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The lycophytes of the La Golondrina Formation (Permian),

Santa Cruz Province, Argentina: systematic revision,

biostratigraphy and palaeoecology

BÁRBARA CARIGLINO, ELIANA P. COTUREL and PEDRO R. GUTIÉRREZ

CARIGLINO, B., COTUREL, E.P. & GUTIÉRREZ, P.R., iFirst article, 2012. The lycophytes of the La Golondrina Formation (Permian), Santa Cruz
Province, Argentina: systematic revision, biostratigraphy and palaeoecology. Alcheringa, 1–24. ISSN 0311-5518.

The Permian lycophytes of the La Golondrina Formation (Santa Cruz province, Argentina) have remained unstudied for almost 50 years.
This study reviews material described by Archangelsky in 1960 and increases the representation of specimens via new collections from the
lower and middle members of the formation. The lycophytes, previously assigned to typical Laurasian genera, are re-analyzed and re-assigned
to Gondwanan genera where appropiate. Two new lycophyte taxa, Bumbudendron patagonicum comb. nov. and Cyclodendron golondrinensis
sp. nov. are proposed, and two specimens are retained under open nomenclature until better preserved material becomes available. Based on
this study, the biostratigraphic range of Bumbudendron is extended to the Permian, whereas Cyclodendron remains a useful Permian
stratigraphic index as previously suggested. Palaeoecological inferences derived from growth habit, floristic association and sedimentary facies
indicate that these plants developed under micro- to meso-thermal, humid conditions.

Bárbara Cariglino [barichi10@gmail.com], Eliana Paula Coturel [elianacoturel@gmail.com] and Pedro Raúl Gutiérrez [prgutierrez@macn.
gov.ar]. Museo Argentino de Ciencias Naturales ‘B. Rivadavia’, Av. Ángel Gallardo 470, C1405DJR, Buenos Aires, Argentina. Received
4.3.2011, revised 29.12.2011, accepted 1.2.2012.
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LYCOPHYTES are vascular plants that originated in
the Silurian, around 415 million years ago (Taylor
et al. 2009). Although they are an inconspicuous part
of extant floras, represented only by herbaceous
forms, they were dominant and cosmopolitan ele-
ments of Palaeozoic floras, developing both herbac-
eous and arborescent habits. The record of
lycophytes is extensive for the Carboniferous coal-
swamp floras of Euramerica (Taylor et al. 2009),
where arborescent clubmosses formed dense forests.
In comparison, the record of arborescent lycophytes
in Gondwana is patchy (Archangelsky et al. 1981,
Wang & Chen 2001), although they constituted
important arborescent and shrub-sized components
of regional floras through the late Palaeozoic.

Generally, lycophytes appear to have differen-
tiated into distinct genera in the Northern and
Southern hemispheres. The presence or absence of
structural characters, such as the ligule and ligule pit,
parichnos, and/or infrafoliar bladders, has been
considered by several authors (Edwards 1952,
Kräusel 1961, Chaloner & Boureau 1967, Arrondo
& Petriella 1978, Chaloner et al. 1979, Souza de Faria

et al. 2009) to be useful for distinguishing Laurasian
from Gondwanan lycophytes. Such features may have
been influenced by environmental factors, but several
authors have also discussed the taphonomic and
preservational influences (e.g., decortication levels) on
the recognition of these structures (Meyen 1972, 1976,
Thomas & Brack-Hanes 1984, Thomas & Meyen 1984,
Balseiro et al. 2009, Gensel & Pigg 2010).

Isolated organs of lycophytes have been fossilized in
almost all preservational modes (i.e., permineraliza-
tions, impressions, compressions and casts). This has
allowed a deep understanding of the biology of the
group and accurate environmental reconstructions
(Bateman et al. 1992, DiMichele & Phillips 1994,
DiMichele & Gastaldo 2008, Taylor et al. 2009). In
addition to this knowledge, various hypotheses about
their phylogenetic relationships have been proposed
(Thomas & Brack-Hanes 1984, Bateman et al. 1992,
Gensel 1992, DiMichele & Bateman 1996a, Kenrick &
Crane 1997), but no consensus has been achieved on a
cohesive classification of the group.

Lycophyte classifications incorporating fossils are
greatly hindered by the different preservational states,
the disassociation of the organs and the scarcity of
fertile structures. Traditionally, plants with different
preservational modes have been assigned to separate
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taxa (e.g., Lycopodiopsis for anatomically preserved
stems and Cyclodendron for axis adpressions). Dis-
association has led to conflicts in interpreting the
biological affinities of the parts (Thomas & Brack-
Hanes 1984). Both preservational differences and
dissociation of organs have artificially inflated the
number of genera present in individual floras. Meyen
(1976) suggested that whenever possible, fertile
organs should be used as a nomenclatural basis when
relating different morphotaxa, since these are usually
more informative of broader biological affinities than
the sterile organs, and several other authors have
agreed with this practice (Bateman et al. 1992,
DiMichele & Bateman 1996a, b). Unfortunately,
fertile organs tend to be scarce in fossil deposits,
necessitating evaluation of relationships based on
sterile parts alone.

The record of fossil lycophytes in Argentina is
extensive, begining in the Devonian and extending at
least to the Triassic (Gutiérrez 1996, Morel et al.
2003). All of the described material is based on
impressions, compressions and casts.

This study focuses on lycophyte fossils recovered
from the La Golondrina Formation, in Santa Cruz
province; Argentina. Although they do not constitute
a major part of the flora, four lycophyte species, all
preserved as impressions, have been described pre-
viously (Archangelsky 1960a): ‘Lepidodendron’ pata-
gonicum Archangelsky, 1960a, ‘Lepidodendron’ sp. cf.
L. pedroanum (Carruthers) Zeiller, 1895, cf. Sigillaria
sp., and cf. Lepidophloios laricinus Sternberg, 1825.
No further studies of the lycophytes from the La
Golondrina have been made since the publication of
that study, although later publications have men-
tioned that the ‘Lepidodendron’ specimens were better
referred to Brasilodendron (Archangelsky & Cúneo
1984, 2002), whereas the other two taxa (cf.
Lepidophloios and cf. Sigillaria) have not been cited
again.

During the past few decades, various studies have
revealed the Gondwanan identity of several macro-
floral elements previously assigned to Northern
Hemisphere genera (Srivastava & Agnihotri 2010).
This has also been the case for ‘lepidodendroid’
lycophytes from Brazil (Brasilodendron, Lycopodiop-
sis), South Africa (Cyclodendron), Australia (Lyco-
podiopsis) and Argentina (Bumbudendron) as noted in
a series of studies (Edwards 1952, Arrondo &
Petriella 1979, Chaloner et al. 1979, Archangelsky
et al. 1981, Jasper & Guerra-Sommer 1999). Never-
theless, the potential presence of northern taxa can
not be ruled out a priori, without undertaking a
detailed investigation of the material. A full revision
of the lycophytes from the La Golondrina Formation

is deemed essential for understanding the composi-
tion of this flora, given that the material has not been
studied for the past 50 years.

This study systematically reviews and discusses
specimens investigated by Archangelsky (1960a) from
the La Golondrina Formation and adds new
information from lycophyte stem impressions and
casts of axes in growth position collected during two
field trips to the Bajo de La Leona locality in March
2008 and November 2010. We also analyze the
importance of lycophytes as biostratigraphic indices
and infer the palaeoenvironmental conditions under
which they developed.

Materials and methods
The original four lycophytes described by Arch-
angelsky (1960a) were collected by that author in
1957 and are stored in the palaeobotany collection of
the Instituto Lillo (San Miguel de Tucuman, Tucu-
man province), under the abbreviation LIL. These
specimens are well-preserved impressions (Table 1).

The new specimens collected by the present
authors are housed in the palaeobotany collection
of the Museo Regional ‘Padre Jesus Molina’ (Rio
Gallegos, Santa Cruz province), under the abbre-
viation MPM Pb. These specimens are impressions
and casts of good to relatively poor preservation
(Table 1).

A Nikon SM2800 stereomicroscope attached to a
Nikon DS-Fi1-U2 and Canon Powershot S5IS digital
cameras were used for analysis and illustration. High-
resolution images were taken with a Phillips XL30
scanning electron microscope. The classification
scheme followed is that used by DiMichele &
Bateman (1996a). Phyllotaxis angle was measured
following Gutiérrez & Arrondo (1994).

Preservation of specimens and terminology
According to Gensel & Pigg (2010), non-perminer-
alized lycophyte stems can be found preserved as
compressions, impressions and endocortical casts, in
some cases still associated with their external moulds
(these can be flattened stems with some three-
dimensionality). An endocortical cast differs from
an external mould in that the former shows the
features (e.g., leaf scars/cushions) with a positive
relief, whereas the latter is an imprint of the outer
surface of the axis, thus features appear in negative
relief (see Gensel & Pigg 2010, fig. 2). In their study,
Gensel & Pigg (2010) also observed that when the
fracture plane of the matrix occurrs at the same level
of the stem’s surface, the leaf bases show in positive
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relief. This is considered neither an endocortical cast
nor external mould. Rather, it represents a complete
axial cast with replication of the true external surface.
Gensel & Pigg (2010, p. 136) referred to these samples
as stems with ‘true external surface preserved’.

The terminology used in the description of the
specimens is based on Thomas & Meyen (1984), and
explained with respect to an ideal rhombic leaf
cushion (Fig. 1). Centered in the upper half of the
leaf cushion is the leaf scar. The vascular trace is
represented as a black circle, and a keeled infrafoliar
bladder (such as the one observed in one of the
species described in the following section) extends
from the base of the vascular trace to almost the base
of the leaf cushion. It is important to point out that
the term ‘leaf scar’ is here taken in the broadest sense,
as no cuticular evidence of leaf abscission was
observed. Phyllotaxis was measured as the angle
between the stem margin and parastichy (Fig. 1).

Geological setting
The La Golondrina Basin underpins the Deseado
Massif, northeastern Santa Cruz Province, Argenti-
nean Patagonia (Fig. 2). Outcrops of Permian strata
occur at several localities in this basin, the most
important being the Bajo de La Leona, Estancia La
Juanita and Estancia Dos Hermanos sites (Jalfin
1987, 1990, Bellosi & Jalfin 1990, Panza 1994,
Archangelsky et al. 1996b). The sedimentary succes-
sion is ca 2600 m thick and is assigned to the Tres
Cerros Group, comprising the La Golondrina

Formation at the base and La Juanita Formation at
the top (Jalfin 1990, Archangelsky et al. 1996b,
Andreis 2002). Of these two formations, only the La
Golondrina has yielded fossils. The base of the group
overlies strata of unknown age, whereas at the top it
is overlain by Upper Triassic strata of the El
Tranquilo Formation.

According to Archangelsky et al. (1996b), the La
Golondrina Formation is divided into three mem-
bers, from bottom to top: the Laguna Lillo, Laguna
Polina and Dos Hermanos members (see also Jalfin
1987, 1990, Jalfin et al. 1990). This formation has
yielded a very diverse Glossopteris flora since it was
first studied by Archangelsky (1957, 1959a, b, 1960a,
b), and subsequent studies have revealed additional
elements of the flora, including sterile and fertile
glossopterids, ferns and sphenophytes (Archangelsky
& de la Sota 1960, Archangelsky & Bonetti 1963,

Specimen #
Archangelsky

(1960a)

Archangelsky &
Cúneo (1984,

2002) New assignation
Preservational

mode Added specimens*

LIL 1013, 2083–
2090

Lepidodendron cf.
pedroanum

Brasilodendron
pedroanum

Cyclodendron
golondrinensis

Impressions and
casts in growth

position

LIL 527, 529,
1034, 1037, 1038,
1040, MPM Pb

2753, 2755, 2756{,
2757, 2759, 2760,
2762, 2776{, 2807,
2808, 2812, 2819,

2874{
LIL 525

1020–1033
Lepidodendron
patagonicum

Brasilodendron sp. Bumbudendron
patagonicum

Impressions MPM Pb 2802

LIL 1014, 1015 cf. Sigillaria sp. – Lycophyte sp. A Impressions –
LIL 1012 cf. Lepidophloios

laricinus
– Lycophyte sp. B Impressions –

Table 1. New and previously collected specimens analyzed in this study. *LIL ‘‘added specimens’’ refer to unpublished
material collected by Archangelsky and identified during the collection revision. MPM Pb ‘‘added specimens’’ refer to new
material collected by the authors. {Casts found in growth position.

Fig. 1. Hypothetical leaf cushion showing the features mentioned in
text and diagram showing the phyllotaxis angle measured.
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Fig. 2. Geological map of the Bajo de la Leona area, showing exposures of the Permian La Golondrina Formation and localities from which
lycophytes were recovered (modified from Panza 1994). The Laguna Turbia locality lies north of the Bajo de La Leona area, as shown in the
inset map.
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Arrondo 1972, Herbst 1978, Archangelsky & Cúneo
1984, Durango de Cabrera 1990, Archangelsky 1992,
Archangelsky et al. 1996a, 1999, Archangelsky, A.
1999, 2000, Andreis 2002, Escapa & Cúneo 2006,
Cariglino et al. 2009).

The lycophytes described in this paper derive from
the Bajo de La Leona area, about 30 km east of Tres
Cerros town (Fig. 2; Jalfin 1987, Panza 1994). The
first specimens of lycophytes from the La Golondrina
Formation were found by Archangelsky at Laguna
Groeber, Mount Ducky and Laguna Turbia (located
a short distance north of the area mapped in Fig. 2;
Archangelsky, 1960a). New material was collected
from the westernmost margin of Laguna Lillo,
Laguna Polina and Laguna Turbia. According to
Jalfin (1987, 1990), only the middle and upper

members are exposed at these sites, except at Laguna
Lillo, where all three members are exposed (Fig. 2).

In order to place the new lycophytes in a
stratigraphic context, three geological sections were
measured at Laguna Lillo, Laguna Polina and
Laguna Turbia (Fig. 3). The Laguna Lillo succession
was traced following a west-southwest to east-north-
east direction and has its base at 488120400S,
678160400W. The section is 80 m thick and includes
only the Laguna Lillo Member; the section terminat-
ing at the base of the Laguna Polina Member.
Medium to thick sandstones with trough cross-beds
and clast-supported, polymict conglomerates are
predominant through the entire succession. Excep-
tions are at ca 9–12, 23 and 79 m from the base,
where mudstone to fine sandstone beds with planar

Fig. 3. Sedimentary logs for sampled sections at Laguna Lillo, Laguna Polina and Laguna Turbia, showing beds yielding lycophytes and other
plant macrofossils. Lycophytes from Laguna Lillo were recovered from the Laguna Lillo Member, whereas at Laguna Polina and Laguna
Turbia, they derive from the basal levels of the Laguna Polina Member.
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laminations containing the fossil flora are found. The
new fossil material derives from a shale at ca 23 m
from the base. Bounding this level are fine- to
medium-grained sandstones with trough cross-beds.
Together with the lycophytes, typical elements of a
Glossopteris flora (e.g., Glossopteris and Asterotheca)
were recovered (Fig. 3).

The Laguna Polina section was traced following
an E–W direction and its base is located at
48809041.600S, 67815009.900W. This section is ca 185 m
thick and terminates at Archangelsky’s ‘Conglomer-
ates I’ (1959a, p. 11). Thus, the section incorporates
mainly the middle member (Laguna Polina) and the
first rock unit of the upper member (Dos Hermanos),
according to the stratigraphy proposed by Jalfin
(1987, 1990) and Archangelsky et al. (1996b).
Medium- to fine-grained sandstones with trough
cross-beds, intercalated with finer-grained beds of
limestone and mudstone with planar lamination
containing fossil plants, dominate the lower half of
the succession. Lycophytes were recovered at ca 40–58
and 68–73 m from the base, together with other well-
preserved macrofloral elements. Coarser sandstones
prevail in the upper half of the measured section,
together with a single mudstone containing well-
preserved fossils of Glossopteris, ferns and spheno-
phytes 146 m above the base. The succession ends
with a bed of polymict conglomerates (¼ ‘Conglom-
erates I’ of Archangelsky 1959a; Fig. 3).

Finally, the Laguna Turbia section followed a
NW–SE direction, with its base located at
48805031.100S, 67818024.0100W. About 50 m of the
Laguna Polina Member were measured in total.
The entire sequence is dominated by medium to thick
massive sandstones but there is a fine-grained
sandstone bed with badly preserved fossils at 8–
13 m from the base. Lycophytes showing few external
details together with badly preserved Glossopteris
leaves were recovered from this level (Fig. 3).

Systematic palaeontology
Division LYCOPHYTA
Class LYCOPSIDA
Order ISÖETALES (sensu DiMichele & Bateman,

1996a)

Cyclodendron Kräusel 1928 sensu Kräusel, 1961

Type species. Cyclodendron leslii (Seward, 1903)
Kräusel, 1961

Cyclodendron golondrinensis sp. nov. (Figs 4A–D,
5A–H, 6A–G, 7A–I)

1960 Lepidodendron cf pedroanum (Carruthers)
Zeiller; Archangelsky, p. 25, pl. IV, fig. 3. [1960a]

Diagnosis. Stems belonging to an arborescent lycop-
sid covered by closely to widely spaced leaf scars
depending on the decortication level: less decorticated
stems have widely spaced leaf scars, more decorti-
cated stems have closely spaced leaf scars. Leaf scars
are transversely oval to circular, in some cases
rhombic. A sharp rhombic or locally inverted
lachrymiform interarea may bound the oval leaf scar
in external moulds. A circular vascular trace occurs in
the middle to upper part of the leaf scar. Leaves are
long, concavo-convex in transverse section, with an
expanded base that tapers sharply. Leaves are
coriaceous, single-veined and inserted at an acute
angle (50–608), but locally are perpendicular to the
stem. Lepidodendroid phyllotaxis (ca 35–708).

Holotype. LIL 527 (Fig. 4A–D).

Paratypes. LIL 529 (Fig. 7F), 1013 (Fig. 6E), 1034
(Fig. 5D), 2083 (Fig. 6F, G), LIL 2084 (Fig. 6B),
MPM Pb 2807 (Fig. 5A), MPM Pb 2819 (Fig. 5G),
MPM Pb 2874 (Fig. 7A–E).

Type locality, unit and age. Laguna Turbia, La
Golondrina Formation, Permian.

Etymology. Named after the type formation.

Material. LIL 527, LIL 529, LIL 1013, LIL 1034, LIL
1037, LIL 1038, LIL 1040, LIL 2083–2090, MPM Pb
2755, MPM Pb 2756, MPM Pb 2757, MPM Pb 2759,
MPM Pb 2760, MPM PB 2762, MPM Pb 2807, MPM
Pb 2808,MPMPb 2812,MPMPb 2819,MPMPb 2874.

Description. The samples are described according to
their style of preservation. The size and shape of leaf
scars vary according to their ontogeny and preserva-
tional state (Table 2).

External moulds. LIL 527 (Fig. 4A–D) is a stem
69 mm wide and 47.1 mm long with attached leaves
that have suffered considerable deformation by com-
pression. The stem bears oval transverse to slightly
rhombic leaf scars. The mean width of the leaf is
8.5 mm and mean height is 6.6 mm (n¼ 11). Circular
vascular traces were observed centrally on some of the
upper scars (Fig. 4C). Leaves are univeined, concavo-
convex in transverse section (Fig. 4B). The longest leaf
is 50 mm long. In adaxial view, the maximum width
measured was 7.8 mm at the attachment point,
tapering to 3.3 mm wide at 16.5 mm from the base.
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The leaves are attached almost perpendicular to the
stem and, after a short distance, they arch sharply
upwards (Fig. 4B). No sporangia were found
associated with the leaves, although the sharp upwards
reorientation is suggestive of a strobilar organization
(Chaloner et al. 1979, Archangelsky et al. 1981).

LIL 1013, 2083, 2084, 2085 and 2090 (Fig. 5A–F)
are stems with transverse diamond-shaped to rhombic
interareas that bound circular to oval leaf scars, with
circular vascular traces in the upper half of the scar.

MPM Pb 2753, 2755, 2757, 2759, 2760, 2762, 2812
all have less-defined interareas and a circular to
inverted lachrymiform leaf scar (as illustrated by
Gensel & Pigg 2010, fig 6f).

Endocortical casts. MPM Pb 2807, 2808 (Fig. 6A,
B) are stems that show the basal part of the leaf traces

as protuberances. Protuberances are dissimilar in
shape and size along the stem.

LIL 2089 (Fig. 6C) is a stem bearing rhombic leaf
traces, with circular vascular traces as depressions.
There are no visible interareas.

LIL 1037 (Fig. 6D) is a flat stem covered by
widely spaced imperfect circular leaf traces shown as
protuberances.

Endocortical casts in growth position.MPMPb2874
(Fig. 7A–E) is a cast found in growth position, showing
protuberances of variable form along the stem. The
stem is uncompressed, 57 mm in diameter and 350 mm
long. Its basal portion has a constriction and ends in a
bulbous structure (Fig. 7E). The stem is similar to one
illustrated by Souza de Faria et al. (2009, pl. I, fig. 2),
which had a dichotomy.As our sample is not complete,

Fig. 4. Cyclodendron golondrinensis sp. nov. A–D; Holotype LIL 527, entire specimen and detail of leaves and leaf scars. Scale bar¼ 10 mm for
A, B, C; 2 mm for D.
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we consider it represents the basal part of the trunk,
with a bulbous rhizomorph.

MPM Pb 2756 (Fig. 7H, I) is a cast of the basal
portion of the stem in growth position. The stem is
laterally compressed, with a maximum diameter of
40 mm and a minimum diameter of 28 mm. The
maximum length measured is 50 mm. Two types of
leaf scars are observed on different sides of the stem:
rounded, protruding leaf scars on one side (Fig. 7H),
and superficially sunken, transversely oval-shaped
scars, on the other (Fig. 7I).

MPM Pb 2776 (Fig. 7G) is an uncompressed cast
found in growth position, where only a short portion
of the stem is preserved. The total dimensions are
58.5 mm long and 51.7 mm in diameter. The stem
shows slightly sunken leaf traces, dorsiventrally
flattened, with the vascular trace centrally located.

LIL 529 (Fig. 7F) is a cast collected by Arch-
angelsky, who did not mention whether the specimen
was found in growth position. The stem is slightly
compressed, 82.1 mm in diameter and 157.8 mm long.
Ill-defined transversely oval to rhombic leaf scars are

Fig. 5. Cyclodendron golondrinensis sp. nov. Paratypes (external moulds). A, LIL 2090; B, LIL 2084; C, LIL 2085; D, LIL 1013; E–F, LIL
2083, general view and detail of the leaf scar. Scale bar¼ 10 mm for A, B, C, D, E; 2.5 mm for F.
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Fig. 6. Cyclodendron golondrinensis sp. nov. Paratypes (endocortical casts). A, MPM Pb 2807; B, MPM Pb 2808; C, LIL 2089; D, LIL 1037
(stems with true external surface preserved); E, LIL 1040; F, LIL 1038; G, LIL 1034; H, MPM Pb 2809. Scale bar¼ 10 mm.
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visible in the upper portion of the stem. No evidence
of a vascular trace was distinguished.

Stem casts with true external surface preserved. LIL
1034, 1038 and 1040 (Fig. 6E–G) are flat stems
covered by widely spaced circular leaf scars with a
circular vascular trace located in the center of the scar.

MPM Pb 2819 (Fig. 6H) is a flattened stem with
closely spaced irregular oval leaf scars and leaves still
attached on the right side. No further details can be
observed due to the compaction and poor
preservation.

Discussion. The variable axis forms described here
under the same species can be explained according to
their different preservational modes.

Archangelsky (1960a) assigned several specimens
from both the La Golondrina and Tepuel Genoa
basins to Lepidodendron sp. cf. L. pedroanum. Later
studies (Archangelsky & Cúneo 1984, 2002) referred
this material to Brasilodendron pedroanum (Car-
ruthers) Chaloner et al. 1979. However, the La
Golondrina Formation specimens clearly differ from
those of Tepuel Genoa and other Brasilodendron
pedroanum specimens of Gondwana. Upon close
inspection, there are significant differences between
the ‘leaf cushions’ of Brasilodendron and Archangels-
ky’s ‘Lepidodendron’ cf. L. pedroanum from the La
Golondrina Basin, mainly in the fusiform shape and
extended caudae above and below the cushions in
Brasilodendron pedroanum. Our description of the
‘Lepidodendron cf. pedroanum’ material from the La
Golondrina Formation agrees with Archangelsky’s in
recognizing the dense array of subrhombic to oval leaf
scars, leaving no interareas, and the presence of a
vascular trace in the middle to upper part of the
leaf scar,with no evidence of a ligule or parichnos scars.

Cyclodendron was erected by Kräusel (1928, 1961)
to accommodate arborescent lycopods with stems
covered with widely to closely spaced oval leaf scars
arranged in a low spiral. In the centre of each leaf scar
or just above it there is a rounded depression,
presumed to be the scar of the vascular trace. In his
original diagnosis, Kräusel (1928) made it clear that
Cyclodendron did not have leaf cushions. This was in
agreement with Seward’s (1903) and Arber’s (1905)
description of Bothrodendron leslii Seward 1903, a
species that was later transferred to Cyclodendron by
Kräusel (1928). In a later publication, however,
Kräusel (1961) indicated the presence of leaf cushions,
a feature also recognized by other authors (Sommer &
Trindade 1966, Chaloner & Boureau 1967, Lejal-
Nicol & Bernardes de Oliveira 1979, Lemoigne &
Brown 1980, Herbst 1985, Herbst & Gutiérrez 1995).

When Rayner (1985) emended the type species, he also
provided a diagnosis of Cyclodendron, in which the
presence of leaf scars and vascular traces was
mentioned, but nothing about leaf cushions. We did
not identifiy leaf cushions in any of the specimens
from the La Golondrina Formation, hence, Arch-
angelsky’s Lepidodendron sp. cf. L. pedroanum and
most of the newly collected material from Laguna
Lillo, Laguna Polina and Laguna Turbia are here
transferred to Cyclodendron. It is probable that what
we term interareas is equivalent to the leaf cushions of
some other authors.

Cyclodendron species are known from the Permian
of South Africa (C. leslii Kräusel 1928, Anderson &
Anderson 1985, Rayner 1985), Australia (Cycloden-
dron sp., Edwards 1952, Rigby 1966, McLoughlin &
Hill 1996), Brazil (C. brasiliensis Lejal-Nicol &
Bernardes de Oliveira 1979), Uruguay and Paraguay
(C. leslii and C. andreisii; Herbst 1985, Herbst &
Gutiérrez 1995). Archangelsky’s specimens differ
from other species of Cyclodendron mainly in the
shape of the leaf scars. Cyclodendron golondrinensis
differs from C. leslii in having rhombic to oval leaf
scars with a rounded apex and both the vertical and
horizontal axis of the same magnitude, whereas the
latter has rhombic scars with an acute apex and a
horizontal major axis. Additionally, C. leslii has been
described with preserved cuticle, whereas the material
from La Golondrina currently lacks cuticular details.
Our material differs from C. andreisii in that the latter
has an infravascular tissue zone that is not found in
C. golondrinensis. This tissue is very conspicuous in
C. andreisii, and the absence in our very variable
specimens is remarkable. Further studies in better
preserved specimens might help define further differ-
ences or reveal synonymy between these species.
Lastly, C. golondrinensis differs from C. brasiliensis in
the more vertically elongated shape of the leaf scars
with rounded apices. Unfortunately, only sterile axes
are available, thus comparisons based on fertile
aspects are not possible.

Bumbudendron Archangelsky, Azcuy & Wagner, 1981

Type species. Bumbudendron paganzianum Archan-
gelsky, Azcuy & Wagner, 1981

Bumbudendron patagonicum comb. nov. (Fig. 8A–H)

Basionym. Lepidodendron patagonicum Archangelsky,
1960a, p. 22, pl. I.

Emended diagnosis. Arborescent lycophyte axes with
the intersection of phyllotactic spirals at an acute
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Fig. 7. Cyclodendron golondrinensis sp. nov. (endocortical casts in growth position). A–E, MPM Pb 2874; A, stem in growth position, white
arrow points to the bulbous base; F, LIL 529; G, MPM Pb 2776; H–I, MPM Pb 2756. Scale bar¼ 10 mm for B–I. In A, the hammer is 35 cm
long.
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angle. Leaf cushions densely packed, without inter-
areas. Leaf cushions rhombic, 7 mm long, 4 mm
wide, with acute apex and base, locally fused with the
succeeding cushion. Foliar scar triangular to trans-

versely oval, in the centre of the cushion or slightly
displaced distally. Vascular trace circular in the lower
portion of the scar. Foliar scar separating two fields:
lower field longer than upper field and bearing a

Fig. 8. Bumbudendron patagonicum comb. nov. A–C, holotype LIL 525, entire specimen and details of leaf cushions and leaf scars; D, redrawn
from B; E, redrawn from C; F–H, paratype MPM Pb 2802, entire specimen and detail of leaf cushions; H, latex cast of paratype. Scale
bar¼ 10 mm for A, F; 5 mm for B, C, G, H.
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keeled infrafoliar bladder that does not reach the
base of the cushion. Ligule and parichnos absent.
Lepidodendroid phyllotaxis (23–408).

Holotype. LIL 525 (Fig. 8A–E).

Paratype. LIL 1020–1033, MPM Pb 2802 (Fig. 8F–
H).

Type locality, unit and age. Laguna Groeber, La
Golondrina Formation, Permian.

Material. LIL 525, LIL 1020–1033, MPM Pb 2802.
Description. LIL 525 is a cast of a fragmentary stem,
102 mm long and 43 mm wide, covered by small
rhombic leaf cushions. Close scrutiny shows two
morphologically different leaf cushions due to leaf
truncation. In the lower portion of the stem,
markedly rhombic cushions are visible. They have a
triangular leaf scar, dividing the leaf cushion into two
fields, a shorter upper one and a longer lower one
(Fig. 8C, E). The leaf trace is positioned basally in the
centre of the leaf scar. No ligule pit is evident. There
is a keeled infrafoliar bladder (as in Bumbudendron
paganzianum Archangelsky et al. 1981) in the lower
field almost reaching the base of the leaf cushion (Fig.
8C, E). Leaf cushions are closely spaced and not
separated by interareas.

More distally on the axis, the upper field of the
cushions is enlarged; in the most distal cushions,
only the leaf scar and the upper field are evident.
The leaf scar is not fully defined, but it appears to
be transversely oval (Fig. 8B, D). Here, the
vascular trace is evident and still located in the
lower part of the leaf scar. The difference between
the leaf cushions in the proximal and distal parts of
sample LIL 525 can be explained by the existence
of an angular difference between the stem surface
and the fissile plane of the rock. This plane occurs
at a greater distance from the stem’s surface in the
distal part compared to the proximal part of the
sample (Fig. 9), showing two different levels of leaf
truncation.

Sample MPM Pb 2802 (Fig. 8F–H) is an
impression of a stem covered by vertically elongate
leaf cushions, 28.5 mm wide and 63 mm long, with
their major width in the middle. Leaf cushions are
continuously connected by their apical and basal
ends. Interareas are represented by a continuous
furrow (ridge in the synthetic cast, Fig. 8H). The leaf
scars are ill-defined, but the keeled infrafoliar bladder
is clearly marked, represented by an elongated furrow
(Fig. 8G, H) seen as a protuberance in the synthetic
cast, which runs from the central portion of the

cushion to almost the lower end. No other features
are observed given the strong decortication suffered
by the leaf cushions (Fig. 10F).

Discussion. The difference in shape and size of the leaf
cushions between samples LIL 525 and MPM Pb
2802 is here explained by ontogenetic differences (i.e.,
position on the tree) of a single species. In addition,
there is a marked decortication difference between the
samples (LIL 525 and MPM Pb 2802) that can
obscure the similarities (Fig. 10D–F, see general
discussion). Previous work (e.g., Eggert 1961) has
recognized that older stems have longer and thinner
leaf cushions, whereas the cushions in younger stems
are wider and shorter. Unfortunately, our material is

Fig. 9. Proposed explanation for the leaf cushion variation in
Bumbudendron patagonicum, based on LIL 525. Upper portion of
the scheme shows leaf scars on distal part of the axis, whereas the
lower portion shows leaf scars and lower field of the cushions on the
proximal part of the axis. Fissile plane is not parallel to the stem
surface, causing different levels of leaf truncation.
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too fragmentary to determine its stage of ontogenetic
development.

The presence of dense, narrowly rhombic leaf
cushions, with a subtriangular leaf scar slightly distal
to the middle of the cushion led Archangelsky
(1960a) to assign specimen LIL 525 to Lepidodendron
patagonicum. Specifically, he mentioned a protuber-
ant vascular trace located in the lower centre of the
leaf scar, accompanied on its sides by what he
considered to be parichnos scars. However, he noted
the absence of a ligule or lower parichnos.

Our revision of the material could not confirm the
presence of such parichnos scars. Nevertheless,
Archangelsky’s original description mentioned the
existence of a smooth keel descending from the leaf
scar but not reaching the base of the leaf cushion.
This keel is here interpreted as an infrafoliar bladder,
an aerenchymatous expansion below the leaf scar,
first described by Meyen (1974, 1976) for the
Angaran lycopsids. Based on the shape of the leaf
cushions, the specimens from the La Golondrina
Formation are similar to Brasilodendron, Tomioden-
dron and Pseudobumbudendron (which included the
previously named Lepidodendropsis fenestrata Jong-
mans & Koopmans, 1940 from Egypt). However, our
specimens differ from these genera in having an

infrafoliar bladder (absent in Brasilodendron), lacking
a ligule pit (very conspicuous in Tomiodendron) and
having true leaf scars (whereas Pseudobumbudendron
is considered to have false leaf scars). Taking into
account this unique set of characters we reassign
‘Lepidodendron’ patagonicum to Bumbudendron.

Except for a badly preserved Australian specimen,
equivocally assigned to Bumbudendron queenslandi
Rigby, 1987, all Bumbudendron species known are
from Argentina and Brazil, including B. paganzanium
Archangelsky et al., 1981, B. nitidum Archangelsky
et al., 1981 (Mune & Bernardes de Oliveira 2007), B.
millanii Arrondo & Petriella, 1985 (Arrondo &
Petriella 1979, Archangelsky et al. 1996b, Mune &
Bernardes de Oliveira 2007) and B. versiforme
Gutiérrez et al., 1986.

Bumbudendron paganzanium differs from B. pata-
gonicum in the presence of a pentagonal leaf scar, the
infrafoliar bladder reaching almost to the base of the
leaf cushion, and the leaf trace located slightly distal to
the centre of the leaf scar. Bumbudendron nitidum
differs from B. patagonicum in that it possesses
hexagonal leaf scars, and the leaf trace is slightly below
the centre of the leaf scar. Bumbudendron millani has
more fusiform leaf cushions, in contrast to their
narrowly rhombic shape in B. patagonicum. Finally,

Fig. 10. Hypothetical scheme of different decortication levels for Cyclodendron (A–C) and Bumbudendron (D–F) impressions. A and D

represent slightly decorticated leaf scars/cushions, whereas C and F represent strongly decorticated leaf scars/cushions. See text for further
details.
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B. versiforme has subtriangular leaf scars with a
rounded top, and the leaf trace is positioned in the
upper half of the leaf scar.No interareas were observed
in LIL 525, whereas these are present in B. versiforme.

Lycophyte sp. A (Fig. 11A, B)

1960 cf. Sigillaria sp. Archangelsky, p. 28, pl. IV, fig.
2. [1960a]

Material. LIL 1014–1015 (Fig. 11A, B).

Description. Impression of a fragmented stem that is
preserved both as an endocortical cast and an
external mould, 60 mm wide and 38 mm long with
spirally arranged hexagonal leaf cushions, moder-
ately spaced and arranged in (an almost) sigillarioid
phyllotaxy (see Fig. 1 for reference) at an angle of ca
458 from the vertical (Fig. 11A). Leaf cushions are
hexagonal, 4.9 mm high and 4.7 mm wide. The upper
and lower sides are slightly rounded; lateral angles of
the hexagonal cushion are wide (ca 1108) but sharp. A
rounded leaf scar occurs in the upper-center of the
leaf cushion (Fig. 11B). No traces of parichnos or
ligular scars are evident.

Fig. 11. Lycophyte sp. A and sp. B. A–B, LIL 1014, Lycophyte sp. A, entire specimen and detail of leaf cushions; C–E, LIL 1012, Lycophyte
sp. B, entire specimen and detail of leaf cushions; E, SEM photo of leaf cushion. Scale bar¼ 10 mm for A, C; 2 mm for B, D, E.

Fig. 12. Box plot showing the length/width ratio of leaf scars and
the standard deviation of each sample for Cyclodendron golon-
drinensis (based on data from Table 2).
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Discussion. Archangelsky (1960a) referred specimens
LIL 1014–1015 to Sigillaria based on the hexagonal
shape of the leaf cushions and their resemblance to S.
brardii Bgt. f. menardi specimens of Hirmer (1927, fig.
331), White (1908, pl. V, fig. 12) and Arber (1905, pl.
VIII, fig. 1). Archangelsky (1960a) also noted that it
was not possible to classify the specimen to species
level due to the lack of key features, such as lateral
parichnos or ligule scars.

Similar to Sigillaria but of herbaceous habit, is
Archaeosigillaria Kidston 1901, known worldwide
from the Devonian to the Lower Carboniferous
(Chaloner & Boureau 1967, Anderson & Anderson
1985). Archaeosigillaria has leaf cushions arranged in
vertically aligned series, hexagonal to subhexagonal
(in some cases circular or rhombic depending on the
decortication level) with a central leaf trace, but no
parichnos or ligule scars (Gutiérrez & Arrondo 1994).
Archangelsky’s specimen LIL 1014 could be accom-
modated under this genus given the hexagonal shape
of the leaf cushions and the absence of both
parichnos and ligule scars, but the slight phyllotaxis
angle is inconsistent with that genus. Additionally,
the more ancient stratigraphic range of Archaeosigil-
laria does not favour its use for the La Golondrina
specimens.

Herbst (1972, pp. 262–263) mentioned a lycopsid
with sigillarian affinity from the Upper Permian of
Paraguay, specimen CTES-Pb 2875, which is very
similar to the presently studied material in the size
and hexagonal shape of the leaf cushions, the
sigillaroid phyllotaxis, and the presence of a
central-upper leaf trace and absence of parichnos
and ligule scars. Thus, our material reinforces the
presence of sigillaroid-type lycopsids during the
Permian in the Southern Hemisphere (Salvi et al.
2008).

Given that Sigillaria is known from the Northern
Hemisphere (Chaloner & Boureau 1967) and its
presence has not been incontrovertibly proven for
the Southern Hemisphere, added to the lack of
parichnos and/or ligule scars on LIL 1014, we assign
the studied specimen simply to Lycophyte sp. A until
more complete material becomes available.

Lycophyte sp. B (Fig. 11C–E)

1960 cf. Lepidophloios laricinus Sternberg, Arch-
angelsky, p. 27, pl. IV, fig. 1. [1960a]

Description. Impression of a fragmentary stem,
52 mm long and ca 60 mm wide with rhombic leaf
cushions, 6 mm long, 14 mm wide (Fig. 11C). Lateral
angles of the leaf cushions are acute; the base and

apex are rounded (Fig. 11D, E). A laterally expanded
leaf scar is positioned at the base of the leaf cushion.
Straight lines openly radiate from the leaf scar,
covering the upper part of the leaf cushion (Fig.
11D). A circular leaf trace is located centrally, close
to the base of the leaf scar.

Material. LIL 1012 (Fig. 11C–E).

Discussion. Specimen LIL 1012 was assigned to cf.
Lepidophloios laricinus by Archangelsky (1960a)
based on the rhombic shape of the leaf cushions with
a width to height ratio greater than 1 (Fig. 11D).
Archangelsky (1960a) mentioned the outline of two
punctate marks over the leaf trace that he adduced
were parichnos scars. However, we did not identify
these marks and we can not confirm the presence of
parichnos.

Lepidophloios is typical of Northern Hemisphere
Carboniferous floras. According to Thomas (1977),
the main feature of Lepidophloios is that cushions
overlap each other. Furthermore, leaf cushions are
broader than long and are characterized by the
presence of lateral parichnos scars and a ligular pit
above the leaf trace. None of these were evident on
LIL 1012. Thus, we suggest re-assignment of this
specimen to Lycophyte sp. B, since the single
fragmentary specimen does not provide enough
evidence to confidently permit its referral to Lepi-
dophloios in the Southern Hemisphere.

Discussion
Among the many constraints palaeobotanists deal
with when working with fossils are the various
modes of fossilization that usually lead to the
preservation of different features, commonly result-
ing in taxonomic inflation (Meyen 1974, Schopf
1976, Thomas & Brack-Hanes 1984, DiMichele &
Bateman 1996a, Gensel & Pigg 2010). In the case
of lycophytes, stems have been found preserved as
whole stems casts, endocortical casts, impressions
(moulds), compressions and permineralizations. An
emblematic example of this problem is that of
Lycopodiopsis, a genus restricted by Chaloner et al.
(1979) to the permineralized stems of either
Cyclodendron leslii (L. derbyi Maack, 1947) or
Brasilodendron pedroanus (L. pedroanus Chaloner
et al., 1979). The problem of identifying species of
different preservational modes is still debated.
Presently, the most expedient approach is to retain
different names for different preservational modes,
although ideally, taxa ought to be based on whole
plant reconstructions incorporating vegetative and
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reproductive organs of all preservational styles
(Bateman et al. 1992, DiMichele & Bateman
1996a, Gensel & Pigg 2010).

In an attempt to dissuade the creation of new
genera when analyzing impressions/compressions of
lycophyte stems, Thomas & Meyen (1984) proposed
a system of morphogenera. Although based on
limited descriptive data, it has been widely used as
a scheme for classifying upper Palaeozoic arbor-
escent lepidophyte stems. Considering the fossil
record from South America, the most common
remains of lycophytes are isolated vegetative shoots
preserved as impressions/compressions. This is also
the case for the specimens from the La Golondrina
Formation. Additionally, some endocortical casts
are preserved, which provide a range of additional
characters.

The variations in decortication have been dis-
cussed by several authors (Archangelsky et al. 1981,
Herbst & Gutiérrez 1995, Ricardi-Branco & de
Ricardi 2003, Gensel & Pigg 2010), as these can
reveal features sufficiently distinctive to result in
erroneous interpretations of equivalent structures.
The illustration provided in Fig. 10 explains varia-
tions in decortication in Cyclodendron (Fig. 10A–C)
and Bumbudendron (Fig. 10D–E) using, as starting-

points, the schemes based on impressions proposed
by Herbst & Gutiérrez (1995, p. 147, fig. 6) and
Archangelsky et al. (1981, p. 13, fig. 7). Patterns on
the apparent axis surface (Fig. 10) vary substantially
and intimate the presence of multiple taxa; however,
it is clear that such patterns reflect only the degree of
decortication. At a lesser degree of leaf scar/cushion
decortication (Fig. 10A, D), leaf bases can ‘hide’
diagnostic characteristics (e.g., leaf cushions/scars,
parichnos or ligule marks and infrafoliar bladders),
whereas these diagnostic features are most clear at an
intermediate stage (Fig. 10B, E). At a greater degree
of leaf scar/cushion decortication, finer architectural
features again become indistinct (e.g., leaf cushion
and/or leaf scar outlines, and leaf trace), leaving only
subepidermal features including (e.g., infrafoliar
bladder in Bumbudendron sp.; Archangelsky et al.
1981, Thomas & Meyen 1984).

The development of decortication models such as
that proposed here (Fig. 10) assists the biological
grouping of specimens that at first sight might be
considered to constitute different taxa. Great care is
needed to evaluate the preservational mode and
determine the decortication stages to achieve accu-
rate identifications of arborescent lycophytes (see
also Gensel & Pigg 2010). We look forward to

Number Preservational type

Preserved stem Leaf scar

Scars measuredLength Width Shape Length Width

LIL 527 EM 4.71 6.9 (5) 0.66 0.85 11
LIL 1034 ES 8.93 11.17 (1) 0.48 0.46 11
LIL 1037 EC 16.74 7.44 (1) 0.35 0.30 19
LIL 1038 ES 4.63 10.03 (1) 0.36 0.37 10
LIL 1040 ES 9.86 7.1 (1) 0.33 0.32 10
LIL 2089 EC 10.97 6.42 (6) 0.54 0.63 20
MPM Pb 2807 EC 20 4.4 (–) 0.32 0.28 20
MPM Pb 2808 EC 4.6 6.34 (–) 0.32 0.30 20
MPM Pb 2819 EC 11.18 7.04 (3) 0.4 0.55 15
LIL 1013 EM 6.07 9.76 (2) 0.52 0.58 10
LIL 2083 EM 6.34 6.25 (2) 0.67 0.46 17
LIL 2084 EM 5.06 3.16 (2) 0.46 0.62 20
LIL 2085 EM 5.16 4.23 (2) 0.55 0.75 20
LIL 2090 EM 4.28 4.77 (2) 0.70 0.84 20
MPM Pb 2753 EM 7.78 3 (4) 0.43 0.44 19
MPM Pb 2755 EM 4.72 2.25 (4) 0.33 0.3 12
MPMPb 2757/8 EM 3.2 2.3 (4) 0.33 0.34 10
MPM Pb 2759 EM 5.2 3 (4) 0.24 0.32 10
MPM Pb 2760 EM 6.75 2.86 (4) 0.30 0.32 10
MPM Pb 2762 EM 5.8 2.4 (4) 0.31 0.31 10
MPM Pb 2811/2 EM 4.28 2.7 (4) 0.32 0.29 10

Table 2. Measurements of Cyclodendron golondrinensis sp. nov. EC¼ endocortical cast; ES¼ true external surface preserved;
EM¼ external mould. Measurementes based on fragmented material. Leaf scar shape: (1) circular/rounded, (2) rounded to
oval, (3) oval, (4) rounded to inverse teardrop, (5) oval transverse to slightly rhombic, (6) rhombic. All measurements are in
centimetres.
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seeing more rigorous analysis of decortication
models for the different preservational modes in
the future.

Since Wnuk’s (1985) statistical studies on the
nature of growth in Lepidodendrales, several other
analyses have clarified the physiognomic differences
at an intra- and interspecific level (e.g., Oplustil
2010). These works analyzed different stages of
development on complete, well-preserved specimens,
demonstrating that ontogeny is an important factor
to consider when evaluating leaf scar/cushion differ-
ences (e.g., Eggert 1961, Wnuk 1985, 1989, Oplustil
2010). Although we do not have complete specimens,
we present an objective set of measures (Table 2)
from the most abundant taxon in the La Golondrina
Formation (Cyclodendron golondrinensis sp. nov.),
where data was compared to determine whether
samples were likely conspecific. No significant differ-
ences in the size of the cushions between the samples
was observed (Fig. 12).

Based on the descriptive analysis of the different
levels of decortication and the differences in the
length–width measurements of the leaf scars in
Cyclodendron golondrinensis, we conclude that the
samples are conspecific. This is consistent with the
‘monotypic series’ mentioned by Meyen (1976),
whereby he grouped morphologically different sam-
ples from various localities under the same taxon, and
with Gensel & Pigg (2010) who interpretated differ-
ences in the leaf scars of a taxon to be attributable to
variable abrasion or transection of the endocortical
cast and external mould.

Age and biostratigraphy
The biostratigraphic scheme proposed for the La
Golondrina Formation by Archangelsky & Cúneo
(1984) has been widely accepted (Archangelsky
et al. 1996a, b, Andreis & Archangelsky 1996,
Andreis 2002) and has remained unmodified. The
La Golondrina Formation is assigned to two
phytostratigraphic zones: the Dizeugotheca waltonii
and the Asterotheca singeri biozones corresponding
to the Laguna Polina and Dos Hermanos members
respectively (Archangelsky & Cúneo 1984, 2002).
According to these authors, the Dizeugotheca
waltonii biozone spans the late Cisuralian to early
Guadalupian, whereas the A. singeri biozone spans
the late Guadalupian to Lopingian. Since the
palaeofloristic content of the lower Laguna Lillo
Member was unknown, this member has not been
mentioned in previous biostratigraphic studies.
However, recently recovered plants from this
member currently under study by one of the

authors (B.C.) indicates that the age of the La
Golondrina Formation spans at least the late
Cisuralian, with the Laguna Lillo Member assigned
to the Dizeugotheca waltonii biozone.

The Dizeugotheca waltonii biozone is character-
ized by the exclusive association of Annularia kurtzii
Archangelsky, 1960a, Dichotomopteris hirundinis
Archangelsky, Césari & Cúneo, 2004, D. ovata
Maithy, 1977, Glossopteris stricta Bunbury, 1861, G.
retifera Feistmantel, 1881, Gangamopteris castellano-
sii Archangelsky, 1957, and the nominal species
(Archangelsky & Cúneo 1984, Archangelsky et al.
1996a). The only exclusive species of the A. singeri
zone is the nominal taxon, but the more abundant
presence of Glossopteris damudica Feistmantel, 1881
and Dizeugotheca neuburgiae Archangelsky & De la
Sota, 1960—both species also present in the lower
zone—is also used to characterize this biozone.

The lycophytes described here derive from the
Laguna Lillo and Laguna Polina members (Fig. 3).
Lycophytes of the Laguna Lillo Member are repre-
sented only by Bumbudendron patagonicum and
Cyclodendron golondrinensis, and these are associated
with glossopterids (Gangamopteris and Glossopteris
species), pteridophytes (Asterotheca sp., Dizeugotheca
neuburgiae) and a few sphenophytes (Sphenophyllum
thonii Mahr, 1868). The Laguna Polina Member is
characterized by a significantly greater generic and
specific diversity where, besides the presence of the
four types of lycophytes described in this paper,
abundant glossopterids (sterile and fertile), ferns
(Asterotheca spp., Pecopteris spp., Dizeugotheca
spp., Dichotomopteris spp) and sphenophytes (Sphe-
nophyllum spp., Annularia kurtzii) have been re-
corded.

To date, the association of Bumbudendron with
Cyclodendron has not been registered beyond the La
Golondrina Formation. Most Bumbudendron species
have been recorded from the Carboniferous (Visean
to Pennsylvanian) in Argentina (La Rioja and San
Juan provinces, Paganzo Basin) and Brazil (Arrondo
& Petriella 1978, 1985, Archangelsky et al. 1981,
Gutiérrez et al. 1986, Archangelsky et al. 1996b,
Iannuzzi & Pfefferkorn 2002, Mune & Bernardes-de-
Oliveira 2007, Balseiro et al. 2009, Coturel et al.
2009), although Cúneo (1990) mentioned B. millani in
the Permian of Brazil. Although previous studies
have shown Bumbudendron species are most com-
monly associated with pteridosperms [e.g., Nothorha-
copteris argentinica (Kurtz) Archangelsky 1983,
Fedekurtzia argentina (Kurtz) Archangelsky 1981,
Botrychiopsis plantiana (Carruthers) Archangelsky &
Arrondo 1971], herbaceous lycophytes (e.g., Malan-
zania nana Archangelsky et al., 1981) and other
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elements (e.g., Ginkgophyllum diazii Archangelsky &
Arrondo, 1974, Diplothmema bodenbenderi Césari,
1986, Paulophyton llanense Leguizamón & Arch-
angelsky, 1981) that are not found in the La
Golondrina Formation, some are known to occur
elsewhere in association with Asterotheca piatnitzkyi
Frenguelli, 1953, Cordaites sp. and Pecopteris sp.
(Azcuy et al. 2007), which are present in this
formation.

Cyclodendron, on the other hand, has a wide
geographic distribution (Australia, Brazil, South
Africa, Uruguay and India) and its temporal range
spans the entire Permian (Rigby 1966, Lejal-Nicol &
Bernardes de Oliveira 1979, Chandra & Rigby 1981,
Rayner 1985, Herbst & Gutiérrez 1995, McLoughlin
& Hill 1996, McLoughlin & McNamara 2001, Mune
& Bernardes-de-Oliveira 2007). Cyclodendron has
been usually found associated with typical ‘Glossop-
teris flora’ elements, such as Glossopteris, Spheno-
phyllum, Dizeugotheca, Damudopteris and

Dichotomopteris, and is locally a relatively common
element in Permian Gondwanan floras.

Given the dominance of glossopterids and typical
Permian ferns in the La Golondrina Formation, we
extend the range of Bumbudendron to at least the
early Guadalupian (Fig. 13). The presence of
Cyclodendron in this formation reaffirms its utility
as a biostratigraphic index for the Permian (Fig. 13).

Palaeoecological inferences
During the Early Carboniferous, lycopsids began to
dominate swamps and hygrophylic environments in
both hemispheres, most Gondwanan forms being
herbaceous, Angaran forms subarborescent and
Euramerican taxa arborescent. Arborescent lycopsids
dominated low-latitude coal swamps in the Late
Carboniferous of Euramerica, whereas at middle
latitudes they were displaced by cordaitaleans and
pteridosperms. However, recent studies have shown
that lycophyte distribution during the Permian,
rather than contracting, reached both middle and
high latitude basins in Angara and Gondwana
(Gastaldo et al. 1996, DiMichele et al. 2001, Rees
et al. 2002), in agreement with the global warming
trend that followed the Carboniferous glaciations,
and proving more important in middle latitude floras
than previously surmised (Anderson et al. 1999).

Rayner (1985) suggested that Cyclodendron had
an arborescent habit and the arborescent stumps
found at Laguna Lillo support this interpretation.
Following Niklas’ (1994) method, we measured the
diameter of the largest axes and inferred that tree
heights ranged between 4 and 7 m (Table 3). As some
of these axes retain leaves, they may represent
immature plants, so mature trees could have been
substantially larger. On the other hand, the habit of
Bumbudendron is unresolved. Archangelsky et al.
(1981, p. 33) suggested that Bumbudendron species

Fig. 13. Biostratigraphic ranges of the lycophytes mentioned in the
text.

Sample
Diameter

(m)

Estimated height (m)

Woody
species

Non-
woody
species

Woody
and

non-woody
species

LIL 529 0.0821 9 10.34 7.88
MPM Pb 2807 0.064 7.4 7.4 6.15
MPM Pb 2808 0.043 5.26 4.36 4.08
MPM Pb 2874 0.0639 7.38 7.38 6.14

Table 3. Tree height estimated according to the method of
Niklas (1994).
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were either ‘very small trees or shrubs’. Others, have
assumed an arborescent habit and grouped this taxon
with other Gondwanan arborescent lycophytes, such
as Brasilodendron, Cyclodendron and Lycopodiopsis
(Jasper & Guerra-Sommer 1999, Souza de Faria et al.
2009). Césari (1982) described several lycopods from
the Tupe Formation (Upper Carboniferous—Lower
Permian), including Lycopodiopsis derbyi, ?Brasilo-
dendron pedroanum and two unidentified specimens,
assigned to ‘Form A’ and ‘Form B’. In particular,
Cesari’s ‘Form A’ resembles MPM Pb 2802 described
here as Bumbudendron patagonicum. Furthermore,
Césari (1982) mentioned the similar shape of the leaf
cushions of her specimens to those of Bumbudendron,
but the lack of sufficient characters prevented her
from confidently assigning this material to the latter
genus. She considered these plants to be arborescent
and mentioned the presence of Bumbudendron frag-
ments at the type locality of Bum Bum (La Rioja
province) that were up to 8 cm wide. Thus, the
diameter suggests Bumbudendron achieved an arbor-
escent habit, even though the materials from the La
Golondrina Formation do not yet include complete
specimens to prove this.

The habit of Lycophyte sp. A and B is difficult to
determine since both are based on solitary fragments.
Lycophyte sp. A (LIL 1014) has a maximum width of
6 cm, with some probable deformation due to
flattening. Both lateral margins are evident (Fig.
11A), thus this measure would indicate the real width
of the specimen. The margins in Lycophyte sp. B
(LIL 1012) are not preserved (Fig. 11C), but
considering the maximum width measured (ca
6.6 cm) it probably represents an arborescent plant.

Although little is known about the macrofossil
record of late Palaeozoic arborescent heterosporous
lycophytes in Gondwana, it seems that they were
more common and diverse than previously consid-
ered, and this is supported by palynological data
from South Africa, Australia and Antarctica
(McLoughlin et al. 1997, Glasspool 2003).

Lycophyte growth is dependent on water avail-
ability, especially the occurrence of occasional flood-
ing. These plants likely inhabited moist waterlogged
environments, even on low-nutrient substrates (Cé-
sari 1982, Cúneo & Andreis 1983, Azcuy et al. 1987,
Jasper & Guerra-Sommer 1999). Sedimentological
analyses have suggested that the Laguna Lillo

Fig. 14. Palaeoenvironmental reconstructions of the Laguna Lillo and Laguna Polina members. See explanation in the text.
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Member of the La Golondrina Formation accumu-
lated in a multi-channel low sinuosity fluvial system
dominated by bed-load gravels (Jalfin 1987, 1990,
Andreis & Archangelsky 1996), whereas the Laguna
Polina Member was deposited in a more sinuous
sand-dominated multichannel fluvial system. These
palaeoenvironmental reconstructions proposed by
Jalfin (1987) and Jalfin et al. (1990) are consistent
with the palaeobotanical evidence represented in the
Laguna Lillo and the Laguna Polina members.

During the deposition of the Laguna Lillo
Member, lycophytes and other plants growing on
the floodplain were protected by vegetated bars
(Fig. 14) or levées. However, episodic floods
overtopped these bars, inundating the floodplain
and covering the vegetation with sediment. The few
casts of lycophytes in growth position found at
Laguna Lillo (Fig. 7A) may represent a small
lycophyte forest, similar to those documented from
the Nueva Lubecka Formation (Chubut province,
Cúneo & Andreis 1983) and the Cerro Agua Negra
Formation (San Juan province, Azcuy et al. 1987)
that were preserved by abrupt burial by local flood
deposits. The Laguna Lillo axes differ in being
considerably smaller than those in Chubut and San
Juan (Cúneo & Andreis 1983, Azcuy et al. 1987).
The number of specimens found is also relatively
small (55 specimens), whereas the fossil forests in
San Juan and Chubut have410 and450 auto-
chtonous stumps respectively. Thus, these small
autochthonous lycophytes associated with a well-
developed understorey flora of ferns (i.e., Aster-
otheca sp., Dizeugotheca sp.), sphenophytes and a
canopy of glossopterids (i.e., leaves of Gangamop-
teris sp., Glossopteris sp.) may represent a forest in
its early stages of development, as indicated by
Cúneo & Andreis (1983). The latter authors
suggested that the understorey would not develop
in a mature forest if little sunshine could penetrate
through the taller lycophytes. The low generic and
specific diversity of the Laguna Lillo flora, mostly
composed of pioneer or opportunistic species (e.g.,
ferns and glossopterids), also favours periodically
unstable conditions for growth (Fig. 14).

The sedimentary deposits of the Laguna Polina
Member reflect more stable tectonic conditions
evidenced by an increase in fluvial sinuosity (Jalfin
1987). Concomitantly, milder climatic conditions in
the Middle to Late Permian allowed the development
of denser vegetation, stabilizing the river’s margins
(Fig. 14). The high diversity of the flora recovered
from the Laguna Polina Member (460 vs 18 taxa in
the Laguna Lillo Member; Cariglino 2011), supports
the hypothesis of both environmentally and tectoni-

cally more stable conditions during the deposition of
the Laguna Polina Member.

Conclusions
Lycophytes from the La Golondrina Formation were
re-described and re-assigned to valid Southern Hemi-
sphere taxa where appropiate. One new species,
Cylodendron golondrinensis, and a new combination,
Bumbudendron patagonicum, are proposed. Arch-
angelsky’s (1960a) cf. Sigillaria and cf. Lepidophloios
laricinus are based on solitary axis fragments and can
not be confidently assigned to established genera.
Intraspecific variations are here explained by different
preservational modes.

The biostratigraphic use of lycophytes is limited
by their broad temporal ranges. The unique associa-
tion of Cyclodendron and Bumbudendron in the La
Golondrina Formation confirms the utility of Cyclo-
dendron as a Permian index and extends the strati-
graphic range of Bumbudendron to the Permian.

Lycophytes are subsidiary elements of the La
Golondrina Formation flora. Their presence during
the deposition of the Laguna Lillo Member was
mostly restricted to river margins and floodplains
where sudden floods would cover them and preserved
them in growth position. During deposition of the
Laguna Polina Member, lycophytes were more
abundant, but still subordinate to other elements of
the Glossopteris flora (e.g., Glossopteris spp. and
ferns). Both the sedimentological and palaeobotani-
cal evidence favour deposition of the Laguna Polina
Member under more stable tectonic and environ-
mental regimes than those influencing deposition of
the underlying member. Future work is needed to
obtain more complete material that might improve
systematic resolution and interpretation of the plants’
habitat and palaeoenvironmental preferences.
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BALSEIRO, D., RUSTÁN, J.J., EZPELETA, M. & VACCARI, N.E., 2009.
A new Serpukhovian (Mississippian) fossil flora from western
Argentina: Paleoclimatic, paleobiogeographic and strati-
graphic implications. Palaeogeography, Palaeoclimatology,
Palaeoecology 280, 517–531.
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CARIGLINO, B., 2011. El Pérmico de la Cuenca La Golondrina:
Paleobotánica, bioestratigrafı́a y consideraciones paleoecológicas.
PhD thesis, La Plata University, 285 pp. (unpublished)
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Uruguay. Ameghiniana 32, 141–150.

HIRMER, M., 1927. Handbuch der Paleobotanik, R. Oldenbourg,
München, 708.

IANNUZZI, R. & PFEFFERKORN, H.W., 2002. A pre-glacial, warm
temperate floral belt in Gondwana (Late Visean, Early
Carboniferous). Palaios 17, 571–590.

JALFIN, G.A., 1987. Estratigrafia y paleogeografia de las Formaciones
La Golondrina y La Juanita, Pérmico de la provincia de Santa
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