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RESUMO

O Oceano Atlantico Sul foi formado ao longo do periodo Cretaceo e parte de sua
histéria é preservada na sub-bacia sedimentar de Sergipe. Uma de suas formacGes
geoldgicas mais recentes é a Formacao Calumbi (Campaniano ao Recente). O Calumbi-
1 (CALO1) é um dos afloramentos dessa unidade, localizado a 1 km ao sul do
entroncamento entre a estrada Calumbi e da Ferrovia Centro Atlantica, em Nossa
Senhora do Socorro, Sergipe. O CALOL possui uma diversidade de registros fosseis,
incluindo dentes de tubarBes. Através dos dentes fossilizados é possivel identificar e
classificar tais organismos estudando a sua morfologia, e também inferir sobre a
preferéncia alimentar desses seres. Através da morfologia, também ¢é possivel
reconhecer dentes patoldgicos. Portanto, o objetivo desta pesquisa foi comparar e
descrever dentes fosseis de tubarGes com indicagdes de anomalias dentarias. Os
objetivos especificos foram apresentar as possiveis causas associadas a anomalia e a
frequéncia de deformidades dentérias por género e/ou espécie identificada. O material
aqui descrito esta alojado no Laboratério de Paleontologia da Universidade Federal de
Sergipe (LPUFS), sendo proveniente de coletas realizadas durante anos de estudos no
CALOl. Foram analisados 2.116 dentes fosseis, sendo que 0,75% apresentaram
deformidades dentarias. Observou-se que 16 dentes de Squalicorax pristodontus,
Squalicorax kaupi, Cretolamna appendiculata e Serratolamna serrata (combinadas)
tinham alguma anomalia como auséncia do sulco nutritivo, cuspides laterais néo
desenvolvidas, inversdo de polaridade, cuspide arredondada, cuspide curvada, auséncia
de cuspide, coroa reduzida, denticulos extranumerarios, concavidade basal profunda e
formato assimétrico. As causas mais provaveis reconhecidas para tais anomalias foram
doengas, tipo de dieta, mutacbes geneticas ou deficiéncias nutricionais, sendo as mais
recorrentes, para os dentes analisados, relacionadas a dieta durofagica, provocando
ferimentos nos tecidos formadores dos dentes.

Palavras-chave: Morfologia; Anomalia; Registro fdssil; Deformacéo.



ABSTRACT

The South Atlantic Ocean was formed during the Cretaceous period and part of its
history is preserved in the Sergipe sub-basin. One of its most recent geological
formations is the Calumbi Formation (Recent Campanian). The Calumbi-1 (CALO1) is
one of the outcrops of this unit, located 1 km south of the junction between the Calumbi
road and the Ferrovia Centro Atlantica, in Nossa Senhora do Socorro, Sergipe. CALO1
has a diversity of fossil records, including shark teeth. Through the fossilized teeth it is
possible to identify and classify these organisms by studying their morphology, and also
to infer about the food preference of these beings. Through morphology, it is also
possible to recognize pathological teeth. Therefore, the objective of this research was to
compare and describe fossil teeth of sharks with indications of dental anomalies. The
specific objectives were to present the possible causes associated to the anomaly and
frequency of dental deformities by gender and / or identified species. The material
described here is housed in the Laboratory of Paleontology of the Federal University of
Sergipe (LPUFS), and comes from collections made during years of studies in the
CALOL. 2,116 fossil teeth were analyzed, and 0.75% presented dental deformities. It
was observed that 16 teeth of Squalicorax pristodontus, Squalicorax kaupi, Cretolamna
appendiculata and Serratolamna serrata (combined) had some anomaly such as
absence of nutritive sulcus, undeveloped lateral cusps, reversal of polarity, rounded
cusp, curved cusp, absence of cusp, crown reduced, supernumerary denticles, deep basal
concavity and asymmetrical shape. The most probable causes for such anomalies were
diseases, type of diets, genetic mutations or nutritional deficiencies, being the most
frequent for the analyzed teeth, related to the durofagy diet, causing injuries in the
tissues forming the teeth.

Keywords: Morphology; Anomaly; Fossil record; Deformation.
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INTRODUCAO

O periodo Cretaceo foi marcado por diversas modificagdes no planeta, como o
surgimento das primeiras flores, a extincdo dos dinossauros nao avianos, 0
aparecimento dos primeiros mamiferos placentarios e marsupiais, a diversificacdo das
aves, a irradiacdo de inumeros grupos de tubar@es, a fragmentacdo de Gondwana, com
subsequente formacdo de diversas bacias sedimentares (Aquino & Lana, 1990; Zalan,
2004; Favretto, 2010; Gonzalez, 2005).

A Bacia Sergipe-Alagoas representa uma entre as diversas bacias sedimentares
marginais brasileiras desenvolvidas pela separagdo de Gondwana, ao longo do
Mesozoico, especialmente ativa no periodo Cretaceo (Aquino & Lana, 1990; Souza-
Lima, 2001). Uma das formacGes geoldgicas mais recentes da Bacia Sergipe-Alagoas é
a Formacdo Calumbi (Campaniano ao Recente), cuja porcdo emersa Se encontra
proxima a costa sergipana, em uma faixa estreita de cerca de 17 km, nos arredores da
Grande Aracaju. Suas rochas expostas datam do Neocretaceo (Campaniano ao
Maastrichtiano — 84 a 66 milhdes de anos). A Formacdo Calumbi possui alguns
afloramentos, dentre eles o afloramento Calumbi-1 €, até 0 momento, o mais fossilifero
desta formacéo.

O afloramento Calumbi-1 possui uma diversidade de registros fdsseis de
moluscos (bivalves, gastropodes, amonoides), fragmentos de crustaceos, espinhos,
dentes e o0ssos cranianos de peixes 0sseos, além de dentes e vértebras de
elasmobranquios (Hexanchus cf. H. microdon, Odontaspis, Cretolamna appendiculata,
Serratolamna serrata, Odontaspis cf. O. hardingi, Carcharias, Squalicorax kaupi,
Squalicorax pristodontus, Sclerorhynchidae aff. Ischyrhiza, Rhinobatos sp) (Souza-
Lima, 2001; Fernandes, 2016). A abundancia de registros fosseis e a diversidade
encontrada no Afloramento Calumbi-1, pode estar relacionado aos tracos
paleoambientais do Periodo Cretaceo como mares profundos, variacdes na salinidade e
temperatura (Souza-Lima, 2001; Fernandes, 2016; Welton & Farish, 1993). A
abundancia relativamente alta de dentes de tubardes neste afloramento pode ser
explicada pela composi¢cdo quimica dos mesmos, ricos em fluorapatita e hidroxiapatita,
como também pela prépria biologia destes animais, que apresentam fileiras de dentes
com substituicdo ilimitada dos mesmos. Um tubardo pode produzir durante a vida
centenas e até milhares de dentes (Becker et al., 2000; Vuuren et al., 2015).

No que diz respeito a denti¢do dos tubarfes, anatomicamente se considera que a

atividade alimentar em elasmobranquios atende a mecanismos altamente especializados
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combinados a um sistema sensorial potencialmente desenvolvido e Unico, a exemplo do
aparato buco-mandibular modificado para aumentar a plasticidade e eficiéncia da
mordida. Da mesma maneira, apresentam denti¢cbes especializadas em funcgdes de
variados modos de alimentacdo (Mota & Wilga, 1995; Mota & Wilga, 2001; Wilga et
al., 2007). Segundo Silva et al. (2007) ¢é possivel identificar e classificar vertebrados
através do estudo da morfologia dos dentes fossilizados, inclusive inferir sobre a
preferéncia alimentar desses seres. O exemplo de tubardes com dentes pequenos com
cuspides laterais curtas costumam ser eficientes para agarrar e esmagar, ou seja, cortam
e quebram os ossos suas presas. Enquanto tubarGes com dentes serrilhados com
extremidades cortantes ou com raiz achatada séo adaptados a agarrar e cortar pedacoes
de carne de suas presas. Ja dentes pontiagudos, com bordas em forma de 1amina, lisos e
curvados costumam a cortar e perfurar as presas (Becker et al., 2000; Silva et al., 2007).

Dentes de tubarbes atuais ou extintos, com formatos irregulares ou fora dos
padrdes normais observados na faixa de variagdo morfologica da espécie sdo
considerados patoldgicos (Gudger, 1937; Becker et al., 2000). Gudger (1937) descreveu
e classificou dentes patologicos de tubardes atuais, que apresentam curvaturas e
rugosidades anormais, cuspides extranumerarias ou perfuracdes e dobras ndo usuais. As
descricoes de Gudger (1937) embasaram trabalhos subsequentes sobre patologias
dentarias em dentes de tubardes fdsseis (i.e., Johnson, 1987; Gottfried, 1993; Shimada,
1997; Becker et al., 2000).

Dentes de tubardes de espécies atuais podem apresentar alguma anomalia devido
ao tipo de alimentacdo, lesdo no tecido dentario, mutacdo genética, doencas,
deficiéncias nutricionais ou danos causados pela alimentacdo (Balbino and Antunes,
2007; Becker et al., 2000; Shimada, 1997). Fatores tafonébmicos, que atuam post
mortem, tal como litificacdo, retrabalhamento dos dentes soltos por ondas, fratura ou
quebra dos dentes também podem alterar os aspectos naturais de um dente (Whitenack
& Motta, 2010; Aradjo-Janior et al., 2013; Behrensmeyer, 1991), porém tais fei¢des ndo
serdo avaliadas no presente estudo.

Fernandes (2016) apresenta de maneira preliminar alguns dentes de tubardes
fésseis anormais coletados no Afloramento Calumbi 1. Nesta pesquisa pretende-se
classificar e descrever estes e outros dentes patoldgicos a fim de se entender as causas
que poderiam ter levado a esse tipo de fossilizacdo. As hipoteses a serem trabalhadas
sdo a que as deformidades em dentes de tubardes (1) podem ter ocorrido em vida
quando ainda fixados a arcada (patologias ou anomalias decorrentes da alimentacdo), ou

(2) pela deterioragdo causada pelo decorrer do tempo apds sua queda da arcada, mas
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antes de seu soterramento (processos bioestratindOmicos, como intemperismo,
abrasdo/transporte); ou (3) a processos fossildiagenéticos, como quebra/deformacao dos
dentes causada pelo peso dos sedimentos que se depositaram sobre eles ao longo do
tempo (Becker et al., 2000). No presente trabalho, nosso objeto se restringird apenas
aqueles dentes caracterizados como pertencentes ao primeiro grupo descrito acima (i.e.,
deformidades estabelecidas na formacéo dentéria, quando o animal ainda se encontrava
Vivo).

Tendo em vista que as identificacGes dos fosseis de tubarbes sdo geralmente
feitas apenas através dos dentes, a busca por um melhor entendimento das patologias
dentarias de tubardes fdsseis se justifica por auxiliar no reconhecimento de feigcdes
andmalas, ndo diagndsticas, além de permitir a interpretacdo das possiveis causas que
levariam as deformidades dentarias.

Considerando-se a abundancia e excepcional qualidade de afloramentos da sec¢éo
marinha cretdcea da Bacia Sergipe-Alagoas, quando comparada as demais bacias
sedimentares costeiras do Brasil, nota-se que o conhecimento da paleoictiofauna
marinha desta bacia é ainda escasso, com especial atencdo para os registros da Fm.
Calumbi. Embora estudada h& mais de um século, ainda had muito a ser feito, havendo,
sem duvidas, um grande potencial de descobertas que proporcionardo elucidar ainda
mais a historia geoldgica e paleobiogeografica do Oceano Atlantico Sul (Souza-Lima et
al., 2002b).

OBJETIVOS

Diante deste cenario 0 objetivo desta pesquisa foi comparar e descrever dentes
fésseis de tubarGes com indicagdes de anomalias dentarias. Tendo como objetivos
especificos descrever as causas das anomalias e relatar a frequéncia de deformidades

dentarias por género e/ou espécies.
BACIA SERGIPE-ALAGOAS

Situada a leste da regido nordeste a Bacia Sergipe-Alagoas (Fig. 1) localiza-se na
margem do nordeste continental brasileiro e abrangendo os estados de Sergipe e
Alagoas, possui 4rea com cerca de 44.370 km?, sendo aproximadamente 31.750 km? em
mar (Figueiredo, 2014; Feijo, 1994).
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FIGURA 1. Mapa de localizagdo da Formacdo Calumbi na Bacia Sergipe-Alagoas, em Nossa
Senhora do Socorro no estado de Sergipe.

A Bacia Sergipe-Alagoas representa uma entre as diversas bacias sedimentares
geradas pela separacdo do continente Gondwana, ao longo do mesozoico, especialmente
ativa no periodo Cretaceo (Souza-Lima et al., 2002b).

O surgimento da Bacia Sergipe-Alagoas esta relacionado as modificacbes na
paleogeografia que ocorreram durante o Mesozoico, e que esta correlacionada a
separacdo do supercontinente Gondawna. Uma dessas mudancas foi o desenvolvimento
do rifteamento que ocasionou a formacdo do Atlantico Sul (Cruz, 2008). A Bacia
Sergipe-Alagoas apresenta depositos sedimentares em todos os estagios evolutivos
(Sinéclise Paleozoica, Pré-rifte, Rifte, Transicional e Drifte), sendo uma das bacias
sedimentares mais completas das margens leste e sudeste brasileiro (Souza-Lima, 2001,
Campos Neto et al., 2007; Cruz, 2008; Feijo, 1994).

O oceano Atlantico Sul se formou ao longo do periodo Cretaceo e parte de sua
historia se encontra preservada na sub-bacia sedimentar de Sergipe. A Formagcdo
Calumbi (Campaniano ao Recente) é uma das formac@es geoldgicas mais recentes, cuja
porcdo emersa aflora proxima a costa sergipana, em uma faixa estreita de cerca de 17
km, nos arredores da Grande Aracaju (Bizzi et al., 2003; Figueiredo, 2014; Souza-Lima,

2001). Suas rochas expostas datam do Neocretaceo (Campaniano a Maastrichtiano — 84
a 66 Ma).
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A Fm. Calumbi encontra-se “depositada discordantemente (discordancia pré-
Calumbi) sobre a rampa carbonatica Cotinguiba ou sobre as rochas da formagéo
Riachuelo” (Souza-Lima, 2001, p. 11). Souza-Lima (2001) demonstrou que para Fm.
Calumbi ha registros de dentes e veértebras de elasmobranquios, além de espinhos,
dentes e ossos cranianos de peixes 0sseos. “Das formas descritas, varias t€ém carater
cosmopolita, refletindo o completo estabelecimento de circulagdo oceénica profunda ao
final do Cretaceo” (Souza- Lima et al. 2002a, p. 3).

AREA DE ESTUDO

O afloramento Calumbi-1 (Fig.2) estd localizado aproximadamente a 1 km ao
sul do entroncamento entre a estrada Calumbi e a Ferrovia Centro Atlantica, sobre o rio
do Sal, no povoado Calumbi, municipio de Nossa Senhora do Socorro, Sergipe,
(10°52°52”S, 37°07°07°W, DATUM WGS84) (Figueiredo, 2014; Souza-Lima, 2001).

METODOLOGIA E METODOS

Amostragem e preparacdo do material coletado

Foram analisados nesta pesquisa dentes fdsseis de tubardes isolados tanto
totalmente preservados, quanto parcialmente preservado ou fragmentados, totalizando
2.116 dentes oriundos de duas amostragens distintas. O acervo encontra-se tombado no
Laboratério de Paleontologia da Universidade Federal de Sergipe sob o acrénimo
LPUFS.
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A primeira amostra pertencente ao acervo do LPUFS é proveniente de coletas
realizadas no afloramento Calumbi-1 durante anos de estudos anteriores, por diferentes
pesquisadores. Esses dentes ja haviam sido preparados e triados. A maior parte desses
dentes estava identificada nos géneros Serratolamna, Squalicorax, Cretolamna,
Odontaspis e Charcarias. Porém para este estudo os dentes que ja haviam sido
identificados foram revisados e reavaliados quanto a sua identificacdo.

Na segunda amostra o material foi proveniente de uma coleta realizada em
27/09/2016 no afloramento Calumbi-1. Foram coletadas amostras de blocos superficiais
expostos na superficie do afloramento, em diferentes niveis (i.e., superior, medio e
inferior). As rochas foram conduzidas e acomodadas no laboratério do Nucleo de
Petroleo e Gas da UFS (NUPEG) para subsequente preparacao.

As técnicas empregadas para a preparacdo do material tiveram como finalidade
dissociar o sedimento dos fdsseis, sendo para tais submetidos as seguintes etapas (Fig.
3): imersdo em recipientes com &gua por 2-3 dias para o amolecimento dos blocos e
subsequente dissociacdo dos dentes dos sedimentos; peneiramento do material com
malhas de 10 mm e 5 mm; lavagem e colocacédo de todo material peneirado em bandejas
para secagem ao ar livre; triagem, com separacdo dos dentes de outros fosseis e graos
sedimentares; e por fim, visualizacéo e identificagdo dos dentes (Gresele et al., 1993;
Goellner & Malabarba, 2010).

FIGURA 3. Preparacdo do material: A. blocos superficiais; B. amolecimento; C.
peneiramento e lavagem; D. secagem, triagem e separacao.

Os critérios adotados para determinacdo do grau de preservacdo dos dentes

fosseis foram classificados conforme sua integridade fisica. Quando sua preservacao
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representava mais de 90% de integridade de sua estrutura original eram considerados
totalmente preservados; parcialmente preservados (de 50% a 90%); e fragmentado (<
50%) (Araljo-Janior et al., 2013; Behrensmeyer, 1991).

Apos a triagem dos dentes, os mesmo foram identificados em nivel de género ou
espécie com base na literatura disponivel (i.e., Balbino & Antunes, 2007; Becker et al.,
2000; Becker & Chamberlain, 2012; Shimada, 1997, Shimada, 2002; Johnson, 1987,
Gudger, 1937). Assim foi possivel associar especificamente ou genericamente as
possiveis anomalias encontradas. Para auxiliar na identificacdo da posicdo dentaria de
cada dente dentro na arcada foi feita, de forma tentativa, a montagem das séries
dentarias artificiais das espécies/género estudados, conforme apresentado por Welton &
Farrish (1993).

Para diferenciar as diversas formas e tamanhos de dentes alguns termos
anatdbmicos foram utilizados para descrever linhas dentarias como: sinfisial, anterior,
intermediario, lateral, posterior, superior, proximal, distal, parasinfisial, mesial e medial,
para descrever linhas dentérias (Welton; Farrish, 1993; Applegate, 1965).

Para construcdo das séries dentarias utilizou como base o tamanho, forma e

posicao do dente em relacéo ao sinfisial.

Identificacéo e reconhecimento de dentes anémalos

Segundo Silva et al. (2007) ¢ possivel identificar e classificar vertebrados através
do estudo da morfologia dos dentes fossilizados, inclusive inferir sobre a preferéncia
alimentar desses seres. Por exemplo, os tubarbes com dentes serrilhados sdo
considerados grandes predadores nos ecossistemas marinhos. As espécies com este tipo
de denticdo possuem uma forca maior na mordida e sdo adaptados para rasgarem o
alimento (Becker & Chamberlain, 2012; Lucifora et al., 2001; Mota & Wilga, 1995;
Mota & Wilga, 2001; Wilga et al., 2007).

Os tubarGes com dentes estreitos, compridos e pontiagudos tem preferéncia por
dietas piscivoras. Os dentes dessas espécies sao adaptados para agarrar as presas, ou
seja, perfurar os alimentos (Becker & Chamberlain, 2012; Lucifora et al., 2001; Tricas
et al., 1997; Mota & Wilga, 1995; Mota & Wilga, 2001; Wilga et al., 2007).

Através da morfologia, além de identificar a preferéncia alimentar é possivel
reconhecer dentes patoldgicos.

Becker et al. (2000) definem dentes patolégicos como sendo aqueles que

apresentam variagdes morfologicas em diversos niveis sendo inexplicavel através da
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heterodontia, variagdes ontogenética ou dimorfismo sexual.

Dentes de tubarBes atuais ou extintos, com formatos irregulares ou fora dos
padrdes normais observados na faixa de variagdo morfologica da espécie como dentes
com raiz e cuspides longos ou curtos, cuspides extras numerais, ranhuras no esmalte do
dente, coroa enrugada, apice do dente arredondado, auséncia de cuspides e sulco
nutritivo, cuspide com curvatura distinta daquelas dos dentes considerados normais sdo
classificados como patologicos (Gudger, 1937; Becker et al., 2000; Purdy, 2006).

Gudger (1937) descreve e classifica dentes patolégicos de tubarbes atuais, que
apresentam curvaturas e rugosidades anormais, cuspides extranumerarias ou perfuragdes
e dobras ndo usuais. As descricdes de Gudger (1937) embasaram trabalhos
subsequentes sobre patologias dentarias em dentes de tubarbes fosseis (e.g., Johnson,
1987; Gottfried, 1993; Shimada, 1997; Becker et al., 2000).

Quantificacdo a partir dos dentes isolados

Becker et al. (2000) descreveram duas maneiras para calcular a frequéncia de
dentes deformados em uma populacdo: o método “animal inteiro” e método ‘““dentes
isolados”.

O método “animal inteiro” consiste em uma contagem em mandibulas com a
denticdo completa que exibem dentes anormais e compard-los com mandibulas que
apresenta todas as denticdes normais. J4& o método “dentes isolados” consiste em
relacionar o nimero de dentes anormais e compara-los com o nimero de dentes normais
da mesma amostra (Becker et al., 2000). Porém, deve-se atentar para que apenas em
algumas situacdes especificas os resultados entre os dois métodos sdo comparaveis
(Becker et al., 2000). Comparacdes entre contagens feitas pela mesma metodologia
estdo menos sujeitas a interpretacdes equivocadas.

Outro fato é que quando os estudos sdo baseados em mandibulas inteiras a
pesquisa ndo leva em conta os dentes que os tubarBes perdem durante toda vida,
enquanto dentes fosseis isolados sdo baseados numa amostragem, em principio, que
inclui uma amostra de todos os dentes produzidos pelos tubardes ao longo de sua vida.
Assim a amostragem de dentes fosseis (dentes isolados) é provavelmente baseada em
um numero menor de dentes de um nimero maior de espécimes, a0 passo que as
contagens em espécies atuais (animal inteiro) centram em um ndmero maior de dentes

de um nimero menor de espécimes (Becker et al., 2000).
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Considerando as duas abordagens acima, o método “dentes isolados” é o mais
adequado para ser aplicado no presente estudo para quantificar a frequéncia de
deformidades em dentes fosseis de tubardes, pois os dentes estudados nesta pesquisa

foram coletados dissociados.
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ABSTRACT- The Sergipe-Alagoas Basin was formed during paleogeographic
modifications generated by the fragmentation of Gondwana in the Mesozoic era. The
Calumbi Formation is one the most recent geological formations there, and the
Calumbi-1 outcrop (CALO1) geological unit contains a high diversity of fossil records,
including shark teeth. Those fossil teeth allow the identification and classification of
those chondrichthyes, and studies of their morphology allow inferences concerning their
feeding preferences. The current study sought to compare and describe fossil shark teeth
showing dental anomalies, their frequencies according to the genus and/or species, and
suggest possible causes associated with those anomalies. The materials described here
were collected over numerous years during studies of CALOL, and are currently
deposited in the Paleontology Laboratory at the Federal University of Sergipe (LPUFS),
Brazil. We analyzed 2,116 fossil teeth, of which 0.75% demonstrated dental
deformities. A total of 16 of those teeth, belonging to the species Squalicorax
pristodontus, Squalicorax kaupi, Cretalamna appendiculata, and Serratolamna serrata,
demonstrated some type of anomaly, such as the absence of a nutrition fissure,
undeveloped lateral cusps, polarity inversion, rounded cusps, curved cusps, absent
cusps, reduced crowns, extra cusplets, a deep basal concavity, and asymmetrical shapes.
The most probable and principally recognized cause of those anomalies is associated
with a durophagous diet causing damage to teeth-forming tissues.

INTRODUCTION

The Sergipe-Alagoas Basin (Fig. 1) represents one of many sedimentary basins formed
by the fragmentation of Gondwana during the Mesozoic, especially during the
Cretaceous period (Aquino & Lana, 1990; Souza-Lima, 2001). One of the most recent
formations in that group is the Calumbi formation (Campanian to recent), whose
emergent portion is found along the coast of Sergipe State, in a narrow strip
approximately 17 km wide, near the city of Aracaju. The exposed rocks there date to the
Neocretaceous period (Campanian to Maastrichtian — 84 to 66 million years bp).
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FIGURE 1. Map demonstrating the location of the Calumbi Formation in the Sergipe-Alagoas

Basin, in the municipality of Nossa Senhora do Socorro, Sergipe State, Brazil.

The Calumbi Formation shows a number of outcrops, including the Calumbi-1
outcrop, which demonstrates a high diversity and density of fossil records, including
elasmobranch teeth and vertebra (Souza-Lima, 2001; Fernandes, 2016). Morphological
studies of those teeth can identify and classify those vertebrates, allow inferences
concerning their feeding preferences, and identify tooth anomalies. Dental anomalies
are considered rare among sharks (Becker et al., 2000).

The causes of tooth deformities can be related to shark feeding behaviors,
lesions to dental tissues, genetic mutations, illnesses, nutritional deficiencies, or damage
during feeding (Balbino & Antunes, 2007; Becker et al., 2000; Shimada, 1997).
Posterior taphonomic alterations, such as lithification, the transport of loose teeth by
ocean currents, and fractures or other mechanical damage, can also alter the natural
aspects of a tooth (Whitenack & Motta, 2010; Aradjo-Junior et al., 2013;
Behrensmeyer, 1991).

The possibilities that must be considered when examining shark teeth
deformities are that they: (1) may have occurred during the life of the animal, when still
attached to the dental arch (pathologies or anomalies resulting from feeding); (2)
represent deterioration over time, after becoming detached from the dental arch, but

before being buried (biostratinomic processes, such as erosion, abrasion/transport); or
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(3) represent fossil-diagenetic processes, such as breakage/deformation caused by the
weight of the sentiments deposited over them over time (Becker et al. 2000). The
present work was restricted to teeth characterized as representing the first above-
describe group (i.e., deformities established during tooth formation, when the animal
was still alive).

In light of the fact that shark fossil identifications are generally based only on
their teeth, the study of dental pathologies will be useful for recognizing anomalous
non-diagnostic features, and interpreting possible causes of those dental deformities.

In spite of the abundance and exceptional quality of Cretaceous marine outcrops
in the Sergipe-Alagoas Basin, as compared to other sedimentary basins along the
Brazilian coast, our knowledge of the marine paleo-ichthyofauna preserved there is still
quite limited, especially in terms of the Calumbi Formation. Although it has been
studied for more than a century, the basin still has the potential for important new
discoveries that would help to further elucidate the geological and paleobiogeographic
history of the southern Atlantic Ocean (Souza-Lima et al., 2002).

As such, we sought to compare and describe fossil shark teeth showing dental
anomalies, with the specific objectives of determining the frequencies of dental
deformities per genus and/or species and ascribing probable causes to those anomalies.

Abbreviations—CALO01, Calumbi 1; LPUFS, Paleontology Laboratory of the
Federal University of Sergipe; NUPEG, Petroleum and Gas Nucleus of the Federal
University of Sergipe; UFS, Federal University of Sergipe.

MATERIALS AND METHODS

We analyzed 2,116 isolated fossil shark teeth from two distinct collections held
at UFS in the LPUFS.

The first collection contained 1,922 teeth derived from the Calumbi-1 outcrop
(10.88288° S, 37.11738° W) that had been collected by different researchers during
previous studies and were prepared and later classified as belonging to the genera
Serratolamna, Squalicorax, Cretalamna, Odontaspis, and Charcarias; we nonetheless
reviewed and reevaluated them in terms of their identifications.

The second collection analyzed contained 194 teeth encountered during a field
excursion undertaken on 27/09/2016 to the Calumbi-1 outcrop. We collected samples
from superficial layers at different levels (i.e., superior, medium, and inferior). The

extracted blocks were then transported to the NUPEG for preparation.
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The techniques used to prepare the material were designed to disassociate the
fossil sediments, and involved (Fig. 2): softening the blocks by immersing them in
water for 2-3 days; sifting the material through 10 mm and 5 mm sieves; washing all of
the materials retained in either sieve; drying the residual cleaned material in the open-
air. The cleaned material was then separated and classified, and the teeth identified
(Gresele et al., 1993; Goellner; Malabarba, 2010).

We classified the fossil teeth according to their physical integrities: Totally
Preserved — when more than 90% of their original structures were intact; Partially
Preserved (between 50% and 90%); and Fragmented (< 50%) (Araujo-Junior et al.,
2013; Behrensmeyer, 1991).

FIGURE 2. Preparation of the material: A, extracted surface blocks; B, softening;
C, sieving and washing; D, drying, classification, and separation.

After classifying the teeth, they were identified to the genus or species level
based on the published literature (i.e., Balbino & Antunes, 2007; Becker et al., 2000;
Becker & Chamberlain, 2012; Shimada, 1997; Shimada, 2002; Johnson, 1987; Gudger,
1937), which allowed any anomalies encountered to be associated with specific taxa. To
aid in determining the position of each tooth within the dental arch, we mounted
artificial tooth sets of the species/genera studied, following Welton & Farrish (1993).

RESULTS

The first collection was composed of 1,922 fossil shark teeth and the second

(after classification) comprised 194 teeth, including totally preserved, partially
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preserved, and fragmented teeth (total 2,116). Evaluations of the physical integrity of
the teeth to determine their degrees of preservation (following Aradjo-Junior et al.,
2013; and Behrensmeyer, 1991) classified 190 teeth as totally preserved, 346 as
partially preserved, and 1,580 as fragmented (Table 1).

TABLE 1. Degrees of physical integrity of the fossil shark teeth by taxonomic group.

Totally preserved Partially preserved Fragmented

Species Teeth (>90%) Teeth (50% a 90%)  Teeth (< 50%)
Archaeolamna kopingensis 1 - -
Carcharias sp. 24 44 -
Cretalamna appendiculata 5 19 -
Cretoxyrhina sp. 1 9 --
Echinorhinus sp -- 2 -
Odontaspis sp. 54 59 -
Pseudocorax sp. 4 4 -
Mitsukurina sp. 1 - -
Serratolamna serrata 62 86 --
Squalicorax kaupi 13 1 -
Squalicorax pristodontus 9 3 -
Squalicorax sp. -- 22 -
Undetermined 16 97 1,580
Total 190 346 1,580

The genera identified from the complete or partial teeth included:
tArchaeolamna Siverson, 1992, fSerratolamna Landemaine, 1991, fCretalamna
Glickman, 1958, Carcharias (Rafinisque, 1810), fCretoxyrhina (Glickman, 1958),
Echinorhinus (Gill 1864), Odontaspis Agassiz, 1838, fPseudocorax Priem, 1897,
tMitsukurina (Jordan, 1898) and fSqualicorax Whitley, 1939 — totaling 423 teeth
identified to the generic level. Only four of the above mentioned genera could be
identified to the species level: Archaeolamna kopingensis (Davis, 1890); Serratolamna
serrata (Agassiz, 1843); Cretalamna appendiculata (Agassiz, 1843); and Squalicorax
kaupi (Agassiz, 1843) and Squalicorax pristodontus (Agassiz, 1843).

Of the total of 2,116 teeth analyzed, 113 (classified in Table 1 as undetermined
[among the totally or partially preserved specimens that]) could not be identified due to
the lack of reference materials for comparisons. A total of 1,580 other teeth were
fragmented and could not be identified due to their low level of integrity.

After analyzing and classifying the teeth according to their degrees of
preservation it was possible to identify them and describe any anomalies. The teeth of
four species belonging to three distinct genera (Cretalamna appendiculata, Serratolamna
serrata, Squalicorax kaupi, and Squalicorax pristodontus) demonstrated some type of

anomaly (Table 2). After identifying the teeth that demonstrated those anomalies, it was
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possible to calculate the frequency of deformities within the total sample and by

species.

TABLE 2. Anomalies identified by species.

Species Anomalies

Undeveloped lateral cusps
Absence of a nutrition fissure
Lateral cusp absent

Fissures indicate cusp divisions
Cusps not defined
Serratolamna serrate Cusps reduced

Polarity inversion

Medial cusp rounded

Curved cusp on lingual side
Asymmetrical shape

Deep basal concavity

Extra cusplet on proximal portion
Cusp reduced

Cretalamna appendiculata

Squalicorax kaupi

Squalicorax pristodontus

Of the 2,116 fossil shark teeth examined, 16 (0.75%) demonstrated some type of
anomaly. Table 3 indicates which species demonstrated some type of dental anomaly,

the numbers of such teeth from each species, and their anomaly frequency.

TABLE 3. Total number of teeth analyzed, and their anomaly frequency.

Numbers of Numbers of Anomaly
Species teeth in the teeth showing  frequency in %
collection anomalies for each species
Archaeolamna kopingensis 1 - --
Carcharias sp. 68 - --
Cretalamna appendiculata 24 2 8.33
Cretoxyrhina sp. 10 - --
Echinorhinus sp. 2 - --
Odontaspis sp. 113 - --
Pseudocorax sp. 8 - --
Mitsukurina sp. 1 - --
Serratolamna serrate 148 11 7.43
Squalicorax kaupi 14 1 7.14
Squalicorax pristodontus 12 2 16.66
Squalicorax sp. 22 - --
Indeterminate 1,693 -- -
Total 2,116 16 0.75

The percentage of anomalies per species was higher than 1% in the present
study, which was greater than that reported by Becker et al. (2000) for pathological
deformities in living and fossil chondrichthyan teeth.

Serratolamna serrata demonstrated a considerably greater absolute number of

anomalous teeth (and the greatest number of teeth in the sample) than the other species.
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Dental Deformities and their Descriptions

A total of six shark genera (Echinorhinus sp., Mitsukurina sp., Hexanchus sp.,
Cretoxyrhina sp., Odontaspis sp., and Carcharias sp.) and five species (Squalicorax
pristodontus, Squalicorax kaupi, Serratolamna serrata, Cretalamna appendiculata, and
Archaeolamna kopingensis) were identified and examined.

Some of the teeth analyzed here demonstrated morphological variations that
diverged from the standard morphologies described for their respective species (Case et
al., 2017; Underwood & Mitchell, 2000; Souza-Lima, 2001; Gudger, 1937; Becker et
al., 2000). Welton & Farish (1993) reported that most tooth pathologies are not
immediately recognized, but at least one species could be identified based on the type of

tooth anomaly.

SYSTEMATIC PALEONTOLOGY

Family ANACORACIDAE Casier, 1947
Genus Squalicorax Whitley 1939
Squalicorax kaupi (Agassiz, 1843)

¢

FIGURE 3. Tooth of Squalicorax kaupi
demonstrating anomalies; lingual view.
LPUFS 5780. Asymmetrical shape of the
proximal portion and a deep basal concavity.
Scale bar equals 2 mm.

Material analyzed—LPUFS 5780.

General description of non-anomalous teeth—Squalicorax kaupi teeth are composed
of a distally inclined median cusp, crown crescent shaped and tall, lingual face
protuberant, labial face planar, root crescent-shaped, with the presence of nutrient

foramen. Proximal and distal portions uniformly covered by a single row of serrations.
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The distal cutting edge moderately vertical and straight, the edges of the cusp show
serrations that decrease in size towards the apex and the base of the crown. Root
considerably tall and protuberant on the lingual face, absence of a nutrition fissure, root
with various foramen on the labial and lingual faces. Basal concavity superficial (Case
etal., 2017; Schwimmer, 1997; Shimada & Cicimurri, 2005; Souza-Lima, 2001; Welton
& Farish, 1993).

Anomalies—Asymmetrical shape of the proximal portion and a deep basal concavity
(Fig. 3).

Squalicorax pristodontus (Agassiz, 1843)

FIGURE 4. Squalicorax pristodontus tooth showing abnormalities; lingual view. A,
LPUFS 5765. Extra cusptlet; B, LPUFS 5763. Crown apex near the root. Scale bar
equals 2 mm.

Material analyzed—LPUFS 5765 and LPUFS 5763.

General description of non-anomalous teeth— The teeth are composed of a single
distally inclined cusp covered by serrations, lingual face convex and labial face planar.
Distal and proximal portions form a line in the shape of an almost continuous cutting
edge. Cusp apex rounded. Root tall in lingual view, being two thirds taller than the tooth
crown in some teeth. Peak of the median cutting edge slightly obtuse. The edge of the
distal portion of the main cusp quite straight and perpendicular. Root bilobate and tall,
slightly protuberant, with numerous nutrition foramen of various sizes on both faces.
The labial face of the crown with multiple shallow nutrition fissures medially, above the
crown foot. Basal concavity slightly rounded (Becker and Chamberlain, 2012; Case et
al., 2017; Schwimmer, 1997; Shimada & Cicimurri, 2005; Shimada & Cicimurri, 2006;
Souza-Lima, 2001; Welton & Farish, 1993).

Anomalies: —Tooth LPUFS 5765 (Fig. 4A) demonstrates a peculiarity, with the
presence of an extra cusptlet on the portion proximal to the root. Specimen LPUFS 5763
(Fig. 4B) differs from the normal teeth of this species by having a short crown apex, and

a smaller cusp that is proportional to the serration.



35

Family SERRATOLAMNIDAE Landemaine, 1991
Genus Serratolamna Landemaine, 1991
Serratolamna serrata (Agassiz, 1843)

FIGURE 5. Serratolamna serrata teeth showing anomalies; lingual view. A, LPUFS 5781,
absence of lateral cusps; B, LPUFS 5784, absence of lateral cusps; C, LPUFS 5785, absence
of lateral cusps; D, LPUFS 5782, absence of lateral cusps; E, LPUFS 5788; F, LPUFS 5786
G, LPUFS 5764, polarity inversion; H, LPUFS 5783, absence of lateral cusps; I, LPUFS
5787, absence of lateral cusps; J, LPUFS 5789, absence of lateral cusps. L, LPUFS 5773,
absence of lateral cusps. Lateral view; L1, LPUFS 5773, curved cusp. Scale bar equals 2
mm.
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Material analyzed—LPUFS 5764; LPUFS 5773; LPUFS 5781; LPUFS 5782; LPUFS
5783; LPUFS 5784; LPUFS 5785; LPUFS 5786; LPUFS 5787; LPUFS 5788; LPUFS
5789.

General description of non-anomalous teeth—Crown composed of a median cusp
inclined towards the proximal portion, demonstrating two to three erect lateral cusps on
the proximal and distal portions. Lingual face protuberant and labial face planar. Crown
base ample, median cusp long and triangular. Lateral cusps nearest the median cusp
significantly larger than the other lateral cusps. Root separated into two lobes by an
asymmetrical semicircular chamfer. Apex of the median cusp sharp. Lingual face of the
root cut by a nutrition fissure, with a central foramen that extends throughout the root as
a shallow basal V-shaped concavity (Case et al., 2017; Souza-Lima, 2001; Underwood
& Mitchell, 2000, Welton & Farish, 1993; Shimada & Brereton, 2007).
Anomalies—The teeth show abnormalities such as the absence of other cusps in the
proximal region, grooves in the proximal portion that indicate unformed cusp divisions,
undefined cusps in the distal portion and/or small cusps (Fig. 5A, B, C, D, E, F, H, I, J
and L). Polarity inversion in the first distal cusp (Fig. 5G). Median cusp rounded on the
lingual face (Fig. 5C, F, I, J and L). Cusp curved on lingual portion (Fig. 5C, F, I, J and
L).

Family CRETOXYRHINIDAE Glickman, 1958
Genus Cretolamna Gluckman, 1958
Cretolamna appendiculata (Agassiz, 1843) 1

FIGURE 6. Cretalamna appendiculata teeth showing anomalies; lingual view.
A, LPUFS 5780, undeveloped lateral cusps; B, LPUFS 5791, absence of a
nutrition fissure. Scale bar equals 2 mm.

Material analyzed—LPUFS 5780; LPUFS 5791.
General description of non-anomalous teeth—Teeth composed of a robust and
triangular median cusp and a pair of lateral cusps. Cusps wide, tall, and erect. Labial

face planar and lingual face slightly convex. Distal, proximal, and median cusps with
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sharp edges, median cusp inclined towards the distal portion. Median crown larger than
the width of the tooth. Root region well-defined, separated by two U-shaped root lobes
on the upper teeth, V-shaped on lower teeth. With nutrition fissure and foramen in
central lingual view, large basal root concavity (Shimada, 2007; Souza-Lima, 2001;
Welton & Farish, 1993, Siverson, 1992).

Anomalies—Undeveloped lateral cusps (Fig. 6A). Absence of a nutrition fissure (Fig.
6B).

DISCUSSION

Tooth Deformation Frequencies

Studies examining dental abnormalities in sharks have found that they are quite
rare (less than 1% of all teeth) (Becker et al., 2000; Johnson, 1987). Johnson (1987), for
example, analyzed 51,400 isolated fossil shark teeth (from Orthacanthus texensis,
Orthacanthus platypternus, Barbclabornia luedersensis, and Xenacanthus slaughteri),
and reported that only 0.06% demonstrated some type of pathology. Becker et al. (2000)
reported that among the 90,000 modern and fossil shark teeth they examined (200
mandibles), only 12 (0.013%) demonstrated some type of deformity; among the 10,000
fossil shark teeth that the same group examined (Squalicorax kaupi, Squalicorax
pristodontus, Archaeolamna kopingensis, Scapanorhynchus texanus, Brachyrhizodus
wichitaensis, and Paranomotodon sp.) only 0.09% (9 teeth) showed anomalies.

Hubbell (1996) examined 123 white shark mandibles and found only 10
specimens demonstrated anomalous teeth (the "entire animal” method vyielded a
frequency of 8.13%, the “isolated teeth” method generated a percentage of 0.25%).
Another study by Hubbell (1996) reported examining 13,151 fossil teeth of
Carcharodon carcharias, with 0.25% showing deformities.

Although we report here anomalies in only four species (Table 3), deformed
teeth represented 0.75% of the total sample. That percentage is almost 12 times greater
than that reported by Johnson (1987) (0.06%) who examined Xenacanthus teeth from
the Permian period, and almost 8 times greater (0.09%) than that reported by Becker et
al. (2000) for fossil teeth from the Upper Cretaceous period. The frequency of
deformities closest to the 0.75% found here was 0.25%, reported by Hubbell (1996)

among white sharks.
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As such, the frequencies of dental deformities per species reported here are
considerably greater than those of other studies. Becker et al. (2000) examined 6,727
teeth from Squalicorax kaupi, and only 0.015% (1 tooth) demonstrated any deformity,
while of the 652 teeth of Squalicorax pristodontus examined, only 0.15% (1 tooth)
demonstrated an abnormality. Although researchers have generally shown that less than
1% of the teeth of any species demonstrate deformities, of the 14 teeth of Squalicorax
kaupi we examined here, 7.14% demonstrated some type of abnormality. That
frequency was even higher in Squalicorax pristodontus, as of the 12 teeth identified for
that species, 16.66% demonstrated some abnormality.

The teeth of Squalicorax pristodontus studied here demonstrated a considerably
higher frequency of abnormalities when compared to the 0.15% rate reported by Becker
et al. (2000). Likewise, the abnormality frequency reported by those same authors in
Squalicorax kaupi was 0.015%, well below that found in the present work.

One factor influencing the unusually high percentage of abnormal teeth as
compared to other studies is the reduced numbers of teeth reported here. While Becker
et al. (2000) examined 7,379 teeth from Squalicorax kaupi and Squalicorax
pristodontus, we examined a total of only 26 from those same two species. If our
sample of Squalicorax teeth had been larger, the percentages would most likely have
been more similar.

The high percentages of anomalous teeth we found for Squalicorax kaupi,
Serratolamna serrata, and Cretalamna appendiculata are similar to those obtained by
Hubbell (1996) using the “entire animal” methodology. As such, one possible
hypothesis is that the fossil teeth we examined were derived from only a single original
dental arch from each of those animals, backspace; that probability is heightened by the
fact that, while those teeth were unattached, they were all collected within an area of no

more than 2 m?.

Causes of the Deformities

Hubbell (1996) reported observing deformities in Carcharodon carcharias and
Carcharodon megalodon teeth such as: curved teeth; divided teeth; an orifice in the
center of the crown; and wrinkled and/or twisted teeth. Those abnormalities were
apparently caused by a spine from a stingray provoking lesions in the gengival tissue.
Those abnormalities were similar to some dental specimens encountered in the present

study.
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Figure 3 shows an abnormal Squalicorax kaupi tooth demonstrating an
asymmetrical shape in the proximal portion and a deep basal concavity. Deformities in
Squalicorax kaupi were reported by Becker et al. (2000), including a disconected distal
notch. The deformities reported by Becker et al. (2000) appear to have resulted from
behavioral patterns and dietary preferences for spiny prey that could cause damage to
the tissues of developing teeth.

Becker and Chamberlain (2012) described the lesions on Squalicorax kaupi and
Squalicorax pristodontus teeth resulting from feeding on animals with hard
exoskeletons that provoked breakage of the apices of the median teeth. Balbino &
Antunes (2007) observed an inclined crown and other anomalies in Carcharocles
megalodon, such as the absence of enamel near the root of a tooth and asymmetrical
teeth.

Figure 4 shows two teeth from Squalicorax pristodontus with dental deformities.
Tooth LPUFS 5765 (Fig. 4A) shows an extra cusplet near the root. Bemis et al. (2015)
observed similar anomalies in Carcharodon carcharias, such as the presence of serrated
lateral cusps near the basal border of the central cusp (while that tooth normally shows a
central cusp covered with serrations reaching the basal concavity). Lines of abnormal
and supernumerary serrations, as well as serration lines forming a "Y" have been
observed in Edestus and Carcharocles megalodon — malformations believed to have
been caused by trauma from a hard object (Itano, 2013). The cause of the deformity
reported by Itano (2013), i.e., trauma from a hard object, may likewise have caused the
deformity seen on tooth LPUFS 5756 (Fig. 4A), a row of abnormal serrations. Similar
types of dental abnormalities were reported by Balbino & Antunes (2007), who
described a coalesced tooth in Squalicorax pristodontus that clearly had a single root
but two crowns. The crowns had almost normal median cusps, except for a visible
shortening of the distal portion; the line of serrations showed size irregularities. Those
authors noted that the deformities may have been caused by biting hard objects. Another
abnormality observed in Squalicorax pristodontus was a fold along the median edge
(Becker et al., 2000).

There have been no previous studies of dental deformities in the species
Serratolamna serrata and Cretalamna appendiculata, but dental abnormalities similar
to those reported here have been observed in other shark species.

The teeth of Serratolamna serrata (Fig. 5) demonstrated abnormalities such as a single
proximal lateral cusp (while a normal tooth has two or three pairs of lateral cusps),

groves that normally mark cusp divisions were not formed, and the presence of
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undefined cusps on the distal portion of the tooth and/or reduced cusps (Fig. 5A, B, C,
D, E, F, I, Jand L). Figure 5H shows a tooth without lateral cusps on the proximal
portion. Figure 4B shows a Squalicorax pristodontus tooth with similar abnormalities;
the apex of the crown near the root, and an abnormally small cusp near the root.

Johnson (1987) noted the absence of intermediate cusps in Xenacanthus. Vuuren
et al. (2015) described abnormalities in Carcharias taurus teeth such as reduced median
and proximal cusps, smaller than normal crowns, poorly defined lateral cusps, and a
median cusp with an inclined apex. The abnormalities reported by Lucifora & Menni
(2001) for Carcharias taurus were similar to the deformities described here for
Serratolamna serrata, including an inverted cusp similar to a polarity inversion (Fig.
5G), a hook-shaped tooth identical to a curved cusp (Fig. 5C, F, I, J and L), lateral cusps
absent, and small teeth similar to the poorly defined cusps on the distal portion and/or
reduced cusps (Fig. 5 except Fig. 5G; Fig. 6B).

Cusp inversion was observed in Triakissemi fasciata, Carcharhinus
amblyrhynchos, Galeorhinus opterus, Notorhynchus maculatus, and Triaenodon obesus
(Reif, 1980); although polarity inversion has been described in different species, that
malformation is similar to the deformity encountered the present study with tooth
LPUFS 5764 from Serratolamna serrata (Fig. 5G). Reif (1980) noted that polarity
inversions are only visible after the fifth row of teeth, and they represent anomalies
related to lesions of the dental tissue and/or wounds. Shimada (1997) described dental
abnormalities in Cretoxyrhina mantelli such as a curved cusp, wrinkles and/or vertical
folding of the labial portion of the crown region, and excessive dentine. Inclined and
folded cusps, and twisted cusps and roots were observed in Carcharoides totusserratus;
a twisted crown was also reported for Negaprion (Balbino & Antunes, 2007). Becker el
al. (2000) reported a folded lingual cusp and teeth with abnormal root growths in
Carcharhinus leucas, the absence of a lateral cusp and a compressed principal cusp in
Archaeolamna kopingensis, and a cusp folded along the lingual face in
Scapanorhynchus texanus — similar to the anomaly classes discussed in the present
paper.

The anomaly reported by Becker et al. (2000) in Paranomotodon sp., as a
dislocation of the nutrition fissure and twisted cusp, was similar to that reported in the
present study (a superficial and almost imperceptible nutrition fissure [Fig. 6B]). Figure
6A shows reduced and/or undeveloped lateral cusps, deformities similar to those
described by Vuuren et al. (2015) and Lucifora & Menni (2001) for Carcharias taurus

teeth (poorly defined lateral cusps and reduced cusps).
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Dental anomalies, including the presence of a cusplet, were described for the
first time in Squalicorax pristodontus and, even though they are distinct species, the
anomalies were similar to those seen in Carcharodon carcharias.

Dental deformities in Serratolamna serrata and Cretalamna appendiculata are
described here for the first time, although those types of abnormalities have previously

observed been in other shark species.

CONCLUSION

The frequencies of dental deformities observed in the present work corroborated
a study by Becker et al. (2000) that showed dental deformities generally represent less
than 1% of any sample, so that dental abnormalities are reasonably rare in sharks.
Deformity frequencies per species in the present work, however, yielded percentages
greater than 1%. One possible explanation for that result is the relatively small sample
size we considered. Another possible explanation is that our sampling may have
examined only a single individual, as the anomaly frequency seen in Serratolamna
serrata was similar to that observed with intact individuals (and different from
calculations considering isolated teeth). That hypothesis, however, will need to be
explicitly tested.

In relation to the causes of those anomalies, studies of the teeth of modern sharks
have reported anomalies essentially identical to those described here and mainly
associated with lesions that resulted in damage to dental tissues.

It was possible to identify numerous anomalous characteristics in the teeth analyzed in
the present work, and the causes of those anomalies appeared to be related to the
pathological effects of a durophagous diet. A detailed examination of the complete
fossil fauna associated with the same outcrop (Calumbi 1) could sustain that hypothesis.

As such, the present research provided a more detailed understanding of the

Sergipe sedimentary sub-basin, information concerning anomalous dental

characteristics, and the possible causes of those deformities in fossil shark teeth.
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CONCLUSAO

Analisando a frequéncia de deformidades com base na amostra, esta pesquisa
corrobora com o estudo realizado por Becker et al. (2000), que a frequéncia de dentes
que apresentaram deformidades dentdrias em uma determinada amostra representa
menos de 1%, sendo consideradas anormalidades dentarias como componente raro em
tubardes. Quando analisado a frequéncia de deformidades por espécie esta pesquisa
apresenta percentual maior que 1%, a explicacdo para um percentual elevado esta no
tamanho amostral analisado neste estudo.

Com relagdo as causas das anomalias, estudos descrevendo dentes de tubardo
existentes relatam anomalias como as descritas aqui. Esses estudos associam a
ocorréncia de anomalias com mutacdes genéticas, doencas no tecido embrionario,
deficiéncias nutricionais ou lesdes, que podem resultar em danos marcantes ao tecido
dentério, levando a malformaces dentérias.

Nesta pesquisa 0s dentes analisados possibilitaram identificar caracteres
andmalos, e que as causas das anomalias estdo relacionadas a efeitos patoldgicos
ocasionados por dieta durofagia, que ocasionaram danos na mandibula prejudicando a
formacdo de dentes normais. Diante disso, esta pesquisa € relevante para sub-bacia
sedimentar de Sergipe, langando um novo visual para o reconhecimento de caracteres

andmalo e as possiveis causas dessas deformidades em dentes fosseis de tubardes.
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* All pages must be numbered. Leare at least 25 mum (1 in) margins on all sides of each page.

* Do notuse two or moze spaces after periods or colon: anywheze in the manusezipt

* Type must be 12.point font size, Temes New Roman is reccommended.
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in the order they are cited. Cite figure number (e.g, Fig. 3A-C) rather than specimen number 1o support
descriptive statements. The specimen number must be included in the figure caption. All specimens used in
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for publication. Similady, data sets supporuing statistical analvses should also be uploaded as Supplementacy
Dara for the benefit of reviewers, and readers. Such supplementary files must be submitted and available to
the reviewers along with the main manuscripe files. If you are not sure about the disposition of particular
dara sets, contact the Senior Editocs about whether or not they will be published 1 JVP or placed on the
web page.

All raw data necessary for validating anatomuical descaptions must be included as supplementacy
matesial, uploaded to a freely publicly accessible data repository whose appropaateness will be determined at
the chiscretion of the editors. These data mchude but ace not imited to raw (e, nasegmented) z-ray oz opu-
cal image stacks. Authors ace permitred to crop romographic shices to the reporrted feature(s) of interest pro-
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Statements to the effect of “Dara are available upon request from the authors™ are not permirted in [VE

Exceptions to this policy can be made i cases of copraght restrictions imposed by museums, hu-
man subjects data, or other sensitrve dara (such as those wavolring endangered species), at the discretion of
the editors.

Manuscript Submission

All manuseaprs must be submitred ma the Joumal's on-line subnussion site at ScholasOne Maau-
seapts: hrps://me maauscapreeqrral com /oo, Submit the main document as one file (includes title page,
body of manuscript, literature cited, and figure captions). Submit the main text, as well as each table, appen-
dix, or supplementary data file as a separate MS Word or RTF file. (See here for instructions on formarting
3D images as supplementary files)) Provide an abstract in the main document file for Articles, and provide
both abstracr and plan-language summary in the requested place on the submission web site for all manu-
scripts. Submit each figure as a scparate file, Figures should be LZW compressed, gray-scale (unless color
publication is intended), 600 dpi TIFF files (see detailed guidelines heses). The submission web site will create
pdf versions of most figure files, and a combined pdf file of text and figures for review purposes only. Upon
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Manuscripts are processed by a Senior Editor and assigned to 2 member of the Editogial Board who
manages the geview process. Possible decisions include Accept, Minor Revision, Moderate Revision, Major
Remision and Reject. A rejected manuscapt is normally not eligible for revision and resubmussion o JVP A
manusceipt m need of Major Remision or Moderate Revision may be resubmurted, but oaly after fundamental
changes are made, which may include new dara collection, new analyus, extensre changes to text, and new
or revised figures. In the case of Major Revision or Moderate Revision, the manuscript will normally undes-
2o 2 full review process upon resubmission and there 15 no guarantee of eventual acceptance. After Minor
Revision, the Editor may or may not decide to consult with one or more of the onginal referees. After deci-
sions of Minor Revision, Moderate Revision, and Major Remision, there 15 2 tme Lot for resubmuission, after
which 2 manuscapt will be considered withdsawn. Consult the decision letter from the Editor for details of
aecessary changes. The revision deadline (date) can be found on the mamuscapt page on the website. If vous
revision is expected to exceed this dare, request an extension to the deadline from your editor,

Publication Schedule

Mzauscripts are normally published on line i the order in which a letter of acceptance 1s issued by
the Senior Editors. After 2 manusenpt has been accepted, consult 2 Managing Editor for conceras about
publication schedule and corrections in proof.

COPYRIGHT, PDF FILES, PAGE CHARGES, AND REPRINTS

Copyright

The author(s) nust declace the inclusion of anv mateaal in the manuscrpt that has been published or
submutted for publication elsewhere, and must obtamn permission from the JVP Senior Edlitors and from the
copyright holder for including this matenal in the manuscript. With this exception, the author(s) must declare
that they hold exclusive copynght in the marenal, including text, figures, and parts of figures, that the materi-
al has not been published and is not being considered for publication elsewhere, and that, if itis accepred for
publication in JVP, 1t will not be submitted for publication elsewhere.

The author(s) is (are) required to agree to the copyright transfer statement dunng the submission pro-
cess, in which case no separate forms are required, or else to complete and sign the Copyright Transfer Form
avalable on the joucaal web site:

(brtp:/ /ventpaleo org /Publications /coprrght-permissions-policy /TVPeopraghitransfer aspx),

assipning exclusive copyaght ia the published matenal to the Society of Vertebrate Paleontology: The signed
form(s) mav be scanned and uploaded dudng the submussion process (prefesred), or seat br mail to a Semsor
Editor The signing author must obtam consent of the co-authors to sign on their behalf, or else all authors
must sign the form Failuce to submit the signed form will result in delays in publication or rejection of the
manuscrpt. Special rules apply to emplovees of certain national governments — use the appropriate state-
ment of agreement and/or coprrght form. Consult 2 Managng Ediror for details if necessary.

The followiag rights are retained by the author: the rght to use, without fee, all or part of the
article in print or clectronic form for personal, non-profit, educational and research purposes, giving refer-
ence to the onginal place of publication and the copyright held by the Society of Vertebrate Paleonrologr
In the case of classroom copies, coprrght must be attributed to The Society of Vertebrate Paleoatology
on each copr.

PDF Files

The Journal provides the corresponding author with a high-quality pdf file of her/his artcle a shont
time after online publication. The corresponding author may share this pdf file with the other authors. Please
note that the Society of Vertebrate Paleontologt retains coprnght to the article as published: as set out
above, authors are required 1o transfer copyright prior to publicanon of their arucle.

SVP policy on distribution of the author's pdf file gives the following nghts to the author:

(1) Subject to payment of the required, onestime, nonsrefundable fee, the nght to post the published pdf file as provided
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(2) Without fee payment, the nght to include on the author’s p | or institutional Web page (a) a link to the JVP web site
wheze bers and subscrbers mar download 2 pdf copy of the arucle; (b) a ink whereby interested persons mar email
the author and request 2 pdf copy for their own personal use but noe for redistnibution.

(3) Without fee payment, the nght to send a copy of the artcle in pdf form to on their repo iling list, and to per-
sons who request a copy as per (1) above, provided that the pdf s accompanied by the dear statement thax:

(a) the Society of Vertebrate Paleontology is the coy'rnghthokiqof:h: Amle and pdf; (b) the pdf is provided to the recipient

fother/hupmonﬂuseonkandunmwbe disezibuted or di d, pt for ed 3 uxm:hm:whool.colkge
or university setting, and then onlr if panied b a clear ofthese ds Such an author-d: d rersion

must be identical to the final published version.
(O] Wnlwm:puymmt,th:rghrmmddemth: hor's | or institutional or osher nonsprofit Web site the manuscapt
pont (Le., pr ICwing) Or postprint (La,hnlth:ﬁptﬂ-mmm@.]\?sl\amcmn. for detailed regulations see

du Sherpa/Romeo website: hizp:/ fre~emshecay acnk/zomen/

Page Charges

There ace no mandatory page chacges for publishing in JVP. However, there may be charges for pub-
lishing color illustrations in the print joucnal, or for making extensrre changes to proofs.

Consult the SVP Business Office for questions regarding charges and fees.

Reprint Purchase

T'he corresponding author receives 50 free printed repnnts in addition to the author's pdf file, both
of which may be shared with the other authors. Restricions on use of the pdf file are as outlined above.
Authors are given the opportuaity to pucchase additional hard-copy reprints when corrected proofs ace
returned. Direct queries abour reprint orders to the address on the reprint order form. Reprint costs depend
on the length of the paper and on whether there ace color llustrations. Under certamn ciccumstances it may
be possible 1o order reprints after publication of an article, though the quality of such reprints may not equal
that of those produced dusing printing of the issue. Please note thart the Society of Vertebrate Paleontology
retains copyright of the article represented by the reprint authors are required to sign the copyright transfer
form pgior to publication.

FORMATTING YOUR MANUSCRIPT
A guide to some 1ssues of style is provided hete
USE THE FOLLOWING EXAMPLE 45 A GUIDE BUT SEE ALSO HERE:
TITLE PAGE
Osteology and relationships of the Eady Pernuan pelycosaur Spbenacadon ferax Macsh, 1878
MARTHA T. THOMPSON""and T. JOHN SMITH?

'Quaternary Sciences Program, and Department of Geology, Northern Arizona University, Flagstaff, Arzona
86011 US.A,, doodaa@Arizona.com;

*University of Toronto in Mississauga, 3359 Mississauga Road, Mississauga, Onraro, L31. 1C6, Canada, jpq@
uknowea

* For Short C atic ddresses as for Arucles bus run together and Hush left, following authors’ names:

JMARTHA T. THOMPSON' and T. JOHN SMITH,” ! Quarernary Seiences Progzam and Department of Geologr, Northern
Arizona University, Flagseaff, Anzona 86011 LLSA, doodaa(@arizona.com; “Univessity of Toroaro in Mississauga, 3359 Missis-
sauga Road, Mississauga, Ontana, L51. 106, Canada, jpl@uknow.ca

RH: THOMPSON AND JONES—OREAAMNOS OF NORTH AMERICA
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ABSTRACT

ABSTRACT—An informative abstract is required for Articles. Short Communications do not have an ab-
stract in the main text file, but an abstract must be entered separately during web submission because it is
used to help remewers decide whether they are willing 1o review the manuseript. The abstract for Articles
must be formarted as in this example and must begin on a new page. It should summanze the main facts,
ideas, and conclusions of the Article, and not sumply list the topics discussed, but it must not exceed 250
words. Include all new taxonomic names for referencing purposes. Abbremiations that ace not listed ia the
Detads of Style for Text (promided herz) should be avoided. Literatuce citations are nozmally not allowed 1
the abstract.

ALTERNATE-LANGUAGE SUMMARY

A non-English-lanpuage summary may be added to the standard abstract in exceptional cases. Permis-
sion to have such a category comes from the Senior Editor. The summary should be an exact translation of
the English abstract, placed after the Abstract and before the beginning of the ext

Please norte that the Journal of Vertebrate Palconrology does not employ Key Words.

HEADINGS

There are three types of headings (or headers) as per the following examples.

PRIMARY HEADING

Text or secondary heading follows after a blank line. Do not write the primary heading 1 small caps. A
blank line precedes the primary heading.

The Systemanc Palcontology section requires some specific formatring, See hers for examples.

Secondary Heading
Text, if any, follows on the next line, indented. A blank line precedes the secondary heading Use Titde

Capitalizanon (Capitalize the Important Words), not sentence capitalization. Do not cite figures or tables with-
in headings.

Tertiary Heading—Text follows here after an em dash, mithout spaces. The em dash should not
be bold. The headiag should be indeated, but thete is no blank lne preceding a tertiary heacing. Use Title
Capinalization (Capitalize the Important Words). If you are unable ro generate an em dash, use two hyphens.

Do nor ate figures, caralogue numbers, tables, or anatomical abbrevianons within a heading or im-
mediately following the em dash

All paragraphs in rmaning text should be indeated.

Citation of References in Text, Basic (see here for alternatives)
(Smuth etal, 1973)

Abbreviations

There can be separate Tasurutional Abbremanons’ and ‘Anatomucal Abbreviations, each beginning
with a tertiary heading. The List should be ordered alphabetically by abbseviation. Note that the abbreriation
1s in bold but the punctuation is not. Examples:
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Institutional Abbreviatons—AMNH, Ameacan Museum of Namal History, New York:
MCZ, Museum of Comparaume Zoology, Harrard Unsrersity

Anatomical Abbreviatons—a, articular; prz, prezygapophysis; z, zygantrum.
List anatomical abbreviations esther in 2 separate section as in this example, especially when capuions are used
1n multiple figures, or clse in the figure captions, bur not in both places. If lisung them in figure captions,
include all abbreviations for a given figure within its caption; do not refer the reader to another caprion.

ACKNOWLEDGMENTS

Note the spelling of this heading with no *E' after the *G’. Avoid long and unnecessanly flowery
acknowledgmenrts. Use munals for all indrmicluals being thanked, except to begin 2 seatence; avoid nsing
utles such as Dz or Prof; use ininals to distinguish among authors of the manusesipt, and abbreviations for
instrutons lsted in the mamusenpt text. Consider thanking the reviewerss, including those remaining anon-
vmous, aad the Editor who haadled the manuscapt. Use actre voice and concise language, as in this exam-
ple: “1/We thank A. Able, B. Baker, and C. Charles for capable ficld assistance, and D. Delea for assisting
EFG dunng 2 collections visit to the ANINH. Editor B. Caceful and remiewers A Positive and O. Negatre
made coastructve suggestions for improvement of the manuscapt NSF grant 12345 to HIL]. supported
this research.”

LITERATURE CITED
An EndNote style file is available on the journal website.

General Rules
Double-space all entries; make first line flush left, then use hanging indent for remainder of airation:

Sues, H-D., E. Frey, D. M. Mactll, and D. AL Scotr. 2002. Irniraror challengeri, a spinosanad (Dimosau-
na: Theropoda) from the Lower Cretaceous of Brazil Journal of Vertebrate Paleontology
22:335-547.

Manuscnpt Submission and Acceptance
Submitted/accepted line in Roman type appears as the very last Line of the article imme-
diately after the Literature Cited (flush left):

Submutred August 12, 2006; revisions recesved Moath DD, YYYY; accepted Month DD, YYYY. [dates
left blaak, to be completed by the editors]

Further examples and formatting specifics are provided here
PREPARING YOUR FIGURES

General Requirements

Figures must be submitted elecrronically. All figures muse be fully compiled (a single file for each
figure), and prepared for final publication size; neither the editor nor the publisher is responsible for compil-
ing artwork. Print out each figure ar its final size before submission to confirm size and quality of cach figure
and legibility of lettering. The author must indicate the final printed size of each figure (see below under Fig-
ure Capuons). High-quality color illustrations can be printed, bur the full cost for printing color illustratnons
must be borae by the author (see above uader page charges).

Figures must all be cited ia the text and they must be numbered in the order in which they ace cited.
The figure with its caption should be comprehensible without reference to the text; for example, identify the
taxon in the caption even if all figures concern the same taxon. The parts of a composite figure are identified
br capital letters 10 2 sans (aon-) sexxf font such as Helvetica or Arial. Do not write figure numbers, author
names, of captions into your image files.
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Submit only photos thar are in focus and cropped 10 minimize uninformarive space. Adjust contrast
and gray levels to use the full range of gravs. Do not leave excessive space between parts of 2 compound
figure. The journal prefers white backgrounds, but black backgrounds are acceprable as long as the contrast
berween background and image 15 not excessive.

For best results in converting color photographs to grayscale for figures, use the Black and Whire
Adjustment feature in Photoshop (Image/ Adjustments/Black and White) if available. Otherwise set the
image mode to Grayscale.

The journal encourages the use of color figures where this enhances the clarity of the paper. Authors
wishing to use color figures in the print version of their articles may consult the Senior Editors regarding the
need for color images and thewr number, for which there may be page chasges (zee above uader that heading).
However, the journal provides color versions of figures free of charge in the on-line (and pdf) version of an
article, although these figures need o be prepared in such a way thart the grayscale version of the same figure
is of acceptable quality to appear in the print version of the journal. In particular, ensure thar grayscale ver-
sions of color diagrams and maps cleady differentiate between legend entnes.

Figure Size

The illustrarions must be prepared so that the figure will fit precisely to full page width (182.033 mm
or 7.166 in or 4300 pixels at 600 dpz), 2/3 of full page width (122 mm or 4.8 in or 2882 pixels), or columa
width (88.9 mm or 3.539 in or 2100 pixels), and mwust be no taller than maximum page height (233 mm ot
9.17 in or 5504 pixels). Check the figure size in the Image Size unlity of Photoshop or equivalent progeam.
Never submit an oversized figure. Surrounding background space is included in figure size and must be
minimized. Final size of lettening must be taken into consideranion: letrers should not be reduced to smaller
than 6 points (1.6 mm) and should not be larger than 14 pots (4 mm). Figure labels and letresing should be
of consistent size, not varying within a figure and of similar size in every comparable figure. Thercfore, plan
ahead for the intended publication size. Do nor use hairline widths in line art. Hlustrations in which magnifi-
cation is of consequence must include scale bars. Lengths of scale bars may be cither included in the figure
or given in the caption; listing of magnifications/reductions in the captions is unacceptable. Measurements
must be in metric nnits. Stereo photographs should be created for reproduction at an interoculac width of 63
mm ar final size.

File Format and Resolution

Submit all image files at final resolution, which is 600 dpi (236 pixel/cm) or better. The online system
will automatically generate a combined pdf file. Name each figure file with author and figure number (e.g,
SmuthetalFig2 tif).

Remorve color depth from grayscale images (see above) naless intending to pay for color pannting and
compress TIFFs using LZW compression 1o reduce file size withourt loss of quality. Do not submit jpg files.
It is highly recommended to keep lettening 1n 2 separate laver, if possible (this makes cosrection of spelling or
other errors easicr). The resulting file should be berween 0.5 MB and 10 MB in size, depending on contents
and dimensions of the figure.

Suggested Cover Art

The jousnal has a full-color cover formar and we encourage authors to submut potential cover
art with the post-review deaft of their manuscript if they believe that their article is an appropriate can-
diclare.

Such ast can be esther a photographic image of an outstanding specimen or locality, or an actist’s
rendering, or some combinanon. The art should be planned so that 1t will complement or eahance the cov-
er of the journal, taking mro account the main color scheme of the cucrent covers. Editors have found that
figures with plain white backgrounds do not work well, and authors are encouraged to substitute another
complementasy color for the backgrouad. Consult recent issues for examples.

The art should be submutted 1 landscape format, in color, 600 dpi, 165 mm (6.6 1, 3969 pizels)
wide, and no morze than 140 mm (3.5 1a, 3507 pixels) @ll. Final chosce of Cover Article will be made by the
editorial team led by the Senior Editors. Ast that is not chosen for the cover of the journal could be made
avaidlable as supplementacy online data at the author’s discretion

7
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Figure Captions
These should begin with ‘FIGURE” in all caps. There is a period after the figure number.
Follow the example belom:

FIGURE 5. Theropod skull bones in latesal view: A, deatacy of .Alssamus fragilis (after Madsen, 1976); B,
maxilla of same; C, dentacy of Carcharadonrosanrns, ANINH 1956. Abbreviations: a, articular; af, ascend-
10g facert; rt, recurved teeth. Scale bar equals 3 em. [planned for column, 2/3 page width, page width]

* Note what 12 in bold (the puncruation is not).

* Follow the p cour exactly

* Spell out ‘equals.’

* Note that the items in the abbreriations are listed alphabedcalir based oa the abbremiation.

* Include 2 son i square brackets at the end of each capoion speafying the planned prinsed size of the figure “[planned

for column width| or [planned for 2/3 page width] or [planned for page width]." In case the figure contams 2 sterco par
and requires 2 different size than page or column width, mennon this within the square brackets [stereo pair; pone exact

TABLES

All rables must be cited in the rext and the rables must be numbesed ia the order in which they ace
cited in the text, even if there is only one mble (1e, Table 1). Tables with their captions should be compre-
hensible without reference to the text. Foldourts are not acceptable, but tables and charts can be reproduced
to cover facing pages. The heading/caption for the table should appear in the table file, above the table, not
in a list at the end of the manuscrpr document. Use “TABLE' (all caps), flush left, in the table heading, with
a peniod after the table number, as in this example:

TABLE 2. This is the caption of the table.

If a table conunues on a second page, begin the next page with “TABLE 1. (Conanued)”. Do nort use
vertical lines in any table. Use only those few, black, horizontal lines (usually three) found in recendy pub-
lished examples in JVP. Tables should not use bold face.

Nerer use spaces for aligning aumbers or text; use of tabs for aligning columns is discouraged; in-
steadl, use the table function of the word processor. Double-space evervthing even if this means that a mble
extends to more than one mamiscapt page.

Submit each table as a separate file (labeled, e.g, ‘Author Table!.doc”).

APPENDICES

Appendices appear following the literatuce cited ia the poar and pdf versions of an arncle, and
should be less than e g, four manuscapt pages i length. More extensive information (e.g., fauaal lists, chasc-
acter lists, specimen lists, etc.) should be included as supplementary daca (see below for detads). Matenal for
an appendix should be double-spaced and submitted as a separate file or files. An appendix or appendices
{use Arahic numbers, beginning with 1) must be referred to in the text and/or in the tables/figures.

SUPPLEMENTAL DATA

Supplementary matenial (on-line oaly content) is supporung matenal that cannot be included m the
prnted version for reasons of space. JVP requires that all dara files needed to replicate phylogenetic or statis-
tical analyses published in the journal be made accessible to the reader. For phylogenetic analyses, see specific
details below. This will enable others to replicate the research without the need o obtain such files directly
from the avthor and will improve the accessibidity and stewardship of information, as well as transparency.

Formart the supplementary data file similarly to the published arncle, including nide page with tle,
authors, and ‘Journal of Vertebrate Paleontology,’ and on following pages use text headings, figures, ables,
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and appendices as necessary. Each such file should be self-conmained; if literature is cited within the supple-
mentary data, the file must contain its own literarure-cited section. The published article must not contain
references thar are cited only in the supplementary data. If a supplementary file contains tables, figures, or
appendices, use Table S1, 82, Figure S1, S2, Appendix 51, etc, to prevent confusion with tables or figures in
the main article. Each supplementary data file must be cited ar the appropriate place in the rext of the main
manuscript (e.g, Supplementary Dara 1) and be submitted as a separate file with the same name (c.g, ‘supple-
mentary_data_ldoc’).

3D online illustrations in PDF

* 3D objects must be supplied in .U3D format.

* Authors shoukd embed .U3D fles in a single blank PDF page before submitting them. The blank PDF page needs to
be set to the joumnal publication sizes. (see above)

* Adobe recommends a file size of 10MB or less per 3D object.

* Onlv one to two JD objects per article should be provided (to ensure fast download speed and interactre perfor-
mance)

* Authors need to supply a flat, image oaly version of each object for use with prnt and HTML versions.

* Some wording should be added to the image caption to explain that the 5D image works in PDF environment only,
e.g, “click to activate in the PDF version™.

DETAILS OF STYLE FOR TEXT

Journal-Specific Standards

*  Use US spelling throughout.

*  Use italics only for generic and specific names; also use italics for names of genes; theseare
the onlr uses of inalics in the manuscopt.

* Do not use underdining anrwhere in the manuscript.

*  Use single quotes for select wording and connotations: ‘hig’ versus ‘small,” it Jooks like an inverted ‘bell” . it
seems to be 2 form of “bovid.

*  Use double quotes for actual quotations from the literature: ...as noted by Beard (1942:23) “the skull is twice as
long as wide,” or for non-monophyletic taxa when used formally as part of a name, “Pelycosausia.”

*  Always provide the page number for quotations: .. .as noted by Beard (1942:23), “the skull is twice as long as
wide,” There is no space between the colon and the page number or figure reference.

* Do not use 2 page number in a citation unless you are providing a quotation or unless there is ambiguity with
vanous statements made by an author: The skull was stated 25 being large (Frank, 1928:35) but Iater indlicated to be
relatively small (Prank, 1928:32).

* Do not use the apostrophe with mumbers or acronvms: use 1950s not 1950%; NALMAs notNATMA'.

*  Use English standards for decimal nomton: 1,585,400.21.

*  Mammalian teeth: lower teeth in lower case, i1, 1, pl-2, dp2, RmJ; upper teeth in upper case, I1, C1, P1,LDP2,
AI2-3. This does not have to be stated in the Materials and Methods section.

*  Use comparative anatomical terminologt, not melical anatomical terminology, &g, ‘dorsal’ rather than ‘supenor.

¢ Use metnc throughous; include Imperial svstem in parentheses only if absolutely necessary. Abbreviations: m,
meter; mm, millimeter; cm, centimeter; km, kilometer; um, micron (not w), micron or micrometer if spelled our;
mi, mile; f, feet; in, inch; gal, gallon; 1, liter (spell oot if without prefix: 3 ml and 1.2 g/ml, bue 3 liters and 1.2 g/
lites): ml, milliliter; g, gram (not gm); kg, kilogram; meg, milligram_ Separate the unit from the numerical quantity
braspace (2.2 32m, 03g).

» If itis necessary to use mathematical symbols (T, -, =, ), separate with spaces before and after (2.g., CI = 0.6J).

* Hyphens, en dashes, and em dashes are used in different situations. The hrphen (-) is used between parts of a
compound word, s in ‘re-interpretation’ or ‘the basal-most taxon.’ The en dash (—) is used for a range of vzlues, as
in ‘pp. 35-44, ‘Figs. 3-7," Trassic—Jurassic,” and ‘2-7 hemal arches.” The em dash (—) is used in running headers
and in terziary headings, such as Diagnosis——Skull large; erc., 1o indicate missing values in tables, and to empha-
size parenthetical phrases, as in “The skull——the only element preserved——is extremely wide” Do not separate any
hyphen or dash from the words around it by spaces.

*  Spell out ‘Figure’ when part of a sentence; abbreviate as ‘Fig” when citing a figure in parentheses.

* Do not cite anatomical abbreviations within the text (e.g., Fig. 3:pt); they should be in the figure caption or in
Abbreriations instead.

*  Accepted abbreviations are: aff; ca.; cf; e.g; etc.; Le; no. for number (not #); M not Mya for megannum: ML A
M.Se.; Ph.D, PO viz; vs (or versus). In a sentence, e and ie. should be followed by commas, ca. and cf. should
not, as in- Diversity includes ca. nine families, e.g., Mustelidae, Pelidae, and Canidae.

*  The ‘sister group® (but “sister-group relationship’); ‘crown group’; ‘ingroup’; ‘outgroup’; ‘stem group’; ‘total
group’; ‘anterodorsal’, ‘posterovenual’ ete. (rather than “antero-dorsal’); ‘basal-most’ or ‘antenior- most’ item;
‘cheek tooth’ not ‘cheektooth’”; ‘co-ossified, not ‘coossified”; ‘cross-section’ and ‘cross-sectional view”; ‘field
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work” rather than ‘Beldwork™; “fishes’; ‘forelimb” but *hind Hmb.”

Latin phrases are not italiczed: Examples: a prior; gen. et sp. nov.; incertae sedis; in vivo; in vitro; M. supra-
corzcoidens antesor, nomen dubium; per se; sensu; sensu Iato; sensu stricto.

Avoid single-sentence paragraphs.

When providing a numbered sequence of items in one sentence, preceded by a colon, do so in the following
style: “Explanations for the extinctions includle: (1) climate; (2) remperature only (see Graham, 1936); and (3)
predation by carnivorans.”

When citing a reference within a parentbetical phrase, avoid nested brackets by using the following style when the
phrase is not complicated: “. ._there are three centra (four according to Smith, 2006) inthe...”

When nested brackets are unavoidable, use outer parentheses and inner square brackets, ie., (text[rext]).

COMDMON ERRORS TO AVOID

Names of higher taxa are plural for purposes of grammar, as in “The Squamata a2 a taxon that includes snakes and
lizards™ Contrast this to the following: “The taxon Squamata incudes snakes and lizards”” Here, the subject of the
sentence is the word “azon,” and the associated rerb is s

Terms such as ‘avaidable’ and Talil’ have particular meanings under ICZN and should be avoided unless the specif-
i meaning is intended.

A comma separates the name of a mxonomic authonty from the date of publication, and commas surround

the date when 2 taxonomic authority is used in a sentence, as in, ““...the species Esax lucius Linnaeus, 1738, s
the...”

Never cite 2 reference in brackets immediarelv after the name of a species unless you intend it a5 2 tasonomic
authority: “Hensedsn poimesns (Hennig, 1907)” means that Hennig named this species in a different genus; see

ICZIN Article 51.

A citation in brackets is acceptable after a generic or other higher taxonomic name because a taxonomic authonty
for a genus or higher taxon is never in brackets: contrast “...as in Esox Linnaeus, 1758" [authority] with “._.as in
Esox (Schumidy, 1875)" [ordinary citation).

“Upper’ and Jower’ refer to rock or ime-stratigraphic wnits; ‘late’ and ‘eardy” refer to time. Use lower case when the
age constraings are not known, generalizations are made, or when no formal subdivision exists. Use upper case only
where mandated by current USGS recommendatons— Early/Lower Cretaceous’, Middle Devonian’ (for periods/
systems and epochs/series), but ate/upper Miocene, ‘middle Eocene; ‘early Paleozoic, ‘early/lower Albian,” and
‘early/lower Tortonian® (for stage/age/informal subdivision of stage/age/epoch/series).

‘Runs” implies motion; use ‘extends,” ‘connects,” progects” ‘the lamina extends b 1 the two...."

Avoid overuse of weak words such as ‘suggests,’ appears,’ ‘Zppears 10 be,” ‘probabir;’ ‘may be.’ Use stronger

words: Indicates” ‘implies,” “shows,’ ‘liustrates,” proposes” If vou knotw something to be true, then state it.

‘Show” is often overused: “The occipital condyle shows damage..."; write i 1*...the occipital condyle is dam-
aged’

‘Possess’ is often orerused: “The femur possesses 2 protrusion..”; use the simpler ‘has’ if possible.

Avoid words that incorrectly imply ‘time” such as: Since;” ‘while,” ‘frequently’; instead use ‘because,” ‘whereas)

‘many*

Don't use ‘oval-shaped,” ‘square-shaped,’ triangular-shaped,’ ete., when ‘oval,” ‘square;,” or “tiangular’ is meant.

Use ‘“farther’ when the meaning involves physical distance, ‘further’ to indicate a greater degree or xldinonal

point.

“The crest on the bone is well developed™ (note the correct absence of the hyphen), but, “The boae has 2 well-de-
veloped erest” (hyphen required); ... the small, water-worn twoth. .. but “the thin, laterally expanded arch.”
Rocks do not ‘outcrop’; rocks do ‘crop out’

Capitalization with multiple proper names: "Mississippi River” vs “Mississippi and Missour rivers’; also counties,
formations, oceans, states, etc.

Comma and period inside closing quotation marks, 2s in .._is long and thin" and “. . is short and thick” Colon and
semicolon outside quotation marks: “. _indude the foBowing ‘orders” Rodentia and Lagomorpha. .." and “.. .the
so-called ‘palatine’;, however, it...”

‘As’ mplies 2 comparison: red a5 a rose. ‘Because’ impbes the result of some action. “The skull is unknown as it is
missing” should be “The skull is unknown because it is missing™

Use “the blade of the scapala...” or “the scapular blade. ..” rather than “the scapula’s blade. .. because inani-
mate objects cannot possess.

“Which' is used to describe, and its phrase is normally set off by commas, whereas ‘thar’ defines a situation

and is normally used without surrounding commas: ... the basipterygoid process, which is small, is rugose...”
versus “... the events that affected dinosaur communities were many ..

‘Howerer' is often over-used. Aroxl the common error of linking wo independent/principal clauses by ‘however'
or ‘therefore’ without the required semicolon or period. “The pelvis is lagge, however, the ilium is small” [incorrect]
should be “The pelvis is large; however, the ilium is small” or, “The pelvis is large. However, the ilium is small ™
Arvoid oreruse of the semicolon. Consider if a colen or period would be better.
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Return to main text

SYSTEMATIC PALEONTOLOGY EXAMPLES

There now are three different ways to provide vour hierarchy: a traditional Linnean ranked hierarchy, an un-
ranked classification with ranked lower levels, and an unranked monophryletic hierarchy. Examples of each type are:

Ranked Hierarchy

Order PYCNODONTIFORMES Berg, 1937
Family COCCODONTIDAE Berg, 1957

HENSODON SPINOSUS (Hennig, 1907)
(Figs. 2-4)

Mesoden spingswm Hennig, 1907:364, fig. 3 (onginal description).
Mesedon soinosns Hennig, 1907: Steinmann, 1928:56, fig. 14 (emended spelling).
Hensodon soinosns (Hennig, 1907): Kawer, 2004:526, figs. 1=3, 5=9 (new combination).

Diagnosis—Diagnosis shoukd be differential. Apomorphies of taxon specified if known.
Telegraphic style (no verbs, no articles) strongly encouraged in diagnoses. Example—Apomorphies of raxon: orbit
large, longer than deep; mandible shallow, fared posteriorly; menual foramen opening below second premolar, Differ-
ing from _-Afpburs drevis in: incisors spatulate; diastema berween Il and C1.

Note in the above that ranks are provxled, in upper and lower case.

All taxonomic names are written in all capital letzers and centered (do not use large and small caps).

Unranked taxa may be inserted berween ranked taxa in the hierarchy:

(enerie and specific names are in italics and all caps.

There is no comma berween the taxon and the author but there is 2 comma between the author and the vear of

publication.

* Al cited taxonomic authonties must be in the Literature Cited, including those in the srnonymy. Follow guide-
lines in ICZN (1999) for citation of taxonomic authontes.

*  The synonymy should be formatted as in the above example (left justified, with hanging indent if an entry contin-
ues on a new line). Leave vertcal space abore and below the svnonvmy 1o setit off from the razonomic headings
and the following text.

*  The punctuation within the synonymy is important. The first line illuserates a first use of a taxonomic name (orig-
inal description). In the second and third lines of the smonymry, the colon is used to set off the taxonomic name
used, with approprate authonty, from a citation of the author who used it in this way. Spell out multiple authors,
rather than using ‘et al” Cite only the first page establishing the usage, but list all figures.

* If diagnosing 2 new; monotypic genus, with separate listings for the genus and the species, the generic diagnosis
should be, “As for type and only species.” The full diagnosis is then provided for the new species. An alternative
is 2 combined desenption of both taxa ("gen. et sp. nov”) as in the following examples, which would require
just one diagnosis.

*  Richter's signs are acceptable in synonvmy lists, but cite Matthews, 5. C. 1973. Notes on open nomen-

clature and synonvmy Lsts. Palaeontology 16:713-719, in the text.

Unranked Hierarchy
REPTILIA SQUAMATA Oppell, 1811
TEIIDAE Gray, 1827
BISCUSPIDON NUMEROSUT, gen. et sp. nov
{Figs. 2-4)
Monophyletic Hierarchy

REPTILIA sensu Gauthier, Estes, and de Queiroz, 1988

SQUAMATA sensu Estes; de Queiroz, and Gauthier, 1988
SCLEROGILOSSA sensu Estes, de Queitoz, and Gauthier, 1988 TEIIDAE Estes,
de Queiroz, and Gauthier, 1988
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BISCUSPIDON NUMEROSUS, gen. et sp. nov: (Figs. 2—4)

*  You may add ‘sensu Author, date” if there is a particular phylogenetic definition of a traditional Linnean name.
The binomen is equivalent to the genus and species for purposes of conformity with ICZN and must be italicized.
Both the geous and species must be declared as new when applicable. Family-group and binomial names are regulat-
ed by the ICZN and must be correctly formed. Do not use regulated endings (-cidea, -idas, -inae, -ini, -inz) for new,
unranked taxa.

Return to main text
TITLE PAGE SPECIFICS

Title

* Tide of the paper should be in upper and lower case (so-called Sentence capitalization), in lightface (not bold),
centered for Articles, and fush left for Short Communications. The titde will be used as is (in Sentence capitaliza-
tion) for the Table of Contents on the back of the joumal, but it will be converted by the copy editor to all upper
case for use on the first page of the article within the journal.

* The name of a new taxon mav appear in the tte.

* Taxonomic names listed in tides and abstracts shoukl be separated br commas. The most inclusive tixon name

will go first (ie., Mammalia, Carnivora, Canidae).

Names of genus- or species-group taxa or equivalent must be initalics.

* Avoxl titles that include a subtitle set off br a colon, that are constructed as mulaple sentences, or that are ex-
cessivelr long. Do not end the title with a period.

Author names
* Author names are all caps and centered for Articles, but flush left for Short Communications.

« Full first names are preferred (GEORGE G. SIMPSON), but initials are acceptable (G. G. SIMPSON). Be con-
sistent.

* Denote author address br superscript number: T. JOHN SMITH? (the superscript appears immediatelr after
any punctuation (usually 2 comma) that follows an author’s name: GEORGE G. SINPSON,'¥ ALFRED S.
ROMER, " and WILLIAM K. GREGORY?

* Cleardy denote corresponding zuthor with 2 superscript asterisk (see abome example), and provide "Corresponding
author as a footnote.

* For current address different from address where work was done, denote with superscnipt dagger and provide
footnote: FCurrent address: Department of....

+ For Article—provide complete postal adklress and postal codes for all authors; spell out all; use upper and
lower case; center; separate addresses with semicolon and new line; provide emai address; omit period at end
of lastaddress

Addresses
* Use country names for all affiliadons (United Kingdom, Russia, Australia); spell out name (exception: use US.A).
« Spell out names of states and provinces.

Running header
* Provide a running header, all caps, contuning authors’ names and bref ate, separated by em dash without spaces

Retum 10 main text
SPECIFICS OF CITATIONS

Citation of references in text
» For three or more authors use ‘et al’, but spell out all authors if taxonomic authority (use inigals if two
names with same date).
* For personal communications, author must obtain written permission from the person being cited, such as
signed copy of page where cited, or email quoting passage and giving permission.
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* No space between vear/colon and page number or figure, table, and plate desipnation: (Smith, 1972:16;
Smith, 1974:6ig. 1). Use Jower case for ‘fig”, ‘pl’, and ‘uble’ in citations of other people’s work and in syn-
onymies.

* Order of references cited in parentheses is, first, chronological, in order of first publication by a par-
ticular author, then alphabetical in the case of different authors with first publication in the same year:
(Hibbard, 1947; Albertson, 1933; Hibbard and Taylor, 1963) (Lund, 1976, 1992, 2003; Lund and Janvier,
1986; Lund and Lund, 1986, 1987; Lund and Youngman, 1994; Lund et 31, 1998,2002).

Citation of references in text: additional examples

(Smith, 1972a, 1972b, 1972¢, 1976) (Smith, 1972:16)

(Smizh, 1972; Smizh, Jones, and Lee, 1973; Jones and Lee, 1973) (Smith, Jones, and Lee, 1973; Smith, Lee, and
s, 1973)

{?nr;nc than three authors with same first author and same vear of publication, then: (Smith, Jones, et al,, 1973;

Smuth, Lee, et al, 1973)

(Smith, 1972:12-13, 1974)

(Smith, 1972:g 1, able 4)

(Smizh, 1972::ble 3)

-..Smith's (1972) figure 3... (pers. comm., April, 2004) (unpubl.)

(Smizh in Jones, 1781)

Literature cited: general rules

* Last name fisst only for the first author, then typical stvle of first-name initial, middle-name initial, then last name;
note use of comma before ‘and’; see abore example.

* Personal communications, submitted manuseapts, manuscripts in preparation, manuscripts under review, and fiekd

notes are not pexmitted in the Literature Cited; instead, cite these In text; e g, *(pers. comm )’ or, if it is the zuthor's

own work, ‘(pers. observ.)’ or “(unpubl. data)’; ‘(field notes of G. G. Simpson, 1933, AMNH)”

All citations and taxonomic authorities, including those in the Systematic Paleontology section and figure captions,

or within figures and tables, must be included in the Literature Cited. References cited only in on-line supplementary

data should not be in the Literature Cited.

Primary order is by first author and by date. Secondary sort is by number of co-authors (two-authored referenc-
es, then three-authored references, then four, and so forth). Within that sort, ordering is by alphabetization of
junior authores, then by date (oldest first):

Lund, R 1984.

Lund, R 19852

Lund, R 1985b.

Lund, R, and P. Janvier. 1986.

Lund, R, and C. Poplin. 1985.

Lund, R, and C. Poplin. 1936.

Lund, R, and R Zangerl 1984,

Lund, R, C. Poplin, and E. Grogan 1993,

Lund, R, E. Grogan, C. Poplin, and R- Zangerl. 1985.

* Authors must verify that all references cited in the text (includling taxonomic authorities) appear in the Literature
Cited section, and that all citagions in the Literature Cited section are cited in the text and/or rble/figure captions,

Author styles, additional examples

Sues, H-D.

Thompson, W. A., 111

Smith, L L., Jr.

Use commas between all authors, and separate authors’ initials by a space.
Repeat author names, 25 shown above with the examples of ‘Lund’.

Do not use full names, just last names and initials.

Journal Article Examples

Author, 1. 2002. Article title in sentence capitulization: subtitle, if any, beginning in lower case after colon or em dash.
Alwars Spell Out Journal Name 23:152-139. [No spaces between colon, numbers, or en dash; no comma
after journal name]

Damizm, R. 2004. Cranizl anatomy and relationships of Miorgsssaurus case, 2 temnospondy] from the Middle Toassic
of South Afnica. Journal of Vertebrate Paleontology 24:333-341.

*  Use issue number only if each issue begins with page one: 25(6):1-23.

13

60



*  Avoid inchiding the leading article of journal names such as: Fiwe Journal of Ecology:
*  Use italics for genms or species in titles.
*  Separate page numbers by en dash (—), not hyphen (-)

Hou, 1. 2002. [A late Pleistocene lizard from Inner Mongolia]. Vertebrata PalAsiatica 50:88-95. [Chinesc]
Chen, G. 1991. A new genus of Caprini (Bovidae, Articdactls) from upper Phocene of Yushe, Shansi.
Vertebrat PalAsiatica 29:230-259. [Chinese 230-236; English 257-239]

*  The square brackets indicate that the article is solely or primarily in 2 non-English language, Chinese in this
example.

*  Some journals publish a full-text English translation following the article in its original language; if both Languag-
es are used, provide both citations.

Henkel, 5., and B. Krebs. 1969. Zwei Saugetier-Unrerkiefer aus der Unteren Kreide von Ufia (Prom Cuenca, Spanien).
Neues Jahrbuch fiir Geologie und Paliontologie, Monatshefte 1969:449—463.

Geruads, 1. 1994, Les gisements de mammiféres du Miocéne supérieur de Kemiklitepe, Turquie: 4.
Rhinocerotidze. Bulletin du Musewm national d'Histoire naturelle, Paris 4 sér. 16:81-95.

*  For foreign-language titles axxi names of mstitations or journzls n non-English-speaking countries, use the
accents and capitalization conventions of the foreign language, as in the above examples.

*  Titles and journal names presented in their onginal language do not require identification of the language in
square brackets, but do indicate if an English abstract is available..

Books, Dissertations, and Theses

Viba, E. S, and G. B. Schaller {eds). 2000. Antelopes, Deer, and Relatives: Fossil Record, Beharioral Ecologt, Sts-
tematcs, and Conservation. Yale University Press, New Haven, Connectcut, 341 pp.

Schatzinger, R. A. 1975. Later Eocene (Uintan) lzards from the greater San Diego area, California. M.Se. thesis,
San Diego State University, San Diego, California, 212 pp.

Saysette, . E. 1999. Postcranial estimators of body mass in pecorans with emphasis on Cagromenx (Mammalia: Artio-
dactyls). PhuD. disserzation, Colorado Smte University, Fort Collins, Colorado, 192 pp.

*  Book ttles are title capitalized, but thesis titles are sentence capitalized.

*  Spell out everything except piven names, ‘eds.’ and ‘pp.’

*  Repeat the city or country if the name is 2 part of the publisher or university: The University of Chicago Press,
Chicago, Illinois.

*  Spell out cities, states, countries (except for US.AL): Australian Museum, Sydney, New South Wales, Australia,

*  Use ‘thesis’ for bachelors” or masters’ deprees and ‘dissertation’ for doctoral degrees.

Articles in Books or Large Works

Emzy, R. ], P. R. Bjork, and L. S. Russell. 1987. The Chadronian, Orellan, and Whitevan North American Land
Mammal Ages: pp. 118=152 in M. O. Woodburne (ed.), Cenozoic Mammals of North America. University of
California Press, Berkeler, California.

Emslie, 5. I, and N. |. Czaplewski. 1999. Two new fossil eagles from the late Pliocene (late Blancan) of Florida and
Arizona and their biogeographic implications; pp. 185-198 in S. L. Olson (ed.), Avian Palcontology at the
Close of the 20th Century: Proceedings of the 4th International Meeting of the Society of Avian Paleontol-
ogv and Evolution, Washington, D.C., 4=7 June 1996. Smithsonian Contributions to Paleobiology 89.

Volumes in Edited Series
Stahl, B. J. 1999. Chondrichthyes I1I: Holocephal, in H.-P. Schultze (ed.), Handbook of Paleoichthyology, Volume 4.
Verlag Dr. Fredrich Pfedl, Muanchen, 164 pp.

Articles In Press
Zhang, J-Y. In press. New fossil osteoglossomorph from Ningxia, China Journal of Vertebrate Palecntologt.

* Forin-press book or article in edited book or semes, see examples above.

Articles as Abstracts in Symposium or Conference Proceedings

Nydam, R. L. 2002, Advances in our undersanding of the polyglyphanodontine Bzards of North America.
Joumnal of Vertebrate Paleontologr 22(3, Supplement):93A.

Software, Maps, Web Sites, and Web-based Articles
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Swofford, D. A 2003. PAUP* 4.0. Smauer Associates, Sunderland, Massachusetes.
Izetr, G. A, and | G. Honey. 1995. Geologic map of the Irish Flass NE Quadrangle, Meade County, Kansas,
TS 1:24,000. U S. Geological Surrer. Geclogical Survey Miscellansous Investigations Series Map I- 2498,
Scotese, C. R Plate tectonic maps and continental drift animatons: Late Permian Paleomap Project, Department of
Geologr, University of Texas at Adington. Avzilable at wwmscotese.com. Accessed November 8, 2004.
Janvier, P. 1997. Craniata. Tree of Life Web Project. Available at www.tolweb.org/Craniata/14826. Accessed Novem-
Der 30, 2006.

Return to main text

PHYLOGENETIC ANALYSES: BEST PRACTICES

RUNNING ANALYSES, REPORTING, AND PRESENTING RESULTS

Materials and methods

¢ Include the size of the matix (number of characters, number of taxa)

* Include a bdef descrption of the matix, if it s based on another mawix, if it 1s new; etc.

¢ Include the name of the software that vou used to build the matnx

¢ We recommend using Mesquite or MorphoBank and saving the matrix as a Nexus file (specifving the precise format),
such that all chamacters, character states and taxa are in 2 single file. You must ensure consistency in these respects be-
rween the number of characters and taxa in the manuseript and in the Supplementary file.

*  Check for unmformatre chasacters

*  Taza: use only species-gToup taxa as terminals and avoid using genera, families, clades etc. as terminals. If 2 single
specimen is used for scoring. indicate which one it is; in ¢ase Tou use one tason as representative of a clade (e.g., for
the outgroup) please indicate which tazon the scoring is based on.

*  Avoid chimaerc terminals

¢ Do not use an hrpothetical outgroup with all Os

Phylogenetic analysis: Provide a detailed methodology of the analysis
Specift the software and version used to perform the analvsis (eg., PAUP*, TNT), what kind of search vou

have done (&g, exzct or heuristic search); if you carried out 2 heuristic search, which kind of algozithm youused (e.g

TER, SPR), how many replicates, how manv hits on the shortest tree, how many trees held per replicate; calculate

branch support using Bremer (or Decar Index), bootstrap or jackknife; report if you caleulate a consensus tree and

what kind of consensus tree you report.
Exact searches: For matrices compnsing fewer than 25 taxa.
Heunstc searches: For matices comprising more than 25 taxa. A heunistic parsimony znalysis consists

of two main processes: tree building, followed br branch swapping. One round of wee building followed by

branch swapping can be called a replicate.

The two most common programs PAUP* and TNT approach these two parts a litde differentlt Report
these appropriatelr.

* PAUP*: A typical heuristic search strategy in PAUP* consists of numerous (eg., 10,000) replicates consisting
of buikling a starting tree using random additon sequence (RAS) followed by tree bisection and reconnection
branch swapping (TBR) keeping all the shortest trees in each replicate (summarized as RAS+TBR)

* A typical heuristic search smategy in TNT typically consists of fewer replicates (e.g, 1,000) of building a startng
tree (Wagner tree) using RAS, but holding only 4 few of the shortest trees per replicate. Once all the replicates are
dane additional rounds of TBR are needed (swapping on the trees in RAM) to find the final set of most parsimo-
nious trees. If this is not done your analysis will undersample the set of most parsimonious trees. [summarized as

((RAS + TBR) *~ TER)]

Additionally for parsimony analysis,
*  Are there characters with orderel/additive character states? If ves, which ones? Include the ordering in the
nexus file.

* Do the characters have the same weight? If not, explain why.

*  If implied weights have been used, specify how the k value was caleulated (Masimum parsimaony specific)

* If constraints have been used, specify the methodologr and from which paper rou took the topology (if applica-
ble) and include the constraints, preferably in the Nexus file

* If ascript is used in the phylogenetic analrsis be sure that it is available in 2 published paper. If it is a new scxpt,
it should be uploaded as supplementary material. The results of the script shounid be also added as supplemenzry
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material (see belor).

Bayesian inference analyses:

Specifr the software and version used to perform the analvsis (e.g, MrBares, RevBayes, BEAST). Specify the
model used (2.g., the Markor k-state variable model: M) and whether 2 gamma rate varation parameter was used
(recommended). Was your data partiioned? How long did you run your MCMC chain? How was convergence assessed
(split frequency cut-off value? ESS value?). What kind of summary tree are you presenting? Report the posterior
probabilities on the summary wee. If more complex models are used (25 in BEAST) be sure to provide details on all the
model specifications and priors used. In the case of RevBayes, for more complex models please consider providing as
supplementary information an image of the graphical model

Results
Maximum parsimony—report:

*  Length of the tree/s, consistency index (CI), retention index RI (rescaled consistencr index, RCI, is not re-
quired). Homoplasy index should not be reported: it is 1-C1

* Number of most parsimonious trees (APTS)

¢ If 2 consensus tree was calewlated, which kind of consensus is it*

*  Support values for all nodes (preferably on the figure)

*  When referring to synapomorphies please report unambiguous, common synapomorphies (common to both
ACCTRAN and DELTRAN optimizations); otherwise please specify.

MAKING YOUR DATA AND ANALYSIS METADATA AVAILABLE

Parsimony

Supplementary material should include the following files.

*  Full matrix in nex or .tnt format (without the trees) [mandatory; do not just provide added/modified taxa/
characters)]

*  README fike including all the steps needed to replicate the primary phylogenetic analysis and any sensitivity
or secondary analvses that were conducted [mandatorr].

*  Detailed information on the character/tason sampling (descnption of characters; changes from previous matices;
specimens used to scote; relevant literature; figures of character states; photographs of specimens) [optional]

¢ Sets of MPTS for all analyses in .tre or .ctf format {mandatorr]

*  Listof common synapomorphies in .pdf or .xxt format [optiona]]

¢ Incase of constrained analysis the wee used to constram and which nodes were constrained [mandatort]

¢ If scopts were used please provide the results of the seripts in a single pdf or .docx file [optional]

Bayesian Analysis
Please provide as Supplementary Material all files used to perform analyses. In the case of MrBayes, best
practice is to embed commands within the included nexus file,

Appendix

Matrices printed as an Appendix are not Jonger accepted, instead provide the .nex or .t file as Supple-
mentary Materal (see above)

We strongly usge authors to upload their matrices, results, and any other relevant files to MorphoBank.

Retucn to main test
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