and climatic con-
ditions are suggested.

2. Materials and methods

Studied specimens comprise isolated synangia preserved as
permineralizationswithin the rockmatrix surrounding a permineralized
cyathealean tree fern axis currently under study, collected fromoutcrops
of the Cerro Negro Formation at Byers Peninsula, Livingston Island
(South Shetland Islands, Antarctica), at the Rotch Dome locality, sensu
Párica et al. (2007), at 62°38′41″S–60°58′12″W coordinates (see Vera,
2012, for a brief geological description of the area).

Thin sections of the cyathealean stemweremade, and the preserved
marattialean structures were studied under light microscopy using a
Nikon SMZ-2t Microscope.

Systematic treatment follows Smith et al. (2006) and Murdock
(2008a, b). Terminology used follows Millay (1997) and Murdock
(2008a, b), and is schematized in Fig. 1.

3. Systematic palaeontology

Division: Pteridophyta
Class: Marattiopsida Doweld 2001
Order: Marattiales Link 1833
Family: Marattiaceae Kaulf 1824
Remarks. The familial name Marattiaceae Kaulf 1824 is currently

regarded as a junior synonym, since Danaeaceae C. Agardh 1822
has chronological priority. However, a proposal for nomina
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Fig. 1. Schematic representation of theMarattiace synangia studied in this work, showing
terminology used in the text.

7E.I. Vera, S.N. Césari / Review of Palaeobotany and Palynology 235 (2016) 6–10
conservandawas recently submitted by Murdock et al. (2006), favor-
ing the former name. For conservative purposes, the name
Marattiaceae Kaulf is used here, since it has been widely employed
for extant and extinct taxa.

Marattiaceae indet.
Studied Specimens: BA Pb 14,985 (Microscope slides BA Pb Pm 610,

625–628).
Repository: Paleobotanical Collection. Museo Argentino de Ciencias

Naturales “Bernardino Rivadavia”; Buenos Aires, Argentina.
Locality: Studied materials were collected at the Rotch Dome lotality

(sensu Párica et al. 2007; see map in Vera, 2012) at Byers Peninsula,
Livingston Island. (South Shetland Islands, Antarctica).

Stratigraphic unit: Cerro Negro Formation; Byers Group.
Age: Early Cretaceous (Aptian)
Description: This taxon is represented by abundant fragmentary

pinnules and synangia containing spores. Synangia are connected to
pinnules by short peduncles (Plate I, 1, 2, 4)

Synangia are linear, and bilaterally symmetrical, being approxi-
mately 450 μm wide, 600 μm in high, and at least 900 μm long
(Plate I, 1, 2, 3, 4). Synangia are composed of at least eight sporangia,
arranged in two opposed valves, being totally fused in each valve
(Plate I 1, 2, 3, 4). Valves are connected by a small parenchymatous
base, which extends for a short distance from the receptacle
(Plate I, 1, 2, 4).

In transverse section, sporangia are lachrymiform in shape, with a
height of 510–590 μm. Distal from the sporangial cavity, the apex of
the sporangium extends for 150–230 μm (Plates 1, 2, 4). In longitudinal
section, sporangia are rectangular to oval, with a maximum diameter of
180–215 μm, and aminimum diameter of 90–130 μm (Plate I, 3). Inner-
facing walls (apertural walls) are one cell thick (approximately 10 μm)
and, in some specimens, appear broken, probably owing to their deli-
cate nature and sporangial dehiscence. Lateral (septae), and outer-fac-
ing walls are also narrow, probably 1–2 cells thick, but preservational
quality precludes precise determination. Sporangia lack labia (Plate I,
2, 3, 4).

Each sporangium contains more than 400 spores (Plate I, 3, 4).
Spores are small (ca. 20 μm in diameter), oval to reniform, suggesting
a monolete character. The exine is laevigate to microganulate (Plate I,
5, 6).
4. Discussion

4.1. Affinities

Traditionally, eusporangiate ferns are included in the fern orders
Marattiales and Ophioglossales. Both are characterized by sporangia
lacking an annulus (Smith et al., 2006), as is the case with the studied
specimens. However, fused sporangia forming synangia can be found
only in Marattiales (Smith et al., 2006). Since the Antarctic remains
are isolated synangia, they can be classified as a marattioid fern with a
great degree of confidence.

Recently, Murdock (2008a) obtained a phylogenetic hypothesis for
Marattiaceae, resulting in a taxonomic revision of the group
(Murdock, 2008b), and providing detailed information about the extant
representatives of the family. Among the results of the phylogenetic
analysis, Murdock (2008a) found that Danaea was sister to the rest of
Marattiaceae. This author included a key to the genera of Marattiaceae
(Murdock, 2008b). In an attempt to understand the significance of the
fossils studied here, Murdock's key (2008b) was followed. Although
the key is broadly based on sporangial features, it also includes charac-
ters of the fronds and the rhizomes. The Antarctic remains possess
raised synangia, as observed inmost extantMarattiaceae exceptDanaea
(Murdock, 2008b). Christensenia possesses radially symmetrical
synangia (Murdock, 2008b), whereas the studied specimens have bilat-
erally symmetrical synangia. Species included in Eupodium possess
prominently stalked synangia (Murdock, 2008b), a feature not present
in Marattiaceae indet., where synangia are slightly raised. Angiopteris
is characterized by the presence of non-fused sporangia (or slightly
fused), where the synangia do not open as a unit (Murdock, 2008b).
Marattiaceae indet. possesses sporangia fused into synangia, which
open as a single unit. Murdock (2008b) proposed Ptisana for some
species previously referred to Marattia. Although this separation was
originally based on molecular phylogenies (Murdock, 2008b), morpho-
logical differences are evident between these two genera. Sporangia of
Marattia possess labiate apertures, whereas in Ptisana these structures
are absent. Marattiaceae indet. has sporangia apparently lacking labiate
apertures, and may be more closely related to Ptisana. However, since
this study is based only on sporangial remains, we prefer to not refer
the specimens to that genus, which is based on extant plants. In addi-
tion, labia in Marattia are sometimes difficult to observe in fossil (or
even in extant) remains (Escapa et al., 2015), and as a result affinities
with Marattia s.s. cannot be discarded (a problem also present in im-
pression/compression taxa, as summarized by Escapa et al. (2015). De-
spite this, it is clear that the Antarctic remains are comparable with
extant Marattiaceae, representing a taxon probably more derived than
Danaea. In addition, spores of extant Marattiaceae tend to be monolete
and reniform, Angiopteris being an exception, with globose and trilete
spores. This may be interpreted as a reversal to the ancestral condition,
but the polarity of this character change is difficult to interpret, since
fossil marattioids have both monolete and trilete spores, and other
groups of ferns share these morphologies (Murdock, 2008b). The
studied specimens lack well-preserved laesurae, but the morphology
of the spores is similar to typical monolete spores, thus different from
Angiopteris.

4.2. Comparison with other fossil marattioid ferns

The fossil record of post-Jurassic ferns referred to theMarattiaceae is
very scarce. Goolangia minnesotensis Hu, Dilcher, Schneider et Jarzen
and Mesozoisynangia trilobus Hu, Dilcher, Schneider et Jarzen are two
charcoalified fossils collected from the Late Cretaceous Dakota Forma-
tion.Goolangiaminnesotensis is represented by a single elongate sporan-
gium, and can be separated from Marattiaceae indet. by its highly
elongate nature and greater size. Furthermore, the presence of an at-
tachment scar led the authors to suggest that it was part of a radially
symmetrical synangium (Hu et al., 2006). Mesozoisynangia trilobus is a



Plate I.Marattiaceae indet. BAPb14985. 1. General viewof a leaf blade bearing at least four synangia. Scale bar: 1mm.2. Synangia in transverse (left) and lateral (right) section. Scale bar: 1
mm. 3. Synangia in longitudinal section. Scale bar: 200 μm. 4. Synangia in transverse section, showing spore content. Scale bar: 250 μm. 5. Detail of the content of a sporangial cavity,
showing the morphology of the spores within. Scale bar: 20 μm. 6. Detail of spores contained in the sporangia, showing morphology and microgranulate exine. Scale bar: 20 μm.
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taxon characterized by the presence of synangia formed by three
sporangia (Hu et al., 2006), whereas the remains studied here possess
synangia composed of more than eight sporangia, arranged in two
valves.

Palaeozoic permineralized synangia of marattialean ferns are partic-
ularly abundant, and are generally referred to AcaulangiumMillay 1977,
Araiangium Millay 1982, Acitheca Schimper in Schimper and Schenk,
1879, Eoangiopteris Mamay 1950, Grandeuryella Weiss 1885, Millaya
Mapes et Schabilion 1979, Scolecopteris Zenker 1837 and Sturiella
Weiss 1885 (Millay, 1997; Liu et al., 2000). Species of Scolecopteris
have been found in upper Palaeozoic strata of North America (Mamay,
1950; Millay, 1979; Lesnikowska and Millay, 1985), China (Hilton et
al., 2004; He et al., 2006), Germany (Barthel et al., 1995; Weiss, 2002);
and in Triassic strata of Antarctica (Delevoryas et al., 1992). This genus
differs fromMarattiaceae indet. by the presence of radially symmetrical
synangia, whereas synangia of the studied specimens bilaterally sym-
metrical. Other genera, such as Acitheca, Acaulangium and Araiangim,
also share radially symmetrical synangia (Millay, 1997; Liu et al.,
2000). Few Palaeozoic taxa possess synangia similar to the Antarctic
form. Eoangiopteris, containing the species E. andrewsii and E. goodie
(Mamay, 1950; Millay, 1978) possesses sporangia arranged in bilateral
synangia, similar to extant Angiopteris. As in the latter genus, it exhibits
laterally free sporangia (Mamay 1950, Millay 1978), a condition differ-
ent from Marattiaceae indet., where sporangia of each valve are totally
fused. Grandeuryella also shares the presence of bilaterally symmetrical
synangia with basally fused sporangia (Millay 1997). Millaya seems
similar to extant Danaea, where synangia are completely embedded in
the abaxial tissue of the pinnule (Millay, 1997), contrastingwith the fea-
tures observed inMarattiaceae indet. Finally, Sturiella is probably conge-
neric with Acaulangium (Millay, 1997), and thus different from the
specimens studied here.

4.3. Fossil ferns from the Cerro Negro Formation

Several studies outline the abundance and diversity of ferns in the
Cerro Negro Formation. Leptosporangiate ferns are among the most
abundant components of this palaeoflora, with representatives of
Osmundaceae, Cyatheaceae, Dicksoniaceae, and Cyathealeans with un-
known familial placement, among others (Askin, 1983; Césari et al.,
1999, 2001; Cantrill, 2000; Césari, 2006; Torres et al., 1997; Vera,
2007, 2009, 2010, 2012, 2013, 2015). On the other hand, eusporangiate
forms are almost absent from the unit. Césari et al. (2001) illustrated a
fragment of a fertile frond with synangia, which they referred to
Marattiaceae. Notably, these specimens are similar in size to
Marattiaceae indet., andmay have belonged to the same biological enti-
ty. However, the fragmentary nature of the specimen illustrated by
Césari et al. (2001, Fig. 2A) and the specimens studied here, along
with the few overlapping features between these fossils, precludes a
more complete comparison.

4.4. Climatic inferences

Climatic inferences have been made previously, based on the pteri-
dological content of the Cerro Negro Formation. The presence of abun-
dant fern remains, including representatives of cyathealean tree ferns
(Cantrill, 1998; Césari et al., 2001, Vera, 2009, 2013, 2015), suggests
frost-free climatic conditions (Césari et al., 2001). The presence of
Lophosoria cupulata Cantrill 1998, and the use of extant Lophosoria
quadripinnata (J.F.Gmel.) C.Chr. 1920 as a modern analog, was used to
estimate minimum annual temperatures of at least 8 °C (Cantrill,
1998). Recently, Bystriakova et al. (2011) estimated the ancestral cli-
mate of the core tree ferns clade (a Cyatheales clade containing
Cyatheaceae, Dicksoniaceae, Metaxyaceae and Cibotiaceae) as charac-
terized by relatively high annual rainfall (in excess of 1100 mm), and
warm climate, with minimum temperatures not lower than 7.7 °C
(thus, frost free), and maximum temperatures not lower than 23.3 °C.
Given the presence of several core tree ferns clade representatives in
the Cerro Negro Formation, similar climatic conditions were proposed
(Vera, 2015). The presence of representatives of theMarattiaceae is an-
other clue pointing to a warm climate regime during the Aptian of
Antarctica.

Extant species of the Marattiaceae are essentially restricted to wet
tropical or subtropical regions of the world (Camus, 1990), with repre-
sentatives in the Neotropics (e.g. Marattia, Danaea, Eupodium), the
Paleotropics (e.g. Christensenia, Ptisana), or with a pantropical distribu-
tion, such as Angiopteris (this taxonwas originally paleotropical, butwas
later introduced and naturalized in the Neotropics) (Murdock, 2008b).
Using the extant representatives of the family as modern analogs for
Marattiaceae indet., it is suggested that during the deposition of the
Cerro Negro Formation, the climatic conditions were similar to those
ones of modern tropical/subtropical regions. On the other hand, the
Antarctic taxon may represent a divergent lineage of Marattiaceae,
more primitive than the extant recognized genera, which may have
been able to inhabit non-tropical environments. However, the charac-
teristics of the fossil studied here suggest that it is part of theMarattiales
crown group, and probably closely related to Ptisana orMarattia. Conse-
quently, the climatic requirements of the Antarctic taxon probablywere
similar to the requirements of extant representatives of the group. Fossil
Marattiales comparable with Marattia and Ptisana also seem to show
similar climatic distributions (Escapa et al., 2015), adding support to
this proposal.

5. Conclusions

Fertile remains of unambiguous Marattialean ferns are described
from the Cerro Negro Formation. This record represents one of the few
Cretaceous reports for Marattiaceae, an otherwise well-represented
clade in Carboniferous–Jurassic strata (Hu et al., 2006). Comparisons
with extant and extinct taxa suggest that the Antarctic fossil is closely
related to the species included in the recently erected genus Ptisana,
and toMarattia s.s. The climatic requirements of extant representatives
of Marattiaceae suggest that the Livingston Island examples inhabited
an areawith a tropical/subtropical climate, supporting previous climatic
inferences made for this Antarctic region during the Early Cretaceous.
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