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RESUMO

PALEONEUROLOGIA DE ANTIFER (MAMMALIA: CERVIDAE), UM CERVIDEO
EXTINTO DA AMERICA DO SUL

AUTORA: EMMANUELLE FONTOURA MACHADO
ORIENTADOR: LEONARDO KERBER

Os Cetartiodactyla terrestres surgiram na América do Norte e Europa durante o
Eoceno inicial e irradiaram-se, dando origem, dentre outros, aos Ruminantia — onde
estd incluido o grupo Cervidae. O clado Cervidae atualmente divide-se em Cervinae,
cervideos europeus e asiaticos, e Capreolinae, os cervideos americanos. A formacéao
do Istmo do Panama (Plioceno final) possibilitou a troca bidtica entre os continentes
da América do Norte e Central, e a América do Sul, onde os cervideos capreolineos
Odocoileini irradiaram-se rapidamente ap0s seu ingresso no continente. A
paleoneurologia € um ramo da paleontologia que se dedica ao estudo da evolucao
neuroldgica através do tempo. Utilizando técnicas de tomografia computadorizada, é
possivel acessar a morfologia endocraniana de espécies extintas. Na presente
dissertacéo, estudamos moldes endocranianos do encéfalo do cervideo extinto Antifer
ensenadensis (Pleistoceno final), uma das maiores formas que viveram neste
continente. Para isso, espécimes provenientes da Formacdo Touro Passo
(Pleistoceno Superior), oeste do Rio Grande do Sul, foram tomografados e modelos
virtuais da cavidade endocraniana foram gerados. Como metodologia, foi utilizada
morfologia comparada com outros cervideos, morfometria geométrica e coeficiente de
encefalizacdo. Os moldes endocranianos analisados demonstram que A.
ensenadensis possuiu um cérebro girencefélico, possuindo o seio sagital superior
saliente na superficie do molde endocraniano, além de ser anteroposteriormente
alongado e com formato romboide. A andlise de morfometria geométrica sugeriu uma
tendéncia alométrica linear entre o tamanho e a forma do molde endocraniano
cerebral e destaca A. ensenadensis como uma forma extrema dentro dos cervideos
analisados, em relacdo a morfologia cerebral. O coeficiente de encefalizacdo de
Antifer ensenadensis (0.68, Jerison, 1973; 0.63, Eisenberg, 1981) esta dentro da
variacao dos cervideos atuais (0.64 — 1, Jerison, 1973; 0.60 — 1.06, Eisenberg, 1981)
— sugerindo que o padrdo de encefalizacdo das formas sul-americanas ja estava
estabelecido pelo menos desde o final do Pleistoceno.

Palavras chaves: alometria, molde endocraniano, endocranio, Pleistoceno final,
Odocoileini
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ABSTRACT

VIRTUAL BRAIN ENDOCAST OF ANTIFER (MAMMALIA: CERVIDAE),
AN EXTINCT LARGE CERVID FROM SOUTH AMERICA

AUTHOR: EMMANUELLE FONTOURA MACHADO
ADVISOR: LEONARDO KERBER

Terrestrial Cetartiodactyla arose in North America and Europe during the early Eocene
and diversified, giving rise, among others, to the clade Ruminantia, which includes
Cervidae. Cervidae is divided into Cervinae, European and Asian deer, and
Capreolinae, the American deer. The formation of the Isthmus of Panama (late
Pliocene) enabled the biotic interchange between the continents of North and Central
Americas, and South America (Great American Biotic Interchange), where the
Cervidae radiated quickly after their arrival. Paleoneurology is a branch of paleontology
that is dedicated to the study of neurological evolution through time. Using computed
tomography techniques, it is possible to access the endocranial morphology of extinct
species. Here, we studied the brain endocast of the extinct late Pleistocene cervid
Antifer ensenadensis from southern Brazil, one of the largest forms that lived on this
continent. Comparative morphology, geometric morphometrics, and encephalization
quotients were employed to compare this extinct species with other American and
Eurasian forms. For this purpose, specimens from the Touro Passo Formation (Upper
Pleistocene), southern Brazil, were scanned, and virtual models of the endocranial
cavity were generated. The analyzed endocasts demonstrate that A. ensenadensis
had a gyrencephalic brain, showing a prominent longitudinal sinus (=sagittal superior
sinus), which is also observed in the large South American cervid Blastocerus
dichotomus. Also, the endocast is anteroposteriorly elongated and rhomboid in shape.
The geometric morphometric analysis suggested a clear and linear allometric trend
between brain endocast size and shape and highlights A. ensenadensis as an extreme
form within the analyzed cervids regarding brain morphology. The encephalization
coefficient of A. ensenadensis (0.68, Jerison, 1973; 0.63, Eisenberg, 1981) is within
the range of extant cervids (0.64 - 1, Jerison, 1973; 0.60 - 1.06, Eisenberg, 1981) -
suggesting that the pattern of encephalization of South American forms was already
established at least since the end of the Pleistocene.

Keywords: allometry, endocast, endocranium, late Pleistocene, Odocoileini
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APRESENTACAO DA ESTRUTURA DA DISSERTACAO

A dissertagéo a seguir se encontra estruturada segundo as normas do Manual
de DissertacOes e Teses (MDT) da Universidade Federal de Santa Maria e possui 0s
requisitos necessarios para obtencao do titulo de Mestre em Ciéncias Biologicas —
area Biodiversidade Animal, pelo Programa de Pds-Graduagdo em Biodiversidade
Animal da Universidade Federal de Santa Maria.

O primeiro capitulo (Capitulo 1) apresenta uma introducdo ao tema,

contextualizando-o e trazendo os objetivos da presente dissertacao.

O segundo capitulo (Capitulo 2) € composto pelos artigos cientificos que foram
produzidos a partir deste estudo. O Artigo 1 (Capitulo 2.1) intitula-se “Virtual brain
endocast of Antifer (Mammalia: Cervidae), na extint large cervid from South America”,
sendo este o corpo principal desta dissertacdo. Este trabalho traz uma analise
comparativa do encéfalo de Antifer ensenadensis, um grande cervideo extinto do
Pleistoceno da América do Sul, e espécimes atuais sul-americanos e euroasiaticos —
utilizando morfologia, morfometria geométrica e coeficiente de encefalizacdo. Este
trabalho encontra-se publicado no periédico Journal of Morphology (Qualis B2 em
Biodiversidade). Adicionalmente, o Capitulo 2.2, contém uma publicacdo dos modelos

tridimensionais gerados no artigo do capitulo 2.1.

Os materiais e métodos utilizados neste estudo estdo presentes no corpo do

artigo cientifico e, por questdes de brevidade, ndo serdao descritos neste manuscrito.

O ultimo capitulo (Capitulo 3) apresenta as consideracdes finais, relacionando
0S objetivos com os resultados obtidos, e as referéncias bibliograficas referentes ao

primeiro e terceiro capitulos.

Programa de Pds-Graduacao em Biodiversidade Animal - UFSM
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1.1 INTRODUCAO

1.1.1 Os Cetartiodactyla terrestres e os Cervidae

O clado Cetartiodactyla inclui mamiferos eutérios terrestres e semiaquaticos —
camelideos, suideos, hipopotamideos (além de outros grupos extintos), e aquaticos —
cetaceos. A sua origem e suas relacdes filogenéticas tém sido discutidas por diversos
autores (GRAUR e HIGGINS, 1994; LUCKETT e HONG, 1998; THEODOR e FOSS,
2005; AGNARSSON e MAY-COLLADO, 2008; SPAULDING et al., 2009; ZHOU et al.,
2011; HASSANIN et al., 2012; ZURANO et al., 2018; RODRIGUES et al., 2020). Os
taxons terrestres incluem formas morfologicamente e taxonomicamente diversas,
caracterizadas pela presenca de digitos pares recobertos por cascos, condicdo
paraxonica dos membros, presenca de astragalo com “dupla troclea” e pelo quarto
pré-molar deciduo possuir seis cuspides (PAULA-COUTO, 1979; EISENBERG e
REDFORD, 1999; THEODOR et al., 2005; CASSINI et al., 2016).

Cetartiodactilos terrestres surgiram na América do Norte e Europa durante o
Eoceno inicial, irradiaram-se, e deram origem a trés clados: os Suiformes JAECKEL,
1911, os Tylopoda ILLIGER, 1811 e os Ruminantia SCOPOLI, 1777 — onde esta
incluso o grupo Cervidae, que sao encontrados em todos 0s continentes, com excecao
da Antartida (HASSANIN et al., 2012). Do Oligoceno a metade do Plioceno, o clima, a
vegetacdo e a geografia global sofreram mudancas significativas, dando a
oportunidade para estes grupos irradiarem e se diversificarem, principalmente a partir
do surgimento de novas rotas migratorias na Europa, Asia e Africa (HERNANDEZ-
FERNANDEZ e VRBA, 2005; HECKEBERG, 2020). A Asia e a Africa, ao final do
Mioceno, apresentavam o clima mais arido e frio, ocasionando a troca de vegetacao:
das florestas para campos de pastagem abertos. Sucessivamente, a vegetacdo
dominante passa a ser composta por gramineas C3 e, logo apés, pelas C4. Tais
condi¢cbes favoreceram a origem, dispersdo e diversificacdo de cervideos e outros
ruminantes, fato que tem sido apontado como um fator de extrema importancia para
a evolugao desses animais (GILBERT et al., 2006; HECKEBERG, 2020).

Ao final do Plioceno, houve a formacédo do Istmo do Panama (2.5 ma; O’'DEA
et al., 2016), o que permitiu uma troca bidtica entre os continentes da América do
Norte e Central, e a América do Sul. Esse evento biogeografico € conhecido como

Grande Intercambio Bidtico Americano (MARSHALL et al.,, 1984; EISENBERG e

Programa de Pds-Graduacao em Biodiversidade Animal - UFSM
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REDFORD, 1999; TONNI e PASQUALI, 1999; WILSON e MITTERMEIER, 2011;
ODEA et al.,, 2016; Figura 1), e foi através dele que houve o ingresso de
cetertiodactilos terrestres (i.e. Tayassuidae, Camelidae e Cervidae) em nosso

continente.

Figura 1. Representacéo do Grande IntercAmbio Biético Americano. Acima, estdo os cervideos que
ingressaram a América do Sul e abaixo, os mamiferos que habitavam a América do Sul, como

marsupiais, xernartros e ungulados nativos (entre outras linhagens).

Dentre os Cetartiodactyla terrestres, o clado Cervidae € o mais diversificado
(GROVES, 2007; Figura 2). Esses ruminantes sdo caracterizados pela presenca dos
digitos Il e IV como principais eixos de sustentacdo dos membros, e reducédo dos
digitos Il e V, presenca de denticdo selenodonte, auséncia de incisivos superiores,
cranio apresentando dois forames lacrimais, uma fossa lacrimal, uma vacuidade pré-
orbital e apresentado de galhadas, sua caracteristica mais emblematica (REIS et al.,
2011; HECKEBERG, 2020; Figura 3).

Programa de Pés-Graduacdo em Biodiversidade Animal - UFSM
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Figura 2. Diversidade de Cervidae. A. Mazama americana (Autor: Bernard Dupont:
https://commons.wikimedia.org/wiki/File:Red_Brocket_(Mazama_americana) male_(28091090800).jp
0); B. Mazama nana (Autor: Luiz Carlos Marques Rocha:
https://commons.wikimedia.org/wiki/File:Mazama_nana_2.jpg); C. Ozotoceros bezoarticus (Autor:
Fabio Rage: https://commons.wikimedia.org/wiki/File:O._bezoarticus_buck.jpg); D. Cervus elaphus
(Autor: Bill Ebbesen: https://commons.wikimedia.org/wiki/File:Red_deer_stag 2009 denmark.jpg); E.
Blastocerus dichotomus (Autor: Jonathan Wilkins:
commons.wikimedia.org/wiki/File:Cervo_do_pantano.jpg); F. Axis axis (Autor: Yathin S Krishnappa:
https://commons.wikimedia.org/wiki/File:2010-kabini-chital-portrait.jpg); G. Mazama gouazoubira
(Autor: Miguel Rangel Jr.:
https://commons.wikimedia.org/wiki/File:Brocket_deer_Mazama_gouazoubira_Santa_fe_do_Sul_1.jpg
); H. Odocoileus hemionus (Autor: Yathin S Krishnappa: https://commons.wikimedia.org/wiki/File:2012-

mule-deer-male.jpg);

Uma das primeiras classificagdes de Cervidae foi feita por naturalista anglo-
irlandés Victor Brooke em 1878, a partir de caracteres morfolégicos, em que dividiam
o clado em Plesiometacarpi — cervideos europeus e asiaticos (“Velho Mundo”), que

incluem os elementos mais proximais dos metacarpais Il e V; e Telemetacarpi —
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cervideos americanos (“Novo Mundo”), onde séo incluidos aqueles que possuem
apenas o elemento mais distal dos metacarpais Il e V (BROOKE, 1878; GOSS, 1983;

HECKEBERG, 2020; Figura 3).

D

forame
vaculdad
o%al tzﬁ lacrimal

fossa lacrimal

ayséncia de
Incisivos supenores

p&ﬁg.ﬁ;@%g’;'

ve}

Plesiometacarpalia

Telemetacarpalia

oo

Figura 3. Principais caracteristicas osteologicas de Cervidae. A. Membro anterior de
Plesiometarcapalia; B. Membro anterior de Telemetarcapalia; C. Esqueleto do Cervo-do-Pantanal
(Blastocerus dichotomus); D. Cranio de B. dichotomus apresentando algumas das caracteristicas

anatémicas do clado.
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Brooke ainda indicou a existéncia de uma correlacdo entre a presenca da
condicdo morfologica Telemetacarpalia e a presenca de uma divisdo completa da
cavidade nasal pelo vbmer (BROOKE, 1878; CROITOR, 2018). Entretanto, de acordo
com GROVES e GRUBB (1987), tais grupos, como definidos por Brooke, ndo
representam linhagens monofiléticas. Logo, Plesiometacarpi e Telemetacarpi ndo sao
validos de acordo com as normas do Codigo Internacional de Nomenclatura Zooldgica
(ICZN; GILBERT et al., 2006; CROITOR, 2018). Atualmente, aceita-se que o clado
Cervidae divide-se em Cervinae, cervideos europeus e asiaticos, e Capreolinae, 0s
cervideos americanos, de maneira similar a divisdo entre Pleisiometacarpi e
Telemetacarpi, entretanto definidos como clados monofiléticos (GILBERT et al., 2006;
CROITOR, 2018; HECKEBERG, 2020; Figura 3). O primeiro possui dois clados menos
inclusivos (Cervini e Muntiacini) que contém oito géneros, e 0 segundo, mais diverso,
inclui quatro clados (Capreolini, Odocoileini, Rangiferini e Alceini) contendo 11
géneros (HECKEBERG, 2020).

1.1.2 Cervideos Sul-Americanos e o género Antifer

Os cervideos foram os unicos ruminantes a distribuirem-se nos biomas
tropicais e subtropicais da América do Sul durante o Grande Intercambio Bi6tico
Americano (MARSHALL et al., 1984; EISENBERG e REDFORD, 1999; TONNI e
PASQUAL, 1999; GILBERT et al., 2006; WILSON e MITTERMEIER, 2011; O'DEA et
al., 2016). Apos sua chegada no continente, esses animais sofreram uma irradiacédo
adaptativa, o que pode ser observado a partir da diversidade morfolégica das espécies
extintas e viventes, bem como da variabilidade de habitats em que eles estéo inseridos
atualmente (GILBERT et al., 2006). Esse processo se deu principalmente a partir do
Pleistoceno Médio, quando o registro fossilifero se torna mais abundante (MENEGAZ
e ORTIZ-JAUREGUEZAR, 1995; ALCARAZ e CARLINI, 2003; OLIVEIRA et al., 2014).

Os cervideos viventes da Ameérica do Sul, pertencentes ao clado Odocoileini
(Capreolinae), incluem os géneros Mazama RAFINESQUE, 1817, Pudu GRAY, 1852,
Hippocamelus LEUCKART, 1816, Blastocerus ILLIGER, 1815, Ozotoceros
LINNAEUS, 1758 e Odocoileus RAFINESQUE, 1832 (OLIVEIRA et al., 2014; ROTTI
et al., 2018; HECKEBERG e WORHEIDE, 2019) (Figura 3). Entretanto, € importante

mencionar que pode haver uma diversidade genérica ainda maior, uma vez que
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Mazama tem sido reconhecido como polifilético e suas espécies estdo posicionadas
filogeneticamente em dois clados de Odocoileini — Blastocerina e Odocoileina, o que
sugere houveram duas colonizac¢des sul-americanas, sendo a primeira pelo ancestral
de Blastocerina (Plioceno inicial — 4.9-3.4 ma) e a segunda pelo ancestral de Mazama

americana e Odocoileus virginianus (Plio-Pleistoceno; HECKEBERG, 2020).

Hyemaschus aquaticus

Figura 3. Relagbes filogenéticas de Cervidae. O clado Odocoileini (de maior interesse aqui) esta

detalhado em nivel de espécie e o restante estd em nivel de género (Modificado de HECKEBERG,

2020; Fig. 12.).
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Por sua vez, o registro paleontologico sul-americano inclui diversos taxons
extintos, como Antifer AMEGHINO, 1889 (1.2 ma), Charitoceros HOFFSTETTER,
1963 (1.8 ma), Morenelaphus CARETTE, 1922 (0.5 ma), Epieuryceros AMEGHINO,
1889 (1.2 ma), Agalmaceros HOFFSTETTER, 1952 (1.8-0.8 ma) e Paraceros
AMEGHINO, 1889 (0.5 — 0.2 ma; OLIVEIRA et al.,, 2014; ROTTI et al.,, 2018;
HECKEBERG e WORHEIDE, 2019). Antifer representa, juntamente com
Epieuryceros, um dos cervideos mais antigos do continente (MENEGAZ e ORTIZ-
JAUREGUIZAR, 1995). Esses taxons extintos tém sido incluidos em Odocoileini
(MENEGAZ e ORTIZ-JAUREGUIZAR, 1995). Contudo, cabe-se ressaltar a que as
relacdes filogenéticas dos cervideos extintos sul-americanos com as formas viventes
ainda ndo foram estudadas utilizando metodologia cladistica.

Antifer é caracterizado por possuir galhadas robustas e largas, com sulcos
longitudinais ao longo da superficie e com ramificacdes dicotbmicas e irregulares,
alcancando até 90 cm de comprimento (CASTELLANOS, 1945; FORASIEPI et al.,
2007; ALCARAZ, 2010). E considerado um cervo de grande porte, assemelhando-se
ao Cervo-do-Pantanal (Blastocerus dichotomus; FORASIEPI et al., 2007). Trés
espécies foram incluidas no género: A. ultra AMEGHINO, 1888 (Pleistoceno Médio e
Superior do Uruguai, Argentina, Chile e Brasil; ALCARAZ e ZURITA, 2004; UBILLA et
al., 2004; KERBER e OLIVEIRA, 2008; AIRES e LOPES, 2012; PEREIRA et al., 2012;
VALLI, 2018), A. ensenadensis AMEGHINO, 1888 (Pleistoceno Inferior a Superior da
Argentina; ALCARAZ e CARLINI, 2003; ALCARAZ, 2010; VALLI, 2018) e A. niemeyeri
CASAMIQUELA, 1984 (Pleistoceno Superior do Chile; CASAMIQUELA, 1984). Essa
altima foi identificada com sinénimo janior de A. ultra por LABARCA e ALCARAZ
(2011; VALLI, 2018).

1.1.3 Paleoneurologia e Tomografia Computadorizada

A paleoneurologia € o ramo da paleontologia dedicada ao estudo da evolucéo
neuroldgica através do tempo. Os tecidos do sistema nervoso ndo sao preservados,
pois rapidamente se decompde apos a morte do animal. Portanto, a paleoneurologia
nao trabalha diretamente com estes tecidos, mas através de impressdes/contornos
internos que foram deixadas nos 0ssos (possibilitando a confeccdo de moldes

endocranianos “artificiais”), ou, mais raramente, com a sedimentacdo que preenche
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as cavidades (moldes endocranianos “naturais”). Tais moldes sao a simulagdo mais
proxima de como esses elementos do sistema nervoso seriam morfologicamente
(HOPSON, 1979). A forma que os moldes endocranianos possuem, refletem,
principalmente, a anatomia da dura-mater — camada mais espessa e fibrosa das
meninges que envolvem o sistema nervoso (HOPSON, 1979; KONIG et al., 2016).

Os primeiros estudos paleoneurolégicos ocorreram ainda no final do século XIX
(e.g. OWEN, 1875; MARSH, 1884). Entretanto, a paleoneurologia, como area do
conhecimento cientifico ganhou forca a partir das primeiras décadas do século XX,
com o memoravel trabalho realizado paleontodloga Tilly Edinger (1897-1967; Figura 4;
vide BUCHHOLTZ e SEYFARTH, 1999). Essa cientista investigou dados neurolégicos
de forma sistematica e comparativa, diferenciando-se dos estudos realizados até o
momento (que eram majoritariamente descritivos), documentando tendéncias entre
representantes de grande e pequeno porte de arcossauros nao-avianos,
lepidossauros (e.g. EDINGER, 1955a), aves (e.g. EDINGER, 1951) e principalmente
mamiferos (e.g. EDINGER, 1933, 1939, 1940, 1942, 1948, 1950, 1955b, 1966a,
1966b). Seus estudos baseados em equideos se tornaram a base para futuros
estudos sobre evolucdo dos sulcos cerebrais, relacbes de tamanho encefalico e
tamanho corporal, e de mudancas nas estruturas do encéfalo e corporais (EDINGER,
1929; 1948; 1950; BUCHHOLTZ e SEYFARTH, 1999). Por exemplo, Edinger
estabeleceu um principio de ndo-correlacao entre mudancas encefalicas e corporais,
a partir da observacdo da expansdo do neocértex de equideos durante o Eoceno,
antes do aumento corporal tipico do clado, que ocorreu a partir do Oligoceno
(EDINGER, 1958; BUCHHOLTZ e SEYFARTH, 1999).
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Figura 4. Tilly Edinger em Frankfurt, na década de 1920. Retirado de BUCHHOLTZ e SEYFARTH,
1999.

O encéfalo dos vertebrados, principal érgéo do sistema nervoso central, possui
uma organizagdo uniforme e segmentada, sendo repartido em trés regibes bem
definidas: o prosencéfalo — que se divide em telencéfalo (bulbos olfatérios e cértex) e
diencéfalo (onde se localiza o epitdlamo, talamo e hipotdlamo), mesencéfalo
(localizado a regido istima) e rombencéfalo — que divide-se em metencéfalo (localiza-
se o cerebelo e a ponte) e mielencéfalo (medula oblongata; ROTH e DICKE, 2013;
Figura 5). Durante a evolu¢cdo do encéfalo de grande parte dos mamiferos, é
evidenciado que o encéfalo aumenta em tamanho relativo (entretanto, é importante
mencionar que existem diversas excec¢des), com excecdo do sistema olfatorio, que
parece ser mais plastico. Além disso, existem regiées (neocortex e cerebelo) em que
0 crescimento ocorre mais rapido em relacdo as outras partes, resultando em uma
alometria (=relacdo entre tamanho e forma) positiva (ROTH e DICKE, 2013). Nas
formas atuais, é observado que o neocértex ocupa uma grande parte do encéfalo
(KAAS, 2013). Por outro, a condicdo plesiomérfica evidencia a presenca de um
neocortex reduzido em relacao ao tamanho total do encéfalo, e os bulbos olfatérios e
lobo piriforme ocupando maior parte do prosencéfalo. Tais caracteristicas da evolucao
do encéfalo, como suas principais divisdes e variacdes de tamanho relativo ao longo
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do tempo, podem ser estudadas através do uso de moldes endocranianos (ORLIAC e
GILISSEN, 2012). Em suma, € possivel analisar caracteristicas que estdo
representadas na morfologia externa do encéfalo. Esses estudos possibilitam
reconstrucdes anatdbmicas em busca por caracteres de relevancia filogenética,
estudos morfométricos, interpretacbes sobre a evolucdo dos sistemas
neurossensoriais e cognitivos de animais extintos, entre outros (e.g. ROWE et al.,
2011; ROTH e DICKE, 2013; AHRENS, 2014; NAPOLI et al., 2017; PIERCE et al.,
2017; BERTRAND et al., 2018; RODRIGUES et al.,, 2018). Por outro lado, a
informacéo morfoldgica das regides internas do encéfalo ndo é acessivel na maioria

dos casos para a paleoneurologia.

LIV
Vi, V2), VI

Figura 5. llustracdo do encéfalo de Odocoileus virginianus. A. vista lateral com subdivisbes. di
Diencéfalo, me Mesencéfalo, mi Mielencéfalo, mt Metencéfalo, pr Prosencéfalo, ro Rombencéfalo. tl
Telencéfalo; B. vista dorsal; C. vista lateral; D. vista ventral com descricbes anatdmicas: sa sulco
ansato, bo bulbos olfatérios, ce cerebelo, pfl parafléculos, fr fissura rinal, he hemisfério cerebelar, Ip
lobo piriforme, mo medulla oblongata, ne neocértex, po pediculo olfatério, qo quiasma 6ptico, rh regiao
hipofisiaria, sc sulco coronal, scr sulco cruciato, sd sulco diagonal, sl sulco longitudinal, sla sulco lateral,
ss sulco suprasilviano, st sulco transversal, ve vermis.
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Nos ultimos anos, devido ao desenvolvimento de tecnologias capazes de
visualizar e analisar fésseis digitalmente através de escaneamento e softwares de
renderizacdo de modelos tridimensionais (CUNNINGHAM et al., 2014; DAS et al.,
2017), tornou-se possivel o estudo das cavidades endocranianas de maneira ndo-
invasiva (ROWE, 2017). A tomografia computadorizada tem como principio gerar
inUmeros cortes virtuais bidimensionais do féssil, onde é possivel conecta-los e formar
uma reconstrucgdo tridimensional da area de interesse (e.g. encéfalo, cavidade nasal,
ouvido interno, entre outros; CUNNINGHAM et al., 2014). O uso destas tecnologias
amplia significativamente o conhecimento sobre as informacfes anatdomicas dos
fésseis e viabiliza o compartilhamento de dados, possibilitando analises das mais
diversas formas, inclusive de fésseis considerados raros e com preservacgdo fragil
(CUNNINGHAM et al., 2014; DAVIES et al., 2017; DAS et al., 2017).

Embora o conhecimento sobre a evolucdo neuroldgica em mamiferos extintos
tenha aumentado significativamente desde o advento da tomografia computorizada
aplicada ao estudo dos fésseis (e.g. ROWE, 1996; MARINO et al., 2003; BLOCH e
SILCOX, 2006; TSENG e WANG, 2010; ROWE et al., 2011; KOYABU et al., 2014),
até entdo ndo havia estudos paleoneurolégicos publicados de cervideos sul-

americanos.
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1.2 OBJETIVOS

1.2.1 Objetivo Geral

O presente estudo tem o objetivo de reconstruir virtualmente um modelo do
encéfalo do cervideo extinto Antifer e estudar sua morfologia em compara¢do com

cervideos viventes.

1.2.2 Objetivos Especificos

i) Descrever e comparar a morfologia do molde endocraniano do encéfalo de
Antifer ensenadensis em comparagdo com outros cervideos;

i) Testar o efeito do tamanho do encéfalo na forma do encéfalo (alometria) de A.
ensenadensis;

i) Analisar o tamanho relativo do encéfalo utlizando coeficientes de
encefalizagéo.
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1 | INTRODUCTION

Leonardo Kerber'%* ©

Abstract

A diverse fossil record of Cervidae (Mammalia) has been documented in the South
American Pleistocene, when these animals arrived during the Great American Biotic
Interchange. Using computed tomography-scanning technigues, it is possible to
access the endocranial morphology of extinet species. Here, we studied the brain
endocast of the extinct late Plelstocene cervid Antifer ensenadensls from southem
Brazil, one of the largest forms that lived on this continent, using comparative mor-
phology, geometric morphometrics, and encephalization quotients, The analyzed
endocasts demonstrate that A ensenadensis had a gyrencephalic beain, showing a
prominent longitudinal sinus (=sagittal superior sinus), which s also observed in the
large South American cervid Blastocerus dichotomus, The encephalization quotient is
within the variation of extant cervids, suggesting maintenance of the pattern of
encephalization from at least the late Pleistocene. Geometric morphometric analysis
suggested a clear and linear allometric trend between brain endocast size and shape,
and highlights A, ensenadensls as an extreme form within the analyzed cervids regard-
Ing brain morphology,

KEYWORDS
allomatry, endocast, endocranium, late Pleistocene, Odocollein|

Gelfo, Chornogubsky, Woodburme, & Martin, 2012, Marshall
ot al, 1984; O'Dea ot al, 2016 Tonnl & Pasquak. 1999), Mainly after

Corvidae Is a clade within Cetartiodactyla, which contains Cervinae
and Capreolinae. The former includes two less inchusive clades con-
taining elght genera of European and Asian forms, while the latter
Inchudes four Amerlcan clades Inchuding Odocolleinl, which is of major
Interest here) containing 10 genera (Gutidrrez et al, 2017; Heckoberg,
Erpenbeck, Worhelde, & Rossner, 2016). Cervids are the only rurmid-
nants recorded In both tropical and subtroplcal environments of South
Amarica (Elsenberg & Redford. 1999 Wilson & Mittermeser, 2011),
The first representatives of this dade arrived In South America in the
early Pletstocene during the Great American Biotlc Interchange (Goin,

Journal of Marphatigy, 2020,1 <18,

wileyonkowbracy com/Journal/jmor

the middle Plelstocene, the South American Odocolleinl unvderwent
an adaptive rxSation {Alcaraz & Carfind, 2003; Menegiz & Ortize
Jaureguizar, 1995  Oliveira,  Ribelro, Ximenes, Viama, &
Holanda, 2014},

The extant South Amerlcan Odocolleinl Includes the genera
Mazoma  Rafinesque, 1817, Pudy  Gray, 1852, Mippocomelus
Leuckart, 1816, Blostocerus llliger, 1815, Ozotoceros Linnaeus, 1758,
and Odocolfeus Rafinesque, 1832 (Gutiérrez et al, 2017; Heckeberg
ot al, 2014), Meanwhile, the fossil record Is composed of the genera
Antifer Ameghino, 1889, Charitoceros Holfstetter, 1963, Morenelaphus

© 2020 Wikey Perlodicals LLE T 1
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Carette. 1922, Epieuryceros Ameghino, 1889, Agalmaceros
Hoffstetter, 1952, and Paraceros Ameghino, 1889 (Alcaraz, 2010;
Menegiz & Ortiz-Jaureguizar, 1995). Menegéz and Ortiz-
Jaureguizar (1995) included those extinct taxa in Odocoieini
(Capreolinae). However, it is important to note that the phylogenetic
relationships of these extinct cervids have not been studied to date
using cladistic methodology.

Antifer is an extinct cervid characterized by wide and robust ant-
lers that are more laterally positioned on the skull when compared to
other Odocolleini and reach up to 60 cm in length (Alcaraz, 2010;
Castellanos, 1945), The antlers have longitudinal suld on the surface
and dichotomic ramifications (Castellanos, 1945), According to Alkca-
raz (2010), two species are included In this genus: Antifer wultro
Ameghino, 1889 and Antifer ensenadensis Ameghino, 1888, which are
recorded in early/late Pleistocene of southern South America
(Uruguay, Asgentina, Chile, and Brazil; Aires & Lopes, 2012;
Alcaraz. 2010, Alcaraz & Carlini, 2003; Alcaraz & Zurita, 2004;
Casamiquels, 1984; Kerber & Oliveira, 2008; Labarca & Alcaraz, 2011;
Pereira, Lopes, & Kerber, 2012; Ubllla, 2004), It is important to note
that a taxonomic review of this genus s required since most diagnos-
tic features are related to the antlers, which can be ontogenetically
variable, The large size of the fossil specimens assigned to this genus
suggests that Antifer is among the fargest cervids that inhabited South
America (Menegaz & Ortiz-Jaureguizar, 1995).

With the advance of technologies for visualizing and analyzing
fossils using computed tomography {CT) and rendering software, it is
now possible to noninvasively analyze the internal cavities of the
skull of extinct species (Cunningham. Rahman, Lautenschlager.
Rayfield, & Donoghue, 2014; Das, Murmann, Cohen, & Raskar, 2017).
The use of these approaches has increased the knowledge on the
paleoneurology of extinct species significantly through anatomical
reconstructions (Bertrand, Amador-Mughal, & Silcox, 2016; Orliac &
Gilissen, 2012; Pierce, Willams, & Benson, 2017) and morphometric
studies (Ahrens, 2014; Bertrand. San Martin-Flores, & Silcox, 2019:
lurino et al, 2015), as well as general interpretations of patterns and
modes of neurological diversification through time (Rowe, 1996;
Marino, Uhen, Pyenson, & Frohlich, 2003; Bloch & Silcox. 2006;
Tseng & Wang, 2010; Rowe. Macrini, & Luo, 2011; Ordiac &
Gilissen, 2012; Koyabu et al, 2014, Dozo & Martinez, 2015;
Femnandez-Monescillo et al.. 2017, Bertrand. Amador-Mughal, Lang,
& Silcox, 2018; Rodrigues et al, 2018, among several others). How-
ever, data on the neuroanatomy and encephalization of extinct
cervids are still quite scarce (Czyzewska, 1982; Palombo, Kohler,
Moya-Sola, & Giovinazzo, 2008), which is especially true for the
South American forms. Hence, in this paper, we present the first
approach to the study of the brain endocast of the extinct cervid
A ensenadensis from the late Pleistocene of southem Brazil. Specifi-
cally, our study aims to (a) describe and compare the morphology of
the brain endocast of A ensenodensis to other cervids; (b) describe
the beain endocast shape and test the effect of brain size on the brain
shape (= allometry) of A. ensenadensis in comparison to other cervids
using 3D-geometric morphometrics; and (¢) analyze the relative brain
size using encephalization quotients.

2 | MATERIAL AND METHODS

21 | Location and geological remarks

The two fossil specimens of A, ensenadensis analyzed here were found
in Touro Passo Creek, southemn Brazdl, in the 1990 by Edisen Vicente
Oliveira (U-4922:; supporting Information 1, Figure S1A: Table S1)
(Oliveira, 1999) and in the 1970s by Miguel Bombin (MCN-PV 943;
supporting information 1, Figure S1B) (Bombin, 1974}, In this creek,
Upper Pleistocene outcrops of the Touro Passo Formation are
exposed (Bombin, 1976). The deposit has fluvial origin, consisting of
sandstones, mudstones, and conglomerates (Oliveira & Kerber, 2009).
The available numerical ages obtained by thermoluminescence,
carbon-14, accelerator mass spectrometry, and electron spin reso-
nance dating ranged from 43 to 10 ka (Kerber et al, 2011; Kerber, Pit-
ana, Ribelro, Hsiou, & Ofliveira, 2014; Kotzian, Simbes. Da-Rosa, &
Milder, 2005; Milder, 2000; Miller, 1987).

22 | Specimens, scanning procedures, and 3D-
modeling

Two specimens (U-4922 and MCN-PV 943) assigned to A. ensenadensis
weere studied using 3 medical CT scanner. Specimen U-4922 preserves
the posterior portion of the cranium, but the region anterior to the
ortit is missing. It presarves the base of the right antler (supporting
Information 1, Figure S1A). Specimen MCN-PV 943 preserves the dor-
sal aspect of the posterior portion of the cranium. The basicranium, as
well as the region anterior to the orbit, are missing due to fragmenta-
tion {supporting information 1, Flgure $18). However, it comprises both
antlers, which show diagnostic traits of this taxon (Ribeiro &
Scherer, 2009).

For comparison, we also scanned skulls of sefected South Ameri-
can, North American, and Eurasian cervids (supporting information 1,
Table S1). All comparative specimens were adult males, except for
specimen MCN 2965, a young individual of undefined sex. The taxo-
nomic identification of the comparative specimens follows the collec-
tion labeling. Anatomical nomenclature of the endocast follows Dozo
and Martinez (2015) (Figure 1), which is modified from other sources,

The specimens were scanned using a Philips Brilllance 16-Slice
CT scanner {scanner settings in supporting information 1, Table $1).
The raw scan data were exported from the scanner computer in
DICOM format. Segmentation of the endocranial cavity of each speci-
men was performed using the software Avizo 8.1 in order to generate
the 3D models. The 3D models of the brain endocast of A

densis are available In Fontoura, Ferreira, Bubadué, Ribeiro, and
Kerber (2020).

23 | Geometric morphometrics

Based on Bertrand et al. (2019), we used Landmark Editor (Wiley
et al, 2005) to position 13 homologous landmarks on the left side of
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FIGURE 1 Anatomical nomenclature of brain endocasts. as, ansate sulcus; ceh, cerebellar hemisphere; crs, cruciate sulcus; ¢s, coronal sulcus;
ds, diagonal sulcus; hr, hypophyseal region; hyf, cast of hypoglossal foramen; lam, cast of internal auditory meatus (exit of cranial nerves VIl and
VIII); tos, longitudina! sinus; Is, lateral sulcus, mo, medulla oblongata; ob, olfactory bulb; och, optic chiasm; of, cast of optic foramen (exit of cranial
nerve ll); op, olfactory peduncles; pf, paramedian fissure; pfl, paraflocculus; pl, pyriform lobe; rf, rinal fissure; sof, cast of sphenorbital fissure {exit
of cranial nerves NI, IV, V1 and V2. VI); ss, sylvian sulcus; ovf, cast of oval foramen (exit of cranial nerve V3); ts, transverse sinus; ve, vermis
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FIGURE 2 Brain endocast of Blastocerus dichotomus (3. dorsal, b, lateral. and ¢, ventral views) showing the location of the 13 landmarks used
In the geometric morphometrics analyses (Modified from Bertrand et al,, 2019). 1. Anteriormost point of olfactory bulb; 2, Dorsalmost point of
the offactory bulb; 3. Lateraémost point of the olfactory bulb; 4, Inferior fossa of the olfactory bulb; 5, Confluence of the dreular and sagittal
fissure; 6. Lateral constriction of the offactory bulb; 7. Bifurcation of the optic nerves; 8. Dorsalmost point on endocast; 9. Confluence of the
sinuses; 10. Posteriormost point of the vermis; 11. Lateralmast point on endocast; 12. Sylvian fossa; 13, Anteriormost point on the neocortex

()

the cranial cavity endocast 3D models (Figure 2). We chose not to use configuration to the left side of the endocast. We performed a gener-
landmarks on the ventral posterior region of the endocast because alized Procrustes analysis in order to rotate, translate. and scale our
MOCN-PV 943 does not preserve that area. Due to deformations on raw landmark configuration to obtain the Procrustes shape coordi-
the right side of specimen U-4922, we limited owr landmark nates (Zelditch, Swiderski, & Sheets, 2012). From this procedure, we
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extracted the brain endocast size, recorded as centroid size (= square
ract of the sum of the squares of the distances from the landmarks to
thelr centroid) and shape, as Procrustes coordinates (Zelditch
et al, 2012) (supporting information 2).

We evaluated the overall shape variation and the position of U-
4922 and MCN-PV 943 in relation to other Cervidae species using
principal component analysis (PCA).. We also evaluated the brain
endocast shape vs. size of A ensenadensis in relation to other cervids.
This was done in order to understand bow size impacts shape varia-
tion within the Cervidae brain and to estimate If the shape of
A ensenadensis is in accordance with what is expected within an inter-
specific allometric slope of shape change in relation to size, All geo-
metric morphometric analyses were performed in the R statistical
computing environment using the software package ‘geomorph”
(Adams & Otarola-Castilio, 2012),

24 | Encephalization and body mass

The analysis of the relative size of the brain endocast was carried out
using the encephalization quotients {(EQ) developed by Jerison (1973}
[EQ = EV/0.12xBM™)| and Eisenberg (1981) [EQ = EV/
(0.0553 x 8M°‘")] (BM, body mass; EV, encephalic volume). The vol-
ume of the endocast [EV: mm°®) was converted to brain mass (g) by
the division of the volume by 1.05 (Bertrand & Silcox, 2016;
Falk, 2007; Hofman, 1983),

The body mass of the extant and extinct cervids used for the EQ
calculation was estimated following Janis (1990) using the variable
occipital height (OCH), We applied the linear regression of the OCH
(slope = 0.315, Intercept = 0.234, r* = 0.854) because this portion of
the cranium is preserved In U-4922, and it reflects the body size of
the extant cervids. To standardize the data used in the EQ equations,
we applied the same equation for the extant comparative specimens,
producing body mass estimates similar to the mass variation
expected for those spocies (supporting information 1, Table S2),

2.5 | Quantification of surface areas and volume of
the endocast

The neocortical surface area was estimated based on Jerison {2012),
in which the rhinal fissure delimits the separation between the paleo-
and neocortex, excluding the superior sagittal sinus (Orfac
et al., 2014). The percentage of neocortical area in relation to the
total area of the endocast was calculated with and without the olfac-
tory bulbs, following Jerison (2012) and Long, Bloch, and Silcox (2015)
(supporting information 1. Table 53). We also calculated the area and
volume of the olfactory bulbs in relation to the total area and volume
of the endocast, respectively. Geomagic Editor was used to delimit
the areas and volumes of the endocast in order to make the percent-
age calculations. Additionally, we provided linear measurements and
ratios (taken according Dozo & Martinez. 2015 and Bertrand &
Sllcox, 2016; supporting information 1, Table 54).

26 | Institutional abbreviations

MAMM, Museu Anchieta de Ciéncias Naturais, Porto Alegre, Brazik
MCN. mammal coflection of the Mastozoology Sector of the Museu
de Giéncias Naturais do Rio Grande do Sul {MCN), Secrotaria do Meio
Ambiente e Infraestrutura (SEMA), Porto Alegre, Brazitk MCN-PV,
paleontological collection of the Paleontology Section of the
MCN/SEMA, Porto Alegre, Brazil; U, paleontological collection of the
Universidade do Vale do Rio dos Sinos (UNISINOS), Sao Leopoldo,
Brazil.
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FIGURE 3  Virtual brain endocast inside of the transparent skull
of extinct and extant cervids. (a) Antifer ensenadensis (U-4922);

(b) Antifer ensenadensis (MCN-PV 943); (c) Cervus elaphus (MCN
3312}, (d) Axis axis (MCN 3310); (¢) Blastocerus dichotomus (MCN
3009} (f) Ozotoceros bezoarticus (MAMM 0099); (gl Mazama nana
(MCN 3493). Scale-bar = 50 mm
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3 | RESULTS reconstructed. but not the cerebellar region and nerves on the ventral

portion of the endocast. Although MCN-PV 943 lacks some regions, the
3.1 | Comparative morphology of the brain neopallium morphology was better preserved in this specimen.

endocast of A. ensenadensis

311 | General remarks

After applying the methodology to reconstruct the brain endocast of
A ensenadernsls, two endocasts were generated (Figures 3-5). From speci-
men U-4922, it was possible to reconstruct the entire endocast (Figure 4},
while for specimen MCN-PV 943, which does not preserve the basicranial
region, only the dorsal portion of the endocast was reconstructed
(Figure 5). Casts of the olfactory bulbs and cerebral hemispheres were

(a)

FIGURE 4  Antifer ensenadensis, brain
endocast {U-4922), in dorsal {a), ventral (b), right
lateral (c), and left lateral (d) views. Scale-bar:

10 mm. crs, cruciate sulcus; he, hypophyseal
region; hyf, cast of hypoglossal foramen; iam,
cast of internal auditory meatus; mo, medulla
oblongata; ob, olfactory bulb; of, cast of optic
foramen (exit of cranial nerve I1); op, olfactory
peduncles; pfl, paraflocculus; pl, pyriform lobe;
rf. rhinal fissure: sof, cast of sphenorbital fissure ve
(exit of cranial nerves I, IV, V1 and V2 VI); ss,

sylvian sulcus; ovf, cast of oval foramen {exit of

cranial nerve V3); ve, vermis

The endocasts studied here show a gyrencephalic pattem. In relation
to the comparative specimens (Figures 3, 6-8), the brain endocast of U-
4922 (dightly more elongated than MCN-PV 943) Is anteroposteriody
elongated, as in Axis axis [Figure 7g,h), and different from the pattern
observed in Ozotoceros beroorticus, which shows an anteroposteriordy
more compressed endocast (Figure 8a-f). In dorsal view, the brain endo-
cast of A ensenadensis {U-4922) has 3 rhomboid outine. In contrast,
0. bezoarticus (Figure Ba-f) and Mazama nono (Figure 6gh) have a
rounded outline, and Cervus elaphus (Figure 8gh). Blastocerus dichotomus
{Figure 7a-f}, and A axis [Figure 7gh} are more quadrangular,

(b)

op—

_of (I

sof 9
(i, v, vi-2, vi)

ovf (V3)~

—— hyf (XII)

sof
(o, v, vi1-2, Vi)

—pl

ovi (V3)
_— iam (VII, VIII)

—hyf (XI1)
—=mo
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In some cervids, the temporal region of the cerebral hemispheres
Is more developed than the occipital portion {e.g., A. ensenadensis
MCN-PV 943, M. nana, Mazama americana, Mazama gouazoublra, and
C. elaphus; Figures 5, 6 and Bgh).

312 | Rhinencephalon

The brain endocast of A ensenadensis has a well-marked rhinencepha-
lon, as in other cervids. The pyriform lobe in extant cervids and
A ensenadensis is ventrally delimited by the posterior region of the
rhinal fissure,

The pyriform lobe of A, ensenadensis (U-4922) s not as developed as
the temporal-occipital region of the cerebral hemisphere. However, it
forms a small salient feature on the endocast, which is anteroventrally ori-
ented, differing from other species of cervids, in which it is ventrally orl-
ented {eg. A axis Figure 7gh; C elophus, Figure 8gh and
M gouaroubiva, Figure 6a-¢) or posteroventrally  oriented
(e.g., M. americano. M. nana. Figure 6d-t O, bezoarticus, Figure 8a-f; and

FONTOURA EY AL

FIGURE 5 Antlfer ensenadensis, brain
endocast MCN-PV 943), in dorsal {a), ventral
[b), right lateral (c), and left lateral (d) views.
Scale-bar: 10 mm. as, ansate sulcus; ceh,
cerebellar hemisphere; crs, cruciate sulcus; cs,

oA coronal sulcus: ds, diagenal sulcus: los,
longitudinal sinus; Is. lateral sulcus; ob, olfactory
bulb; och, optic chiasm; of, cast of optic foramen
{exit of cranial nerve Hf; op, oifactory peduncies;
i, rhinal fissure; ss, sylvian sulcus: ts, transverse
sinus; ve, vermis

los

8 dichotomus, Figure 7a-f), In MCN-PV 243, the pyriform lobe is not
completely preserved,

The olfactory pedundle Is short and robust, and does not present
a marked circular fissure, Both specimens are similar; however, in
MCON-PV 243 the olfactory bulbs are more robust and anteriorny efon-
gated than in U-4922. In addition, in U-4922 they are located more
ventrafly than in MCN-PV 943, and the olfactory penduncle is more
inclined. The olfactory pendiucle of A. ensenodensis is short and is dis-
tinct from M. americana (Figure 6d-f) and C. elaphus (Figure 8gh), in
which this structure is more elongated.

The olfactory budbs are individualized and located ventrally on
the anteriormost region of the endocast (Figures 4-5). In all cervid
species analyzed in this study, the olfactory bulbs are slightly later-
ally oriented, They are ventralty oblique in relation to the horizontal
axis passing through the brain endocast, such as in A axis (Figure 7g.
h), M. gouazoubira (Figure 6a-¢), and O. bezoarticus (Figure 8a-f). In
contrast, B. dichotomus (Figure 73-f), M. americana, M. nana
(Figure éd-h), and C. elaphus (Figure Bg-f) have more horizontally
orlented bulbs.
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FIGURE 6 Diversity of brain endocast
morphology of comparative extant cenvids, in
dorsal (a, d, g). lateral (b, e, h), and ventral (c, f, I}
views. a-¢, Mazoma gouazoubira (MCN 3000);
d-f, Mazama americana (MCN 2975); g-h,
Mazama nana (MCN 3493). Scale-bars = 10 mm

313 | Neopallium

It was not possible to reconstruct the surface of the brain endocast of
U-4922 with peecision. The neocortical sulci cannot be distinguished
properly. However, in MCN-PV 943 the surface was reconstrocted
with more detail (Figure S},

The longitudinal sinus (=superior sagittal sinus) is visible on the
sagittal line of the brain, dividing the cerebral hemispheres. In MCN-
PV 943, dorsally, this sinus is the most prominent structure of the
dorsal region of the endocast, as in B. dichotemus (Figure 7a-f). In its

RSO Wiy |

(c)

posteriormost region, the sinus divides into two structures
comresponding to the transverse sulci.

Like in other cervids, the rhinal fissure is visible anteriorly in spec-
imen MCN-PV 943 (Figure 5), showing a deep and anteroposteriorly
oriented sulcus. However, C. elaphus (MCN 2312) has a shallow rhinal
fissure (Figure 8g.h.

There s a slope on the anterior region of the neopallium that is more
accentuated in U-4922 than in MCN-PV 943, In MCN-PV 943 (Figure 5),
it is possible to observe the cruciate sulcus, which runs anterolaterally, as
in other mammals (Dozo & Martinez, 2015; Kuhlenbeck, 1978).

Programa de Pés-Graduacdo em Biodiversidade Animal - UFSM



FONTOURA, E. 2021. Paleoneurologia de Antifer (Mammalia: Cervidae),

um grande cervideo extinto da América do Sul

33

“LwiLey- R

(a) (b)

(d) (e)
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The ansate sulcus is dorsally positioned on the anterior region of
the endocast. It is deep and anteriorly confluent with the coronal sul-
cus, which is laterally oriented. The ansate sulcus in U-4922 is deeper
than in MCN-PV 943, The coronal sulcus is continuous and is conflu-
ent with the ansate sulcus, as in other mammals (Kuhlenbeck, 1978)
In Iateral view, we observed that the diagonal sulcus is parallel to the
suprasylvian sulcus. The suprasylvian sulcus delimits the temporal
lobe. In the dorsal view of the neopallium, the lateral sulcus is paratled

9
9
9
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FIGURE 7 Diversity of braln endocast
morphology of comparative extant cenvids, in
dorsal (3, d, g). lateral (b, e, h), and ventral (c, f. 1}
views. a-¢, Blastocerus dichotomus (MCN 3009}
d-f, Blestocerus dichotomus (MAMM 0160); g-h,
Axis axis (MCN 3310). Scale-bars = 10 mm

to the median line of the brain. It is shallow and extends across the
entire dorsal surface of the neocortex.

In the posterior region of the cerebral hemisphere, the cerebra of
Mazame spp. and O, bezoarticus present radial convolutions (Figures &
and 8a-f), while Antifer and the other comparative species show no
such pattern.

In all specimens, the mesencephalon is covered by the
neocortex,
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314 | Cerebellum

The cerebedlar region is better preserved in U-4922 than in MCN-PV
943. However, it is possible to observe the posteriormost region of
the vermis in MCN-PV 943 (Figure 5).

The cerebellum is partially covered by the neocortex. It is com-
posed of a central vermis, more prominent dorsally, and two lateral cer-
ebellar hemispheres, which are poorly marked. In dorsal view, the
vermis is the most prominent structure of the cerebefium, while the
paramedian fissures are shallow.

The transversal fissure is not visible in U-4922, but it is well mar-
ked in MCON-PV 943 and comparative specimens, The parafloccular

(@)

FIGURE 8 Diversity of brain endocast
morphology of comparative extant conads, in
dorsal (a, d, g), 1ateral (b, e, h), and ventral (c, f, i)
views. a-¢, Ozotocerus bezoarticus (IMCN 2965);
d-f, Ozotocerus bezoarticus (MAMM 0099); g-h,
Cervus elophus (MCN 3312). Scale-bar: 10 mm

N WiLey- L

cast is evident on the ateral surface of the cerebellar region but is not
well delimited,

3.1.5 | Cranial nerves and brainstem

The cast of the foramina represents the impression of nerves and ves-
sels associated with the brain. The impression of the optic foramen
(exit of cranial nerve I} is present on the antesior region of the ventral
face of the endocasts, and it Is more clearly visible in MCN-PV
943, which preserves the chiasma, In our sample, A. ensenadensis has
the smallest distance between the chiasma and olfactory bulbs, while

(b) (©
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! v ¢ o respectively) are plotted in refation to specimen 9. 3D model and
: ' " represents shape changes from the smallest (left, 12) to the largest
(right, 1. Antifer ensenadensis) individual. 1. Antifer ensenadensis (U-
(d) .- pe i 4922); 2. Antifer ensenadensls (MCN-PV $43); 3, Axis axis (MCN
J * 3 o~ 3310}; 4. Blastocerus dichotomus (MAMM-0180); 5. B. dichotamus
(MCN 3009); 6. Cervus elaphus (MCN 3312); 7. Mazama americana
! RV J (MCN 2975k 8. Mazama gouazoubira (MAMM-0123);
: - 9. M. gouazoubira (MCN 3000); 10. Mazama nana {MCN 3493); 11,
- ; Ozotoceros bezoarticus (MAMM-0099); 12. O, bezoarticus {MCN 2965)
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FIGURE 9 Scatter plots of PC1 versus PC2, PC3, and PC4. Brain
endocast deformations (left side in dorsal, ventral and lateral views,
respectively) are plotted in relation to the 3D model of specimen 9
and they represents the mean at the extreme positive and negative of
each principal component. 1. Antifer ensenadensis (U-4922); 2. Antlifer
ensenadensis (MCN-PV 943); 3. Axis axis (MCN 3310f; 4. Blastocerus
dichotomus (MAMM-0160); 5. B. dichotomus [MCN 3009); . Cervus
efaphus (MCN 3312); 7. Mazama americana (MCN 2975); 8, Mazama
gouazoubira (MAMM-0123); 9. M. gouazoubira (MCN 3000); 10.
Mazama nana {MCN 3493); 11. Ozotocerus bezoorticus (MAMM-
0099} 12. Ozotocerus bezoarticus (MCN 2965)

M. nana and M. americana (Figure 6d-h) have the greatest distances
(supporting information 1, Table S4).

In U-4922, posterolaterally to the impression of the CN |I, there is
the impression of the sphenocbital fissure, which in  terrestrial
cetartiodactyls transmits the oculomotor (CN 1), trochlear [CN VL

ophthalmic {CN V1) and maxillary (CN V2] branches of the trigeminal
(CN V), and abducens {CN V1) nerves (Oriac & Gilissen, 2012). Posterior
to the sphenorbital fissure, there is the cast of the oval foramen that
transmits the third branch of the trigeminal nerve (CN V3, Orfac &
Gilssen, 2012).

The cast of the hypophysis (=pituitary gland) is located at the mid-
fine of the ventral surface of the endocast between the casts of the
sphenorbital fissure and the oval foramen (Figure 4). Antifer
ensenadensds (U-4922) has a smaller hypophysis length-to-width ratio
In our sample, compared to C. elaphus. which shows the highest ratio
{supporting information 1, Table 54).

Posterolateral to this region, there is the impression of the inter-
nal auditory meatus, a passage for the facial {VIl) and
vestibulocochiear (VIIl) nerves. The cast of the hypoglossal nerve (XII)
is located laterally to the medulla oblongata (Figure 4).

The brainstern (medulla oblongata) is long, forming a rod at the
base of the brain endocast (Figure 4).

3.2 | Geometric morphometrics results

The first four principal components of shape cumudatively explain
73.43% of total shape variance, PC1 explains 31.56%: of shape varlance
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(Figure %a) and positions U-4922 (Figure 9, number 1) and MCN-PV
943 (Figure 9, number 2) in the same region of the PC1 axis (negative
scores), while other cervids such as Mazama spp. and O. bezoarticus
(Figure 9, numbers 10, 11) show extreme positive scores on the same
axis. Cervids with negative PC1 scores have a brain endocast that is
anteraposteriorly elongated, dorsoventrally compressed, and laterally
wide. The olfactory tract is elongated and the dorsal profile of the endo-
cast is less convex than in specimens with positive PC1 scores, Cervids
with positive PC1 scores have the opposite features (Figure 9a). PC2
(20.39%) suggests clear shape differences between U-4922 {Figure 9,
number 1; positive score) and other cenids {negative scores). The brain
endocasts with lower PCZ scores are anteroposteriorly more elongated
than those with positive PC2 scores, which are anteroposteriorly com-
pressed and dorsoventrally expanded U-4922. in refation to other
cervids, has @ more robust brain endocast, especially in the ventro-dorsal
plane (Figure 9b). For PC3 (10.95%). the A ensenadensis specimens are
closely clustered (negative scores). Positive PC3 scores apply to A axis
(Figure 9, number 3), M. americana (Figure 9, number 3), and
Q. bezoarticus (Figure 9, numbers 10, 11), Cervids with lower PC3 scores
have anteroposteriory elongated brain endocasts. more robust olfactory
bulbs, and a cerebellar region that projects slightly posteriorly. Cervids
with positive PC3 scores have the opposite features (Figure 9¢). For
PCA {10.53%), U-4922 shows values near zero (but negative), being
comparable especially to B, dichotomus (Figure 9, number 4}, MCN-PV
943 has a similar score to B, dichotomus (Figure 9. number 5), but more
toward the extreme negative of the plot. At the positive end of the axis,
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FIGURE 11  Bivariate plots (log) of brain mass versus body mass
(ak neocortical surface versus total endocranial surface (b). The
identification of the dots is the same as the Figure 9
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the specimen of M. nana (Figure 9, number 10} is isolated from the other
taxa (Figure 9¢). PC4 positions U-4922 and MCN-PV 943 in the same
region of the axs [negative scores), while other cenvids such as
C elophus, A axis (Figure 9, number 6), and M. nana (Figure 9, number
10) show extreme positive scores, Cervids with lower PC4 scores have
a dorsoventrally expanded endocast when compared to those with posi-
tive PC4 scores (Figure 9d).

The allometric slope for the endocast is strong and significant,
with size explaining 28.5% of brain shape variation {R® = 0.285,
F = 3.996, p < 001). Antifer ensenadensis {Figure 10, numbers 1 and 2)
is shown at the positive extremes of this plot. Overall, the allometric
pattern of the sampled cervids shows that the increase in brain endo-
cast size (centrold size) is associated with a proportional expansion of
the cerebral hemispheres, along with a more fateral positioning of the
olfactory bulbs {Figure 10).

3.3 | Encephalization quotients and brain size

The estimated volume of the brain endocast of the Antifer specimen
U-4922 is 313,327.96 mm". We estimated the body mass of Antifer
as 206 kg Based on this mass, its EQ is 0.68 using the Jerison (1973)
equation, and 0.63 using the Eisenberg {1981) equation. These values
are within the range of the comparative extant cervid EQs
(Figures 11a and 12: Table 1, supporting information 1. Table 52). The
highest EQs are present In M, nana and M. gouazoubira, and the lowest
In B. dichotomus, followed by A. ensenadensls.

The olfactory bulbs represent about 1.9% of the total volume of
the brain endocast in U-4922, and represent 7.39% of the total sur-
face area (Figure 13; Table 1, supporting information 1, Table 53).
Ozotocerus bezoarticus (MAMM 0160) presents the highest olfactory
bulb volurmne percentage in relation to other cervids (2.94%: Table 1,
supporting Information 1, Table $3), which represents 8.20% of the
total endocast surface area, followed by A. axis (2.84% in volume, and
9.11% in surface area; Figures 11 and 13),

In general, there is no evident variation in the neocortical surface
area of the specimens here analyzed (Figure 13). Nevertheless, the
neocortical surface area of A, ensenadensis is the smallest in relation
to the other analyzed taxa (35.35%; Figure 13; Table 1, supporting
information 1, Table $3). On the other hand, M. gouazoubla presents
the widest surface area of the sample (37.72%; Figure 13}. The brain
mass and the neocortical surface area increase proportionally in rela-
tion to the body mass and total endocranial surface in our sample,
respectively {Figure 11a-b).

4 | DISCUSSION

The neurosensorial evolution of extinct South American Cenczoic
mammals (e.g. notoungulates, caviomorph rodents, xenarthwans, and
primates) has been studied using natural or artificial brain endocasts
(usually produced with latex; Dechaseaux, 1958, 1962; Dozo, 1987,
1994, 1997: Dozo, Vucetich, & Candela, 2004; Patterson, 1937;
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Radinsky, 1981) and more recently using virtual endocasts (Aristide
et al, 2019; Boscaini et al, 2018; Ferndndez-Maonesallo et al., 2017;
Ferrelra, Negrl, Sinchez-Villagra, & Kerber, 2020. Tambusso &
Farina, 2015a, 2015b). Although terrestrial cetartiodactyls are a con-
spicuous component of the mammalian fauna of this continent
(Menegdz & Ortiz-Jaureguizar, 1995), no paleoneurological data have
been provided to date. In this regard. this paper presents the first
comparative paleoneurological study of South American cervids.
Antlfer ensenadensis has a gyrencephalic brain endocast, like in all
other species we analyzed here {see also Czyzewska, 1982 and
Palombo et al. 2008 for endocast morphology of European extinct

Body mass (kg
L 250

TABLE 1 Amalyzed specimens and summary of main data

Body Brain

Specimens Taxa mass (kg) mass (g)

U-4922 Antifer 20693 2984
ensenodensls

MCN 3493 Mazama nana 1812 7786

MCN 2975 Mazama americana 18,50 69.56

MCN 3000 Mazrama 2788 8743
gouazoubira

MCN 3312 Cervus elaphus 197.28 3228

MCN 3310 Axds aws 8289 187.9

MCN 3009 Blastocens 105,54 1751
dichatomus

MCN 2965 Ozotoceras 21.22 7241
bezoarticus

MAMM 0160 Blastocerus 14605 2218
dichotomus

MAMM 0099  Ozotoceras 30.80 104.2
bezoarticus

MAMM 0123  Mazama 29.07 1178
gouazoubira

cervids), showing a prominent longitudinal sinus, which is also
observed in the large South American cervid B. dichotomus, Also,
Intraspecific variation in the brain endocast is recorded, both in
extinct and extant forms, for which we have more than one specimen
in our sample, For example, in A, ensenadensis the endocast of MCN-
PV 943 shows more developed olfactory bulbs than in U-4922. On
the other hand, U-4922 Is anteroposteriorly more elongated than
MCN-PV 943 (Figures 4-5), In the extant comparative specimens,
both adult males of B. dichotomus have similar endocasts, and the
most significant difference between them is the superior sagittal sinus
of MCN 300%, which is more developed than in MAMM 0140

quotionts
ns 0y 09
-
.
LR
FIGURE 12 Phylogenetic relationships
> {based on Heckeberg et al., 2016 and Gutiérrez
et al,, 2017) of the taxa analyzed here, body
v mass, and encephalization quotients. The
A phylogenetic position of Antifer ensenadensés
was not studied using cladistic methodology,
A and for this reason, it is represented by the
dashed line. Black circles are the EQs of
Jerison (1973) and gray ones are
: Eisenberg (1981). Other data are complled in
the Table 1 and supporting information 1,
Table 52
Jerison  Eisenberg  volume (%) area (%)
0.68 063 190 35.35
091 099 240 3722
0.8 087 275 3566
077 081 250 37.60
0.76 o7 210 3728
0.79 078 284 37.53
0.63 061 237 36.60
0.76 as2 2438 3613
0.64 06 213 37.15
0485 09 294 3594
1.00 106 253 37.72

Programa de Pés-Graduacdo em Biodiversidade Animal - UFSM



FONTOURA, E. 2021. Paleoneurologia de Antifer (Mammalia: Cervidae),
um grande cervideo extinto da América do Sul 38

FONTOURA €7 AL

R WiLey =

(Figure 7a-f). In Ozotocerus bezoorticus, the young specimen of inde-
terminate sex (MCN 2965) has a more anteriorly projected anterior
lobe and mare poorly developed superior sagittal sulcus in comparison
to the adult (MAMM 0099 Figure 8a-f]. The young specimen has a
greater neocortex and olfactory bulb area in refation to the total area
of the endocast compared to the adult (supporting information 1,
Table S3). In general, the analyzed endocasts show similar morphol-
ogies. but subtle differences among them are present,

Considering the size variation of cervids, by applying geometric
morphometrics we were able to identify morphological tendencies
unbiased by scale factors, which allowed us to compare the A
ensenadensis’ brain endocast to other cervids in a more controlled
way. The comparative approach of geometric morphometrics
evidenced a clear and linear allometric trend between brain size and

FIGURE 13 Comparison of neocortical
(green) and bulbs (blue) surface of the endocast
of Antifer ensenadensis and other cervids, in
lateral view. (a). Antifer ensenadensis (U-4922)
(b). Blastocerus dichotomus [MCN 3009); {c). Axs
axis [MCN 3310); (d}. Mazama americana (MCN
2975}, (e). Mazama gouazoubira (MCN 3000); {f).
Ozotoceros bezoarticus (MAMM 0099 (g).
Cervus elaphus (IMCN 3312); (h), B. dichotomus
(MAMM 0180); (i). Mazoma nana (MCN 3493);
(). M. gouazoubira (MAMM 0123 (k).

0. bezoarticus (MCN 2965)

shape in our data. This was expected, as strong allometry was also
fourd in the overall skull shape of cervids (Merino, Milne, &
Vizcaine, 2005). In our case. the largest South American cervids, such
as A. ensenadensis and B. dichotomus, are closer to the Cervini A. axis
and C claphus than to their closer relatives Odocoileini, sharing
expansion of the cerebral hemispheres and more laterally positioned
olfactory bulbs. Interestingly, A. ensenadensls shows the extreme vari-
ations of the analysis, as expected within a strong allormetric trend, as
itis the largest South American species sampled.

The body mass estimate performed to calculate the
encephakzation of A. ensenadensis indicates that this species was one
of the largest cervids that inhabited South America, surpassing the
largest extant South American forms. B. dichotomus and Odocorfeus
virginionus, with a simifar body mass to the cervids from the northern
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hemisphere, such as Cervus elaphus (Figure 12). A body mass of more
than 200 kg is much higher than previous estimates for Antifer (50 kg,
Farlfa. Czerwonogora, & Giacomo, 2014; 120 kg, Vizcaino, Cassini,
Toledo, & Bargo, 2012), which is in accordance with it having a larger
skull than that of extant forms.

Our results suggest that the relative brain size of A enser

previous interpretations of the relative brain size of cervids (Merino
et al, 2005; Wemmer & Wilson, 1987), demonstrating that smaller
species have higher EQs than larger species.

Charges in encephalization through time, such as an increase in
the endocranial volume under the selective pressure of predators and
competition, or stabilization/reduction (negative or neutral selection)

Is expected for extant cervids with similar skull dimensions
(Figures 11 and 12). In comparison with the available data on
encephalization in other extant cervids and terrestrial cetartiodactyls
(Orllac & Gilissen, 2012; their Table S7 and references theredn), the
EQ of A. ensenadensis is within the variation {or close to that) of repre-
sentatives of most clades (Figure 14), Considering this sample, excep-
tions are found In comparison to hippopotamids. which seem to have
2 low EQ, and tayassuids, for which available data are limited (see also
Finarelli, 2011 for estimates of the relative brain size of
cetartiodactyls based on skull measurements). Other extinct cervids
with EQs available show values similar to the extinct species, such as
Dicrocerus Lartet, 1837 from the Neogene of Europe (EQ: 0.96;
Jerison, 1973), The insular Pleistocene cervid Candiocervus Kuss, 1975
from Crete shows only minor changes in relative beain size in comparl-
son to other insular mammals, such as the bovid Myotragus Bate,
1909, which shows a reduced relative brain size {Palombo
et al, 2008]. However, it does show a reduction in the size of the orbit
and foramen magnum.

The EQ of A, ensenadensis is simifar to extant forms, which sug-
gests a maintenance of the pattern within the clade, at least over the
last ~40 ka (late Pleistocena). This Is in accordance with the presence
of complex continental environments and communities with trophic
relationships in the Pleistocene of South America (Prevosti &
Vizcaino, 2006) that require complex brain structures involved In vigi-
lance and the mobility of ungulates (Palombo et al. 2008), Data on
the encephalization of the early South American cervids are necessary
to analyze changes that could have occurred In Pleistocene times, In
the extant comparative forms, the results for encephalization follow

FIGURE 15  Artistic reconstruction of the lifestyle and brain
morphology of Antifer ensenadensis from southem Brazil.
Reconstruction of the antlers is based on the specimen MCN-PV 943,
Art by Marcio L Castro

b}
1.8
1.6
E 14
g2 ”
z 2t
= 1.0
-
—; 0%
=
z 0.6
= FIGURE 14 Box plot of the
4 E encephalization quotient
02 {Eisenberg. 1981) of extant terrestrial
50 Cetartiodactyla and the extinct
’ B ] 52 = 3 B g 3 Fl Antifer ensenadensis. The data on the
- - ] - - - -2 - -
s H 3.% = 3 - & ; § EQ is based on Orliac and
& o S g ) $§ %i i 8 Gilissen (2012: their Table 7 and
g ~ = * £ = references cited therein} and this
= study
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in the cases of the absence of predators, domestication, and/or fosso-
rial lifestyles (among others), have been documented in several mam-
malian groups (Bertrand et al., 2018; Dunbar., 2009; Jerison. 1973:
Kohler & Moya-Sola, 2004, Kruska, 2005; Palombo et al., 2008; Wes-
ton & Lister, 2009). However, few studies have analyzed changes in
mammalian encephalization during the Cenczoic of South America
(Dozo & Martinez. 2015; Ferndndez-Monescillo et al, 2017; Ferreira
et al,, 2020), It is hypothesized that, before the Great American Biotic
Interchange, the predatory pressures were distinctly different {low)
when compared with the moment after the arrival of the placental
camivores, which are more active predators (Ferndndez-Monescillo
et al, 2017; Ferreira et al,, 2020). Cervids, other ungulates, and large
carnivorous mammals arrived In South America at a similar time and
evolved in paralied over the last 2 million years. Further studies investi-
gating cerebral changes associated with the factors mentioned above
are necessary to better understand the evolution of the sensory sys-
tems of the mammals that inhabited this continent with a complex
geological and biological history.

5 | CONCLUSION

In this paper, the brain endocast of the late Pleistocene extinct cervid A
ensenadensis (Figure 15} from southern Brazil was studied through com-
parative morphology. geometric morphometrics, and encephalization
quotients, Our results show that this large cerdd, which could have
reached about 200 kg In body mass. had a brain morphologically similar
to the extant forms, which show a linear allometric trend between size
and shape. The pattern of encephalization of extant South American
cendds was already established during the late Pleistocene.

In the future, a2 multidisciplinary study on the interaction between
the endocranial morphology and the cranial shape, including more
specles and a phylogenetic approach, can potentially reveal interesting
morphological integration patterns in this group. Further studies on
the ontogeny and sexual dimorphism of extant forms, as well as the
description of endacasts of other extinct taxa, are necessary for a bet-
ter understanding of marphological variation, encephalization, and the
functional implications for morphological change in the brain of these
mammals that have been inhabiting the South American continent
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Figure S1. Analyzed crania of Antifer ensenadensis. A. U-4922: B. MCN-PV 943, Scale-bar =

10 cm.
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Figure S2. Lincar measurements {modified from Dozo & Martinez, 2015). Abbreviations:
CRMW. cerebrum maximum width; PITW, pituitary (hypophysis) total width; PITL, pituitary
(hypophysis) total length: OCOB, optic chiasma length to olfactory bulbs; OW, olfactory bulbs
width; TL, total length; CLW, cerebellum width: CLML, cerebellum maximum length:
CRML, cerebrum maximum length; CRMH, cerebrum maximum height: OL, olfactory bulbs

length; OH, olfactory bulbs height.
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Taxa Collection N® Voltage Amperage  Pixel siee Slice
mumber slices KV} (mAS) thickness

Antifer ensenadensis MON-PY 943 216 1241 171.17 (146 (L6
Antifer ensenadensis L-4922 448 120 356087 .62 (L3
Mazama nana MCN 3403 248 1201 171.17 0.23 63
Mozanmg americang MOCN 2975 2T 1 240 171,17 023 163
Marzawma gowazoubira MCN 3000 320 120 17117 0,24 63
Mazama gouwazoubira BANMM 0123 330 124 191.63 0,27 .63
Ozotocerns bezoarticus MOCN 2065 240 1241 171.17 (IR LY (63
Crzotacerus bezoarticus MAMM (U EEl] 1200 171.17 (.53 63
Blastoceus dichotomis MCN 3008 404 120 17117 027 (i3
Blastoceus dichotomus AANM 060 553 120 191.63 .64 (.63
Cervus elapfis MOCN 3312 f3Z (el 17117 (140 (X%
AXix iy MM 3310 4 120 171.17 (1,30 163

Table 51. Analyzed specimens and computed tomography (CT) scan parameters
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Dceipital . .
Specimens Taxa Body mass acoarding Height :‘_‘:Ill'ﬂ;:::i :;H.:::.ll:id El EL)
P 5 to the literature (CWCH) rmm) [-:‘EI' o 58 eon Eisciberg
R Antifer lIIkg (Vizcafno.
Li-424% . Cassini, Toledo, & Bl 2055 29E 4 [LhE .63
ensenadensis B; Ay
g, 2002y
- - 15 kg (Merine, Milne, -
MCN 3493 Muzan ning & Vizcuino, 2005) atal 1812 77.8A 1491 0,494
MCN 2075 Mazama 30-40 (kg) (Duarte & 37.86 1550 69,56 08 0.7
GRIEFICAR Vogliott, 200 6&)
Ve 1125k (Black-
MM 3000 e Decima & Vogliot, 4308 2T RR 2743 077 051
gouazoubira
20016)
126.2-186.1kg
MCN 3312 Cervus elaphng {Klinkhamer et al TRTH 19728 ERR] 076 o7
R
MCN 3310 Axcis axis 7258 'I‘E.;:]"“”"F' 6072 K289 1879 0.79 0.78
TOO1 50 kg (Dnsarte,
MON 2009 Blastocerys  Vareln, D, Piovezmn, (3,52 105.54 175.1 063 061
dichoromiis Beccaceci & Garcia,
2001 6)
{rolareras 0 kK {Mering, Milne,
MCMN 206 ) . 3057 2.2 ¥ . .
MCN 2055 Pe o rTiciis & Yizcaino, 2005) 953 ! 1241 0.76 082
TO0- 130 kg (Duarte,
- I F q
AMM (60 Blastocerss Vareln, D1, Piovezan, 7258 146,05 218 .64 .6
dicforomis Beccaceci & Garcia,
2016
zotoreras 0 kg i Merine, Milne, 1.
MANMM (0 P—— & Vizcaino, 2005) dd A3 K] 1042 (LS 09
Macoma 11-25kg [ Black-
MAMM (3123 . Decima & Voghotn, 4305 .07 1178 1 106

penzoudire

2001 6)

Table 52, Specimens, body and brain mass data, and encephalization coefficients,
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Table 83, CQuaniification of the orea and volume of the molyzed emdnensts.
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-4 1864 14 20000 - 1LO0GATOT e+ 3742523 2e+001
3777648 0e+000 <2771 7 148e+001 3.092100Te+001
6. 335311 Qe -2 395590064000 3. 3034 35%+0}
-4 434761 e+ 3048821 Te+00) 52163227+
-4 352970 e+MM) -3.0456020e+HN 9.6519363e+H01
-4 1321 39T 400000 - 1. 750184 2e4+001 11321 10%e+002
3044792 2o+ 00 -4 6TA9400e+00  1.3023055e+W)2
2752041 6e+001 -8, 73T4096c+HNH) 95542 244e+001
LAIE650 e+0 ] -2, 1630302e+001 4845303 2e+001
3.5428505+6) -2, TH534T5e+H00 29059807 e+KH
1D = Blastocerus dichotomus (MCN 3009y

LM3=13

1338933 3e+001 -3.41 13358 e+001 3. 75305404001
1.6326458e+001 -3.744 161 6e+001 4273501 0e+MH
26583954e+0010 -3.05491 52e+001 4928237 5e+001
3015641 Ze+ 000 - 1. 143274 8e+001 6.6 180786+
3.7996550e+000 -3, 172057 2e+001 5.2456425e+001
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Supplementary data and results of geometric morphometrics
analyses

Supplementary Data L. 3D geometric morphometrics coordinates positioned in the left side of
the braincast for each specimen in TPS format

LM3=13

-4 5632530+ 120008560+ 9070441 4e+M0]
-4 3T043 3 e+ 000 1.0TE9T2 304001 BO5ER005e+00]
-5, 2309583 c+001 1.34538234c+001 8.040580Tc+001
-2 02285844000 223067864001 62234207 e+001
-2680224%e+001 1.3323026e+001 7.9545]1 20e+001
-4 5462290e+H001 1,601 7319+ 7.5935480e+001
-2 8306393e+000  1.964699e+001 2 5374802+
74143486+ -3 43L2T00e+H] 23847061 e+HMWI
-0.54TT3T e+ -3 347556 Te+H001 -2.6610846e-+001
4 ORIG0ERe+ 000 -3.0001325e+01 -3 E72070%4e+001
4,405 T2Te+001 -2.6563282c+001 -5, 144472 1e-001
-4 472244 34000 2.6256652e+000 5.643 | 835e+001
-3 803348 5e+000 1.3793327e+001 5.1313026e+M0
1D = Antifer ensenadensiy (L-4922)

LM3=13

-3 BRS4336e+001 -5.028650 e+001 3.024945 | e+001
4 16154 1de+Mr -4 37501 T3e+M0 2.22605006e+K
-5, 2720940+ -3.961 3041+ 26972153 Te+001
A 12667 Le+00] -2.00226]1 Te+01 2.E7E1203e+001
277001 49de+000 -3, 2482 19Te+HM 21491 7 T9%e+001
-4 IR6E26 4000 -3 90T TORe+001 1952817 2e+(00
-3.2972588e+001 3093607 2e+000 25367 T08e-+M0]
L2321 254000 1.051 36The+HI -4.581 [ 6638c+M
-L6566906e+00] 3 59826 Ge+00] -4 56037 20e+001
-1.9344 1 T0e+M 6. 203379 c+000 -4 4862885c+HM1
-5.9204008: 4000 1602246 | e+001 -3. 7892731 e+001
4708921 Re+001 -2.3254820e+001 5.5013275e-+HMWN)
-3 5582390c+001 -3, 7430092e+M  1.937T008e+HH
1D =Antifer ensenadensis (MCN-PY 943)

LM3=13
=LO5998TEe+01 -1 185007 2e+M01 -1.911473 1e+M
61,41 891 1 0e-+000 - 1,0849594e+001 -8, 171001 4e-+HHx
2334236002 -3 20770604000 -7, 130994 e+ (K0
-1 7102390e+001 9.838069%:+000 7.2440338-00]
LIT1I07T54e+000 -5.695 1 BE5e+HMWN) -5 3051 300c-+000
-5.063827 e+ -2.50354 22+ - 1. 234872 Be -+
-1.6619465e+001 2.2943350e+001 1.4665985c+001
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2.3276962e+001 -2 8296663e+01 5389046 e+
48921695 Te+M -1.6T609] Be+ MK} 7952803 3e+MH
T0209885e+000 -2.623408 240010 137421 2004002
B.53961 T3e+000 -2, 2504684e+001  1.5052780e-+002
LOB36123e+001 -2.023790%-001 1,7315372e+002
4.9360886e+001 -1.7303328e+001 1. 286383 3e+002
2396943 Te+001 -2.1732155e+001 7.31 16470+
1. 4166608e+001 -2.3731940: 4001 4.97T8454e+001
1D = Cervus elaphus (MCN 3312)

LM3=13
3.396415Te+000 -7.9599552e+000) -2.4203724e+001
6.46334 1 2e+000 -1, 100381 Se+001 -1.5430340c+001
1. 1652756e+001 -6.31157 ] Ge-+0H) -1.6508026e+001
1. B696HA04e-001 603308 3Ee-+000 -4 BE9495He+000
2 AR6O03Ee-002 -8 BO550] [es000 -1.5369560e<00]
66699600+ -7.27 1672 Te+MM) -7.77743 1 5+ N}
-0, 3252795001 1, 4890349e+001 1,204151 2e+001
2. 2605104 #0060 - 153073700+ 3 4027214+
=2 439005%e+000) -4, 525681 Se+000 4.6231 750+
-2 6AR5486c+000 T 461501 6e+000 63588 To4e+001
253EE 1 Bde+00] 65158490+ 3324724 6e+001
061516954000 -1 A8 143T8e+000 2, 1700502 e+
A9 16IRDSeNN) -9 406 14320000 - 102247 1S ]
1D = Mazama americana (MCN 2975)

LM3=13
TO2986T Ge-+MN) -3, 285604 1e+00 -1.080019Te+002
TOARTTER Lo -3 5534405000 - 100092 Te(W12
L616515Te+0] -2 E8T93743e+00] -9.93035] 5e+001
BARERI00e-001 -1.7617239e+001 -8.6825684e+001
16121030+ -3 38091 20+ -9.62 ] 3448e-+01]
LAOTEYTE le+00] -2.792777 1le+001 -9.041075 1 e+
-2 57286460001 -9 506401 1e+000 -7 1443054 e+001
-2 708263 de+0M) -4 6202004e-+01 -4.322243le+01
321 19780+ -3 458294 3c+HH -2.6401 B0de-+HM01
-2.94225] Zew(WW) -2.0TO8EE Te+{MH -5.9375000c +({M
2829847 Te+00] -2.2735403e-+001 -4, 1627235+
1. 397988 le+001 -2.698T 1904001 -7 820163 Te+1
6.87246] Je+HK) -3.5099] 20400 -9 5257 706e-+001
1D = Mazama gowazoubiva (MAMM-0123)

LM3=13

054462294000 - | 5589555+ -7 9688 TOhe -+
B.B072348e+ 000 - 1631 [483e+001 -7.3453484e+001]
149771 16e+001 -1.2092788e+001 -7.4874626c-+001
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3.761503%9+000 524299 4e-001 -6.010509%9e+001
1.2909] S8e+00) - 1. 33908 2%+ -H.954403 Te+N1
102644 20e4+001 -1.3733306e+001 -6.76 1083 6e+001
4.97060060e+000 8359 [E5Ze+000) -4.8207320e+001
5. 209888 5e+000 - 1,703 196Te+001 -1.3431 1 6de+001
£.9786 1 58e+000 -0.975 2220+ 2.960] G6Ge-(H1]
B.2204275e+000 3.0979738e+000 1.2885986e+001
FRA2111 2e+001 3. 01295099-+000 -2 26387 20e+001
1.3329674e+001 -9.5228082e+K) -5.72985920e+01
602921 30e+000 -1 494 0866e+0 -7.0836685c+001
1D = Mazama gowazeubiva (MOCN 3000}

[LM3I=13
6.434306Te+000 -7, 14 1437 5e+000 - 1.4 1 1 8745e+001
B 152 19689e+000 -9 3608500+ - 1011130+
1. 284822 5e+001 -5.7 163258+ -6. | 9TO093e 4000
20527220e+000 7.6106935e+000 5. 126961 Te+MH)
1384 8039+000 -9, 641 TSR0+ -7.6571 1 50+
1130383 Te+001 -6.207 703 4e #0000 -3 415055 5e-+000
2058197 5e+000  1.53359430e+001 1.7939728e+001
4371621 1e+0D -1.6T5579 e+000 4.362921 e+
3. BETOHA20e+000 -4.930246Te -+ 5.6166TE2e+001
48519669+ 5.9733405c+MN) T 122791 3e+001
29139160e+001 328428304000 3 848652 6e+(001
1.6020035e+001 -1.3993048e+000  1.33353207e+001
6,791 795 T+ -9, 589093 2e+0M) -7. 273763 Te+MN)
1D = Mazamia nana (MCN 3493}

LM3=13
2. 7836600e+000 - 1 T2TEOEde+00] -1.0061 198e+002
4. 331 3808e+000 - 1.9 18 1 540e+000 -9, 33073 20e+001
1HOT038e+001 -1.7033285e+001 -9.2308 1 5%+ ]
320041 T0e+HMH 1,601 3132e-001 -8, 180931 9e+001
3701870000 -1 62204544000 -8 EETTT54e 4001
G841 TR Te+) -1.52445330e+000] -B.63E030Te-+001
323722650+ 8, 730001 O+ =723 1 2500c-+001
-5.0801086e+000 -2.02T647 2e+H1 -4. 1 200630+
-5, 3490200e+WK) -2 9261 690e-001 -2, 2937500e+001
-5 4901467 5o+ 00 1475950 e+ -1 1069092 e+001]
2646103 Te+001 8345352 2e+000 -4.291 111 8e+001
B, 1803665c+000 -9,893 161 Se-+WW) -7 98277300+
344331 26000 - 1.T534 26404000 -B.92 1 0602e+001]
1D = Ozotocerns bezoarticns (MAMM-00D0)
LM3=13
5.6926403e+000 -1 422903 3e+0010 -2.6372040e-+001
72353668+ -1 49951 8o+ -2, 1 6R632%e+N)]
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14417175001 -1 066400 Lesd] -2.51 55200+ ]
29059260e-001  1.282054 2e+000 -1, 3746098e+00]
-10G9042 Te W) - 1 45T 2864 +001 -2.07TTE55 34001
T 10143 6e+000 -1 291992 0e+001 - 1712851 Te+M]
29660749e-001 9492541 3e+000 -2 81778 3de-001
193946800400 -2 221 202 3e+001 2505 1634e+001
2795137 2e+00) - 1695097 3¢+ 3572053 1e+HH
FOM98405e 4000 -5, 13631526001 5. 368439924001
27374191 e+000 -3 3975008e+H) 2,250 d64e+0H
1LO3OETSde+001 -8,015293 2+ -9,46 30508 -+
30001 1a2es00) - 1 48008064000 -2.04936 1 BesW]
1D = Ozotocerus bezoarticus (MCN 2963)
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Table 51. Centroid size and log centroid size from the 13 landmarks positioned in the left side of
the braincast for each specimen

Specimen Centroid Size Log Centroid Size
Aniifer ensenadensis (U-4922) 182,798 3,208
Amtifer ensenadensis (IMCN-PY 943) 170825 5.141
Avis acis (MOCN 33103 145177 4974
Blastocerus dichoromus (MAMM-01640) 161,772 5086
Bilastocerus dichotomus (MCN 3005) 143,227 45904
Cervus elaphns (MCN 3312) 172,319 5.149
Muazama americana (MCN 2975) 105.244 4056
Muazama gewazonhing (MAMM-0123) 121,760 4,802
Mazama pouwazonbiva (MCN 3000 116480 4.758
Mazama nana (MCN 3493) 104,045 4,664
Orzertercerus bezocriicus (MANMM-O0) 115312 4748
Czetoceris bezogriicus (MCN 2965) 1K1 6 560 4612

Tahle 82. Variance loadings for all principal components,

Standard deviation Proportion of Variance Cumulative Proportion

PCH (1.054 .36 0318
M2 (043 0. 204 320
PC3 (.032 (110 (.629
PC4 (.031 0.105 0734
PC5 0.026 0.074 0,808
PCH (024 (.01 0.870
PCT (022 (.0534 0924
PCR 0.017 (.033 0.957
PC9 0013 0.019 0,975
PCIO (013 0017 (.03
PC11 (1,008 (.007 1.0}
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Tahbe 5% PC scores for each specimen included in the onalysis

Specinen
A, enseradensis (L4922
A, ersenrdensiy {MOM-PY 943}
A, ars TMO™ 33 10
1, dicfeotormurs (VLAMBM-O1 G0
B dichonomps {MON 3006
. elaptus IMON 33120
A enericon (MCN 2075
M, gavazoidiva (MAMM-0123)
M. gowrzonbing (MOCN 3000
M. manr IMUON 3483)
€, begericas {MAMM-0059)
O Bezearnivis (MCN 235
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Table 54. Regression scores for each specimen from allometric model

Specimen Regression Score . Log Centroid Size
Antifer ensenadensis (U-4922) (L0076 5208
Antifer ensenadensis (MON-PV 943) (L0710 5.141
Accls aveds (MCN 33 10) (032 4978
Blastocerus dichoremus (MAMM-0160) (L0435 5,086
Blastocerus dichatomus (MCN 3008 (023 4.964
Cervus elaphus (MCN 3312) (L34 5.149
Mezama americana (MCN 2975) -0077 4.656
Muazama gowazonbiva (MAMM-0123) (1034 4,802
Muazama gouazonhivg (MCN 30000 (L0006 4,758
Mizamaa rana (MOCN 3493 -0.047 4.664
Ozatocerus bezoarticus {MAMM-(009) -0L04E 4,748
Ozotocerus bezoariivas (MCN 2965) -i.066 4612
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2.2 DATASET

-M ) e~
'. b 'u'pho. T loed B

Dataset

3D models related to the publication: Virtual brain endocast of
Antifer (Mammalia: Cervidae), an extinct large cervid from South
America

Emmanuelle Fontoura'?, José Darival Ferreira'#, Jamile de Moura Bubadué'*, Ana Maria Ribeiro®, Leonardo
Kerber'2:5*
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Abstract
The present 3D Dataset contains the 3D models of the brain endocast analyzed in “Virtual brain endocast of Antifer
(Mammalia: Cervidae), an extinct large cervid from South America".

Keywords: Anlifer ensenadensis, brain endocast, Cervidae, late Pleistocene
Submitted:2020-06-04, published caline2020-0B-21. 1iipa dolar 10 T BEEN oursal mi 121

Inv nr. Collection applying the methodology to reconstruct the brain endocast of
U-4022 UNISINOS Antifer ensenadensis, two endocasts were generated. From spec-
MON-FVH43 MCN-PV men L4922, it was possible to reconstruct the entire endocast

Table 1. List of braun endocasts of Annifer ensenadensis. MCN-PV;  (although it was not possible to reconstruct the dorsal surface
paleontological collection of the Fundagio Zoobotinica do Rio Grande  precisely due to the preservation of the specimen), while for
do Sul, Porto Alegre, Brazil, UNISINOS: paleontological collection  gpecimen MCN-PV 943, which does not preserve the basicranial
of the Universidade do Vale do Rio dos Sines, Sio Leopokdo, Brazil, tegion, only the dorsal portion of the endocast was reconstructed.

INTRODUCTION Casts of the olfactory bulbs and cerebral hemispheres were re-

5 ; y ) constructed, but not the cerebellar region and nerves on the
A diverse fossil record of Cervidae (Mammalia) has been recorded —ventral portion of the endocast. Although MCN-PV 943 lacks

in South America since the early Pleistocene afier these amimals  some regions, the neopallium morphology was better preserved

arnved during the Great American Biotic Interchange. With iy this specimen (see Fontoura et al. 2020 for details). The 3D

the sdvent of the CT-Scanning technigues, it is now possible 1o surface models are provided in ply format, and can therefore be

access the endocranial morphology of extinct species. Antifer  goened with a wide range of freeware.

enseadensis is an extinct South Amernican cervid characterized

by the wide and robust antlers lateralized on the skull when

compared to other Odocoileni. Foutoura et al. (2020) analyzed ACKNOWLEDGEMENTS

the brain endocast of this extinct cervid generated using com-  This study is supported by the Coordenagiio de Aperfeigoumento

puted tomography scan data. This contribution contains the  de Pessoal de Nivel Superior — Brasil (CAPES) - Finance Code

3D models studied by them (Fig. | and table | Fontouraet al, 001, LK is supported Conselho Nacional de Desenvolvimento

2020), Cientifico e Tecnoldgico (CNPq 422568/2018.0; 309414/2019-
9) and CAPES (Print 8881.310240/2018-01).

METHODS

Two specimens of Antifer ensenadensis from the lute Pleistocene BIBLIOGRAPHY

of southern Brazil were studied. The specimens (U-4922 and  Fontoura, E., Ferreira, J. D, Bubadué, J. M., Ribeiro, A. M.,
MCN-PV 943) were analyzed using a Philips Brilliance 16-Slice  Kerber. L., 2020. Virtual brain endocast of Antifer (Mammalia:
CT Scanner. The analysis (parameters: voltage 120 kV; amper-  Cervidac), an extinct large cervid from South Amenica, Journal
age 356.67 mAs; pixel size 0.62 pm) generated a total of 498 of Morphalogy. fetps et ang/H0 1002 mor 21245

shices for U-4922, and 216 slices (parameters: voltage 120 kV;

amperage 171,17 mAs; pixel size 0,46 um) for MCN-PV 943,

The tomograms were imported into software Avizo for virtual

reconstruction and virtual segmentation of structures,  After
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3D models of brain endocast of Antifer — 2/2

10 mm

Figure 1. 31D models of the bran endocast of Amiter ensenadensix from the late Plesstocene of southern Brazil. Bram endocast of L4922 (A)
and MCN PV 943 (B), in domsal views,

M3 Journal 6:¢121 ISSN: 2274-0422
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3. CONSIDERACOES FINAIS

Este trabalho € o primeiro estudo comparativo de paleoneurologia de cervideos
sul-americanos. Em suma, os resultados desta dissertacdo demonstram que A.
ensenadensis foi um dos maiores cervideos sul-americanos e seu molde
endocraniano assemelha-se as formas de cervideos atuais, sendo que a forma e o
tamanho dos moldes endocranianos estdo fortemente relacionados. O coeficiente de
encefalizagdo dos cervideos sul-americanos demonstra estabilidade desde o final do
Pleistoceno.

3.1 MORFOLOGIA COMPARADA

O molde endocraniano de Antifer ensenadensis foi analisado na presente
dissertacdo, em comparacdo com 0s cervideos sul-americanos Mazama nana,
Mazama gouazoubira, Mazama americana, Ozotoceros bezoarticus, Blastocerus
dichotomus, e os cervideos do hemisfério norte Axis axis e Cervus elaphus, utilizando
tomografia computadorizada, coeficiente de encefalizacdo e morfometria geométrica.

Dois espécimes de A. ensenadensis foram tomografados e seus moldes
endocranianos foram gerados. O primeiro (U-4922) apresentou algumas deformagdes
tafonGmicas, mas ainda permitindo reconstruir todo modelo endocraniano, enquanto
o segundo espécime (MCN-PV 943) estava sem deformacdes, mas ndo possuia a
regido dorsal preservada.

Constatou-se que o molde endocraniano cerebral de Antifer ensenadensis &
girencefalico, assim como nos demais cervideos. De uma forma geral, o molde
endocraniano do espécime U-4922 ¢é antero-posteriormente alongado,
assemelhando-se a Axis axis e diferenciando-se de Ozotoceros bezoarticus. Em
relacdo ao formato, A. ensenadensis possui uma forma romboide; O. bezoarticus e
Mazama. nana uma forma arredondada; e A. axis, Blastocerus dichotomus e Cervus
elaphus uma forma subquadrangular. As areas da superficie neocortical e do bulbo
olfativo possuem pouca variacao entre os espécimes analisados.

O rinencéfalo de A. ensenadensis é semelhante aos outros cervideos, contudo,
o lobo piriforme ndo é tdo desenvolvido quanto a regido temporal-occipital do

hemisfério cerebral. Em ambos espécimes de A. ensenadensis, o pedunculo olfatério
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€ robusto, sendo em MCN-PV 943 levemente mais alongado anteriormente. Os bulbos
olfatérios apresentam-se individualizados, localizados ventralmente na regido anterior
do molde encefélico. Todos os espécimes analisados apresentaram o0s bulbos
olfatdrios orientados levemente em sentido lateral e ventralmente obliquos em relacéo
ao eixo horizontal que passa no molde encefalico.

Dorsalmente, o seio sagital superior € bem marcado, dividindo os hemisférios
cerebrais. Dentro da amostra analisada, a presenca de um seio sagital superior
proeminente é compartilhada com A. ensenadensis e Blastocerus dichotomus. Na
regido mais posterior do molde esté presente o sulco transversal. A fissura rinal forma
um sulco antero-posteriormente orientado e € bem marcada na regido anterior dos
moldes. O sulco cruciato também é visivel e percorre o molde antero-lateralmente.
Dorsalmente posicionado na regido anterior do molde, esta presente o sulco ansato,
sendo este confluente anteriormente com o sulco coronal. Em vista lateral, &
visualizado o sulco diagonal paralelo ao sulco suprasilviano, o qual delimita o lobo
temporal. Em vista dorsal, o sulco lateral é paralelo a linha medial do encéfalo.

Em todos os espécimes, o mesencéfalo é recoberto pelo neocoértex. A regido
cerebelar é parcialmente recoberta pelo neocoértex, sendo visivel a regido mais
posterior do vermis — o qual se projeta mais dorsalmente. A fissura transversal é
proeminente em todos os espécimes (exceto em U-4922) e o parafléculos é visivel,
porém nao € bem delimitado.

Na face ventral, as impressdes foramens que transmitem 0s nervos cranianos
estdo presentes nos espécimes, sendo eles: forame Gptico (saida do nervo cranial Il),
fissura esfenorbital (saida dos nervos craniais Ill (oculomotor), IV (troclear), V
(trigémeo) e seus ramos Vi (oftdlmico) e V2 (maxilar), VI (abducente) em
cetartiodactilos terrestres), forame oval (saida do nervo Vs, ramo do nervo trigémeo)
e em alguns espécimes € possivel ver o quiasma 6ptico. A glandula pituitaria (hipéfise)
esta localiza na linha medial, entre as impressdes da fissura esfenorbital e forame
oval. A menor e maior largura da hipofise esta presente em A. ensenadensis e Cervus
elaphus, respectivamente. Mais posteriormente, esta a impressao do meato auditivo
interno, saida do nervo cranial VIl (facial) e VIII (vestibulococlear). A medula oblongata
é longa, lateralmente a ela esta a impressao do nervo craniano Xl (hipoglosso).

Na amostra comparativa, também se observou a presenca de variacédo

ontogenética. O espécime jovem sem sexo definido de Ozotoceros bezoarticus
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apresenta o lobo frontal projetado anteriormente e o sulco longitudinal pouco
desenvolvido em comparacdo com o espécime adulto. Também é visivel que a area

dos bulbos olfatérios e do neocértex &€ maior, em relagdo a area total.

3.2 MORFOMETRIA GEOMETRICA

Na andlise de morfometria geométrica, concluiu-se que os componentes de
variagcédo (PC1, PC2, PC3 e PC4) explicam 73.43% da variacdo endocraniana, sendo
Antifer ensenadensis a forma extrema. O encéfalo possui uma relacéo entre forma e
tamanho (=alometria) forte e significante, sendo que o tamanho explica 28.5% da
variagdo da forma. Os padrdes alométricos dos moldes endocranianos demonstram
que, a medida que o tamanho aumenta, h4 a expanséo dos hemisférios cerebrais e
os bulbos olfativos se posicionam mais lateralmente. Esse padrdo € compartilhado
entre os grandes cervideos sul-americanos (A. ensenadensis e Blastocerus

dichotomus) e os espécimes do grupo Cervini (Axis axis e Cervus elaphus).

3.3 MASSA CORPOREA, ENCEFALIZACAO E ECOLOGIA

Este estudo demonstrou que Antifer ensenadensis é um dos maiores cervideos
sul-americanos que ja existiram, podendo ter atingido mais de 200 kg. Os coeficientes
de encefalizacdo (EQ) de A. ensenadensis foram de 0,68 (JERISON, 1973) e 0,63
(EISENBERG, 1981), e a variagcdo dos cervideos atuais foi de 0,60 a 1,06
(EISENBERG, 1981) e 0,64 a 1 (JERISON, 1973), sendo observado que os menores
espécimes possuem os maiores EQs.

A pressdo seletiva influencia na encefalizagdo cerebral de mamiferos
(JERISON, 1973, WOUTER, 2018). Espécies que sofrem maior predacdo e
competicdo tendem a possuir coeficientes de encefalizagcdo maiores, enquanto em
espécies com menor pressdo seletiva, tende a ocorrer o oposto (JERISON, 1973). E
conhecido que a pressdo seletiva de predadores, competicdo, selecdo neutra ou
negativa, domesticacdo, habitos fossoriais, procura de alimento entre outros, pode
modificar o grau de encefalizacdo ao longo do tempo em diversos grupos de
mamiferos (BERTRAND et al., 2018; DUNBAR, 2009; JERISON, 1973; KOHLER e
MOYA-SOLA, 2004; KRUSKA, 2005; PALOMBO et al., 2008; WESTON e LISTER,
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2009). Por exemplo, animais insulares e domésticos tendem a ter menores EQs do
gue seus parentes mais proximos que habitam regides continentais ou parentes
selvagens, no caso da domesticacdo (vide discussdao em FERREIRA et al. 2020).
Sabe-se que espécies de menor tamanho i) tendem a especializar-se em alimentos
de melhor qualidade (DUNBAR, 2009) e consequentemente sofrem maior competicao;
i) sofrem maior predacéo devido ao seu tamanho (JERISON, 1973, WOUTER, 2018).
Logo, tais aspectos poderiam explicar a variagdo nos coeficientes de encefalizacéo
entre espécies menores (coeficientes maiores) e maiores (coeficientes menores)
dentro da amostra analisada.

O grau de encefalizacdo de Antifer esta dentro da variagdo dos cervideos sul-
americanos atuais, sugerindo uma manutencéo desse padréo dentro do clado desde
pelo menos o final do Pleistoceno (Ultimos 120 mil anos). Essa hip6tese pode ser
explicada pela presenca de um ambiente complexo e relacdes troficas multiplas
durante o Pleistoceno, o que exige a presenca estruturas neurolégicas também
complexas. Tem-se hipotetizado que a pressao evolutiva da predacdo sobre a
encefalizagédo dos herbivoros terrestres era reduzida até o Grande Intercambio Biético
Americano ocorrer, momento em que grandes predadores carnivoros dispersaram-se
na América do Sul (FERNANDEZ-MONESCILLO et al., 2017; FERREIRA et al., 2020).
Juntamente com esses carnivoros, 0s cervideos e outros cetartiodactilos terrestres
ingressaram no NOsso continente, evoluindo paralelamente pelos ultimos 2 milhdes de
anos. Tais relagbes entre encefalizacdo e predacdo durante o Pleistoceno sul-

americano ainda necessitam ser estudadas.
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