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APRESENTAGAO

A presente dissertacdo foi elaborada na forma de artigo cientifico
acompanhado de texto introdutério, conforme previsto na Resolugéo
062/REITORIA/UNIVATES, que aprova a Proposta de Regime do Programa de Pds-
Graduagdo em Ambiente e Desenvolvimento e que em seu Capitulo 5, Artigo 22,

Paragrafos 1° e 2° propde a apresentagcdo de uma forma alternativa de dissertagao.

Assim, inicia-se este documento com uma Introdugao (Capitulo 1) que
apresenta generalidades sobre o tema de estudo e propde os objetivos relacionados

ao desenvolvimento do projeto de dissertacéo.

Em seguida, é incluido o Artigo Cientifico (Capitulo 2), elaborado durante o
periodo de vinculagio ao Programa de Pdés-Graduacdo em Ambiente e
Desenvolvimento e que se encontra nas normas da Revista Anais da Academia

Brasileira de Ciéncias — ISSN 0001-3765, onde foi aceito para publicacao.

O artigo produzido e aqui apresentado possui, descrito no corpo de seu texto,
os procedimentos e metodologias adequadas, por esse motivo optou-se por nao
reproduzir as mesmas em um capitulo destacado. Da mesma forma, as figuras
relacionadas ao artigo obedecem a formatacgao e distribuicdo exigida pelo periédico,

sendo, portanto, inseridas no final do mesmo.

Por fim, apresenta-se uma Discussao Geral (Capitulo 3) sobre o assunto

abordado e, logo apds, as Conclusées (Capitulo 4) formuladas com base na



integracdo dos resultados atingidos com o desenvolvimento do projeto de

dissertacao.

Quanto as Referéncias Bibliograficas (Capitulo 5), citam-se apenas aquelas
relacionadas ao capitulo de introdugao, discusséo geral e conclusdes, utilizando-se
os padrdes exigidos pelos Anais da Academia Brasileira de Ciéncias, tendo em vista
gue 0os mesmos possuem aceitacdo nacional e internacional. Ja as referéncias
especificas do artigo estdo citadas no corpo do mesmo, seguindo os padrdes do

periddico ao qual foi submetido para publicagao.



RESUMO

A avaliagdo da evolugdo dos biomas terrestres possui uma caracteristica
multidisciplinar por natureza. Envolve a necessidade de estudos em diferentes areas
de conhecimento, para que seja possivel constituir um panorama geral das
condicbes pretéritas dos ambientes e estabelecer padrdes para as condi¢des
ecoldgicas futuras. Diante disso, a avaliagado de algumas caracteristicas especificas
também se torna importante neste contexto, permitindo que conceitos de base
sirvam para a consolidagdo de conhecimentos amplos. O presente trabalho
pretende, através da analise do género Lycopodites, um grupo de licofitas herbaceas
fésseis proveniente de sedimentos de ldade Permiana da Bacia do Parana,
contribuir para trabalhos de cunho paleoambiental que vém sendo desenvolvidos
nas areas de estudo. S&o analisados exemplares de Lycopodites provenientes do
Afloramento Sitio Itapema e do Afloramento Quitéria, sendo descrita uma nova
espécie para o género. Assim, com base na analise deste grupo € possivel
comprovar a complexidade da composicao floristica dos ambientes do Permiano
Inferior preservados na Bacia do Parana e determinar que o género estudado
integrava os biomas responsaveis pela formagcdo dos niveis de carvao mineral

atualmente aflorantes nas areas de estudo.



ABSTRACT

The evaluation of the evolution of the terrestrial biomes has a original
multidisciplinary feature. It involves studies in various areas of knowledge in order to
provide an overview of the previous conditions of the environments for structuring
models that can establish standards for future ecological conditions. Nevertheless,
the evaluation of certain specific characteristics becomes also important in this
context, allowing the basic concepts used for the consolidation of extensive
knowledge. This work intends to use analysis of the Lycopodites genus, a group of
herbaceous fossil lycopsids from the Permian sediments of the Parana Basin,
contributing to work to stamp paleoambiental being developed in the studied areas.
Samples of Lycopodites are analyzed from the Sitio ltapema Outcrop and Quitéria
Outcrop, in which is described a new species for the genus. Thus, based on the
analysis of this group, it is possible to determine the complexity of the floristic
composition of environments preserved in the Lower Permian of Parana Basin and
determine that it included the biomes responsible for forming the coal levels currently

outcropping in the studied areas.



1 INTRODUGAO

Para o presente trabalho utilizou-se a classificacdo adotada por Taylor e
Taylor (1993), sendo consideradas licéfitas as plantas caracterizadas por
ramificacdo dicotbmica ou uma combinagdo de ramificacdo dicotdmica e
monopodial, com caules densamente cobertos com folhas (micréfilos) dispostas
helicoidalmente e vascularizadas por um feixe Unico que n&o apresenta uma

interrupcao no estele do caule.

Ainda de acordo com Taylor e Taylor (1993), uma importante caracteristica da
Divisdo Lycophyta € a posicdo do esporangio, que nasce na axila ou acima da
superficie do esporodfilo. Os esporofilos podem estar espalhados entre microfilos
fotossintéticos ou reunidos em forma de estrébilos ou cones. A maioria das espécies
€ homodspora, mas a heterosporia pode ocorrer morfologica e/ou funcionalmente. Em
espécies heterdsporas os dois tipos de esporos além de terem aspecto distinto
também possuem fungao diferente. Os pequenos esporos (micrésporos) produzem o
gametdfito masculino, enquanto o megasporo germina para produzir o gametéfito
feminino. Os membros heterdsporos atuais das licofitas produzem ambos os tipos de
esporos no mesmo estrobilo, ja nos representantes heterésporos fésseis os

micrésporos e 0s megasporos podiam ser produzidos em estrdbilos separados.

Atualmente, as licofitas sdo representadas por 3 familias, 5 géneros e em
torno de 1250 espécies, todas pertencendo a ordem Lycopodiales (Judd et al. 2002).
Dois géneros, Lycopodium e Selaginella, ttm mais de 1.100 espécies (Taylor e

Taylor, 1993). Hoje Lycopodium €& a criptbgama vascular mais amplamente



distribuida no globo, sendo encontrada na maioria dos continentes exceto na
Antartica e em quase todos os grupos de ilhas do mundo (Wagner e Beitel, 1992;
Oligaard, 1992).

Embora as licéfitas sejam pouco representativas nas floras atuais, possuem
um extenso registro féssil (Taylor e Taylor, 1993), constituindo elementos herbaceos
e arborescentes importantes nas associagbes do Paleozdéico (Jasper e Guerra-
Sommer, 1998).

A linhagem que distingue morfologicamente as licéfitas de outros grupos
vegetais surgiu no inicio do Devoniano (Niklas e Banks, 1990; Hueber, 1992), sendo
que a sua diferenciacao inicial pode ter comegado ja no final do Siluriano (Andrews,
1961; Tims e Chambers, 1984), podendo assim, estar a sua origem estabelecida
milhées de anos antes do aparecimento do todas as outras ordens e classes de

plantas vasculares existentes.

Taylor e Taylor (1993), DiMichele e Skog (1992), Gensel (1992) e Hueber
(1992) sugerem que as Lycophyta se originaram das Zosterophyllophyta. Entre as
caracteristicas comuns as duas divisdes DiMichele e Skog (1992) colocam a
maturagcdo do xilema e a presencga de micréfilos. Além disso, os esporangios das
primeiras Lycophyta eram formados Ilateralmente, como aqueles das
Zosterophyllophyta, e o xilema de ambas as divisbes diferenciavam-se

centripedamente.

As Zosterophyllophyta foram encontradas em estratos datados entre o
Devoniano Inferior e Superior. Taylor e Taylor (1993) ainda afirmam que estes
vegetais ndo apresentavam folhas e eram dicotomicamente ramificados, embora, em
alguns géneros, haja uma tendéncia favoravel a um habito pseudomonopodial. Os
esporangios globosos ou em forma de rim de Zosterophyllophyta eram formados

lateralmente em pedicelos curtos, sendo plantas homosporadas.

A partir desta origem, o grupo das Lycophyta se irradiou amplamente durante
o Carbonifero, dominando pantanos costeiros de terras baixas tropicais (DiMichele e
Skog, 1992; Bateman et al. 1992). Foi no Carbonifero que algumas licofitas
chegaram ao porte arboreo, alcangando mais de 40m de altura e 2m de didmetro na

base (Judd et al., 2002). Mussa (2000) afirma que estas plantas sao importantes



elementos na formacéo das Bacias Carboniferas do Hemisfério Norte e dos carvdes

permianos distribuidos por diversas bacias do Gondwana.

Conforme DiMichele e Skog (1992), Bateman et al. (1992) e Judd et al.
(2002), as formas arborescentes, que se constituiam na vegetacdo dominante da
fitomassa geradora de depdsitos de carvédo tanto do Hemisfério Norte quanto do
Hemisfério Sul, extinguiram-se no final do Permiano. De acordo com Jasper e
Guerra-Sommer, (1998), este desaparecimento pode ser explicado pela perda da
“plasticidade genética” que impediu sua adaptagéo as severas mudangas ambientais
ocorridas durante o Permiano. Por outro lado, as formas herbaceas do grupo
revelaram-se mais aptas as mudancas climaticas e ambientais, remanescendo nos

periodos geoldgicos subsequentes e até a atualidade.

Ainda devido a sua ampla distribui¢ao féssil e atual, a taxonomia de licéfitas é
um tema controverso. Existe um grande numero de taxa fossil sobre os quais ha
informacdes limitadas, principalmente sobre seus caracteres reprodutivos. A maioria
dos pesquisadores, entre eles Taylor e Taylor (1993) prefere enquadra-las em sete

ordens, onde seis possuem representantes herbaceos.

Devido as dificuldades encontradas nos estudos taxonémicos relacionados as
licofitas herbaceas Paleozbdicas, momento em que ha um convivio entre os grupos
arboreos e herbaceos, o presente estudo avaliou a taxonomia do género herbaceo
Lycopodites Lindley et Hutton (1833), encontrado em sedimentos permianos do

Gondwana, de forma a contribuir com a elucidag¢ao desta problematica.

A definicdo dos parametros taxondmicos de Lycopodites na Bacia do Parana
€ de grande importancia também para a constituicdo de estudos paleoambientais,
que visam a reconstituicdo dos biomas que deram origem aos diversos registros
fitofossiliferos. Exemplos disso sdo os trabalhos de Jasper et al. (2006) e Guerra-
Sommer et al. (2008), que além de caracterizar os eventos relacionados as fases de
deposicao do Afloramento Quitéria também apresentam reconstituicdes artisticas
das paisagens do Permiano Inferior da bacia, estando presentes ai os diversos

elementos vegetais que as dominavam.
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CERRUTI BERNARDES-DE-OLIVEIRA AND MARGOT GUERRA-SOMMER

Abstract

The genus Lycopodites, which encompasses the herbaceous forms of the lycopsids,
presents broad time and spacial distribution during the Paleozoic in the Northern
Hemisphere, with its initial records dating from the European Devonian. As to
Gondwanan Paleozoic, to this moment, only Lycopodites amazonica Dolianiti had
been reported for the Amazonian Middle Devonian (Curua Group). Thus, the
specimens reported in this study such as Lycopodites sp., coming from sedimentary
rocks of the Itararé Subgroup, Sdo Paulo State, and Lycopodites riograndensis sp.
nov., collected in Rio Bonito Formation, Rio Grande do Sul, represent the oldest
fertile forms recorded for Gondwana and the first ones to be described for the Parana
Basin. Its presence in layers, deposited after the end of the neopaleozoic glaciation,
shows the appearance of new taxa in high latitudes, as well as the diversity of the
lycopsids present in the Basin, previously indicated through the abundance of spores

associated to the Class Lycopsida present in the palinomorphous assemblages.

Keywords: Lycopodites sp., Lycopodites riograndensis sp. nov., Gondwana, Lower

Permian, Parana Basin.



Resumo

O género Lycopodites, que engloba formas herbaceas de licopsidas, apresenta
ampla distribuicdo temporal e espacial durante o Paleozéico no Hemisfério Norte,
iniciando seu registro no Devoniano da Europa. Ja no Paleozoéico do Gondwana, até
o presente momento, somente Lycopodites amazonica Dolianiti havia sido reportada
para o Devoniano Médio da Amazbdnia (Grupo Curua). Assim, os exemplares
reportados no presente trabalho como Lycopodites sp., provenientes de rochas
sedimentares do Subgrupo Itararé, SP, e Lycopodites riograndensis sp. nov.,
coletados na Formacéo Rio Bonito, RS, representam as formas férteis mais antigas
registradas para o Gondwana e as primeiras a ser descritas para a Bacia do Parana.
A sua presenga em camadas depositadas apdés o término da glaciagéo
neopaleozadica, evidencia o ingresso de novos taxa em latitudes altas, bem como a
diversidade das licdpsidas presentes na Bacia, ja esbogada através dos abundantes
esporos associados a Classe Lycopsida presentes nas assembléias de

palinomorfos.

Palavras chaves: Lycopodites sp., Lycopodites riograndensis sp. nov., Gondwana,

Permiano Inferior, Bacia do Parana.



INTRODUCTION

The main purpose of this paper is to describe specimens of herbaceous
lycopsids found in Permian sediments of the Brazilian portion of Parana Basin, and to
present an overview of this genus for the Paleozoic period in this basin. Although the
lycopsids are little representative in the present floras, they are meaningful
herbaceous and arborescent elements of Paleozoic associations (Jasper and
Guerra-Sommer 1998). These plants arose in the Devonian, reaching their apex in
the Upper Carboniferous, and started to decline from the Permo-Triassic limit on;
from the end of the Meso-Cenozoic they are restrict registered, with only the
herbaceous forms left. According Mussa (2000), these plants are important elements
in the Carboniferous Basins of the Northern Hemispheres and in the Permian coal
systems distributed through several basins of the Gondwana.

In the Parana Basin following lycopsids genera are registered: Brasilodendron,
Bumbudendron, Leptophloeum and Lycopodiopsis (Chaloner et al. 1979; Jasper and
Guerra-Sommer 1998; Alarcon and Bernardes de Oliveira 1999; Ricardi-Branco and
Torres 2003), all with arbustive habit; nevertheless, herbaceous lycopsids have not
been previously mentioned for this area.

The material used in this study comes from two outcrops. The oldest one is
associated to the Itararé Subgroup and is known as Sitio Itapema Outcrop, located in
the Municipality of Cerquilho, State of Sdo Paulo, Brazil (Fig. 1) (Rocha-Campos et
al. 2000). The other one is Quitéria Outcrop, located in the Municipality of
Encruzilhada do Sul, State of Rio Grande do Sul, Brazil (Fig. 1), which is related to

the Rio Bonito Formation.



GEOLOGICAL FRAMEWORK

The Cerquilho area is stratigraphically located in the upper sedimentary
sequence of the ltararé Subgroup or in the basal portion of the Tieté/Rio Bonito
Formation, in the Tubardo Group. The lithostratigraphic position of the area is still a
matter of dispute. Rohn (1987), Fulfaro et al. (1991), among other authors, have
considered this area as belonging to the postglacial Tieté Formation, correlated with
the Rio Bonito Formation of Southern Brazil states. On the other hand, Nagali and
Consoni (1987), Martini and Rocha-Campos (1991), Santos et al. (1996), Rocha-
Campos et al. (2000) among others, have considered the Cerquilho coal measures
as a result of an interglacial environment, included in the Itararé Subgroup. Some
elements from this taphoflora were studied by Dolianiti and Millan (1973), Millan
(1977, 1991 and 1995), Millan and Dolianiti (1977, 1979, 1980a-b, 1981 and 1982),
lannuzzi and Rohn (1995), Ricardi-Branco et al. (1999), Bernardes-de-Oliveira et al.
(1999), Rohn and Lages (2000), Martins Neto et al. (1999, 2000) and Ricardi-Branco
and Bernardes-de-Oliveira (2000). These elements are the following: sphenopsids,
Cordaitales, protoglossopterids (?) and abundantes seeds - Cornucarpus
cerquilhensis, Samaropsis rigbyi, Samaropsis dolianitii and Samaropsis tietensis. In
this outcrop it was recorded the appearance of the first elements of the Glossopteris
Flora in the Parana Basin. It is considered Asselian-Sakmarian in age due to its
palynological content, which is characterized by basal Protohaploxypinus goraiensis
Subzone of the Vittatina constabilis Interval Zone (Souza and Marques-Toigo 2003;
Souza 2006).

According to Jasper et al. (2006), Quitéria Outcrop is an isolated and

fragmented exposition of the Rio Bonito Formation over the Sul Rio-Grandense



Shield, preserved in a collapsed block following the North-West direction. The
outcropping section is little thick (6.40 m) and does not present contact with the
overlapped and eroded interval, neither with the one underlying, which is covered.
The profile of the site can be divided into two clearly distinguished intervals: a basal
one, with large incidence of organic matter, and an upper one, with incidence of plant
megafossils, but with little, nearly not preserved, organic matter. Thus, the lower level
of the upper depositional interval corresponds to a roof level, with records of a unique
megaflora, constituted by fragments (Jasper et al. 2006) of conifers, fronds of
filicopsids, Pteridospermales  and rare  Glossopteridales. Based on
palynoassemblages, Jasper et al. (2006) confirm that the interval of the Quitéria
Outcrop is related to the upper part of the Vittatina costabilis Zone, described by
Souza and Marques-Toigo (2003), conferring a Kungurian age for deposition of the

analyzed sediments.

MATERIALS AND METHODS

The fossil material collected at the Sitio Itapema Outcrop corresponds to
impressions found in a light-brown siltite overlying carbonaceous bed. The whole
sedimentary sequence lies within a coarse-grained sandstone. The studied
specimens integrate a collection of more than 200 samples collected by several
researchers during two decades, and now part of the Scientific Collection of the
Laboratory of Systematic Paleontology of the Geosciences Institute of Sdo Paulo
University.

At the Quitéria Outcrop the specimens of herbaceous lycopsids impressions

were collected from a yellowish 45 cm thick thin sandstone layer, in which it could



also be seen the impressions of Coricladus quiteriensis, Botrychiopsis valida,
contramolds and molds of stem bases of Brasilodendron pedroanum, as well as
impressions of Glossopteridales leaves. These specimens are stored in the Botanic
and Paleobotanic Sector of the UNIVATES Natural Science Museum under the
initials PbU.

All the specimens corresponding to herbaceous lycopsids were analyzed with
the use of a stereoscopic microscope, photographed and drawn with the light camera
resource, and measures were recorded, such as the width and length of branches,
microphylls, sporangia and stems. Observations made with the stereoscopic

microscope indicate that there has not been preservation of cuticles and spores.

TAXONOMIC EVALUATION

The systematic classification of fossil plants, used in this study is the one used
by Stewart and Rothwell (1993), who used cladistic methods for including fossil forms

in the taxonomic groups of fossil and modern plants.

Realm Plantae

Division Trachaeophyta
Class Lycopsida

Order Lycopodiales

Family Lycopodiaceae

The family Lycopodiaceae includes land herbaceous plants and epiphytes

approximately 5 — 20 cm high presenting dichotomous branching and simple leaves



(microphylls) 0.2 — 2 cm long (Judd et al. 2002). According to Raven et al. (2003) in
this family are included the modern genera Lycopodium, Phylloglossum, Huperzia,
Phlegmariurus, among others, adding up to approximately 15 tropical and 7
temperate zone genera (United States and Canada).

According to Chaloner (1967), the fossil record of this family is scarce,
represented by the herbaceous genus Lycopodites Lindley et Hutton (1833). This
genus resembles the modern Lycopodium (Doubinger et al. 1995). The generic name
Lycopodites was used for the first time to describe some third order stems densely
covered by small foliar cushions which, later on were described as conifer fragments
(Taylor and Taylor 1993). In more recent descriptions this genus includes stems or
axes organized in a helicoid arrangement and, if presenting sporangia in the adaxial
side of the leaves, they were isolated or organized in strobiles. Specimens of
Lycopodites have been described as important elements from Devonian deposits
(Boureau 1967), remaining actual systems, including isophyllous and anisophyllous

forms (Taylor and Taylor 1993).

Genus Lycopodites Lindley et Hutton 1833.
Lycopodites sp.

(Fig. 2)

Specimen: GP/3T 2276

Provenance: Sitio Itapema, Cerquilho, Sao Paulo State, Brazil.

Stratigraphical level: Upper portion of Itararé Subgroup or lower portion of Tiete
Formation.

Age: Early Permian/Asselian-Sakmarian.



Description:

Impression of delicate stem fragment, presented in two discontinuous portions
caused by fragmentation upon specimen collection, belonging to the same axes. Its
total length is 45.0 mm and it is 2.5 mm wide. It presents lepidodendroid phyllotaxy,
scars in the foliar basis not clearly outlined, fusiform, with 2.5 mm of length by 1.0
mm of witdth, with acute inferior and superior ends. The scar of the circular vascular
bundle is little clear. No evidences of ligule or paricnos. Falcate uninerved
microphylls, arranged helicoidally, connected to the stem through a wide swollen
base with 2.0 mm of width; its laminar portion is aciculated and does not present
preserved apex, and it is 2.0 mm long and 0.5 mm wide. They emerge from the stem
at 45°. It presents sparse sporophylls between the sterile microphylls, bearing ovate
pedicellate sporangia of axillary position. Rounded sporangia with approximately

0.6mm diameter, supported by 0.4 mm long pedicels.

Comparison and discussion

Although it has not been possible to verify the homospory due to the poor
preservation of the specimen, the supposed absence of ligule, the presence of
uninerved microphylls and most importantly, the presence of sporangia on the axils
of sporophylls similar to vegetative microphylls and scattered among them enable a
reasonably safe identification of this specimen as belonging to the genus
Lycopodites Lindley et Hutton 1833.

The specimen GP/3T — 2276 resembles the specimen Lycopodites sahnii Lele
apud Surange (1966:15, Fig. 6), originated in the Triassic of South Rewa Gondwana

Basin, India, concerning the following characteristics: dimensions, shape of the scars



in the foliar base, and helicoidal arrangement of the scars. It differs in the following:
emergence angles of 45° in the Brazilian specimen, whereas the Indian presents 90°
angles; the width and the swollen shape of the microphyll base and the presence of
pedicellate axillary sporangia in the Brazilian specimen.

The specimen studied differentiates itself from all the fertile species of the genus
Lycopodites recorded by Chaloner (1967). As for the species based solely on
vegetative bodies presenting isophyllia, Lycopodites carbonaceous Feistmantel
1875, from the Upper Carboniferous of Czech Republic and other European sites,
would be the closest representative. Nonetheless, its microphylls of contracted base
are quite distinct from those, with the swollen base of the specimen from S&do Paulo;
furthermore, the lack of description of reproductive parts and dimensions prevents us
from making a more accurate comparison. The specimen studied is distinct from
Lycopodites riograndensis sp. nov. once the sporangia it presents are pedicellate
and smaller.

The studied specimen also differs from Lycopodites amazonica described by
Dolianiti (1967) for Amazonian Basin Devonian (Curua Group) once the latter
presents an extremely thin (approximately 1.00 mm) and stiff stem with erect linear
leaves; these are apparently stiff, forming a 55° angle, arranged in a pseudo-spiral
way that does not resemble at all the slightly flexous stems with falcate and decurrent
leaves typical of the specimens of Lycopodites Lindley et Hutton, 1833 (non
Brongniart). Due to the above it was decided to classify the studied specimen as

“sp.”, and wait for more specimens, which could then allow a safer identification.



Genus Lycopodites Lindley et Hutton
Lycopodites riograndensis sp. nov.

(Fig. 3)

Holotype: PbU 190 (displayed in the Paleobotanic Collection of the Botanic and
Paleobotanic Sector of the UNIVATES Natural Science Museum).

Paratypes: PbU 033, 038, 294, 262, 427.

Name derivation: specific epithet derived from the name of the State of Rio Grande
do Sul, location of this species occurrence.

Provenance: Quitéria Outcrop, Encruzilhada do Sul, State of Rio Grande do Sul,
Brazil.

Statigraphical level: Rio Bonito Formation, Lower Permian, Parana Basin.

Age: Early Permian/Kungurian

Description

The studied material consists of vascular plants branch fragment of
lepidodendroid phyllotaxy, preserved as impressions (Fig. 3). Their total length varies
from 6.82 to 46.22 mm and their width, from 4.81 to 12.48 mm; their stems are
between 0.73 to 2.28 mm wide.

Its stem is densely covered by uninerved microphylls, rounded at their base,
occasionally tapering gradually towards the apex (Fig. 3) or keeping their rounded
shape to the end (Fig. 3). These microphylls vary between 0.63 — 5.84 mm in length,
and 0.25 — 1.37 mm in width, and are arranged helicoidally along the stem, emerging

from the thallus at 45° (Fig. 3). Neither foliar scars nor ligules are preserved.



Some specimens present sporangia with ovate-elliptical shape, with measures
varying from 0.78 — 3.21 mm in length and 0.09 — 1.47 mm in width, distributed

among the microphylls, developing in the adaxial faces and emerging from the axils.

Comparison and discussion

A difficulty found when studying fossils of the Lycopodites type is distinguishing
these remains from distal branches of the species of the order Lepidodendrales.
However, when there is the presence of sporangia distributed longitudinally along the
stem, in association with leaves, as is the case with the material here studied, this
distinction is clear. The absence of the ligule is another aspect to be used to
distinguish the two groups. Furthermore, there are some species of Lycopodites with
strobiles, that are also found in some species of microsporangiate Lepidostrobus
which can, in fact, represent an herbaceous coned Lycopodium plant (Taylor and
Taylor 1993).

Nevertheless, the specimens found in Quitéria Outcrop can be clearly included
in the genus Lycopodites for presenting stems densely covered with microphylls with
helicoidal distribution, having ovate-helicoidal sporangia clearly preserved in the
basal portions of the adaxial faces of the microphylls (Taylor and Taylor 1993).

Another comparison that could be made is with Oxroadia gracilis, that,
according to Taylor and Taylor (1993) is a small lycopsid dichotomically branched
without clear preservation of the foliar cushion, but that presents the bases of the
decurrent leaves. Nevertheless, the description of this genus made by Lindley and
Hutton (1833) is based on specimens of the Lower Carboniferous (Calciferous
Sandstone Series, Scotland). The microphylls do not present ligule and are

vascularized by a single bundle. The sporangia are elongated and formed on



sporophylls whose apex is turned downward. Nothing is known about the spores.
This genus is considered as an herbaceous lycopsid, unlike the distal branches of
the arborescent form, due to the absence of secondary tissues in the vascular
system and cortex. However, the specimens analyzed here do not present evidence
of dichotomy nor decurrence of the foliar bases, but do present ovate-elliptical
sporangia in the adaxial faces of the non-curved sporophylls.

Synlycostrobus tyrmensis is also an interesting lycopsid of the end of the
Jurassic and beginning of the Cretaceous of Siberia that has an uncommon cone
arrangement (Taylor and Taylor 2003). It is thought to have been a crawling plant,
probably not very different from the modern Lycopodium. The ligulate leaves are
isophyllous. The cones emerge from what have been called fertile shoots, each of
them located at the axis of the leave or bract. The cones are small (5.0 mm long) and
consist of approximately 20 sporophylls helicoidally arranged. Each sporophyll has a
conspicuous distal blade and an end leaning downward. Supeficially, the fertile
branches of the Synlycostrobus resemble primary axes and smaller shoots (cones)
which characterize the Cordaitales. Although the morphological characteristics
suggest proximity with the taxon, the presence of the ligule in the Synlycostrobus
dismisses this correlation.

Thus, the specimens here studied, originating from the Quitéria Outcrop, can be
clearly classified as belonging to genus Lycopodites. However, all its unique
characteristics prevent us from relating it with species of it or of other genera of
herbaceous lycopsids of the Permian, which justifies the creation of a specific name.
Therefore, it is proposed the creation of the specific epithet “riograndensis” to this
new species of the genus Lycopodites, resulting in the name Lycopodites

riograndensis.



FINAL REMARKS

The apparent absence of the ligule, the presence of uninerved microphylls and
mainly, the presence of sporophylls with axillary sporangia similar to vegetative
mycrophylls scattered among them allow a relatively safe identification both from the
Itapema Outcrop (ltararé Subgroup) and the Quitéria Outcrop (Rio Bonito Formation)
within the genus Lycopodites.

Regarding the distribution of the genus Lycopodites (Fig. 4) and its presence in
the Parana Basin, some comments can be made. Records of this genus begin in
Europe with Boureau (1967), mentioning Lycopodites in the Devonian of Czech
Republic and Germany, Carboniferous of Scotland, France and England, as well as
Upper Carboniferous in Northern America. The other occurrences in the Northern
Hemisphere are related to the Mesozoic. In Gondwana, all occurrences of
Lycopodites already recorded, with the exception of Lycopodites amazonica,
described by Dolianiti (1967), for Devonian, are associated, according to Chaloner
(1967), to the Mesozoic (Lycopodites gracilis & Lycopodites sahnii in India’s Triassic;
Lycopodites aberi in New Zealand’s Jurassic and Lycopodites victoriae in Australia’s
Jurassic). Thus, the forms here described for Parana Basin are the oldest fertile
structures of this genus recorded for the Southern Hemisphere.

The records of microspore and megaspore species is abundant for the
Neopaleozoic of Parana Basin; many of them are associated to lycopsids (eg.
Sublagenicula, Punctatisporistes, Foveosporites, Lundbladispora, Densosporites,
Cirratriradites, = Kraeuselisporites, Vallatisporites, Cristatisporites). Thus, in
biostratigraphic zonings proposed for this basin in paleopalynologic studies (Ricardi-

Branco et al. 2002; Amaral and Ricardi-Branco 2004; Souza and Marques-Toigo



2003; Souza 2006), the presence of lycopsids spores becomes a relevant aspect,
although it is not known its kinship with the genera of the stems of lycopsids
described for the basin. The occurrence of the lycopsids, mainly the ones with
arbustive habit (Brasilodendron, Bumbudendron, Leptophloeum e Lycopodiopsis,
Chaloner et al. 1979; Jasper and Guerra-Sommer 1998 and 1999; Alarcon et al.
1999; Ricardi-Branco et al. 2002), and now herbaceous, is frequent in swampy sites
associated to the generation of coal levels and/or strata. This continuous presence of
lycopsids, from the Carboniferous to the end of the Permian in vegetable fossil
assemblages, supports the hypothesis that the Parana Basin was inhabited by this
group since the oldest records of Carboniferous (Pennsylvanian; Souza et al. 2006)
to the newest in the Permian (Rohn 1997). This distribution and their reaching the
western southern Gondwana might have happened firstly with the Northern
Hemisphere lycophytes; this possibility is also suggested by Piérart (1962; 1975;
1981; 1984) for some megaspore species such as Sublagenicula brasiliensis, that
can be considered transgressive megaspores that migrated during the Carboniferous
from regions near the limits of glaciation to regions that subsequently would be taken

by the Glossopteris Flora.
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Legends of the figures

Figure 1: Localization of the studied areas: Cerquilho and the Sitio Itapema Outcrop,

in the Sdo Paulo State; Quitéria Outcrop, in the Rio Grande do Sul State.

Figure 2: Lycopodites sp.

A) General view of the availed material (GP/3T 2276 — graphic scale corresponding
to 10.0 mm);

B) Detail of the apical portion of Fig. 2 A, demonstrating a microphyll attached to the
stem and pointing the presence of sporangia (graphic scale corresponding to 10.0
mm);

C) Detail pointing the sporangia of Fig. 2 B (graphic scale corresponding to 1.0 mm);
D) Detail of a sterile microphyll with incurved basis and a central nervure (graphic

scale corresponding to 5.0 mm).

Figure 3: Lycopodites riograndensis

A) General view of the availed material (PbU 038 — graphic scale corresponding to
10.0 mm);

B) Detail of the round form microphylls from the basal to the apical portion (PbU 262
— graphic scale corresponding to 10.0 mm);

C) Detail of the basal round form and the apical sharp form of the microphyles (PbU
190 — graphic scale corresponding to 5.0 mm);

D) Detail of the Fig. 3 C with the distribution of sporangia at the right side (graphic
scale corresponding to 5.0 mm);

E) Detail of helicoidal distribution of the microphylls at the stem with attached
sporangia (PbU 190 — graphic scale corresponding to 5.0 mm);

F) Detail of Fig. 3 C demonstrating a sporangia at the left side (PbU 190 — graphic
scale corresponding to 1.0 mm);

G) Detail of Fig. 3 E demonstrating a sporangia at the right side (PbU 190 — graphic

scale corresponding to 1.0 mm).

Figure 4: Distribution of the genus Lycopodites during the time.
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Time Geographical Distribution
Central Ocidental North South India Australia &
Era Period Species Europe Europe America America New Zeland
Cenozoic Quaternary
Tertiary
Cretaceous L. cretaceum X
L. marylandica X
L. teilhardi X
Mesozoic L.. dichotoma X
Jurassic L. sewardi X
L. arberi X
L. victoriae X
Triassic L. scanicus X
L. sahnii X
L. gracilis X
Permian L. sp. X
L. riograndensis X
Carboni- L. pendulus X X
ferous L. meeki X X
L. carbonaceous X X
L. zeilleri X
Paleozoic L. denticulatus X
L. macrophyllous X
L. leptostachys X
L. stockii X
Devonian L. amazonica (?) X
L. oosensis X
L. hostimensis X




3 DISCUSSAO GERAL

Jasper et al. (2005), Jasper et al. (2006) e Guerra-Sommer et al. (2008)
destacam que a associagao vegetal que se preservou no Afloramento Quitéria, de
onde provém parte do material aqui estudado, era constituida de um estrato arboreo
dominante formado por Brasilodendron pedroanum. Ja o soto-bosque seria formado
por elementos como Botrychiopsis valida, Coricladus quiteriensis, rodopterideas e

Lycopodites sp.

Todavia, com o presente estudo, além da confirmacdo da vinculagdo das
formas encontradas no Afloramento Sitio Itapema com o género Lycopodites, foi
possivel definir a existéncia de uma nova espécie do género ocorrendo
especificamente no soto-bosque da associacdo do Afloramento Quitéria, ou seja,

Lycopodites riograndensis (Salvi et al., 2008).

A presenca de licéfitas herbaceas nas duas areas de estudo comprova a
complexidade da composicdo floristica dos ambientes do Permiano Inferior
preservados na Bacia do Parana e permite dizer que estes vegetais contribuiram

como biomassa para a formacao dos carvoes permianos na Bacia.

Atualmente, os combustiveis fdsseis, entre eles o carvao mineral, sao
amplamente utilizados pela humanidade como fonte de energia. O consumo destes
combustiveis fésseis contribui para o incremento de gases poluentes do ar,
principalmente o diéxido de carbono resultante da queima e utilizacdo de petroleo,

gas natural e carvao mineral.



Diante deste cenario de degradagdo ambiental, € de extrema importancia que
estudos busquem conhecer a evolucido dos biomas naturais e as caracteristicas dos

vegetais formadores destas reservas energéticas.

Com a definicdo destas caracteristicas é possivel fazer uma ampla avaliagéo
das condigbes ambientais globais pretéritas, atuais e vindouras, relacionadas a

formacéo e ao consumo de combustiveis fésseis.



1)

2)

3)

4 CONCLUSOES

A partir do exposto no presente trabalho pode-se concluir que:

A analise do exemplar proveniente do Afloramento Sitio Itapema, permitiu a
identificacdo de caracteristicas tipicas de vegetais do género Lycopodites
como auséncia de ligula, presenca de microfilos uninérvios e esporangios
sobre a axila de espordfilos. Entretanto, devido ao mau estado de
preservagao do exemplar, nao foi possivel enquadrar o espécime dentro das
espécies de Lycopodites descritas até o momento, optando-se desta forma

por classifica-lo como Lycopodites sp.

Os espécimes encontrados no Afloramento Quitéria puderam ser claramente
incluidos no género Lycopodites por apresentarem hastes densamente
cobertas por micréfilos com distribuicdo helicoidal e possuirem esporangios
ovalado-helicoidais claramente preservados nas porcdes basais das faces
adaxiais dos microfilos. Todavia, o material possui caracteristicas singulares
que nao permitem relagdo com nenhuma das espécies descritas para o
género. Optou-se, portanto, na criagdo de uma nova espécie, aqui descrita

como Lycopodites riograndensis.

As ocorréncias de Lycopodites registradas para o Gondwana, exceto
Lycopodites amazonica, descrita por Dolianiti (1967) para o Devoniano; estao
associadas, segundo Chaloner (1967) ao Mesozdico. Assim, as formas
herbaceas descritas neste trabalho para a Bacia do Parana séo as estruturas

férteis mais antigas do Hemisfério Sul.



4y A comprovagao da ocorréncia de licéfitas do género Lycopodites no
Afloramento Sitio Itapema e Afloramento Quitéria permite inferir uma
correlagao paleofitogeografica entre as duas areas e corrobora a hipétese que
a Bacia do Parana foi habitada por este grupo vegetal desde os mais antigos
registros do Carbonifero (Pennsilvaniano — Souza et al. 2006) até os mais
jovens do Permiano (Rohn, 1997). Essa distribuicdo e seu avango até o sul do
Gondwana ocidental podem ter acontecido através da migracao de licofitas do

Hemisfério Norte.
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