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Resumo

As estruturas com maior possibilidade de fossilizacdo do esqueleto dos
Chondrichthyes s&o aquelas mais mineralizadas, tais como dentes, escamas,
espinhos cefalicos e de nadadeiras. Na Formacéo Rio do Rasto, os Chondrichthyes
estdo representados predominantemente por dentes e espinhos de nadadeiras. Na
presente dissertacao, foram estudados espécimes coletados em um afloramento do
Membro Serrinha da Formacdo Rio do Rasto proximo ao quildmetro 20 da BR-153
no Municipio de Jacarezinho, Estado do Parand, Brasil. O material corresponde a
dois conjuntos, um representado por dois espinhos de nadadeira e 0 outro por varios
dentes, todos depositados no Museu de Ciéncias Naturais do Setor de Ciéncias
Biolégicas da Universidade Federal do Parana. No primeiro conjunto as
caracteristicas apresentadas pelos espinhos permitiram atribui-los a uma nova
espécie de Sphenacanthidae, enquanto que as caracteristicas do segundo conjunto
permitiram atribuir os dentes a uma nova espécie de Xenacanthidae. A associacao
féssil na localidade-tipo e no mesmo horizonte estratigrafico da Formacéo Rio do
Rasto indica que estas ocorréncias de tubardes podem representar mais um registro

de agua doce para os xenacantideos e esfenacantideos.

Palavras-chave: Permiano, Bacia do Parana, Chondrichthyes, Xenacanthidae,
Sphenacanthidae.



Abstract

The chondrichthian skeletal structures with greater potential of fossilization are the
most mineralized such as teeth, scales, fin spines and cephalic spines. In the Rio do
Rasto Formation the Chondrichthyes are represented by fin spines and teeth. The
studied material came from an outcrop of Serrinha Member of the Rio do Rasto
Formation, close to km 20, by the road BR-153 in the city of Jacarezinho, State of
Parana, Brazil. The studied material are two sets, one represented by two fin spines
and the other by several teeth, all housed in the “Museu de Ciéncias Naturais do
Setor de Ciéncias Biologicas da Universidade Federal do Parana” - UFPR Natural
Sciences Museum. In the first set, the features shown allow to ascribe the finspines
to a new species of Sphenacanthidae, while the features of the second set allow to
ascribe the teeth a new species of Xenacanthidae. The fossil association in the type
locality and in the same stratigraphical horizon in the Rio do Rasto Formation
indicates that these shark occurrences could represent another freshwater record for

the xenacanthids and sphenacanthids.

Key words: Permian, Paranad Basin, Rio do Rasto Formation, Chondrichthyes,

Xenacanthidae, Sphenacanthidae.



indice de Figuras

Figura 1. Dentes de Chondrichthyes do Devoniano Inferior atribuidos ao género
Leonodus em vista aboral (A) e lateral (B) (extraido de Ginter et al., 2010). Escala:
(0 7 1 01 1 0 PP SRPI 10
Figura 2. Cladograma proposto por Ginter et al. (2010) ilustrando as relagdes entre
os principais grupos de Chondrichthyes baseado principalmente na morfologia
dentéaria. Grupos viventes evidenciados em negrito dentro do retangulo. ................. 11
Figura 3. Wurdigneria obliterata Richter, 2005 em vista lingual (A) e aboral (B), um
exemplo de dente diplodonte caracteristico dos Xenacanthiformes (RICHTER, 2005).
Yo | = St o ] T URPPRP 12
Figura 4. Dente e escova dorsal de Akmonistion Coates; Sequeira, 2001. Escalas: 2
MM € 30 MM rESPECHVAMENTE. ......uuiiiiiiiiiiiiiiiitiii bbb neeannaae 12

Figura 5. Vista lateral de um espinho de nadadeira de Ctenacanthus compressus

Newberry, 1889 (MAISEY, 1981). Escala: 10 MM........ccocovviiiiiieeeiieeeeieee e, 13
Figura 6. Dente do Hybodontiformes Lissodus lopezae Soler-Gijén, 1997, em vista
labial (A) e lingual (B) (GINTER et al., 2010). Escala: 0,5 mm. ........ccccoeeeeevvvviinnnnnnnn. 13
Figura 7. Dentes de Orodus ipeunaensis Chahud et al., 2010. Escala: 3 mm. ......... 14

Figura 8. Dentes de Helicoprion jingmenense Chen et al. (2007). Escala: 50 mm....14
Figura 9. Dente sinfiseal do Petalodontiformes Itapyrodus punctatus Silva-Santos,
1990 (CHAHUD et al., 2010) em vista labial (A), lingual (B), oclusal (C), laterais (D e

E) e basal (F). ESCala: 2 MM ... e e 15
Figura 10. Distribuicdo das bacias do Parand e Parnaiba no territorio brasileiro
(modificado de Milani et al., 2007@)...........cuuuiiiiiii e 16

Figura 11. Mapa paleogeogréfico apresentado por Dias (2012), representando o
Sudoeste do Gondwana entre o Permiano Médio a Tardio, evidenciando os sistemas
lacustres, fluviais e deltaicos das formacdes Rio do Rasto (Brasil) e Gai-As
(Namibia) em conjunto com as formagdes do Grupo Beaufort (Africa do Sul). ......... 22
Figura 12. Esquema da correlacdo da fauna de tetrapodes da Formacdo Rio do
Rasto com as zonas de assembleia da Bacia do Karoo e as assembleias do Leste
Europeu de Cisneros et al. (2005)........uuuuuuuuuiiiiiiiiiiiiiiiiiiiiiiiiiiieieee 25
Figura 13. Esquema apresentado por Langer et al. (2008) representando a fauna de
tetrapodes da Formacédo Rio do Rasto e a sua correlacdo com as assembleias da
Bacia do Karoo e assembleia do Leste Europeu. Segundo os autores, registros

INCEITOS BN CINZA. . et ettt ettt e e e e e e e e e e e e e e eeens 27



6

Figura 14. Bioestratigrafia baseada em tetrapodes da Formacdo Rio do Rasto e a
sua correlacédo das faunas do Leste Europeu e da Bacia do Karoo de Dias-da-Silva
020 2 TSRO 28
Figura 15. Distribuicdo da Formacgdo Rio do Rasto no Estado do Parand com a

localizacéo do local de coleta no Municipio de Jacarezinho. ..........ccccoeeeeeeiviiiiinnnnnnn. 30



Sumario
Apresentagao da Estrutura da DISSEIraGa0 .........ccvvvviiiiiiiiiiiiiiiiiieeeeeeeeeeeeeeeee e 8
L. INEFOTUGEID .. 9
1.1 Chondrichthyes Permianos Brasileir0S...........cccoevvvviiiiiiiiie e 15
1.1.1 Chondrichthyes Permianos da Bacia do Parnaiba...........ccccccccooiiiiiiiiniiiicinn, 16
1.1.2 Chondrichthyes Permianos da Bacia do Parana.............cccccccvvnnninnninnnninnennnnnnnnnnn, 17
1.2 A FOrmacao RiO dO RASIO .......uuuuuiiiiiiiiiiiiiiiiiii e 19
RS ] o =3 1Y 0 1 S 29
1.4 MAterial € IMETOUOS ... ..uuuuiiiiiiiiiiiiiiiiii s nnnnnnnes 30
O - (= = | 30
I |V 1= o o o 1 31
ST =] (=] =1 Lol = TS 32
P AN {[o [0 TSR O =T o (oo 1 46

Artigo | — Pauliv, V. E.; Dias, E. V. & Sedor, F. A. A new species of sphenacanthid
(Chondrichthyes, Elasmobranchii) from the Rio do Rasto Formation (Parad Basin),
Southern Brazil. Revista Brasileira de Paleontologia, v. 15, n. 3, p. 243-250. 2012.
d0i:10.4072/rDP.2012.3.01 ..oeeeiieiieeeeeiece ettt e e aa s 47
Artigo Il — Pauliv, V. E.; Dias, E. V.; Sedor, F. A.; Ribeiro, A. M. A new species of
Xenacanthiformes (Chondrichthyes, Elasmobranchii) from the Late Paleozoic Rio do
Rasto Formation (Parana Basin), Southern Brazil. Anais da Academia Brasileira de

Ciéncias (artigo aceito pela revista e em fase de revisado pelo editor).............ccceeeeneeee. 56



Apresentacao da Estrutura da Dissertacao

A presente dissertagdo objetiva realizar a descricdo e a determinacao
taxondmica de novos espécimes de Xenacanthidae e Sphenacanthidae procedentes
de um afloramento do Membro Serrinha da Formacédo Rio do Rasto, localizado no
Municipio de Jacarezinho, Estado do Parana, assim como comparar 0 presente
material com outras espécies destas mesmas familias de Chondrichthyes. O
presente trabalho foi elaborado de acordo com as orientagdes da “Norma 103 —
Submissao de teses e dissertacdes na forma de artigos”, em vigéncia no Programa
de Pés-Graduacdo em Geociéncias da Universidade Federal do Rio Grande do Sul*.

De acordo com esta norma, 0 corpo principal desta dissertacdo € composto
por artigos cientificos publicados ou submetidos a periédicos com corpo editorial
permanente e revisores independentes e classificados nos estratos Qualis da
CAPES Al, A2, B1 ou B2, podendo até ser B3 somente para 0 caso de periodico
internacional. Além disso, segundo a mesma norma, estes artigos devem ser
precedidos de uma introducdo sobre o tema e descricdo do objeto de pesquisa, na
qual estdo sumarizados os objetivos e a filosofia de pesquisa desenvolvidos,
contendo o estado da arte sobre o objeto de pesquisa.

Desta forma, para facilitar a compreensao do leitor, a dissertacdo foi dividida
em dois capitulos e anexos. O capitulo | abrande uma Introducdo que estabelece o
tema e descreve o objeto da pesquisa, sumarizando o atual estado do conhecimento
do assunto abordado e o0s objetivos da pesquisa, juntamente com o Material e
Métodos, abordando quais e quantos sao os espécimes utilizados, a procedéncia,
local onde os espécimes encontram-se tombados, técnicas de coleta e preparacéo
dos fosseis. O capitulo Il corresponde a dois artigos cientificos submetidos a
periodicos cientificos com as formatacfes originais exigidas pelos peridédicos

cientificos e suas cartas de aceitacao.

! Norma 103 do Programa de Pés-graduacdo em Geociéncias da Universidade
Federal do Rio Grande do Sul (aprovada em primeiro de marco de 2012). Disponivel

em http://www6.ufrgs.br/ppogeo/sites/default/files/normal03.pdf.



http://www6.ufrgs.br/ppggeo/sites/default/files/norma103.pdf

1. Introducéao

Os Chondrichthyes sédo um grupo de peixes que inclui os tubardes, raias e
quimeras. Estes organismos apresentam um endoesqueleto composto por tecido
cartilaginoso que pode ser calcificado por uma camada superficial de granulos
prismaticos. O exoesqueleto por sua vez, € composto por pequenas escamas, as
vezes alargadas (ou fusionadas?) e, desta forma, modificadas em espinhos cefalicos
ou de nadadeiras e menos frequentemente em placas dérmicas (MOY-THOMAS;
MILLES, 1971).

De acordo com Teixeira et al. (2003) o estudo dos Chondrichthyes fosseis foi
iniciado no século XVII por Nicolau Steno que reconheceu objetos anteriormente
denominados glossopetrae (‘linguas petrificadas”), 0s quais eram, na realidade,
dentes fOsseis de tubardes. Desde entdo, muitos objetos que antes ndo eram
reconhecidos como restos de Chondrichthyes, passaram a ser tratados como tal.
Assim como esta, muitas ideias de Steno ajudaram no desenvolvimento das
Ciéncias Naturais, especialmente a Paleontologia e a Geologia, como e o caso do
estabelecimento dos principios de superposicdo, horizontalidade original e
continuidade lateral das camadas (TEIXEIRA et al. 2003).

Segundo Long (2011) os Chondrichthyes parecem estar proximamente
relacionados aos extintos Placodermi e é possivel que estes grupos tenham se
originado de um ancestral coberto por escamas e sem mandibula no inicio do
Siluriano Inferior. Segundo este mesmo autor, escamas similares a de tubarbes sao
conhecidas para o Ordoviciano Superior, entretanto, o primeiro registro indubitavel
de Chondrichthyes é conhecido por escamas do Siluriano Inferior (Llandoveriano).
Desta forma, considera-se aqui que os Chondrichthyes séo registrados desde o
Siluriano Inferior até o Recente.

Somente no inicio do Devoniano Inferior surgem os primeiros dentes
fossilizados caracteristicos de tubardes (LONG, 2011). Estes dentes possuem um
padrdao morfolégico diplodonte, de base alongada e estreita, superficies coronal
convexa e aboral fortemente céncava (Fig.1), identificados como pertencentes ao
género Leonodus Mader, 1986, sendo este o mais antigo tubardo possuidor de
dentes (GINTER, 2004; GINTER et al., 2010).
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Figura 1. Dentes de Chondrichthyes do Devoniano Inferior atribuidos ao género
Leonodus em vista aboral (A) e lateral (B) (extraido de Ginter et al., 2010). Escala:

0,5 mm.

Ja no Devoniano Superior, os tubarbes se tornaram um grupo cosmopolita
gue se estabeleceu tanto em ambiente marinho como de agua doce, com mais de
80 espécies conhecidas, representados principalmente por dentes e escamas,
acompanhados por cerca de uma duzia de taxons conhecidos por esqueletos
completos ou parciais (LONG, 2011).

Durante o inicio do Carbonifero em fungcdo da extincdo dos placodermes e
muitos agnatos no final do Devoniano, os Chondrichthyes sofreram uma radiacéo
morfolégica que possibilitou o surgimento de novas familias e géneros, inclusive com
o surgimento dos Holocephalii (LONG, 2011).

Baseado na morfologia dentaria, Ginter et al. (2010) considera que o0s
Xenacanthiformes, Symmoriformes e os Ctenacanthiformes sdo grupos-tronco
(“stem-group”) de Chondrichthyes por apresentarem dentes com base alongada
orolingualmente (aulacorhize, “base primitiva”, Fig. 2), enquanto que os Neoselachii,
Hybodontiformes, Eugeneodontiformes, Orodontiformes, Petalodontiformes e os
Holocephalii sdo considerados como grupos-apice (“crown-group”) de
Chondrichthyes por possuirem dentes com base sem projecdo orolingual
(anaulacorhize, “base euselachiana”) (Fig. 2). Ainda segundo Ginter et al. (2010) os
Chondrichthyes derivados podem ser agrupados em dois clados: os Euselachii que
inclui os Hybodontiformes e o0s Neoselachii (tubardes modernos); e os
Euchondrocephali incluindo 0s Orodontiformes, Eugeneodontiformes,
Petalodontiformes e Holocephalii. Desta forma, nesta concepgéo, os Elasmobranchii
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sdo um grupo parafilético que inclui todos os taxons de Chondrichthyes néo-

Euchondrocephali paleozoicos e recentes.

Grupos-apice de Chondrichthyes

Cladodontomorphi Euselachii Euchondrocephali
! n 1 1 »
2] [%2]
(] © [0 0 (]
8 £ E s = 2 2 E ¢
= = = 2 n P c (] [} o) 1<
= o) e <} D L o) £ o = =
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@] < o b3 n @] O Z T ] T} o T
Coroa
diplodonte
secundaria? /

Base euselachiana

Coroa cladodonte

Coroa phoebodonte
Base primitiva, coroa diplodonte

Figura 2. Cladograma proposto por Ginter et al. (2010) ilustrando as rela¢cdes entre
os principais grupos de Chondrichthyes baseado principalmente na morfologia

dentaria. Grupos viventes evidenciados em negrito dentro do retangulo.

Durante o final do Paleozoico os Chondrichthyes foram representados
principalmente pelos Xenacanthiformes, Symmoriformes, Ctenacanthiformes,
Eugeneodontiformes, Orodontiformes, Petalodontiformes e Hybodontiformes.

Os Xenacanthiformes foram uma ordem bem sucedida de tubarbes que sdo
registrados do Devoniano ao Tridssico e sdo representados principalmente por
espinhos cefalicos e/ou por dentes diplodontes com duas cuspides usualmente
maiores do que a cuspide central (mediana) e por alguns esqueletos completos
(GINTER, 2004) (Fig. 3). Estes tubarbes habitavam predominantemente ambientes
dulcicolas e invadiram este ambiente a partir do ambiente marinho (LONG, 2011).
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Figura 3. Wurdigneria obliterata Richter, 2005 em vista lingual (A) e aboral (B), um
exemplo de dente diplodonte caracteristico dos Xenacanthiformes (RICHTER, 2005).

Escala: 1 mm.

Os Symmoriformes séo registrados do Devoniano Superior ao Permiano e
sdo caracterizados por apresentar estruturas peculiares similares a uma escova e
repletas de pequenos denticulos nas nadadeiras dorsais principais, como
encontrado em Stethacantus Newberry, 1889, e Akmonistion Coates e Sequeira,
2001, além de dentes com bases amplas e muitas cuspides pequenas que

flanqueiam a cuspide mediana principal (LONG, 2011) (Fig. 4).

Figura 4. Dente e escova dorsal de Akmonistion Coates; Sequeira, 2001. Escalas: 2

mm e 30 mm respectivamente.

Os Ctenacanthiformes sdo comumente encontrados do Carbonifero ao
Permiano e tipificados pelo género Ctenacanthus Agassiz, 1937, do grego ctenos
que significa “pente” e acanthos que significa “espinho”, por apresentarem espinhos
de nadadeira elaborados e com finas sequéncias de nodos (LONG, 2011) (Fig. 5).
Estes tubares também apresentam dentes do tipo cladodonte com cuspide

mediana maior, face labial plana e a base dos dentes apresentam uma depressao
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basolabial claramente desenvolvida, e cranio com caracteristicas primitivas, como

regido 6tica longa e ampla parte axial (GINTER et al., 2010).

Figura 5. Vista lateral de um espinho de nadadeira de Ctenacanthus compressus
Newberry, 1889 (MAISEY, 1981). Escala: 10 mm.

Ja& os Hybodontiformes apresentam uma origem que remonta ao Carbonifero
Inferior e é representada pelo fossil completo de Diploselache Dick, 1981 (LONG,
2011), sendo que esta ordem ultrapassou o limite Permo-Triassico e tornou-se
comum durante o Mesozoico. O grupo € caracterizado pela presenca de mais de
dois pares de espinhos cefalicos, um situado anteriormente a regido supratemporal e
0 outro par, usualmente maior, situado na regido supra-6tica da cabeca. A

morfologia dentaria € diversa, variando de dentes com coroa bastante baixa em

formas durdfagas (Fig. 6), as coroas altas e multicuspidadas em dentes do tipo
cortante (GINTER et al., 2010).

Figura 6. Dente do Hybodontiformes Lissodus lopezae Soler-Gijén, 1997, em vista
labial (A) e lingual (B) (GINTER et al., 2010). Escala: 0,5 mm.

Os Orodontiformes sdao uma ordem de tubarbes considerada artificial por
Ginter et al. (2010), sendo que estes autores 0s caracterizam por possuirem dentes
trituradores (“crushing teeth”) alongados mesio-distalmente e com base tipica dos

Euselachii (anaulacorhize), cispide mediana baixa usualmente piramidal ou cénica e
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cuspides laterais completamente fusionadas ou com apices separados. Estes
Chondrichthyes sdo comumente encontrados em depdsitos do Carbonifero (LONG
2011), mas também em depdsitos do Permiano (Fig. 7) (e.g. CHAHUD et al., 2010).

Figura 7. Dentes de Orodus ipeunaensis Chahud et al., 2010. Escala: 3 mm.

Os Eugeneodontiformes sdo um grupo de tubardes conhecido por sequéncias
de dentes dispostos em espiral, formando uma estrutura similar a uma serra circular
na sinfise da mandibula inferior (GINTER et al., 2010), como encontrado, por
exemplo, em Helicoprion Karpinsky, 1889 (Fig. 8). Esta ordem foi bem sucedida
durante o Permiano Médio de varias regides do globo (LONG, 2011). Segundo
Ginter et al. (2010) os dentes sinfiseais dos representantes deste grupo podem ser
timidos ou cristados ou lateralmente comprimidos e equipados com bordas
cortantes serrilhados e afiados, enquanto que os dentes laterais e distais sao
geralmente baixos e formam pavimentos os quais sdo funcionalmente similares aos

das raias.

(b)

Figura 8. Dentes de Helicoprion jingmenense Chen et al. (2007). Escala: 50 mm.
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Os Petalodontiformes (Fig. 9) sdo um grupo abundante, diverso e bem
representado do Carbonifero ao Permiano do mundo inteiro em depdsitos marinhos,
exceto algumas excecdes. Entretanto, por ndo apresentar muitos espécimes

completos, é considerado um grupo pouco conhecido (GINTER et al., 2010).

Figura 9. Dente sinfiseal do Petalodontiformes Itapyrodus punctatus Silva-Santos,
1990 (CHAHUD et al., 2010) em vista labial (A), lingual (B), oclusal (C), laterais (D e

E) e basal (F). Escala: 2 mm.

Varias destas ordens séo registradas no territério brasileiro principalmente

nas bacias sedimentares do Amazonas, Parnaiba e Parana.

1.1 Chondrichthyes Permianos Brasileiros

Apesar das primeiras ocorréncias de Chondrichthyes remontarem ao
Siluriano, sendo registrados em abundancia no Devoniano de varias regidées do
mundo, no territorio brasileiro as ocorréncias sao relativamente escassas para o
Devoniano (e.g. RICHTER, 1985; MAISEY; MELO 2005) assim como para o
Carbonifero (e.g. SILVA-SANTOS; SALGADO, 1970; DUFFIN et al., 1996). O grupo
se torna mais abundante e diverso em estratos permianos das bacias do Parnaiba e
Parana (Fig. 10).
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Bacia do Parana

Bacia do Parnaiba

Figura 10. Distribuicdo das bacias do Parand e Parnaiba no territério brasileiro
(modificado de Milani et al., 2007a).

1.1.1 Chondrichthyes Permianos da Bacia do Parnaiba

Segundo Vaz et al. (2007), a Bacia do Parnaiba ocupa uma area de cerca de
600 mil km2 da porcédo Noroeste do Nordeste brasileiro, sendo que no depocentro a
espessura total de suas rochas atinge cerca de 3.500 m (Fig.10). Segundo estes
mesmos autores, a bacia se desenvolveu sobre um embasamento continental e o
registro sedimentar ¢é distribuido em cinco supersequéncias: Siluriana,
Mesodevoniana-Eocarbonifera, Neocarbonifera-Eotriassica, Jurassica e Cretacea.

Nesta bacia, as ocorréncias permianas do grupo séo restritas a Formacéo

Pedra de Fogo, visto que segundo Vaz et al. (2007), esta unidade estratigrafica se
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distribui por todo o Permiano. Formalmente ha quatro espécies de Chondrichthyes
descritas: “Ctenacanthus” maranhensis Silva-Santos, 1946, representada por
inumeros fragmentos de espinhos de nadadeira, aqui atribuidos a Sphenacanthus
maranhensis, um Sphenacanthidae; “Pleuracanthus” albuquerquei Silva-Santos,
1946, dentes isolados de Xenacanthiformes, atribuidos por Chahud e Petri (2010a) a
Taquaralodus albuquerquei; Itapyrodus punctatus Silva-Santos, 1990 um
Petalodontiformes também representado por dentes isolados e pelo
Eugeneodontiformes Anisopleurodontis pricei Silva-Santos, 1994.

Richter (2001) e Richter (2008) mencionam a ocorréncia de alguns espinhos
de Ctenacanthiformes coletados associados a dentes cladodontes atribuidos a
Glikmanius occidentalis (=Cladodus occidentalis) Leidy, 1859. Estes espinhos de
nadadeira seriam idénticos a Ctenacanthus amblyxiphias Cope, 1891, do Permiano
Inferior do Kansas (Estados Unidos da América), enquanto que os dentes foram
atribuidos a Glikmanius occidentalis conhecido previamente no Pensilvaniano-
Permiano Inferior dos Estados Unidos da América, Carbonifero Superior da
Inglaterra e Carbonifero da Russia, o que sugeriria uma possivel sinonimia entre
essas duas espécies. Novas ocorréncias de espinhos de nadadeira de
Ctenacanthiformes indet. s&o mencionados por Alves et al. (2008a), Alves et al.
(2008c), Richter (2008), Souza et al. (2008), Alves (2010a), Alves (2010b) e Souza
et al. (2010).

1.1.2 Chondrichthyes Permianos da Bacia do Parana

A Bacia do Paranda, por sua vez, abrange uma ampla area sedimentar do
continente sul-americano incluindo porgdes territoriais do Brasil meridional (Fig. 10),
Paraguai oriental, nordeste da Argentina e norte do Uruguai, ocupando uma area
total de 1,5 milhdo de km?, apresentando espessura maxima de 7.000 m (MILANI et
al., 2007b). Segundo Milani et al. (1997) sédo reconhecidas seis supersequéncias:
Rio Ivai (Ordoviciano-Siluriano), Parana (Devoniano), Gondwana | (Carbonifero-
Eotriassico), Gondwana Il (Meso a Neotriassico), Gondwana Ill (Neojurassico-
Eocretaceo) e Bauru (Neocretaceo).

Nesta bacia, os Chondrichthyes s&o registrados no Grupo Itararé (Permo-
Carbonifero) e em praticamente em todas as formacdes permianas: Rio Bonito, Irati,

Terezina (com “z”, segundo Mendes, 1967), “Corumbatai” e Rio do Rasto. Destas, as
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formacdes Irati e Terezina sdo as que apresentam maior diversidade de ocorréncias,
como visto abaixo.

Para o Grupo ltararé (Bashkiriano/Moscoviano a Sakmariano Inicial segundo
HOLZ et al.,, 2010) as ocorréncias se restringem a Formacdo Rio do Sul pelas
ocorréncias de dentes cladodontes para a “Facies Budd”, Estado do Rio Grande do
Sul (BARCELLOS, 1973) e para Mafra, Estado de Santa Catarina (DIAS et al.,
2008a, 2008b).

Para a Formac&o Rio Bonito (Sakmariano Inicial a Artinskiano Médio segundo
Holz et al., 2010) somente uma ocorréncia € conhecida para o Arenito Taié, Santa
Catarina, com uma espécie descrita; “Ctenacanthus” gondwanus Silva-Santos, 1947,
representada pela impressdo de um espinho de nadadeira. Esta espécie foi revista
por Maisey (1984), que por sua vez atribuiu o espécime ao género Sphenacanthus,
resultando na nova combinacdo Sphenacanthus gondwanus Silva-Santos, 1947.

Ja a Formacao Irati (Artinskiano Tardio segundo Holz et al., 2010), apresenta
cinco espécies de Chondrichthyes formalmente descritas (sendo 0s primeiros
representados por dentes isolados e o Ultimo por espinhos de nadadeira isolados): o
Xenacanthiformes Xenacanthus pricei Wdurdig-Maciel, 1975, o também
Xenacanthiformes Taquaralodus albuquerquei (CHAHUD; PETRI, 2010a), o
Orodintiformes Orodus ipeunaensis Chahud et al.,, 2010, o Petalodontiformes
Itapyrodus puctatus (RAGONHA 1978; CHAHUD; PETRI, 2010, CHAHUD et al.,
2010) e o Sphenacanthidae Sphenacanthus sanpauloensis Chahud et al., 2010; e
uma ocorréncia de Xenacanthiformes indet. por Chahud e Petri (2009). E importante
ressaltar que a ocorréncia de Itapyrodus punctatus e de Taquaralodus albuquerquei
tanto na Formacdo Pedra de Fogo (Bacia do Parnaiba) como na Formacéo Irati
(Bacia do Parana) indica uma correlacdo entre esses estratos e uma possivel
conexao entre essas duas bacias.

A Formacgao Terezina (Kunguriano Tardio a Rodiano segundo HOLZ et al.,
2010) a exemplo da Formacdo Pedra de Fogo da Bacia do Parnaiba, também
apresenta quatro espécies de Chondrichthyes formalmente descritas (todas
representadas por dentes isolados): “Orodus” mileri Wiurdig-Maciel, 1975,
recentemente reatribuido por Ginter et al. (2010) a Tristychius sp. (Hybodontiformes);
os Xenacanthiformes Xenacanthus santosi Wurdig-Maciel, 1975 e Wurdigneria
obliterata Richter, 2005 e pelo Eugeneodonthiformes Tiaraju tenuis Richter, 2007.

Para esta mesma unidade estratigrafica ainda sdo mencionadas ocorréncias de
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Ctenacanthus indet. por Wadurdig-Maciel (1975), Sphenacanthiformes e
Hybodontiformes indet. por Richter (2004).

Para a Formacao “Corumbatai” Ragonha (1984) propés em sua tese de
doutorado cinco espécies de Xenacanthiformes: Xenacanthus angatubensis, X.
camagquensis, X. ferrazensis, X. santaritensis e X. taquaritubensis, entretanto, estas
ndo foram publicadas formalmente, permanecendo como nomes invalidos (nomina
nuda) e também reconheceu a ocorréncia de Xenacanthus moorei, anteriormente
registrado apenas no Hemisfério Norte. Posteriormente, para esta mesma formacéao,
Ragonha e Silva-Santos (1987) verificaram que o molusco Dentalium florencei
Moraes Rego, 1936, na verdade se tratava de um molde de espinho de nadadeira de
Chondrichthyes atribuido ao género Hybodus Agassiz, 1837. Outras ocorréncias de
Xenacanthiformes para esta unidade foram mencionadas por Ragonha (1989a) que
descreveu um espinho de base bulbosa e Campanelli e Fernandes (2008) que
apenas mencionam a ocorréncia de dentes. Toledo et al. (1997) acrescentam ainda
a ocorréncia de Petalodontiformes na Formacado “Corumbatai”. Atualmente, a
Formacado “Corumbatai” é considerada por Rohn (2001) e Holz et al. (2010) como
equivalente as formacgOes Serra Alta e Terezina, sendo por este motivo grafada entre
aspas no presente trabalho.

Ja para a Formacdo Rio do Rasto (Wordiano a Wuchiapingiano segundo
HOLZ et al., 2010) sdo registradas varias ocorréncias de Xenacanthiformes,
Hybodontiformes e Sphenacanthus, todas ainda indeterminadas, assim como a
placa de espinho cefalico mencionada por Laurini et al. (2011). Os Xenacanthiformes
indet. sdo mencionados por Ragonha (1989b, 1990), Dias (1996), Dentzien-Dias et
al. (2008), Horn et al. (2009), Figueiredo et al. (2008) e Pauliv et al. (2010), os
Hybodontiformes indet. por Richter e Langer (1998), Malabarba et al. (2003), Laurini
et al. (2009), Laurini et al. (2010) e Laurini (2011), e, por fim, os Sphenacanthus
indet. por Sedor et al. (2009) e por Pauliv et. al. (2009).

1.2 A Formagéao Rio do Rasto

A Formacédo Rio do Rasto € dividida em dois membros, o Membro Serrinha
(inferior) e o Membro Morro Pelado (superior) segundo a proposicdo de Gordon Jr.
(1947). A litologia da formagéo constitui-se de siltitos e argilitos intercalados de
arenitos finos arroxeados, esverdeados e avermelhados, com eventuais niveis de

silex e calcéario sendo que o Membro Serrinha possui 150 a 250m de espessura,
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enquanto que o Membro Morro Pelado 250 a 300m de espessura, sendo que esta
formacdo teria sido depositada durante o intervalo Wordiano-Wuchiapingiano
(Permiano) (HOLZ et al., 2010).

No Estado do Parana e demais areas a nordeste do Arco de Ponta Grossa, a
Formacéao Rio do Rasto € recoberta por arenitos que indicam a presenca de dunas e
niveis fluviais avermelhados triassicos da Formacao Piramboia. Ja no centro e sul do
Estado de Santa Catarina e parte do Estado do Rio Grande do Sul a Formacao Rio
do Rasto apresenta contato discordante com a Formacdo Botucatu (Cretaceo
Inferior) ou Sanga do Cabral (Tridssico) respectivamente (HOLZ et al., 2010).
Segundo Lavina e Scherer (2003), no Estado do Rio Grande do Sul a Formacédo Rio
do Rasto também pode apresentar-se localmente recoberta por arenitos edlicos da
Formacao Pirambdia que por sua vez é recoberta por arenitos fluviais da Formacéo
Sanga do Cabral, desta forma, segundo estes autores a Formacdo Pirambdia teria
idade Neopermiana.

Sobre a deposicdo do Membro Serrinha sdo muitas as interpretacoes,
entretanto, a maioria delas propde um ambiente lacustre raso (e.g. MENDES, 1967;
RAGONHA, 1989b). Seguindo este ponto de vista, de acordo com Lavina (1991), as
rochas sedimentares do Membro Serrinha foram depositados em ambientes
lacustres e deltaicos, com predominancia de grandes lagos (Fig.11), influenciados
por ondas de tempestade e avanco de sistemas deltaicos e fluviais para dentro
destes lagos. Recentemente, Holz et. al. (2010) consideraram o Membro Serrinha
como lagos rasos, algumas vezes influenciados por ondas de tempestade e
incursoes fluviais.

Ja o Membro Morro Pelado foi formado por sedimentos depositados em lagos
menores, planicies aluviais, canais fluviais meandrantes, sistemas deltaicos com
bacias interdistributarias, assim como pequenos corpos temporarios de agua e
dunas edlicas (LAVINA, 1991; HOLZ et al., 2010). E numa outra interpretacdo o
membro Morro Pelado corresponderia a leques aluviais distais e planicies de
inundacdo (ROHN et al. 2005 apud HOLZ et al. 2010) podendo apresentar
ambientes lacustrinos, deltaicos e edlicos associados.

Essa interpretacdo paleoambiental é suportada pelos registros floristicos e
faunisticos bastante diversificados. A flora € composta principalmente por
Schizoneura Schimpmer e Mougeol, 1844, Paracalamites Zalessky, 1927,
Glossopteris Brongniart, 1828, Sphenophyllum Koenig, 1825 e Pecopteris Sternberg,
1825, juntamente com registros palinologicos (e.g. MENDES, 1967; ROESLER,
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1978; ROHN et al., 1984; ROSLER; ROHN, 1984; ROHN; ROSLER, 1986a,1986b;
ROHN et al., 1997; ROHN; ROSLER, 2000; STOLLHOFEN et al., 2000; NEREGATO
et al.,, 2008). Apesar de nao ser abundante, a distribuicdo estratigrafica de
espécimes de Sphenophyllum na porcéo inferior da Formacdo Rio do Rasto foi
suficiente para a determinagdo da Zona Sphenophyllum paranaense Roesler e
Rohn, 1984, por Rohn e Rd&esler (2000). Ja na porcao transicional do Membro
Serrinha para o Membro Morro Pelado outra esfendfita se torna mais abundante,
Schizoneura gondwanensis Feistmantel, 1876, que define uma nova zona segundo
Rohn e Roéesler (2000). Os palinomorfos por sua vez s6 encontram-se preservados
na porcao inferior do Membro Serrinha devido ao baixo potencial de preservacao
dos depdsitos oxidados do restante da formacdo (NEREGATO et al., 2008).

A fauna compreende invertebrados, vertebrados, e icnofésseis destes. A
fauna de invertebrados é representada principalmente por moluscos bivalves,
crustdceos ostracodes e conchostraceos e icnofésseis (e.g. MENDES, 1954,
MENDES, 1967; ROHN; ROSLER, 1989; SEDOR; COSTA, 2001; FERREIRA-
OLIVEIRA; ROHN, 2008; FERREIRA-OLIVEIRA; ROHN, 2010).

Entre os bivalves, destaca-se a ocorréncia de Leinzia similis Holdhaus, 1918,
que delimita a Zona Leinzia similis, proposta informal de Rohn (1994), que
corresponde a boa parte do Membro Serrinha. Destaca-se também a ocorréncia de
Palaeomutela? platinensis (Reed), 1935, compondo a Zona Palaeomutela?
platinensis (também proposta informal de Rohn, 1994) na transicdo entre o Membro
Serrinha e 0 Membro Morro Pelado e em boa parte do Membro Morro Pelado. E
importante ressaltar que Leinzia similis também é encontrada na Formacgédo Gai-As
(Namibia), o que indica uma correlacao entre essas unidades (STOLLHOFEN et al.,
2000; HOLZ et al., 2010). Nesta ultima formacao, Leinzia similis € registrada a
alguns metros abaixo de niveis intercalados de tufos que apresentam datacéo
radiométrica de U/Pb de idade de 265 + 2,5 Ma (STOLLHOFEN et al., 2000).

Os conchostraceos sdo considerados por Holz et al. (2010) como um dos
fésseis mais abundantes da Formacao Rio do Rasto, o que indica condi¢cdes de
agua doce ao ambiente gerador desta unidade estratigrafica. Segundo Ferreira-
Oliveira e Rohn (2010) o aparecimento abrupto de conchostraceos na base da
Formacéo Rio do Rasto corrobora a interpretacédo de que a proporcdo de agua doce
no ambiente sedimentar aumentou significantemente em relacdo aos niveis da

Formacé&o Terezina (inferior).



Figura 11. Mapa paleogeografico apresentado por Dias (2012), representando o
Sudoeste do Gondwana entre o Permiano Médio a Tardio, evidenciando os sistemas

lacustres, fluviais e deltaicos das formacdes Rio do Rasto (Brasil) e Gai-As

(Namibia) em conjunto com as formacdes do Grupo Beaufort (Africa do Sul).
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Ferreira-Oliveira e Rohn (2008) identificaram a ocorréncia de conchostaceos
dos géneros Palaeolimnadiopsis Raymond, 1946, e Falsisca Novojilov, 1970, que
indicam idade neopermiana para a porgao superior da Formacéo Rio do Rasto. Esta
interpretagdo é corroborada pela identificagdo do conchostraceo leaiideo
Hemicycloleaia mitchelli Etheridge, 1892, por Ferreira-Oliveira e Rohn (2010) que
permite correlacionar esta unidade a depdsitos australianos de idade Tatariana
Superior (Wuchiapingiano). Ocorréncias ainda ndo confirmadas de outros leaiideos
como Hemicycloleaia mitchelli em unidades do Permiano Superior da Antartica,
Africa do Sul, Zimbabue e india seriam consistente com a idade Wuchiapingiana
proposta para a Formacao Rio do Rasto (FERREIRA-OLIVEIRA; ROHN, 2010).

Diversos autores descrevem os vertebrados encontrados nesta unidade
estratigrafica, como peixes Osteichthyes e Chondrichthyes (e.g. RAGONHA, 1989b;
RAGONHA, 1990; RICHTER; LANGER, 1998; VEGA-DIAS et al., 2000, RICHTER,
2002, MALABARBA et al., 2003, LAURINI et al., 2009, PAULIV et al., 2009, SEDOR
et al., 2009, LAURINI et al., 2010, PAULIV et al., 2010, LAURINI et al., 2011, DIAS,
2012), anfibios (e.g. BARBERENA; DAEMON, 1974; BARBERENA et al., 1985;
BARBERENA, 1998; BARBERENA; DIAS, 1998; DIAS; RICHTER, 2002; DIAS;
BARBERENA, 2001; DIAS; SCHULTZ, 2003; ELTINK; LANGER, 2010; RAMOS;
VEGA, 2011), “répteis” (e.g. BARBERENA; ARAUJO, 1975; BARBERENA et al.,
1980; ARAUJO-BARBERENA, 1987; LANGER, 2000; CISNEROS et al., 2005;
CISNEROS et al., 2011, DIAS-DA-SILVA, 2012; CISNEROS et al.,, 2012) e
icnofésseis (e.g. SEDOR; COSTA, 2001; LEONARDI et al., 2002; DENTZIEN-DIAS
et al., 2012, SILVA et al,. 2012). Segundo Silva et al. (2012), os icnofésseis de
vertebrados encontrados em um afloramento do Membro Morro Pelado indicam a
presenca de uma biodiversidade maior do que a conhecida até o momento.

Na Formacdo Rio do Rasto, os tetrapodes sdo notaveis por serem usados,
em parte, para correlacdes com paleofaunas sul-africanas (HOLZ et al., 2010) e do
leste europeu (CISNEROS et al.,, 2005; LANGER et al., 2008; DIAS-DA-SILVA,
2012).

Um dos primeiros trabalhos a detalhar a correlagdo entre niveis da da
Formacdo Rio do Rasto com niveis sul-africanos foi realizado por Barberena et al.
(1985). Nesse trabalho as faunas de tetrapodes de duas localidades brasileiras
foram utilizadas como parametro: fauna da Serra do Cadeado (Regido centro-norte
do Estado do Parana) e a fauna de Acegua (sul do Estado do Rio Grande do Sul). A

fauna da Serra do Cadeado (Regido Centro-norte do Estado do Parana) € composta
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pelas ocorréncias dos anfibios Australerpeton cosgriffi Barberena, 1998, e de uma
forma similar a “Rhinesuchus” (BARBERENA; DIAS, 1998) em conjunto com 0
dicinodonte Endothiodon Owen, 1876, por Barberena e Araudjo (1975) foi
correlacionada por Barberena et al. (1985) com a fauna da Zona de Assembleia de
Cisticephalus (sensu KITCHING, 1977) da Bacia do Karoo, Africa do Sul. Isto
permitiu a estes autores atribuir idade Tatariana a fauna da Serra do Cadeado. Ja a
fauna de Aceguda ocorre o pareiassaurideo Provelosaurus americanus Araujo, 1985
(LEE, 1997), o que permitiu correlacionar este estrato com a Zona de Associagéo de
Daptocephalus (sensu KITCHING, 1977), também de idade Tatariana tardia
(portanto, mais recente que a fauna da Serra do Cadeado). Anos mais tarde, Richter
e Langer (1998) mencionam a co-ocorréncia para esta mesma localidade de um
fragmento de espinho de nadadeira de Chondrichthyes e placas dentérias de
dipnoicos. Posteriormente, Dias e Barberena (2001) descrevem uma nova espécie
de anfibio, o Archegosauridae Bageherpeton longignathus Dias e Barberena, 2001.

Langer (2000), por sua vez, correlacionou a descoberta de dinocefalios na
localidade Posto Queimado (Rio Grande do Sul) com as Zonas de Associacédo de
Tapinocephalus e Eodicynodon da Africa do Sul e as comunidades russas de Osher
e Isheevo, o que implicaria em uma idade Kazaniano tardio a Tatariano inicial a tal
localidade. J& a ocorréncia de Provelosaurus americanus na fauna Acegua teria,
segundo o mesmo autor, uma idade mais recente pela correlagdo com
“pareiassauros andes” da Africa do Sul.

Alguns anos mais tarde, Malabarba et al. (2003) mencionam uma nova
ocorréncia de Provelosaurus americanus, desta vez para a localidade de Posto
Queimado associada a ocorréncia de um espinho de nadadeira de Hybodontoidea
indeterminado e a um ramo mandibular direito de um Temnospondyli indeterminado.
Isto proporcionou a correlacdo entre as faunas das localidades de Posto Queimado
e Acegua, além da correlacdo destas duas localidades com a Zona de Associacéo
de Tapinocephalus (sensu RUBIDGE, 1995) da Africa do Sul, Tatariano inicial. Ja a
fauna de tetrapodes da Serra do Cadeado teria uma idade mais recente que esta.
Além disso, ao redescrever o material de Provelosaurus americanus de Posto
Queimado, Cisneros et al. (2005) mencionam que esta localidade e a fauna de
Acegua também podem ser correlacionadas a assembleia de Isheevo do Leste
Europeu (ambas Capitaniano) (Fig. 12).
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Figura 12. Esquema da correlacdo da fauna de tetrdpodes da Formacdo Rio do
Rasto com as zonas de assembleia da Bacia do Karoo e as assembleias do Leste

Europeu de Cisneros et al. (2005).

Entretanto, Cisneros et al. (2005) mencionam um possivel conflito de idade
pela ocorréncia de Bageherpeton longignathus em Acegua. A ocorréncia mais
recente de um arquegosaurideo remonta a base do Capitaniano da assembleia de
Ocher do Leste Europeu, 0 que é ligeiramente mais antigo que a ocorréncia mais
antiga de pareiassaurideos. Desta forma, os autores supracitados levaram em
consideracdo duas possibilidades: de que P. americanus e B. longignathus né&o
tenham sido coletados no mesmo horizonte uma vez que foram coletados em
localidades distintas; e da extensao temporal do registro dos Archegosauridae, caso
0 posicionamento sistematico de B. longignathus seja confirmado. J& a fauna da
Serra do Cadeado foi correlacionada por Cisneros et al. (2005) as Zonas de
Associacdo de Pristerognathus, Tropidostoma e Cisticephalus (sensu RUBIDGE,
1995) da Africa do Sul pela coexisténcia de Rhinesuchidae e Endothiodon em
ambas. Corroborando este ponto de vista, Langer et al. (2008) também mencionam
que as faunas de Acegua e Posto Queimado sdo correlacionaveis e mais antigas
gue a fauna da Serra do Cadeado e de que existe uma lacuna entre as faunas rio-
grandenses e paranaenses (Fig. 13).

Entretanto, diferentemente de Cisneros et al. (2005), Langer et al. (2008)
sugerem idade Wordiana as faunas de Acegud, Posto Queimado (Brasil), Isheevo
(Leste Europeu) e a Zona de Associacdo de Tapinocephalus (Africa do Sul), e

Capitaniana a fauna da Serra do Cadeado, correlacionando-a a Zona de Associacao
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de Pristerognathus, Tropidostoma e Cisticephalus da Africa do Sul (sensu
RUBIDGE, 1995) e Kotel'nich do Leste Europeu.

A visdo mencionada acima foi mantida até a contribuicdo de Eltink e Langer
(2010), que reportaram a ocorréncia da associacado de fragmentos mandibulares e
pos-cranianos que apresentam afinidades aos Platyoposaurinae. Este registro
implicaria uma idade mais antiga a fauna da Serra do Cadeado, uma vez que 0s
Platyoposaurinae séo restritos ao intervalo Rodiano-Wordiano, o que aproximaria a
fauna da Serra do Cadeado as faunas de Acegua e Posto Queimado, bem como as
faunas russas.

Além deste novo dado, recentemente, um novo afloramento da Formacéao Rio
do Rasto foi encontrado no Rio Grande do Sul com novos registros de vertebrados,
0 que permitiu uma reavaliacdo do esquema bioestratigrafico da Formacao Rio do
Rasto (DIAS-DA-SILVA, 2012). Este afloramento localiza-se na regiao de Catugaba,
a cerca de 6 km da localidade do afloramento original Posto Queimado, onde foi
reportada a ocorréncia de escamas e dentes de Palaeonisciformes e dentes de
Xenacanthiformes e labirintodontes (HORN et al.,, 2008); coprdlitos (DENTZIEN-
DIAS et al., 2008); um anfibio Temnospondyli Melosaurinae indeterminado (DIAS-DA
SILVA et al., 2008), dois anomodontes basais: um Phylacephalidae indeterminado
(ILHA; DIAS-DA-SILVA, 2010), e uma nova espécie denominada Tiarajudens
eccentricus Cisneros et al.,, 2011; além de uma nova espécie de dinocefélio

Anteosauridae denominada Pampaphoneus biccai Cisneros et al., 2012.
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Figura 13. Esquema apresentado por Langer et al. (2008) representando a fauna de

tetrdpodes da Formacédo Rio do Rasto e a sua correlacdo com as assembleias da

Bacia do Karoo e assembleia do Leste Europeu. Segundo os autores, registros

incertos em cinza.

Com estas novas contribuigbes, Dias-da-Silva (2012) elaborou o seguinte

esquema bioestratigrafico (Fig. 14): a fauna de Acegua passa a ser considerada
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como Rodiano tardio a Wordiano inicial e correlacionavel a assembleia Ocher do
Leste Europeu e a Zona de Associacéo de Eodicynodon da Africa do Sul; a fauna de
Posto Queimado é considerada mais recente do que a anterior como Wordiano
tardio a Capitaniano tardio, correlacionavel a assembleia Isheevo do Leste Europeu
e a Zona de Associacdo de Tapinocephalus da Africa do Sul; e a fauna da Serra do
Cadeado por sua vez teria idade englobando todo o Guadalupiano e o Lopingiano
Inferior (até o limite superior do Wuchiapingiano), sendo correlacionavel a
Superassembleia de Dinocephaliana do Leste Europeu e as Zonas de Associacao
de Eodicynodon, Tapinocephalus, Pristerognathus, Tropidostoma e Cisticephalus
(sensu RUBIDGE, 1995).
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Figura 14. Bioestratigrafia baseada em tetrdpodes da Formacédo Rio do Rasto e a

sua correlagcéo das faunas do Leste Europeu e da Bacia do Karoo de Dias-da-Silva

(2012).
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1.3 Objetivos

Sabendo da existéncia desta rica fauna e flora associadas da Formagdo Rio
do Rasto, a presente dissertacao teve como principais objetivos:

e determinar taxonomicamente o0s Chondrichthyes encontrados no
Membro Serrinha da Formacdo Rio do Rasto, pertencentes as
familias Xenacanthidae e Sphenacanthidae;

e tecer inferéncias sobre aspectos relacionados ao paleoambiente e
provaveis relacbes paleoecoldgicas entre os Chondrichthyes
estudados com os demais organismos registrados na Formagao Rio
do Rasto, bem como colaborar para o aprimoramento das correlagdes
bioestratigraficas e biogeogréficas desta com outras formacdes

gondwanicas.
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1.4 Material e Métodos
1.4.1 Material

O material estudado corresponde a espinhos de nadadeiras e dentes
atribuidos a Chondrichthyes procedentes de afloramentos do Membro Serrinha da
Formacao Rio do Rasto da regido nordeste do Estado do Parand, no Municipio de
Jacarezinho (Fig. 15).
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Figura 15. Distribuicdo da Formacdo Rio do Rasto no Estado do Parana com a

localizacdo do local de coleta no Municipio de Jacarezinho.

Todos os espécimes utilizados no desenvolvimento deste estudo encontram-
se depositados na colecdo de Paleontologia do Museu de Ciéncias Naturais do
Setor de Ciéncias Bioldgicas da Universidade Federal do Parana (MCN-SCB-UFPR)
e encontram-se registrados neste museu com sigla MCN.P. seguida do niamero de
colecéo.

Todos os espécimes foram coletados em um afloramento préximo ao km 20
na margem oeste da BR-153 nas coordenadas: 23°10'08.40”S e 49°57°49.48"W.

O material corresponde a dois espinhos de nadadeira tombados com os
seguintes numeros: MCN.P.440, MCN.P.703; cinco dentes: MCN.P.453 e
MCN.P.1088, MCN.P.1089, MCN.P.1090 e MCN.P.1091 e quatro sec¢fes polidas de
dentes MCN.P. 1125, MCN.P.1126a, MCN.P.1126b e MCN.P.1127.
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1.4.2 Métodos

Os espécimes foram preparados através de técnicas mecanicas sob
microscopio estereoscopico seguindo a metodologia usual para pequenos
vertebrados fosseis (e.g. CAMP; HANNA, 1937; SANTOS, 1985; LEIGGI; MAY,
1994).

Durante a atividade de campo, a desagregacao foi realizada com martelos e
pequenas talhadeiras. As amostras que continham material paleoictiolégico foram
separadas e embaladas para transporte. Em laboratério, a preparacdo dos fosseis
foi feita mecanicamente, com agulhas de aco, agulhas entomolégicas, agulhas de
aco Videa e pincéis. Para que os exemplares nao sofressem grandes danos pela
preparacao, estes foram impregnados com polipropileno dissolvido em xilol para
aumentar a resisténcia. A infraestrutura necessaria para a preparacdo e
desenvolvimento deste estudo foi fornecida pelo MCN-SCB-UFPR.

Alguns dos espécimes foram seccionados para a confeccdo de laminas
histoldgicas usando a resina Epoxi 324 para incluir os fésseis e materiais abrasivos
para desgasta-los.

ApoOs a preparacdo, o material foi fotografado nas seguintes instituicoes:
Universidade Positivo, por meio do microscépio estereoscopico Olympus SZX9
pertencente ao Laboratdrio de Microtécnica, Curitiba, Parana; Universidade Federal
do Parand, por meio do microscopio estereoscopico Zeiss Discovery.V20
pertencente ao Laboratorio de Foraminiferos e Micropaleontologia Ambiental
(LaFMA-UFPR), Curitiba, Parana; Fundacdo Zoobotanica do Rio Grande do Sul
(MCN-FZB-RS) por meio do microscopio Zeiss Axiovert 40 CFL, Porto Alegre, Rio
Grande do Sul; e Universidade Estadual do Oeste do Parana (Unioeste) por meio do
microscopio Olympus BX-60, pertencente ao Laboratorio de Foto Microscopia,
Cascavel, Parana. Os espécimes maiores foram fotografados por meio da camera
digital Sony DSC H-7 de 8.1 Megapixels.
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ABSTRACT — The chondrichthyan skeletal structures with the greatest potential for fossilization are teeth, scales, fin and cephalic
spines. In the Rio do Rasto Formation, the Chondrichthyes are represented by finspines and teeth attributed to sphenacanthids,
hybodontids and xenacanthids. Herein is presented new finspines collected from an outcrop of the Serrinha Member of the
Rio do Rasto Formation, in the Municipality of Jacarezinho, Parana State. The studied material consists of two finspines that
are gradually tapered distally, with convex anterior and lateral faces. The posterior proximal face is strongly concave forming
a furrow; absence of pronounced median ridge in the posterior distal face; the lateral faces have non-pectinated ribs separated
by intercostal grooves, some of them bifurcated and beaded with rows of rounded closely spaced tubercles are the features that
allow the finspines to be ascribed to a new species of Sphenacanthidae.

Key words: Permian, Guadalupian, Parana Basin, Sphenacanthidae, finspines.

RESUMO — As estruturas com maior possibilidade de fossilizacdo do esqueleto dos Chondrichthyes sdo aquelas mais
mineralizadas, tais como dentes, escamas, espinhos cefalicos e de nadadeiras. Na Formagdo Rio do Rasto, os Chondrichthyes
estdo representados predominantemente por dentes e espinhos de nadadeiras e dentes atribuidos a esfenacantideos, hibodontideos
e xenacantideos. Aqui sdo apresentados novos espécimes de espinhos coletados em um afloramento do Membro Serrinha da
Formacao Rio do Rasto no Municipio de Jacarezinho, Estado do Parana. O material corresponde a dois espinhos de nadadeiras,
que gradualmente se reduzem distalmente, com as faces, anterior ¢ lateral, convexas. A face proximal fortemente concava
formando um sulco; face distal posterior ndo apresentando crista mediana pronunciada, faces laterais com costelas nao
pectinadas, separadas por sulcos intercostais, sendo algumas delas bifurcadas, com tubérculos pequenos e pouco espagados
sdo as caracteristicas que permitem que os espinhos estudados sejam atribuidos a uma nova espécie de Sphenacanthidae.

Palavras chave: Permiano, Guadalupiano, bacia do Parana, Sphenacanthidae, espinhos de nadadeira.
INTRODUCTION Gordon Jr. (1947) divided the Rio do Rasto Formation into

two members: the Serrinha (lower) and the Morro Pelado (upper).
The chondrichthyans from the Paleozoic are mainly known This formation is considered to be of Permian age, spanning from

from teeth, scales, cephalic spines and finspines, as complete the Wordian to Wuchiapingian (Holz et al., 2010).
specimens are rare. In the Permian of Brazil, finspines occur in The Serrinha Member has some different interpretations;
the Parnaiba Basin, Pedra de Fogo Formation (Richter, 1985, however, most of them propose a shallow lacustrine

2001, 2008; Alves et al., 2008, 2009a,b; Alves, 2010) and in environment (e.g. Mendes, 1967). To Schneider et al.
the Parana Basin in the Rio Bonito (Silva-Santos, 1947), Tatui/ (1974) this unit is the result of progradational advances of
Irati (Chahud et al., 2010), Estrada Nova (Wiirdig-Maciel, clastics from coastal plain over tidal plains deposits, which
1975) and Rio do Rasto formations (Sedor et al., 2009; Pauliv characterize the transition from shallow water bodies of the
et al.,2010a,b). Terezina Formation to continental deposits of the Morro
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Pelado Member. According to Lavina (1991), the sedimentary
rocks of the Serrinha Member were deposited in lacustrine
and deltaic environments, with a predominance of large lakes
influenced by storm waves. Recently, Holz et al. (2010)
considered the Serrinha Member as deposited in shallow lakes,
sometimes influenced by storm waves and fluvial incursions.

The sedimentary rocks of Morro Pelado Member were
deposited in smaller lakes, alluvial plains, fluvial meandering
streams and delta systems with interdistributary bays, as well as
in small temporary water bodies (Lavina,1991; Holz et al., 2010).
The rocks of the Morro Pelado Member were covered by aeolian
sandstones, as indicated by the presence of dunes in the Piramboia
Formation. The faunistic and floristic record in the Rio do Rasto
Formation supports this paleoenvironmental interpretation.

The flora is diversified and the most common genera are
Schizoneura Schimpmer & Mougeol, 1844, Paracalamites
Zalessky, 1927, Glossopteris Brongniart, 1828 and Pecopteris
Sternberg, 1825; there is also a palinologic record (e.g. Mendes,
1967; Rohn et al., 1997; Rohn & Résler, 2000; Neregato et
al., 2008). The invertebrates are mainly represented by bivalve
mollusks, ostracodes and conchostracan crustaceans (e.g. Mendes,
1954; Ferreira-Oliveira & Rohn, 2008; 2009). The presence of
conchostracans suggests freshwater conditions for the depositional
environment for the whole of the Rio do Rasto Formation (Holz ez
al., 2010). The vertebrates are also diversified and represented by
fishes, amphibians, reptiles and ichnofossils (Dias, 2012).

The occurrence of two Sphenacanthidae from the Serrinha
Member of Rio do Rasto Formation (Parana State) reported by
Pauliv et al. (2010a,b), which are detailed in this paper with the
erecting of a new species for this unit. Knowledge about the
chondrichthyan diversity may contribute to the comprehension
of some paleoenvironmental and paleobiogeographical aspects.

MATERIAL AND METHODS

The studied material comprises two finspines collected
from an outcrop of the Serrinha Member of Rio do Rasto
Formation in the northeastern region of Parana State,
Jacarezinho Municipality, near km 20, west margin of road BR-

153, coordinates 23°10°08.40”’S, 49°57°49.48”W (Figure 1).

The material is housed in the paleontological collections of
the Museu de Ciéncias Naturais, Setor de Ciéncias Biologicas,
Universidade Federal do Parand under the numbers
MCN.P.440 and MCN.P.703. The first specimen was collected
in association with some isolated actinopterygian scales and
with a xenacanthiform shark tooth (Pauliv et al., 2010b).

The specimens were prepared by mechanical techniques
with steel tips, under a stereomicroscope following the usual
methodology for small vertebrate fossils (e.g. Camp & Hanna,
1937; Santos, 1985; Leiggi & May, 1994). The samples were
impregnated with polystyrene dissolved in xylol to increase
the fossil resistance, and were photographed with a Sony DSC
H-7 8.1 megapixels digital camera and with an Olympus SZX9
stereomicroscope at the Laboratério de Microtécnica of the
Universidade Positivo. Finally, the taxonomic determination of the
specimens was mainly based on the revised diagnosis proposed
by Maisey (1981, 1982) for some Paleozoic genera. The material
used for comparison were: Ctenacanthus gondwanus Silva-Santos,
1947 (DGM 73-P, holotype of the species) and C. maranhensis
Silva-Santos, 1946 (DGM 470-P, a series of fragments of finspines).
Institutional abbreviations: DGM, Divisdo de Mineralogia ¢
Geologia; DNPM, Departamento Nacional de Producao Mineral;
MCN, Museu de Ciéncias Naturais; UFPR, Universidade Federal
do Parana.

SYSTEMATIC PALEONTOLOGY
Class CHONDRICHTHYES Huxley, 1880
Subclass ELASMOBRANCHII Bonaparte, 1838
Infraclass EUSELACHII Hay, 1902 (sensu Ginter ef al., 2010)
Family SPHENACANTHIDAE Maisey, 1982
Sphenacanthus Agassiz, 1837 (sensu Maisey, 1982)

Type species. Sphenacanthus serrulatus Agassiz, 1837.

Sphenacanthus riorastoensis sp. nov.
(Figures 2-3)
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Figure 1. Distribution of the Rio do Rasto Formation in the Parana State with the location of the collecting site in the Municipality of Jacarezinho

(modified from Mineropar, 2006).
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Etymology. Referring to the Rio do Rasto Formation.
Holotype. MCN.P.440, one incomplete finspine lacking part
of the proximal and most distal extremities (Figure 2).
Paratype. MCN.P.703 corresponds to the median distal
portion of a finspine with both extremities missing (Figure 3).
Type locality and horizon. Serrinha Member of the Rio do
Rasto Formation (Wordian to Wuchiapingian following Holz
et al. 2010), Passa Dois Group, Municipality of Jacarezinho,
northeastern region of Parana State, Southeastern Brazil.
Diagnosis. Chondrichthyan only known from finspines that
present a gradually tapered distal portion; convex lateral face
forming a narrow edge anteriorly with a single and smooth
longitudinal rib; isosceles triangle-shaped in transverse
section; posterior face with a deep concavity proximally and
slightly concave distally, limited by posterolateral ribs with
tubercles; twice as deep as broad cross-section; presence of
prominent parallel ribs, which are separated by intercostal
grooves as wide as or slightly smaller than the ribs’ width; ribs
branching irregularly in the posterior portion of the finspine;
ribs beaded with rows of rounded drop-like tubercles, the
diameters of which are bigger than the ribs’ width; larger
tubercles in the proximal portion of the finspine and the
spacing of the tubercles is smaller than the tubercles’ size.
Description. The maximum dimensions of specimen
MCN.P.440 are 104 mm along its proximal-distal axis and
23 mm anteroposteriorly. Specimen MCN.P.703 is 16 mm in
length along its proximal-distal axis while the anteroposterior
axis is 9 mm proximally and 5 mm distally. The finspines of
Sphenacanthus riorastoensis sp. nov. are laterally compressed,
almost twice as deep as broad in transverse section, and
present a convex lateral surface forming a narrow anterior
edge that gradually tapers distally. In the proximal third of
the finspine there is an oblique line slightly sigmoid in shape,
which limits the intramuscular portion from the external body
portion of the spine (Figure 2A). This proximal portion has
only fine striations, while the external portion shows ribs and
tubercles. In specimen MCN.P.440, this external portion is 93
mm in length anteriorly and 75 mm posteriorly (Figure 2A).
The entire external portion of the finspines present parallel
ribs (costae), and these ribs are beaded with closely spaced
rows of rounded drop-like tubercles. The distance between the
tubercles is equal to the tubercle size or, rarely, shorter, as seen
on the proximal portion (Figures 2A-C), and slightly shorter
than the tubercle size on their distal portions (Figures 3A-B).
Among these ribs there are furrows (intercostal grooves),
which are smooth and as wide as the ribs’ width or slightly
smaller. These ribs may branch on the proximal portion as
seen in MCN.P.440 (Figure 2C) and also on the distal third as
seen in MCN.P.703 (Figures 3A,B). Moreover, the tubercles of
the proximal region are larger, presenting a gradual reduction
in diameter along the spine and becoming more numerous
distally. The anterior edge has a single narrow and smooth
longitudinal rib, with only one visible tubercle on specimen
MCN.P.703 (Figure 3C). In transversal cross-section the
specimen shows a sub-circular median cavity (pulpar cavity)
surrounded by a spongy region (Figures 3D,E), similar to
that described by Maisey (1982) as trabecular dentine. The

proximal portion of the finspine presents on its posterior face a
deep concavity forming a posterior furrow with rounded edges,
as seen in basal view (Figure 2B). On its median region, this
posterior furrow becomes shallow and probably the lateral edges
join forming the pulpar cavity (Figure 3E). From the medial
region to the apical portion the posterior face presents a slight
concavity formed by posterolateral ribs with tubercles, one on
each edge (Figures 3D-F). A pronounced posterior median ridge
or convexity is absent, but shallow and short discontinuous
furrows are present. Thus, from the medial to the apical region,
the finspine has a subtriangular cross-section (Figures 3D-E).

COMPARISON AND DISCUSSION

For many years due to the similarity between the finspines
of Sphenacanthus and Ctenacanthus Agassiz, 1837 these
genera were considered as synonyms (Maisey, 1982) and
Sphenacanthus placed in the Ctenacanthiformes (e.g. Zangerl,
1981). However, the discovery of more complete specimens
of Sphenacanthus with association of finspines and teeth (e.g.
Soler-Gijon, 1997; Dick, 1998; Kritschmer & Forst, 2005),
allowed changes in the systematic determination of the family
Sphenacanthidae. Soler-Gijon (1997) and Ginter et al. (2010)
reallocated this family to incertae sedis in the Cohort Euselachii
based on the similarity between the teeth of sphenacanthids
and the teeth of the basal hybodontid Trystichius Portlock,
1843, and also demonstrated that they deeply diverge from
the Ctenacanthiformes in tooth morphology. Thus, in modern
systematics (based on tooth morphology) the Sphenacanthus
belongs in the Euselachii while the Ctenacanthiformes are in
the superorder Cladodontomorphi (Ginter et al., 2010).

Here is presented a comparison between the studied
finspines (MCN.P.440 and MCN.P.703) based on the
diagnosis revised by Maisey (1981, 1982) for the following
Paleozoic genera: Ctenacanthus; Amelacanthus Maisey, 1982;
Bythiacanthus St. John & Worthen, 1875; Eunemacanthus St.
John & Worthen; Wodnika Mister, 1843 and Sphenacanthus.

Ctenacanthus was first described by Agassiz (1837)
based only on isolated finspines. Agassiz himself and other
authors added many species based on finspines without a clear
diagnosis, making the systematics of the group confuse (Maisey
1981, 1982). Ctenacanthus was restricted by Maisey (1981) to
finspines with a similar ornamental pattern to that present in the
type species C. major Agassiz, 1837. Comparing specimens
MCN.P.440 and MCN.P.703 with the revised diagnosis of
Maisey (1981), these are distinguished from Ctenacanthus by
not having: (i) numerous closely spaced fine longitudinal ribs;
(ii) closely pectinated ribs with minute transverse tuberculations
often vertically striated and projected laterally from the raised
ribs; and (iii) tubercles of adjacent ribs almost touching and
sometimes interlocking like teeth on a zipper.

According to Maisey (1982), Amelacanthus presents the
following features: (i) posteriorly divergent sides but almost flat,
giving a subtriangular outline in cross-section; (ii) ornament of
broad smooth ribs, which are heavily enameled and usually display
growth lines; and (iii) ribs with narrow intercostal grooves. These
features are not present in MCN.P.440 and MCN.P.703.
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Bythiacanthus (sensu Maisey, 1982) presents: (i) robust
finspines with a rhomboidal outline in lateral view; and (ii)
longitudinal rows of rounded and striated tubercles, usually
less than their own diameter apart. These features are
absent in the Rio do Rasto Formation specimens. Moreover,
Bythiacanthus presents a strongly concave posterior face,
forming a deep posterior furrow, a distinct condition to
that found in MCN.P.440, which is only slightly concave
proximally, and in MCN.P.703, in which the posterior face
is almost flat.

The finspines described here could not belong to
Eunemacanthus (sensu Maisey, 1982), since they are not
so laterally compressed and do not present a broad anterior
margin with a wide enameled rib; thick irregular enameled
lateral ribs interrupted by transverse ridges, or intercostal
areas occupied by irregularly dispersed tubercles or short
lengths of ribbing.

As Wodnika finspines present smooth ribs (Maisey 1982),
none of the spines described here can be attributed to this genus.

According to the revised diagnosis of Sphenacanthus by

Figure 2. Sphenacanthus riorastoensis sp. nov., finspine, specimen MCN.P.440 (holotype). A, the finspine in lateral view; B, transverse section
of the proximal portion; C, detail of the branching ribs and the tubercles of the proximal portion of the spine. Scale bars: A-C =10 mm; B =5 mm.
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Figure 3. Sphenacanthus riorastoensis sp. nov., finspine, specimen MCN.P. 703. A, left lateral view; B, right lateral view; C, anterior view; D,
distal transverse cross-section; E, proximal transverse cross-section; F, posterior view. Scale bar = 5 mm.

Maisey (1981, 1982), some characteristics observed in the
finspines MCN.P.440 and MCN.P.703 are compatible with
this genus. They share with Sphenacanthus the following
features: (i) finspines that gradually taper and are slightly
curved posteriorly, often with a straight posterior profile; (ii)
an acutely rounded anterior face and slightly convex lateral
faces; (iii) the posterior face concave proximally as seen
in MCN.P.440 and almost flat to slightly concave distally
lacking a pronounced median ridge as seen in MCN.P.703;
(iv) a cross-section approximately twice as deep as broad as
seen in MCN.P.703; (v) the presence of prominent raised ribs

of variable distance apart; (vi) intercostal grooves generally
as wide as or wider than the ribs (except in MCN.P.440 and
posterior ribs of MCN.P.703, which present grooves slightly
smaller than the width of the ribs); (vii) ribs that are nodose and
discontinuous branching irregularly, with new ones sometimes
appearing by intercalation or often by addition to the marginal
ribs; (viii) nodose ribs that are never closely pectinated, but
beaded with small and well-spaced tuberculations that may
be thinly enameled; and (ix) posterolateral margins presenting
a row of low tubercles directed posteriorly.

However, the feature “intercostal grooves generally as
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wide as or wider than ribs” mentioned in Maisey’s (1982)
diagnosis is ambiguous in the studied specimens. MCN.P.440
presents intercostal grooves smaller than the width of the ribs;
while in MCN.P.703, the anterior intercostal grooves are as
wide as the ribs’ width, but narrower in the posterior ones.
Thus, it seems that this feature is not obligatory in the genus,
and its absence does not endanger the identification of the
specimens as Sphenacanthus.

The Sphenacanthus genus has been known for almost two
centuries when it was first described by Agassiz (1837) based
on fossils from the Carboniferous of Scotland. The relationships
between the sphenacanthids have been controversial until now,
with less than ten species formally described. Below will be
presented a short comparison between some Laurasian species
followed by comparison with some Brazilian species that
closely resemble Sphenacanthus riorastoensis sp. nov.

The description of Sphenacanthus serrulatus Agassiz,
1837 was based on a single badly preserved finspine, and
many years later this genus were redescribed by Dick (1998)
based on an almost complete specimen from the Viséan Upper
Oil Shale Group of Scotland. S. riorastoensis sp. nov. differs
from this species by the presence in S. serrulatus of fine
crenulated ribs practically without tubercles, and the number
of ribs on the lateral surfaces are proportionally greater.

Sphenacanthus carbonarius Giebel, 1848 is another
Laurasian sphenacanthid proposed for the Puertollano Basin,
Late Carboniferous of Spain (Soler-Gijon, 1997). Recently
these species were also reported from the Top Breitenbach
Formation (Stefan C) of the Saar-Nahe Basin by Kritschmer
& Forst (2005). The finspines of this species present almost
smooth ribs, sometimes with a few tubercles, and some of
these tubercles occur in the intercostal grooves, which does
not occur in S. riorastoensis sp. nov.

The occurrences of another Brazilian sphenacanthid and
ctenacanthid finspines have been reported (e.g. Silva-Santos,
1946, 1947; Wiirdig-Maciel, 1975; Richter, 2001, 2008; Alves
et al., 2008, 2009a,b; Alves, 2010; Chahud et al., 2010) and
comparisons with these are presented below.

The finspines from the Pedra de Fogo Formation (Lower
Permian of Maranhio State) described by Silva-Santos (1946)
were attributed to Ctenacanthus maranhensis. This taxon was
reevaluated by Maisey (1984), who suggested that its shape in
transverse section and ornamentation pattern was not referable
to Ctenacanthus, and may be closer to Sphenacanthus or
to Wodnika. However, the emended diagnosis of Wodnika
proposed by Maisey (1982) affirms that this genus exhibits
smooth ribs, which is incompatible with C. maranhensis, so
is here considered Sphenacanthus maranhensis. The finspines
of S. maranhensis are very similar to specimen MCN.P.703
in general shape, in its posterior face morphology and in its
tubercle distribution pattern, but S. maranhensis presents a
higher number of ribs, smaller rib width and smaller tubercle
diameter than specimen MCN.P.703.

For the same formation, Richter (2001, 2008) mentioned
the occurrence of some ctenacanthiform finspines in the Pedra
de Fogo Formation, Guarai Municipality, Tocantins State.
According to Richter (2008) these finspines are identical to

the Lower Permian Ctenacanthus amblyxiphias Cope, 1891,
of Kansas (USA), diverging on the ornamentation pattern from
S. maranhensis and consequently from S. riorastoensis sp.
nov. The finspines studied by Richter (2008) were collected
associated with a cladodont tooth attributed to Glikmanius
occidentalis (Leidy, 1859) (= Cladodus occidentalis Leidy,
1859) previously known from the Pennsylvanian-Lower
Permian of the USA, Late Carboniferous of England and
Carboniferous of Russia, which suggests a possible synonym
between these two species. New finspine occurrences from the
same locality were mentioned by Alves et al. (2008, 2009a,b)
and Alves (2010).

Another Brazilian shark finspine was collected in the
Tai6 sandstone (Santa Catarina State), currently positioned
in Rio Bonito Formation of Early Permian age, and described
by Silva-Santos (1947) as Ctenacanthus gondwanus Silva-
Santos, 1947. This species was also reevaluated by Maisey
(1984) and may be referable to Sphenacanthus based on its
ornamentation pattern. So is here adopted as S. gondwanus
based on Maisey (1984). Specimen MCN.P.440 resembles S.
gondwanus in some features such as: (i) equivalent size; (ii)
intercostal grooves smaller than ribs; (iii) proximal tubercles
more developed; and (iv) presence of branching ribs. Silva-
Santos (1947) believed that this rib bifurcation could be an
anomaly that would be not recorded in all sharks of this
species. However, this feature was considered by Maisey
(1982) to be diagnostic for the group and not an anomaly.
Nevertheless, unlike in S. gondwanus, the finspines described
here do not exhibit tubercles separated by distances equal
to three times their diameter and ribs that becomes smooth
distally. In both specimens (MCN.P.440 and MCN.P.703)
the ribs have a row of tubercles throughout their extension.

Chahud et al. (2010) described a ctenacanthiform
finspine collected in the transition between the Tatui and Irati
formations, Parana Basin (Sdo Paulo State), placing it in the
Sphenacanthidae and proposing the species Sphenacanthus
sanpauloensis Chahud, Fairchild & Petri 2010. This species
shares some similarities with MCN.P.440 and MCN.P.703,
such as: branching ribs, boundary between ornamented faces
and intramuscular tissue having a sigmoid shape and lateral
faces separated by only one anterior rib. But it differs from
S. riorastoensis sp. nov. in that the ornamentation pattern of
this species presents tubercles separated from each other by
a distance twice that of their diameter, tubercles generally
cylindrical and ribs separated by intercostal grooves equivalent
to or slightly greater in width than half the width of the rib.

Wiirdig-Maciel (1975) described a shark finspine collected
from an outcrop of the Estrada Nova Formation (actually this
outcrop probably belongs to Terezina Formation, which is Early
to Middle Permian sensu Holz et al., 2010). Despite the poor
preservation condition of this specimen, this finspine differs
from MCN.P.440 and MCN.P.703 by having six large and
smooth ribs that disappear near the posterior edge. This material
was identified as Ctenacanthus by Wiirdig-Maciel (1975), but
smooth ribs are incongruent with the revised diagnosis of the
genus (Maisey, 1981) so, this specimen should not belong to
Ctenacanthus.
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Paleoenvironmental remarks

The genus Sphenacanthus was based on a single finspine
collected in a freshwater limestone by Agassiz (1837). For
Baird (1978), it is clear that many Paleozoic and Mesozoic
sharks lived in freshwater environments. According to
Zangerl (1981), ctenacanths (including Sphenacanthus)
have been recovered from marine, paralic and freshwater
deposits; consequently, these sharks can be considered as
euryhaline (Silva-Santos, 1994). Dick (1998) suggested that
Sphenacanthus was an inhabitant of fresh or brackish waters
lagoons. Soler-Gijon (1997) mentioned that S. carbonarius
of the Puertollano Basin was recovered from sediments
deposited under a marine-influenced environment, based on
the depositional features and the occurrence of acritarchs.
However, this author mentioned the co-occurrence of
valves of chonchostracans, smooth ostracodes and insect
remains, which are strong evidence of fresh or brackish
water conditions. In the case of the Puertollano Basin, the
complexity of the paleoenvironment precludes a precise
conclusion for the habitat of S. carbonarius.

The Rio do Rasto Formation has been interpreted as being
deposited in a freshwater environment; for example, Ragonha
(1989) based on the occurrence of dipnoan fishes and Holz et
al. (2010) based on the record of conchostracans, megaplants
and ferns. This allied with the whole paleontological record,
as already mentioned, indicates freshwater and continental
conditions for the Rio do Rasto Formation. So Sphenacanthus
riorastoensis sp. nov. of the Serrinha Member presented here,
the xenacanthid of the same horizon mentioned by Pauliv et
al. (2010) and the hybodontid teeth studied by Laurini ef al.
(2009, 2010) from the Morro Pelado Member represent new
freshwater records for each of these sharks.

CONCLUSIONS

The finspines described here are identified as belonging
to the genus Sphenacanthus Agassiz (1837) and ascribed to
a new species, S. riorastoensis sp. nov. This species closely
resembles the finspines of S. maranhensis, S. gondwanus and
S. sanpauloensis, all also described from Brazilian territory,
which indicates endemism of these sharks in the Brazilian
basins during the Permian age as already mentioned by
Chahud et al. (2010).

The specimen MCN.P.440 described here as the holotype of
Sphenacanthus riorastoensis sp. nov. was collected associated
with another shark tooth preliminarily attributed to the
Xenacanthiformes. This record suggests that these two fossil
sharks lived together in the shallow freshwater environments
of the Serrinha Member of the Rio do Rasto Formation.
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ABSTRACT - The Brazilian record of the Xenacanthiformes includes teeth and cephalic
spines from the Parnaiba, Amazonas and Parana basins. This work describes a new species of
Xenacanthidae, collected in an outcrop of Serrinha Member of Rio do Rasto Formation
(Wordian to Wuchiapingian), Parana Basin, Jacarezinho Municipality, Parana State. The teeth
are two or three-cuspidated and the aboral surface shows a smooth concavity and one rounded
basal tubercle in the aboral surface. The coronal surface presents one semi-spherical and
subcircular coronal button, and also two lateral main cusps and one central (when present)
with less than one fifth of the size of the lateral ones in the labial portion. The lateral cusps are
asymmetric or symmetric, rounded in transversal section, lanceolate in cross-section, devoid
of lateral carinae, non-serrated and with few smooth cristae of enameloid. In optical
microscope the teeth shows a trabecular dentine (osteodentine) base, while the cusps are
composed by orthodentine and the pulp cavities are non-obliterated by trabecular dentine. The
fossil assemblage in the type locality and in the same stratigraphical level in the Rio do Rasto

Formation indicates another freshwater record for xenacanthid sharks.

Keywords: Permian, Xenacanthimorpha, Xenacanthidae, Xenacanthus, shark teeth.



Introduction

The Xenacanthiformes (from gr. xenos = strange + lat. acanthos = spine) are
represented by sharks with narrow and fusiform body shape (Moy-Thomas and Miles 1971),
which were worldwide successful in the middle to late Paleozoic and early Mesozoic (Long
2011), ranging from the Lower Carboniferous to the Upper Triassic of shallow-water marine,
marginal and freshwater deposits (Hampe 2003, Turner and Burrow 2011). These sharks are
known from few articulated skeletons and, mainly by cephalic spines and characteristic
diplodont teeth with two lateral cusps usually larger than the median one (Ginter 2004).

In Brazil, the xenacanthiforms are recorded in the Amazonas, Parnaiba and Parana
basins. In the Amazonas Basin they occur in the Itaituba Formation (Duffin et al. 1996). In
the Parnaiba Basin the group occurs in the Pimenteiras (Alves et al. 2008a) and Pedra de Fogo
formations (e.g. Silva-Santos 1946, Silva-Santos and Salgado 1970, Alves et al. 2008a,
2008b, Souza et al. 2008, Alves 2010). In the Parana Basin these sharks are known in the
transition between Tatui and Irati formations (Ragonha 1978, Chahud and Petri 2008), Irati
Formation (Wirdig-Maciel 1975, Chahud and Petri 2009, Chahud and Petri 2010),
Corumbatai Formation (Ragonha 1984, 1986, 1989a, Toledo et al. 2005, Campanelli and
Fernandes 2008), Terezina Formation (Wirdig-Maciel 1975, Richter 2005) and Rio do Rasto
Formation (Ragonha 1989b, Ragonha 1990, Dias 1996, Figueiredo et al. 2008, Pauliv et al.
2010). The Corumbatai Formation is currently equivalent to the Serra Alta and Terezina
formations (Rohn 2001, Holz et al. 2010) so the records of these formations should be
merged. In spite of all these records mentioned above, xenacanthiforms are poorly known in
South America and xenacanthid teeth from the Serrinha Member of Rio do Rasto Formation

(Parané State) reported by Pauliv et al. (2010) are detailed in this contribution.



The Rio do Rasto Formation was divided by Gordon Jr. (1947) in two members, the
Serrinha Member (inferior) and the Morro Pelado Member (superior) and is considered by
Holz et al. (2010) as Wordian to Wuchiapingian (Permian).

Some paleoenvironmental interpretations were proposed to the Rio do Rasto
Formation. For the Serrinha Member the majority of these interpretations suggest a shallow
lacustrine environment (e.g. Mendes 1967, Ragonha, 1989b, Lavina 1991) and for Holz et al.
(2010) these shallow lakes were sometimes influenced by storm waves and fluvial incursions.
For the Morro Pelado Member, Lavina (1991) and Holz et al. (2010) considered as
sedimentary deposits of smaller lakes, alluvial plains, fluvial meandering streams, delta
systems with interdistributary bays, as well as small temporary water bodies. The
paleoenvironmental interpretations mentioned above are supported by the floristic and
faunistic record and the presence of conchostraceans indicates a freshwater condition to the

whole Rio do Rasto Formation (Holz et al. 2010).

Material and Methods

The material corresponds to teeth collected from a outcrop of the Serrinha Member of
Rio do Rasto Formation in the northeastern region of the Parana State, Municipality of
Jacarezinho, near to kilometer 20, west margin of BR-153 federal highway, coordinates:
23°10°08”S and 49°57°49”W (Figure 1). The studied material are housed in the
paleontological collection of the Museu de Ciéncias Naturais at the Setor de Ciéncias
Biologicas of Universidade Federal do Parana (MCN-SCB-UFPR) in Curitiba, Parana, with
the numbers MCN.P.453, MCN.P.1088, MCN.P.1089, MCN.P.1090, MCN.P.1091 and thin
sections numbers MCN.P.1125, MCN.P.1126a, MCN.P.1126b e MCN.P. 1127. All

specimens were collected associated with other fish remains such as actinopterygian scales



and teeth. The specimen MCN.P.1088, was associated with a shark finspine ascribed to a new

species of Sphenacanthus (Pauliv et al. 2009 and Pauliv et al. in press).

Figure 1 near here

The type series of Xenacanthus santosi and X. pricei Wurdig-Maciel, 1975 housed in
the Micropaleontology collection of the Instituto de Geociéncias of the Universidade Federal
do Rio Grande do Sul (IGeo-UFRGS), Porto Alegre, Brazil; and Wurdigneria obliterata
Richter, 2005 housed in the Museu de Ciéncias e Tecnologia of the Pontificia Universidade
Catolica do Rio Grande do Sul (MCT-PUCRS), Porto Alegre, Brazil, were analyzed for
comparison.

The preparation of the specimens was done under stereomicroscope using mechanical
techniques with steel tips. The samples were impregnated with polystyrene dissolved in xylol
increasing teeth resistance. The samples were photographed with Olympus SZX9
stereomicroscope of Laboratdrio de Microtécnica of the Universidade Positivo, Curitiba,
Brazil and with Zeiss Discovery.VV20 stereomicroscope of Laboratério de Foraminiferos e
Micropaleontologia Ambiental (LaFMA-UFPR), Curitiba, Brazil.

Some of the specimens were thin-sectioned using epoxi 324 resin to include the
material and abrasive materials. These sections were photographed in the Fundacéo
Zoobotanica do Rio Grande do Sul, Porto Alegre (MCN-FZB-RS) using the Zeiss Axiovert
40 CFL and in Universidade Estadual do Oeste do Parana (Unioeste), Cascavel, (Laborato6rio
de Foto Microscopia) using the Olympus BX-60 microscope.

The anatomical nomenclature was based on Ragonha (1984), Johnson (1999), Hampe

(2003), Richter (2005) and Ginter et al. (2010).



Systematics

Class Chondrichthyes Huxley, 1880

Subclass Elasmobranchii Bonaparte, 1838

Order Xenacanthiformes (= Xenacanthida) Berg, 1937
Family Xenacanthidae Fritsch, 1889

Genus Xenacanthus Beyrich, 1848

Type species: Xenacanthus decheni Goldfuss 1847

Xenacanthus ragonhai sp. nov.

Figures 2-4

Etymology. In honor to Evaldo Wehmuth Ragonha, the Brazilian Paleoichthyologist that

studied the Xenacanthiformes from the Parand Basin during the 1970, 1980 and 1990’s.

Holotype: MCN.P.1088 a tooth.

Paratype. MCN.P.453, MCN.P.1089, MCN.P.1090, MCN.P.1091, an isolated tooth, and thin

sections MCN.P.1125, MCN.P.1126a, MCN.P.1126b, MCN.P.1127.

Type locality and horizon. Serrinha Member of the Rio do Rasto Formation (Wordian to
Wuchiapingian according to Holz et al. 2010), Passa Dois Group, Parana Basin, Jacarezinho

Municipality, Northeastern region of the Parana State, Southeastern Brazil.



Diagnosis. Chondrichthyans only known by tricusp or less frequently bicuspid teeth with the
following combination of features: teeth with two lateral main cusps and one central (when
present) around one fifth (1/5) of the lateral ones; lateral cusps lanceolate without lateral
carinae and rounded in transversal section; thin enameloid present; few smooth cristae of
enameloid on the lateral cusps; teeth base composed of trabecular dentine (osteodentine)
while the cusps are composed by orthodentine; trabecular dentine overlaps externally the
orthodentine on the basal portion of the lateral cusps; pulp cavity non-obliterated by
trabecular dentine; coronal button sub-circular and semi-spherical in shape and sometimes
extend among the lateral cusps; coronal button presents a prominent edge and the connection

to the base presents a small notch around and by a wide shaft.

Figure 2 near here

Description

Xenacanthus ragonhai sp. nov. presents teeth with three cusps (MCN.P.453,
MCN.P.1089, MCN.P.1125 and MCN.P.1127) or rarely two cusps (MCN.P.1091), in which
the two main cusps are lateral and bigger than the third central one, that is reduced or absent
as typical for xenacanthid teeth (Figure 2). In X. ragonhai sp. nov. some teeth have reduction
of the central cusp due to taphonomical process that breaks it or to occlusal wearing, that
makes these teeth secondarily bicusp (MCN.P.1088, MCN.P.1089, MCN.P.1090). When
present, the central cup is less than one fifth of the lateral ones. The teeth vary in size between
3 mm to 5.5 mm in length, 2.5 to 5 mm in width and 3 to 6.5 mm in height.

In aboral view, the teeth base is slightly concave and almost rounded (Figure 2 E) or

oval shaped (Figure 2 Q), with several foramina predominantly arranged around the basal



tubercle. The basal tubercle is also rounded and well developed occupying about one third of
this surface and it is close to the labial edge. In coronal view the base presents a coronal
button, also known as apical button. In X. ragonhai sp. nov. this structure is subcircular, semi-
spherical and sometimes, almost flat at the top. The coronal button presents a notch around
the connection with the base (Figures 2 H-J), except in the lingual portion, in which there is a
wide shaft (Figures 2 C-D, O-P). Small foramina on the coronal button surface are present, as
well as around the chamfer, and bigger foramina are present along the lingual edge of the
base.

The crown can be tricusp or bicusp as already mentioned, and the two major lateral
cusps, the mesial and distal ones, while the smaller median is the central cusp. The lateral
cusps are devoid of carinae, rounded proximally, and present a lanceolate longitudinal cross-
section. These cusps possess similar or unequal sizes, and this inequality is interpreted as
different anatomic positions or, in some cases, as result of the cusps wearing stage. This
wearing could be related to the taphonomical abrasion or due to the contact with the opposite
teeth during the feeding, causing an occlusal wearing, as observed in the specimens
MCN.P.1088 and MCN.P.1090. The occlusal wearing of MCN.P.1088 is indicated by
chamfers on the lateral distal portion of the base (Figure 2-D, E, Figure 3A, B, C) and on the
labial surface of the mesial cusp (Figures 2-B, F; Figure 3D) and also wearing way the central
cusp. In the specimen MCN.P.1090, the occlusal wearing is in the internal surface of the
mesial cusp forming a chamfer, and totally consumed the central cusp and reaches the base of

the distal cusp internally, making a concavity between the two main cusps (Figures 3 E-F).

Figure 3 near here



The lateral cusps are relatively asymmetric in labial view (MCN.P.453, MCN.P.1088,
MCN.P.1090, MCN.P.1091) or almost symmetric (MCN.P.1089, MCN.P.1125,
MCN.P.1127) indicating heterodonty condition in Xenacanthus ragonhai sp. nov. similar with
the specimens described by Hampe (1988). Thus the asymmetric specimens mentioned above
are interpreted here as lateral teeth since the lateral main cusps slightly inclined, while the
almost symmetric specimens is interpreted as mesial teeth. The specimen MCN.P.1091 is
interpreted as posterior once is a small tooth and by the absence of the central cusp.
Histological aspects. The Xenacanthus ragonhai sp. nov. teeth base are composed by
trabecular dentine (= osteodentine) while the cusps are made up of a orthodentine (Figure
4A). In longitudinal cross-section the cusps are composed by a concentric orthodentine layers
with a central pulpar cavity (Figures 4 A,D,F). The pulpar cavity is non-obliterated by
trabecular dentine, extends from the cusp base until its apical portion and could present a
small projection of trabecular dentine as seen in Figure 4G. On the tooth base, the trabecular
dentine overlaps externally the orthodentine on the basal portion of lateral cusps (similar as
seem in Lebachacanthus senkenbergianus Hampe, 1991). In X. ragonhai sp. nov. the lateral
cusps are covered with a thin enameloid layer (Figure 4C), and these layer forms few smooth
cristae of enameloid on the lateral cusps (Figure 4E). Several vertical dark lines along the
main cusps that can be misinterpreted as vertical cristae (Figure 2A,F,0), were observed in
the cross sections and are, in reality fracture lines, probably as result of diagenetic

dehydration (Figure 4D).

Figure 4 near here
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Discussion and Conclusions

According to Zangerl (1981) the Order Xenacanthiformes are represented by sharks
with fusiform body shape, one dorsal spine and teeth modified from the cladodont design, in
which the lateral cusps are enhanced and the central cusp is slender, small or even absent.
These features are present in the studied teeth indicating that they belong to this order.
Following Hampe (2003) and Ginter et al. (2010), this Order is divided in two families:
Diplodoselachidae and Xenacanthidae. These authors mentioned that Xenacanthidae teeth
show non-serrated lateral edges on the cusps, cusps often equipped with vertical cristae and
basal tubercle always with a concave depression. The studied specimens present all these
features, so they are attributed to the Family Xenacanthidae.

Ginter et al. (2010) mentioned that five genera are included in the Xenacanthidae:
Plicatodus Hampe 1995, Triodus Jordan 1849, Mooreodontus Ginter et al. 2010 Wurdigneria,
Richter 2005 and Xenacanthus Beyrich 1848.

Based on the summary of Plicatodus presented by Ginter et al. (2010), Xenacanthus
ragonhai differs from this genus. Plicatodus shown cusps with elliptical cross-section near
the base; lateral cusps curved sigmoidally throughout their apical portion; surface of the cusps
exhibits a pattern of generally strong, wavy or curved vertical cristae; elliptical shaped base;
small coronal button; base and crown consist almost entirely of orthodentine and by the
absence of enameloid.

The new species also resemble the teeth features presented by Ginter et al. (2010) to
the Triodus genus. However, the crown and the base of Triodus teeth are almost entire
composed by orthodentine (except the coronal button that are made by trabecular dentine), the
cusps shown a variable number of consistently vertical cristae and, finally, the most

remarkable feature of Triodus is an elongated median cusp that in some species reaches
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almost the same length of the lateral cusps, which are evidently different from the Rio do
Rasto specimens described here.

The dropped shaped to triangular shaped tooth base of Mooreodontus differs from X.
ragonhai tooth base, which is almost rounded or oval shaped and the comparison with.
Wurdigneria will be treated latter.

The emended diagnosis of Xenacanthus presented by Hampe (2003) and the summary
of the genus of Ginter et al. (2010), allowed to estabilish that the Rio do Rasto specimens here
described belongs to this genus, sharing almost all features presented by these authors. These
shared features comprise: cusps usually lanceolate in cross-section and with smooth lateral
edges; coronal button varies in size but is predominantly circular in shape; shaft developed,
constantly large number of nutrient foramina perforating the base; basal tubercle with variable
degrees of basal depression; cusps composed by orthodentine surmounting a base of
trabecular dentine.

The species Xenacanthus ragonhai sp. nov. diverges from the other known species of
Xenacanthus on the presence of a fine enameloid covering on the teeth, in the presence of few
smooth cristae of enameloid on the lateral cusps and the trabecular dentine overlaping
externally the orthodentine on the basal portion of the lateral cusps, which are peculiar
features of the new species.

The comparison between Xenacanthus ragonhai sp. nov. with other Brazilian
xenacanthids that closely resembles this species is presented below.

X. ragonhai sp. nov. differs from Xenacanthus pricei Wurdig-Maciel 1975 by the
presence in the last of smooth carinae on the entire the cusps edge, coronal button and basal
tubercle proportionally minor, few foramina on the aboral surface of the base, and finally, all

known teeth of X. pricei are very small. Beyond these features, X. pricei is described for the
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Irati Formation (Late Artinskian according to Holz et al., 2010), so it is at least 8 M.y. older
than X. ragonhai sp. nov. from the Rio do Rasto Formation (Wordian to Wuchiapingian).

Another Brazilian species is Xenacanthus santosi Wirdig-Maciel 1975, collected in
the Caveiras Facies of Estrada Nova Formation of Rio Grande do Sul State. These beds are
actually included in the Terezina Formation, Late Kungurian to Rodian, thus being a little
older than the Rio do Rasto Formation specimens. The new species X. ragonhai diverges from
X. santosi by the presence in the latter of laterally compressed cups with smooth carinae on
the lateral edges plus some branching cristae. The coronal button in X. santosi do not present
a prominent edge, and in the connection with the base neither a notch nor a shaft, which are
evident in X. ragonhai sp. nov.

Wirdig-Maciel (1975) considered in the diagnosis of X. pricei and X. santosi some
unreliable features, such as cusps with different sizes and inclinations, which can be related to
distinct positions in the jaw, occlusal wearing and taphonomical abrasion as already
mentioned by Ragonha (1984) and Richter (2005).

Some other Brazilian xenacanthid species were presented for the Sdo Paulo State,
Xenacanthus angatubensis, X. camaquensis, X. ferrazensis, X. santaritensis and X.
taquaritubensis all described by Ragonha (1984a) for the Corumbatai Formation (= Serra Alta
and Terezina formations sensu Holz et al. 2010). These five species were not formally
published, remaining as nomina nuda. In spite of this, Ginter et al. (2010) indicate that these
unpublished species could have affinities with the Middle to Upper Triassic Mooreodontus
genus based on the fact that Mooreodontus is the only known post-Paleozoic species and the
Carnian (Triassic) age of Corumbatai Formation gave by Ragonha (1984b). However, this
seems to be an historical mistake, since is now well known that Corumbatai Formation is

Lower to Middle Permian (Kungurian to Rodian sensu Holz et al. 2010).
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Richter (2005) describes Wurdigneria obliterata also for the Terezina Formation (Rio
Grande do Sul State). Xenacanthus ragonhai sp. nov. differs from W. obliterata because this
present cusps laterally compressed distally, smooth carinae on the cusps edge, pulp cavity
obliterated by osteodentine, absence of enameloid covering the lateral cusps and also the lack
of trabecular dentine overlapping the orthodentine of the basal portion of the lateral cusps.

One of the most remarkable diagnostic feature of Wurdigneria obliterata pointed by
Richter (2005) is the obliteration of the pulpar cavity by trabecular dentine that indicates
affinities with Diplodoselachidae. Ginter et al. (2010) mentioned that Xenacanthus santosi
could be merged in a new combination ?Wurdigneria santosi. However, this obliteration is
not present in X. santosi and the other morphological features presented by Wirdig-Maciel
(1975), fits better with the emended diagnosis of the Xenacanthus genus proposed by Hampe
(2003) and by Ginter et al. (2010), so this species could not belong to the genus Wurdigneria.

Concerning the paleoenvironment, in the type locality and stratigraphical horizon, X.
ragonhai sp. nov. is associated with fossil plants, conchostraceans and actinopterygian
remains. In the Serrinha Member also occurs a short-snouted temnospondil amphibian
(Barberena et al. 1985, Barberena and Dias 1998). This in addition with the whole
paleontological record, indicates continental and freshwater conditions for the entire Rio do
Rasto Formation, as already proposed by Holz et al. (2010). Therefore Xenacanthus ragonhai

sp. nov. could represent another freshwater record for xenacanthid sharks.
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RESUMO

O registro brasileiro dos Xenacanthiformes incluem dentes e espinhos cefalicos encontrados
nas bacias do Parnaiba, Amazonas e Parand. Este trabalho descreve uma nova espécie de
Xenacanthidae coletada em um afloramento do Membro Serrinha da Formacao Rio do Rasto
(Wordiano ao Wuchiapingiano), Bacia do Parana, Municipio de Jacarezinho, Estado do
Parana. Os dentes séo bi ou tricuspidados e a superficie aboral apresenta uma suave
concavidade e um tubérculo basal arredondado. A superficie coronal apresenta um botéo
coronal semi-esférico e subcircular, além de duas cUspides laterais e uma central (quando
presente) com menos de um quinto do tamanho das cuspides laterais em sua porcao labial. As
cuspides laterais podem ser simétricas ou assimétricas, arredondadas em corte transversal,
lanceoladas em vista labial, carenas laterais e serrilhas ausentes e com suaves cristas de
enameldide. Em microscopia dptica os dentes apresentam base composta por dentina
trabecular (osteodentina), enquanto que as cuspides sdo compostas por ortodentina e 0s canais
pulpares ndo séo obliterados por dentina trabecular. A assembléia fossil na localidade tipo e
no mesmo nivel estratigrafico da Formacdo Rio do Rasto indica mais um registro de agua
doce para os tubardes xenacantideos.

Palavras-chave: Permiano, Xenacanthimorpha, Xenacanthidae, Xenacanthus, dentes de
tubaréo.
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Figure List

Figure 1. Distribution of the Rio do Rasto Formation in the Parana State with the location of
the collecting site in the Jacarezinho Municipality (modified from Mineropar, 2006).

Figure 2. Xenacanthus ragonhai sp. nov. from the Rio do Rasto Formation, Wordian to
Wuchiapingian, Brazil. A: specimen MCN.P.1088 (holotype), labial (A;), lingual (Ay),
laterals (As and A;), aboral (As) and coronal (Ag) views respectively; B: specimen
MCN.P.453 (paratype), labial (B;), lingual (B,), laterals (B3 and B,4) and aboral (Bs) views;
C: specimen MCN.P.1089 (paratype), lingual (C,), laterals (C, and Cs), aboral (C4) and
coronal (Cs) views respectively; D: specimen MCN.P.1091 (paratype), lingual (D;) and
aboral (D) views respectively. Scale bar = 1mm.

Figure 3. Xenacanthus ragonhai sp. nov. from the Rio do Rasto Formation, Wordian to
Wuchiapingian, Brazil. A: MCN.P.1088 (holotype), labial (A1), lingual, (A,), lateral (As)
and coronal (Ay4) views respectively; B: MCN.P.1090 (paratype) latero-oclusal (B;) and
occlusal (B,) views respectively. Gray areas represent occlusal wearing on the lateral distal
portion of the base and on the labial surface of the mesial cusp (MCN.P.1088) and on the
lateral medial portion of the mesial cusp and on the central cusp (MCN.P.1090). Scale bar =
Imm.

Figure 4. Xenacanthus ragonhai sp. nov. from the Rio do Rasto Formation, Wordian to
Wuchiapingian, Brazil teeth histology. A, MCN.P.1125, A;: longitudinal section through the
lateral cusps, A,: arrow points to the trabecular dentine overlaping externally to the
orthodentine on the basal portion of lateral cusps, As: arrow points to a detail of the thin
enameloid layer; B, MCN.P.11264a, transversal section through a lateral cusp (B1) and the
arrow points to the few smooth cristae of enameloid (B;), C, MCN.P.1126b, polished

section through a lateral cusp showing a small projection of trabecular dentine.; D,
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MCN.P.1127, obliquous longitudinal section through a teeth Scale bars A-B =200 um C-D

=500 um.
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Figure 1. Distribution of the Rio do Rasto Formation in the Parana State with the location of

the collecting site in the Jacarezinho Municipality (modified from Mineropar, 2006).
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Figure 2. Xenacanthus ragonhai sp. nov. from the Rio do Rasto Formation, Wordian to

Wuchiapingian, Brazil. A: specimen MCN.P.1088 (holotype), labial (A1), lingual (A2),
laterals (A3 and A4), aboral (A5) and coronal (A6) views respectively; B: specimen
MCN.P.453 (paratype), labial (B1), lingual (B2), laterals (B3 and B4) and aboral (B5)

views; C: specimen MCN.P.1089 (paratype), lingual (C1), laterals (C2 and C3), aboral (C4)
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and coronal (C5) views respectively; D: specimen MCN.P.1091 (paratype), lingual (D1) and

aboral (D2) views respectively. Scale bar = Imm.
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Figure 3. Xenacanthus ragonhai sp. nov. from the Rio do Rasto Formation, Wordian to
Wuchiapingian, Brazil. A: MCN.P.1088 (holotype), labial (A1), lingual, (A2), lateral (A3)
and coronal (A4) views respectively; B: MCN.P.1090 (paratype) latero-oclusal (B1) and
occlusal (B2) views respectively. Gray areas represent occlusal wearing on the lateral distal
portion of the base and on the labial surface of the mesial cusp (MCN.P.1088) and on the

lateral medial portion of the mesial cusp and on the central cusp (MCN.P.1090). Scale bar =

Imm.
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Figure 4. Xenacanthus ragonhai sp. nov. from the Rio do Rasto Formation, Wordian to

Wuchiapingian, Brazil teeth histology. A, MCN.P.1125, Al: longitudinal section through
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the lateral cusps, A2: arrow points to the trabecular dentine overlaping externally to the
orthodentine on the basal portion of lateral cusps, A3: arrow points to a detail of the thin
enameloid layer; B, MCN.P.1126a, transversal section through a lateral cusp (B1) and the
arrow points to the few smooth cristae of enameloid (B2), C, MCN.P.1126b, polished
section through a lateral cusp showing a small projection of trabecular dentine.; D,
MCN.P.1127, obliquous longitudinal section through a teeth Scale bars A-B =200 um C-D

=500 pm.





