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Capitulo 1

Consideragoes Gerais

A ordem Carnivora é composta por 16 familias, quase 300 espécies
(EIZIRIK et al.,, 2010; HUNTER, 2011), e tem uma historia evolutiva bem-
sucedida diante de wuma grande variagdo de pressbes ecologicas
(ANDERSSON, 2004; NOWAK, 2005; SAMUELS et al., 2013; MARTIN-SERRA
et al., 2014). Segundo a filogenia mais atual (EIZIRIK et al., 2010), as familias
da ordem Carnivora estdo organizadas em pelo menos dois grandes clados: a
subordem Feliformia, representada na América do Sul apenas pelos felideos; e
a subordem Caniformia, formada por canideos, mustelideos, procionideos,
mefitideos e otarideos no continente sul americano (CHEIDA et al., 2006). O
grupo dos Caniformia apresenta pelo menos quatro clados evolutivos
importantes: Canidae, que forma um grupo irméo de Arctoidea; Ursidae, como
um grupo basal; Pinipedia, com habitos marinhos; e Mustelida, que inclui
Mustelidae, Mephitidae, Procyonidae e Ailuridae (EIZIRIK et al., 2010). Estas
relagdes evolutivas sdo importantes para o entendimento de tendéncias e
limitagdes impostas pela histéria filogenética dos Carnivora.

O género Lycalopex inclui ao menos quatro espécies de raposas, as quais
evoluiram e divergiram na América do Sul (TCHAICKA et al., 2016).
Especificamente o L. gymnocercus, conhecido como graxaim-do-campo ou
raposa-dos-pampas, € um canideo que mede cerca de 1 m de comprimento
total, cauda entre 32 a 45 cm e massa corporal entre 3 a 8 kg (LUCHERINI;
LUENGOS VIDAL, 2008; TRIGO et al., 2013). Possui focinho afilado e
comprido e orelhas longas. Sua pelagem é cinza-amarelada, com uma eventual
linha escura no dorso, ponta da cauda invariavelmente negra e membros
amarelados (TRIGO et al., 2013). Trata-se de uma espécie cuja ecologia ainda
€ muito pouco entendida (LUCHERINI, 2016).

Sua distribuicdo geografica abrange os Pampas do Brasil, Argentina e
Uruguai, Chaco do Paraguai e o leste da Bolivia (LUCHERINI; LUENGOS
VIDAL, 2008; TRIGO et al., 2013). Prefere habitats com planicies abertas e
evita areas densamente florestadas (LUENGOS VIDAL et al., 2012; TRIGO et



al., 2013). Com habito onivoro, preda pequenos vertebrados e consome frutas
(QUEIROLO et al., 2013). Vivem até 14 anos em cativeiro, embora apenas
poucos anos em vida livre (CRESPO, 1971). Seu estado de conservagao é
considerado pouco preocupante, embora sofra pressdo por atropelamentos e

pela cacga injustificada para prevencdo da predagédo de ovinos e comércio da

pele (LUCHERINI, 2016).

Figura 1. Espécime de Lycalopex gymnocercus em vida livre.

Estudos minuciosos da anatomia do L. gymnocercus sao recentes e
escassos, limitando-se a descricbes sobre a sua vascularizagdo encefalica
(DEPEDRINI; CAMPOS, 2003, 2007), topografia da intumescéncia lombar e
cone medular (SOUZA JUNIOR et al, 2014) e formacdo dos plexos
lombossacral (LORENZAO et al., 2016) e braquial (SOUZA JUNIOR et al.,
2016).

Os Carnivora exibem uma grande variedade de formas e funcgoes,
expressas como adaptagbes a uma grande variedade de habitats, que vé&o
desde desertos e florestas equatoriais até montanhas em zonas temperadas e
ambientes marinhos polares (EIZIRIK et al., 2010). De acordo com SAMUELS
et al. (2013), espécies desta ordem podem ter seus habitos de locomogao
categorizados em: terrestre, pois raramente nadam, escalam ou escavam;
cursoriais especializados, que tém locomocao rapida caracterizada por
momentos sem apoio no solo; escansoriais, capazes de escalar arvores
durante situagbes de fuga; arboreos, que ficam a maior parte do tempo nas

arvores para se alimentar; semifossoriais, que escavam para construir tocas



como abrigo ou procurar alimento; e semiaquaticos, que nadam regularmente
para migrar, buscar alimento ou fugir.

Os membros toracicos refletem adaptagdes para essa variedade de
condigbes ecologicas devido a versatilidade funcional: atuam tanto na
locomogéo cursorial quanto em movimentos mais especificos necessarios para
a escalada, nado, escavacgao, captura da presa, manipulacdo do alimento e
acasalamento (EWER, 1973). Além disso, suportam a maior parte da massa
corporal do individuo. Portanto, a morfologia do membro toracico é capaz de
predizer variaveis ecoldgicas como o tamanho e tipo de presa, preferéncias por
habitat e habilidade para determinados movimentos (EWER, 1973; MEACHEN-
SAMUELS; VALKENBURGH, VAN, 2009; MELORO et al., 2013; FABRE et al.,
2013, 2015; MELORO; LOUYS, 2015). O conhecimento da anatomia do
membro toracico pode, inclusive, auxiliar na extrapolacdo sobre o
comportamento de predacdo de espécies extintas (IWANIUK et al., 1999;
ANDERSSON; WERDELIN, 2003; MELORO; LOUYS, 2015).

A despeito da grande relevancia para o entendimento do habito de vida
das espécies, existe uma série de lacunas a serem preenchidas no
conhecimento anatébmico do membro toracico na ordem Carnivora. Por
exemplo, estudos com esqueletos pds-cranianos de canideos sul-americanos
ainda sao escassos desde as analises de HILDEBRAND (1954) e dificiimente
apresentam uma abordagem multimodal.

Descrigbes anatbmicas sobre a miologia do membro toracico estao
disponiveis para varias espécies da ordem Carnivora (WINDLE; PARSONS,
1897; BARONE, 1967; LEACH, 1977; SPOOR; BADOUX, 1986; FEENEY,
1999; FISHER et al., 2009; SANTOS et al., 2010; JULIK et al., 2012; ERCOLI
et al, 2014; PEREIRA et al., 2016; VIRANTA et al., 2016), porém
desconhecem-se dados sobre a arquitetura muscular de canideos silvestres
que permitam inferéncias funcionais.

O plexo braquial de nervos é estudado nos Carnivora e demais ordens
desde o século XIX (PATERSON, 1887), porém a plena compreensao de seus
aspectos evolutivos permanece desafiadora para a anatomia contemporanea
(JOHNSON et al., 2010). Embora aspectos morfofuncionais do plexo braquial
de carnivoros domésticos estejam amplamente documentados (ALLAM et al.,



10

1952; AUBERT et al., 2004), o entendimento nas espécies silvestres ainda é
limitado.

Se por um lado estudos de osteologia, miologia e inervagdo do membro
toracico contribuem substancialmente para inferéncias ecolégicas e evolutivas,
por outro tém o viés de embasar a medicina de animais silvestres (STOSKOPF,
1989; MELO et al., 2007; VIEIRA et al., 2013; VAN STADEN, 2014).

Diante da relevancia do membro toracico para as espécies da ordem
Carnivora, objetivou-se descrever, interpretar o significado funcional e
comparar as caracteristicas anatomicas dos ossos, musculos e nervos do

membro toracico do L. gymnocercus.
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Capitulo 2

Osteologia do membro toracico do Lycalopex gymnocercus: abordagens comparada,
radiografica e osteométrica?

Paulo de Souza Juniorz5*, Lucas M. P. R. Santos?, Erick C. Souza? Wilson V. Souza?, Natan C.
Carvalho?, Bruno L. Anjos3, Cristiano C. Ferreira* e André L. Q. Santos5

ABSTRACT.- Souza Junior P., Santos L.M.P.R,, Souza E.C,, Souza W.V., Carvalho N.C., Anjos B.L,,
Mendes D.R., Ferreira C.C. & Santos A.L.Q. 2016. [Osteology of Thoracic Limb of Pampas Fox
(Lycalopex gymnocercus): comparative, radiographic and osteometric approaches.]
Osteologia do membro toracico do graxaim-do-campo (Lycalopex gymnocercus): abordagens
comparada, radiografica e osteométrica. Pesquisa Veterindria Brasileira. 00(0):00-00. Laboratdrio de
Anatomia Animal da Universidade Federal do Pampa (UNIPAMPA), campus Uruguaiana, Rodovia
BR 472, Km 592, Caixa Postal 118, Uruguaiana, RS, 97508-000, Brazil. *Email:
paulosouza@unipampa.edu.br

The forelimb is the part of the post-cranial skeleton that provides more information about
locomotion and life habits of a species. The objective of this study was to perform a detailed
macroscopic, comparative, radiographic and osteometric investigation of the thoracic limb of
Lycalopex gymnocercus. Twenty-four adult specimens collected dead from roadkill were studied.
Analysis included macroscopic and comparative descriptions to other canids, radiographic images
for recognition of trabeculation patterns and topographical arrangement of bones, linear and three-
dimensional measurements, and histological evaluation of the clavicles. The forelimb skeleton of L.
gymnocercus presented morphological and functional adaptations in every segment for a
specialized cursorial locomotion and some ability to pronation and supination for capture of small
vertebrates. There was a tendency for the bones to be longer in males, especially in the distal end of
humerus, presumably to fixation of stronger antebrachial muscles. The vestigial clavicle bone was
found in all the specimens, had a predominantly cartilaginous nature and was significantly larger in
males. The basic conformation of the forelimb skeleton was similar to that of domestic and wild
canids described in the literature, although peculiar characteristics of L. gymnocercus have been
found.

INDEX TERMS: cursorial locomotion, osteology, Pampa’s fox, wild carnivorans.

RESUMO.- O membro toracico é a parte do esqueleto pds-craniano que mais informacgdes oferece
sobre a locomogdo e habitos de vida de uma espécie. Objetivou-se realizar uma descricao
macroscopica, comparativa, radiografica e osteométrica do esqueleto do membro toracico do
Lycalopex gymnocercus. Para tal foram analisados ossos de 24 espécimes adultos coletados mortos
em rodovias. Foram realizadas descrigdes macroscépicas e comparadas com as de outros canideos,
imagens radiograficas para reconhecimento dos padrdes de trabeculagdo e topografia dssea,
mensuragdes lineares e tridimensionais e avaliagdes histoldgicas das claviculas. O esqueleto do
membro toracico do L. gymnocercus apresentou adapta¢cdes morfofuncionais em todos os
segmentos para a locomogdo cursorial especializada e alguma capacidade de pronagio e supinagao
para captura de presas de porte menor. Houve uma tendéncia de os 0ssos serem maiores nos
machos, especialmente na regido distal do imero, presumivelmente para a fixacdo de musculos
antebraquiais mais fortes. A clavicula vestigial foi encontrada em todos os espécimes, teve natureza
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predominantemente cartilaginea e foi significativamente maior nos machos. A conformacio basica
do esqueleto do membro toracico foi semelhante a dos canideos domésticos e silvestres descritos
na literatura, ainda que particularidades do L. gymnocercus sejam encontradas.

TERMOS DE INDEXACAO: carnivoros silvestres, locomog¢do cursorial, osteologia, raposa-dos-
pampas.

INTRODUCAO

O Lycalopex gymnocercus (G. Fisher, 1814) é um canideo de médio porte, conhecido vulgarmente
como graxaim-do-campo, raposa-dos-pampas, zorro-de-Azara, zorro-pampiano entre outras
designagdes (Jiménez et al. 2008). Ocorre no leste da Bolivia, oeste e centro do Paraguai, Uruguai,
norte e centro da Argentina e sul do Brasil (Queirolo et al. 2013). Alcanc¢a apenas poucos anos em
vida livre, ainda que possa atingir até 14 anos em cativeiro. De habitos onivoros, alimenta-se de
lebres, pequenos roedores, aves, frutas nativas e exdticas, insetos, carnica ou ainda de presas de
maior porte como tatus, gambas, lagartos e peixes. Tém preferéncia por areas abertas e planas com
clima subiimido a seco (Lucherini & Luengos Vidal 2008). Digitigrados, nas areas de sobreposi¢io
de dieta com Cerdocyon thous no Brasil, sdo os mais carnivoros (Vieira & Port 2007).

As adaptagdes morfofuncionais no esqueleto pds-craniano sdo indicadores confiaveis sobre a
locomocgdo e exploracdo do habitat pelas espécies e permitem, inclusive, inferir conclusdes sobre
grupos extintos (Salesa et al. 2010, Meloro et al. 2013, Samuels et al. 2013). Entretanto, estudos
sobre esqueletos poés-cranianos de canideos sul-americanos sdo escassos desde as andlises de
Hildebrand (1954). Além disso, pouco se conhece sobre a anatomia de espécies silvestres para
procedimentos de diagndstico e tratamento em zooldgicos (Stoskopf 1989).

Entre os elementos pds-cranianos, os 0ossos dos membros toracicos sdo funcionalmente mais
informativos quando comparados aos dos membros pélvicos. Isto explica-se pois suportam a maior
parte da massa corporal do animal, além de serem melhores indicadores da ecologia da locomogao
e de outros comportamentos como forrageamento, acasalamento e captura da presa (Ewer 1973,
Fabre et al. 2014, Martin-Serra et al. 2014, Fabre et al. 2015). Por exemplo, membros toracicos
alongados, com metacarpianos compridos, condilos umerais reduzidos, imero alongado e ossatura
leve sdo caracteristicas expressas em carnivoros cursoriais especializados (Samuels et al. 2013). Em
contrapartida, nos canideos semi-fossoriais, como o Speothos venaticus, sdo esperados membros
relativamente robustos, imero curto, epicondilos umerais desenvolvidos, olecranos alongados e
falanges distais compridas (Samuels et al. 2013).

Os métodos utilizados para detalhar caracteristicas morfofuncionais dos ossos de carnivoros
incluem desde a descricdo macroscopica comum (Evans & DeDeLahunta 2013) e comparativa
(Hildebrand 1954, Feeney 1999), exploragdo de anatomia radiografica (Schebitz & Wilkens 1987,
Meachen-Samuels 2010, van Staden 2014), medidas lineares de distancias entre pontos de
referéncias (Von-den-Driesch 1976) acrescidas de indices comparativos (Samuels et al. 2013, Janis
& Figueirido 2014) até modelos de morfometria geométrica bi ou tridimensional (Andersson 2004,
Meloro et al. 2013, Martin-Serra et al. 2014).

Diante da escassez de conhecimentos sobre esqueleto pés-craniano de canideos sul-
americanos e da relevancia funcional dos membros toracicos, realizou-se um detalhamento da
osteologia do membro tordcico do L. gymnocercus. A partir das adaptacdes reconhecidas no
esqueleto, objetivou-se apontar caracteristicas anatdmicas comparadas e inferir habitos em vida
livre.

MATERIAL E METODOS

Amostra. Para este estudo foram disponibilizados 24 espécimes de L. gymnocercus, quinze
machos e nove fémeas (Quadro 1), adultos, coletados mortos em rodovias da mesorregido sudoeste
do Rio Grande do Sul, Brasil (autorizacdo IBAMA/SISBIO n°. 33667). Apenas espécimes em
condi¢des ideais para cada andlise foram selecionados; portanto, nem todos os espécimes foram
aproveitados em todas as etapas em virtude das condigdes de integridade dos elementos a serem
analisados.

Descrigdo macroscopica. Para descrigdo macroscdpica e osteometria com paquimetro os
0ssos de 16 espécimes foram inicialmente preparados com raspagem dos tecidos moles, cuidando-
se para preservar os 0ssos sesamoides, submetidos a fervura por cerca de 30 minutos, seguida de
nova raspagem e finalmente clareamento em peréxido de hidrogénio a 130 vol. por 30 minutos.
Cada osso foi examinado para identificagdo dos acidentes anatomicos (projecdes e depressdes),
seguida de descri¢do comparativa com os ossos de dois espécimes de Cerdocyon thous (um macho e
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uma fémea) e dois de Canis lupus familiaris (um macho e uma fémea) disponiveis no acervo do
Laboratério de Anatomia Animal da Universidade Federal do Pampa (UNIPAMPA). As observacdes
também foram confrontadas com as descri¢des e ilustragdes de Hildebrand (1954) para canideos
em geral, de Feeney (1999) para os canideos silvestres Canis latrans, Urocyon cinereoargenteus e
Vulpes vulpes e ndo-canideos Martes pennanti e Procyon lotor e de van Staden (2014) para o
Suricata suricatta. A nomenclatura adotada esta em conformidade com o ICVGAN (2012), ainda que
alguns acidentes relevantes que ndo constavam na Nomina Anatomica Veterinaria tenham sido
denominados conforme apareceram no trabalho de Hildebrand (1954).

Osteometria com paquimetro. A osteometria foi realizada com paquimetro digital de
precisdo (resolucio 0,01 mm, exatiddo * 0,02 mm, ZAAS Precision, Amatools®), por dois
examinadores em duplicata, conforme o roteiro de medidas internacionalmente preconizadas por
Von-den-Driesch (1976) (Quadro 2). Também foram incluidas as medidas designadas por Samuels
et al. (2013) para o calculo de indices morfolégicos com significado funcional (Quadro 3). Por fim,
algumas medidas nos ossos carpianos e sesamoides foram elaboradas para o presente estudo.
Todos os ossos foram mensurados em 16 espécimes de L. gymnocercus (sete fémeas e nove
machos), a excecdo dos sesamoides que foram medidos em seis espécimes (trés machos e trés
fémeas). Um espécime fémea de C. thous teve os ossos mensurados para obtencdo dos indices
morfolégicos estabelecidos por Samuels et al. (2013). O software BioEstat 5.3® foi utilizado para:
calculo da estatistica descritiva (média aritmética e desvio padrdo) das medidas; teste t para
comparacdo das médias das medidas dos ossos entre os sexos; e andlise de varidncia (ANOVA: um
critério) complementada pelo teste de Tukey para comparacdo do comprimento total dos dedos,
didmetro das falanges médias e do comprimento das falanges distais. Tais testes foram
considerados significativos quando p < 0,05.

Osteometria tridimensional. Analises tridimensionais foram realizadas com o esqueleto do
membro tordcico do espécime 8576 (fémea). Os ossos foram submetidos ao processo de
digitalizacdo em scanner 3D, Multiscan®, para obtencdo de um modelo tridimensional
computadorizado com o software VXElements®. Este modelo foi convertido para um formato
compativel com softwares do tipo CAD (“computer aided design”), neste caso o SolidWorks®, para
mensuragdes tridimensionais. Assim puderam ser calculadas com precisdo as areas das superficies
articulares da escdpula, imero, radio e ulna, bem como estabelecidos os posicionamentos
tridimensionais das principais projecdes dsseas em sistemas de coordenadas X, y e z a partir de um
marco pré-estabelecido.

Na escapula (Fig. 1), o ponto “zero” do sistema de coordenadas foi definido como o ponto de
intersecdo entre a espinha da escapula e a margem dorsal do osso, onde o eixo “X” era o latero-
medial, 0 “Y” cranio-caudal e o0 “Z” dorso-ventral. No iumero (Fig. 2), tragou-se um eixo latero-medial
“X” ligando as extremidades dos epicondilos lateral e medial; a partir do ponto médio deste eixo,
projetou-se o eixo “Z” na direcdo proximal emergindo no tubérculo maior e o eixo “Y”
perpendicularmente aos demais na direcdo cranio-caudal. No segmento contendo radio, ulna e
ossos da mao (Fig. 3), tragou-se um eixo “X” entre as extremidades lateral e medial da epifise distal
do radio e ulna no sentido latero-medial; a partir do ponto médio deste eixo, projetou-se um eixo
“Z” na direcdo proximal emergindo na tuberosidade do olecrano; e o eixo “Y” perpendicular aos
outros dois, na direcdo cranio-caudal. Estes sistemas de eixos foram baseados naqueles tracados
por Shahar & Milgram (2005) no cdo doméstico. Detalhes desta metodologia de osteometria
tridimensional foram publicados por Ferreira et al. (2016).

Radiografias. Obtiveram-se imagens das regides escapular, braquial, antebraquial e da mao
em projecdes usadas rotineiramente para investigagdes clinicas de dois espécimes (um macho e
outro fémea). Foram escolhidos adultos jovens para que os discos epifisarios cartilagineos
pudessem ser visualizados. Com base na denticdo completa e permanéncia de alguns discos
epifisarios cartilagineos e dos tempos de fechamento epifisario conhecidos para cdo doméstico
(Evans & De Lahunta 2013), presumiu-se que os cadaveres eram de animais entre sete e dez meses
de idade, empregando-se o conhecimento em cdes domésticos.

Posteriormente radiografaram-se os ossos escapula, umero, radio e ulna isolados e limpos de
trés espécimes (dois machos e uma fémea) em quatro proje¢des (cranio-caudal, caudo-cranial,
latero-medial e médio-lateral) para evidenciar o contorno e padrdes trabeculares livres de
sobreposicao de tecidos moles ou outros 0ssos.

As imagens foram obtidas no setor de diagndstico por imagem do Hospital Veterindrio da
Universidade Federal do Pampa (UNIPAMPA), respeitando-se as diretrizes basicas de prote¢do
radiolégica (CNEN 2011). Empregou-se a técnica de chassi sobre a mesa. As radiografias foram
obtidas com o aparelho marca Phillips®, modelo Aquilla Plus 300, utilizando 40 KV e 200mAs para
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os cadaveres inteiros e 40 mAs para os 0ssos isolados. As exposi¢des foram realizadas em sistema
de cassete computadorizado da marca Kodak® Direct View e salvas no formato DICOM. Apds
visualizacdo em software Radiant Dicom Viewer® versao 3.0.2, os arquivos foram exportados para
formato JPEG. As representacdes esquematicas interpretativas a partir dos contornos das imagens
radiograficas dos membros toracicos inteiros foram elaboradas com auxilio do software
Photoscape® versao 3.6.3.

Claviculas. As claviculas de onze espécimes (sete machos e quatro fémeas) de cadaveres de
L. gymnocercus fixados e conservados em solucdo de formaldeido a 10% foram removidas e
identificadas apés dissecgdo da regido profunda a interseccio tendinosa do m. braquiocefalico. As
claviculas tiveram seu formato registrado e o seu maior eixo mensurado com paquimetro digital de
precisdo (resolugdo 0,01 mm, exatiddo + 0,02 mm, ZAAS Precision, Amatools®), por examinador
Unico em duplicata e, posteriormente encaminhadas para a avaliacdo histolégica. As claviculas
foram clivadas sagitalmente, embebidas em parafina e as secdes histolégicas com 4 pm submetidas
a coloracdo por hematoxilina e eosina. As laminas com cortes histolégicos foram examinadas em
microscopio 6ptico de luz quanto as caracteristicas constitutivas das claviculas. Finalmente
fotomicrografias digitais foram realizadas com camera Olympus® DP26 associada ao software
cellSens 1.7®. As claviculas de 20 espécimes de C. thous (sete machos e treze fémeas) pertencentes
ao acervo do Laboratério foram analisadas da mesma forma para fins de comparacio. As medidas
foram tabuladas em planilhas do software BioEstat 5.3® e realizados os célculos de estatistica
descritiva (média aritmética e desvio padrao) e teste t (amostras independentes) de comparag¢io
entre as médias dos comprimentos das claviculas entre espécies e entre sexos, adotando-se p < 0,05
como significativo. Doze claviculas de cada espécie foram escolhidas aleatoriamente para
radiografias com o objetivo de verificar a presenca e o grau de radiopacidade.

RESULTADOS E DISCUSSAO
Constituicdo geral

O esqueleto do membro toracico do L. gymnocercus foi composto por uma clavicula
rudimentar, uma escapula, um tmero, um radio, uma ulna, sete ossos carpianos, cinco 0ssos
metacarpianos, 14 falanges, um osso sesamoide do m. supinador, um osso sesamoide do m. abdutor
longo do dedo I, nove ossos sesamoides proximais, quatro ossos sesamoides dorsais, totalizando 46
ossos invariavelmente presentes. Um numero inconstante de ossos sesamoides distais e nas
articulagdes interfalangianas com diferentes graus de mineralizagdo foi encontrado.

O comprimento longitudinal total do membro toracico, estimado com base na soma das
médias dos comprimentos da escapula, imero, radio, carpo intermédio-radial, carpiano terceiro,
metacarpiano terceiro e falanges do terceiro dedo, foi 430,18 + 12,82 mm, sendo 423,39 + 13,74
mm nas fémeas e 435,27 * 10,06 mm nos machos. Embora a média da soma dos comprimentos nos
machos fosse 12 mm maior, ndo houve diferenca significativa (p = 0,09). Percentualmente, pode-se
constatar que o imero (estilop6dio) foi o osso que mais contribuiu (28%) para o comprimento do
membro (Fig. 4). Ainda que a ulna tenha sido o osso mais longo, ndo foi computada para fins de
comprimento funcional do membro pois o seu olecrano sobrepde-se proximalmente a partir da
articulagdo umero-radio-ulnar e, portanto, foi considerado apenas o comprimento do radio como
representante do segmento antebraquial (zeugopédio).

Claviculas

As claviculas, ainda que rudimentares, foram encontradas bilateralmente em todos os
espécimes dissecados de L. gymnocercus (sete machos e quatro fémeas) e de C. thous (sete machos e
treze fémeas), ainda que Ewer (1973) e Nickel et al. (1986) tenham mencionado que
frequentemente estdo ausentes em canideos. Localizava-se profundamente ao musculo
braquiocefalico, ao nivel da intersec¢do tendinosa que separa o musculo em cleidocefalico e
cleidobraquial (Fig. 5). Esta disposicdo é diferente da relatada por Nickel et al. (1986) e Sisson
(1986) para o cao doméstico, em que a clavicula ficaria encaixada no m. braquiocefalico. O formato
das claviculas mostrou variagdo intra-especifica, assim como relatado por Nickel et al. (1986) para
o cdo doméstico. Contudo, predominou um formato triangular irregular com as formas ovaladas ou
de “ferradura” aparecendo ocasionalmente. Segundo Cerny & CiZinauskas (1995) o formato
predominante em cdes domésticos é o ovalado. Estes autores especularam que variacdes nos
formatos das claviculas em caes possa advir das modificacdes e reducdes que a mesma sofre
durante a ontogenia. Assim, concluiram que a clavicula seria uma estrutura que passa por regressao
em diferentes niveis em um processo individualizado. A clavicula de cdes permanece ossificada
durante o periodo fetal, diferente dos ruminantes em que a redugido ocorre ainda durante a
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gestacdo (Evans & DeLahunta 2013). McCarthy & Wood (1988) investigaram claviculas de
cinquenta caes domésticos e relataram um cio sem evidéncia de claviculas bilateralmente e outros
dois em que faltava uma das duas claviculas.

A parte rigida (6ssea) da clavicula mantinha-se ligada por uma banda espessa de tecido
conjuntivo que se prolongava craniolateralmente na direcdo da interseccdo clavicular e
medialmente em direc¢do a fascia do m. subescapular, conforme descrito por Baum & Zietzschmann
(1936) e Cerny & Cizinauskas (1995) para cdes domésticos. Da mesma forma, a conexdo com a
interseccdo tendinosa foi mais firme do que com a fascia muscular (Evans & DeLahunta 2013).
McCarthy & Wood (1988) também descreveram uma faixa fibrosa mais espessa em cies
domésticos, embora acrescentem outros fasciculos fibrosos menores em dire¢do ao manubrio, a
fascia do m. grande dorsal e do m. peitoral superficial. Estes pequenos fasciculos ndo foram
claramente individualizados nos canideos silvestres do presente estudo, assim como Cerny &
Cizinauskas (1995) também nio os identificaram em cdes recém-nascidos. As claviculas do L.
gymnocercus e do C. thous ndo estabeleceram articulagio com nenhum outro osso, assim como
observado por Sisson (1986) e Evans & DeLahunta (2013).

As claviculas do L. gymnocercus mediram 7,0 + 1,4 mm no seu maior eixo, sendo 7,7 + 1,2 mm
nos machos e 5,9 + 0,9 mm nas fémeas, existindo diferenca significativa (p = 0,02) entre os sexos. As
claviculas de C. thous mediram 9,6 + 1,4 mm, sendo 10,1 + 1,4 mm nos machos e 9,0 + 1,3 mm nas
fémeas, sem diferenca entre sexos (p = 0,13). O comprimento da clavicula do C. thous foi
significativamente maior que o do L. gymnocercus (p < 0,0001). Em canideos silvestres os relatos
sobre as dimensdes das claviculas sdo escassos. Contudo, é citada como medindo 15 mm no Lycaon
pictus (Pagenstretcher 1870), 10 mm no Vulpes fulva (Klatt 1928) e 11 mm no Canis lupus
(Hildebrand 1954). No cdo doméstico mediu entre 6 e 12 mm e cerca de 13 mm na raga
Dinamarqués (McCarthy & Wood 1988) e entre 1 a 2mm em cies recém nascidos (Cerny &
Cizinauskas 1995).

Na exploragao radiografica em projecdo latero-medial do membro toracico de dois cadaveres
de L. gymnocercus, recém-descongelados e previamente a fixacdo em formaldeido, nao foi possivel
visualizar as claviculas. No entanto, apds fixacdo em formol e disseccdo destes dois espécimes,
confirmou-se a existéncia bilateral das mesmas. Também é relatada como imperceptivel em
radiografias latero-mediais de caes domésticos, ainda que possa aparecer em projecdes ventro-
dorsais do pesco¢o ou térax (Evans & DeLahunta 2013).

Quando as claviculas de L. gymnocercus foram radiografadas apds removidas dos cadaveres,
praticamente ndo foi possivel identificar radiopacidade caracteristica de tecido ésseo. Entretanto,
ao contrario, todas as claviculas de C. thous evidenciaram nitida radiopacidade capaz de revelar
inclusive o formato do osso (Fig. 6). Esta radiopacidade foi compativel com o revelado por
(McCarthy & Wood, 1988) para cdes de ragas Terriers e Dinamarqués. No cdo doméstico, sinais
radiodensos compativeis com ossificagdo da clavicula sdo encontrados mesmo em neonatos (Cerny
& Cizinauskas 1995, Evans & DeLahunta 2013).

A andlise histolégica esclareceu que todas as claviculas dos onze espécimes de L.
gymnocercus eram constituidas predominantemente por matriz condroide e apenas uma pequena
parte por matriz osteoide (Fig. 7). Em contrapartida, as claviculas dos vinte espécimes de C. thous
eram formadas integralmente por tecido dsseo com raros condrécitos (Fig. 8). A avaliacdo
histolégica elucidou o contraste observado entre as claviculas das duas espécies na inspecao
macroscopica, na rigidez palpavel durante a dissec¢do da amostra e de radiopacidade nos exames
radiograficos.

Segundo Donat (1971) a clavicula esta presente em praticamente todos os géneros de
mamiferos e a importancia funcional sobrepde-se a questdes filogenéticas. Este autor argumentou
que a permanéncia de uma clavicula rudimentar com suas estruturas anexas manteria a parte
proximal do membro mais fixa e liberaria a parte distal para mover-se livremente. Quando
confrontados o tamanho e grau de ossificacdo, a clavicula do L. gymnocercus foi ainda menos
desenvolvida (mais rudimentar) que a do C. thous e cdo doméstico. Embora estas trés espécies
apresentem claviculas vestigiais, isto pode sugerir que a clavicula mais reduzida e menos ossificada
do L. gymnocercus reflita uma tendéncia evolutiva ou adaptagdo para a locomog¢do ainda mais
rapida.

Samuels et al. (2013) estabeleceram uma classificacdo das espécies carnivoras quanto ao
tipo de locomog¢do. Naquele trabalho, o L. gymnocercus foi enquadrado na categoria cursorial
especializado, ou seja, uma espécie que regularmente apresenta locomog¢ao rapida com um saltitar
caracterizado por intervalos sem apoio no solo. Ja o C. thous foi classificado como terrestre
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generalista, isto é, que permanece no solo, porém muito eventualmente pode nadar, escalar ou



22

escavar. Esta correlacdo entre clavicula menos desenvolvida com maior velocidade e mais
desenvolvida com movimentos mais variados do membro toracico é feita em carnivoros (Ewer
1973) e outras ordens de mamiferos (Rocha-Barbosa et al. 2002, Senter & Moch 2015). A redugio
da clavicula em varias linhagens de mamiferos permite a escipula mover-se mais livremente no
plano sagital e, consequentemente, contribui para uma passada maior (Martin-Serra et al. 2015).

McCarthy & Wood (1988) acrescentaram que a clavicula de caes facilitaria o0 movimento
durante a protracdo, retracdo e discreta abdugao do ombro, protegeria estruturas adjacentes como
o plexo braquial, artéria, veia e nervo axilares do contato com o m. subescapular e escapula; e
manteria o m. braquiocefalico na posi¢do adequada, conferindo protecdo para crista do tubérculo
maior. De acordo com Senter & Moch (2015), entre carnivoros, apenas canideos e felideos retém
uma clavicula vestigial com uma pequena parte ossificada, a qual representa um resquicio
degenerado de uma clavicula ancestral. Estes autores determinaram que a distribuicao filogenética
da clavicula indica que a mesma foi perdida no ancestral comum dos hienideos e no dos ursideos,
mustelideos e procionideos. Corrobora esta inferéncia a sua auséncia no Suricata suricatta (van
Staden 2014).

Ainda que diferencas constitutivas sejam observadas entre as claviculas do L. gymnocercus, C.
thous e cio doméstico, cabe salientar que é improvavel que este osso tenha caracteristicas de valor
taxénomico devido as varia¢des, tamanho reduzido e por raramente ser preservada em esqueletos
preparados para estudo (Hildebrand 1954).

Escapula (Zonoesqueleto)

A escapula mostrou-se plana e larga e composta por duas faces (lateral e medial), trés
margens (cranial, caudal e dorsal) e trés angulos (cranial, caudal e ventral). Sua parte mais dorsal, o
angulo cranial, coincidiu com o nivel da extremidade dorsal do processo espinhoso da segunda
vértebra toracica (Fig. 9). O angulo caudal ficou ao nivel ventral do processo espinhoso da quarta
vértebra toracica. Seu angulo cranial esteve dorsal em relacdo ao caudal. Seu extremo cranial
dispunha-se no plano transversal do manubrio e seu extremo caudal no plano da quarta vértebra
tordcica.

As escapulas do L. gymnocercus e do C. thous podem ser consideradas finas e compridas
quando comparadas ao que é ilustrado para carnivoros em geral por Ewer (1973). Segundo Martin-
Serra et al. (2014), apds andlises alométricas e de morfometria geométrica, escapulas com o
formato mais estreito e alongado ocorrem em carnivoros menores, os quais necessitam reduzir o
gasto energético da locomoc¢do. Para os canideos, isto seria favoravel para alcancar maiores
distancias diarias de deslocamento, por exemplo. Aquelas com formato mais robusto pertenceriam
as espécies de maior tamanho corporal, que capturam presas maiores, escavam ou nadam. Estes
ndo sdo movimentos frequentes no L. gymnocercus que tem o esqueleto apendicular mais delgado,
inclusive, que outros canideos (Hildebrand 1954).6

De fato, a escapula é o osso do membro toracico que menos varia entre espécies de uma
mesma familia de carnivoros (Martin-Serra et al. 2014). Isto explica-se por se tratar de um osso do
cinturdo peitoral e que tem uma origem e histdria evolutiva diferente dos ossos longos do membro,
0s quais estdo mais expostos a variacdo de robustez (Martin-Serra et al. 2014).

A face lateral (facies lateralis) foi dividida em duas fossas (supraspinata e infraspinata) pela
espinha da escadpula (spina scapulae) (Fig. 10). A osteometria tridimensional permitiu apurar que a
fossa supra-espinhal do L. gymnocercus compds 52% e a infra-espinhal 48% da area da face lateral
do osso, o que confirmou o equilibrio entre ambas relatado em carnivoros por Nickel et al. (1986).
As fossas supra-espinhais do L. gymnocercus e do C. thous foram mais amplas no terco ventral do
que no cdo. Talvez isto repercuta em um m. supra-espinhoso proporcionalmente mais forte nos
canideos silvestres. A fossa infra-espinhal foi triangular tanto no L. gymnocercus como no C. thous,
assim como no cao doméstico (Evans & DeLahunta 2013). Ela serviu de origem para o m. infra-
espinhoso.

A espinha da escapula era uma elevacdo nao-articular, proeminente na face lateral do osso.
Dorsalmente foi mais discreta e elevava-se na diregao ventral. No nivel do angulo ventral terminou

¢ Hildebrand (1954) mencionava o atual Lycalopex gymnocercus como Dusicyon gymnocercus e
usava o género Lycalopex apenas para a espécie L. vetulus. Quando Hildebrand (1954) mencionara o
género Dusicyon, entende-se atualmente como Lycalopex. Portanto, diferenca serd encontrada no
emprego do género em relacdo ao texto original do referido autor.



23

em um acrémio (acromion) contendo dois processos: hamato e supra-hamato. Foi reconhecido no
terco dorsal uma aspereza discreta, a tuberosidade da espinha da escapula (tuberosita spina
scapulae) para inser¢io do m. trapézio, embora Nickel et al. (1986) tenham afirmado que tal
tuberosidade inexista nos carnivoros domeésticos. Tanto o L. gymnocercus, como também o C. thous,
apresentaram a margem livre da espinha da escapula retilinea, diferente do descrito para cées de
grande porte onde tal margem se voltaria caudalmente (Evans & DeLahunta 2013). Ainda que estas
diferencas sejam apontadas, segundo Hildebrand (1954) o formato da espinha da escapula ndo tem
valor na diferenciacdo entre os géneros de canideos.

O processo hamato do cdo doméstico é arredondado a semelhanga do ilustrado por Feeney
(1999) para o Vulpes vulpes e Canis latrans; no C. thous é levemente pontiagudo direcionado
ventralmente, assim como descrito no Urocyon cinereoargenteus (Hildebrand 1954, Feeney 1999).
Na Martes pennanti e no Procyon lotor é ainda mais pontiagudo também na dire¢do ventral (Feeney
1999). No L. gymnocercus mostrou-se pontiagudo e bem distinto, conforme descrito por Hildebrand
(1954), porém direcionado mais cranioventralmente, uma configuracio nio mencionada para
outros canideos.

O processo supra-hamato foi mais desenvolvido no L. gymnocercus do que no C. thous.
Feeney (1999) e Martin-Serra et al. (2014) denominaram-no como processo metacromial. Feeney
(1999) correlacionou sua formacgao como reflexo do desenvolvimento do m. omotransverso, o que
favoreceria a protragio do membro, especialmente no U. cinereoargenteus. Martin-Serra et al.
(2014) afirmaram esta ser uma caracteristica mais proeminente nos felideos e que poderia estar
associada a uma parte acromial do m. deltoide mais desenvolvida e necessaria para contrapor as
forcas de reacdo do solo durante a locomocdo. Entre carnivoros, o processo supra-hamato nio é
reconhecido nos cdes domésticos (ICVGAN 2012), no género Speothos (Hildebrand 1954),
considerado pouco desenvolvido no V. vulpes, C. latrans (Feeney 1999), Chrysocyon brachyurus e
Lycaon pictus (Hildebrand 1954) e considerado como bem desenvolvido nos felinos (ICVGAN 2012,
Martin-Serra et al. 2014), no U. cinereoargenteus (Hildebrand 1954, Feeney 1999), M. pennanti, P.
lotor (Feeney 1999) e S. suricatta (van Staden 2014).

Nos espécimes de L. gymnocercus sempre foi visualizado um forame nutricio (principal) na
face medial ao nivel da incisura da escapula, ainda que alguns forames vasculares menores e
inconstantes ocorressem na face lateral, préximo a juncao ventral da espinha com a escapula
propriamente. Esta ultima localizacdo foi descrita para o forame nutricio no cdo (Evans &
DeLahunta 2013). No C. thous, o forame nutricio, mais largo, foi encontrado na mesma localizagdo
descrita para o cdo, ainda que um forame de calibre destacado também fosse visualizado
medialmente, conforme no L. gymnocercus. E possivel que os forames lateral e medial formem um
canal para a passagem de um ramo da artéria subescapular.

A face medial (facies medialis ou costalis) voltou-se opostamente a face lateral das primeiras
quatro costelas no L. gymnocercus. Nela encontraram-se dois acidentes principais: a face serratil
(facies serrata) e a fossa subescapular (fossa subscapularis). A face serratil era aspera,
dorsocranialmente na face medial, e servia de inserc¢do para o m. serratil ventral. O limite caudal da
face serratil esteve ao nivel ligeiramente caudal a espinha, tanto no L. gymnocerus quanto no C.
thous. No cdo doméstico, termina mais caudalmente que em ambos (Evans & DeLahunta 2013). No
L. pictus este limite caudal da face serratil é tdo caudal quanto o dngulo caudal da escapula
(Hildebrand 1954). A fossa subescapular apresentou trés linhas musculares que convergiram na
direcao do angulo ventral e a parte mais profunda da fossa esteve central e opostamente a espinha.

A margem cranial (margo cranialis) era fina, quase retilinea, e distalmente possuia uma
incisura escapular (incisura scapulae) a qual definiu uma regido mais estreita no sentido cranio-
caudal do osso: o colo da escapula (collum scapulae). Em cdes domésticos, Evans & DeLahunta
(2013) relataram que a margem cranial assume a forma de um arco nas ragas de trabalho e
Hildebrand (1954) referiu este contorno para o C. brachyurus. Um contorno mais retilineo e suave
foi descrito para as racgas de cdes mais longilineas (Evans & DeLahunta 2013) e para os canideos
cursoriais especializados V. vulpes, V. lagopus e C. latrans (Hildebrand 1954) No L. gymnocercus e C.
thous o padrdo assemelhou-se ao ultimo. Segundo Hildebrand (1954), no L. gymnocercus também
haveria também uma elevagdo no centro da margem cranial, assim como no Otocyon e Urocyon.
Ainda descreveu que no C. thous esta elevacdo ocorreria no terco ventral, porém tais observagdes
ndo se repetiram nos espécimes avaliados no presente trabalho.

A margem dorsal (margo dorsalis ou margo vertebralis) foi recoberta por uma fina camada de
cartilagem escapular (cartilago scapulae). Em um espécime fémea de L. gymnocercus a cartilagem
mediu 1,93 mm de espessura dorso-ventral. No L. gymnocercus a margem dorsal teve o contorno
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mais arqueado/convexo do que no C. thous e cides domésticos (mais achatado). No género Speothos
foi descrita como reta (Hildebrand 1954).

A margem caudal das escapulas do L. gymnocercus e C. thous foram retas e espessas, assim
como descrito para o cdo doméstico (Sisson 1986) e também apresenta um espessamento proximal
a cavidade glenoide, o tubérculo infraglenoide (tuberculum infraglenoidale) (Nickel et al. 1986).
Tanto no L. gymnocercus como no C. thous este tubérculo pareceu menos robusto que no cao.

0 angulo caudal (angulus caudalis) da escapula do L. gymnocercus foi mais pontiagudo que
do C. thous e em ambas mais afiladas que no cdo doméstico. Distalmente ao dngulo ha uma
superficie para a origem do m. redondo maior. Segundo Hildebrand (1954), como regra esta
superficie é sempre retorcida, sendo sua parte dorsal melhor visualizada pela face lateral e a parte
ventral pela medial. Entretanto, nos géneros Chrysocyon e Cuon apareceria inteiramente na face
lateral do osso, enquanto no L. gymnocercus, C. thous e Vulpes macrotis dificilmente esta area seria
vista pela face lateral (Hildebrand 1954). No género Speothos esta superficie seria discreta
(Hildebrand 1954). Ainda acrescentou que esta superficie para origem do m. redondo maior
constituia-se na principal caracteristica para diferenciar os géneros de canideos pela escapula. Esta
afirmacdo nio encontrou apoio nas observagdes das escapulas dos espécimes do presente estudo,
em que a area de origem para o m. redondo maior era visualizada pela face lateral do osso,
especialmente no L. gymnocercus. O angulo cranial (angulus cranialis) tinha contorno arredondado
e nao sediou fixacdo muscular.

0 angulo ventral (angulus ventralis) conteve a superficie articular para a cabeca do umero,
denominada cavidade glenoide (cavitas glenoidalis). A cavidade tinha discreta concavidade e foi
delimitada cranialmente pelo tubérculo supraglenoide. A margem caudomedial da cavidade foi
arredondada, enquanto a margem lateral era mais retilinea, conforme o cdo. Na osteometria
tridimensional foi possivel estimar que a area total da escapula era de 8714,27mm?2 e a sua
cavidade glenoide ocupava 129,61 mm? (1,4% da area total do osso). A posicdo dos principais
acidentes anatémicos em um eixo de coordenadas X, Y e Z encontra-se no Quadro 4.

O tubérculo supraglenoide (tuberculum supraglenoidale) projetou-se cranialmente. A partir
dele, medialmente, formou-se um pequeno processo coracoide (processus coracoideus). Tal
processo corresponde ao osso coracoide das aves e répteis. Os monotremados sdo os Unicos
mamiferos a conservarem um osso coracoide distinto (Evans & DeLahunta 2013, Liem et al. 2013).

Segundo Hildebrand (1954) o conjunto formado pela cavidade glenoide, tubérculo
supraglenoide (tuberosidade escapular) e processo coracoide é muito uniforme entre os canideos
para ser adotado como critério de distingdo entre géneros. Entretanto, o processo coracoide nas
escapulas dos espécimes de C. thous do presente estudo mostraram-se mais salientes e o tubérculo
supraglenoide maior que os do L. gymnocercus e cio doméstico.

Todas as escdpulas utilizadas nesta andlise apresentavam o tubérculo supraglenoide
ossificado. Caso o tempo de ossificacao seja equivalente ao do cdo, pode-se especular com base nas
escapulas que tratavam-se de individuos com idade superior a seis meses (Sisson 1986).

No tocante a osteometria escapular, os machos apresentaram medidas em média superiores
as das fémeas (Quadro 5). Isto apoia-se na constatacdo de que os machos de L. gymnocercus tém
porte maior do que as fémeas (Queirolo et al. 2013).

A avaliacdo radiografica da escdpula isolada de um espécime macho de L. gymnocercus
revelou o padrao trabecular concentrado no angulo ventral do osso e sugeriu a formac¢do de um
canal vascular ao nivel do colo (Fig. 11). Areas de radiopacidade aumentada predominaram nos
contornos das margens e na extremidade lateral da espinha da escapula. A densidade 6ssea esteve
claramente reduzida ao nivel das fossas supra-infraespinhal e infra-espinhal e na espinha da
escapula. Um espessamento radiodenso no extremo dorsal da espinha da escipula confirmou a
formacgdo de uma tuberosidade da espinha da escapula.

Umero (Estilopédio)

O Umero, osso da regido braquial, era composto por duas epifises e uma diafise. A epifise
proximal articulou-se com a escdpula, formando a articulacdo escapulo-umeral (gleno-umeral); a
distal com o radio e a ulna, originando a articulagdo imero-radio-ulnar.

A cabeca do iimero (caput humeri) era ovalada com seu maior eixo no sentido cranio-caudal
e mais pontiaguda cranialmente (Fig. 12). Estendia-se craniodistalmente por alguns milimetros
para formar o sulco intertubercular (sulcus intertubercularis), o qual separou os tubérculos
umerais. A cabeca do imero no L. gymnocercus e cido doméstico demonstraram a extremidade
caudal mais arredondada, enquanto no C. thous era sutilmente mais estreita (afilada).

Hildebrand (1954) verificou diferencas no contorno do topo da cabe¢a do Uumero entre
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canideos, sendo mais esféricas nos géneros Chrysocyon e Lycalopex, mais achatadas no Canis,
Otocyon, Vulpes, Alopex e Fennecus e variavel nos demais. Segundo Feeney (1999) foi mais esférica
no U. cinereoargenteus e achatada no C. latrans e V. vulpes. Nos espécimes de L. gymnocercus do
presente estudo a cabeca do Umero mostrou-se achatada e ndo esférica, como sugerido por
Hildebrand (1954), a semelhanca do encontrado no C. thous e cies domésticos examinados. Feeney
(1999) considerou que o formato da cabe¢a do Umero conferia mais informag¢des sobre o
movimento do ombro do que a cavidade glenoide: quanto mais achatada, mais restrito é o
movimento ao plano sagital (tipico de cursoriais mais especializados); quanto mais esférica, maior
a capacidade de aducdo e abducao.

O tubérculo maior (tuberculum majus) foi a maior elevagido proximal e cranial do osso nos
espécimes de L. gymnocercus examinados. Isto foi uma caracteristica também identificada por
Feeney (1999) em outros trés canideos: C. latrans, V. vulpes e U. cinereoargenteus, porém neste
ultimo o tubérculo estende-se ainda mais cranialmente. A altura atingida por este arco do tubérculo
maior variou discretamente entre individuos de C. thous. Em cies domésticos pode nao ser o ponto
mais proximal do osso, dependendo da raca (Evans & DeLahunta 2013). Teve seu contorno
proximal invariavelmente na forma de arco, dividido em uma parte cranial (maior) e outra caudal
(menor) por um sulco raso, assim como relatado por Nickel et al. (1986) para caes.

O m. supra-espinhal tem a funcdo de estender a articulacdo gleno-umeral e, assim, atua como
um sinergista na protragdo do imero durante o galope. Portanto, quando o tubérculo maior tem
localizagdo mais proximal, como nos canideos, ocorre um favorecimento mecanico para a a¢ao do
m. supra-espinhal. Isto é desejavel para os cursoriais durante o deslocamento em maior velocidade
(galope). Em contrapartida, em carnivoros que dificilmente galopam (ursideos, procionideos) o
tubérculo maior nio é tio proximal e o musculo atua principalmente na estabilizacio do ombro
(Martin-Serra et al. 2014). Janis & Figueirido (2014) acrescentaram que o tubérculo maior seria
mais desenvolvido nos carnivoros que perseguem suas presas e menos naqueles que ficam a
espreita.

Foram verificados varios pequenos forames entre o tubérculo maior e a superficie articular
da cabe¢a do imero; usualmente dois forames principais no L. gymnocercus e entre quatro a seis no
C. thous. Na face lateral do tubérculo maior, préximo ao seu limite caudal, verificou-se a faceta para
insercdo do m. infra-espinhal. Esta foi mais destacada no C. thous, com formato claramente
arredondado e menos nitida e mais alongada no L. gymnocercus. Na face cranial, o tubérculo
prolonga-se distalmente formando a crista do tubérculo maior (crista tuberculi majoris), a qual
mostrou-se mais discreta no L. gymnocercus e cio doméstico em comparagao com o C. thous.

O tubérculo menor (tuberculum minus) foi visualizado na face medial, com aspecto nodular.
Segundo Hildebrand (1954) o tubérculo menor do C. thous é o mais bem desenvolvido entre
canideos. De fato, seu tubérculo menor ultrapassou a altura da cabeca do imero no C. thous e cdo
doméstico, mas no L. gymnocercus permaneceu praticamente no mesmo nivel. A crista do tubérculo
menor (crista tuberculi minoris) projeta-se distalmente a partir da face caudal do tubérculo e é bem
desenvolvida no cdo doméstico, especialmente nas racas grandes (Nickel et al., 1986), mas também
o foi no L. gymnocercus e C. thous.

O sulco intertubercular do L. gymnocercus, C. thous e cdo doméstico dispuseram-se
orientados cranialmente, conforme notado por Feeney (1999) para os também canideos C. latrans,
V. vulpes e U. cinereoargenteus. Visto que este sulco é deslizado pelo tenddo do m. biceps braquial,
sua orientacdo cranial restringe o direcionamento do musculo no plano sagital, limitando-o a
realizar flexdo do cotovelo. Esta adaptagido seria tipica de cursoriais especializados (Liem et al.
2013). Em espécies como a M. pennanti e o P. lotor, o sulco estd posicionado medialmente em
relacdo ao eixo longitudinal do membro, o que determina uma disposi¢do para o m. biceps braquial
capaz de atuar tanto na flexdo do cotovelo como na supinacao.

O colo do dumero (collum humeri) margeou distalmente a cabe¢a do Umero, comunicando as
faces caudais dos tubérculos maior e menor. Sua superficie pode ser dividida na face caudal da
diafise por uma crista sagital mais evidente no L. gymnocercus e no C. thous e quase inaparente no
cdo doméstico. Nesta regido originou-se a cabeca acessoria do m. triceps braquial e tal relevo foi
descrito como menos evidente nos géneros Nyctereutes e Speothos (Hildebrand 1954).

A diafise (corpus humeri) umeral mostrou-se comprimida latero-medialmente na sua metade
proximal e cranio-caudalmente na metade distal, conferindo aspecto levemente espiralado ao osso,
como no cdo doméstico (Nickel et al. 1986). Apresentou quatro faces: lateral, medial, cranial e
caudal.

Na face lateral (facies lateralis) encontrava-se a linha tricipital (linea m. tricipitis) a qual
iniciava-se na jung¢io entre a cabe¢a umeral com a extremidade caudal do tubérculo maior. Esta
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linha estendeu-se distalmente, em forma de arco convexo cranialmente, até o terco médio da diafise
e terminou na tuberosidade deltoide (tuberositas deltoides), conforme verificado nos canideos V.
vulpes, C. latrans e U. cinereoargenteus, no mustelideo M. pennanti, no procionideo P. lotor (Feeney
1999) e no cdo doméstico (Evans & DeLahunta 2013). No M. pennanti e P. lotor estendeu-se a um
nivel mais distal na diafise do imero do que nos canideos (Feeney 1999). Na sua parte mais
proximal observou-se uma area rugosa para a inser¢do do m. redondo menor e o restante da linha
servia para a origem da cabeca lateral do m. triceps braquial. No cdo doméstico e C. thous, a linha foi
continua até se encerrar na tuberosidade deltoide. No L. gymnocercus havia uma interrup¢cdo no
terco médio da linha, o que a tornava inconspicua. O sulco para o m. braquial (sulcus m. brachialis)
ocupou a maior parte da face lateral da diafise e conferiu aspecto retorcido ao osso.

A tuberosidade deltoide foi a projecio mais saliente da face lateral e serviu de inser¢io para
as partes acromial e escapular do m. deltoide. De acordo com Nickel et al. (1986), nos caes de
pequeno porte e gatos seria apenas uma area rugosa no ter¢o proximal da diafise, enquanto nos
individuos de maior porte seria uma crista que se emenda com a linha tricipital. Esta ultima
descri¢do pareceu a mais compativel com o encontrado no L. ggymnocercus e C. thous. A parte rugosa
(aspera) da tuberosidade fica voltada cranialmente em ambas espécies, assim como descrito para
os também canideos V. vulpes, C. latrans e U. cinereoargenteus (Feeney 1999).

Um dos poucos sinais de dimorfismo sexual relatado no esqueleto apendicular de canideos
refere-se a tuberosidade deltoide mais desenvolvida nos machos. Ruscillo (2002) especulou que o
comportamento mais agressivo dos canideos selvagens e domésticos machos, especialmente nas
disputas pelo acasalamento, demandaria que os musculos que conectam o membro tordcico ao
pescogo e a cabeca sejam mais desenvolvidos. Alegou que na tuberosidade deltoide se fixaria a
parte cleidobraquial do m. braquiocefalico, o que cumpriria essa premissa. Entretanto, no L.
gymnocercus o m. cleidobraquial se inseriu distalmente a tuberosidade deltoide. Visualmente a
comparacdo entre os umeros de espécimes machos e fémeas de L. gymnocercus e C. thous ndo
permitiu a observacdo de diferencas na forma ou tamanho da tuberosidade deltoide. Entretanto, o
“teste da mesa” 7 proposto por Ruscillo (2002), quando realizado em sete imeros de L. gymnocercus
mostrou apenas 57% (4/7) de concordancia quanto ao sexo.

Na face medial (facies medialis) da diafise verificou-se que a crista do tubérculo menor. Tal
crista se prolongou distalmente e terminou caudalmente a um espessamento rugoso ao nivel do
terco proximal da diafise, denominado tuberosidade redonda maior (tuberositas teres major).
Enquanto no cdo doméstico (Evans & DeLahunta 2013) e no C. thous, esta tuberosidade encontrava-
se no mesmo nivel transversal da tuberosidade deltoide da face oposta, no L. gymnocercus
posicionava-se um pouco mais proximal.

A face cranial (facies cranialis) continha proximalmente a crista do tubérculo maior, a qual se
estendia distalmente até delimitar cranialmente o sulco para o m. braquial. A face caudal (facies
caudalis) se prolongava desde o colo do umero até a crista supracondilar lateral (crista
supracondylaris lateralis). Tanto no cdo doméstico como nos espécimes de L. gymnocercus e C. thous
o forame nutricio foi localizado na extremidade proximal da crista supracondilar lateral ao nivel do
terco médio da face caudal. Esta posicio do forame nutricio também foi ilustrada no V. vulpes
(Feeney 1999).

A epifise distal conteve a superficie articular para o radio e a ulna, além de servir para a
origem de treze musculos do antebraco. A superficie articular distal do imero corresponde a um
condilo (condylus humeri) o qual foi dividido em duas partes: a lateral, menor, denominada capitulo
(capitulum humeri) que estabeleceu articulacdo com o radio; a medial, maior, designada tréoclea
(trochlea humeri, pelo formato em “polia”) em que predominou a articulagio com a ulna. A tréclea
umeral do L. gymnocercus era discretamente mais profunda do que a do C. thous, o que pode
privilegiar movimentos no plano sagital, ideais para um cursorial especializado. A tréclea é citada
como profunda nos géneros cursoriais especializados Canis, Lycaon e Cuon e ampla no Speothos
(Hildebrand 1954).

A depressao profunda encontrada na face caudal da epifise distal formou a fossa do olécrano
(fossa olecrani), enquanto a depressdo na face cranial originou a fossa radial (fossa radialis). Ambas

7 0 “teste da mesa” descrito por Ruscillo (2002) consiste em posicionar a face cranial do dmero
sobre uma mesa plana e solta-lo. Se o osso se mantiver com a face cranial apoiada na mesa,
provavelmente trata-se de um osso do sexo masculino; se o osso tombar para a face medial, o
Umero seria de um espécime feminino. O autor menciona que o teste tem probabilidade de acerto
em 85% dos machos de cdes domésticos e 70% das fémeas e 78% em machos de V. vulpes. Também
foi empregado em uma pequena amostragem de C. lupus com éxito.
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profundas, garantem uma grande amplitude nos movimentos de extensdo e flexdo, desejavel aos
canideos cursoriais. Em carnivoros menos velozes como a M. pennanti e no P. lotor foram descritas
como rasas. O forame supratroclear (foramen supratrochleare) comunicou as fossas radial e do
olécrano. O formato do forame variou entre diferentes espécimes de L. gymnocercus, C. thous e cio
doméstico, porém no mesmo animal manteve-se com aparéncia semelhante entre antimeros. De
fato, o formato e tamanho da fossa do olécrano e do forame supratroclear ndo sdo caracteristicas
que permitem a distingdo de espécies (Hildebrand 1954).

Fora do coOndilo foram encontradas duas proeminéncias (epicondilos): uma lateral
(epicondylus lateralis) e outra medial (epicondylus medialis). A medida que o epicondilo lateral se
estendia proximalmente, afilava-se e tornava-se continuo com a crista supracondilar lateral.
Distalmente ao epicondilo lateral e articulando-se lateralmente com a cabeca do radio encontrou-se
um osso sesamoide do m. supinador (Fig. 13) em todos os espécimes de L. gymnocercus
examinados. Mais precisamente, o osso mediu entre 3 e 4 mm e se localizou no curso do tendao a
alguns milimetros distal a sua origem. O grau de mineralizacdo deste osso era baixo pois nao
apareceu nas radiografias da articulagdo imero-radio-ulnar e sua identificagdo sé foi possivel pela
disseccdo cuidadosa do tendio de origem do m. supinador. Em cdes domésticos sua presenca é
considerada variavel por Evans & DeLahunta (2013).

O epicondilo medial mostrou-se mais proeminente que o lateral. Hildebrand (1954) referiu
que o ponto de origem do m. pronador redondo em relagdo as facetas para origem dos musculos
flexores do carpo e dedos variam entre os canideos. Segundo este autor, no Chrysocyon brachurus
os pontos de origem estariam no mesmo plano transversal, enquanto no Speothos a origem do
pronador seria imeditamente proximal e no género Canis estaria em uma posi¢do intermediaria. No
L. gymnocercus e C. thous a disposicdo do ponto de origem do m. pronador redondo em relacao aos
dos flexores do carpo e dedos assemelhou-se ao do género Canis.

Ainda que um forame supracondilar (entepicondilar) para a passagem do nervo mediano e
da artéria braquial seja descrito para a maioria dos carnivoros (Hildebrand 1954), inclusive felinos
domésticos (ICVGAN 2012), ndo foi encontrado no L. gymnocercus nem no C. thous. Também nao foi
observado por Feeney (1999) no V. vulpes, C. latrans nem U. cinereoargenteus. Isto ja era esperado
pois tal forame costuma estar ausente em canideos, ursideos e mustelideos (Hildebrand 1954),
ainda que Feeney (1999) descrevesse-o como presente no mustelideo M. pennanti. De acordo com
Wang (1993) o forame supracondilar estava presente na maior parte dos canideos primitivos e foi
perdido nos mais recentes, o que determinou, inclusive, um epicéndilo medial menos desenvolvido.
Ja Martin-Serra et al. (2014) sugerem que um epicondilo medial mais desenvolvido seria necessario
para uma vantagem mecadnica para os musculos pronadores e flexores do carpo e dedos,
movimento menos necessario aos canideos do que a outras familias. Assim, a presen¢a de um
forame supratroclear e a auséncia do forame supracondilar distinguiria o imero dos canideos
atuais dos demais carnivoros (Hildebrand 1954).

Embora diferencas tenham sido encontradas nos acidentes anatéomicos e formas do Umero
entre L. gymnocercus, C. thous e cdo doméstico, as mesmas sdo sutis. Pode ser inferido visualmente
que o umero do L. gymnocercus é mais delgado e o do C. thous mais robusto. De fato, isto foi
confirmado pelo indice de robustez umeral (URI) médio do L. gymnocercus ser 0,065 e do C. thous
0,072 (Quadro 6). Dentre os indices morfolégicos propostos por Samuels et al. (2013) foi o dnico
que variou entre as duas espécies. A partir disto pode-se sugerir que o C. thous tenha menos
velocidade, enquanto o L. gymnocercus seja mais agil, talvez para cumprir uma provavel predilecao
carnivora em comparagdo com o primeiro(Queirolo et al.,, 2013). Por outro lado, estas diferencas
sutis corroboram Hildebrand (1954) que concluiu que o Umero isoladamente permite a
identificacdo de poucos géneros de canideos, a excecdo dos umeros de C. brachyurus e S. venaticus,
os quais tém formatos bem peculiares. O S. venaticus inclusive é o canideo com maior espessura
cortical no imero, talvez decorrente de usar os membros toracicos também para nadar, escavar e
capturar presas maiores (Meachen-Samuels 2010).

A largura da epiffise distal (Bd) no imero dos espécimes machos foi significativamente maior
(p = 0,03) (Quadro 7). Isto decorre de epicondilos umerais maiores nos machos, o que permitiria a
fixagdo de musculos extensores e flexores do carpo e dedos funcionalmente mais fortes para a
captura da presa e aceleracdo durante o galope.

A partir das andlises tridimensionais, estimou-se a 4area da cabeca do Umero como
341,9mm?, enquanto a cavidade glenoide da escipula possuia 129,61mm?. Portanto, a superficie
articular da cabe¢a do imero é mais que o dobro (2,6 vezes) da superficie da cavidade glenoide, o
que possibilita maior amplitude de movimentos da articulagio escipulo-umeral, ainda que
limitados pelos musculos, tenddes e ligamentos. Esta constatagdo esta de acordo com o relatado
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para o cdo, em que a superficie articular da cabeca umeral seria aproximadamente o dobro do
tamanho da cavidade glenoide (Evans & DeLahunta 2013). Ainda foi possivel determinar que os
condilos umerais possuem area total de 281,19mm?2 e o Uimero como um todo 5564,32mm?.
Portanto, a cabec¢a do imero constituiu 6,1% da superficie umeral, enquanto os céndilos 5,1%.

As radiografias do imero isoladamente (Fig. 14) permitiram visualizar a espessura cortical
maior na diadfise e menor nas epifises. A tuberosidade deltoide apareceu nas projecdes latero-
medial e médio-lateral como uma area radiodensa destacada, decorrente da rigidez necessaria
nesta area para a inser¢do das duas partes do m. deltoide. A trabecula¢ido foi mais radiopaca na
regido distal, proximalmente as fossas radial e do olecrano. Na radiografia da regido braquial de um
espécime adulto jovem (Fig. 15), ficou nitido o formato de cunha assumido pelo disco epifisario
cartilagineo proximal do umero.

A localizacdo dos principais acidentes anatdémicos do imero em um sistema de coordenadas
tridimensional encontra-se no Quadro 8.

Radio e Ulna (Zeugopddio)

0 radio foi um osso mais curto que a ulna e bem menos acidentado para a fixa¢do de
musculos. Os dois ossos juntos formaram a regido antebraquial. O comprimento do radio contribuiu
para 27,0% do comprimento total médio do esqueleto do membro toracico do L. gymnocercus. O
radio do L. gymncoercus possuiu um achatamento cranio-caudal e uma convexidade cranial
conforme descrito para o cdo doméstico por Nickel et al. (1986) e Sisson (1986). O radio articulou-
se proximalmente com o umero (articulagio imero-radial) e ulna (articulagdo radio-ulnar) para
formar a articulagdo iimero-radio-ulnar (cotovelo). A sua regido distal conectou-se lateralmente
com a ulna (articulagdo radio-ulnar) e distalmente com os ossos do carpo (articulagdo radio-
carpiana) como parte da articulagdo antebraquiocarpiana.

A extremidade proximal apresentou uma cabeca (caput radii) e um colo (collum radii) (Fig.
16). O contorno caudal da cabecga foi convexo e formou uma circunferéncia articular (circumferentia
articularis) que se encaixava na incisura radial da ulna. A superficie articular desta circunferéncia
tinha o comprimento cerca de um ter¢co maior do que a incisura radial com a qual se articulava,
deixando margem para uma rotacdo do radio sobre a ulna, necessaria para os movimentos de
pronacdo e supinac¢do. A superficie articular da cabe¢a demonstrou uma concavidade, a févea
articular (fovea capitis radii), a qual se articulou com o capitulo umeral e parte lateral da tréclea
umeral, suportando a maior parcela do impacto do brago sobre o antebrago durante a fase de apoio
da passada.

A largura médio-lateral da cabeca do radio é uma medida associada com a identificacdo dos
géneros de canideos como também com o tipo de habitat que a espécie se distribui (Meloro & Louys
2015). No caso do L. ggymnocercus mediu 11,49 +0,56 mm, sem diferenca significativa entre os sexos
(Quadro 9).

Apoiando a cabeca do radio esteve o colo, uma regido estreitada. Distal e medialmente ao
colo, existia uma tuberosidade radial (tuberositas radii) a qual estendia-se desde a margem medial a
face caudal da didfise em posicionamento relativamente constante entre os espécimes de L.
gymnocercus e C. thous. No cdo doméstico o posicionamento da tuberosidade radial varia bastante
entre racas (Evans & DeLahunta 2013).

O corpo do radio era achatado cranio-caudalmente, especialmente na regido proximal. Na
face cranial (facies cranialis) encontrava-se uma area aspera para a insercdo do m. supinador. Tal
insercdo do m. supinador se deu em nivel ligeiramente mais proximal do que a do m. pronador
redondo, tanto no cdo doméstico (Evans & DeLahunta 2013) como no L. gymnocercus, C. thous e
Procyon cancrivorus (Silva et al. 2015). A face caudal (facies caudalis) era concava e possuia uma
linha vertical que alcancava a epifise distal no L. gymnocercus, mas ndo no cdo doméstico (Evans &
DeLahunta 2013) nem no C. thous. Esta linha dividia a face caudal em duas superficies: uma medial
mais larga (2/3) e outra lateral mais curta (1/3). Uma elevagdo rugosa se localizava no terco
proximal da face caudal e se direcionava para a margem lateral do osso. Tal elevagdo era bem suave
no L. gymnocercus e mais proeminente no cdo doméstico e C. thous. Como esta elevacdo servia para
o ligamento interdsseo, pode ser que a unido entre radio e ulna no L. gymnocercus seja um pouco
mais frouxa e permita algum movimento adicional de rotagdo. No ter¢o proximal da face caudal
encontrava-se um forame nutricio, medialmente a esta elevacdo para o ligamento interésseo. A face
caudal do radio era mais robusta e convexa a medida que se aproximava da tréclea. Esta
convexidade era mais pronunciada do L. gymnocercus do que no C. thous e cio doméstico.
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Na margem medial da diafise localizou-se uma linha para a inser¢io do m. pronador
redondo, a qual fora mais desenvolvida no cdo doméstico e menos no L. gymnocercus e ainda mais
discreta no C. thous.

A extremidade distal do radio, trdclea (trochlear radii), possuia uma superficie articular
principal para a fileira proximal do carpo (facies articularis carpea), especialmente para o 0sso
intermédio-radial. Esta superficie era concava e delimitada medialmente pelo processo estiloide
(processus styloideus), com uma tuberosidade proximalmente, e lateralmente pela incisura ulnar
(incisura ulnaris). O processo estiloide é ligeiramente mais pontiagudo no L. gymnocercus e C. thous
do que no cdo doméstico em conformidade com Hildebrand (1954) que afirma ser mais pontiagudo
nos géneros Lycalopex, Cerdocyon, Nyctereutes e Speothos, assemelhando-se ao de felinos. A area
achatada para origem do ligamento carpico medial era um pouco mais ampla e sulcada no cdo
doméstico, sulcada no C. thous e praticamente lisa no L. gymnocercus. Isto pode sugerir um
ligamento mais forte no cdo doméstico e que comparativamente o carpo dos canideos silvestres
teria mais mobilidade nesta regido.

A face cranial da tréclea radial apresentou trés sulcos extensores: o mais lateral para o
tenddo do m. extensor comum dos dedos; o intermédio (mais profundo) para o tendio do m.
extensor radial do carpo; e o mais medial e estreito para o tenddo do m. abdutor longo do primeiro
dedo cruzar obliquamente sobre a face cranial do radio e se inserir no primeiro metacarpiano.
Comparativamente a separacdo entre os sulcos lateral e médio é mais pronunciada no L.
gymnocercus. Segundo Meloro & Louys (2015), a profundidade do sulco para o m. extensor radial
do carpo é a caracteristica na regido distal do rddio que melhor permite diferenciar géneros de
canideos e esta altamente correlacionada com a preferéncia por habitat da espécie. Entretanto
estas diferencas ndo foram visualmente aparentes entre os espécimes disponiveis deste estudo.
Talvez esse grau de detalhamento possa ser obtido por analises mais apuradas de morfometria
geométrica.

A face caudal da tréclea era repleta de forames e possuia um tubérculo, o qual era mais
robusto no L. gymnocercus do que no cdo doméstico e C. thous. Nao existia uma crista transversa,
diferente do reconhecido para felinos e outros mamiferos (Nickel et al. 1986).

A ulna (Fig. 17) formou a base éssea caudal do antebrago e também foi o osso mais longo do
membro toracico do L. gymnocercus (Quadro 10). Articulou-se proximalmente com o umero pela
incisura troclear (incisura trochlearis) e com o radio pela incisura radial (incisura radialis). Sua
extremidade distal (cabega) articulou-se com a incisura ulnar do radio e com os 0ssos carpianos
ulnar e acessério.

A extremidade proximal da ulna foi formada predominantemente pelo olecrano (olecranon).
Este compreendeu a tuberosidade do olecrano (tuber olecrani) e o processo ancéneo (processus
anconeus). No olecrano fixaram-se os musculos extensores do cotovelo, em especial as insergdes
das cabegas tricipitais. Seu formato era medialmente concavo e lateralmente convexo, tendo sua
extremidade proximal inclinada medialmente quando vista caudalmente. Segundo Hildebrand
(1954) essa curvatura é mais proeminente nos canideos Nyctereutes e Cerdocyon. Na comparagio
entre L. gymnocercus e C. thous nao foi possivel notar diferenca nesta inclinacgao.

A regido caudal da extremidade proximal do olecrano era arredondada, enquanto a parte
cranial era sulcada. O sulco era delimitado por elevacdes medial e lateral. Tanto em espécimes de L.
gymnocercus como de C. thous a elevacdo medial surgia mais comprida no sentido cranio-caudal e
mais alta proximalmente na maioria dos casos, embora em poucos espécimes esta diferenca nao
fosse tao nitida. Nao foi possivel correlacionar a altura desta elevagdo com dimorfismo sexual. Tais
elevacdes foram denominadas tubérculos medial e lateral e seriam pouco desenvolvidas no género
Speothos (Hildebrand 1954, Salesa et al. 2010). O tubérculo medial mais elevado é uma
caracteristica relatada para canideos enquanto o lateral mais proeminente ou do mesmo tamanho
seria mais frequente em felideos (a excecdo do Acinonyx jubatus) (Salesa et al. 2010). Pode-se
sugerir que nas espécies que possuem o tubérculo medial mais elevado a cabe¢a medial do m.
triceps braquial seja mais curta, como no caso do A. jubatus e outros felideos extintos (Salesa et al.
2010).

A incisura troclear era uma superficie articular com o formato de “meia-lua”. Sua
concavidade voltava-se cranialmente. Possuia uma crista sagital que permitia o encaixe da trdclea
umeral e que restringiria os movimentos ao plano sagital. Proximalmente terminava em uma ponta,
denominada processo anconeo, a qual se projetava na fossa do olecrano do dmero, constituindo
uma adaptacdo importante para a estabilidade do cotovelo. A superficie articular da incisura
troclear era mais ampla na face lateral do processo ancéneo, mais nitidamente no L. gymnocercus e
C. thous do que no cdo. Talvez isto possibilite um movimento de abdu¢do um pouco mais amplo.
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Contudo, Hildebrand (1954) afirmou que o processo anconeo nao possui diferengas importantes
entre as espécies de canideos.

Distalmente a incisura troclear formaram-se dois processos coronoides, um medial e outro
lateral. O processo coronoide medial (processus coronoideus medialis) era mais largo para suportar
a maior parte da troclea umeral. O processo coronoide lateral (processus coronoideus lateralis),
mais curto, articulava-se com a parte lateral da troclea e capitulo. Um processo coronoide medial
mais desenvolvido que o lateral é uma caracteristica de carnivoros (Sisson, 1986). Por meio da
osteometria tridimensional na ulna de um espécime fémea de L. gymnocercus, pode-se inferir que o
processo coronoide medial tinha 50% a mais de superficie articular do que o processo lateral. A
extremidade do processo coronoide medial atingiu um nivel mais distal do que a do processo
lateral. O intervalo entre as extremidades dos processos coronoides formara o limite proximal da
incisura radial para se ajustar a circunferéncia articular do radio. Na face cranial do osso, dos dois
processos surgiram duas cristas que seguiam trajeto distal e convergentes. Juntamente com a
incisura radial delimitaram um triangulo, tal qual no cdo doméstico (Evans & DeLahunta 2013).

O corpo da ulna (corpus ulnae) possuia trés faces (facies lateralis, facies medialis e facies
cranialis) e quatro margens (margo lateralis, margo medialis, margo caudalis e margo interosseus).
Era mais largo cranio-caudalmente na regido proximal e mais fino e arredondado na parte distal. A
face cranial possuia uma area rugosa para a fixacdo do ligamento interdsseo, o qual juntava a ulna
ao radio. Esta area foi comparativamente mais larga e curta no cio doméstico e alongada e
comprida no L. gymnocercus e C. thous. Proximalmente a esta area, encontrava-se o forame nutricio
nas trés espécies. A margem interdssea, caracteristica de carnivoros (ICVGAN 2012), foi mais
destacada no cdo doméstico do que no L. gymnocercus e C. thous. Medialmente a esta margem,
observou-se um sulco para a artéria interdssea caudal, que se estendia entre os tercos médio e
distal do corpo da ulna.

A margem caudal tratava-se de uma elevagdo fina que atingiu sua maior concavidade no
terco médio. Era inclinada medialmente e mais robusta a medida que atingia a regido proximal na
zona de transicdo com o olecrano. A margem medial iniciou distalmente a ponta do processo
coronoide medial e se prolongou até o ter¢o distal do corpo do osso. A margem lateral surgiu
distalmente ao processo coronoide lateral e se estendeu até o mesmo nivel da medial. Ambas as
margens foram suaves no L. gymnocercus e C. thous se comparadas ao cdo doméstico.

A extremidade distal da ulna formou a cabega da ulna (caput ulnae), assim denominada pelo
seu formato arredondado. Destacou-se do corpo da ulna por uma incisura localizada
proximalmente a uma superficie articular arredondada e levemente voltada proximalmente, a
circunferéncia articular (circumferentia articularis). Esta circunferéncia apds-se a incisura ulnar do
radio. A projecdo mais distal e romba constituiu o processo estiloide (processus styloideus). Assim,
como no cdo doméstico (Evans & DeLahunta 2013), este processo exibia duas facetas para
articulagcdo com os 0ssos carpianos ulnar e acessorio.

As radiografias dos ossos radio e ulna separados ou articulados (Figs. 18 e 19) revelaram que
o disco epifisario cartilagineo proximal do radio teve formato sinuoso que acompanhava, de certa
forma, o contorno do céndilo umeral. O disco epifisario distal demonstrou formato transverso. As
corticais do radio eram bem préximas na metade proximal da diafise, o que tornou a cavidade
medular estreita. Esta peculiaridade foi decorrente do achatamento cranio-caudal do osso e pode
representar uma dificuldade adicional para a colocacdo de implantes em osteossinteses.

A ulna apresentou trabeculagdo mais marcada na regido do olecrano, viso que esta area que
demanda maior rigidez para suportar as alavancas dos musculos extensores do cotovelo bem como
o impacto no cotovelo. A conformacgido da congruéncia articular imero-radio-ulnar (Figs. 20 e 21)
foi semelhante a ilustrada por Schebitz & WIlkens (1987) para o cdo doméstico. O disco epifisario
cartilagineo distal apresentou-se em forma de cunha (Fig. 22).

A osteometria tridimensional permitiu inferir que a regido articular proximal do radio e da
ulna era formada pela cabeca do radio (60,03mm?), processo coronoide medial da ulna
(12,67mm?), processo coronoide lateral (8,18mm?) e incisura troclear (101,17mm?2). Pode-se,
assim, quantificar que para a formagio da superficie articular para o imero, o radio contribuiu em
33% e a ulna em 67%.

Durante a fase de apoio do membro toracico no solo, o imero exerce carga praticamente
sobre os processos coronoides da ulna e cabega do radio, as quais sdo superficies mais distais em
comparacdo com a incisura troclear. Assim, desconsiderando-se a incisura troclear, pode-se estimar
que durante a fase de apoio a cabeca do radio forneca superficie para suportar cerca 74% da carga
umeral, enquanto o processo coronoide medial suportaria 16% e o lateral apenas 10%. A razdo
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entre as areas dos condilos umerais e superficie articular radio-ulnar foi de 1,5 o que confirma a
grande amplitude do movimento do cotovelo no plano sagital.

A troclea radial apresentou area 82,46 mm?2 enquanto a superficie articular distal da ulna
para os ossos carpianos 14,51 mm?2. A partir destas mensuragoes, pode-se confirmar que a ulna
predominou em relagdo ao radio quanto a formacdo da articulacdo do cotovelo (67% e 33%,
respectivamente). Inversamente, o radio foi a principal superficie articular para os ossos carpianos
proximais (85%) em comparagdo com a ulna(15%). O conjunto da superficie articular proximal do
antebrago para o uUmero correspondeu a 3,0% da dareas totais do radio e ulna somados
(5.986,12mm?); a superficie articular para a fileira proximal de ossos carpianos ocupou 1,6% da
area.

Os principais acidentes anatomicos do radio e da ulna em um sistema de coordenadas
encontram-se representados no Quadro 11. Se observado o eixo préximo-distal (“Z”), pode-se
confirmar e aferir o quanto a elevagao medial é pouco mais proximal que a lateral.

Maio (Autopodio)

O esqueleto da mdo foi constituido pelos ossos do carpo (basipédio), metacarpo
(metapddio), falanges (acropédio) proximal, média e distal dos dedos II a V e falanges proximal e
distal do dedo I. Também foram encontrados ossos sesamoideos (ossa sesamoidea) palmares,
proximais, distais e do m. abdutor longo do dedo I (0s sesamoideum m. abductor digiti I [pollicis]
longus).

Os ossos do carpo (ossa carpi) eram ossos curtos que contribuiram com apenas 3% do
comprimento do esqueleto do membro. Estiveram dispostos em duas fileiras: uma proximal (ou
antebraquial) e outra distal (ou metacarpiana), totalizando sete ossos carpianos e um o0sso
sesamoide do m. abdutor longo do dedo I. Esta disposi¢do é descrita nos carnivoros domésticos
(Sisson 1986) e S. suricatta (van Staden 2014). Feeney (1999) citou estes mesmos 0ssos para o0s
carnivoros Urocyon, Vulpes, Martes, Canis e Procyon, a exce¢do do sesamoide. Na fileira proximal
estdo os ossos carpianos intermédio-radial (os carpi intermedioradiale), ulnar (os carpi ulnare) e
acessorio (os carpi accessorium), além do osso sesamoide do m. abdutor longo do dedo I. Na fileira
distal encontram-se os o0ssos carpianos primeiro (os carpale primum), segundo (os carpale
secundum), terceiro (os carpale tertium) e quarto (os carpale quartum), dispostos de medial para
lateral respectivamente. O conjunto dos ossos do carpo apresentou um contorno convexo
dorsalmente e concavo palmarmente (Fig. 23).

Feeney (1999) comparou que o carpo de canideos tem conformacio estreitada no sentido
mediolateral, decorrente da reducdo do primeiro dedo, da redugdo do osso carpiano primeiro e de
seu posicionamento palmar em relagdo ao segundo e da maior proximidade do radio com a ulna.
Estas caracteristicas, também encontradas no L. gymnocercus e C. thous, diferenciam a conformacgdo
geral do carpo entre canideos e demais familias que utilizam as maos para outros movimentos que
ndo apenas a caminhada ou corrida.

0 osso intermédio-radial (os scapholunatum) foi o maior dos ossos carpianos com largura
média de 13,78 mm (Quadro 12). Ocupou a posicdo mais medial na fileira proximal e se articulou
proximalmente com a tréclea do radio, lateralmente com o osso carpiano ulnar e distalmente com
0s 0ssos carpianos primeiro, segundo e terceiro. Foi formado pela fusdo entre os ossos carpiano
radial e intermédio (scaphoid e Iunar), o que é uma caracteristica de todos os carnivoros modernos
e parece ser uma adaptacdo para aumentar a estabilidade do carpo e absorver o impacto na
locomocgio (Ewer 1973).

O osso carpiano ulnar (os triquetrum) ocupou uma posi¢do intermediaria entre os o0ssos
intermédio-radial e acessoério na fileira proximal. Sua profundidade era maior que a largura (9,85
mm e 6,86 mm, respectivamente) e seu maior eixo tinha inclinagdo palmaro-distal, conforme
reconhecido no cdo doméstico (Evans & DeLahunta 2013). Articulava-se na direcdo proximal com o
processo estiloide da ulna, na palmar com o osso carpiano acessoério, na medial com o osso
intermédio radial e na distal com o osso carpiano quarto.

O osso carpiano acessorio (os pisiforme) foi o mais palmar e Gnico a permitir a fixagio de
musculos: da inser¢do do m. flexor ulnar do carpo e da origem do m. abdutor do dedo V, conforme
descrito para o cido doméstico (Evans & DeLahunta 2013) e Ailuropoda melanoleuca (Endo et al.
1996). Esta extremidade palmar assemelhou-se a um tubérculo arredondado, mais perfeitamente
redondo no C. thous que no L. gymnocercus, descrito como tipico de canideos e também de felideos
altamente cursoriais como os existentes Panthera leo e Acinonyx jubatus e extintos como Panthera
atrox e Homotherium latidens (Salesa et al. 2010). A extremidade elipsoide, achatada préximo-
distalmente, seria tipica de espécies cursoriais menos especializadas (Salesa et al. 2010).
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Corroborando essa observacgao, este ultimo formato foi ilustrado por (van Staden 2014) para o S.
suricatta, carnivoro escavador. Estabeleceu conexdo dorsal com o osso carpiano ulnar e 0sso
carpiano quarto e proximal com o processo estiloide da ulna.

Os ossos carpianos primeiro (os trapezium), segundo (os trapezoideum) e terceiro (os
capitatum) estdo na fileira distal e se articularam proximalmente com o 0sso carpiano intermédio-
radial e distalmente com os 0ssos metacarpianos primeiro, segundo e terceiro, respectivamente. O
0sSso carpiano primeiro era o menor entre os 0ssos do carpo e o mais medial da fileira distal, sendo
posicionado mais palmarmente que dorsalmente. Estas caracteristicas foram idénticas as relatadas
para o S. suricatta (van Staden 2014). O osso carpiano segundo articulou-se medialmente com o
0sso carpiano primeiro e lateralmente com o osso carpiano terceiro. O osso carpiano terceiro
articulou-se medialmente com o osso carpiano segundo e lateralmente com o osso carpiano quarto
e dispds de uma pequena faceta voltada distal e palmarmente para a extremidade proximal do osso
metacarpiano segundo. Segundo Salesa et al. (2010) esta seria uma caracteristica tipica de canideos
e felideos cursoriais especializados e ausente em carnivoros escaladores.

0 osso carpiano quarto (os hamatum) foi o maior e mais lateral da fileira distal. Articulou-se
proximalmente com o osso carpiano ulnar, medialmente com o o0sso carpiano terceiro,
palmarmente com parte do osso carpiano acessoério e distalmente com os ossos quarto e quinto
metacarpianos.

O osso sesamoide do m. abdutor longo do dedo I teve formato circular e apresentou uma
faceta voltada medialmente para o osso carpiano intermédio-radial. A face oposta aderiu-se ao
tenddo de inser¢do do m. abdutor longo do dedo I. Também denominado osso sesamoide radial,
osso radial externo ou ainda prepolex (Ewer 1973, Le Minor 1994, Endo et al. 1996, Abella et al.
2015), esta descrito em varios carnivoros e em outros mamiferos como marsupiais, roedores,
primatas e quirdpteros. Segundo Abella et al. (2015) este osso sesamoide é relativamente pequeno
e arredondado nio s6 nos canideos, mas também nos felideos, hienideos e refletiria uma locomocio
estritamente cursorial. Em contrapartida, quando este osso surge mais robusto e alongado seria
compativel com espécies que necessitam de mais movimentos manuais para segurar o alimento,
como alguns ursideos, ailurideos, mustelideos e viverrideos (Abella et al. 2015). Andlises sobre este
0sso permanecem intrigantes: baseada em espécies ancestrais, Shively (1978) especulou, inclusive,
que este osso poderia ser considerado como o primeiro metacarpiano. Diferentemente do osso
sesamoide do m. supinador, no L. gymnocercus tinha radiopacidade suficiente para aparecer nas
imagens radiograficas em proje¢do dorsal da regido carpiana (Fig. 22) e ndo deve ser erroneamente
interpretado como um fragmento calcificado ou entesoéfito durante a investigacao clinica.

O sistema de eixos de coordenadas quantificou a distancia relativa entre os componentes
carpianos, deixando claro que o carpiano primeiro é o mais palmar e o carpiano quarto é o mais
dorsal na fileira distal (Quadro 13).

Os ossos metacarpianos foram cinco, sendo o primeiro o mais medial e menor de todos e o
quinto o mais lateral, assim como descrito para carnivoros em geral (Ewer 1973). Articularam-se
proximalmente com os ossos da fileira distal do carpo e distalmente com as falanges proximais dos
respectivos dedos. O contorno dorsal do conjunto de metacarpianos era convexo, enquanto o
contorno palmar coéncavo. O eixo de simetria passou entre os 0ssos metacarpianos terceiro e
quarto, caracterizando uma simetria paraxonal, conforme aludido por Feeney (1999) para
cursoriais digitigrados como os canideos e diferente do encontrado em Martes e Procyon que sdo
menos digitigrados.

Os ossos metacarpianos seguiram uma estrutura basica onde a regido proximal
correspondeu a base, a diafise formou o corpo e a extremidade distal constituiu a cabega (Fig. 24).
Os corpos dos ossos metacarpianos ficam aderidos, enquanto as bases e principalmente as cabegas
tendem a se distanciar abaxialmente revelando os espagos intermetacarpianos. Estes espacos
foram estreitos no L. gymnocercus e C. thous, o que é tipico de canideos, enquanto sdo relatados
como amplos no Procyon e ainda mais afastados em Martes (Feeney 1999). O espaco mais curto
pode indicar musculos interédsseos menos desenvolvidos e, portanto, menos forca na flexdo da
articulagdo metacarpofalangiana. Os ossos metacarpianos terceiro e quarto foram os mais
compridos (51,85 #1,81 mm e 51,25+1,95 mm, respectivamente), enquanto os segundo e quinto
foram menos alongados (45,86+1,72 mm e 43,71%£2,33 mm, respectivamente) (Quadro 14),
conforme o cao doméstico (Evans & DeLahunta 2013). Todos os metacarpianos tiveram méia de
comprimento maior nos machos, sendo esta diferenca significativa no segundo e quinto
metacarpianos, talvez para aumentar o comprimento dos respectivos dedos de modo a ampliar a
superficie da mao para a captura da presa.
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A base (basis) dos metacarpianos continha uma face articular (facies articularis) para a fileira
distal de ossos carpianos; o corpo possuia uma face dorsal (facies dorsalis) e outra palmar (facies
palmaris), uma margem medial (margo medialis) e outra lateral (margo lateralis). A face dorsal da
regido proximal dos corpos do segundo e terceiro metacarpianos possuia uma tuberosidade
metacarpiana (tuberositas ossis metcarpalis) cada.

Ossos sesamoides se relacionavam com os metacarpianos. Os sesamoides dorsais alojavam-
se em uma fossa (fossa sesamoidales) na face dorsal da cabeca de cada metacarpiano principal. Na
face palmar formaram-se impressdes para os pares de 0ssos sesamoides proximais (impressiones
sesamoidales). A regido palmar da superficie articular das cabegas dos metacarpianos principais
apresentava uma crista sagital (cristae sagittales) cuja fun¢do seria prevenir a luxacdo lateral dos
sesamoides (Evans & DeLahunta 2013) e falanges (Feeney 1999), mas que também favoreceria
movimentos da articulagdo metacarpo-falangiana no plano sagital ao se encaixar em uma fossa
profunda entre os tubérculos da falange proximal. Esta conformacdo é uma caracteristica de
mamiferos cursoriais especializados (Kardong 2011). Forames nutricios foram visualizados na face
palmar da regido proximal dos ossos metacarpianos principais, conforme citado por Evans &
DeLahunta (2013) para cies domésticos.

O primeiro metacarpiano era mais estreito e tinha cerca de 30% do comprimento dos demais
e, destarte, foi preponderante para o encurtamento do primeiro dedo, de forma que a unha nao
encoste o solo e mantenha-se afiada (Ewer 1973). Articulou-se proximalmente com o osso carpiano
primeiro, lateralmente com osso metacarpiano segundo e distalmente com a falange proximal do
primeiro dedo. Estas caracteristicas sdo semelhantes as descritas para carnivoros domésticos
(Sisson 1986) e canideos silvestres (Feeney 1999). Em felinos o primeiro metacarpiano também é
encurtado, porém tem espessura semelhante a dos demais (Nickel et al. 1986). No L. gymnocercus a
espessura na regiao distal foi apenas 30% menor que dos demais metacarpianos principais.

Ainda que Eldredge (2007) tenha classificado o primeiro dedo da mdo como vestigial em
cdes domésticos, Senter & Moch (2015) ndo o consideraram suficientemente reduzido para atender
os critérios de uma estrutura vestigial e ressaltaram a sua importancia funcional para a captura da
presa, manipulagdo e escalada. Assim, seu encurtamento ndo seria a redu¢do de uma estrutura em
desuso, haja vista a existéncia de musculos bem desenvolvidos especificos para este dedo. O
primeiro dedo remanesceu em todos os canideos atuais, a excecdo do género Lycaon, e tem
persistido a selecdo de racas de cdes domésticos (Feeney 1999). Um primeiro dedo
verdadeiramente vestigial seria encontrado nos géneros Hyaena e Crocuta, onde o primeiro
metacarpiano é reduzido a um pequeno bloco e a falange distal ausente (Senter & Moch 2015). No
S. suricatta o primeiro metacarpiano também é reduzido a alguns poucos milimetros e o primeiro
dedo é completamente ausente (van Staden 2014). Em mustelideos e procionideos o primeiro dedo
tende a ser funcionalmente mais atuante e, por isso, o 0sso metacarpiano primeiro é bem
desenvolvido (Feeney 1999).

Foram identificados cinco dedos, sendo o primeiro, mais medial, formado por apenas duas
falanges (proximal e distal). Os demais dedos constituiram-se de trés falanges cada (proximal,
média e distal). Esta disposicdo é idéntica a dos carnivoros domésticos (Nickel et al. 1986, Dyce et
al. 2010) e também foi relatada em diversas familias de carnivoros silvestres (Hildebrand 1954,
Feeney 1999). Os canideos L. gymnocercus e C. thous claramente apresentaram falanges que
refletiam uma postura digitigrada.

Assim como os metacarpianos, cada falange proximal e média apresentou uma base, um
corpo e uma cabeca (Fig. 25). As falanges proximais (os compedale) foram as mais longas (Quadro
15). Possuiam formato de bastdo com duas extremidades alargadas. Na extremidade proximal ou
base (basis phalangis proximalis) observou-se uma superficie articular proximal concava e com dois
tubérculos palmares separados por um sulco, onde se encaixava a crista sagital da cabec¢a do
metacarpiano correspondente. Estas caracteristicas anatémicas foram relatadas em carnivoros
domésticos (Nickel et al. 1986) e também silvestres (Feeney 1999) de diferentes familias. O sulco
(ou incisura) entre os tubérculos foi descrita como mais profunda nos canideos do que em
mustelideos e procionideos, justamente para criar uma articulagio estavel no plano sagital durante
a flexdo, enquanto naqueles nao-canideos deve permitir um maior variedade de movimentos dos
dedos, em especial adugio e abducgio (Feeney 1999).

Na face palmar de cada articulacdo metacarpo-falangiana encontrava-se um par de 0ssos
sesamoides. Esta regido recebe grande parte do impacto do peso corporal durante a passada e, por
esta razdo, estava protegida por um coxim unico bem desenvolvido (Feeney 1999). O corpo (corpus
phalangis proximalis) era cilindrico, com contorno convexo dorsalmente e concavo palmarmente e
se estreitava distalmente. A cabeca (caput phalangis proximalis) possuia uma superficie articular
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que lembrava uma tréclea, mais desenvolvida palmarmente que dorsalmente. Articulou-se com a
base da falange média, formando a articulacido interfalangiana proximal, tal qual no cdo doméstico
(Evans & DeLahunta 2013).

As falanges médias (os coronale) tinham formato semelhante ao das proximais, embora mais
curtas (Quadro 16). A base (basis phalangis mediae) possuia uma févea articular (fovea articularis)
dividida por uma pequena crista que se encaixava na superficie articular da cabeca da falange
proximal. A continuacdo dorsal desta crista formava um processo extensor (processus extensorius).
Assim como na falange proximal, também havia dois tubérculos palmares e um sulco no meio,
porém mais discretos, para a insercdo dos tenddes do m. flexor digital superficial. Esta disposi¢ao
foi semelhante a descrita para os cdes domésticos por Evans & DeLahunta (2013).

Segundo Ewer (1973) os felideos e alguns viverrideos possuem garras retrateis, enquanto
canideos e hienideos nao retrairiam as garras de forma importante. Entretanto, Bryant et al. (1996)
mencionaram que todos os carnivoros tém capacidade de retrair as garras, porém os felideos e
viverrideos desempenhariam uma hiper-retragdo. Determinaram que para que haja retracdo da
garra, a falange média deveria ter uma concavidade na face lateral (abaxial) do seu corpo, capaz de
acomodar uma maior amplitude de retracdo da base da falange distal. Neste raciocinio, pode-se
explicar a falta de retratilidade no primeiro dedo com base na auséncia da falange média.

No L. gymnocercus, as falanges médias do segundo e quinto dedos mostraram-se mais curtas
e robustas, enquanto as dos terceiro e quarto dedos eram mais longas e finas. Confirmou esta
observacido a comparacdo das medidas do diametro das falanges médias por meio de andlise de
variancia (ANOVA: um critério), complementada pelo teste de Tukey. Este teste revelou que havia
semelhanca entre os didmetros das falanges médias dos segundo e quinto dedos e que as mesmas
eram significativamente mais largas que as dos terceiro e quarto dedos (p < 0,05). Embora mais
robustas, as falanges médias dos segundo e quinto dedos apresentaram uma concavidade
acentuada em suas faces axiais, enquanto a do quarto dedo apresentou concavidade suave
abaxialmente e a do terceiro dedo uma concavidade quase imperceptivel axialmente. No C. thous as
concavidades das falanges médias dos segundo e quinto dedos assemelharam-se as do L.
gymnocercus, porém as concavidades dos terceiro e quarto dedos foram mais acentuadas e voltadas
axialmente. Portanto, em face do postulado por Bryant et al. (1996), pode-se sugerir que ambos
canideos tenham capacidade de retracdo das garras, especialmente dos segundo e quinto dedos.
Ainda nessa linha comparativa, o C. thous retrairia mais a garra do que o L. gymnocercus. No
entanto, outros aspectos como obliquidade do tubérculo palmar da falange distal e formato das
garras precisariam ser analisados para subsidiar esta inferéncia. Esta caracteristica das falanges
médias no L. gymnocercus e C. thous assemelharam-se as descritas por Feeney (1999) nos canideos
Canis, Urocyon e Vulpes.

As falanges distais (os unguiculare) eram semelhantes em forma nos cinco dedos. Porém a
falange do primeiro dedo mostrou comprimento total significativamente menor (Quadro 17)
quando comparada as demais pela andlise de variancia (ANOVA: um critério), complementada pelo
teste de Tukey. De acordo com Evans & DeLahunta (2013) o tamanho da falange distal seria
semelhante entre os cinco dedos no cdo doméstico. Sua superficie articular proximal era concava e
se encaixava na cabeca da falange média, compondo a articulagdo interfalangiana distal. A
extremidade dorsal da regido proximal do osso formou um processo extensor (processus
extensorius) para o tendao de inser¢do do m. extensor comum dos dedos unido ao do m. extensor
lateral dos dedos (dedos III, IV e V) e extensor dos dedos I e II. Dorsolateralmente na base do osso
formou-se uma crista ungueal (crista unguicularis) que encobria a base da unha. A unha se
encaixava no sulco ungueal (sulcus unguicularis).

Na extremidade palmar da base da falange distal, encontrou-se um tubérculo flexor
(tuberculum flexorium) arredondado para a inser¢do dos tenddes do m. flexor profundo dos dedos
nas cinco falanges distais. No C. thous e cdo doméstico este tubérculo é mais perfeitamente
arredondado enquanto no L. gymnocercus é mais alongado no sentido préximo-distal. De modo
geral, este formato de tubérculo arredondado foi semelhante ao ilustrado por Hildebrand (1954)
para os géneros cursoriais especializados Canis e Chrysocyon, diferente do género Fennecus que é
adaptado para escalar. Neste tltimo, o tubérculo é quase plano e bastante alongado. Van Staden
(2014) referiu um tubérculo flexor ovalado para o S. suricatta cujo habito é semifossorial. Cada
tubérculo estava protegido externamente por um coxim digital (Dyce et al. 2010). Cada face deste
tubérculo continha um forame solear (foramen soleare axialis e foramen soleare abaxiale) que se
comunicavam formando um canal vascular solear (canalis solearis). Dois forames também se
formavam proéximos ao processo extensor sem, contudo, configurar um canal vascular. A parte
distal da falange distal originou um processo ungueal (processus unguicularis) de formato conico,
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achatado latero-lateralmente e curvado palmarmente na regido apical, tal qual no cio doméstico
(Evans & DeLahunta 2013). Tanto o achatamento como a curvatura sdo mais pronunciadas em
felideos do que em canideos (Nickel et al, 1986), decorrente de uma maior necessidade de
perfuracgio da presa (Salesa et al. 2010).

Ao se somarem as médias dos comprimentos dos ossos formadores dos dedos (metapodais e
acropodais), verificou-se que o terceiro dedo era em média o mais comprido, ainda que ndo
diferisse significativamente do comprimento do quarto. O segundo dedo era mais comprido que o
quinto, sem diferenca significativa entre ambos. O primeiro dedo era bem reduzido em relacdo aos
demais (Fig. 26).

Ossos sesamoides proximais eram pares, presentes na face palmar das articulacdes
metacarpo-falangianas dos dedos II a V, facilmente identificaveis nas radiografias em projecdo
dorso-palmar da mao. Na face palmar da articulacdo metacarpo-falangiana do primeiro dedo
encontrou-se apenas um unico sesamoide. Estes sesamoides proximais eram os maiores do
membro toracico e tinham formato alongado no sentido préximo-distal (Fig. 27). O comprimento
dos sesamoides axiais e abaxiais foi semelhante entre os dedos (Quadro 18). Entre o par de
sesamoides formava-se uma canaleta para direcionar um trajeto sagital para os tenddes flexores.
Nos sesamoides proximais se inseriram parte dos musculos interdsseos.

Ossos sesamoides distais sdo referidos nos cies domésticos como cartilagineos (Sisson 1986,
Nickel et al. 1986), mas foram visualizados de forma inconstantes nos esqueletos do presente
estudo. Van Staden (2014) referiu a ocorréncia destes sesamoides préoximos aos tenddes flexores
dos dedos 111, IV e V no S. suricatta.

Os sesamoides dorsais localizaram-se na face dorsal da articulacdo metacarpo-falangiana em
uma fossa apropriada. Cada dedo possuia um tnico sesamoide pequeno e arredondado cuja funcédo
era evitar o atrito dos tenddes extensores com a face dorsal da articulagdo. Ossos sesamoides foram
relatados como cartilagineos na face dorsal das articulacdes interfalangianas proximais e distais em
cdes domésticos (Nickel et al. 1986, Sisson 1986), mas também foram inconstantes nos espécimes
deste estudo.

Aspectos funcionais e evolutivos
A analise multimodal do esqueleto do membro toracico do L. gymncercus permitiu constatar
diversas adaptagdes funcionais e evolutivas tipicas de espécies cursoriais especializadas. Algumas
caracteristicas anatomicas tém significado funcional claro para privilegiar a velocidade e o menor
gasto energético da locomocgdo, enquanto outras nio tém significado aparente, mas se repetem em
espécies com habitos locomotores semelhantes e/ou proximidade filogenética. Tais adaptagdes
ocorreram em praticamente todos os segmentos do membro e podem ser sumarizadas a seguir:
a) A escapula fina e alongada, com margem cranial pouco arqueada e
exibindo um processo supra-hamato relativamente bem desenvolvido para facilitar a
protracdo do membro pelo m. omotransverso.
b) 0 timero delgado e leve com cabeca achatada que favorece movimentos no
plano sagital; tubérculo maior elevado para favorecer a extensio do ombro realizada pelo
m. supra-espinhal; sulco intertubercular voltado cranialmente para restringir o tenddo do
m. biceps braquial a movimentos no plano sagital; tréclea com sulco profundo para
aumentar a estabilidade do cotovelo durante os movimentos de extensao e flexdo do
cotovelo; fossas radial e do olecrano profundas para aumentar a superficie articular de
movimentos sagitais no cotovelo; auséncia de forame supracondilar acarreta redugio do
epicondilo medial e consequente reducdo da area para musculos antebraquiais mais
delgados e de contragido mais rapida.

c) Radio delgado e leve; ulna com elevacdo medial na tuberosidade do
olecrano comum a canideos em geral e felinos velocistas.
d) Esqueleto do carpo estreitado no sentido latero-medial com osso carpiano

primeiro reduzido e disposto palmarmente para reduzir a drea de abrangéncia das maos;
fusdo dos ossos carpianos radial e intermédio para conferir robustez para suportar o
impacto da locomogio veloz e simplificar as possibilidades de mobilidade carpiana ao
plano sagital; tubérculo palmar arredondado no osso carpiano acessdrio e faceta do
carpiano terceiro para o metacarpiano segundo sdo caracteristicos de canideos e felinos
velozes; sesamoide do m. abdutor longo do primeiro dedo pequeno e arredondado comum
a carnivoros cursoriais.

e) Metacarpianos em ntimero de cinco, com o primeiro reduzido para
garantir o encurtamento do primeiro dedo, necessario para a preserva¢do da unha do
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primeiro dedo afiada; espagos intermetacarpianos estreitos devido a menor demanda de
atuacdo dos mm. Interdsseos crista sagital na cabeca dos metacarpianos para melhorar a
estabilidade da articulacdo metacarpo-falangiana e restringir os movimentos de aduc¢io ou
abdug¢do dos dedos.

f) Auséncia de falange média no primeiro dedo para manté-lo encurtado,
porém funcional; falanges adaptadas para apoio digitigrado tipico de carnivoros cursoriais;
capacidade de retra¢do das garras.

Além das caracteristicas elencadas, os indices morfologicos propostos por Samuels et al.
(2013) permitiram categorizar o L. gymnocercus como um cursorial especializado. Ainda que nio
considerem a escapula, os indices propostos por Samuels et al. (2013) corroboraram com a
percepg¢do macroscdpica da similitude entre o esqueleto do membro toracico do L. gymnocercus e C.
thous.

Em suma, estas caracteristicas inferidas a partir da inspecdo visual dos ossos e confirmadas
por métodos osteométricos bi e tridimensionais sdo consideradas adaptagdes para passadas
maiores, velocidade aumentada e gasto energético diminuido durante o deslocamento em maiores
distancias. Isto se aplica ao L. gymnocercus que tem o habito de forragear solitariamente, ainda que
ocupe uma area média de apenas 2,63km? (55 a 461 ha) (Lucherini & Luengos Vidal 2008), sem
diferir entre machos e fémeas (Luengos Vidal et al. 2012). Ossos robustos seriam necessarios para
situa¢des como manipular presas de maior porte ou para o nado (Martin-Serra et al. 2014), o que
ndo é o caso do L. gymnocercus cuja dietas baseia-se em roedores, coledpteros, passaros, frutas e
sementes e ndo tém habitos semiaquaticos (Vieira & Port, 2007).

Em média, as medidas dos ossos e o comprimento total dos membros dos machos eram
maiores que os das fémeas. A regido distal do imero dos machos foi significativamente mais larga
(p < 0,05), justificada pela fixagdo de musculos antebraquiais mais fortes. Curiosamente, outra
estrutura significativamente maior em machos do que em fémeas era vestigial: a clavicula.

Interessante antecipar que essas caracteristicas de ossos delgados e alongados encontradas
no membro tordcico dos canideos tendem a se repetir no membro pélvico, visto que nos
quadrapedes cursoriais ambos os membros sdo afetados por necessidades biomecanicas
semelhantes. Tal integracdo foi elucidada por Martin-Serra et al. (2015). Estes autores assinalaram
também que, quanto mais distal o osso estd localizado em um membro, mais o seu formato e
dimensdes estdo sujeitos a adaptagdes funcionais. Ossos distais sofrem menos restricdes durante a
fase de crescimento pois seus discos epifisarios distais fecham posteriormente.

Por fim, cabe salientar que as modalidades osteométricas tridimensionais utilizadas neste
estudo permitiram inferir caracteristicas que nio seriam possiveis por métodos descritivos, como o
calculo de areas e posi¢oes relativas dos acidentes em relacdo a um marco predeterminado. Quando
examinados um maior ndimero ou variedade de espécies com esta metodologia serd possivel
esclarecer ainda mais as caracteristicas ecomorfolégicas dos carnivoros.

CONCLUSOES

A avalicdo multimodal do esqueleto do membro toracico do L. gymnocercus permitiu concluir que
os ossos sdo eficientemente adaptados para uma locomogio cursorial especializada e veloz com
movimentos manuais para capturar presas menores. Houve uma tendéncia de a ossatura ser mais
alongada e larga nos machos. As claviculas vestigiais tém natureza cartilaginea e sao
significativamente mais desenvolvidas nos machos. Os acidentes anatémicos sdo semelhantes aos
de canideos domésticos e silvestres como expressdo da proximidade filogenética e dos movimentos
mais restritos ao plano sagital.
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Legendas das Figuras

Fig. 1. Modelo tridimensional da escipula esquerda de espécime fémea, adulto, de Lycalopex
gymnocercus evidenciando o marco zero no sistema de eixos para obtencdo das coordenadas
tridimensionais das proje¢des 6sseas. O marco zero estid definido na intersecdo da espinha da
escapula com a margem dorsal. O eixo “X” encontra-se na direcdo médio-lateral, o eixo “Y” cranio-
caudal e o eixo “Z” ventro-dorsal.

Fig. 2. Modelo tridimensional do Umero direito de espécime fémea, adulto, de Lycalopex
gymnocercus evidenciando o marco zero no sistema de eixos para obtencdo das coordenadas
tridimensionais das proje¢des 6sseas. O marco zero esta definido no ponto médio do eixo “X”
tracado médio-lateralmente entre as extremidades dos dois epicondilos. O eixo “Y” encontra-se na
direcao caudo-cranial e o eixo “Z” na direcdo disto-proximal.

Fig. 3. Modelo tridimensional do radio e ulna esquerdo de espécime fémea, adulto, de Lycalopex
gymnocercus evidenciando o marco zero no sistema de eixos para obtencdo das coordenadas
tridimensionais das proje¢des 6sseas. O marco zero estd definido no ponto médio do eixo “X”
tracado médio-lateralmente entre as extremidades da regido distal do radio e da ulna. O eixo “Y”
encontra-se na dire¢io cranio-caudal e o eixo “Z” na direcdo disto-proximal.

Fig. 4. Grafico com o percentual médio dos comprimentos de cada segmento do membro toracico
dos dezesseis espécimes de Lycalopex gymnocercus. O zonoesqueleto foi representado pela altura
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da escapula, o estilopddio pelo comprimento do imero, o zeugopddio pelo comprimento do radio, o
basipddio pela soma das alturas dos ossos carpianos intermédio-radial e terceiro, o metap6dio pelo
comprimento do metacarpiano terceiro e o acropddio pela soma dos comprimentos das falanges do
terceiro dedo.

Fig. 5. Fotomacrografia em vista cranio-lateral da regido escipulo-umeral de espécime fémea de
Lycalopex gymnocercus, adulta, evidenciando a clavicula (1) fixa cranialmente pelas bandas fibrosas
(2 e 3) direcionadas cranialmente a interseccdo tendinea (4) e caudalmente a fiscia do m.
subescapular. M. supra-espinhal (SPS), m. omotransverso (OMT), m. clidobraquial (CLB) e m.
clidocefalico (CLC). Barra = 10 mm.

Fig. 6. Imagem radiografica das claviculas individualizadas de doze espécimes de Lycalopex
gymnocercus e doze de Cerdocyon thous. O numero de registro do espécime esta acompanhado das
letras D (direita) ou E (esquerda). Observar a radiopacidade caracteristica de tecido 6sseo em meio
a tecido fibroso das claviculas de Cerdocyon thous e a auséncia deste padrdo no Lycalopex
gymnocercus.

Fig. 7. Secdo histolégica da clavicula esquerda de espécime fémea, adulto, de Lycalopex gymnocercus
evidenciando extensa area de matriz cartilaginea hialina, caracterizada por condrécitos maduros no
interior de lacunas (seta preta) e uma pequena area de matriz osteoide (seta branca).
Centralmente percebe-se uma lacuna éssea contendo tecido mieloides, capilares e célula
osteoclastica (*). Observa-se grande quantidade de fibras colagenas/elasticas circundando essas
areas. Esse tecido se caracteriza por células com nucleo alongado e ou triangular semelhante a
fibroblastos e células condroides imaturas com formacdo do pericondrio (cabeca de seta).
Hematoxilina e eosina. Material ndo descalcificado. Barra = 100um.

Fig. 8. Secdo histologica da clavicula esquerda de espécime fémea, adulto, de Cerdocyon thous
evidenciando extensa area de matriz osteoide madura com numerosos ostedcitos encarcerados na
matriz (seta branca). Em meio ao tecido 6sseo nota-se uma lacuna preenchida por células
mieloides (*). Toda a clavicula é circundada por tecido conjuntivo denso (cabeca de seta) e mais
externamente notam-se fibras musculares esqueléticas (seta preta). Hematoxilina e eosina.
Material ndo descalcificado. Barra = 200pum.

Fig. 9. Radiografia (acima) e representacdo esquematica (abaixo) da regido escapular e coluna
vertebral toracica de espécime macho de Lycalopex gymnocercus em projecdo lateral revelando o
processo espinhoso da primeira vértebra toracica (1), décima segunda vértebra toracica (1a),
forame intervertebral (2), processo articular caudal da sétima vértebra toracica (3), processo
articular cranial da oitava vértebra toracica (4), processo mamilar (5), processo acessoério (6),
cavidade glenoide (7), sétima vértebra cervical a primeira vértebra lombar (A a 0), espinha da
escapula (P), acromio (Q) e os pares de costelas (1C a 13C). Observar a topografia do angulo cranial
da escapula dorsal ao angulo caudal.

Fig. 10. Fotomacrografias da escipula direita de um espécime macho adulto de Lycalopex
gymnocercus em vistas medial (A), lateral (B), caudal (C), cranial (D) e ventral (E) evidenciando a
fossa supra-espinhal (a), fossa infra-espinhal (b), espinha da escapula (c), acrémio (d), processo
hamato (e), processo supra-hamato (f), tuberosidade da espinha da escapula (g), face serratil (h),
fossa subescapular (i), incisura escapular (j), colo da escapula (k), tubérculo supraglenoide (1),
processo coracoide (m), tubérculo infraglenoide (n), cavidade glenoide (o), Barra = 10 mm.

Fig. 11. Radiografias da escipula esquerda de espécime macho, adulto, de Lycalopex gymnocercus
(5274) nas projecdes latero-medial (A), médio-lateral (B), caudo-cranial (C) e cranio-caudal (D),
evidenciando padrao trabecular concentrado no angulo ventral. Barra = 10 mm.

Fig 12. Fotomacrografias do iimero esquerdo de espécime macho de L. gymnocercus (8890) em
vistas cranial (A), lateral (B), caudal (C) e medial (D), evidenciando a cabeca do imero (a), sulco
intertubercular (b), tubérculo maior (c), crista do tubérculo maior (d), tubérculo menor (e), crista
do tubérculo menor (f), colo da cabeca do imero (g), linha tricipital (h), tuberosidade deltoide (i),
sulco para o musculo braquial (j), tuberosidade do musculo redondo maior (K), crista supracondilar
lateral (1), capitulo (m), tréclea (n), fossa do olecrano (0), fossa radial (p), forame supratroclear (q),
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epicondilo lateral (r), epicondilo medial (s) e forame nutricio (t). Barra = 10 mm.

Fig. 13. Fotomacrografia da regido cubital direita de um espécime fémea (8433), adulto, de
Lycalopex gymnocercus em vista cranio-lateral evidenciando o tendao de origem do m. supinador
livre de sua fixacdo no Umero (1), o ventre muscular do supinador (2), processo anconeo (3),
trécela umeral (4), cabega do radio (5), corpo do radio (6), corpo da ulna (7) e o osso sesamoide do
m. supinador (circulo). Barra = 10mm.

Fig. 14. Radiografias do imero direito de espécime fémea, adulto, de Lycalopex gymnocercus nas
projecdes caudo-cranial (A), latero-medial (B), cranio-caudal (C), médio-lateral (D) as
caracteristicas de trabeculagio e contorno umeral. Barra = 10 mm.

Fig. 15. Radiografia (a esquerda) e representacdo esquematica (a direita) da regido braquial direita
de espécime macho de Lycalopex gymnocercus em projecio mediolateral revelando os ossos
Escapula(A), Umero (B), Radio (C) e Ulna (D) e os acidentes anatémicos cavidade glenoide (1),
acromio (2), espinha da escapula (3), tubérculo supraglenoide (4), cabeca do imero (5), colo da
cabeca do umero (6), sulco intertubercular (7), tubérculo maior (8), condilo umeral (9), epicondilo
medial (10), epicondilo lateral (11), forame supratroclear (12), tuberosidade do olecrano (13) e
forame nutricio (14). Barra = 10 mm.

Fig. 16. Fotomacrografia do radio esquerdo de espécime macho de Lycalopex gymnocercus em vistas
caudal (A), medial (B), cranial (C) e lateral (D), evidenciando a circunferéncia articular (a), colo do
radio (b), tuberosidade radial (c), face articular para o carpo (d), processo estiloide medial (e),
incisura ulnar (f), sulcos extensores (g), cabeca do radio (h) e forame nutricio (i). Barra = 10 mm.

Fig. 17. Fotomacrografia da ulna esquerda de espécime macho de Lycalopex. ggmnocercus em vistas
caudal (A), lateral (B), cranial (C) e medial (D), evidenciando a incisura troclear (a), face para a
circunferéncia articular do radio (b), tuberosidade do olecrano (c), processo anconeo (d), processo
coronoide medial (e), processo coronoide lateral (f), circunferéncia articular (g), processo estiloide
(h). Barra =10 mm.

Fig. 18. Radiografias do radio e ulna direitos separados de espécime fémea, adulto, de Lycalopex
gymnocercus e articulados de espécime macho, adulto nas proje¢des caudo-cranial (A), latero-
medial (B), cranio-caudal articulados (C), cranio-caudal (D), médio-lateral (E) e latero-medial
articulados (F). O radio apresenta contorno convexo cranialmente com camada cortical mais
espessa na metade diafisaria proximal, o que determina uma cavidade medular mais estreita nesta
regido. A ulna destes espécimes apresentou olecrano inclinado medialmente com tubérculo medial
mais alto. A trabeculacdo ulnar foi mais densa na regido proximal como reflexo da inser¢do de
musculos mais fortes naquela regido. Barra = 10 mm.

Fig. 19. Radiografia (a esquerda) e representacdo esquematica (a direita) da regido antebraquial
direita em projecdo médio-lateral, de espécime macho de Lycalopex gymnocercus revelando os
0ssos umero (A), radio (B), ulna (C), osso carpiano intermédio-radial (D), osso carpiano ulnar (E) e
0sso carpiano acessério (F) e os acidentes anatomicos condilo umeral (1), epicéndilo medial (2),
epicondilo lateral (3), forame supratroclear (4), cabec¢a do radio (5), processo estiloide medial (6),
tuberosidade do olecrano (7), processo anconeo (8), incisura troclear (9), processo coronoide
medial (10), disco epifisario cartilagineo (11), espaco inter6sseo (12).

Fig. 20. Radiografia (a esquerda) e representacdo esquematica (a direita) da regido umero-radio-
ulnar direita, em semiflexdo, de espécime macho de Lycalopex gymnocercus na projecdo
mediolateral revelando os ossos imero (A), radio (B), ulna (C) e os acidentes anatémicos condilo
umeral (1), trécela umeral (1), Capitulo (17), epicondilo medial (2), epicondilo lateral (3), forame
supratroclear (4), fossa radial (5), fossa do olecrano (6), cabega do radio (7), colo do radio (8),
espaco interdsseo (9), processo coronoide medial (10), processo anconeo (11), tuberosidade do
olecrano (12), incisura troclear (13).

Fig. 21. Radiografia (a esquerda) e representacdo esquematica (a direita) da regido imero-radio-
ulnar direita em projecdo cranio-caudal, de espécime macho de Lycalopex gymnocercus revelando
os ossos umero (A), radio (B) e ulna (C) e os acidentes anatomicos condilo umeral (1), capitulo (1),
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troclea (1), epicondilo medial (2), epicondilo lateral (3), forame supratroclear (4), cabega do radio
(5), tuberosidade do olecrano (6), processo coronoide medial (7).

Fig. 22. Radiografia (a esquerda) e representacdo esquematica (a direita) da regido da mao direita,
em projecdo dorso-palmar, de espécime macho de Lycalopex gymnocercus revelando os ossos
epifise distal do radio (A), ulna (B), osso carpiano intermédio-radial (C), osso carpiano ulnar (D),
0sso carpiano acessdrio (E), osso carpiano primeiro (F), osso carpiano segundo (G), osso carpiano
terceiro (H), osso carpiano quarto (I), osso metacarpiano primeiro (J), osso metacarpiano segundo
(K), osso carpiano terceiro (L), osso metacarpiano quarto (M), osso metacarpiano quinto (N), osso
sesamoide proximal do dedo I (0), falange proximais (P), falanges médias (Q), falanges distais (R),
osso sesamoide proximal (S), osso sesamoide do m. abdutor longo do dedo I (T) e os acidentes
anatémicos disco epifisario cartilagineo (1), processo estiloide medial (2), processo estiloide lateral
(3), base do osso metacarpiano quinto (4), corpo do osso metacarpiano quinto (5), cabe¢a do osso
metacarpiano quinto (6) e processos ungueais das falanges distais (7).

Fig. 23. Representacdo esquematica dos ossos carpianos do membro toracico esquerdo de espécime
adulto macho de Lycalopex gymnocercus. Vista da superficie articular proximal da fileira proximal
(A), superficie articular distal da fileira proximal (B), dorsal do carpo completo (C) e da superficie
articular proximal da fileira distal (D). Ossos carpianos intermédio-radial (RI), ulnar (UL), acessério
(AC), primeiro (I), segundo (II), terceiro (III) e quarto (IV). Barra = 10 mm.

Fig. 24. Representa¢do esquematica do metacarpiano terceiro esquerdo de espécime fémea, adulto,
de Lycalopex gymnocercus em vistas palmar (A), dorsal (B) e abaxial (C) evidenciando a base
proximal, o corpo alongado e a cabe¢a com a crista sagital direcionada palmarmente. Barra = 10
mm.

Fig. 25. Representacdo esquemadtica das falanges proximal, média e distal do terceiro dedo do
membro tordcico esquerdo de espécime fémea, adulto, de Lycalopex gymnocercus. Falange proximal
em vistas palmar (A), dorsal (B) e abaxial (C), falange média em vistas palmar (D), dorsal (E) e
abaxial (F), e falange distal em vistas palmar (G), proximal (H) e axial (I). Barra = 10 mm.

Fig. 26. Grafico representando o comprimento médio total (mm) dos dedos da mio de dezesseis
espécimes adultos de Lycalopex gymnocercus, determinado pela soma dos comprimentos médios
dos metacarpianos (azul), falanges proximais (vermelho), médias (verdes) e distais (lilas).
Colunas com letras diferentes no topo indicam diferenca significativa (p < 0,05) a andlise de
variancia complementada pelo teste de Tukey

Fig. 27. Ossos sesamoides proximal e dorsal do terceiro dedo do membro toracico esquerdo de
espécime fémea, adulto, de Lycalopex gymnocercus. Sesamoide proximal em vistas abaxial (A),
palmar (B), dorsal (C) e sesamoide dorsal em vistas dorsal (D) e palmar (E). Barra = 2 mm.
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Quadro 1. Numero de registro na colecio, tipo de andlise, sexo e cidade de coleta dos
espécimes de Lycalopex gymnocercus estudados. Finalidades: histologia das claviculas (HC),
radiografia dos membros (RM), radiografia dos ossos isolados (RO), osteometria com
paquimetro (OP), osteometria dos sesamoides (0S), osteometria tridimensional (3D); Sexos:
masculino (M) e feminino (F)

Registro Tipo de andlise Sexo Local de coleta
5134 HCe RM F Uruguaiana
5141 RM, HC M Sao Vicente do Sul
5261 RO, HC M S. Francisco de Assis
5269 HC M Sao Gabriel
5274 OP, 0S, RO, HC M Uruguaiana
5597 OP, 0S, HC F Uruguaiana
5598 HC F  Sao Francisco de Assis
5603 OP, 0S, HC M Barra do Quarai
8414 oP M Uruguaiana
8433 op F Dilermando de Aguiar
8501 HC M Alegrete
8519 OP, 0S, HC F Uruguaiana
8533 HC M Sdo Gabriel
8576 3D, OP, 0S, RO F Uruguaiana
8582 opP F Uruguaiana
8583 opP M Itaqui
8584 opP M Sdo Gabriel
8585 op F Alegrete
8586 opP F Uruguaiana
8587 opP M Uruguaiana
8588 op M Santiago
8589 op M Uruguaiana
8590 opP M Vila Nova do Sul
8591 OP, 0S M Uruguaiana
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Quadro 2. Lista de abreviaturas e medidas lineares realizadas com paquimetro nos ossos de

Lycalopex gymnocercus

Abreviacao Medida
Escdpula
HS!? Altura da escapula ao longo da espinha.
DHA! Altura diagonal, medida desde o ponto
mais ventral até o angulo caudal.
SLC! Menor comprimento do colo da
escapula.
GLP! Comprimento da regido ventral,
incluindo o tubérculo supraglenoide.
LG! Comprimento da cavidade glenoide.
B(G! Largura da cavidade glenoide.
Umero
GL1? Comprimento total desde o tubérculo
maior
GL(! Comprimento total desde a cabeca do
umero
Dp? Comprimento cranio-caudal da epifise
proximal
SD1z2 Menor largura no meio da diafise
Bdz Largura da extremidade distal (entre
epicondilos)
DPCL? Comprimento da crista do tubérculo
maior (delto-peitoral)
Rddio
GL1z Comprimento total do radio
Bp! Largura na epifise proximal
SD!? Menor largura da diafise
Bd! Largura na epifise distal
Ulna
GL! Comprimento total da ulna
DPA! Profundidade desde o processo
anconeo
SDO! Menor profundidade do olecrano
BP(! Largura entre os processos coronoides
FUL? Comprimento funcional da ulna (desde
0 processo ancbneo até o processo
estiloide)
ULOL? Comprimento do olecrano
UD? Didmetro mediolateral no meio da

diafise

Carpianos Intermédio-radial, Ulnar e Acessério

CIRGBL, CUGB? e CAGB!
CIRGH, CUGH e CAGH
CIRGP, CUGP e CAGP

Largura latero-medial
Altura préximo-distal
Profundidade dorso-palmar

Carpianos I 1, lll e IV

CIGB, CIIGBY, CIIIGB! e CIVGB!
CIGH, CIIGH, CIIIGH e CIVGH
CIGP, CIIGP, CIIIGP e CIVGP

Largura latero-medial
Altura préximo-distal
Profundidade dorso-palmar

MCIGLY, MCIIGLY, MCIIIGL*2, MCIVGL! e

MCVGL?

MCIBd!, MCIIBd!, MCIIIBd!, MCIVBd! e MCVBd!

Metacarpianos I 1L, 11, IV e V

Comprimento total

Largura distal
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Falange Proximal (Digitos I, II, I, [V e V)

FPIGLY, FPIIGL!, FPIIIGL? FPIVGL! e FPVGL!
FPIBp!, FPIIBp!, FPIIIBp, FPIVBp! e FPVBp!
FPISD!, FPIISDY, FPIIISD!, FPIVSD! e FPVSD!
FPIBd!, FPIIBA, FPIIIBd!, FPIVBd! e FPVBd!

Comprimento total
Largura na epifise proximal
Menor diametro da diafise
Largura na epifise distal

Falange Média (Digitos II, I11, IV e V)

FMIGLY, FMIIGLL, FMIIIGL?, FMIVGL! e FMVGL!
FMIBp, FMIIBp', FMIIIBp!, FMIVBp! e FMVBp!
FMISDY, FMIISDY, FMIIISD!, FMIVSD! e FMVSD!
FMIBd1, FMIIBd!, FMIIIBd', FMIVBd! e FMVBd!

Comprimento total
Largura na epifise proximal
Menor diametro da diafise
Largura na epifise distal

Falange Distal (Digitos L 11, I1I, [V e V)

FDIGLY, FDIIGLY, FDIIIGL*?, FDIVGL! e FDVGL!
FDIHP!, FDIIHP!, FDIIIHP?, FDIVHP! e FDVHP!
FDILdY, FDIILdY, FDIIILd?, FDIVLd! e FDVLd!
FDIGBY, FDIIGBY, FDIIIGBY, FDIVGB! e FDVGB!

Comprimento total

Altura desde o processo extensor
Comprimento da face dorsal
Maior largura

Sesamoides proximais, axiais ou abaxiais dos dedos I, III, IV e V.

SPAXLII, SPAXLIII, SPAxLIV, SPAXLV

SPADLII, SPAbLIII, SPADLIV, SPADLV
SPAxBII, SPAxBIIIl, SPAxBIV, SPAxBV
SPAbBII, SPAbBIII, SPAbBIV, SPAbBV

Maior comprimento do sesamoide axial
Maior comprimento do sesamoide
abaxial

Maior largura do sesamoide axial

Maior largura do sesamoide abaxial

LExtraidas de Von-den-Driesch (1976), 2 Extraidas de Samuels et al. (2013)
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Quadro 3. indices morfométricos, defini¢des e significados funcionais utilizados nos ossos do
membro toricico de carnivoros, conforme proposto por Samuels etal. (2013)

Abreviatura Indice Significado
fndice momento do DPCL (Gmero)/GL Indica vantagem mecanica dos
ombro (SMI) - Gmero (Umero) musculos peitoral e deltoide
atuando na articulacdo do
ombro.
Indice braquial (BI) GL (radio)/GL (imero) Indica a proporc¢ao relativa dos

elementos proximal e distal do
membro toracico.

indice de robustez umeral SD (imero)/GL (imero) Indica a robustez do imero e
(HRI) sua capacidade de resisténcia a
estresse.

Indice epicondilar umeral Bd (imero)/GL (imero) Indica a 4rea relativa disponivel

(HED) para origem dos musculos
extensores, flexores,
pronadores e supinadores no
antebrago.

Indice comprimento do ULOL (ulna)/FUL (ulna) Indica a vantagem mecanica do

olecrano (OLI) m. triceps braquial

indice de robustez ulnar UD (ulna)/FUL (ulna) Indica a robustez da ulna e sua

(URI) capacidade para resistir aos

estresse e a area relativa para
disponivel para a origem e
insercdo dos musculos flexores,
pronadores e supinadores.

Indice de proporgio da FPIIIGL/MCIIIGL Indica as proporgdes relativas

mdo (MANUS) entre os elementos proximal e
distal da mao e tamanho da
superficie palmar.

Quadro 4. Localizacido dos principais acidentes anatomicos da escapula de um espécime
fémea de Lycalopex gymnocercus em sistema de eixo de coordenadas

Acidente anatémico Eixo X (mm) EixoY (mm) Eixo Z (mm)
Angulo caudal 5,90 35,57 -13,45
Angulo cranial 0,31 -12,32 -5,68
Processo hamato 15,37 -2,07 -82,96
Processo supra-hamato 16,34 9,50 -78,25
Limite cranial do colo 0,67 -7,77 -77,01
Limite caudal do colo 1,18 7,50 -73,98
Processo coracoide -2,19 -7,48 -81,38
Ponto mais lateral da espinha 16,93 3,05 -61,70
Tubérculo supraglenoide 0,00 -9,03 -82,60
Ponto mais ventral da espinha 3.61 0.62 -78,49
Extremo lateral da cavidade glenoide 5,14 3,32 -82,96
Extremo medial da cavidade glenoide -5,48 1,75 -82,21
Tubérculo infraglenoide -2,61 7,66 -78,41

Extremidade ventral do processo coracoide -0,75 -6,38 -87,47
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Quadro 5. Média aritmética (x) e desvio padrio (o) das medidas obtidas nas escapulas de
espécimes de Lycalopex gymnocercus adultos. Altura da escapula (HS), altura diagonal da
escapula (DHA), menor comprimento no colo da escapula (SLC), maior comprimento ao nivel
da tuberosidade supraglenoide (GLP), comprimento da cavidade glenoide (LG) e largura da
cavidade glenoide (BG)

Total (n=16) Fémeas (n=7) Machos (n=9)  Teste-t

Medidas x (mm) o(mm) Xx(mm) o(mm) Xx(mm) o(mm) p-valor
HS 87.99 4.51 86.45 3.45 89.01 5.02 0.30
DHA 85.28 3.57 83.18 3.39 86.86 2.96 0.05
SLC 15.95 1.00 15.94 1.40 15.96 0.71 0.97
GLP 18.49 0.80 18.35 0.74 18.58 0.87 0.59
LG 13.35 2.61 13.45 2.75 13.28 2.68 0.91
BG 15.58 3.79 14.71 3.98 16.15 3.77 0.49

Quadro 6. Resultados dos indices morfoldgicos em um espécime de Cerdocyon thous e da
média dos indices de dezesseis espécimes de Lycalopex gymnocercus. As colunas “Terrestre”
e “Cursorial” representam as médias nas espécies carnivoras examinadas por Samuels et al.
(2013)

indice C. thous (n=1) L.gymnocercus (n=16) Terrestre! Cursorial?

SMI 0,400 0,395 0,469 0,424
BI 0,922 0,935 0,870 1,005
HRI 0,072 0,065 0,077 0,070
HEI 0,201 0,173 0,226 0,187
OLI 0,103 0,116 0,160 0,139
URI 0,057 0,049 0,053 0,042
MANUS nd 0,348 0,475 0,408

1Segundo Samuels et al. (2013) “Terrestres” sdo as espécies que ficam maior parte do tempo no solo,
porém raramente podem nadar, escalar ou escavar, 2"Cursoriais” seria a classificagdo das espécies que
regularmente dispéem de locomog¢do rdpida com momentos de auséncia de apoio no solo, nd: ndo
disponivel.

Quadro 7. Média aritmética (x) e desvio padrio (o) das medidas obtidas nos umeros
espécimes de Lycalopex gymnocercus adultos. Comprimento total do umero (GL),
comprimento desde a cabeca do umero (GLC), comprimento cranio-caudal da epifise
proximal (Dp), menor largura do meio da diafise (SD), largura da extremidade distal (Bd),
comprimento da crista do tubérculo maior (DPCL), p < 0.05 (*)

Geral (n=16) Fémea (n=7) Macho (n=9) Teste-t

Medidas x (mm) o (mm) Xx(mm) o(mm) x(mm) o(mm) p-valor
GL 121,52 495 121,02 4,77 121,90 5,33 0,74
GLC 120,10 5,02 119,36 484 120,68 5,36 0,62
Dp 26,19 1,16 25,76 1,34 26,52 0,95 0,21
SD 7,92 0,47 7,93 0,31 7,91 0,58 0,93
Bd 21,03 1,31 20,26 0,78 21,64 1,35 0,03*
DPCL 48,08 4,06 46,34 4,07 49,44 3,72 0,13
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Quadro 8. Localizacao dos principais acidentes anatémicos do imero de um espécime fémea,
adulto, de Lycalopex gymnocercus em sistema de eixo de coordenadas

Acidente anatdmico

Eixo X(mm) Eixo Y(mm) Eixo Z(mm)

Tubérculo menor
Sulco intertubercular
Tubérculo maior
Tuberosidade deltoide

Extremidade caudal da cabeca do timero
Extremidade caudal do tubérculo maior
Extremidade cranial do tubérculo maior

Epicéndilo medial
Epicéndilo lateral
Forame nutricio

Extremidade distal do forame supratroclear

Extremidade caudal do tubérculo menor
Extremidade cranial do tubérculo menor

-0,95
5,98
10,32
14,78
1,22
13,67
4,84
-10,62
10,62
-0,40
1,24
-6,02
-1,00

-2,76
-0,72
0,31
4,23
-15,44
-9,67
5,66
0
0
-4,63
-1,47
-5,77
-0,63

112,13
110,49
115,25
78,44
99,76
110,32
109,35
0
0
34,81
1,06
103,67
107,20

Quadro 9. Média aritmética (x) e desvio padrao (c) das medidas obtidas nos radios dos
espécimes de Lycalopex gymnocercus adultos. Comprimento total do radio (GL), Largura na
epifise proximal (Bp), menor largura do meio da diafise (SD), largura da extremidade distal
(Bd)

Geral (n=16) Fémea (n=7) Macho (n=9) Teste-t
Medidas x (mm) o (mm) Xx(mm) o(mm) x(mm) o(mm) p-valor

GL 113,63 4,45 116,32 4,26 115,14 441 0,24
Bp 11,49 0,56 11,76 0,69 11,64 0,63 0,42
SD 8,00 0,77 8,16 0,78 8,09 0,75 0,70
Bd 14,02 2,14 13,98 1,74 14,00 1,86 0,97

Quadro 10. Média aritmética (x) e desvio padrio (o) das medidas obtidas nas ulnas dos
espécimes de Lycalopex gymnocercus adultos. Comprimento total da ulna (GL), profundidade
desde o processo anconeo (DPA), menor profundidade do olecrano (SDO), largura entre os
processos coronoides (BPC), comprimento funcional da ulna (FUL), comprimento do
olecrano (ULOL) e largura no meio da diafise (UD)

Geral (n=16) Fémea (n=7) Macho (n=9) Teste-t

Medidas x (mm) o (mm) Xx(mm) o(mm) x(mm) o (mm) p-valor
GL 134,18 5,28 132,69 555 13549 5,01 0,32
DPA 15,87 0,84 15,65 0,82 16,04 0,86 0,37
SDO 13,21 0,93 12,81 0,87 13,52 0,90 0,13
BPC 11,04 0,97 10,71 0,97 11,27 0,97 0,29
FUL 122,56 554 120,80 6,19 124,10 4,77 0,26
ULOL 14,28 1,22 14,10 1,02 14,42 1,39 0,61
UD 6,09 0,70 6,08 0,50 6,10 0,85 0,96
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Quadro 11. Localizacido dos principais acidentes anatomicos dos ossos do antebraco (radio e
ulna) de um espécime fémea de Lycalopex gymnocercus em sistema de eixo de coordenadas

Acidente anatomico Eixo X(mm) Eixo Y(mm) Eixo Z(mm)
Cabeca do rddio (incisura) -0,30 -16,21 110,35
Processo estiloide medial (extremidade distal) -7,24 0,68 -5,93
Incisura troclear (ponto mais céncavo) 1,90 -7,97 115,02
Processo ancéneo (extremidade cranial) 0,74 -12,27 121,64
Tuberosidade medial do olecrano 1,48 0,51 132,30
Tuberosidade lateral do olecrano 6,43 -2,69 130,89
Olécrano (extremidade proximal arredondada) 9,20 4,70 130,14
Processo coronoide medial (extremidade cranial) -4,04 -8,53 110,23
Processo coronoide lateral (extremidade cranial) 6,56 -11,28 110,64
Processo estiloide lateral (extremidade distal) 8,87 2,83 -3,86

Quadro 12. Média aritmética (x), desvio padrao (c) das medidas obtidas nos ossos carpianos
espécimes de Lycalopex gymnocercus adultos. As siglas correspondem aos 0ssos carpianos
intermédio-radial (CRI), ulnar (CRU), acessdrio (CAC), primeiro (CI), segundo (CII), terceiro
(CIl), quarto (CIV) seguidos da medida maior largura latero-medial (GB), maior
profundidade dorso-palmar (GP) e maior altura proximo-distal (GH), p < 0,05 (*)

Geral (n=16) Fémea (n=7) Macho (n=9) Teste-t
Medida x (mm) o (mm) x(mm) o (mm) X (mm) o (mm) p-valor
CRIGB 13,78 0,93 13,61 0,46 13,92 1,19 0,53
CRIGP 8,54 0,64 8,30 0,34 8,73 0,77 0,20
CRIGH 6,95 0,89 6,62 0,80 7,20 0,92 0,21
CUGB 6,86 0,76 6,37 0,61 7,24 0,65 0,02*
CUGP 9,85 1,82 9,46 1,52 10,16 2,05 0,47
CUGH 511 0,63 4,76 0,50 5,38 0,60 0,04*
CACGB 6,53 0,81 6,14 0,44 6,83 0,93 0,10
CACGP 11,02 0,71 10,89 0,70 11,11 0,75 0,56
CACGH 4,89 1,19 4,53 1,07 517 1,27 0,30
CIGB 3,45 0,73 3,48 0,61 3,43 0,85 0,90
cIGp 521 0,84 5,33 0,39 511 1,09 0,61
CIGH 4,34 1,07 4,09 1,16 4,54 1,01 0,41
CIIGB 4,86 0,84 4,88 0,94 4,83 0,81 091
cligp 5,88 0,68 5,63 0,74 6,07 0,59 0,20
CIIGH 3,37 0,32 3,27 0,34 3,44 0,30 0,30
CIlIGB 5,19 0,47 517 0,39 5,21 0,54 0,88
cliGp - 9,13 1,13 8,90 0,93 9,31 1,28 0,49
CIlIGH 531 1,56 4,89 1,70 5,65 1,45 0,35
CIVGB 7,24 0,49 7,29 0,70 7,20 0,28 0,74
CIVGP 7,44 1,12 7,14 1,18 7,67 1,09 0,37
CIVGH 6,23 0,60 6,16 0,42 6,29 0,73 0,67

Quadro 13. Localizacao dos ossos carpianos de um espécime fémea, adulto, de Lycalopex
gymnocercus em sistema de eixo de coordenadas

Osso carpiano Eixo X(mm) Eixo Y(mm) Eixo Z(mm)
Intermédio-radial 2,86 3,70 -7,89
Ulnar -5,15 0,88 -7,60
Acessério (extremidade palmar) 13,15 -13,63 -12,09
Primeiro -7,55 -4,54 -12,01
Segundo -5,44 -0,71 -14,27
Terceiro -2,24 1,56 -13,30

Quarto 4,77 2,46 -12,25
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Quadro 14. Média aritmética (x) e desvio padrio (o) das medidas obtidas nos ossos
metacarpianos dos espécimes de Lycalopex gymnocercus adultos. As siglas correspondem
aos 0ssos metacarpianos primeiro (MCI), segundo (MCII), terceiro (MCIII) e quarto (MCIV),
seguidos do maior comprimento (GL) ou da largura na regiao distal (Bd), p < 0,05 (*)

Geral (n=16)

Fémea (n=7)

Medidas x (mm) o (mm) x(mm) o (mm) X (mm) o (mm) p-valor

MCIGL
MCIBd
MCIIGL
MCIIBd
MCIIIGL
MCIIIBd
MCIVGL
MCIVBd
MCVGL
MCVBd

14,86
3,84
45,86
5,76
51,85
4,99
51,25
5,10
43,71
5,96

1,12
0,35
1,72
0,35
1,81
0,42
1,95
0,37
2,33
0,48

14,38
3,86
44,64
5,77
50,93
4,95
50,20
5,08
42,19
573

0,96
0,34
1,84
0,28
2,08
0,44
2,25
0,36
2,62
0,39

Macho (n=9) Testet
15,23 1,14 0,13
3,82 0,37 0,81
46,81 0,85 0,01*
576 0,41 0,97
52,57 1,24 0,07
5,02 0,43 0,78
52,07 1,27 0,05
511 0,39 0,90
44,89 1,21 0,02*
6,14 0,47 0,08

Quadro 15. Média aritmética (x) e desvio padrio (o) das medidas obtidas nas falanges
proximais dos espécimes de Lycalopex gymnocercus adultos. As siglas correspondem as
falanges proximais do primeiro dedo (FP1), segundo dedo (FP2), terceiro dedo (FP3), quarto
dedo (FP4) e quinto dedo (FP5) seguidas do comprimento total (GL), largura distal (Bd),
largura proximal (Bp) e menor didmetro na diafise (SD), p < 0,05 (*)

Geral (n=16)

Fémea (n=7)

Medidas x (mm) o (mm) x(mm) o (mm) X (mm) o (mm) p-valor

FPIGL
FPIBd
FPIBp
FPISD
FPIIGL
FPIIBd
FPIIBp
FPIISD
FPIIIGL
FPIIIBd
FPIIIBp
FPIIISD
FPIVGL
FPIVBd
FPIVBp
FPIVSD
FPVGL
FPVBd
FPVBp
FPVSD

8,62
3,70
4,33
2,96
15,43
4,85
5,83
3,71
18,02
4,50
5,38
3,32
17,84
4,59
5,38
3,33
15,31
4,77
6,08
3,76

0,87
0,32
0,59
0,35
1,00
0,43
0,57
0,42
1,02
0,31
0,34
0,28
1,08
0,31
0,30
0,24
1,00
0,42
0,58
0,38

8,58
3,66
4,27
2,92
15,05
4,82
5,68
3,57
17,47
4,43
5,28
3,11
17,50
4,53
5,28
3,23
15,01
4,57
579
3,56

0,50
0,25
0,28
0,38
0,84
0,42
0,58
0,39
0,88
0,24
0,27
0,25
0,85
0,29
0,24
0,20
1,10
0,26
0,32
0,17

Macho (n=9) Testet
8,67 1,14 0,85
3,74 0,38 0,64
4,37 0,77 0,76
2,98 0,34 0,77
15,73 1,06 0,19
4,87 0,46 0,82
5,94 0,56 0,37
3,83 0,42 0,22
18,45 0,94 0,05
4,55 0,36 0,45
5,46 0,38 0,30
3,47 0,20 0,01*
18,10 1,21 0,28
4,63 0,33 0,52
5,46 0,33 0,23
3,41 0,24 0,13
15,55 0,92 0,31
4,92 0,46 0,10
6,30 0,65 0,08
3,92 0,44 0,06
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Quadro 16. Média aritmética (x) e desvio padrio (o) das medidas obtidas nas falanges
médias dos espécimes de Lycalopex gymnocercus adultos. As siglas correspondem as
falanges médias do segundo dedo (FM2), terceiro dedo (FM3), quarto dedo (FM4) e quinto
dedo (FM5) seguidas do comprimento total (GL), largura distal (Bd), largura proximal (Bp) e
menor didmetro na diafise (SD), p < 0,05 (*)

Geral (n=16) Fémea (n=7) Macho (n=9) Teste t

Medidas x(mm) o(mm) Xx(mm) o(mm) Xx(mm) o (mm) p-valor
FMIIGL 9,95 0,77 9,87 0,74 10,03 0,84 0,71
FMIIBd 4,90 0,39 4,83 0,34 4,97 0,43 0,52
FMIIBp 5,34 0,43 523 0,26 5,42 0,52 0,39
FMIISD 3,94 0,41 3,99 0,27 3,89 0,52 0,65
FMIIIGL 12,75 0,66 12,62 0,81 12,86 0,53 0,51
FMIIIBd 4,56 0,31 4,38 0,26 4,72 0,26 0,03*
FMIIIBp 4,89 0,30 4,73 0,25 5,01 0,28 0,06
FMIIISD 3,29 0,26 3,20 0,22 3,36 0,29 0,25
FMIVGL 12,89 0,78 12,69 0,86 13,07 0,72 0,37
FMIVBd 4,57 0,30 4,47 0,26 4,66 0,32 0,24
FMIVBp 4,85 0,30 4,81 0,21 4,88 0,37 0,65
FMIVSD 3,28 0,44 3,16 0,44 3,38 0,45 0,36
FMVGL 9,67 0,83 9,72 0,93 9,63 0,80 0,84
FMVBd 4,89 0,36 4,81 0,25 4,95 0,44 0,48
FMVBp 5,38 0,50 526 0,16 5,48 0,66 0,42
FMVSD 4,07 0,38 4,02 0,16 4,11 0,51 0,66

Quadro 17. Média aritmética (x) e desvio padrio (o) das medidas obtidas nas falanges
distais dos espécimes de Lycalopex gymnocercus adultos. As siglas correspondem as falanges
distais do primeiro dedo (FD1), segundo dedo (FD2), terceiro dedo (FD3), quarto dedo (FD4)
e quinto dedo (FD5) seguidas do comprimento total (GL), altura total (HP), comprimento do
processo extensor ao processo ungueal (Ld) e maior largura (GB), p < 0,05 (*)

Geral (n=16)

Fémea (n=7)

Medidas x (mm) o (mm) X (mm) o (mm) X (mm) o (mm) p-valor

FDIGL
FDIHP
FDILd
FDIGB

FDIIGL

FDIIHP
FDIILd

FDIIGB
FDIIIGL
FDIIIHP
FDIIILd
FDIIIGB
FDIVGL
FDIVHP
FDIVLd
FDIVGB
FDVGL

FDVHP

FDVLd

FDVGB

8,96
6,10
9,32
3,85
12,88
7,38
12,17
4,66
13,12
6,69
11,51
4,18
13,08
6,59
11,24
4,16
12,75
7,21
11,89
4,66

0,65
0,55
0,88
0,45
0,84
0,52
0,95
0,51
0,68
0,38
0,98
0,40
0,69
0,33
0,66
0,29
0,98
0,56
1,09
0,52

8,77
6,04
9,16
3,80
12,99
7,20
12,40
4,60
13,14
6,58
11,59
4,07
13,12
6,40
11,42
4,10
12,49
7,00
11,78
4,51

0,41
0,46
0,97
0,30
0,79
0,38
1,02
0,29
0,50
0,33
1,03
0,15
0,68
0,25
0,64
0,16
0,99
0,39
1,08
0,35

Macho (n=9) Teste t
9,12 0,80 0,32
6,16 0,65 0,70
9,45 0,82 0,54
3,90 0,58 0,67

12,79 0,92 0,67
7,54 0,59 0,22
11,97 0,90 0,40
4,71 0,66 0,68
13,10 0,84 0,93
6,78 0,41 0,32
11,44 1,00 0,79
4,28 0,52 0,31
13,05 0,75 0,86
6,75 0,32 0,04*
11,08 0,68 0,35
4,21 0,38 0,50
12,98 0,98 0,36
7,40 0,63 0,17
11,99 1,17 0,73
4,80 0,62 0,30
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Quadro 18. Média aritmética (x) e desvio padrio (o) das medidas obtidas nos ossos
sesamoides dorsais dos espécimes de Lycalopex gymnocercus adultos. As siglas
correspondem aos sesamoides proximais (SP), seguidos de axial (Ax) ou abaxial (4b),
comprimento (L) ou largura (B) e o nimero do dedo (2 a 5)

Geral (n=6) Fémea (n=3) Macho (n=3) Testet
Medidas x (mm) o (mm) x(mm) o (mm) X (mm) o (mm) p-valor
SPAXL2 5,89 0,53 6,14 0,37 5,64 0,62 0,30
SPAbL2 5,83 0,27 6,02 0,22 5,65 0,18 0,08
SPAxB2 2,60 0,18 2,55 0,24 2,65 0,11 0,53
SPAbB2 2,57 0,25 2,47 0,26 2,67 0,25 0,38
SPAXL3 6,47 0,54 6,48 0,45 6,46 0,72 0,98
SPAbL3 6,36 0,41 6,35 0,30 6,38 0,58 0,95
SPAxB3 2,57 0,25 2,39 0,19 2,76 0,15 0,06
SPAbB3 2,48 0,12 2,41 0,14 2,55 0,00 0,23
SPAxL4 6,53 0,38 6,56 0,13 6,50 0,58 0,87
SPAbL4 6,48 0,55 6,51 0,36 6,46 0,80 0,93
SPAxB4 2,37 0,23 2,31 0,27 2,44 0,21 0,53
SPAbB4 2,42 0,31 2,20 0,26 2,63 0,18 0,08
SPAXL5 5,77 0,41 5,75 0,62 5,80 0,21 0,90
SPADLS5 5,31 0,47 5,42 0,43 5,20 0,58 0,62
SPAxB5 2,54 0,11 2,57 0,14 2,51 0,07 0,50
SPAbB5 2,62 0,26 2,57 0,39 2,67 0,08 0,67
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ABSTRACT

The characteristics of the muscles of the thoracic limb were evaluated in twenty two
specimens of Lycalopex gymnocercus. Descriptive and comparative analyses showed
similarity with other canids in terms of topography and tendon insertions. Differences
with the domestic dog were observed in the pectoralis profundus, triceps brachii, and
interflexorii muscles. Intraspecific variations were observed in the rhomboideus capitis,
serratus ventralis cervicis, extensor carpi radialis, extensor digiti I et II, lumbricales,
flexor digiti I brevis, abductor digiti I brevis, and flexor digiti V muscles. The analyses
of muscle architecture carried out in nine specimens showed that there was no
difference in muscle mass percentage in the thoracic limb of males and females, but a
young specimen showed significant lower mass percentage. The triceps brachii caput
longus muscle showed the greatest mass, the subscapularis muscle showed the greatest
PCSA value, and the extrinsic muscles, in general, presented the longest fascicles and
higher architectural indexes. Muscle architecture data were compatible with those of a
thoracic limb adapted to fast cursorial locomotion that prioritizes movements in a
sagittal plane instead of rotation or adduction/abduction of the limb. There was a high
association between functional mass percentage of the muscles in the thoracic limb and
phylogeny in the Carnivora order. It may be inferred that phylogeny determine some
restrictions to morphological adaptations imposed by ecological pressure.

Key words: Azara’s fox; forelimb; muscle architecture; wild carnivorans
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INTRODUCTION

Lycalopex gymnocercus (G. Fisher, 1814), known as the Pampas fox, Azara’s fox, or
Azara’s zorro, is a medium-sized South American fox (3 to 8 kg) that prefers open
habitats such as the Pampas planes (Luengos Vidal et al., 2012). It is found in eastern
Bolivia, western and center Paraguay, Uruguay, northern and center Argentine, and
southern Brazil (Lucherini and Luengos Vidal, 2008). It is an omnivorous animal that
preys on hares, armadillos, opossums, small rodents, lizards, fish, birds, insects, besides
eating fruits (Queirolo et al., 2013). There are more free-living males than females, and
although these animals are lone hunters, couples may be observed seen from the
moment of mating to the time offspring leave the den (Lucherini and Luengos Vidal,
2008; Queirolo et al., 2013). They live up to 14 years in captivity, but only few years in

the wild (Crespo, 1971).

The genus Lycalopex includes at least four species of foxes that evolved and
spread throughout South America (Tchaicka et al., 2016). L. gymnocercus belongs to
the order Carnivora and, currently, this order is divided in 16 families (Eizirik et al.,
2010). According to the phylogeny proposed by these authors, which is the most
accepted one at present, these families are organized in at least two large clades:
Feliformia (including felids, hyenas, and others) and Caniformia (including canids and
several other groups). However, the Caniformia group presents at least four important
evolutive clades: Canidae (1), that forms the sibling group with Arctoidea; Ursidae (2),
as a basal group; Pinnipedia (3), with sea-dwelling habits; and Mustelida (4), which
includes Mustelidae, Mephitidae, Procyonidae, and Ailuridae. These relationships are
important for the understanding of the evolutionary trends and possible limitations

imposed by the phylogenetic history of Carnivora, especially for L. gymnocercus.
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Detailed studies of the anatomy of the L. gymnocercus are limited to the
description of its encephalic vascularization (Depedrini and Campos, 2003; Depedrini
and Campos, 2007), the topography of its lumbar intumescence and medullary conus
(Souza Junior et al., 2014); and lumbosacral (Lorenzao et al., 2016) or brachial plexus
(Souza Junior et al., 2016) formation.

In Carnivora, the thoracic limb is responsible for cursorial locomotion, weigh
support, and prey capture, as well as climbing, swimming, digging, and mating
behavior. This dynamism in the morphology of the thoracic limb reflects ecological
variations, such as prey size and type, habitat preference, and ability to perform some
movements (Ewer, 1973; Andersson, 2003; Meachen-Samuels and Van Valkenburgh,
2009; Fabre et al., 2013; Meloro et al., 2013; Fabre et al., 2015). Together with
craniodental data, the analysis of the thoracic limb may aid in extrapolating preying
behavior of extinct species (Iwaniuk et al., 1999; Andersson and Werdelin, 2003).

In spite of the availability of anatomical descriptions of thoracic limb myology in
several species of the Carnivora order (Macalister, 1870; Windle, 1888; Windle and
Parsons, 1897; Barone, 1967; Leach, 1977; Spoor and Badoux, 1986; Feeney, 1999;
Fisher et al., 2009; Santos et al., 2010; Julik et al., 2012; Ercoli et al., 2014; Pereira et
al., 2016; Viranta et al., 2016), determination and analysis of quantitative architectural
parameters are still scarce and recent in both domestic (Shahar and Milgram, 2005;
Williams et al., 2008) and wild carnivorans (Hudson et al., 2011; Moore et al., 2013;
Cuff et al., 2016). Despite the functional importance and correlation with ecological
aspects, there are few data on muscle architecture of the thoracic limb in wild canids.

Architectural data are properties that reveal the function of skeletal muscles, and
the understanding of these data have great practical importance (Lieber and Fridén,

2000; Ward et al., 2009). Information usually necessary to gather architectural data is:
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muscle mass, muscle length, length of the fibers (or fascicles), and pennation angle
(angle of the fiber relative to the force-generating axis). Based on these data,
physiological cross-sectional area (PCSA) and architectural indices may be calculated
(Lieber and Fridén, 2000).

The PCSA of a muscle corresponds to the relationship between the volume of the
muscle and the length of its fascicles, and represents the best architectural data to
compare the force-generating capacity between different muscles (Lieber and Fridén,
2000; Shahar and Milgram, 2005). On the other hand, the architectural index is
proportional to the contraction speed of the muscle (Shahar and Milgram, 2005).

Although some metabolic parameters, such as the distribution of the type of fiber,
may substantially influence contractile properties, architectural data are the best
predictors of the muscle function (Ward et al., 2009). Imaging methods, such as
magnetic resonance, computed tomography and ultrasound, as well as muscle biopsy,
are not able to determine actual architectural data, as they do not take into account
variations in fiber length and orientation throughout the length of the muscle (Lieber
and Fridén, 2000). Still, the analysis of cadavers specimens continues to be a viable
method to gather architectural data in animals since the first studies carried out with
pelvic limbs of domestic felids by Sacks and Roy (1982).

The objective of the present study was to analyze the morphofunctional
characteristics of thoracic limb muscles of L. gymnocercus in an anatomical and
quantitative context and compare them with descriptive and architectural data available

for other species of the Carnivora order.

MATERIAL AND METHODS

Sampling
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This study was based on 22 cadavers (21 adults and one puppy) of Lycalopex
gymnocercus (Table 1) that were found on highways in the southwestern part of the
state of Rio Grande do Sul, Brazil. The Brazillian Institute of Environment and
Renewable Natural Resources (IBAMA) approved the study (SISBIO authorization
number 33667). The right thoracic limb of a male specimen of Cerdocyon thous was
also dissected for muscle mass comparison.

Anatomical description

For the identification of the muscles, thoracic limbs of the right antimere of four
animals (two males, 5274 and 8414, and two females, 8433 and 8519) were dissected.
Cadavers were fixated in 10% formaldehyde. Dissection was based on the removal of
the skin and superficial fascia, followed by removal of the remainders of connective
tissue, and identification of the muscles and their respective bone attachments. After
that, each muscle was removed and the attachment points were precisely marked on the
bones with permanent markers of different colors (bones were macerated and cleaned
beforehand) in the right antimere of a female specimen (8576). Before bones were
marked, they were photographed with a 18-MP Canon® camera model EOS Rebel T3i.
The photographs in .JPG format were edited in the Adobe Illustrator CC® software for
the contour and bone accidents to be reliably reproduced in schematic drawings. The
painted areas in the bones of specimen 8576 were reproduced in schemes that enabled a
reliable representation of the muscle insertion points. When there were variations
between the muscles in these four specimens, the other animals were analyzed to
determine which was the standard presentation or anatomical variation for the species.
The muscles and anatomical accidents were named according to the ICVGAN (2012).

Muscle architecture
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The right thoracic limbs of nine dead L. gymnocercus frozen at -20°C immediately after
collection were analysed for muscle architecture data. Initially, the specimens were
thawed in a cold chamber at mean temperature equal to 2°C for about 48h, and body
mass was assessed after complete thawing in an electronic digital scale with readability
of £ 0.1 kg (Kruuse®). After that, the skin and superficial fascia of the cervical and
thoracic regions and of the right thoracic limb were removed, exposing the musculature.

Muscles were dissected for individualization, and extrinsic muscles were released
from their origins; vessels and nerves of the axillary region were transected to release
the thoracic limb from the rest of the body. Each muscle was carefully removed from its
bone attachment, and tendons were excised. A scale with readability of + 0.01g
(Marte®) was used to assess the mass of the muscle belly. The length of the muscle
belly was measured on a plane surface with a flexible tape (readability of + 1 mm) and
the pennation angle was estimated with a protractor (readability of + 2°). Only the small
muscles that both originated and inserted on the bones of the hand did not have their
architectural data determined, given the minuscule size of their fascicles, besides the
absence of data for comparison with other species in the Carnivora order.

After muscles were removed, weighted and measured, they were immersed in
10% formaldehyde for 48h. Then, they were washed in saline solution and transferred to
a container with 20% sulfuric acid for seven to ten days. The acid enabled the separation
of muscle fascicles for the measurements, as reported by Sacks and Roy (1982), Delp et
al. (2001), Shahar and Milgram (2005), and Perry et al. (2014). Then, the length of five
fascicles of different regions of each muscle was measured with a flexible tape
(readability of £ 1 mm), and arithmetic means were calculated. Payne et al. (2006) and
Williams et al. (2008) defined a fascicle as a bundle of individual fibers that was large

enough to be seen by the naked eye.
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The physiologic cross-sectional area (PCSA) of each muscle was estimated with
the following equation:

PCSA = (m.cos a) / p.l, where m is the mass of the muscle belly in grams, a is the
pennation angle, p is muscle density, which is considered to be 1.06 g.cm™ (Mendez
and Keys, 1960), and [ is the arithmetic mean of the length of the muscle fascicles.

The architectural index (Al) for each muscle was calculated as:

Al=1/L, where L is the length of the muscle belly.

Comparisons of the architectural data between specimens of L. gymnocercus of
different sizes and ages, and with other species in the Carnivora order available in the
literature were enabled by the concept of geometric similarity for data standardization.
This concept, explained by Alexander (2006) and adopted by several authors (Payne et
al., 2006; Sharir et al., 2006; Michilsens et al., 2009; Moore et al., 2013; Rose et al.,
2013; Webster et al., 2014; Cuff et al., 2016), determines that the mass of a structure is
directly scaled with the body mass of an individual, the length with body mass'?, and
the areas with body mass®?. Therefore, the mass of the muscles were calculated in
relation to the body mass, the length of the fascicles with body mass'?, and PCSA with
body mass®?.

After scaling, the architectural data of each muscle was compared by Student t test
for independent samples between males (n = 5) and females (n = 3). The t test for paired
samples was used to compare the masses of the muscles of the young male specimen
(8589) (n = 1) and the adult ones (n = 8). In both comparisons, p < 0.05 was adopted as
the significance level.

For the comparative analysis of muscle masses, intrinsic muscles were classified
in one of ten functional groups. In order to do that, the main action of the muscle was

considered to be that exerted on its distal insertion tendon. Thus, a muscle such as
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biceps brachii, that acts distally in the flexion of the elbow and proximally aiding in
shoulder extension, was only placed in the elbow flexor group.

The following functional groups were determined: shoulder extensors
(supraspinatus and coracobrachialis), shoulder flexors (infraspinatus, deltoideus, teres
major, and teres minor), elbow extensors (anconeus, triceps brachii, and tensor fasciae
antebrachi), elbow flexors (biceps brachii and brachialis), extensors of the carpus
(extensor carpi radialis), flexors of carpus (flexor carpi radialis, flexor carpi ulnaris, and
ulnaris lateralis), digit extensors (extensor digitorum communis, extensor digitorum
lateralis, and abductor pollicis longus), digit flexors (flexor digitorum superficialis and
flexor digirorum profundus), supinator (supinator and brachiorradialis) and pronator
muscles (pronator teres and pronator quadratus). Although the subscapularis muscle
may aid both shoulder extension and flexion, it was considered that its main function
was medial stabilization of the shoulder and aiding the pectorales superficialis muscle in
the adduction of the limb (Evans and De Lahunta, 2013). Therefore, the subscapularis
muscle was not included in the functional groups listed above.

The mass of the muscles in each functional group was summed up, and the
percentage of each group in the total mass of intrinsic muscles of the limb was
calculated. This percentage calculation was performed for L. gymncercus (n = 8) and for
the C. thous (n=1) specimen in the present study; it was also calculated for other species
in the Carnivora order based on literature data: the canids Vulpes vulpes (n = 5),
Urocyon cinereoargenteus (n = 4), Canis latrans (n = 1) analyzed by Feeney (1999);
mongrel domestic dogs (n = 4), as reported by Shahar and Milgram (2005), and
Greyhound domestic dogs (n = 7) evaluated by Williams et al. (2008); the mustelids
Aonyx cinerea, analyzed by Macalister (1870), Martes pennanti (n = 4), by Feeney

(1999), Taxidea taxus (n = 6), by Moore et al. (2013) and Galictis cuja (n=2), by Ercoli
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et al. (2014); the procyonid Procyon lotor (n = 2), by Feeney (1999); the hyaenid
Hyaena hyaena (n = 1), by Spoor and Badoux (1986); the felids Acinonyx jubatus (n =
8) by Hudson et al. (2011); Leopardus pardalis (n = 1) by Julik et al. (2012); Lynx lynx
(n = 4) by Viranta et al. (2016); Felis nigripes (n = 1), Felis silvestres (n =1), Caracal
caracal (n = 1), Panthera uncia (n = 1), Panthera onca (n = 1), Panthera tigris (n = 1),
and Panthera leo (n = 1) by Cuff et al. (2016).

Data on the mass percentage of each functional group for each species were
recorded in a spreadsheet. Based on this data, a cluster analysis was carried out using
Ward’s minimum variance method and Euclidean distances were calculated to plot a
dendrogram. Discriminative analysis was also carried out based on three groups of
species (canids, Musteloidea, and Feliformia) in order to assess if the mass percentage
distribution in the functional muscular groups of L. gymnocercus was similar to that of
other canids. Last, variance analysis (one-way ANOVA) complemented by Tukey test
was used to compare the mass percentage of each functional group in the three groups
of species cited above, considering p < 0.05. All analyses were carried out in BioEstat

5.3%® software.

RESULTS

Descriptive aspects

The muscles identified in the dissection of the L. gymnocercus specimens were divided
in extrinsic (tendon of origin outside the thoracic limb, and insertions on the bones of
the limb) and intrinsic muscles (origin and insertion on the thoracic limb). Descriptive
data on extrinsic muscles are summarized in Table 2, and on intrinsic muscles, in Table
3. The precise points of bone attachments of the muscles of the thoracic limb are shown

in Figures 1-4.
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Intraspecific variations were identified in the muscles rhomboideus capitis,
serratus ventralis cervicis, extensor carpi radialis, extensor digiti I et II, lumbricales,
flexor digiti I brevis, abductor digiti I brevis, and flexor digiti V.

The rhomboideus capitis muscle was inconstant in L. gymnocercus (Fig. 5).
Between the 21 specimens dissected, it was absent in 11 individuals (52.4%), bilaterally
present in seven (33.3%), and unilaterally present in three individuals (14.3%). Bilateral
occurrence was more frequent in males (five of 13 individuals, 38.4%) than in females
(two in eight specimens, 25%). In the three individuals that showed the muscle
rhomboideus capitis unilaterally and in two that showed it bilaterally, the muscle was
only a thin muscle strip. In two male specimens in which the muscle was absent, a thin
muscle strip was observed bound to the cranial margin of the muscle serratus ventralis
cervicis, which was more visible and dettached the closer it was from the nuchal crest.

In one L. gymnocercus female specimen (8433), the muscle extensor carpi radialis
showed three insertion tendons in both antimeres (Fig. 6). In this case, the tendon of the
extensor carpi radialis brevis muscle was separated, with the two parts axially and
abaxially inserted on the base of metacarpal III. In another male specimen (8533), the
tendon of the extensor carpi radialis longus muscle discreetly bifurcated near the
insertion on metacarpal II.

The muscle extensor digiti 1 et Il of L. gymnocercus presented variations in
insertion. In most cases, the insertion tendon was dorsally divided near the base of
metacarpal III. The medial division was a delicate tendon to metacarpal I and the lateral
division followed a distal path to join the tendon of the muscle extensor digitorum
communis to digit II, near the axial face of the metacarpophalangeal joint. In the right

antimere of a male specimen (5274), a thin strip was observed also to digit III.
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Three lumbricales muscles were observed in 19 (90.5%) of the specimens.
However, there were only two lumbricales muscles in two females (8585 and 8586,
9.5%). Among the specific muscles of digit I (thumb), one female specimen (8433) did
not show the flexor digiti I brevis, and one male (8590) did not show the abductor digiti
I brevis. In two specimens (8586 and 8589), the flexor digiti V was not found. The
flexor digitorum brevis was not seen in six specimens (28.6%).

Muscle architecture

Mean mass of the muscles of the thoracic limb in adult specimens (n = 8) of L.
gymnocercus was 345.51 + 58.31g, corresponding to 6.37 + 0.62% of the body mass of
the individuals. In females (n = 3), mean mass was 329.17 + 63.08g, and in males (n =
5) it was 355.31 £+ 60.34g, corresponding to 6.25 + 0.68% and 6.45 + 0.65% of the body
mass, respectively. The percentage was not influenced by sex (p = 0.70). The young
specimen weighted 2.2Kg, and the muscles of its right thoracic limb weighted 120.95g,
which represented only 5.49% of its body mass, demonstrating that the young specimen
had proportionally less muscle mass in the limb that the average adult, with a significant
difference (p = 0.04). Therefore, the results presented and discussed here for L.
gyvmnocercus desconsidered the data of the young specimen; only data on the eight adult
individuals were used. However, the mass percentage distribution of each functional
group was identical between the young and adult individuals (p = 1.00).

The triceps brachii caput longus muscle was the muscle that showed the greatest
mean mass (39.66 £ 8.61g), and the supinator had the smallest one (0.49 £ 0.08g)
(Table 4). The muscle latissimus dorsi was the one that presented the longest fascicles,
the cleidomastoideus muscle showed the greatest architectural index, and the

subscapularis muscle had the greatest PCSA value (Fig. 7).
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Mean values for architectural data that were scaled in relation to body mass of the
specimens were used in the comparison between the sexes (Table 5). Considering p <
0.05 as significant, the muscles anconeus, extensor digitorum lateralis, and ulnar
lateralis showed masses that were significantly greater in males; the humeral head of the
flexor digitorum profundus muscle presented fascicles that were, in average, shorter in
males, and the omotransversarius muscles was shorter in females; the PCSA values of
the muscles flexor carpi radialis, flexor carpi ulnaris caput humeralis, and tensor fasciae
antebrachi were larger in males.

Comparative data between muscle mass percentage for each functional group in
relation to the total muscle mass of the limb, considering only the intrinsic muscles and
according to the species in the order Carnivora are shown in Table 6. In L.
gymnocercus, the elbow extensor muscles formed the functional group with the greatest
mass (40.47%). Mass percentage of some functional groups is greater in some groups of
species, as evidenced by the analysis of variance (Table 7). For example, canids have
significantly more mass in elbow extensors, whereas Musteloidea have greater mass in
muscles involved in digit flexion and supination.

Cluster analysis evidenced a distinct pattern for each of the categories of species
(canids, Musteloideas, and Feliformia), and enabled the confirmation that the data
obtained for the L. gymnocercus specimens in the present study have similar distribution
to that of other canids (Fig. 8).

Discriminatory analysis with the minimum variance method yielded a dendrogram
that demonstrated that muscle mass percentage distribution in the functional groups is

clearly associated with the phylogenetic proximity between the species (Fig. 9).

DISCUSSION
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Descriptive and comparative aspects

Anatomical position of the muscles in the thoracic limb of L. gymnocercus is very
similar to that described for domestic dogs in textbooks (Clair, 1986; Nickel et al.,
1986; Evans and De Lahunta, 2013). Therefore, in the descriptive analysis, the present
discussion focused on those characteristics that had comparative, phylogenetic, and/or
functional meaning for the order Carnivora. The intraspecific differences observed in
the dissection procedures were emphasized. Muscles that were identical to those of
domestic dogs or had little comparative importance were not discussed in detail.

The anatomical comparison of the muscles is a challenging task due to the
variation in terminology. Older reports (Macalister, 1870; Windle, 1888; Windle and
Parsons, 1897; Carlsson, 1905) employed a nomenclature that is very different from the
current one. Even more recent studies that are rich in evolutionary and phylogenetical
inferences, preserve part of this nomenclature (Fisher et al., 2009; Julik et al., 2012;
Ercoli et al., 2014). A large number of studies that have a more descriptive scope adopt
the Nomina Anatomica Veterinaria that was current at that time (Barone, 1967; Leach,
1977; McClearn, 1985; Spoor and Badoux, 1986; Feeney, 1999; Concha et al., 2004;
Santos et al., 2010; Hudson et al., 2011; Moore et al., 2013; Carvalho and Souza Junior,
2014; Silva et al., 2015; Garcia et al., 2015; Viranta et al., 2016; Pereira et al., 2016).
Therefore, the present study adopted the nomenclature recommended by the ICVGAN
(2012), and results were compared based on the interpretation of descriptive texts and
illustrations in studies of different times and emphases.

In spite of the large similarity in muscle anatomical position between L.
gymnocercus and the domestic dog, some differences were observed: the muscle
pectoralis profundus of L. gymnocercus showed three well-defined parts (Fig. 10); the

insertion tendon of the triceps brachii muscle (common to the four heads) was divided
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in two parts: a caudolateral one, containing the tendons for the long and lateral heads,
and a medial one, including the tendons for the medial and accessory heads. The
interflexorius muscle showed thin insertion tendons fused with those of the flexor
digitorum superficialis muscle of digits II and III.

Intraspecific variations were found in several muscles of L. gymnocercus and are
not new in Carnivora, such as Ursus americanus, in the Viverridae tfamily (Windle and
Parsons, 1897), Leopardus pardalis (Julik et al., 2012), and Galictis cuja (Ercoli et al.,
2014). Fisher et al. (2009) identified a wide range of anatomical variations in Ailurus
fulgens, and recommended the use of numerous samples to draw inferences on soft
tissues.

Extrinsic muscles

The trapezius muscle of L. gymnocercus presented, invariably, a continuous fibrous
band that was divided in two parts, a cervical and a thoracic one. In the domestic dog,
this band is reported to be variable or, sometimes, absent (Sharir et al., 2006; Evans and
De Lahunta, 2013). This band, called fibrous interval by Windle and Parsons (1897),
was recognized in Carnivora, such as Procyon lotor (Windle and Parsons, 1897), Vulpes
vulpes (Feeney, 1999), and G. cuja (Ercoli et al., 2014). Ercoli et al. (2014) emphasized
the need to investigate this anatomical characteristic, as it may have phylogenetic
importance in the Carnivora order.

The muscle pectoralis profundus showed three parts: a main, cranial one, that
originated from the manubrium to the penultimate sternebrae; a medium one, that
originated from the penultimate sternebrae to the xiphoid process; and a caudal, smaller
one, that originated from the xiphoid process to 1 cm caudal to it. In the domestic dog,
only two parts are known: a main (deep) one, and a smaller one (superficial or

abdominal) (Evans and De Lahunta, 2013). Carlsson (1905) also illustrated three parts
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of the pectoralis profundus muscle in Otocyon megalotis. However, the medium part
was larger. Spoor and Badoux (1986) and Fisher et al. (2009) reported three parts for
the pectoralis profundus muscle, although with a small, band-shaped abdominal portion
located deep to the caudal part in Hyaena hyaena and A. fulgens, respectively. Ercoli et
al. (2014) speculated that the subdivision of pectoralis profundus in more parts in most
of the Musteloidea and other Carnivora may be an adaptation to more complex and
precise movements, whereas a more compact and less subdivided muscle is more useful
for the strong propulsion needed in fast cursorial locomotion.

The majority of the specimens analyzed (52.4%) did not present the rhomboideus
capitis muscle, whose function is to elevate the limb, cranially rotate the scapula and aid
in the lateral movements of the neck during prey laceration. Among canids, it is
described in V. vulpes, C. latrans, and U. cinereoargenteus (Feeney, 1999), and the
domestic dog (Evans and De Lahunta, 2013), always as a delicate structure. In L.
gyvmnocercus, it seems to be disappearing with the loss of its main ancestral function,
and meets the criteria for a vestigial structure (Senter and Moch, 2015). In fact, it is
well-developed in species that have a hypercarnivore diet and carry out vigorous
movements with the neck to lacerate the prey (Ercoli et al., 2014). Some mustelids, such
as Martes pennanti and G. cuja develop a fourth rhomboid muscle, the rhomboideus
profundus (Feeney, 1999; Ercoli et al., 2014).

The rhomboideus thoracis muscle of L. gymnocercus was found only up to the
fourth or fifth thoracic vertebra, similar to the descriptions in domestic dogs (Evans and
De Lahunta, 2013) and in the canids C. latrans and U. cinereoargenteus, but not in V.
vulpes. In this latter species, it stretches more caudally (Feeney, 1999). As described for

domestic carnivorans (Nickel et al., 1986) and H. hyaena (Spoor and Badoux, 1986),
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the separation between the muscles rhomboideus thoracis and cervicalis is not readily
visible.

The muscle serratus ventralis cervicis in L. gymnocercus originated in the
transversal processes from C4 to C7, forming four clear divisions. This origin is similar
to that reported by some specimens of Civettictis civetta, Genetta tigrina, and Eira
barbara by Windle and Parsons (1897). In the domestic dog, it may originate from C4
or C3 (Nickel et al., 1986; Evans and De Lahunta, 2013) or even from C2 (Sharir et al.,
2006) and yield five or six divisions. In Carnivora, such as A. fulgens, the origin is as
cranial as the wing of the atlas (Fisher et al., 2009) and, in others, such as L. [ynx, from
C5 (Viranta et al.,, 2016). No reports were found in the literature on a thin strip
originating in the serratus ventralis cervicis towards the nuchal crest observed in two
specimens of L. gymnocercus that did not show the rhomboideus capitis muscle.

The cleidobrachialis muscle was inserted on the humerus, similar to other species
in the suborder Caniformia. In the subordem Feliformia, insertion occurs on the forearm
bones, proximally to the ulna (Windle, 1888; Windle and Parsons, 1897; Nickel et al.,
1986; Fisher et al., 2009; Ercoli et al., 2014).

Intrinsic muscles

A divergence in nomenclature was identified for the coracobrachialis and articularis
humeri muscles. The ICVGAN (2012) and authors of textbooks in veterinary anatomy
(Clair, 1986; Nickel et al., 1986; Liebich et al., 2011) report that all domestic mammals
have a coracobrachialis muscle that originates from a tendon on the coracoid process
and inserts on the tuberositas teres major or distally to it. When the ICVGAN (2012)
nomenclature is adopted, L. gymnocercus shows the coracobrachialis muscle that is
described in all families of the Carnivora order, except for the viverrid Ginetta sp.

(Windle and Parsons, 1897) and some mustelids (Fisher et al., 2009). Thus, the presence
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of the coracobrachialis muscle has been considered a trace of plesiomorphism in the
Carnivora order (Ercoli et al., 2014).

The biceps brachii muscle of L. gymnocercus showed a single belly. Among
Carnivora, only the families Ailuridae, Ursidae, and Procyonidae show species that
have an additional short head in the biceps brachii muscle (Windle, 1888; Windle and
Parsons, 1897; Fisher et al., 2009). Besides, in L. gymnocercus this muscle was inserted
on two tendons, one in the radius and one in the ulna, similar to the descriptions in
domestic dogs (Nickel et al., 1986; Evans and De Lahunta, 2013), the canid Chrysocyon
brachyurus (Pereira et al., 2016), and the procyonid Nasua nasua (Santos et al., 2010).
However, Feeney (1999) referred to an insertion only on the ulna in the canids V.
vulpes, C. latrans, and U. cinereoargenteus, and on the radius in M. pennanti and P.
lotor. The insertion on a single tendon in the radius was also described in the genus
Martes (Leach, 1977), in Taxidea taxus (Moore et al., 2013), and domestic (Nickel et
al., 1986) and wild felids such as Panthera leo (Barone, 1967), Puma concolor (Concha
et al.,, 2004), and L. pardalis (Julik et al., 2012). In L. lynx, different from the other
felids, the insertion was both on the radio and the ulna (Viranta et al., 2016). The
insertion of the biceps brachii muscle on the ulna reflects its main function as an elbow
flexor, whereas the insertion on the radius enables some degree of supination.

The triceps brachii muscle presented four heads, as described for domestic
carnivorans in general (Clair, 1986; Nickel et al., 1986; Liebich et al., 2011), and for
wild ones, such as H. hyaena (Spoor and Badoux, 1986), M. pennanti, P. lotor, V.
vulpes, C. latrans, and U. cinereoargenteus (Feeney, 1999), N. nasua (Santos et al.,
2010), and C. brachyurus (Pereira et al., 2016). The proximal subdivision of caput
longum was considered to be an additional head by Windle and Parsons (1897), making

it difficult to draw a comparison on the number of heads. Fisher et al. (2009) and
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Viranta et al. (2016) describe five heads in A. fulgens and L. lynx, respectively. In these
studies, the authors subdivide caput mediale in two parts. According to Ercoli et al.
(2014), the presence of five heads, including a caput angulare that originates in the
caudal angle of the scapula, is a characteristic of mustelids and mephitids.

The insertion tendon that is common to the four heads of the muscle triceps
brachii was subdivided in a part composed by the tendons of the long and lateral heads
and another, a medial one, composed by the tendons of the medial and accessory heads.
This arrangement is similar to the one described in domestic felids (Nickel et al., 1986).
In domestic dogs, though, the tendons of the long, lateral, and accessory heads form one
division, and the tendon of the medial head, another one (Evans and De Lahunta, 2013).

The tensor fasciae antebrachii muscle of L. gymnocercus was extremely thin and,
sometimes, very difficult to be isolated by dissection. This difficulty was reported in
domestic felids (Nickel et al., 1986) and in L. [ynx (Viranta et al., 2016). This muscle
was reported to be small in wild canids, but strong and divided in two parts in the
procyonid P. lotor and the mustelid M. penannti (Feeney, 1999), and absent in the
mustelid G. cuja (Ercoli et al., 2014).

The muscle brachiorradialis was found bilaterally in 16 (76.2%) specimens,
unilaterally in three (14.3%) and absent in two (9.5%) of the 21 individuals that were
dissected. In one of the specimens, a male, insertion was on the medium third of the
extensor carpii radialis. These results are similar to those previously reported on the fact
that the brachiorradialis muscle tends to be reduced or absent in canids and hyaenids,
and well-developed in the other families in the order Carnivora (Spoor and Badoux,
1986; Feeney, 1999; Souza Junior et al., 2015).

In domestic carnivores, the extensor carpi radialis muscle is reported to be

composed by two other muscles: extensor carpi radialis longus (insertion on metacarpal
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IT) and extensor carpi radialis brevis (insertion on metacarpal III) (Nickel et al., 1986).
According to Windle and Parsons (1897), the degree of separation or fusion of these
portions is the comparative aspect to be observed. In domestic felids, this separation is
clear, but it is only partial in domestic dogs (Clair, 1986; Nickel et al., 1986; ICVGAN,
2012). In L. gymnocercus, the two muscles are fused, as well as in V. vulpes, C. latrans,
and U. cinereoargenteus (Feeney, 1999). The separation in two parts was reported as
evident in non-canids, such as P. leo (Barone, 1967), M. pennanti (Feeney, 1999), P.
lotor, N. nasua, and N. narica (McClearn, 1985; Feeney, 1999), P. concolor (Concha et
al., 2004), and L. pardalis (Julik et al., 2012). In A. fulgens (Fisher et al., 2009) and G.
cuja (Ercoli et al., 2014), some specimens showed the division starting in the origin of
the muscle, and the separation only in the distal third. The tendency in specialized
cursorial species is the fusion of bellies of intrinsic muscles, because the limb performs
simpler movement.

In one female specimen, three insertion tendons were observed in the extensor
carpi radialis muscle, and in a male, the insertion tendon of the long part was bifurcated
near the insertion on metacarpal II. Variations in the insertion of this muscle besides
these ones have been reported in Carnivora. Evans and De Lahunta (2013) showed the
tendon of the extensor carpi radialis brevis muscle bifurcating in the domestic dog, with
a more axial division fusing with the tendon of the extensor digitorum lateralis muscle
to digit III. Windle and Parsons (1897) reported a subdivision of the extensor carpi
radialis longus tendon with the more axial tendon, yielding a transversal link to the
tendon of the brevis part.

The extensor digitorum communis muscle was inserted in the extensor process of
the distal phalanges of digits II to V, and this pattern was observed in all species of the

Carnivora order that have been described (Windle and Parsons, 1897; Leach, 1977;
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McClearn, 1985; Clair, 1986; Spoor and Badoux, 1986; Nickel et al., 1986; Feeney,
1999; Concha et al., 2004; Fisher et al., 2009; Julik et al., 2012; Evans and De Lahunta,
2013; Ercoli et al., 2014). The only exceptions were an herpestid dissected by Windle
and Parsons (1897) that did not show the tendon to digit V, and six specimens of L. lynx
analyzed by Viranta et al. (2016), which showed tendons for the five digits.

The extensor digitorum lateralis muscle of L. gymnocercus presented insertion
tendons that joined the tendons of extensorum digitorum communis to digits III, IV, and
V, at the level of the proximal phalange. This distribution is similar to most of the
Carnivora (Windle and Parsons, 1897; Barone, 1967; Leach, 1977; McClearn, 1985;
Clair, 1986; Nickel et al., 1986; Feeney, 1999; Concha et al., 2004; Fisher et al., 2009;
Julik et al., 2012; Moore et al., 2013; Evans and De Lahunta, 2013; Ercoli et al., 2014).
However, in specimens of P. leo, Genetta genetta, Herpestes nepalensis, Proteles
cristata, Hyaena crocuta e Canis aureus (Windle and Parsons, 1897), Ailuropoda
melanoleuca (Davis, 1964), and H. hyaena (Windle and Parsons, 1897; Spoor and
Badoux, 1986), the tendons are inserted only on digits IV and V.

In L. gymnocercus, the tendons of the extensorum digitorum lateralis muscle were
more delicate than those of the muscle extensorum digitorum communis. This finding
corroborates the report by Feeney (1999) that showed that this difference is clear in
canids, whereas in M. pennanti and P. lotor, the tendons may be equally strong. The
mass ratio of the extensorum digitorum communis and extensorum digitorum lateralis
muscle was about 2:1 in L. gymnocercus, similar to the findings in the canids C. latrans,
V. vulpes, and U. cinereoargenteus; it is greater than in M. pennanti and P. lotor
(Feeney, 1999). The extensor digitorum lateralis muscle may possibly be more
developed in Musteloidea compared with canids, as the mustelids need more

independent movements in each digit (Feeney, 1999). However, an association between
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the need for more independent movement and the distribution of the insertion tendons to
more digits is not clear.

The site of insertion of the supinator muscle in the radius of Carnivora is the
characteristic that is most commonly analyzed in this muscle. In L. gymnocercus, it was
inserted on the proximal third of the radius, reaching about 35% of the length of this
bone, and confirming the findings of a previous report (Silva et al., 2015). This type of
insertion was identical to the description by Feeney (1999) on other specialized
cursorial canids, V. vulpes and C. latrans (34%), and by Silva et al. (2015), on C. thous
(40%). In the canid U. cinereoargenteus, a tree climber, the muscle reaches almost half
of the diaphysis of the radius (47%) (Feeney, 1999). In the domestic dog, it was
described as reaching only the proximal fourth of the radius (Nickel et al., 1986; Evans
and De Lahunta, 2013). Therefore, the reach of this muscle may reflect a demand for
external rotation of the hand in the different species. The demand is lesser in the
domestic dog, intermediate in wild, specialized cursorial canids, and greater in the
climber canid U. cinereoargenteus.

In non-canid Carnivora, the supinator was described as little developed and
covering one third of the diaphyses in H. hyaena (Windle and Parsons, 1897; Spoor and
Badoux, 1986), Acinonyx jubatus (Hudson et al., 2011); 40% of the diaphysis in P.
lotor (Feeney, 1999); 42% of the diaphysis in P. cancrivorus (Silva et al., 2015); the
proximal half of the diaphysis in N. nasua (Santos et al., 2010), Meles sp. (Windle and
Parsons, 1897), P. concolor (Concha et al., 2004), A. fulgens (Fisher et al., 2009); two
thirds in P. leo (Barone, 1967), L. pardalis (Julik et al., 2012), and G. cuja (Ercoli et al.,
2014); between two thirds and three fourths in U. americanus (Windle and Parsons,
1897); and three quarters in Mustela putorius, Lutra lutra (Windle and Parsons, 1897),

M. pennanti (Feeney, 1999), T. taxus (Moore et al., 2013), and L. [ynx (Viranta et al.,
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2016). Therefore, the supinator muscle is more developed in non-canid Carnivora.
Among these, it is still more developed in those species that use the thoracic limb to
swim and capture larger prey. Although 4. jubatus feeds on larger animals, the muscle
does not seem to be extremely expressive due to the prioritization of movements on the
sagittal plane for high speed.

The extensor digiti I et II muscle of L. gymnocercus showed variations in its
insertion. However, the most common pattern was similar to that of the domestic dog
(Nickel et al., 1986; Evans and De Lahunta, 2013), P. leo (Barone, 1967), A. fulgens
(Fisher et al., 2009), L. pardalis (Julik et al., 2012), and G. cuja (Ercoli et al., 2014).
One male L. gymnocercus showed a delicate tendinous contribution to the insertion on
digit III, a variation considered occasional in the domestic dog (Nickel et al., 1986;
Evans and De Lahunta, 2013). In another female specimen, there were no defined
insertion tendons, but an aponeurosis that was fused to the tendon of the extensor
digitorum communis muscle. This variation was described in a C. thous specimen
(Garcia et al., 2015). Spoor and Badoux (1986) mentioned only the extensor digitorum
IT muscle in H. hyaena. Feeney (1999) reported the insertion on the distal phalange of
the digit I, and fusion with the tendon of extensor digitorum communis muscle to digit
Il in V. vulpes, U. cinereoargeneus, C. latrans, M. pennant, and P. lotor. Concha et al.
(2004) reported the insertion in the middle phalanges of digits I and II in P. concolor.
Moore et al. (2013) showed the insertion on the proximal phalanges of digits [ and 1I in
T. taxus.

The insertion of the pronator teres muscle was also analyzed in different species
of the order Carnivora. In L. gymnocercus, it covered 48% of the length of the radius,
and was, therefore, located distally to the supinator muscle (Silva et al., 2015). In the

other canid species, it is referred to as covering 37% of the length of the radius in V.
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vulpes (Feeney, 1999); just proximal to the middle of the radius in C. aureus (Windle
and Parsons, 1897) and domestic dogs (Evans and De Lahunta, 2013); covering exactly
half of the radius in Lycaon pictus (Windle and Parsons, 1897) and U.
cinereoargenteus; and covering 51% of the radius in C. thous (Silva et al., 2015).

Among non-canids, the pronator teres muscle was observed up to the proximal
third of the radius in H. hyaena (Spoor and Badoux, 1986); half of the radius in
Panthera tigris, domestic felids, P. cristata, G. genetta, Herpestes sp., C. civetta, H.
striata, H. crocuta, M. putorius, Aonyx cinerea, Martes foina (Windle and Parsons,
1897), P. leo (Barone, 1967), and L. [ynx (Viranta et al., 2016); 55% of the radius in P.
lotor (Feeney, 1999); 57% of the radius in P. cancrivorus (Silva et al., 2015); 86% of
the radius in M. pennanti (Feeney, 1999); and distally on the radius in N. narica, Potos
flavus, U. americanus, Ursus arctos, E. barbara, Ictonyx striatus, Ictonyx libyca, M.
meles, L. lutra (Windle and Parsons, 1897), and T. taxus (Moore et al., 2013). It may be
observed that the muscle is shorter in canids, a little more developed in felids, viverrids,
and hyaenids, and very significant in ursids, procyonids, and mustelids. Therefore, the
development of this muscle is associated with the need for hand rotation movements in
the species.

The flexor carpi radialis muscle in L. gymnocercus was inserted on the palmar
surface of the base of metacarpals II and III, the most common insertion in domestic
(Clair, 1986; Nickel et al., 1986) and wild carnivorans (Windle and Parsons, 1897;
Leach, 1977; McClearn, 1985; Feeney, 1999; Fisher et al., 2009; Santos et al., 2010;
Julik et al., 2012; Evans and De Lahunta, 2013; Ercoli et al., 2014). However, there are
descriptions of insertions on the styloid process of the ulna and the second carpal bone
in an A. jubatus specimen; on the carpal intermedius-radial bone of U. americanus and

metacarpals I and II in one U. arctos (Windle and Parsons, 1897); or only on metacarpal
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IT in one specimen of H. hyaena (Spoor and Badoux, 1986), in specimens of P. leo
(Barone, 1967), P. concolor (Concha et al., 2004), T. taxus (Moore et al., 2013), and L.
lynx (Viranta et al., 2016).

The flexor digitorum superficialis muscle in L. gymnocercus was inserted in the
middle phalanx of digits II and V, similar to the description in domestic dogs (Nickel et
al., 1986; Evans and De Lahunta, 2013) and other canids, such as V. vulpes, C. latrans,
U. cinereoargenteus (Feeney, 1999). However, Windle and Parsons (1897), when
referring to the flexor sublimis digitorum muscle, reported in one dog insertions only on
digits I, III, and IV. Some authors called it the palmaris longus muscle and used the
term flexor digitorum superficialis muscle for the interflexorius muscle (Fisher et al.,
2009; Julik et al., 2012; Ercoli et al., 2014). This difference in nomenclature makes it
difficult for comparative aspects to be analyzed, as recognized by Ercoli et al. (2014).
The ICVGAN (2012) does not mention the palmaris longus muscle; this nomenclature
is adopted in human anatomy for a muscle that also originates in the medial epicondyle
of the humerus, but is inserted on the retinaculum and palmar aponeurosis (Martini et
al., 2009).

In non-canids, the insertion of the flexor digitorum superficialis muscle is more
varied: on digits I to V in domestic felids (Nickel et al., 1986), U. americanus (Windle
and Parsons, 1897), and G. cuja (Ercoli et al., 2014); from I to IV in P. concolor
(Concha et al., 2004) and Nasua nasua (Santos et al., 2010); from Il to V in P. leo
(Barone, 1967), M. pennanti (Leach, 1977; Feeney, 1999), M. americana (Leach, 1977),
P. lotor, N. nasua, and N. narica (McClearn, 1985), H. hyaena (Spoor and Badoux,
1986), P. lotor (Feeney, 1999), in L. pardalis (Julik et al., 2012) and in L. lynx (Viranta
et al., 2016); from II to IV in several specimens of viverrids, herpestids, mustelids,

procyonids, hyaenids, and one ailurid species (Windle and Parsons, 1897; Fisher et al.,
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2009; Moore et al., 2013); only on digits III, IV, and V in H. striata (Windle and
Parsons, 1897); and on digits III and IV in Cryptocrota ferox, U. maritimus, M. meles,
and L. lutra (Windle and Parsons, 1897).

Although the flexor digitorum profundus muscle is strong and shows a complex
architecture, with three heads (caputs umerale, ulnare, and radiale), and with caput
umerale subdivided in three bellies, its anatomical position is relatively constant among
domestic and wild carnivorans species, with insertion on the five digits (Windle and
Parsons, 1897; Barone, 1967; Leach, 1977; McClearn, 1985; Feeney, 1999; Concha et
al., 2004; Fisher et al., 2009; Julik et al., 2012; Moore et al., 2013; Ercoli et al., 2014;
Viranta et al., 2016). Windle and Parsons (1897) and Spoor and Badoux (1986) reported
that, in hyaenid specimens, the muscle is not inserted on digit I, as the distal phalange of
this digit is vestigial (Senter and Moch, 2015).

The flexor carpi ulnaris muscle in Carnivora invariably presents two heads, the
ulnar and the humeral. The comparative aspect observed is the degree of fusion or
isolation of the heads. In L. gymnocercus, as well as in all other canids, domestic (Evans
and De Lahunta, 2013) or wild that have been analyzed (C. aureus, Lycaon pictus,
Vulpes lagopus, V. vulpes, C. latrans, and U. cinereoargeneus), the two heads are
completely separated, sharing only the insertion on the accessory carpal bone (Windle
and Parsons, 1897; Feeney, 1999). However, specimens of other families have also
shown this separation: the viverrids C. civetta, C. ferox, and G. genetta, the ursid U.
americanus, and the mustelids L. cinerea, M. meles (Windle and Parsons, 1897), P.
lotor (McClearn, 1985), and M. pennanti (Feeney, 1999).

The fusion of two muscle heads was described in domestic felids (Nickel et al.,
1986), the wild felids P. leo, P. tigris (Windle and Parsons, 1897), P. concolor (Concha

et al.,, 2004) and L. pardalis (Julik et al., 2012), the herpestid H. nepalensis, the
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hyaenids P. cristata and H. striata, the procyonids N. nasua, N. narica (McClearn,
1985), and P. flavus (Windle and Parsons, 1897), the mustelids L. lutra, M. putorius, 1.
libyca (Windle and Parsons, 1897), M. pennanti and M. americana (Leach, 1977), and
the ailurid A. fulgens (Fisher et al., 2009). Intraspecific variations related to the fusion
or separation of the two heads are possible due to the divergence in the reports on P.
lotor, by Windle and Parsons (1897) and Feeney (1999), on M. pennanti by Leach
(1977) and Feeney (1999), and on the specimens A. fulgens dissected by Fisher et al.
(2009). In some hyaenid species, the ulnar head was absent (Windle and Parsons, 1897).
In one specimen of H. cristata (Windle and Parsons, 1897) and in three specimens of G.
cuja (Ercoli et al., 2014) a distal insertion beyond the accessory carpal bone, in
metacarpal V, was reported. In one U. americanus specimen, insertion was on the four
main metacarpals (Windle and Parsons, 1897).

The pronator quadratus muscle was originated in the ulna and inserted on the
radius, occupying the interosseous space throughout its extension. This reach of the
muscle in L. gymnocercus is typical in canids (Feeney, 1999; Evans and De Lahunta,
2013) and hyaenids (Windle and Parsons, 1897; Spoor and Badoux, 1986). In felids,
this muscle is described as attached to the distal half of the forearm (Windle and
Parsons, 1897; Barone, 1967; Julik et al., 2012; Viranta et al., 2016). In ursids (Windle
and Parsons, 1897) and ailurid (Fisher et al., 2009), it is restricted to the distal third of
the forearm, and it is variable in viverids (Windle and Parsons, 1897). In procyonids, it
is placed between the half and distal third of the forearm (Windle and Parsons, 1897)
(Feeney, 1999). In mustelids, it tends to be placed on the distal third of the forearm
(Leach, 1977; Feeney, 1999; Moore et al., 2013; Ercoli et al., 2014), although it covers

the whole extension of the forearm in M. putorius (Windle and Parsons, 1897).
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The interflexorius muscle in L. gymnocercus originated on the palmar surface of
the flexor digitorum profundus caput humerale muscle and its thin insertion tendons
were fused with the tendons of the flexor digitorum superficialis muscle to digits II and
III. In the domestic dog, the most common pattern is the fusion of the tendons to digits
IIT and IV and, occasionally, to digit II (Nickel et al., 1986; Evans and De Lahunta,
2013). Feeney (1999) reported that the tendons to digits II, III, and IV are found in the
canids V. vulpes, C. latrans, and U. cinereoargeneus. In domestic felids (Nickel et al.,
1986) and L. pardalis (Julik et al., 2012), it contributes with the tendons to digits 11, III,
and IV, and sometimes V in domestic cats. In H. hyaena, it is described as having two
muscle bellies and tendons to digits II, III, and IV (Spoor and Badoux, 1986), similar to
the mustelids M. pennanti, M. americana, (Leach, 1977), and G. cuja (Ercoli et al.,
2014), the procyonid P. lotor (Feeney, 1999) and the ailurid A. fulgens (Fisher et al.,
2009).

The flexor digitorum brevis muscle of L. gymnocercus was very delicate and
adhered to the tendon of the flexor digitorum superficialis muscle to digit V, as
described in the domestic dog (Nickel et al., 1986; Evans and De Lahunta, 2013), and
C. thous (Carvalho and Souza Junior, 2014). Its presence was not always identified in
the dissections, and it was recognized in 15 of the 21 (71.4%) specimens that were
dissected. In domestic felids, it joins the tendon of the flexor digitorum superficialis
muscle to digits IV and V and, occasionally, to digit III (Nickel et al., 1986). For
Windle and Parsons (1897), the muscle was constant in felids, procyonids, and
viverrids, usually absent in mustelids, canids and ursids, and present in some hyaenids.
Spoor and Badoux (1986) reported this muscle as similar to that of canids in H. hyaena,

and Fisher et al. (2009) in A. fulgens. Julik et al. (2012) reported the action of the
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muscle on digits IV and V in L. pardalis. Ercoli et al. (2014) reported that the muscle
was absent in G. cuja, and considered it absent in all mustelids.

The number of lumbricales muscle is another comparative aspect observed on the
palmar surface of Carnivora. In L. gymnocercus, three lumbricales muscle were found,
except in two females that showed only two muscles. In the domestic dog, the most
common pattern is three muscles (Nickel et al., 1986; Evans and De Lahunta, 2013), as
described in other canids, such as V. vulpes, C. latrans, U. cinereoargenteus (Feeney,
1999), and C. thous (Carvalho and Souza Junior, 2014), one viverrid C. civetta, one
hyaenid P. cristata, and the mustelids L. lutra, L. cinerea, M. putorius (Windle and
Parsons, 1897). In one specimen of H. striata and another of 1. libyca, two lumbricales
muscles were found (Windle and Parsons, 1897). In H. hyaena, two muscle were also
reported (Spoor and Badoux, 1986). The species in the Carnivora order in which four
lumbricales muscles are described are domestic felids (Nickel et al., 1986), as well as P.
leo (Barone, 1967) L. pardalis (Julik et al., 2012), C. civetta, G. genetta, H. edwardsi,
H. striata, H. crocuta, U. maritimus, U. americanus, P. lotor, Nasua sp., P. flavos, M.
meles, and L. vulgaris (Windle and Parsons, 1897), M. pennanti (Feeney, 1999), G. cuja
(Ercoli et al., 2014), A. fulgens (Fisher et al., 2009). Based on these observations, it may
be inferred that the lumbricales muscles are more numerous in species that are more
dependent on their hands.

Four interosseous muscles were observed in L. gymnocercus, as well as in all
species of the Carnivora order in which they were reported (Windle and Parsons, 1897,
Barone, 1967; Nickel et al., 1986; Feeney, 1999; Evans and De Lahunta, 2013;
Carvalho and Souza Junior, 2014). Some authors describe five of them, as they used the
term flexor breves profundi for these muscles, and counted the flexor digiti I brevis

muscle as part of them (Fisher et al., 2009; Julik et al., 2012; Ercoli et al., 2014).
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Among specific muscles to digit I (thumb), L. gymnocercus presented the same
ones found in domestic carnivorans (Nickel et al., 1986). In a female specimen (8433),
only the adductor and abductor muscles were found, and the flexor digiti I brevis was
not observed. In a male (8590), the abductor digiti I brevis muscle was absent. The
absence of this muscle was reported in a domestic dog by Windle and Parsons (1897).
Among wild Carnivora, canids and felids usually show these three muscles (Windle and
Parsons, 1897; Barone, 1967; Feeney, 1999; Viranta et al., 2016), although the abductor
digiti I brevis muscle was not described in L. pardalis (Julik et al., 2012). In hyaenids,
only a remainder of the adductor digiti I muscle was found (Spoor and Badoux, 1986).
In the other families, the presence of three muscles is variable, and the most common
pattern is the presence of the muscles abdutor digiti I brevis and flexor digiti I brevis.
The adductor digiti I muscle was inconstantly found by Windle and Parsons (1897).

Among the muscles that have isolate action on digit V, the muscles abductor digiti
V, adductor digiti V, and flexor digiti V were found in L. gymnocercus. In two
specimens, the flexor digiti V muscle was not found. These three muscles are found in
all species in the order Carnivora that have been analyzed (Barone, 1967; Nickel et al.,
1986; Fisher et al., 2009; Julik et al., 2012; Ercoli et al., 2014), except for H. hyaena,
which does not have the flexor digiti V muscle (Spoor and Badoux, 1986). Feeney
(1999) emphasized that the abductor digiti V is stronger in M. pennanti and P. lotor
than in the canids V. vulpes, C. latrans, and U. cinereoargenteus. Among the canids, it
is stronger in the later one, a climber.
Muscle architecture
If antimeric symmetry is assumed, it may be considered that muscles of the thoracic
limbs represent 12.74% of the body mass in L. gymnocercus. This percentage was

identical to the one found in the present study in C. thous (12.7%), but smaller than that
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estimated by Williams et al. (2008) for Greyhound dogs (18.6%), Hudson et al. (2011)
for A. jubatus (15.1%), Cuff et al. (2016) for Felis nigripes (18.5%), L. pardalis
(14,4%), P. tigris (16.6%), Caracal caracal (16.2%), Panthera onca (16.1%), and P.
leo (14.3%). However, it was greater than that estimated by Cuff et al. (2016) for Felis
silvestris (7.1%), and Panthera uncia (11.4%).

Although the sum of the mass of thoracic limb muscles in male specimens of L.
gymnocercus was, in average, greater than in females, this difference was not
significant. The comparison between normalized architectural data (mass, mean fascicle
length, and PCSA) also showed few muscles with significant differences between adult
males and females. This finding is in agreement with the observation that the
architecture of a given muscle is extremely consistent among individuals of the same
species (Lieber and Fridén, 2000). The normalized value of PCSA was greater in carpal
flexors in males, maybe because their action is related to propulsion and prey capture.

The comparison between the young specimen and adult ones showed that the
ratios between the mass of functional groups were similar. On the other hand, it was
estimated that, from four months of age to the adult phase, there is a mass gain of 16%
in the thoracic limb in relation to body mass. This growth may be justified by the
demand for long-distance foraging and prey capture when the offspring leaves the den
and becomes independent (Lucherini and Luengos Vidal, 2008).

The long head of the triceps brachii muscle showed the greatest mass among all
muscles (intrinsic and extrinsic) of the thoracic limb. This was also observed in mongrel
dogs by Shahar and Milgram (2005), and in A. jubatus by Hudson et al. (2011). This
muscle also shows the greatest mass among the intrinsic muscle in A. cinerea
(Macalister, 1870), H. hyaena (Spoor and Badoux, 1986), Greyhound dogs (Williams et

al., 2008), G. cuja (Ercoli et al., 2014), and in several felids (Julik et al., 2012; Cuff et
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al., 2016). Compared with the other heads of the triceps brachii muscle, the long head
seems to be more developed in canids than in other families (Feeney, 1999; Moore et
al., 2013). The triceps brachii muscle is the most important one in elbow extension
during high speed locomotion (Julik et al., 2012). The muscle is voluminous, shows
great mass and high PCSA, with low architectural index, near 0.30. These architectural
characteristics reflect a muscle that is able to generate great force, which was
demonstrated to be crucial to stabilize the elbow and shoulder joints on the ground
during the weight support phase of walking, trotting, and running (Goslow Jr. et al.,
1981). Maintenance of the elbow extension in weight support phase seems to be
essential to counteract the impact on the thoracic limb during maximum acceleration or
running (Williams et al., 2008). Besides, the muscle is crucial in limb propulsion
(Goslow Jr. et al., 1981).

Among the forelimb intrinsic muscles of L. gymnocercus, the greatest PCSA
value was found in the subscapularis. Its great capacity to generate force is justified by
its main function, which is medial stabilization of the glenohumeral joint, a spheroidal
joint that does not have extracapsular ligaments (Evans and De Lahunta, 2013).
Therefore, glenohumeral stability is ensured by the tendons of the muscles that have
great PCSA, such as the subscapularis, infraspinatus, supraspinatus, and biceps brachii.
Besides, these muscle aids in restricting the movements of the shoulder articulation on
the sagittal plane in specialized cursorial species.

The flexor digitorum profundus muscle, especially its humeral head, was the
muscle in the antebrachial region that showed the greatest capacity to generate force.
This finding is similar to that in mongrel (Shahar and Milgram, 2005), Greyhound dogs

(Williams et al., 2008), and 7. faxus (Moore et al., 2013), and different from the
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findings in A4. jubatus (Hudson et al., 2011). In this species, the flexor digitorum
superficialis muscle showed the greatest PCSA value in this region.

Among extrinsic muscles, the pectoralis profundus and latissimus dorsi showed
the greatest mass and the highest architectural indices (0.51 and 0.63, respectively),
similar to Greyhound dogs (Williams et al., 2008). This finding demonstrates that these
muscles enable wide range of movement with fast contraction speed (Evans and De
Lahunta, 2013). Both have an important role in limb retraction during change in gait.
Particularly for the the pectoralis profundus muscle, it shows great PCSA compared
with the other extrinsic muscles, with decisive action in the propulsion of fast cursorial
species, as it was explained in Greyhound dogs (Williams et al., 2008).

The greatest PCSA value among the extrinsic muscles was observed for the
serratus ventralis thoracis muscle (5.47 cm?). Together with a low to moderate
architectural index (0.37), its architectural data indicate a strong muscle that is able to
support the limb connected to the trunk during the weight support phase. In fact, Carrier
et al. (2006) determined that the serratus ventralis thoracis muscle is the main
antigravitational muscle in dogs, and its activity increased when mass were added to the
trunk, and when the dogs ran downbhill.

Although PCSA enables a very reasonable estimation on the force that the muscle
is able to generate, few studies provide sufficient data for normalization and subsequent
comparisons among species in the Carnivora order. The limitations in comparison are
the lack of availability of data on extrinsic muscles (Moore et al., 2013), lack of
knowledge on the body mass of the specimens (Shahar and Milgram, 2005; Hudson et
al., 2011) or, less importantly, data restrict to a single specimen of each species (Cuff et

al., 2016). In the present study, mean architectural data of L. gymmocercus was
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presented both as raw value and normalized in relation to the body mass of the
specimens, in order to make future comparative inferences easier.

Another unfavorable aspect is that the determination of PSCA may be influenced
by several methodological interferences pointed out by Lieber and Fridén (2000). For
example, the pennation angle may show a wide variation between the superficial and the
deeper part of the muscle, although the impact of the pennation angle in PSCA
calculation occurs only in the few cases in which the angle is greater than 30°.

If, on one hand, PSCA estimations are still scarce in Carnivora, determination of
the mass of each muscle in the thoracic limb is performed since the 19" century
(Macalister, 1870) and is available in studies of several species in this order, either in
percentage (Feeney, 1999; Ercoli et al., 2014) or in absolute values (Macalister, 1870;
Shahar and Milgram, 2005; Williams et al., 2008; Hudson et al., 2011; Julik et al., 2012;
Moore et al., 2013; Cuff et al., 2016). In a way, mass is one of the variables that
interfere in PCSA values, that is, in the ability of the muscle to generate force.

Therefore, in this study, mass percentage of ten functional muscle groups was
compared to the total mass of the intrinsic muscles (the body mass is not always
informed in the available reports) in 22 species in the order Carnivora. These ten
functional groups were composed by muscles with both origin and insertion on the
bones of the limb and acted specifically on the joints of the thoracic limb. This
functional relevance, together with the limitation in data on extrinsic muscles for several
species, determined the use of only intrinsic muscles in the calculations.

Initially, each species was placed in one of the three groups (canids, Musteloideas,
or Feliformia), taking into account their phylogenetic proximity. After that, a cluster

analysis was carried out, confirming the hypothesis that mass percentage distribution of
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the functional groups of the thoracic limb in L. gymnocercus was similar to that of other
canids.

The significant discriminatory characteristics (p < 0.05) of canids, compared with
specimens of the superfamily Musteloidea and suborder Feliformia, were: greater mass
percentages in the group of elbow extensors and smaller in the group of elbow flexors,
digit extensors, supinators, and pronators. These findings are in accordance with the
concept that cursorial, fast locomotion tends to concentrate muscles proximally and
prioritize movements in the sagittal plane (Ewer, 1973; Feeney, 1999; Kardong, 2011).
Based on this premise, canids concentrate greater percentage of muscle mass proximally
(82.1% of the mass of the intrinsic muscle act on the shoulder and elbow) than the
Feliformia (76.5%) and musteoloid (67.2%) specimens. On the other hand, the mass
percentage of the distal muscles (that act on the carpus and digits, and perform hand
rotation) correspond to 32.8% in Musteloidea, 23.5% in Feliformia specimens, and only
17.9% in canids, which is due to the fact that mustelids and procyonids demand more
force and manual ability to swim, capture prey in water, and dig (Fabre et al., 2013).

The dendrogram generated in the cluster analysis evidenced that the muscle mass
of the functional groups reproduced phylogenetic proximity among more than 20
species, and was even superposed to the functional aspect. The smaller Euclidean
distances among species involved C. latrans and C. familiaris, and L. gymnocercus and
V. vulpes, animals that are phylogenetically close, and perform similar movements. The
greatest distance was observed between 7. taxus and A. jubatus, two phylogenetically
distant species, the former with fossorial habits and the second, with fast cursorial habits
(Hunter, 2011).

The dendrogram showed proximity between canids, and Greyhound dogs were the

one placed further, possibly because of the artificial selection for fast locomotion.
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Canids were the most homogenous group of species in relation to the mass percentage
of the muscles grouped by function. Mustelids also showed species grouping based on
the similarity of muscle distribution. In spite of the differences in movement, the
dendrogram showed mustelids near canids, which is in accordance with the
phylogenetic proximity criterion, as both are part of the suborder Caniformia.

The members of the suborder Feliformia formed a third isolated group. Different
from what was initially supposed, H. hyaena, a species whose limb use and external
conformation are similar to canids, appeared close to felids. Again, grouping based on
distribution of mass reflected phylogenetic proximity instead of superficial perception
of limb conformation, as H. hyaena belongs to the suborder Feliformia.

Among the 22 species that were compared, the only case in which approximation
based on the distribution of muscle mass percentage was different from phylogenetic
expectations was for P. lotor. This species was grouped with felids, whereas in
evolutionary terms, procyonids are closer to mustelids (Ewer, 1973). The explanation
for this finding was that, compared with mustelids, P. lotor presented more mass in
elbow and shoulder flexors and less in elbow and carpus extensors, making it closer to
felids. In this specific case, the functional similarity, mainly in terms of climbing ability,
places P. lotor closer to felids and further from most mustelids. Analysis of complete
architectural data may aid in the understanding of the proximity of this species with
felids.

Last, it may be concluded that L. gymnocercus has muscles in the thoracic limb
adapted to fast cursorial locomotion that prioritizes movement in the sagittal plane
instead of elaborate manual movements. Descriptive analysis enabled the identification
of qualitative characteristics of L. gymnocercus that are repeated in canids. For example,

the insertion of the cleidobrachialis muscle on the humerus, the single belly of biceps
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brachii, the fusion of the parts of the extensor carpi radialis muscle, the proximal
insertion of the supinator muscle, the insertion of the flexor digitorum superficialis
muscle on digits II to V, the complete separation of the heads in flexor carpi ulnaris and
the use of the whole interosseous space by the pronator quadratus muscle are
characteristics that are conserved in canids. Based on the comparison of multivariate
analyses, it may be suggested that, at least in relation to the mass of the muscles in the
thoracic limb, phylogeny imposes limitations to morphofunctional characteristics, even
in species that are subjected to similar ecological pressures. Data of other Carnivora

families may more comprehensively validate this findings.
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Table 1. Specimens of L. gymnocercus analysed in this study
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Register

Body

Sex Reason Preservation Site (City)
number mass (kg)
5134 F  Check variations - Formaldehyde Uruguaiana
5261 M  Check variations - Formaldehyde Sao Francisco
de Assis

5269 M  Check variations - Formaldehyde Sao Gabriel

5274 M  Anatomical description & - Formaldehyde Uruguaiana
check variations

5603 M  Check variations - Formaldehyde Barra do

Quarai

8414 M  Anatomical description & - Formaldehyde Uruguaiana
check variations

8433 F  Anatomical description & - Formaldehyde Dilermando de
check variations Aguiar

8434 F  Check variations - Formaldehyde Uruguaiana

8501 M  Check variations - Formaldehyde Alegrete

8519 F  Anatomical description & - Formaldehyde Uruguaiana
check variations

8532 F  Check variations - Formaldehyde Uruguaiana

8533 F  Check variations - Formaldehyde Séo Gabriel

8576 F  Representation of muscle - Dry bones Uruguaiana
attachments

8582 F  Muscle architecture 5.7 Freezing (-20°C) Uruguaiana

8583 M  Muscle architecture 5.5 Freezing (-20°C) Itaqui

8584 M  Muscle architecture 5.9 Freezing (-20°C) Sao Gabriel

8585 F  Muscle architecture 4.9 Freezing (-20°C) Alegrete

8586 F  Muscle architecture 5.1 Freezing (-20°C) Uruguaiana

8587 M  Muscle architecture 4.4 Freezing (-20°C) Uruguaiana

8588 M  Muscle architecture 54 Freezing (-20°C) Santiago

8589 M  Muscle architecture 2.2 Freezing (-20°C) Uruguaiana

8590 M  Muscle architecture 6.3 Freezing (-20°C) Vila Nova do

Sul




Table 2. Origin, insertion, and action of forelimb extrinsic muscles of L.
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gymnocercus

Muscle Abbrev. Origin Insertion Main action
Cleidocervicalis CLC Fibrous raphe of the Intersectio Protract the limb
cranial end of the neck clavicularis
Cleidomastoideus CLM Mastoid process of Intersectio Protract the limb
temporal bone clavicularis
Cleidobrachialis CLB Intersectio clavicularis Distal third of the Protract the limb
cranial surface of the
humerus
Latissimus dorsi LTD Muscle attachment from  Tuberositas teres Retract the limb
T5 to TS, and in major and flex the
thoracolumbar fascia shoulder joint
from T9 to L3
Omotransversarius OMT  Ventral aspect of wing of  Acromion and Protract the limb
atlas supra-hamate
process
Pectoralis PCD First sternebrae From the crista Adduct the limb;
descendens tuberculi majoris to  stability
the middle third of
humeral diaphysis
Pectoralis PCT First three sternebrae From the middle to Adduct the limb;
transversus the distal third of the  stability
humeral diaphysis
Pectoralis PCP From all sternebrae and Medial face of the Adduct the limb,
profundus deep fascia over xiphoid  tuberculum majus retract the limb
and cranial abdominal caudally, flex the
regions shoulder joint
Rhomboideus RHCa  Nuchal crest (inconstant)  Fusion to the middle  Elevate the limb
capitis third of the cervical
part
Rhomboideus RHC Median raphe from 1 C2 Dorsal margin and Elevate and
cervicis to T3 angulus cranialis of ~ protract the limb
the scapula
Rhomboideus RHT Spinous process of T4 Dorsal margin and Elevate and retract
thoracis and T5 angulus caudalis of  the limb
the scapula
Serratus ventralis SvC Transverse processes of Facies serrata Stability of the
cervicis C4to C7 limb in relation to
the trunk; protract
the limb
Serratus ventralis SVT Medium third of the 8" or  Facies serrata Stability of the
thoracis 9t first ribs limb in relation to
the trunk; Retract
the limb
Trapezius Pars TPC Median raphe from C4 to  Spina scapulae Elevate, protract
cervicalis C8 and abduct the
limb
Trapezius Pars TPT Median raphe from T1to  Spina scapulae Elevate, retract

thoracica

T9

and abduct the
limb
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Table 3. Origin, insertion and action of forelimb intrinsic musculature of L.

gymnocercus
Muscle Abbrev. Origin Insertion Main action
Coracobrachialis CRB Coracoid process Processus coracoideus  Extension of
shoulder
Deltoideus p. DLS Caudal surface of Tuberositas deltoidea  Flexion of
scapularis scapular spine shoulder
Deltoideus p. DLA Acromion Tuberositas deltoidea  Flexion of
acromialis and distally to medium  shoulder
third of humerus
Infraspinatus INS Borders of Caudodistally on Flexion of
infraspinous fossa tuberculum majus shoulder
Subscapularis SBS Cranial and caudal Proximal margin of Adduction of
limits of medial face of tuberculum minus shoulder
the scapula
Supraspinatus SPS Borders of Tuberculum majus Extension of
supraspinous fossa shoulder
Teres major ™J Caudal angle and Teres major tuberosity  Flexion of
dorsal third of the shoulder
scapula
Teres minor T™I Ventral third of caudal ~ Distally to tuberculum  Flexion of
margin of the scapula majus shoulder
Biceps brachii BBR Supraglenoid Proximal third of Flexion of elbow
tuberosity radius and distally to and extension of
medial coronoid shoulder
process of ulna
Brachialis BRC Caudolaterally in Distally to medial Flexion of elbow
proximal third of coronoid process of
humerus ulna
Triceps brachii TBLo  Caudal margin of Proximal tip and Extension of
caput longum scapula caudal surface of elbow and flexion
olecranon tuber of shoulder
Triceps brachii TBLa  Tricipital line of Lateral elevation of Extension of
caput laterale humerus olecranon tuber elbow
Triceps brachii TBM  Proximally to Medial elevation of Extension of
caput mediale tuberositas teres major  olecranon tuber elbow
on the proximal
humeral medial surface
Triceps brachii TBA Proximal caudal part of Medial elevation of Extension of
caput accessorium the neck of the olecranon tuber elbow
humerus
Anconeus ANC Lateral epicondilar Lateral surface of Extension of
crest and olecrani olecranon elbow
fossae
Tensor fasciae TFA From aponeurosis with ~ Antebrachial fascia Extension of
antebrachii latissimus dorsi in the elbow and
axillary region tensioning of
antebrachial
fascia
Brachioradialis BRR Lateral supracondylar ~ Medial styloid process  Supination
crest of humerus of humerus
Extensor carpi ECR Lateral supracondylar Tuberosity of Extension of
radialis crest of humerus metacarpals [T and I  carpal joint
Extensor digitorum EDC Lateral epicondyle of Processus extensorius ~ Extension of four



comunis

Extensor digitorum
lateralis

Ulnaris lateralis

Supinator

Extensor digiti I et 11

Abductor digiti 1
longus

Pronator teres

Flexor carpi radialis

Flexor digitorum
superficialis

Flexor carpi ulnaris
caput humerale
Flexor carpi ulnaris
caput ulnare

Flexor digitorum
profundus caput
humerale

Flexor digitorum
profundus caput
radiale

Flexor digitorum
profundus caput
ulnare

Pronator quadratus

Interflexorius

Flexor digitorum
brevis

Lumbricales

Interosseous I, 11, 111
and IV

EDL

UNL

SUP

EDI-
EDII

ABIL

PRT

FCR

FDS
FCUH
FCUU

FDPH

FDPR

FDPU

PRQ

IFL

FDB

LMB

INT

humerus

Lateral epicondyle of
humerus

Lateral epicondyle of
humerus

Lateral epicondyle of
humerus

Lateral distal half of
ulna

Lateral surface of
radius and ulna

Medial epicondyle of
humerus

Medial epicondyle of
humerus

Medial epicondyle of
humerus

Medial epicondyle of
humerus

Caudal margin of
proximal third of ulna

Medial epicondyle of
humerus

Proximal second

quarter of craniomedial

surface of radius

Caudal surface of ulna,
distally from olecranon

to medium third of
ulna

Medial surface of body

of ulna

From humeral head of
m. flexor digitorum
profundus

From tendon of m.
flexor digitorum
superficialis to digit V
Aponeurosis of
tendons of m. flexor
digitorum profundus

Basis of metacarpals
II-v

of distal phalanx of
digits II-V

Processus extensorius
of distal phalanx of
digits (IIDIV-V
Laterally on the base
of metacarpal V

Cranial and medial
surfaces of proximal
radius

Head of the
metacarpal [ and
tendon of extensor
digitorum communis
to digit IT

Base of metacarpal I

Middle third of the
cranial surface of
radial diaphysis
Palmar surface of base

of metacarpals II and
11

Palmar surface of base
of middle phalanx

Accessory carpal bone
Accessory carpal bone

Flexor tubercule of the
distal phalax of the
digits [-V

Flexor tubercle of
distal phalanx of the
digits I-V

Flexor tubercle of
distal phalanx of digits
I-v

Medial surface of
body of radius

Fusion with tendons of
m. flexor digitorum
superficialis to digits

IT and III.

Proximal phalanx of
digit V

Proximal phalanx of
digits III, IV and V

Proximal sesamoids
and proximal phalanx
of digits I1I-V

119

main digits

Extension of two
or three lateral
digits

Flexion of carpal
joint

Supination

Extension of
digits I and 11

Extension and
abduction of digit
|

Pronation

Flexion of carpal
joint

Flexion of digits
n-v
Flexion of carpus

Flexion of carpus

Flexion of digits
I-v

Flexion of digits
I-v

Flexion of digits
I-v

Pronation

Flexion of digits
IT and I1I

Flexion of digit V

Flexion of digit
-V

Flexion of digits
n-v



Abductor digiti 1
brevis

Flexor digiti I brevis
Adductor digiti 1
Abductor digiti V

Flexor digiti V

Adductor digiti V

Adductor digit 11

ABIB

FDB

ADI

ABV

FDV

ADV

ADII

Flexor retinaculum

Radiate carpal
ligament

Flexor retinaculum
Accessory carpal bone

From ligament of
accessory carpal bone
to metacarpal IV

Radiate carpal
ligament

Radiate carpal
ligament

Fusion with the tendon
of abductor digiti I
longus

Proximal sesamoid of
digit I

Proximal phalanx of
digit I

Proximal phalanx of
digit V

Fusion with tendon of
m. abductor digiti V

Medial surface of
metacarpal V
Axial surface of base

of proximal phalanx of
digit I
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Abduction of digit
1

Flexion of digit |

Adduction of digit
I

Abduction of digit
\Y%

Flexion of digit V

Adduction of digit
v

Adduction of digit
I




121

Table 4. Arithmetic means and respective standard deviations of mass (M), mean fascicle length (Mfasc), physiological cross-sectional area
(PCSA), and architectural indexes (Al) of the muscles of the thoracic limb in adult specimens of L. gymnocercus (n=8), according to sex.

All individuals (n=8) Males (n=5) Females (n=3)
Mfasc PCSA Mfasc PCSA Mfasc PCSA
Muscle M (g) (cm) (cm?) Al M (g) (cm) (cm?) Al M (g) (cm) (cm?) Al

ABIL  1.00+0.13 0.71+0.19 1.3840.45 0.08+0.03 | 0.97+0.09 0.73+0.24 1.33+0.51 0.08+0.03 | 1.04+0.18 0.68+0.11 1.46+0.43 0.07+0.01
ANC 1.65£0.47 1.67+0.52 0.91+0.35 0.34+0.14| 1.89+0.31 1.68+0.61 1.04+0.39 0.30+0.16| 1.25+0.45 1.64+0.45 0.70+0.13 0.40+0.12
BBR  7.15£1.36 1.55+0.42 4.45+1.40 0.16£0.04 | 7.42+1.41 1.46+0.52 4.98+1.49 0.15£0.05| 6.71£1.42 1.71+0.08 3.57+0.73 0.18+0.02
BRC  4.29+0.74 3.49+£0.77 1.17+0.32 0.33+0.07 | 4.48+0.56 3.59+0.90 1.20+0.41 0.34+0.08 | 3.96+1.03 3.31+0.63 1.11+0.16 0.31+0.04
CLB  535£1.62 6.83£0.74 0.74+0.21 0.64+0.08| 5.38%+1.41 6.96+£0.63 0.74+£0.20 0.67+£0.09| 5.30+2.27 6.62+1.02 0.75+£0.28 0.59+0.02
CLCe 6.51£2.18 12.11+£1.63 0.51£0.19 0.76+0.11| 6.30+2.32 12.83+1.63 0.46+0.14 0.78+0.12| 6.844+2.38 10.92+0.76 0.60+0.25 0.7340.10
CLM  6.46+1.55 12.80+1.57 0.49+0.15 0.79+0.05| 6.63+1.35 13.26+1.86 0.48+0.14 0.81£0.06 | 6.16£2.13 12.03£0.52 0.49+0.19 0.77+0.01
CRB  0.78+0.19 0.90+0.23 0.87+0.33 0.244+0.10| 0.82+0.22 0.94+0.24 0.88+0.42 0.24+0.11| 0.72+0.11 0.82+0.25 0.85%+0.17 0.23+0.10
DLA  3.20+£0.81 1.41+£0.27 2.11£0.34 0.27+0.05| 3.27+0.71 1.40+0.29 2.16+0.32 0.26+0.05| 3.07+1.11 1.41+0.31 2.01+0.42 0.28+0.05
DLS 4.82+1.24 3.57£0.76 1.30+0.40 0.45+0.11| 4.84+1.31 3.44+0.82 1.35+0.40 0.41+0.09| 4.79+1.39 3.77+0.75 1.23+£0.48 0.51+0.14
ECR  533+1.06 2.33+0.43 2.15+0.50 0.26+0.06 | 5.66+0.88 2.18+0.36 2.41+0.42 0.24+0.06 | 4.79£1.28 2.58+0.49 1.71+0.23 0.28+0.08
EDC 1.98+0.37 1.39+0.37 1.38+0.33 0.18+0.05| 2.05+0.36 1.46+0.28 1.35+0.37 0.18+0.03 | 1.87+0.42 1.28+0.53 1.43+0.30 0.18+0.08
EDL  0.92+0.28 1.22+0.21 0.75+0.34 0.16£0.05| 1.04£0.26 1.14+0.20 0.89+0.34 0.14+£0.03 | 0.71£0.16 1.35+0.17 0.51%0.18 0.19+0.07
FCR 1.1940.25 1.12+0.20 1.00+0.20 0.19+0.04| 1.18+0.32 1.08+0.15 1.01+0.23 0.17+0.01| 1.21+0.11 1.17£0.30 0.99+0.17 0.21+0.07
FCUH 2.70+£0.41 1.03+0.23 2.54+0.57 0.09+0.02 | 2.90+0.32 0.95+0.17 2.88+0.24 0.08+0.01 | 2.36+0.31 1.16£0.29 1.97+0.52 0.11+0.03
FCUU 0.89+0.20 0.93+0.25 0.91+0.24 0.14+0.03 | 0.89+0.25 0.86+0.25 0.98+0.28 0.13+0.04 | 0.89+0.08 1.06+0.23 0.80+0.14 0.16+0.03
FDPH 8.73£1.08 1.44+0.31 5.65+£1.60 0.12+0.04| 8.76x1.34 1.24+0.13 6.30£1.70 0.10+£0.01 | 8.69+0.71 1.77+£0.22 4.56+0.65 0.16+0.03
FDPR 0.50+0.19 1.26+0.44 0.41+0.21 0.19+0.08| 0.55+0.23 1.04+0.28 0.51+0.21 0.15+0.05| 0.43+0.11 1.61+0.47 0.25+0.04 0.2440.09
FDPU 0.90+0.26 0.80+0.18 1.07£0.26 0.09+0.02| 0.96+0.31 0.80+0.20 1.13+£0.32 0.08+0.03 | 0.81+0.12 0.80+0.16 0.95+0.07 0.09+0.01
FDS 2.65+0.49 1.30+0.60 2.32+1.14 0.12+0.07| 2.80+0.58 1.06+0.51 2.84+1.09 0.09+0.04| 2.40+0.10 1.70+0.60 1.45+0.60 0.17+0.08
INS 17.70+£2.88 2.30+£0.64 7.17+1.56 0.25+£0.08 | 18.23+3.04 2.12+0.36 7.76+1.34 0.26+£0.04 | 16.82+2.95 2.60+0.99 6.17+£1.58 0.30+0.11
LTD 34274597 14.89+1.37 2.08+0.51 0.63+£0.06 | 33.85+6.67 14.89+1.08 2.04+0.49 0.63+0.07 | 34.96+5.89 14.89+2.06 2.15+0.63 0.61+0.06
OMT 5.75+#1.19 13.97+1.97 0.40+0.10 0.76+0.11| 5.80+1.33 15.02+1.61 0.37+£0.12 0.80+0.12| 5.66+1.20 12.21+0.99 0.43+0.08 0.69+0.04
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PCD
PCP
PCT
PRQ
PRT
RHC
RHT
SBS
SPS
SUP
SVC
SVT
TBA
TBLa
TBLo
TBM
TFA
T™J
T™I
TRC
TRT
UNL

3.43+0.77
36.43+7.85
10.26+2.45
0.90+0.27
0.97+0.29
3.51+1.00
6.91£1.07
13.80+2.37
23.30+4.91
0.50+0.08
16.47+£2.17
17.50+4.00
5.48+1.27
13.80+3.16
39.66+8.61
6.76+1.40
1.46+0.38
8.15+1.35
0.73£0.12
4.20+1.24
4.74+0.95
1.86+0.29

6.60£1.25
10.71+1.00
5.74+0.73
0.50+0.05
0.85+0.32
5.13£1.09
3.20+0.92
1.04+0.25
3.15+0.58
1.10+£0.52
7.21+£0.90
2.79+0.70
4.17+0.79
4.17+0.59
3.30+0.52
3.40+0.53
5.50£1.17
5.16+0.89
1.14+0.22
5.55+1.10
3.84+0.54
0.68+0.23

0.51+0.18
3.21+0.76
1.69+0.35
1.70+0.43
1.16+0.42
0.63£0.11
2.14+0.54
12.61£2.17
6.69+1.24
0.48+0.17
2.04+0.37
5.47+2.18
1.23+0.17
3.02+0.43
10.99+1.88
1.89+0.54
0.26+0.06
1.55+0.46
0.62+0.13
0.68+0.14
0.91+0.23
2.79+0.95

0.70+0.10
0.51+0.07
0.74+0.10
0.05+0.00
0.16+0.06
0.45+0.07
0.54+0.12
0.14+0.03
0.32+0.06
0.33+0.13
0.56+0.09
0.37+0.11
0.45+0.09
0.43+0.07
0.30+0.04
0.38+0.07
0.64+0.10
0.54+0.10
0.41+0.14
0.49+0.08
0.46+0.07
0.07+0.02

3.46+0.86
36.45+7.97
10.44+2.51
0.9040.30
1.08+0.29
3.90+1.11
7.12+1.17
14.45+2 31
24.934+3.26
0.51+0.09
17.01+£2.38
18.42+4.64
5.63£1.41
14.33£3.72
40.82+9.82
7.02+1.46
1.57+0.36
8.46+1.12
0.77+0.12
4.35+1.42
4.95+1.13
2.07+0.09

6.56+1.55
10.81+1.14
5.79+0.93
0.52+0.04
0.85+0.36
5.40+1.16
3.35+1.08
1.05+0.33
3.18+0.65
1.07+0.63
7.35+1.05
2.66+0.85
4.29+0.94
4.36x0.67
3.44+0.54
3.33+0.46
5.32+1.48
5.10+0.94
1.07+0.23
5.70+1.23
3.78+0.69
0.65+0.21

0.53+0.20
3.17+0.75
1.70+0.30
1.64+0.50
1.2940.43
0.66+0.11
2.13+0.66
13.27+2.44
7.17£1.27
0.52+0.18
2.09+0.48
5.94+2.74
1.23+0.17
2.96+0.35
10.88+2.27
2.02+0.67
0.29+0.04
1.60+0.39
0.69+0.09
0.67+0.18
0.90+0.30
3.18+0.90

0.70+0.11
0.494+0.08
0.77+0.10
0.0540.00
0.16+0.06
0.48+0.05
0.56+0.11
0.13+0.03
0.31+0.07
0.30+0.15
0.594+0.09
0.38+0.12
0.46+0.11
0.45+0.07
0.314+0.04
0.354+0.07
0.61+0.09
0.52+0.10
0.36+0.09
0.51+0.09
0.46+0.08
0.07+0.02

3.38+0.76
36.39+9.41
9.954+2.85
0.90+0.26
0.79+0.22
2.85+0.07
6.56+0.99
12.70+2.47
20.60+6.74
0.47+0.07
15.58+1.82
15.98+2.71
5.23+1.23
12.92+2.31
37.72+7.60
6.32+1.46
1.27+0.42
7.62+1.79
0.65+0.10
3.94+1.12
4.38+0.53
1.52+0.12

6.67+0.78
10.55+0.92
5.64+0.36
0.47+0.06
0.84+0.32
4.69+1.00
2.93+0.68
1.01+0.08
3.09+0.58
1.14+0.35
6.99+0.77
3.02+0.35
3.96+0.57
3.86+0.23
3.05+0.47
3.51+0.73
5.81+0.37
5.27+0.98
1.26+0.19
5.28+1.00
3.93+0.22
0.73+0.29

0.49+0.16
3.28+0.96
1.67+0.51
1.79+0.34
0.95+0.35
0.58+0.10
2.16+0.36
11.50+1.29
5.90+0.80
0.41+0.14
1.95+0.04
4.70+0.36
1.23+0.20
3.12+0.61
11.16+1.39
1.66+0.09
0.21£0.06
1.45+0.65
0.50+0.11
0.68+0.07
0.94+0.07
2.15+0.74

0.69+0.12
0.5340.06
0.68+0.09
0.05+0.01
0.14+0.07
0.39+0.07
0.50+0.16
0.14+0.02
0.32+0.03
0.36+0.11
0.51+0.05
0.36+0.09
0.4340.06
0.40+0.05
0.28+0.03
0.41+0.08
0.68+0.14
0.56+0.12
0.47+0.20
0.47+0.07
0.46+0.04
0.08+0.03
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Table 5. Arithmetic means and respective standard deviations of architectural data normalized by geometric similarity of thoracic limb muscles
of L. gymnocercus adults specimens (n=8), according to sex. Values followed by “*” show significant differences (p < 0.05) between sexes in
Student’s t test. Mass (M), mean fascicle length (Mfasc), and physiological cross-secational area (PCSA).
All individuals (n=8) Males (n=5) Females (n=3)
Muscle M Mfasc PCSA M Mfasc PCSA M Mfasc PCSA
ABIL  0.19+0.03 0.41+0.11 0.45+014 | 0.18+0.02 0.42+0.14 0.43+0.14| 0.20+0.03 0.39+0.06 0.49+0.15
ANC  0.30+£0.07 0.95+£0.28 0.30+0.11 |[0.34£0.04" 0.96£0.34 0.34+0.12|0.24£0.07° 0.95+£0.24 0.23+0.04
BBR  1.32+0.14 0.89+0.24 1.46+0.41 | 1.34+0.14 0.83£0.29 1.62+0.44| 1.27+0.17 0.99+0.04 1.19+0.18
BRC  0.79+0.09 2.00+0.42 0.38+0.10 | 0.82+0.07 2.05+0.50 0.39+0.13| 0.75+0.13 1.91+0.32 0.37+0.05
CLB  0.99+0.26 3.92+0.44 0.24+0.06 | 0.98+0.23 3.98+0.42 0.24+0.06 | 0.99+0.35 3.83+0.56 0.25+0.08
CLCe 1.20+0.37 6.95+0.82 0.17+0.06 | 1.15£0.41 7.31+£0.75 0.15+0.04| 1.29+0.34 6.34+0.57 0.20+0.07
CLM  1.19+£0.24 7.34+0.74 0.16+0.05 | 1.21+£0.23 7.55+0.83 0.16+0.05| 1.16+0.31 6.98+0.48 0.16+0.05
CRB  0.15+£0.03 0.52+0.14 0.29+0.11 | 0.15+£0.04 0.54+0.16 0.29+0.13| 0.14+0.02 0.47+0.13 0.29+0.07
DLA  0.59+0.12 0.81+£0.14 0.69+0.11 | 0.60+0.11 0.80+0.15 0.71+0.12| 0.58+0.16 0.82+0.16 0.67+0.11
DLS  0.89+0.18 2.05+0.44 0.43+0.11 | 0.87+0.19 1.96+0.45 0.44+0.11| 0.91+0.20 2.19+0.47 0.41+0.15
ECR  0.98+0.13 1.34+0.23 0.70+0.15 | 1.03+£0.09 1.24+0.19 0.78+0.12"| 0.91£0.17 1.49+0.24 0.57+0.06"
EDC 0.37+0.05 0.80+0.20 0.46+0.11 | 0.37+£0.06 0.83+0.16 0.44+0.11| 0.35+0.05 0.74+0.29 0.48+0.12
EDL  0.17+0.04 0.71£0.14 0.24+0.10 | 0.19+£0.03" 0.66+0.14 0.28+0.09 | 0.14+0.02" 0.79+0.12 0.17+0.05
FCR  0.22+0.04 0.64+0.11 0.33£0.07 | 0.22+0.06 0.62+0.09 0.33+£0.07 | 0.23+0.01 0.68+0.16 0.33+0.07
FCUH 0.50+0.07 0.59+0.13 0.84+0.20 | 0.53£0.04 0.54+0.09 0.94+0.13"| 0.46+0.09 0.67+0.18 0.66+0.19"
FCUU 0.16+£0.03 0.53+0.13 0.30+0.07 | 0.16+0.04 0.49+0.13 0.32+0.08 | 0.17+0.01 0.61+£0.11 0.27+0.06
FDPH 1.62+0.17 0.83+£0.19 1.85+0.47 | 1.60+£0.22 0.71£0.09" 2.04+0.49| 1.66+0.02 1.02+0.12" 1.53+0.23
FDPR 0.09+0.03 0.72+0.26 0.13+£0.06 | 0.10+£0.03 0.60+£0.16 0.16+£0.06| 0.08+£0.02 0.94+0.28 0.08+0.01
FDPU 0.17+£0.04 0.46+0.09 0.35+0.08 | 0.17+0.04 0.45+0.10 0.37+0.10| 0.16+0.03 0.46+0.09 0.32+0.04
FDS  0.49+0.07 0.75+£0.35 0.76+0.38 | 0.51+0.09 0.60+£0.29 0.93+£0.37| 0.46+£0.04 0.99+0.36 0.49+0.21
INS  3.29+0.50 1.33+0.39 2.34+0.41 | 3.33+0.49 1.21+0.22 2.52+0.32 | 3.23+£0.63 1.51+£0.61 2.06+0.42
LTD  6.34+0.81 8.56+0.92 0.68+0.14 | 6.15+£0.92 8.51+0.74 0.66+£0.14| 6.65+0.59 8.65+£1.35 0.72+0.17




124

OMT
PCD
PCP
PCT
PRQ
PRT
RHC
RHT
SBS
SPS
SUP
SVC
SVT
TBA
TBLa
TBLo
TBM
TFA
TMJ
T™MI
TRC
TRT
UNL

1.06+0.19
0.63+0.12
6.70+0.97
1.89+0.36
0.17+0.05
0.18+0.04
0.64+0.14
1.28+0.15
2.55+0.29
4.30+0.69
0.09+0.01
3.05+0.27
3.21+0.47
1.01+£0.18
2.54+0.39
7.27+£0.91
1.25+0.19
0.27+0.06
1.51+0.20
0.14+0.03
0.78+0.22
0.88+0.15
0.35+0.06

8.01+1.04
3.78+0.68
6.16+0.65
3.294+0.39
0.29+0.02
0.48+0.18
2.94+0.57
1.84+0.53
0.59+0.14
1.80+0.29
0.63+0.28
4.14+0.53
1.60+0.39
2.38+0.39
2.39+0.30
1.89+0.27
1.95+0.31
3.16+0.66
2.97+0.52
0.65+0.13
3.17+0.56
2.20+0.26
0.39+0.13

0.13+0.03
0.17+0.06
1.05+0.21
0.55+0.10
0.56+0.15
0.38+0.13
0.21+0.03
0.70+0.16
4.14+0.61
2.21+0.41
0.16+0.05
0.67+0.11
1.79+0.67
0.41+0.06
0.99+0.11
3.60+0.45
0.62+0.17
0.08+0.02
0.51+0.14
0.20+0.05
0.22+0.05
0.30+0.08
0.92+0.32

1.06+0.22
0.63+0.15
6.58+0.90
1.90+0.40
0.17+0.06
0.19+0.04
0.70+0.15
1.304£0.16
2.63+0.29
4.54+0.39
0.09+0.01
3.10+0.33
3.324+0.57
1.02+0.20
2.58+0.45
7.33£1.02
1.27+0.21
0.29+0.06
1.55+0.20
0.14+0.03
0.79+0.25
0.90+0.18
0.38+0.05"

8.57+0.81"
3.73£0.81
6.18+0.73
3.30+0.48
0.29+0.02
0.48+0.19
3.06+0.57
1.92+0.62
0.60+0.18
1.81+£0.32
0.61+0.35
4.20+0.66
1.51+0.47
2.44+0.46
2.48+0.34
1.96+0.27
1.90+0.30

0.12+0.04
0.17+0.07
1.02+0.20
0.55+0.09
0.54+0.17
0.42+0.14
0.21+0.03
0.69+0.20
4.32+0.73
2.35+0.47
0.17+0.06
0.68+0.15
1.92+0.85
0.40+0.08
0.96+0.07
3.51+0.52
0.65+0.21

3.04+0.84 0.09+0.01

2.91+0.52
0.61+0.12
3.2440.62
2.15+0.31
0.37+0.11

0.52+0.13
0.23+0.05
0.22+0.06
0.30+0.10
1.05+0.33

1.08+0.18
0.64+0.09
6.90+1.24
1.88+0.38
0.17+0.05
0.15+0.03
0.55+0.05
1.25+0.14
2.41+0.27
3.89+0.97
0.09+0.01
2.97+0.15
3.04+0.28
0.99+0.15
2.46+0.33
7.16+0.88
1.20+0.19
0.24+0.06
1.44+0.22
0.12+0.01
0.75+0.20
0.84+0.08
0.29+0.04"

7.08+0.62"
3.87+0.52
6.12+0.64
3.27+0.25
0.27+0.03
0.49+0.19
2.73+0.63
1.70+0.41
0.59+0.04
1.78+0.29
0.66+0.19
4.04+0.31
1.75+0.18
2.29+0.31
2.24+0.19
1.77+0.25
2.03+0.38

0.15+0.02
0.16+0.04
1.09+0.26
0.56+0.14
0.60+0.13
0.32+0.12
0.19+0.03
0.72+0.10
3.85+0.23
1.97+0.19
0.14+0.05
0.66+0.03
1.58+0.13
0.41+0.05
1.04+0.15
3.74+0.35
0.56+0.02

3.37£0.14 0.07+0.017

3.06+0.63
0.73+0.11
3.06+0.56
2.28+0.17
0.43+0.18

0.48+0.19
0.17+0.03
0.23+0.02
0.31+0.01
0.71+0.21
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Table 6. Muscle mass percentage distribution according to the functional group, in different species of the order Carnivora. ExS: extensors of the
shoulder joint; FIS: flexors of the shoulder joint; ExE: extensors of the elbow joint; FIE: flexors of the elbow joint; ExC: extensor of the carpal
joint; FIC: flexors of the carpal joint; ExD: extensors of the phalangeal joints; FID: flexors of the phalangeal joints; Sup: supinators; Pron:
pronators.

Species Source Family ExS FIS ExE FIE ExC FIC ExD FID Sup Pron
L. gymnocercus Present study Canidae 14.18 20.35 4047 6.71 3.18 3.88 2.29 7.53 0.29 1.12
C. thous Present study Canidae 15.48 20.30 37.64 7.43 3.18 430 2.12 7.88 0.37 1.30

13.11 20.73 40.56 6.78 3.07 5.39 2.08 7.42 0.28 0.58
14.38 21.57 44.56 5.80 249 3.37 2.62 4.85 0.00 0.37

C. familiaris (mongrel) Shahar and Milgrim (2005) Canidae
C. familiaris (Greyh.)  Williams et al. (2008) Canidae

n

8

1

4

7
C. latrans Feeney (1999) Canidae 1 11.80 20.82 39.92 7.04 3.28 528 1.82 9.11 0.40 0.55
V. vulpes Feeney (1999) Canidae 5 14.08 20.61 40.53 7.24 2.81 421 1.58 7.54 0.53 0.88
U. cinereoargenteus Feeney (1999) Canidae 4 16.06 20.63 39.56 6.10 3.32 4.54 1.57 6.81 0.52 0.87
M. pennanti Feeney (1999) Mustelidae 4 9.09 14.07 32.73 10.90 4.69 9.39 2.01 11.40 3.02 2.68
T. taxus Moore et al. (2013) Mustelidae 6 7.23 12.06 36.04 3.59 2.29 6.30 5.82 20.18 3.27 3.23
A. cinerea Macalister (1870) Mustelidae 1 9.10 16.24 34.58 6.24 494 731 3.64 9.88 494 3.13
P. lotor Feeney (1999) Mustelidae 2 10.45 20.89 30.21 12.51 1.56 6.22 2.85 9.59 3.11 2.59
G. cuja Ercoli et al. (2014) Mustelidae 2 12.86 11.32 38.04 7.68 3.51 7.57 3.80 10.17 2.62 244
L. lynx Viranta et al. (2016) Felidae 4 11.84 20.09 31.20 10.10 3.92 5.69 4.39 9.55 0.95 2.27
A. jubatus Hudson et al. (2011) Felidae 8 17.81 24.42 33.03 941 1.02 3.06 1.94 691 1.20 1.20
L. pardalis Julik et al. (2012) Felidae 1 14.25 24.60 26.77 9.93 291 5.07 3.53 8.11 2.93 1.90
F. nigripes Cuff et al. (2016) Felidae 1 1537 2540 29.54 896 192 5.14 392 6.61 0.99 2.15
F. silvestris Cuff et al. (2016) Felidae 1 13.41 20.14 32.17 9.58 3.62 542 4.09 8.60 0.92 2.05
C. caracal Cuff et al. (2016) Felidae 1 1635 21.33 31.17 8.62 3.04 5.76 2.88 7.57 091 2.37
P. uncia Cuff et al. (2016) Felidae 1 12.83 22.86 32.37 8.87 3.01 4.05 4.15 8.12 1.56 2.18
P. onca Cuff et al. (2016) Felidae 1 17.17 18.84 31.50 7.17 3.61 838 2.70 5.82 2.34 247
P. tigris Cuff et al. (2016) Felidae 1 14.08 21.00 32.16 10.24 1.83 4.07 3.47 7.18 226 3.73
P. leo Cuff et al. (2016) Felidae 1 11.49 20.54 31.98 822 3.20 7.21 599 579 324 234

1

H. hyaena Spoor and Badoux (1988) Hyaenidae 14.70 26.70 25.35 7.89 3.81 6.28 4.08 10.36 0.27 0.56
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Table 7. Mean mass percentage of intrinsic muscles for each functional group of the
thoracic limb of specimens in the order Carnivora, grouped in canids, mustelids, and
Feliformia. Values followed by different letters in the same row show statistically
significant differences according to Tukey test (p < 0.05).

Grupos Canidae Musteloidea Feliformia

Funcionais (n=7) (n=5) (n=11)
ExS (%) 14.2° 9.7° 14.5%
FIS (%) 20.7° 14.9° 22.4°
ExE (%) 40.5° 34.4° 30.6°
FIE (%) 6.7 8.28b 9.0°
ExC (%) 3.1° 3.4° 2.9°
FIC (%) 4.4° 7.4 5.5%
ExD (%) 2.0° 3.6° 3.7°
FID (%) 7.3* 12.2° 7.7°
Sup (%) 0.3 3.4° 1.6
Pron (%) 0.8 2.8° 2.1°

Total (%) 100 100 100
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FIGURE LEGENDS

Fig. 1. Schematic representation of the scapula of a female, adult specimen of de
Lycalopex gymnocercus (8576) evidencing muscle insertions. Lateral (A), medial (B),
caudal (C), cranial (D), ventral (E), and dorsal (F) views. Intrinsic muscles: Biceps
brachii (BBR), Coracobrachialis (CRB), Deltoideus p. acromialis (DLA), Deltoideus p.
scapularis (DLS), Infraspinatus (INF), Teres minor (TMI), Teres major (TMJ),
Subscapularis (SBS), Supraspinatus (SPS), Triceps brachii caput longum (TBLo),
Extrinsic muscles: Omotransversarius (OMT), Rhomboideus cervicis (RHC),
Rhomboideus thoracis (RHT), serratus ventralis (SV), trapezius pars cervicalis (TPC),
Trapezius Pars thoracica (TPT). Scale bar = 10 mm.

Fig. 2. Schematic representation of the humerus of a female, adult specimen of de L.
gymnocercus (8576) evidencing muscle insertions. Caudal (A), cranial (B), lateral (C),
medial (D), distal (E), and proximal (F) views, with details on the areas of muscle
insertion of the extrinsic muscles Cleidobrachialis (CLB), Latissimus dorsi (LTD),
Pectoralis profundus (PCP), Pectoralis descendens (PCD), Pectoralis transversus
(PCT), and of the instrinisc musles Anconeus (ANC), Brachialis (BRC),
Brachioradialis (BRR), Coracobrachialis (CRB), Deltoideus p. acromialis / Deltoideus
p. scapularis (DLA/DLS), Extensor digitorum comunis (EDC), Extensor digitorum
lateralis (EDL), Extensor carpi radialis (ECR), Flexor digitorum profundus caput
humerale (FDPH), Flexor digitorum superficialis (FDS), Flexor carpi radialis (FCR),
Flexor carpi ulnaris caput humerale (FCUH), Infraspinatus (INS), Pronator teres
(PRT), Teres major (TMJ), Teres minor (TMI), Subscapularis (SBS), Supinator
(SUP), Supraspinatus (SPS), Triceps brachii caput laterale (TBLa), Triceps brachii
caput accessorium (TBA), Triceps brachii caput mediale (TBM), and Ulnaris lateralis

(UNL). Scale bar = 10 mm.
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Fig. 3. Schematic representation of the radius and ulna of a female, adult specimen of
L. gymnocercus (8576) evidencing muscle insertions. Caudal (A), cranial (B), lateral
(C), medial (D), proximal (E), and distal (F) views, with details on the areas of muscle
insertion of the intrinsic muscles Abductor digiti I longus (ABIL), Anconeus (ANC),
Biceps brachii (BBR), Brachialis (BRC), Brachioradialis (BRR), Triceps brachii caput
laterale (TBLa), Triceps brachii caput longum (TBLo), Triceps brachii caput mediale
(TBM), Flexor carpi ulnaris caput ulnare (FCUU), Flexor digitorum profundus caput
radiale (FDPR) Flexor digitorum profundus caput ulnare (FDPU), Extensor digiti I et 11
(EDI-EDII), Pronator quadratus (PRQ), Pronator teres (PRT), and Supinator (SUP).
Scale bar = 10 mm.

Fig. 4. Schematic representation of the carpal, metacarpal, phalangeal and sesamoid
bones of a female, adult specimen of de L. gymnocercus (8576) evidencing muscle
insertions. Dorsal (A), palmar (B), medial (C), and lateral (D) views, with details on the
areas of muscle insertion of the intrinsic muscles Abductor digiti I brevis (ABIB),
Abductor digiti I longus (ABIL), Abductor digiti V (ABV), Adductor digiti I (ADI),
Adductor digiti I II (ADII), Adductor digiti V (ADV), Extensor digitorum comunis,
Extensor digitorum lateralis, and Extensor digiti I and II J(EDC), Flexor digitorum
profundus (FDP), Flexor digitorum superficialis (FDS), Flexor carpi radialis (FCR),
Interosseous (INT), Lumbricales (LMB), Ulnaris lateralis (UNL), Flexor carpi ulnaris
caput humerale and Flexor carpi ulnaris caput ulnare (FCUH and FCUU, respectively).
Scale bar = 10 mm.

Fig. 5. Photomacrographs of the muscles in the lateral cervical region of four adult
specimens of L. gymnocercus. The most common presentation was a well-developed m.
rhomboideus capitis (A). However, variations with little developed (B) or absent (C) m.

rhomboideus capitis were also observed. Another variation was a thin muscle strip (¥)
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apparent in m. serratus ventralis cervicis in specimens that did not show m.
rhomboideus capitis. M. serratus ventralis cervicis (SVC), m. rhomboideus cervicis
(RHC), m. rhomboideus capitis (RHCa), m. splenius (SPL), and m. trapezius pars
cervicalis (TRC). Scale bar: 10 mm.

Fig. 6. Photomacrographs of the dorsal region of the right hand of a female specimen
(8433) of L. gymnocercus evidencing three possible tendon insertions (*) of m. extensor
carpi radialis (ECR), tendon of m. extensor digitorum communis (EDC), m. abdutcor
digiti I longus (ABIL), and tendon of m. extensor digiti I et II (EDI-EDII) insertion
(arrow). Scale bar 10 mm.

Fig. 7. Scatter graph showing fiber length and PCSA of muscles in the human lower
limb. Fiber length is proportional to muscle excursion, and PCSA is proportional to
maximum muscle force. Thus, this graph can be used to compare relative force and
excursion of muscles within the thoracic limb of adult specimens of L. gymnocerus (n =
8).

Fig. 8. Cluster analysis of mass percentage of intrinsic muscles according to the
functional group in the thoracic limb of species in the Carnivora order.

Fig. 9. Dendrogram on the discriminatory analysis with Ward’s minimum variance
method and Euclidian distance based on the mass percentage of muscles according to
the functional group in specimens of the Carnivora order.

Fig. 10. Photomacrograph of the muscles of the pectoral region of an adult specimen of
L. gymnocercus evidencing the division of m. pectoralis profundus in three parts:
carnial (PCP’), medial (PCP"’"), and caudal (PCP"""). M. pectoralis descendens (PCD),
m. pectoralis transversus (PCT), m. tensor fasciae antebrachi (TFA), and m. latissumus

dorsi (LTD). Scale bar: 10 mm.
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Figure 2
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Figure 5
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Figure 6
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ABSTRACT

Twenty thoracic limbs of ten Lycalopex gymnocercus were dissected
to describe origin and distribution of the nerves forming brachial plexus-
es. The brachial plexus resulted from the connections between the ventral
branches of the last three cervical nerves (6, C7, and C8) and first tho-
racic nerve {(T1}. These branches connected the suprascapular, subscapu-
lar, axillary, musculocutanesus, radial, median and ulnar nerves to the
intringic musculature and connected the brachiocephalic, thoracodorsal,
lateral thoracie, long thoracic, cranial pectoral and caudal pectoral nerves
to the extrinsic musculature. The C7 ventral branches contribute most to
the formation of the nerves (62.7%), followed by C8 (58.8%), T1 (40.0%)
and C6 (24.6%). Of the 260 nerves dissected, 69.2% resulted from a com-
bination of twe or three branches, while only 30.8% uriginated from a sin-
gle branch. The origin and innervation area of the pampas fox brachial
plexus, in comparison with other domestic and wild species, were most
similar to the domestic dog and wild canids from the neotropics. The
results of this study can serve as a base for comparative morphofunc-
tional analysis invelving this species and development of nerve hlock
techniques. Anat Rec, 00:000-000, 2016. © 2016 Wiley Periodicals, Inc.

Key words: Azaras fox; forelimb; peripheral nervous system;
thoracic limb; wild carnivorans

INTRODUCTION

Lyealopex gymnocercus (G. Fischer, 1814), known as
the pampas fox, Azara’s fox or Azara’s zorro, is a wild
canid with distribution restricted to southern Brazil,
eastern Argentina and Uruguoay, eastern Bolivia and
western Paraguay. It imhabits the Pampas hiome and
part of the Campos Gerais biome (Mata Aflantica
dornain) until the transition area with the Cerrado
biome (Langguth, 1975). Its total length varies from 86.0
to 106.0 em and its body mass is between 3 and 5 Kg. Tt
has a thin snout, yellowish-gray fur on its back, pale
underparts and furry tail. Tn addition, it has solitary
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and nocturnal habits and an omniverous diet, composed
of small vertebrates, ingects and plants (Eisenberg and
Redford, 1999; Hunter, 2011). Included in theAppendix
1T of CITES (CITES, 2014), it is often targeted for eradi-
cation by livestock breeders and hunted for its fur
besides facing habitat destruction (Jiménez et al., 2008).
Detailed studies of the anatomy of the pampas fox are
limited to describing its encephalic vascularization
(Depedrini and Campos, 2003; Depedrini and Campos,
2007), the topography of its lumbar intumescence and
medullary conus (Souza Junior et al., 2014¢) and lambao-
sacral plexus formation (Lorenzdo et al., 2016),

Since thoracic limbs not only act in locomotion, but
also serve to capture prey, analysis of their morphology
can reveal good predictors of numerous ecological varia-
bles, such as the size and kind of the prey. the locomotor
repertoire, the role in supporting the body mass and the
habitat (Meachen-Samuels and Van-Valkenburgh, 2009).
Although the study of the musculature of the limbs is
adequate for a functional understanding, knowledge of
the nerves that stimulate those muscles is essential for
systematic studies of the physiology of locomotion (Yoshi-
tom et al., 2012). The brachial plexus of nerves is usual-
ly formed by a varied pattern of junctions between the
ventral branches of the sixth, seventh and eighth ecervi-
cal spinal nerves (C6, C7, and C8) and the first and sec-
ond thoracic spinal nerves (T1 and T2) (Getty, 1986).
The nerves run through the intertransversal muscles.
crossing the ventral edge of the scalenus muscle and
extending to the limb through the axillary space. Their
fibers travel short distances and segregate into variable
combinations to form the nerves that supply the muscles
and skin of the thoracic limb (Evans and De Lahunta,
2013),

Comparative study of the formation of the brachial
plexus between species has attracted interest since the
nineteenth century (Paterson, 1887), but according to
Johnson et al. (2010}, its understanding remains one of
the most challenging areas of contemporary anatomy.
Variations in the levels of origins of the brachial plexus
can be related to genetic and embrionary factors, repre-
sented by the position in which the buds of limbs devel-
op in relation to the neural axis. According to Carpenter
(1978}, the more cephalic this region is, the more cranial
will be the branches that participate in forming the plex-
us. Comparative anatomic analyses of the brachial plex-
us can also corroborate the hypothesis that during the
evolutionary process a cranial migration occurred of the
spinal nerves that take part in forming this plexus (Par-
ada et al.,, 1989). From an applied standpeint, the mor-
phofunctional study of this plexus facilitates diagnosis of
neuromuscular dysfunctions and guides development of
regional nerve block techniques (Johnson et al., 2010}

Despite ample morphofunctional knowledge of the
brachial plexus of domestic dogs and cats (Allam et al.,
1952; Bharp et al., 1990; Sharp et al, 1991; Aubert
et al, 2004), descriptions containing both the origin and
distribution of this plexus in wild carnivores still scarce.
These are restricted to Ursus maritimus (Matsushima,
1966 apud Yoshitomi et al., 2012}, Arctocephalus aus-
tralis (Souza et al., 2010), Atelocynus microiis (Pinheiro
et al., 2013), Leopardus pardalis (Chagas et al., 2014}
and Cerdocyon thous (Souza Junior et al., 2014b) and
most of these studies are based on dissection of only one
or two individuals,

Because of this lack of anatomical knowledge, the aim
of this study was to deseribe the origin and ramifications
of the brachial plexus of L. gymnocercus. Thus, the
results ean he useful for veterinary procedures in the
species, as well as provide a base for studies of function-
al aspects, evolutionary biology and zoology.

MATERIALS AND METHODS

We analyzed the thoracic limbs and respective brachi-
al plexuses of ten adult specimens of Lvcalopex gymno-
cercrs (seven males and three females) found dead on
highways in the southwestern part of the state of Rio
Grande do Sul, Brazil. The Brazilian Institute of Envi-
ronment and Renewable Natural Resources {IBAMA)
approved the study (IBAMA/SISBIO authorization no.
33667-1). The cadavers were transported to the Labora-
tory of Animal Anatomy of Federal University of Pampa
(UNTPAMPA), Uruguaiana, Rio Grande do Sul, Brazil,
where they were fixed with subcutaneous, intramuscular
and intracavity injection of an aqueous solution of 50%
buffered formaldehyde and then immersed in a low-
density polyethylene plastic box containing the same
solution at 10% for at least 14 days before dissection.

Maeroscopic dissections were carried out to reveal the
muscles and the origing and ramifications of the nerves
forming the brachial plexus. After complete removal of
the skin and fasciae, we made two sagittal incisions in
the pectoral musculature, extending from the manubri-
um to the xyphoid levels, followed by abduction of the
limbs to provide more axillary space for dissection of the
nerves. The axillary and brachial vessels’ arrangement
were recorded in relation to the nerves and then they
were removed. For better visualization of the cervieal
and thoracic ventral branches, we removed the muscula-
ture that covered the intervertebral foramina and verte-
bral bodies with tweezers and a Farabeuf chisel
(10 mm). The transverse processes were removed with
pliers and the spinal medulla was exposed ventrally by
abrasion of the vertebral bodies with a pear-tipped vul-
canite drill bit coupled to a power drill (Black & Decker,
9.6VE I, The nerves formations were determined care-
fully after epineurium removal. The nerves were
denominated in conformity with Nomina Anatomica
Veterinaria (2012), except for the brachiocephalic nerve,
which was designated according to Evans and De
Lahunta (2013).

Finally, we took photos with a digital camera (Canon™
EOS Rebel T3i, 16MP) and made schematic drawings of
all the plexuses. The data containing the arigins of each
nerve were tabulated in spreadsheeis and t-tests were
performed for comparison of the mean numbers of
branches forming the plexuses between antimers and
sexes, at 5% significance, with the BioEstat 5.3"
software.

RESULTS

The macrodissections allowed systematizing and docu-
menting the components of the brachial plexus in the 10
Lycalopex gymnocercus specimens, The 20 plexuses
resulted from the conneetions between the ventral
branches of the last three cervical spinal nerves (C6, C7,
and C8) and the first thoracic spinal nerve (T1). These
branches connected the suprascapular, subscapular,
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Brachiocephalic
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Fig. 1. Diagram of the most commen origin and distribution of the
nerves of the brachial plexus of Lycalopex gymnocarcus.

axillary, musculocutaneous, radial, median and ulnar
nerves to the intrinsic musculature and connected the
brachiscephalie, thoracodorsal, lateral thoracic, long tho-
racie, cranial pectoral and caudal pectoral nerves to the
extrinsic musculature (Figs. 1 and 2). The phrenic nerve,
although not part of the plexus, started from C7 in all
the plexuses,

When considering the set of 13 nerves dissected in the
20 plexuses (n=260), we found that the ventral
branches of C7 contributed most to the nerve formation
(62.7%), followed by C8 (58.8%), T1 (40,0%) and C6
(24.6%). The sum of the number of ventral branch con-
tributions to form the 20 plexuses did not differ between
antimers: there were exactly 242 in each side (Fig. 3.
All told, 484 ventral branches formed 260 nerves and
each nerve was formed, on average, by a combination of
nearly two branches (1.86 branchesmerve). With respect
to the sexes, each nerve was formed by an average of
1.86 branches in both males and females. There was no
significant difference (z = 0.05) between the number of
contributions of the branches between the sexes (P-val-
ue = (1.9651) or antimers {P-value = 1.00).

The origin of the nerves was exactly symmetrical in
two male individuals (209), The differences found in the
origin of the nerves between the right and left plexuses
of a single individual were restricted to at most three
different branch contributions.

The origin of each nerve and its motor innervation are
shown in Tables 1 and 2.

The suprascapular nerve entered in the groove
between the supraspinatus and subscapularis muscles,
accompanied by suprascapular wessels. The nerve
crossed to the lateral surface, innervated the supraspi-
natus muscle and passed ventral te the acromium to
reach infraspinatus muscle. The subscapular was a sin-
gle and short nerve that became divided in two branches
to innervate the subscapular muscle and ended restrict-
ed to the medial face of the limb.

The axillary nerve was proximally accompanied by
axillary artery and entered the space between subscapu-
lar and teres major musecles, At this level, it divided into
a short part to supply subscapular and feres major
muscles and a long part that crossed to the lateral sur-
face of the limb to innervate both parts of deltoideus and

teres minor muscle. This last part followed distally, par-
allel te caudal circumflex humeral artery and axillobra-
chial vein, and originated the cranial lateral cutaneous
nerve. Thiz nerve ran distally accompanied by the
cephalic vein and, at the level of flexor surface of the
elbow, anastomosed with a superficial branch from radi-
al nerve. From this point, it followed distally to the fore-
arm and became the cranial cutaneous antebrachial
narve.

The musculocutanecus nerve ran close to the caudal
margin of biceps brachii muscle and offered a small
hranch to the coracobrachialis muscle, a large proximal
branch to the biceps brachii and a distal branch to the
brachial musele. A communieating branch to the median
nerve emerged just proximal to the distal branch to the
brachial musecle. The distal continuation of musenloeuta-
neous nerve was the medial cutanecus antebrachial
nerve, which passed over pronator teres muscle and end-
ed at the level of distal radius.

The radial was the largest nerve and innervated more
muscles than any other. [t passed between the axillary
vegsels and crossed from medial to lateral surface in the
space between long and medial heads of triceps brachii
muscle, In this pathway, the radial nerve gave hranches
to tensor fascia antebrachial muscle and to all heads of
triceps brachii muscle. Distally the nerve followed on
the lateral surface of brachial muscle and divided into
two main branches: deep and superficial. The deep dis-
tributed branches to all eraniolateral muscles of the fore-
arm and ended at the level of distal radius. The
superficial branch was cutaneous and ran cranially in
the forearm. It divided into lateral and medial parts at
the level of the third of the radius. Both parts followed
distally, parallel to the cephalic vein, and ended on the
dorsal surface of the paw. The medial branch joined the
cranial lateral cutaneous brachial nerve,

The median and ulnar nerves arcse together and
enveloped by a delicate fascia. The median diverged
from ulnar nerve at the level of proximal humerus but
didnit give off branches until it reached the medial epi-
condyle. The muscular branches of the median nerve
supplied all of the caudomedial muscles of the forearm,
excepting flexor carpi ulnaris. Finally, the nerve followed
distally in the forearm accompanied by the median ves-
sels and finished in the palmar surface of the paw.

The ulnar nerve was the most caudally located nerve
of the plexus in the arm. This nerve followed along with
the medial head of the triceps brachii muscle, crossed
caudally to the medial epicondyle and deepened under
the ulnar head of the flexor carpi ulnaris, It gave off
muscular branches to both heads of flexor carpi ulnaris
and to the humeral head of the deep digital flexor. Proxi-
mally in the arm the ulnar nerve originated the caudal
cutaneous antebrachial nerve directed to the olecranon
region. At the level of the middle third of the forearm,
the ulna nerve originated a palmar and a dorsal branch
that ended in the palmar surface of the paw.

The brachiocephalic nerve passed cranially to the
shoulder joint, supplied cleidobrachialis muscle and con-
tinued as a cutaneous nerve to the cranial part of the
arm. Among the nerves that supplied the extrinsic mus-
culature, only the brachiocephalic originated a cutane-
ous branch. The cranial and caudal pectoral nerves had
a ghort path until reached the corresponding pectorales
muscles. The long thoracic nerve passed on the lateral
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Fig. 2, Origin and ramification of the right brachial plexus of an adutt
male Lycalopex gymnocercus (ventramedial view). 5, ¢6, 7, c8, cer-
vical segments 5, 6, 7 and &; t1, thoracic segment 1; nbe, brachioce-
phalic nerve; nax, axillary nerve; ncrap, cranial pectoral nerves; ncap,
caudal pectoral nerves; nme, median nerve; nra, radial nerve; nsb,

surface of the thoracic part of the serratus ventralis
musele to supply it. The thoracodorsal nerve accompa-
nied the thoracedorsal vessels deep to the latissimus
dorsi musele. The thoracic lateral nerve followed togeth-
er with the thoracic lateralis vessels, dorsally to the dor-
sal margin of deep pectorales and medially to axillary
lymph nodes.

The axillary artery was situated caudally to the mus-
culocutaneous nerve, medially to the radial nerve and
cranially to the common trunk of the median and ulnar
nerves., The brachial artery was located just caudal to
musculocutaneous nerve and cranially to the median
and ulnar nerves. The median artery followed the

subscapular nerve; msp, suprascapular nerve; ntdo, thoracodorsal
nerve; nlot, long thoracic nerve; nlat, lateral thoracic nerve; nmu,
musculocutaneous nerve; nul, ulnar nerve; cb, communicating branch
between musculocutaneous and median nerves; nire, phrenic nerve
(cranially folded). Scale bar 1em,

median nerve along its course in the antebrachium, both
deeply protected by forearm muscle.

DISCUSSION
Origin of the Brachial Plexus

The brachial plexus of Lycalopex gymnocercus started
from the ventral spinal branches C8, C7, C8 and T1 in
the 20 limbs analyzed. This coincides with the most fre-
quent formation (58.62%) of the plexuses of domestic
dogs, although the contribution of C5 and/or T2 was also
observed by Allam et al. (1952). This formation of the
brachial plexus has also been confirmed in the other
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Fig. 3. Graph representing the total number of contributions of the
ventral branches (segments C6, C7, CB and T1) betwsen antimers in
the formation of the brachial plexuses (1 = 20) of Lycalopex gymnocer-
cus (left limb: dark grey columns; right limb: light grey columns).

carnivores for which the brachial plexus has been
described: domestic cats (Getty, 1986: Aubert et al,
2004), Arctocephalus australis (Souza et al., 2010), Atelo-
cynus microtis (Pinheiro et al.,, 2013), Cerdocyon thous
(Souza Junior et al., 2014b) and Leopardus pardalis
{Chagas et al., 2014) and. Without specifying the species,
Paterson (1887) reported that in “foxes” only four
branches form the brachial plexus, without mentioning
which ones, but we assume they are the same ones
found in L. gymnocercus since C6, C7, C8 and T1 form
the plexus in all mammals studied so far. Non-
carnivorous species having similar origin of the plexus
are: Connochaetes sp, Camelus sp., Coendou prehensilis

(Paterson, 1887), sheep and goats (Getty, 1986), Capri-
cornis crispus (Atoji et al., 1987), Chinchilla lanigera
(Gamba et al., 2007), Mazama gouazoubira (Melo et al.,
2007; Vieira et al, 2013) and Okapia johnstoni (Endo
et al., 2009).

According to Allam et al. (1952), this configuration of
the brachial plexus, practically confined to four ventral
spinal branches, iz associated with a certain limitation
of movements accompanied by an absence of a clavicle
and by concomitant adaptive simplifications of the shoul-
der muscles. Species that use forelimbs for climbing, dig-
ging, running, swimming and grappling or handling
preys or food tend to have the brachial plexus formed
usually by five or usually six or even more ventral
branches. This is the case of the primates Presbytis
hosey, Cebus capucinus (Paterson, 1887), Cebus apella
(Ribeiro et al., 2005), Papio ursinus (Booth et al., 1997},
Pongo pygmaeus (Kawashima et al., 2006), Lagothrix
lagothricha (Cruz and Adami, 2010) and humans (Uysal
et al., 2003). Other species that exhibit a varied reper-
toire of movements in the forelimbs, like the monot-
remes (Koizumi and Sakai, 1997), Myacastor coypus (Pop
et al., 1997). Bradypus variegatus (Amorim Junior et al.,
2003). Hydrochaeris hydrochaeris (Fioretto et al., 2003),
Agouti paca (Scavone et al., 2008), Tamandua tetradac-
tyla (Cruz et al., 2012) and Myrmecophaga tridactvie
(Souza et al., 2014), also have five or more ventral
branches forming brachial plexus.

By contrast, species that use the forelimbs essentially
to support the weight and to walk (cursorials) exhibit
four ventral branches with an eventual minor contribu-
tion of a fifth branch. This occurs in most of the ungu-
lates as the case of domestic herbivores (Magilton et al.,
1968) and wild ruminants like the Capricornis crispus
(Atoji et al, 1987} and Mazama gouazoubira (Vieira
et al., 2013

TABLE 1. Origin and frequency of the nerves of the brachial plexus that supply the intrinsic museles of the
thoracic limb (r = 20) of Lycalopex gymnoecercus

Nerves Origin Frequency % Innervated muscle
Suprascapularis 6 4 20 Supraspinatus and infraspinatus.
C6e CT 15 75
C7e(CB g 5
Subscapularis Cée CT 18 90 Subscapularis.
Cc7 1 5
C7eCB 1 5
Musculocutaneus C6eCT 4 20 Coracobrachialis, biceps brachii and brachialis.
C6, C7eC8 1 5
c7 6 30
C7eCB 8 40
C7,C8eT1 1 5
Axillary 6, C7eC8 = 10 ,  Subscapularis, teres major, teres minor and deltoidens
Cc7 6 30 (pars acromialis and scapularis).
CTeCB 12 60
Radial C7eCB z 10 Tensor fusciae antebrachii, iriceps brachialis, anco-
C7,CBeTl 14 70 neus and eraniolateral forearm muscles.
C8eTl 4 20
Median CT7eCB 2 10 Pronator teres, flexor carpi radialis, flexor digitorum
C7,C8eT1 2 10 profundus, flexor digitorum superficialis and prona-
C8e Tl 14 70 for quadratus.
T1 2 10
Ulnar C7e C8 2 10 Flexor carpi ulnarig and flexor digitorum profundus.
C7,C8eT1 2 10
C8eTl 14 70
1 2 10
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TABLE 2. Origin and frequency of the nerves of the brachial plexus that supply the extrinsic muscles of the
thoracic limb (n = 20) of Lycalopex gymnocercus

Nerves Origin Frequency % Innervated muscle
Brachivcephalic ce 20 100 Clidebrachialis
Long thoracic C7 20 100 Serratus veniralis thoraeis
Theracodorsal C7eC8 10 50 Latissimus dorsi
C7,CBeT1 4 20
8 1 5
C8eTl 5 25
Lateral thoracic C7,CBeTl 7 35 Pectorales profundus and
Cc8 2 10 cutaneous trunci
C8eTl 9 45
T1 2 10
Cranial pectoral Cge C7 1 5 Pectorales superficiales
c7 & 40
CieC8 4 20
C7,C8eT1 2 10
C8 2 10
C8eTl 3 15
Caudal pectoral C7,C8eT1 7 35 Peciorales profundus
2 10
C8eTl 9 45
T1 2 10

Although the C7 ventral branch, alone or in combina-
tion, predominated as the origin of the majority of
nerves in all the plexuses analyzed (62.7%), its contribu-
tion was greater for nerves that supply extrinsic
muscles, whose motor importance is less, The C8 branch
was present in the formation of 58.8% of the nerves,
especially those running to the intrinsic muscles, There-
fore, lesions in C8 can have greater functional repercus-
sion. When considering the possible combinations
between branches, those between C8 and T1 were the
most common in forming the nerves in all the plexuses
(22.3%), predominantly to intrinsic muscles.

The most cranial point of origin of the brachial plexus-
es of L. gymnocercus was the C6 ventral branch in all
the individuals dissected. According to Parada et al.
{1989), during the evolutionary process, the origin of
this plexus ascended in the cranial direction, reaching
the fourth cervical spinal nerve in some apes and the
third in humans. However, the presence of C4 in the for-
mation of the plexus of monotremes (Koizumi and Sakai,
1997), sloths (Amorim Junior et al., 2003), capybaras
(Fioretto et al., 2003) and collared peccary (Moura et al.,
2007) shows that the origin in the most cranial branches
is not characteristic of more recent species. The genus
Lycalopex arose more recently on the evolutionary scale
than did many of these species, but the origin of the
plexus is in a more caudal segment. These results are in
line with those reported by Carpenter (1978) and Moura
et al. (2007), who suggest that changes in the origin of
the plexus are due to variations in the insertion position
of the buds of the limbs in relation to the neural axis.

Of the total of 260 nerves whose origin we studied,
69.2% started from a combination of two or three ventral
spinal branches, while only 30.8% came from a single
branch. Of the 140 nerves that supply the intrinsic
muscles, 84.2% had more than one origin, suggesting
greater complexity and functional relevance of these
nerves, The important radial nerve, which supplies the
large majority of the extensor muscles, always originated
from a combination of two (30%) or three branches
(70%).

Although all the L. gymnocercus plexuses derived
from C6, C7, C8 and T1, there were some variations in
the formation of each nerve, including between antimers
of the same animal, as also verified in the capybara by
Fioretto et al. (2003). According to Johnson et al. (2010),
variations in the neural architecture of the brachial
plexus are more the rule than an exception. In a study
of 200 plexuses of human fetuses, Uysal et al. (2003)
observed that only 46.5% had an organization considered
typical, while the majority (53.5%) had some significant
variation in relation to the expected pattern. After ana-
lyzing 100 brachial plexus of human cadavers, Malukar

and Rathva (2011) reported a high incidence of varia- .

tions, including absence of nerves and bilateral
variation.

Variations in the patterns of origin and ramification of
brachial plexus can be explained through neuronal
growth cones behaviors during embryonic development.
Alterations in signaling between mesenchymal cells and
neuronal growth cones can lead to significant variations
that would persist postnatally (Dent et al., 2003).

Among 25 published studies of the anatomy of the
brachial plexus of wild species, in more than half the
authors did not employ more than five specimens (Pater-
son, 1887; Wakuri and Kano, 1966; Koizumi and Sakai,
18997; Aydin, 2003; Fioretto et al., 2003; Cruz and Adami,
2010; Souza et al,, 2010; Kikuehi et al., 2011; Cruvinel
et al., 2012; Cruz et al., 2012; Yoshitomi et al., 2012; Pin-
heiro et al, 2013; Prestes et al., 2013; Vieira et al,,
2013). Therefore, such variations might not have been
noted in various reports. However, we believe the sample
of 10 cadavers used in this study is sufficient to reveal
the existence of variations, and because we only used
roadkill cadavers, the specimens reflect the characteris-
tics of typical individuals in the wild without any bias
introduced by captivity.

Although the sample was mainly composed of males
(70%), we did not observe differences in the number or
complexity of the plexuses between the sexes. Neverthe-
less, a more sex-balanced sample might have elucidated
this aspect better. Melo et al. (2007) reported that the
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origin of the brachial plexus of the gray brocket deer
(Mazama gouazoubira) is more cranial and the distribu-
tion is more complex in males than females.

The authors of primate studies have conjectured that
the brachial plexus can vary in the pattern of ramifica-
tions depending on its position in relation to the axillary
artery (Kikuchi et al., 2011). The axillary artery was
located between the continuations of the ventral
branches of C7 and C8, which coincides with that
described for the majority of primates, including human
beings (Johnson et al., 2010; Kikuchi et al., 2011) and
with the descriptions of domestic dogs (Allam et al.,
1952).

The anatomical relationships of the thoracie limb
bones and vessels with the nerves of the brachial plexus
in L. gymnocereus were very similar to the domestic dog.
Thus, it is reasonable to suggest that the same anatomi-
cal landmarks and techniques for needle placement dur-
ing brachial plexus anesthetic block in dogs (Futema
et al., 2002; Campoy et al., 2008; Mahler and Adogwa,
2008) may also be effective in pampas fox. For the same
reasons, ultrasound-guided needle insertion, as per-
formed in dogs (Campoy et al., 2010}, might also improve
the rate of success of anesthetic block in pampas fox.
However, electrophysiological and pharmacological stud-
ies would provide even more support.

In the brachial plexus of domestic animals, the ven-
tral branches ramify into roots, some of which join to
form the trunks of the plexus. In opposition, the brachial
plexus of human and non-human primates (Cruz and
Adami, 2010; Johnson et al., 2010; Kikuchi et al., 2011),
as well as monotremes (Koizumi and Sakai, 1997), Hys-
trix cristata (Aydin, 2003), Sciurus vulgaris (Aydin,
2011), Hippopotamus amphibius (Yoshitomi et al., 2012),
Tamandua tetradactyla (Cruz et al., 2012) and Bradypus
torquatus (Cruz et al, 2013), typically demonstrate
trunk arrangements: superior or cranial, middle, and
inferior or caudal portions, with each trunk grossly rep-
resenting the union of the cervical nerves, C5 and C6,
C7, C8 and T1, respectively, More than two divisions
start from each trunk, a ventral division and a dorsal
division. which join to constitute cords: dorsal, lateral,
and medial. In contrast, only Allam et al. (1952), in
dogs, reported the existence of cord formation (superior,
middle, and inferior) interposed with the roots and
nerves destined to the musculature, although in this
case, trunks were not observed. In the pampas fox, how-
ever, there is only one trunk, which involves the median
and ulnar nerves. The construction of the plexus in
trunks and cords, however, does not constitute a mor-
phological pattern. Instead, a distinct and well-defined
root arrangement predominates, similar to that found in
domestic mammals,

Distribution of the Nerves to the Intrinsic
Musculature

From a grouped mode it can be verified that among
the nerves that supply the intrinsic musculature of the
thoracic limb of L. gymnocercus, those whose innervation
areas terminate at the proximate level of the humerus-
radial-ulnar joint (supraseapular, subscapular, axillary
and musculocutaneous) originate from the more cranial
branches of the plexus, i.e., C6, C7, and less commonly
CH. The others (radial, median and ulnar), which

continue to the distal regions of the limb to supply
extensor and flexor muscles of the carpus and digits,
come mainly from C8 and T1, with occasional contribu-
tions from C7. Besides this, the nerves with proximally
restricted location originated in several cases from a sin-
gle branch, which practically did not occur in those fal-
lowing a distally longer path.

Suprascapular nerve. With predominant origin
at C6 and C7 (756%) in L. gyvmnocercus, the suprascapu-
lar nerve was formed gimilarly to the nerve in domestic
dogs (Allam et al., 1952; Getty, 1986), Arctocephalus aus-
tralis (Souza et al., 2010), Atelocynus mierotis (Pinheiro
et al., 2013) and Cerdocyon thous (Souza Junior et al.,
2014bh). An electrophysiological study of six domestic
dogs revealed that the suprascapular nerve received
evoked potentials from the ventral branches of C6 and
C7 in all the animals evaluated (Sharp et al.,, 1991).
This reinforces the functional importance of these
branches for this nerve in canids. The origin only at C6
(20%) occurs in domestic cats (Getty, 1986) and Leopar-
dus pardalis (Chagas et al., 2014). In the pampas foxes
studied here, formation by C7 and C8 (5%) occurred in
only one limb, something that has not been reported in
other species.

Fioretto et al. (2003) suggest that the ample origin of
the suprascapular nerve in some species results from
the need for intense and coordinated movement of the
scapular musculature during swimming. It can thus be
assumed that this musculature for swimming is less
functional in canids, resulting in the origin of this nerve
in only one or two ventral branches, as found in L. gym-
nocercus and other canids. Contrary to this hypothesis,
A. ausiralis is a carnivore with thoracic limbs adapted
for swimming in which the suprascapular nerve is

formed by the same two branches mentioned for those

canida.

With respect to the pathway and supply to the supra-
spinal and infraspinal muscles, the arrangement was
similar to that of the domestic dog (Allam et al., 1952;
Getty, 1986; Evans and De Lahunta, 2013), A. mierotis
(Pinheiro et al., 2013) and C. thous (Souza Junior et al.,
2014b). In A. custralis (Souza et al., 2010) the nerve
only innervates the subscapular and supraspinal
muscles.

Subscapular nerve. The subscapular nerve had
three distinet origins, the most ¢common being from C6
and C7 (90%). This is in line with the dissections
reported by Allam et al. (1952) and Getty (1986) as well
as the electrophysiological studies of Sharp et al. (1991}
for domestic dogs. Among carnivores, this same origin
has been reported to predominate in domestic cats (Get-
ty, 1986), L. pardalis (Chagas et al., 2014) C. thous
(Souza Junior et al,, 2014b). In one plexus, the nerve
originated exclusively from C7, which has also been
reported in A. australis (Souza et al., 2010). In the canid
A. microtis it was found to originate only from C6 (Pin-
heiro et al., 2013). In one L. gymnocercus plexus, we
observed the formation of the subscapular nerve by the
combination of C7 with small contribution from C8 (5%:),
something absent in the descriptions of other species, Its
pathway as a single nerve on the medial face of the sub-
scapular musecle with distal ramification to supply this
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muscle was similar to that described by Allam et al.
(1952) and by Evans and De Lahunta (2013) in domestic
dogs, by Pinheiro et al, (2013) in A. microtis and by
Souza Junior &t al. (2014h) in C. thous.

Axillary nerve. Even though C7 was identified as
the arigin of the axillary nerve in all the L. gymnocercus
plexuses dissected, we noted three formation patterns of
this nerve, with the combination of C7 and C8 being pre-
dominant (60%), as also observed in the Canis familiaris
{Getty, 1986; Evans and De Lahunta, 2013), A. australis
(Souza et al.. 2010) and C. thous (Souza Junior et al,
2014b). The second most commoen origin of the axillary
nerve in L. gymnocercus was C7 alone (30%). as also
found in dogs by Allam et al. (1952). In L. pardalis and
A. micerotiz the axillary was found to come from C6 and
C7 (Chagas et al,, 2014; Pinheiro et al., 2013). The axil-
lary nerve of one female pampas fox started from
branches C6, C7 and C8, something that has not been
reported for any other carnivore species. Its innervation
pattern is similar to that reported for domestic dogs by
Getty (1986) and Evans and De Lahunta (2013), for A.
microtis by Pinheiro et al. (2013), for domestic cats,
Puma concolor and Panthera onca by Sanchez et al.
(2013) and for C. thous by Souza Junior et al. (2014b).
In A. australis, it supplies the subscapular, teres major
and deltoid muscles (Souza et al., 2010), The rest of its
fine ramifications in L. gymnocercus were cutaneous.

The axillary nerve originated the cranial lateral cuta-
neous brachial nerve, which distally continued as a cra-
nial lateral cutaneous antebrachial nerve, similar to that
reported by Getty (1986) and Evans and De Lahunta
(2013) in the domestic dog and by Sanchez et al. (2013)
in the domestic cat, P concolor and Panthera onca. The
anastomosis of the cranial lateral cutaneous brachial
nerve with the medial division of superficial branch of
the radial nerve was also recognized in L. gymnocercus
similar to that described in Carnivores (Arlamowska-
Palider, 1970).

Musculocutaneous nerve. Although irregular in
its formation, the musculocutaneous nerve of L. gymno-
cercus always started at branch C7, usually with contri-
butions from (6 and C8, which coincides with the
deseription for domestic cats by Getty (1986) and dogs
by Getty (1986) and Evans and De Lahunta (2013). The
electrophysiological studies of Sharp et al. (1990) of
domestic dogs confirm the importance of C7 for the mus-
culocutaneous nerve, by concluding that most of the
evoked potential to the nerve comes from this branch.
The most common origin of this nerve in L. gymnocercus
was C7 combined with C8 (40%), similar to the pattern
reported for cats (Getty, 1986). Origin solely from C7
was the second most common pattern (30%), as also
reported for dogs by Allam et al. (1952), In 20% of the
plexuses the musculocutaneous nerve started from (6
and C7, as also described for the carnivores L. pardalis
(Chagas et al., 2014}, A. micrefis (Pinheire et al., 2013)
and C. thous (Souza Junior et al., 2014b). In A, qus-
tralis, its origin it more caudal, including contribution
from T1 (Souza et al., 2010). Branch T1 contributed to
the musculocutaneous nerve in only one (5%) L. gymno-
cercus plexus, in combination with C7 and C8. This

shows the ample variation regarding the nerve's origin
among species.

The innervation territory exhibited an arrangement
similar to that of the carnivores Canis familiaris (Evans
and De Lahunta, 2013), Felis catus, Puma concolor
(Sanchez et al., 2013}, A, microlis (Pinheiro et al., 2013)
and C. thous (Souza Junior et al., 2014b). The proximal
muscular branch in L. gymocercus supplied the brachial
biceps muscle, as also reported for the domestic dog
(Allam et al., 1952; Getty, 1986). A. australis (Souza
et al., 2010) and C. thous (Souza Junior et al., 2014b}. In
domestic cats (Getty, 1986) the proximal branch also
supplies the coracobrachialis muscle. The distal branch
in L, gymnocercus innervated only the brachial muscie,
as also reported for dogs (Allam et al., 1952). In A. aus-
tralis (Souza et al., 2010), this branch also innervates
the brachial biceps muscle.

The communicating branch between the musculocuta-
neous and median nerves was present in all the L. gym-
nocercus plexuses, as also observed in the domestic dog
(Allam et al., 1952) and C. thous (Souza .Junior et al,
2014b). This might be functionally important, because it
may permit continuing transmission of stimuli even
after injury te one of these nerves (Sharp et al., 1990).
This communieating branch also ecarries efferent fibers
from musculocutaneous to median nerve to supply the
paw (Kitchell et al., 1980). In humans, the presence of a
communicating branch between these nerves is regarded
as one of the most commons variations of brachial plexus
(El Falougy et al., 2013). The studies of this specific var-
iation in humans alerted for unusual clinical signs and
caution during surgical approaches (Arques, 2015), men-
tioned ontogenetic and developmental aspects (Saeed
and Rufai, 2003), claimed for comparative studies in
mammals (Iwameto et al., 1990), but didn’t speculate
functional advantages.

The musculocutaneous nerve continmied distally in the
forearm as a medial cutaneous antebrachial nerve, with
a cutaneous area that comprised the craniomedial sur-
face of the forearm, just as described in the domestic dog
{(Evans and De Lahunta, 2013), domestic cat and P eon-
color (Sanchez et al., 2013)

Radial nerve. The radial nerve, the largest of all
those composing the plexus, was formed predominantly
by branches C7, C8 and T1 (70%) in L. gymnocercus, as
is also the case in the carniveres Canis familiaris (Allam
et al., 1952; Getty 1986; Evans and De Lahunta, 2013),
Felis catus (Guimaraes et al., 2007), A. australis (Souza
et al., 2010) and C. thous (Souza Junior et al., 2014h).
The C8 branch was present in the formation of all 20
radial nerves in the L. gymnocercus specimens dissected.
This is coherent with the observations of Sharp et al.
(1981) in domestic dogs, where C8 made the largest con-
tribution in tests of evoked potential to this nerve, as
well as with studies of the formation of this nerve in oth-
er domesticated and wild species. In the canid A. micro-
tis (Pinheiro et al., 2013), the radial nerve was reported
to come from C7 and C8, as was the case in 10% of the
pampas fox plexuses. Origin from C8 and T1 (20% here)
has not been reported in any other carnivore species,
except from 20% of C. #thous specimens analyzed hy
Souza Junior et al. (2014b), The fact that the radial
nerve occurred formed by three different roots in 70% of
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the L. gymnocercus plexuses is related to its motor
importance, since its branches inmervate all the extensor
muscles of the elbow, carpus and digits, besides the supi-
nator and long abductor muscles of the first digit. There-
fore, the innervation area of its branches was similar for
dogs (Getty, 1986; Evans and De Lahunta, 2013), A aus-
tralis (Souza et al., 2010), domestic cats, P concolor, P.
onca (Sanchez et al., 2013) and C. thous (Souza Junior
et al., 2014b). The radial nerve originated a well devel-
oped (superficial) cutaneous branch, typically found in
lower placental animals (Arlamowska-Palider, 1970).

Both lateral and medial branches of the superficial
branch of the radial nerve provided the cutaneous inner-
vation of craniolateral and craniomedial surfaces of the
forearm and dorsal surface of the paw in the L. gymno-
cercus, as described in the domestic dog (Evans and De
Lahunta, 2013), domestic cat (Guimaraes et al, 2007), P
concolor and P, onea (Sanchez et al., 2013). However, the
caudal lateral cutaneous brachial and the lateral cutane-
ous antebrachial nerves, described in the domestic cats
(Getly, 1986) and dogs (Evans and De Lahunta, 2013),
were not recognized in the pampas fox.

Median and ulnar nerves. The median and ulnar
nerves originated together in a single trunk, predomi-
nantly formed by branches C8 and T1 (70%), which is in
agreement with the eclectrophysiological findings of
Sharp et al. (1990), who reported that the main part of
the eveked potential to these nerves in dogs also came
from C8 and T1. The existence of a common trunk for
the ulnar and median nerves has been described in
domestic carnivores (Getty, 1986), A. australis (Souza
et al,, 2010} and C. thous (Souza Junior et al., 2014h)
without the participation of the musculocutaneous and
cranial pectoral nerves.

The median nerve of L. gymnocercus has the same ori-
gin and distribution as described for domestic dogs by
Getty (1986) and Evans and De Lahunta (2013),
although Allam et al. (1952) did not mention any contri-
bution of C7, but of T2 instead, in some of the 58 plexus-
es dissected. Comparatively, the median nerve has heen
reported to start from C8 and T1 in A. australis (Souza
et al., 2010). The eontribution of C7, C8 and T1, found
in only 10% of the L. gymnocercus plexuses, has also
been described domestic catg (Getty, 1986), L. pardalis
(Chagas et al, 2014) and A. microtis (Pinheiro et al.,
2013). The median nerve distribution to muscles is simi-
lar to domestic dogs (Allam et al., 1952), cats (Sanchez
et al, 2013) and C. thous (Souza Junior et al., 2014h). In
A. australis (Souza et al., 2010), the median nerve was
found to be responsible for innervation of the pronator
guadratus, pronator teres, flexor carpi radialis and both
superficial and deep digital flexors muscles.

For the dog ulnar nerve, there is a slight divergence
between the descriptions of Allam et al. (1952) and Getty
(1986), with the latter mentioning a contribution of C7,
something also found in 20% of the pampas fox plexuses.
Allam et al. (1952) mentioned that the median and ulnar
nerves of 29 dogs came only from C8 and T1, with occa-
sional contribution from T2. In the dissections per-
formed, T2 did not eontribute to any nerve. Sharp et al.
(1990) also observed that C8 and T1 participated in the
formation of the ulnar nerve in all six dogs analyzed,
while C7 contributed in only one individual and gave

rise to only 1% of the efferent fibers to this nerve, going
to the ulnar flexor of the carpus muscle. In L. gvmnocer-
cus, the median and ulnar traveled in a common trunk
to the middle third of the medial face of the arm, from
where the ulnar nerve continued along a more caudal
path to the medial epicondyle of the humerus to inner-
vate portions of the deep flexor muscles of the digits and
the ulnar flexor of the carpus. The pathway and distri-
bution area of this nerve are identical to those described
by Allam et al. (1952) and Evans and De Lahunta (2013)
in domestic dogs, in A. australis (Souza et al., 2010) and
C. thous (Souza Junior et al., 2014b). The majority origin
of the ulnar nerve in C8 and T1 (70%) has also been
reported in carnivores like domestic cals (Getty, 1986},
L. pardalis (Chagas et al., 2014), A. microtis (Pinheira
et al., 2013) and C. thous (Souza Junior et al., 2014b).
Origin from C7 and C8, which oceurred in 10% of the
pampas fox plexuses, was not described in the carnivores
studied. ITn A. australis (Souza et al., 2010), the origin
was from C8, T1 and T2.

The cutanecus nerves originated by median and ulnar
nerves provided cutaneous innervation to caudal surface
of the forearm and palmar surface of the paw in the L.
gymnocercus as deseribed for the domestic dog (Getty,
1946; Evans and De Lahunta, 2013).

Distribution of the Nerves to the Extrinsic
Musculature

These nerves originated in ample and diversified form
from roots C7 to T1. The C6 branch formed the brachio-
cephalie nerve in all the limbs but contributed to the for-
mation of the cranial pectoral nerve in only one limb.
According to Fioretto et al. (2003), the extensive origin
of these nerves reflects their ample innervation areas,
since the extrinsic musculature reaches regions more
distant from the limb.

Brachiocephalic  nerve. The  brachiocephalic
nerve came from C6 in all the L. gymnocercus plexuses
and showed a path and innervation area in the cleido-
brachial muscle similar to that described for dogs (Evans
and De Lahunta, 2013) and €. thous (Souza Junior
et al., 2014b). Although anatomical and electrophysiolog-
ical studies often mention the contribution of C7 in form-
ing this nerve in dogs, C6 is indicated as its main
branch (Allam et al., 1952; Sharp et al., 1991). While it
is not listed in Nomina Anatomica Veterinaria (2012), we
agree with authors who have deseribed in the plexus of
dogs (Allam ef al., 1952; Sharp et al., 1991: Evans and
De Lahunta, 2013) because of its origin at C6 and the
fact it supplies an important extringic muscle of the
limb, Thus, morphologically it participates in the hrachi-
al plexus, In L. gymnocercus, along with the long thorac-
ic nerve it was a nerve with constant formation, As in
the dog (Evans and De Lahunta, 2013), the brachioce-
phalic nerve was the only nerve to the extrinsic muscu-
lature that alse formed a cutaneous nerve,

Long thoracic nerve. With invariant origin at C7
in the 20 L. gymnocercus plexuses dissected, the long
thoracic nerve followed a horizontal path and stood out
from the others in the thoracic portion of the serratus
ventralis musele, supplying it. This description of origin,
route and innervation area is identical to that of the
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domestic dog (Evans and De Lahunta, 2013) and C.
thous (Souza Junior et al., 2014b). The origin of this
nerve from C7 and C8 has been reported, among various
species, in the domestic dog (Getty, 1986) and A. aus-
tralis (Souza et al., 2010).

Pectoral nerves. The cranial pectoral nerves in L.
gymnocercus had six different starting points, with pre-
dominance of C7 alone (40%). This result agrees with
that reported by Getty (1986) and Evans and De
Lahunta (2013) for dogs, in which this nerve is highly
irregular with respect to branches and origin, but most
often comes from C6, C7 and C8, alone or in combina-
tions. This was also verified in 75% of the L. gymnocer-
cus plexuses, while 26% had discrete contributions from
T1. The cranial pectoral nerves supplied the superficial
pectoral muscle, as also reported for the dog (Getty,
1986), A. microtis (Pinheiro et al.,, 2013) and C. thous
(Souza Junior et al., 2014b).

The caudal pectoral nerves also presented different
formation patterns, but the combination of C8 and T1
predominated (45% of the cases), as also deseribed for A,
microtis (Pinheiro et al, 2013) and C. thous (Souza
Junior et al., 2014b). The T1 branch was present in 90%
of the plexuses, confirming the more caudal origin in
comparison with the cranial pectoral nerve. In studying
six domestic dogs, Sharp et al. (1991} determined that
C8 participated in the formation of all the caudal pecto-
ral nerves, while T1 contributed in 66% and C7 in only
16%. The innervation distribution went to different
areas of the deep pectoral muscle, as in dogs (Getty,
19836), A.australis (Souza et al., 2010), A. microtis (Pin-
heiro et al,, 2013) and €. thous (Souza Junior et al.,
2014h).

Some reports have described the origin of the pectoral
nerves together, resulting in a larger number of roots in
their formation, These studies reveal, for example. that
the pectoral nerves come from C7 and CB in domestic
cats (Getly, 1986), C7, C8 and T1 in A. miecrotis (Pin-
heiro et al,, 2013) and C6, C7, C8 and T1 in A. ausiralis
(Souza et al., 2010).

Thoracedorsal nerve. The thoracodorsal nerve
came from the combination of C7 and C8 in 50% of the
L. gymnocercus plexuses dissected, and also received a
contribution from T1 in 45% of the cases. According to
Evans and De Lahunta (2013), this nerve is formed by
branch C8 with possible contributions from C7 and/or T1
in dogs, the same pattern observed in the pampas fox.
In analyzing evoked potentials, Sharp et al. (1991) found
that C7 and C8 were the most functional branches for
thiz nerve in dogs. The thoracodoraal nerve has been
reported to start from C6 alome in A australis (Souza
et al., 2010), C8 alone in L. pardalis (Chagas et al.,
2014) and C8 and T1 together in A. microtis (Pinheiro
et al., 2013) and C. thous (Souza Junior et al., 2014b). In
the pampas fox, it was responsible exclusively for inner-
vation of the latissimus dorsi muscle, as also the case for
domestic dogs (Evans and De Lahunta, 2013), A. aus-
iralis (Souza et al.,, 2010), A. microtis (Pinheiro et al,,
2013) and C. thous (Souza Junior et al., 2014b).

Lateral thoracic nerve. The lateral thoracic
nerve in L. gymnocercus started predominantly from C8

and T1 (45%), although other formations with discrete
contributions from C7 also occurred in 35% of the cases.
This formation between C8 and T1 has also been
reported as most common in domestic dogs (Getty, 1986;
Sharp et al., 1991; Evans and De Lahunta, 2013) and C.
thous (Souza Junior et al., 2014b). Tts innervation area
included parts of the deep pectoral and cutaneous
muscles of the trunk near the axillary regions, as alsa
reported for the domestic dog {Evans and De Lahunta,
2013) and C. thous (Souza Junior et al., 2014b). In A
australis (Souza et al., 2010) it only innervates the cuta-
neous muscle of the trunk.

In conclusion, the brachial plexus of the pampas fox, L.
psymnocercus, has identical origin and similar ramifica-
tion to other carnivores species, especially domestic dogs
(Allam et al., 1952), A. microtis (Pinheiro et al,, 2013
and C. thous (Souza Junior et al., 2014h). Indeed, L. gym-
nocercus, C. thous and A, microtis inhabit the Neotropics
and have the same number of chromogomeg (74) (Pessutti
et al., 2001). Therefore, it appears reasonable to assume
that the similarities in the morphology of brachial plexus
can reflect some phylogenetic proximity of these species.
Studies of the plexuses of other wild canids may provide
stronger evidenece of that supposition.
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sequence with text footnotes.

Tables: All tables must be cited in the text and have titles. Table titles should be complete but brief. Information
other than that defining the data should be presented as footnotes. Since tabular matter is expensive to
reproduce, it should be simple and uncomplicated with as few vertical and horizontal rules as possible.

Figure legends: All figures must be cited in the text and must have legends. Number figures, including charts
and graphs, consecutively throughout the text. Give text references to figures only in terms of the figure number.
Whenever possible, integrate figures into the text. Group figures to fit a single page with their appropriate legend.
References to relevant text passages can often reduce the length of legends and avoid redundancy.
Abbreviations: Spell out all nonstandard abbreviations the first time used. Abbreviations for all figures should be

listed alphabetically and placed before the first figure in which they are mentioned, e.g.,

AchE Acetylcholinesterase

CP Cortical Plate

Smc Primary somatosensory cortex
Vv Ventral

Digital lllustrations: The Anatomical Record is known for its free-of-charge publication of high-quality figures.
To maintain this level of quality, it is necessary to require images to be submitted and processed with this goal in
mind. Therefore, when preparing digital art, please submit figures in separte .tif or .eps file formats, with the

following attributes:
e CMYK format for color figures (color figures are FREE to all authors)
300 DPI/PPI for picture-only (without text of any kind) figure files
600 DPI/PPI for figures containing pictures and lie elements (i.e., text labels, thin lines, arrows, etc.)
1200 DPI/PPI for black and white images such as line drawings, graphs, or charts

Scaling, cropping, and rotating should be performed in the originating application. To ensure that your figures will
not be too large to upload, be sure to adjust the height and width to approximately 2500 pixels. If the figure(s)
does not meet the specifications shown above (including not exceeding the maximum size of 2500 pixels), please
use graphics software (e.g., Adobe Photoshop or lllustrator) to modify the figure(s).

ATTENTION AUTHORS: Please verify that figure files meet the printer's specifications for format and resolution,
at the time that you submit the original version of your manuscript. Note that .tif (or .eps) file formats for
figures (black and white, color, and grayscale) is recommended. We recommend creating your graphics, with
all fonts and scale bars included, using Photoshop, lllustrator, or Freehand and then uploading the figure files into
ScholarOne Manuscripts (formerly known as Manuscript Central). File formats that are NOT acceptable are
JPG/JPEG, GIF, ONG, PCX, PNG, XBM, Word, and Excel. For further guidance on preparing digital figure

files, authors are encouraged to visit http://cjs.cadmus.com/da/applications.asp . Figure files that do not
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conform to the required format and resolution will delay review of your manuscript, because the editorial office will
return the files to you for correction before sending your manuscript to reviewers.

Cover lllustrations: Authors are encouraged to submit CMYK color figures for consideration as cover
illustrations. These figures must be submitted with the manuscript, preferably sized to 21 x 26 cm, with 600
DPI/PPI resolution.

Care and Use of Experimental Animals: The Anatomical Record and the American Association of Anatomists
require that all studies involving experimental animals be conducted in a humane manner and in accordance with
all local, state and federal guidelines for the care and utilization of laboratory animals. Husbandry of the animals

must meet the NIH Guidelines for the Care and Use of Laboratory Animals. Each manuscript must include details

of the a) food and water regimen, b) light cycles, c) appropriate tranquilizers, analgesics, anesthetics, and care
performed in association with all surgical procedures, d) manner by which the animals were euthanized, including
drugs and their dosages, and e) written assurance that an Institutional Animal Care and Use Committee (or
equivalent) approved the protocol.

Protection of Human Subjects: The Anatomical Record and the American Association of Anatomists also
require that all studies involving human subject adhere to the principles of the Declaration of Helsinki or research
in Human Beings. Each manuscript must include details of the a) number of subjects, b) age, c) gender, d)
women, children and other minorities, €) inclusion and exclusion criteria, and f) written assurance that an
Institutional Review Board (or equivalent) approved the protocol.

AAA Guidelines for Research Involving Human Subjects and Vertebrate Animals: The authors signify by
submission of their manuscript that research involving use of human subjects—including research for educational

studies— has been conducted according to the principles of the Declaration of Helsinki and Title 45, U.S. Code of

Federal Reqgulations, Part 46, Protection of Human Subjects, Revised November 13, 2001, unless regulated by

more restrictive state or local laws. Research involving vertebrate animals must adhere to AAA’s Guiding

Principles in the Care and Use of Animals. For investigations involving human subjects or vertebrate animals, a
statement of protocol approval from an Institutional Review Board (IRB) or Institutional Animal Care and Use
Committee (IACUC) or its equivalent, respectively, must be included in the Methods section of the paper.
Editors/Associate Editors are expected to refuse papers in which evidence of adherence to these principles is not

stated explicitly.

MISCELLANEOUS

Do not hyphenate words at the end of the lines.

Corrections to the manuscript should be typed or printed legibly in ink.

Do not begin sentences with abbreviations.

Spell out the word Figure in the text except when it appears in parentheses: Figure 2, (Figs. 4-6).

Always spell out numbers when they stand as the first word in a sentence, abbreviations cannot follow such
numbers. Numbers indicating time, weight and measurements are to be in Arabic numerals when followed
by abbreviations (e.g., 2mm; 1sec; 3ml). In general, write out the numbers one to ten in the text. All higher
numbers should be given as numerals.

e The metric system should be used for all measurements, weights, etc.

e The author will be asked to sign a Copyright Transfer Agreement transferring rights to the publisher, who
reserves copyright.

e |tis the current policy to underwrite all normal black-and-white tabular and illustration costs.
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