Universidade do Estado do Rio de Janeiro

UERS Centro de Tecnologia e Ciéncias
OFSI‘,EI!JIJQ o Faculdade de Geologia

Lucas Henrique Medeiros da Silva Trifilio

Integrando tafonomia, paleoicnologia e geomatematica analises
paleontologicas de vertebrados quaternarios preseados em

cavernas da Regiao Intertropical Brasileira

Rio de Janeiro
2023



Lucas Henrique Medeiros da Silva Trifilio

Integrando tafonomia, paleoicnologia e geomatematica analises paleontolégicas
de vertebrados quaternéarios preservados em cavernaa Regido Intertropical

Brasileira

Tese apresentada, como requisito parcial, para
obtencéo do titulo de Doutor, ao Programa de
Pés-Graduacdo em Geociéncias da Universidade
do Estado do Rio de Janeiro. Area de

concentracdo: Geociéncias.

Orientador: Prof. Dr. Herminio Ismael de Araujo idin

Coorientador: Prof. Dr. Kleberson de Oliveira Poi

Rio de Janeiro
2023



CATALOGACAO NA FONTE
UERJ/REDE SIRIUS/CTCC

T827 Trifilio, Lucas Henriqgue Medeiros ddvai
Integrando tafonomia, paleologia e geomatematica a analises
paleontoldgicas de vertebrados quaternarios pradesvem cavernas da
Regido Intertropical BrasileiraLucas Henriqgue Medeiros da Silva
Trifilio.— 2023.
182 1. :l.

Orientador: Herminio IsmaelAtadjo Janior.
Coorientador: Kleberson devBilia Porpino.

Tese (Doutorado) — Universidade do EstadoidalR Janeiro,
Faculdade de Geologia

1. Geologia estratigraficaes@s. 2. Paleontologia — Vertebrados -Teses.
3. Tafonomia - Teses. 4. Sedimentologia - Caver@asaternario - Teses,
5. Icnologia — Teses. |. Aradjo Janior, Herminimégl de. Il. Porpino,
Kleberson de Oliveira. lll. Universidade do EstalioRio de Janeiro.
Faculdade de Geologia. IV. Titulo.

DQ: 551.79

Bibliotecaria Responsavel: Priscila Freitas Ara@&B-7: 7322

Autorizo, apenas para fins académicos e cientif@ogproducéo total ou parcial desta tese

desde que citada a fonte.

Assinatura Data



Lucas Henrique Medeiros da Silva Trifilio

Integrando tafonomia, paleoicnologia e geomatematica analises paleontolégicas

de vertebrados quaternéarios preservados em cavernaa Regido Intertropical

Brasileira

Tese apresentada, como requisito parcial, para
obtencdo do titulo de Doutor, ao Programa de
Pé6s-Graduagdo em Geociéncias da Universidade
do Estado do Rio de Janeiro. Area de

concentracdo: Geociéncias.

Aprovada em 18 de novembro de 2023.

Orientador:

Coorientador:

Banca examinadora:

Prof. Dr. Herminio Ismael de Araujo idan
Faculdade de Geologia — UERJ

Prof. Dr. Kleberson de Oliveira Pompi
Universidade Estadual do Rio Grande do Neti&RN

Prof. Dr. Rafael Costa da Silva
Servico Geologico do Brasil — SGB

Prof. DF Lilian Paglarelli Bergqvist

Instituto de Geociéncias — UFRJ

Prof. Dr. Celso Lira Ximenes
Petroleo Brasileiro S/A — PETROBRAS

Prof. Dr. Hernani Aquini Fernandes Chaves
Faculdade de Geologia — UERJ

Profa. Dr2. Claudia Ines Montalvo

Facultad de Ciencias Exactas y Naturales — UNLPAM

Rio de Janeiro
2023



DEDICATORIA

Dedico esta tese a todos aqueles que se importanaaéncia, com a vida, com o futuro e
com o presente, mas sem nunca se esquecer do@assaas licoes.



AGRADECIMENTOS

Ao longo deste doutorado, muitos obstaculos surgirdos quais a maioria foi
superada. Entretanto, a vida ndo é vivida soziSkeapre precisamos de pessoas boas por
perto, e algumas nao tdo boas também, para queta ggrenda a lidar com as intempéries
gue venham a aparecer. Talvez a vida seja, masesémida a tal, um longo caminho com
obstaculos e auxilios. Portanto, eu acredito qjgede extrema importancia sermos gratos a
tudo que nos ocorre ao longo de nossa trajetoria.

Inicialmente, eu quero agradecer a todo o apoimigaa familia, que desde o inicio
do meu doutorado me deram apoio moral, emocionalamceiro. Como todo estudante,
também fui refém de um bolsa defasada pelos goseieaeral e estadual, que limitava
bastante meu custo de vida e minha disposicdo denaar escrevendo minha tese. De
“bdnus”, precisamos enfrentar uma pandemia alidgaaancia de negacionistas, que tornou
nosso “retorno ao normal” muito mais lento do gsigeeado, e que contribuiu negativamente
para minha producédo académica. Portanto, eu deeonsamente a todos os meus familiares
gue apoiaram nesses momentos téo dificeis.

A pandemia teve um ponto positivo, colocando em hairvida uma mulher
espetacular, que hoje divide o teto e a vida con#gu grato a ela, Aline Lima, por todo o
apoio e companheirismo, principalmente pelos sensethos nos meus momentos e fragueza
e inseguranca. Vocé nunca saiu do meu lado e semcpee/a um modo de acalmar meu
coragao.

Agradeco aos meus orientadores, os professorésebminio Ismael de Araujo Junior
e Dr. Kleberson de Oliveira Porpino por todas asegdes, criticas, elogios e sugestdes, que
contribuiram imensamente para minha evolucdo adadém claro, por toda a paciéncia e
por ndo desistirem de mim durante essa pandemianguirou completamente do rumo do
meu doutorado.

Agradeco aos meus amigos, verdadeiros amigos, emeapeceram na minha vida e
nao permitiram que a pandemia nos afastasse. Magiigtancia fisica, a amizade perdura e
as conversas nao se extinguem. Em especial, am almitpnga data do colégio, Lio Lucena,
aos amigos da graduacdo em Geologia, Mateus dgoA®ilira, Alexandre Paixao, Samir
Valcécio, Plinio Lima, Tyrone Vilela, Ariane Felig aos amigos que fiz durante o mestrado e

doutorado, Thais Parméra e Ulisses Dardomgémorian.



Agradeco ao Prof. Dr. Rafael Costa da Silva porctercedido acesso a colecao de
vertebrados fosseis do Museu de Ciéncias da TetoaServico Geologico do Rio de Janeiro,
0s quais foram de extrema importancia para compunartese.

Agradeco a Dr. Yumi Asakura e ao Prof. Dr. Edisoicevite Oliveira por terem
concedido acesso a colecdo de vertebrados féseeisaloratério de Paleontologia da
Universidade Federal do Pernambuco, os quais feraxtrema importancia para compor
minha tese.

Agradeco aos colegas de trabalho do Laboratéridadieontologia da Universidade do
Estado do Rio de Janeiro pelos trabalhos desedslviuntos e pelos debates sobre
paleontologia, Tafonomia e icnologia.

Agradeco ao Programa de Pds-Graduacdo em GeodétwiBaculdade de Geologia
da Universidade do Estado do Rio de Janeiro pets \Gue conquistei para cursar o
doutorado e pelos auxilios financeiros que peramtigue eu fosse coletar dados para a tese e
apresentar um resumo no 37° Congresso Brasileiispleleologia na cidade de Curitiba/PR.

Agradeco a CAPES pela bolsa concedida duranteajaatrss e meio de doutorado, e
pelo auxilio PROAP concedido em 2022, sem os qg&ia impossivel coletar os dados da

tese e, portanto, cursar o doutorado.



Qualquer um de nos é mestre, que sabe contos, heoss, versos, supersticdes, que
sabe fazer caretas, apertar mao, bater palmasoeqtuahto caracteriza a cultura andénima e
coletiva.

Luis da Camara Cascudo



RESUMO

TRIFILIO, Lucas Henrique Medeiros da Silvategrando tafonomia, paleoicnologia e
geomatematica a analises paleontologicas de vertados quaternarios preservados em
cavernas da Regiao Intertropical Brasileira 2023. 182 f. Tese (Doutorado em Geociéncias)
— Faculdade de Geologia, Universidade do Estad®iaade Janeiro, Rio de Janeiro, 2023.

Depois que um animal morre, seus restos irdo sepaaan como particulas
sedimentares e, portanto, estardo sujeitos a mslpsocessos fisicos, quimicos e biolégicos
presentes no ambiente. Toda e qualquer interagéidaspor esses restos fica preservada em
suas superficies na forma de fei¢cdes tafondmicagjuais permitem entender como essa
matéria organica presente na biosfera se preserv@gistro geoldgico, e icnoldgicas, as
quais permitem inferir relacdes paleoecoldgicasitideos depositos fossiliferos, as cavernas
possuem um alto potencial para preservacao desstss rpor longos periodos por serem
estruturas quase que totalmente isoladas da stipeffio Brasil, as cavernas situadas dentro
da Regido Intertropical Brasileira abrigam grantkerdidade da Megafauna Quaternaria, mas
com muitos estudos n&o abrangendo os modos deryaeSe de suas assembleias
fossiliferas. Portanto, para esta tese, cinco dssémn fossiliferas de cavernas da Regido
Intertropical Brasileira foram estudadas dos pomtesvista tafonédmico e icnoldgico. As
analises tafonémicas permitiram inferir quais fasorambientais contribuiram para a
acumulacdo e preservacdo das assembleias fossiliflentro das cavernas do Complexo
Suico e F3, no Rio Grande do Norte, e Toca das Dhegpa dos Peixes e Gruna das Trés
Cobras, na Bahia. Além disso, analises de agrupaneefatores permitiram determinar trés
modos de preservacao comuns a todas as caverm@sugamento principal incluiu quebras
irregulares, intemperismo ausente/leve e ausédeiabrasao e corrosao, implicando que os
restos foram rapidamente soterrados durante a tkdteemia. As andalises de fatores
permitiram inferir que a incrustacao foi a prindifgicdo a segregar o Complexo Suico e a
Lapa dos Peixes das cavernas. Por fim, os dadogioos permitiram identificar marcas de
predacao e necrofagia de vertebrados carnivorés) dé marcas de necrofagia produzidas
por insetos ostedfagos durante os processos dengdesiao do tecido mole.

Palavras-chave: depositos fossiliferos; quaternaiwilise de agrupamentos; analise de

fatores; nordeste.



ABSTRACT

TRIFILIO, Lucas Henrique Medeiros da Silnategrating taphonomy, paleoichnology and
geomathematics to paleontological analyzes of Quatary vertebrates preserved in

caves in the Brazilian Intertropical Region 2023. 182 f. Tese (Doutorado em Geociéncias)
— Faculdade de Geologia, Universidade do Estad®iadade Janeiro, Rio de Janeiro, 2023.

Following death, an animal's remains take on tharatdteristics of sedimentary
particles and are thus susceptible to all envirartalephysical, chemical, and biological
processes. All of the interactions that these ramanderwent are preserved on their surfaces
as taphonomic features, which help the understgndirhow this organic matter from the
biosphere is preserved in the geological record,i@mological features, which help to infer
paleoecological relationships. Due to their praatlyctotal isolation from the surface, caves
have a high potential for long-term preservation tbése fossilized remains among
fossiliferous deposits. A wide variety of Quatesnitegafauna can be found in Brazil's caves
in the Brazilian Intertropical Region, although rgastudies do not discuss how to preserve
their fossil assemblages. Thus, five fossilifer@assemblages from caves in the Brazilian
Intertropical Region were examined from an ichnalaband taphonomic perspective for this
thesis. The environmental conditions that led te tlormation and preservation of
fossiliferous assemblages in the caves of Comp&xigo and F3, in Rio Grande do Norte
State, and Toca das Oncas, Lapa dos Peixes, and Gas Trés Cobras, in Bahia State, could
be inferred because of taphonomic analyses. Morgeavavas possible to identify three
common preservation modes for all caves using elustd factor analyses. The major group
suggested that the bones were quickly buried dubimgtratinonomy, as evidenced by
irregular breaks, absent or light weathering, abseaces of abrasion and corrosion. Using
factor analyses, it was observed that the primeayuie separating the Complexo Suico and
Lapa dos Peixes from the other caves was incrastaltiastly, the ichnological data allowed
the identification of predation and necrophagy madt carnivorous animals, as well as
necrophagy marks from osteophagous insects durengdcay processes of soft tissue.

Keywords: fossil deposits; quaternary; cluster gsial factor analysis; northeast.
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INTRODUCAO

A paleontologia € a ciéncia que estuda os fossgis, sdo evidéncias diretas ou
indiretas de seres vivos que viveram no passadeegidtro direto compreende restos de
organismos que foram protegidos da decomposic@véstrda acdo de agentes bidticos e
abidticos (SHIPMAN, 1981a), enquanto os indireteierem-se aos tracos comportamentais
produzidos por animais e plantas preservados retrsith (BUATOIS; MANGANO, 2011), e
as impressdes das superficies dos organismos mmes#d, como moldes de conchas e
marcas de folhas (CASSAB, 2010).

Apds morrerem, 0s restos dos organismos comporaro+eo particulas sedimentares
(i.e., bioclastos; SEILACHER, 1970) e passam aragie com processos fisico-quimicos
presentes no ambiente e com outros organismos (BERISRIEYER; KIDWELL, 1985;
FERNANDEZ-JALVO; SCOTT; ANDREWS, 2010). Tais intefges sdo as mais destrutivas
(FERNANDEZ-JALVO; SCOTT; ANDREWS, 2010) e represamt as alteracdes e
informacfes mais importantes carregadas pelos isogs#LL, 1980; LYMAN, 1994a).
Entretanto, caso esses restos sejam soterradasppoder prevencdo ou reducao dos danos
sofridos (FERNANDEZ-JALVO; SCOTT; ANDREWS, 2010; MAN, 1994b),
aumentando as chances de preservacdo e induzindg@raxessos de fossilizagcdo
(FERNANDEZ-JALVO, SCOTT; ANDREWS, 2010).

Com o intuito de melhor entender todas as informagiresentes nos fosseis, seja
apos a morte do organismo ou soterramento de &stesy o pesquisador Ivan Efremov
definiu uma nova ciéncia dentro da paleontologialeoecologia, chamada de tafonomia (do
grego: leis do sepultamento; EFREMOV, 1940; LYMAMN)94a). A tafonomia € uma
ferramenta de investigacdo multidisciplinar focada analise de restos e tragcos
(FERNANDEZ-JALVO; SCOTT; ANDREWS, 2010), a fim deitender como a matéria
organica presente na biosfera se preserva no negigologico (BEHRENSMEYER,;
MILLER, 2012; EFREMOV, 1940; FERNANDEZ-JALVO; ANDRHS, 2016a; LYMAN,
1994a).

Em uma analise tafonémica, o principal objetivonéerder como 0s processos de
fossilizacdo afetaram a qualidade do registro liéssi (BEHRENSMEYER; KIDWELL,
1985). Para alcanca-lo, é necessario observar adificagdes presentes nos fésseis,
identificar os possiveis agentes e reconstruirstdoha tafonémica, a qual representara uma

cronologia de como os processos modificadores rafataos restos apds a morte dos
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organismos (LYMAN, 1994a). Pode-se dizer, portargoe a interpretacdo das feicdes
tafonbmicas, a fim de reconstruir a histégast-mortemde um organismo ou de uma
assembleia inteira, é similar a ciéncia forensdizatla na analise de restos humanos
(BEHRENSMEYER; MILLER, 2012).

Com relacdo as evidéncias indiretas, ainda € palskizer interpretacfes além das
tafondmicas. A icnologia (do gregikhnossignifica traco dogia significa ciéncia) é o ramo
que estuda detalhadamente todas as feicbes biagépieservadas no registro fossilifero
(paleoicnologia) ou atual (neoicnologia) (BROMLEY996). Tais feicbes sao tracos
comportamentais (BROMLEY, 1996; BUATOIS; MANGANQOQZ21; XING et al., 2013) que
podem ficar preservados em rochas, sedimentos,s g(8ROMLEY, 1996), 0ssos
(BUATOIS; MANGANO, 2011; MIKULAS et al., 2006; PIRBNE; BUATOIS;
BROMLEY, 2014) e qualquer tipo de substrato qupreserve no registro geoldgico

A aplicacdo da icnologia se concentra em identifiedacdes sinecoldgicas entre os
seres vivos e 0 ambiente em que vivem. Para tatiobj é necessario classificar cada traco
de acordo com as classes etoldgicas a que pertame,alimentacdo, locomocéao e habitacao
(BUATOIS; MANGANO, 2011). Aliado a etologia, a ceta descricdo das morfologias e a
identificacdo icnotaxondmica dos tracos sao imme$eeis, pois permitem uma
interpretacdo mais fiel da histéria tafonémica slsembleia fossilifera.

Por ultimo, a geomatematica tem sido uma importdateamenta para estudos
tafondmicos (e.g., ARAUJO-JUNIOR; PORPINO; BERGQVJR017; BAR-OZ; DAYAN,
2003; MARTIN et al., 2021; REEVES; SANSOM, 2023)JaEompreende um conjunto de
técnicas matematicas e estatisticas aplicadas \@rsds estudos das geociéncias. Dentre 0s
varios métodos disponiveis, as analises multivasad#io as mais utilizadas na paleontologia
(HAMMER; HARPER; RYAN, 2001), pois permitem compneler mudancas em diversos
atributos simultaneamente (DAVIS, 2002a). Tais igral relacionam simultaneamente pelo
menos uma variavel preditora/independente e duasiais variaveis-resposta/dependentes
(GOTELLI; ELLISON, 2011; MANLY, 2008a). No caso dtfonomia, as variaveis

preditoras sédo os fosseis e as variaveis-resp@stassassinaturas tafonémicas.
Cavernas como depdésitos fossiliferos
Qualquer porcédo da litosfera que esteja a jusaateurd fluxo sedimentar pode

acumular restos de organismos. O talvegue de una liase de uma plataforma continental,

uma mélange, ou uma simples depressdo no embasanretalino sdo possiveis jazigos.
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Entretanto, nem todos os ambientes sdo propiciasppaservar os restos, a depender do tipo
de intempérie que atuara em cada lugar do planeta.

As cavernas, por exemplo, tém sido amplamente a&asasd do ponto de vista
paleontologico, devido ao seu alto potencial paesgrvacdo de restos de vertebrados por
longos periodos (BRAIN, 1980; GILLIESON, 1996 SIMM$994). Isso porque elas séo
estruturas quase que totalmente isoladas da stipeffito que permite proteger 0os 0ssos de
agentes modificadores e que mantém seu interior teomperatura e umidade praticamente
constantes (ANDREWS, 1990; GILLIESON, 1996; SIMMS94).

Geomorfologicamente, as cavernas sao cavidadessashormadas por processos
naturais e que permitem o acesso do ser humano SBRA008). Nesse contexto, as
cavernas mais comuns sao feicbes carsticas ggraddsssolucao quimica em rochas de alta
solubilidade, baixa porosidade primaria e alta gatniidade secundaria (SIMMS, 1994), as
quais podem ter sua génese afetada por atividad@niea e variacdo do nivel do mar
(GILLIESON, 1996).

A acumulacéo de fosseis dentro das cavernas, antendepende da morfologia da
caverna (ANDREWS, 1990; BRAIN, 1980; SIMMS, 1994p tempo que esteve aberta
(BRAIN, 1980), dos habitos dos animais aos quaiisseis pertencem e da funcionalidade
da caverna para a fauna, seja atual ou pretérikDREWS, 1990; SIMMS, 1994). Em
algumas cavernas africanas, por exemplo, os réstm® depositados devido a morte natural
de animais dentro ou préximo da caverna, e porofegos que a usaram como covil
(BRAIN, 1980). Em outro exemplo, n&rotte du Bison Franca, os pesquisadores
interpretaram a caverna como um covil de predaderesupacdo temporaria de humanos
(ENLOE, 2012). Ou seja, ha uma grande variedadeattos de acumulacdo ndo so6 entre as
cavernas, mas também dentro de uma mesma caverna.

De forma geral, as cavernas podem acumular regtaxghnismos de duas formas
distintas §6ensuANDREWS, 1990), a depender dos regimes climatidasregido e das
interacdes ecoldgicas nas proximidades da cavé&fN®REWS, 1990; SIMMS, 1994): (i)
deposicaaon situ, quando usada como abrigo ou covil, ou quandmirsass se aprisionam; e
(i) deposicao por transporte, quando os restos csdiceados por fluxos hidricos para o

interior da caverna.
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Regiéo Intertropical Brasileira

A Regido Intertropical Brasileira (RIB; Figura 1)uéna area com aproximadamente
2.140.00 krfi, que inclui 88.000 kida Mata Atlantica e os biomas do Cerrado e Camtiag
abrange os estados da Bahia, Sergipe, AlagoasarRleuco, Paraiba, Rio Grande do Norte,
Ceara, Piaui, Rio de Janeiro, Espirito Santo e $/Berais (CARTELLE, 1999). Entretanto,
tem sido sugerida a insercdo do Mato Grosso don8uRIB, devido a sua similaridade
paleofaunistica com os demais estados da regia@MYEIRA et al., 2017).

Figura 1 — Estados da Regido Intertropical Brasilei
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Nota: Estados marcados em cinza correspondemnai@elfio atual da Regido Intertropical Brasileieggusdo
Cartelle (1999) e Oliveira et al. (2017).
Fonte: O autor, 2023.

Os depositos fossiliferos da RIB abrigam grandeerdidade da Megafauna
Quaternaria, sendo considerados endémicos variesakons encontrados. Muitos desses
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foram coletados no século XIX pelo naturalista diaegués Peter W. Lund nas cavernas da
regido de Lagoa Santa, em Minas Gerais (CARTELLE99]1 2012). Entretanto, todo o
material por ele recuperado (aproximadamente 12espkEcimes) foi enviado aoologisk
Museum Copenhaggejuntamente com suas anotac¢des (CARTELLE, 1998220

O legado de Lund continuou no século XX, quandoveaum aumento no niumero de
coleta de fésseis na RIB e, consequentemente, ompéagdo do conhecimento acerca da
paleontologia quaternaria do Brasil (e.g., CABRAE-BARVALHO, 1966; CARTELLE,
1992; OLIVEIRA et al., 1986; PAULA-COUTO, 1978, 197SALLES et al., 1999; SOUZA-
CUNHA, 1966). Contudo, somente no século XX| osséds das cavernas brasileiras
passaram a ser alvo de estudos tafondbmicos maigletms, como 0s espécimes da caverna
Bauzinho de Ossos (Lagoa Santa/MG; PERONICO; SRBRWKUJJO, 2002), Lapa do
Sumidouro (Lagoa Santa/MG; PILO et al., 2004), TdaaBoa Vista (Campo Formoso/BA;
AULER et al., 2006), Toca da Barriguda (Campo F@oiBA; AULER et al., 2006), Toca
das Oncas (Jacobina/BA; AULER et al., 2006), Toas @ssos (Ourolandia/BA; AULER et
al., 2006), Lapa Nova (Vazante/MG; HUBBE; AULER12(), Cavidade ES-08 (Prudente de
Morais/MG; VASCONCELOS et al., 2015); Lapa dos RsixCarinhanha/BA; SILVA et al.,
2019), Gruna das Trés Cobras (Serra do RamalhddA/A et al., 2019), Toca da Pedreira
(Ourolandia/BA; DANTAS; SILVA, 2019), Gruta do loiGPalmeiras/BA; CASTRO;
MONTEFELTRO; LANGER, 2014; ELTINK et al.,, 2020), @a&a do Cuvieri (Lagoa
Santa/MG; MAYER et al.,, 2020), Lapa do Bode (LEO®& al., 2022) e caverna F3
(TRIFILIO et al., 2022).

Além das cavernas da RIB, ha também importantesi@stafonémicos realizados em
caverna de areas de fronteira da RIB, como a Gtat&Jrso (GASPARINI et al., 2015;
MALDONADO et al., 2016) e a Gruta Tacho de Ouro (BHMANN et al., 2017), ambas em

Aurora do Tocantins/TO.

Caracterizacao dos problemas e justificativa

A Regido Intertropical Brasileira possui uma gigaca quantidade de depdsitos
carsticos, especialmente nos estados da BahiasMireais e Rio Grande do Norte, bastante
representativos em termos fossiliferos para o Quate. Portanto, se faz necesséario um
estudo mais aprofundado acerca da génese das acdeslfossiliferas nesse tipo de
deposito, buscando analisar localidades em difeselatitudes dentro da regido, a fim de

identificar possiveis variagdes preservacionais.
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Atualmente ndo hd um modelo de deposi¢cédo que enghalos os ambientes carsticos,
devido, principalmente, a diversidades morfologieakiferentes padrbes de deposicdo nesses
ambientes (ANDREWS, 1990; SIMMS, 1994). As analisetadas de cada depdsito carstico
permitem a interpretacdo de uma historia individ&altretanto, a avaliagdo conjunta das
cavernas permite inferir a existéncia de padroesige vieses regionais, elucidando cada
uma delas a partir de todos os processos e evemwsvidos desde a formacdo das
tanatocenoses até a coleta dos fosseis.

Os estudos icnolégicos também sdo escassos, wsoagalises sistematicas dos
tracos, discussdes a respeito dos potenciais agentmontexto ecologico raramente séo
abordadas nas andlises tafondmicas (e.g., ARAUINIOR; PORPINO; BERGQVIST,
2011; ARAUJO-JUNIOR; BARBOSA; SILVA, 2017; DOMINAT@t a., 2011). Por fim, a
aplicacdo de analises geomatematicas € limitadeourop estudos tafonémicos (e.g.,
ANDRADE et al., 2023; ARAUJO-JUNIOR; PORPINO; BER®(3T, 2017),
negligenciando, portanto, discussfes referentesndkaridades tafonémicas entre diferentes

depaositos.

Objetivos

Gerais

Realizar um panorama investigativo sobre aspeetiomndmicos, paleoicnolégicos e
paleoecolégicos de fosseis de mamiferos preservadosquatro cavernas da Regido
Intertropical Brasileira.

Especificos

a) Identificar e interpretar assinaturas tafonédmicasnwmscopicas nos fosseis
de cada assembleia fossilifera;

b) Descrever a histéria tafonébmica para cada assearfolssilifera;

c) Inferir variagbes ambientais a partir das assiaattafonomicas analisadas;
d) Descrever e interpretar padrOes, diferencas e bamgds entre as
assembleias fossiliferas de cada cavernas a gardinalises geomatematicas;
e) Descrever a morfologia e identificar taxonomicareesd tracos fosseis;

f) Discutir o significado paleoecoldgico da presengatiacos fosseis.
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g) Atribuir cada tracgo féssil a seu provavel produtor.

Finalidade

Esta tese visa ampliar os estudos tafonémicos pardepdsitos quaternarios da
Regido Intertropical Brasileira, a aplicagdo deliaegd geomatematcas nos trabalhos de
tafonomia e as discussdes acerca da paleofaundddm® em substratos O0sseos do

Quaternario do Brasil.
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1 CONTEXTO GEOLOGICO

Nesta tese foram estudadas quatro cavernas quasrndesenvolvidas em rochas
carbonéticas de trés bacias sedimentares do Bigsilmeira delas € a Caverna do Complexo
Suico, que esté inserida nos carbonatos da Forndag@taira da Bacia Potiguar, na porgcéo
setentrional do Estado do Rio Grande do Norte. dalaas Oncas situa-se na porcéo centro-
norte do Estado da Bahia e esta inserida nos caidmma Formacdo Salitre da Bacia de
Irecé, na regido norte do Craton S&o Franciscofifdpa Lapa dos Peixes e a Gruna das Trés
Cobras sao cavernas desenvolvidas nos carbonatammmacao Sete Lagoas da Bacia de Sao

Francisco, nas porc¢des sul do Craton Sao Franeisadoeste do Estado da Bahia.

1.1Bacia Potiguar

Assim como as demais bacias cretaceas do Esta&odGrande do Norte, a Bacia
Potiguar tem sua evolugéo tectonica relacionad#taamento entre as placas africana e sul-
americana durante o Neocomiano (ANGELIM et al.,60@a sua area total, 21.000km
estdo na sua porcdo emersa e 27.060kabmersos (BERTANI; COSTA; MATOS, 1990).
Ela esta localizada nas porcdes setentrional patiguleste do Estado do Ceara, sendo
limitada a oeste pelo Alto de Fortaleza, a leste p#o de Touros, a sul pelo embasamento
cristalino e a norte pelo Oceano Atlantico, estaddese até a is6bata de 2000 m (ANGELIM
et al.,, 2006; BERTANI; COSTA; MATOS, 1990; PESSOAND et al., 2007). Seu
arcabouco tectono-estrutural é constituido por uomjunto de grabens assimétricos
preenchidos por trés supersequéncias (ANGELIM.e2@D6; PESSOA-NETO et al., 2007):
Rifte (com duas fases durante o Neoberriasianotizoay), Pos-rifte (Aptiano-Albiano) e
Drifte (a partir do Albiano inicial).

A primeira fase da Supersequéncia Rifte, chamadas#eRifte |, é caracterizada por
afinamento crustal e subsidéncia mecanica do emigda, levando ao desenvolvimento dos
semi-grabens Apodi, Umbuzeiro, Guamaré e Boa Véstins altos internos do embasamento
Canudos, Quixaba, Mossoré, Serra do Carmo e Ma&ddGELIM et al., 2006; BERTANI,
COSTA; MATOS, 1990; PESSOA-NETO et al., 2007). Ne$sse houve a deposicdo e
formacao dos depdsitos lacustrinos, fluvio-deltaieofandeltaicos da Formagédo Pendéncias



24

(ARARIPE; FEIJO, 1994; PESSOA-NETO et al., 2007)fae Rifte Il € marcada por uma
mudanca de cinematica do eixo de rifteamento dewdoinicio do processo de deriva
continental, causando movimentos transcorrentesantkir essa etapa do rifteamento
(PESSOA-NETO et al., 2007). Nessa fase tem-se dimeatos fluvio-deltaico-lacustrinos

das por¢des superiores da Formacao Pendénciaslegaes aluviais e sistemas fluviais de
alta energia da Formacg&o Pescada (ARARIPE; FERQ@; PESSOA-NETO et al., 2007).

A Supersequéncia Poés-Rifte marca a transicdo da®sdes continentais para
marinhos, com eventos de subsidéncia térmica esdgmode sedimentos flavio-lacustres da
Formacé&o Alagamar (PESSOA-NETO et al., 2007).

A Supersequéncia Drifte compreende dois conjunt®sseluéncias, as marinhas
transgressivas (Eoalbiano-Eocampaniano) e as naariniegressivas (Neocampaniano-
Holoceno). A primeira delas compreende a formagdama plataforma rasa siliciclastica
com sedimentacdes carbonatica e turbiditica asEI@PESSOA-NETO et al., 2007). O
arcabouco sedimentar é representado pelos ardiiitos-marinhos proximais da Formagao
Acu e marinhos distais da Formacao Quebradasos patbonatos de mar raso da Formacao
Ponta do Mel (PESSOA-NETO et al., 2007). Duran@eoomaniano-Turoniano, ocorreu um
méaximo transgressivo, que afogou todo o sistemearipu a deposicdo dos carbonatos da
Formacgdo Jandaira (ARARIPE; FEIJO, 1994; PESSOA®IER al., 2007). Apds o
afogamento do maximo transgressivo, 0 mar recuprtoeocou diversos eventos regionais,
dando inicio a formacéo das sequéncias marinhasssdgas (PESSOA-NETO et al., 2007).
A sedimentacdo € marcada pela deposicdo dos sddsnituviais, estuarinos e de leques
costeiros da Formacao Barreiras (BEZERRA; MELLO&EMUO, 2006), pelos sedimentos de
plataforma mista das formacdes Tibau e Guamarélos purbiditos intercalados de folhelhos
da Formacao Ubarana (PESSOA-NETO et al., 2007).

Todas as supersequéncias aqui citadas estdo assoaatrés eventos magmaticos
principais. O primeiro deles, datado em 132,2 + 4, Mdorresponde ao Magmatismo Rio
Ceara-Mirim, que esta relacionado ao rifteamentdimad do Neocomiano e ocorre na forma
de diques de diabasio de direcdo E-O proximo asbsull da bacia (PESSOA-NETO et al.,
2007). Em seguida, houve o Magmatismo Serra do Cad, 93 + 0,8 Ma, localizado na
borda sul da bacia e caracterizado por derramedticas alcalinos durante o Turoniano
(SOUZA et al., 2004). Por ultimo, houve diversos$spa referentes ao Magmatismo Macau,
0S quais sao registrados intercalados aos sedimmdatbsequéncias marinhas regressivas da
Supersequéncia Drifte e representados por basktados do Eoceno/Oligoceno, com idades
entre 70 e 5 Ma, e picos entre 48,9 =+ 2,9 e 3l H4Ma (PESSOA-NETO et al., 2007).
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1.1.1 Formacéo Jandaira

A Formacao Jandaira compreende um pacote de roaHasnaticas representadas por
duas diferentes sequéncias deposicionais, umaaam@mdNeoturoniano ao Eosantoniano e
outra, do Neosantoniano ao Eocampaniano (PESSOAGNET al., 2007). S&o rochas
constituidas de calcarenitos bioclasticos, caltilsit dismicritos, dolomitos e argilitos
(ANGELIM et al., 2006), cujo pacote litolégico age até 600 m de espessura na por¢cao da
plataforma interna atual (PESSOA-NETO et al., 2007)

Morfologicamente, os carbonatos sao intensamentstiftzados e compreendem
diversas formas de relevo endocarsticas e examgsticomo cavernas, dolinas, vales,
canions, lapias e lajedos (MAIA et al., 2012). @qgasso de carstificacdo ocorre em funcéo
dos diferentes sistemas de falhas cretaceos e aieosz diretamente relacionados a
deformacgdo raptil pés-ruptil de direcdo NO-SE, gsdo aliados a alta solubilidade e
porosidade do calcario (MAIA et al., 2012).

1.1.2 Caverna do Complexo Suigo

Parte do material estudado nesta tese provém daneavlo Complexo Suico (S
5033'42.5007, O 37°38’'39.700”, SIRGAS 2000; figurase 3), uma das poucas cavidades
fossiliferas catalogada no Lajedo do Rosario, naiafpio de Felipe Guerra/RN. Este lajedo
esta inserido no contexto dos carbonatos da Foondeédaira da Bacia Potiguar, no
municipio de Felipe Guerra/RN, e possui aproximasam 0,75 krh de area, estando
orientado das diregdes NE-SO e N-S (CARNEIRO eR8l5; SILVA, 2015; Figura 4A).



26

Figura 2 — Localizacéo da caverna do Complexo SubcEstado do Rio Grande do Norte.
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O lajedo é subdivido em trés pavimentos exocassti®ILVA, 2015), sendo o
primeiro 0 mais basal e com pouca carstificacaexigténcia de lapielizacdo, fraturas de
pequenas dimensfes e muita vegetacdo (Figura 4B)nté@mediario abriga fraturas
relevantes, pouca lapielizacdo, cavernas (incluirdoComplexo Suico) e dolinas,
ocasionalmente com fauna e vegetacédo (Figura 4€)ulBmo, o pavimento mais ao topo é
bastante carstificado e lapielizado, apresentangmso fraturamento com colapso de blocos
e formacéo de claraboias e cavernas, por vezesdaspor vegetacao e fauna atuais (Figura
4D).

Com relacdo a caverna, esta apresenta um deseneala horizontal de 208,22 m, e
vertical de 17,82 m, e é acessada com o auxilimod#as por uma de suas claraboias, com 5
m de profundidade (Figura 5; SILVA, 2015). Possuiigps espeleotemas, mas apresenta um
grande saldo central de onde se ramificam conduiendrantes de teto baixo e textura

ruiniforme, estando todos preenchidos por uma cardedargila carbonatica (SILVA, 2015).



Figura 3 — Caverna do Complexo Suico.
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Legenda: A) Saldo principal. B) Galeria em contaim a superficie. C) Vegetagédo (oiticica) dentraa@eerna.
Fonte: O autor, 2023. Fotos de Solon Almeida Netto.
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Os fésseis foram encontrados parcialmente sotegradsedimento argiloso de uma
galeria com 5 m de desenvolvimento horizontal @gdio NE-SO (SILVA, 2015). Esta
pequena galeria, a qual foi denominada de Condato Fbsseis, ndo possui porcdes de
acumulo de agua e tem sua génese relacionadacesos de incasao (colapso de blocos no
interior da gruta) e circulagdo de aguas pluvi@lis YA, 2015).

Figura 4 — Lajedo do Rosario e seus pavimentosicdss
N 3 . : SR . .:.;»,

A

r ye a4 = &
Legenda: A) Lajedo do Rosario. Em B, C e D, pavitoend,2 e 3, respectivamente.
Fonte: A) Modificado do Google Earth. B-D) O aut?023.
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Figura 5 — Perfil espeleoldgico do Complexo Suico.
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Fonte: Modificado de Silva, 2015. Perfil elaborgdita Sociedade Espeleoldgica Potiguar em 2009.

1.2 Craton Sao Francisco

O Craton do Séao Francisco (CSF) compreende umaand@ental que se estabilizou
tectonicamente ao final do Evento TransamazoniddBIDA, 1977), e que néo foi afetada
pelos eventos orogenéticos do ciclo Brasiliano rmiera Neoproterozoico (ALMEIDA, 1977;
ALKMIN, 2004). Constituiu um unico craton continumm o Craton do Congo até o
Cretaceo, quando houve a formacéo do Oceano AAMLKMIN, 2004; TROMPETE et
al., 1992). E limitado a oeste e sul pela FaixasHfieg a leste pelo Oceano Atlantico, a sudeste
pela Faixa Aracuai, a nordeste pela Faixa Sergjanarte pela Faixa Riacho do Pontal e a
noroeste pela Faixa Rio Preto (ALMEIDA, 1977). Rossés unidades morfotectonicas,
sendo a Bacia do S&o Francisco, a sul, o Aulacoder®aramirim, ao norte, e uma grande
parte do Rifte Recdncavo-Tucano-Jatobd, a lest&AN, 2004).

Seu embasamento € constituido por fragmentos derémeno paleoproterozoico, que
afloram nas por¢des norte e sul do craton, e poakae antepais a nordeste do Quadrilatero
Ferrifero e entre a Bacia do S&o Francisco e ocAgkno de Paramirim (ALKMIN, 2004).
Tal ordgeno é representado por quatro unidadeso¢hgas do tipo TTG (3,4 Ga e 3,2 Ga),
granitoides (3,2-3,1 Ga e 2,8-2,7 Gayreen-stone belt$3,3 Ga, 3,2 Gae 3,0-2,8 Ga) do
Bloco Gavido (3,4-2,7 Ga); (2) migmatitos (3,0-%58) e granitoides (2,8-2,7 Ga) do Bloco
Jequié; (3) granitos e tonalitos (3,0-2,9 Ga) docBlSerrinha; e (4) rochas o tipo TTG (2,6-
2,1 Ga) e shoshoniticas (2,4 Ga).
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1.2.1 Aulacdgeno Paramirim

O Aulacogeno (rifte abortado) de Paramirim estalleado na porcdo norte do CSF e
compreende, principalmente, duas bacias intradca$marcialmente invertidas, as quais séo
preenchidas pelos sedimentos Paleo-Mesoproteré&zomm Supergrupo Espinhago e
neoproterozoicos do Supergrupo Sao Francisco (AINDO04; CRUZ; ALKMIN, 2006).

Uma destas bacias é a Bacia de Irecé, que possuedtimada em 30.000 KREIS
et al. 2013) e é limitada a norte pelo embasamealeoproterozdico dos itabiritos e
guartzitos do Complexo Xique-Xique (SOUZA et al.993). Estratigraficamente, o
Supergrupo Espinhaco ocorre na base dessa baowpreendendo os mesmos sedimentos
siliciclasticos de origem eolica e marinha encaldsana Bacia do Sao Francisco e o
Supergrupo Sao Francisco repousa no topo, englob@ndedimentos turbiditicos do Grupo
Séo Onofre, e os depédsitos do Grupo Una (ALKMIN)40

1.2.1.1 Grupo Una

Este grupo esta depositado sobre as rochas sifitichs mesoproterozoéicas do Grupo
Chapada Diamantina, e corresponde aos diamictédsodmacao Bebedouro, na base, e aos
carbonatos marinhos da Formagéao Salitre, no topiSI{M/EIZER, 1998). A Formacao
Bebedouro é correlata do Grupo Macaubas, e reieesen evento de subsidéncia mecéanica
dentro do aulacdégeno, com consequente reativacasisiema de riftes do Supergrupo
Espinhaco (ALKMIN, 2004).

1.2.1.1.1 Formacao Salitre

A Formacao Salitre € correlata as formacdes do @&Bgmbui, e compreende uma
plataforma carbonatica neoproterozoica (MISI; VEHRZEL998; REIS et al., 2013) definida
por dois grandes ciclos regressivo-transgressivémmeada por calcilutitos, calcarenitos e

calcirruditos associados localmente a estromasdldsfaticos (SOUZA, 1993).
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1.2.1.1.2 Toca das Oncas

A Toca das Oncas (S 10°55'40.8", O 40°49'29.1",GAR 2000) é uma caverna
inserida no contexto dos carbonatos da FormacaweSala Bacia de Irecé, e esta localizada
no vilarejo de Caatinga do Moura, municipio de Baw/BA (ARAUJO et al., 2018; LESSA
et al., 1998; ROLIM, 1974; Figura 6). O acesso &@dr uma dolina de colapso com 16 m
de area e 4,5 m de desnivel (Figura 6). Estrutunatie; a caverna compreende duas cavidades
naturais ndo conectadas e um saldo com aproximatan®3 m de desenvolvimento
horizontal e 60 rhde volume (ARAUJO et al., 2018). E preenchida aaila e blocos
colapsados do teto (ROLIM, 1974).

Figura 6 — Locaolizagéc% da T?ca das Oncgas, Lap®@do®s e Gruna das Trés Cobras.
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Fonte: O autor, 2023.



Figura 7\_— Planta espeleotopografica da Toca dga$n
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1.2.2 Bacia de Sao Francisco

Esta bacia compreende a porcdo sul do CSF (Figueaocupa uma area de
aproximadamente 350.000 knfALKMIN; MARTINS-NETO, 2001) entre os estados da
Bahia, Minas Gerais e Goias (ALKMIN; MARTINS-NETQ@Q01; ALKMIN, 2004). Ela é
preenchida pelos depdsitos paleo-mesoproterozGimosSupergrupo Espinhaco, o qual
constitui sedimentos edlicos na base e pelitogmitas marinhos no topo (ALKMIN, 2004),
e pelos depdsitos neoproterozdicos do Supergrupm FBancisco, que compreendem
diamictitos, arenitos e pelitos glaciocontinentags carbonatos (ALKMIN, 2004,
DARDENNE, 1978).

Figura 8 — Craton S&o Francisco com detalhe pBace de S&o Francisco.
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1.2.2.1 Grupo Bambui

O Grupo Bambui € formado por rochas de ciclos ¢n@ssivos-regressivos
depositados em uma baciafdeslandsituada entre o Craton Séo Francisco e a FaixsilBra
(FREITAS et al., 2021), e sobreposta aos metassados do grupos Paranoa (DARDENNE,
1978, 2000) e Arai, e a0 embasamento granito-go@ai$®ARDENNE, 2000). Este grupo
ocupa toda a borda leste da Faixa Brasilia, daspfe¢ influéncia tectbnica, mas também &
limitado e afetado tectonicamente a leste pelag-Aracuai (DARDENNE, 2000; FREITAS
et al., 2021).

Em termos litologicos, o Grupo Bambui € subdividigm seis formacdes
(DARDENNE, 1978), as quais podem variar nominalmedépendendo da sua area de
ocorréncia (Goias, Minas Gerais e Bahia). Da basa @ topo tem-se as seguintes formacdes:
(1) Jequitai ou Bebedouro; (2) Sete Lagoas ou Jian{d) Serra de Santa Helena; (4) Lagoa
do Jacaré; (5) Serra da Saudade; e (6) Trés Marias.

Seu contexto tectonossedimentar inicia-se com asiigio dos tilitos e diamictitos da
Formacgdo Jequitia, a qual compreende um episodiglatBacdo em escala continental e
marca o inicio da deposicdo dos sedimentos do GBgobui no Proterozéico Final
(DARDENNE, 1978, 2000). ApoOs a deglaciagdo, houwea uapida transgressao marinha
aliada a uma imediata subsidéncia da bacia, padoita implantacdo de um ambiente
marinho (DARDENNE, 2000). Por fim, ocorreram trésegaciclos deposicionais
(DARDENNE, 2000): o primeiro foi responsavel pekpdsicao dos calcilutitos e dolomitos
da Formagéo Sete Lagoas; o segundo, pela depatigitolhelhos e siltitos da Formagao
Serra de Santa Helena, e dos calcarios de platafdominada por tempestades e marés da
Formacéo Lagoa do Jacaré; e o terceiro, pela dgfmsios folhelhos e argilitos verdes da
Formacdo Serra da Saudade, e dos siltitos e ascosie-escuro de plataforma rasa
dominada por tempestades da Formacéo Trés MarsRDBENNE, 1978, 2000).

Em termos de idade, ndo ha vulcanismo associadoartdo a idade imprecisa.
Portanto, com base na abertura do Rifte Macaulda856 Ma, e no fim do Ciclo Brasiliano,
h& 600 Ma, o Grupo Bambui tem sua deposi¢édo asisoa@Neoproterozdico (DARDENNE,
2000).

Neste trabalho foram analisados fosseis de duasres inseridas nos carbonatos da

Formacéo Sete Lagoas, a qual € descrita a segoavésna da Lapa dos Peixes e a Gruna das
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Trés Cobras estdo situadas na borda sudeste dé E#atSerra do Ramalho, mais
especificamente nas cidades de Carinhanha (BAjra 8e Ramalho (BA), respectivamente.

1.2.2.1.1 Formagé&o Sete Lagoas

Esta formacdo compreende lentes de calcarios endok inseridas numa sequéncia
margosa e pelitica (DARDENNE, 1978), cuja base écaua por calcilutitos pretos,
migrando com engrossamento ascendente até o topa @alcarios e dolomitos
(DARDENNE, 2000). Em termos estratigraficos, a bpam o topo € dividida da seguinte
forma (DARDENNE, 1978): (1) dolomitos laminadoseaticulares, beges e sublitogréaficos;
(2) calcarios dolomiticos e argilosos de colorag&oxeada; (3) calcarios cinza argilosos e
finamente laminados; (4) calcarios acinzentadosceogristalinos, finamente laminados; (5)
calcarios acinzentados com oolitos ou intraclalstolares, cristalinos a microcristalinos; (6)
dolomitos réseos com oolitos e intraclastos, e readas; (7) dolomitos laminados e
litograficos de cor bege, com intraclastos lameal&eu oolitos. Podem ocorrer estromatolitos
colunares intercalados, mas de forma rara; e (Barias acinzentados, cristalinos, ooliticos e

intraclasticos.

1.2.2.1.2 Lapa dos Peixes

A caverna da Lapa dos Peixes (S 13°49'22.1” O 42857', SIRGAS 2000; figuras 5
e 9) possui 7.020 m de desenvolvimento horizondL\(A et al., 2019; TRAJANO;
SECUTTI; BICHUETTE, 2009) e 14 m de desenvolvimewbotical, sendo preenchida por
sedimentos que variam desde silte até areia gmdgéaseis de vertebrados pleistocénicos
(SILVA et al., 2019). E subdividida em porcdes aajute e & montante em funcédo da sua
dindmica hidrologica atual e evolucao (SILVA et 2019). A primeira corresponde a uma
galeria principal, a qual é cortada por um rio terdapo (SILVA et al., 2019; TRAJANO;
SECUTTI; BICHUETTE, 2009), mas de extremas osciacde fluxo durante os periodos
chuvosos (SILVA et al., 2019). A porcdo a montacvenpreende uma rede de condutos
meandrantes, labirinticos e anastomosados (SILVAl.et2019; TRAJANO; SECUTTI,
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BICHUETTE, 2009). Na sua extremidade distal ocorriefiltracdes de agua vadosa que
alimentam um pequeno rio afluente (SILVA et al.,,120 TRAJANO; SECUTTI;
BICHUETTE, 2009), mas também ha evidéncias de agiils de agua subterranea com
alagamentos pontuais (SILVA et al., 2019). Os fisskgam coletados somente nessa por¢ao
a montante, e encontravam-se expostos dentro adaneadevido aos intensos processos de
carstificacdo, os quais estdo associados a umaegmexposicdo das rochas aos processos
pluviais e erosivos (SILVA et al., 2019).

A porcdo a montante da Lapa dos Peixes também ipassusubdivisdo em quatro
setores (Figura 10), os quais sao correspondestpergdes da caverna em que os fosseis
foram coletados (SILVA et al., 2019). Tais setwée nomeados LPI, LPIl, PLIll e LPIV e
representam, portanto, quatro acumulacoes diferel@stro da mesma caverna. O setor LPI
esta localizado na galeria principal, em uma porgéixima a entrada sul da caverna,
enguanto o setor LPIV se localiza em galerias s#émies proximas a entrada nordeste. E os
setores LPII, e LPIII estdo situados em por¢des néernas da caverna, também em galerias

secundarias.

Figura 9 — Lapa dos Peixes.

Nota: A) Canal fluvial inativo. B) Galeria com fé@ss expostos.
Fonte: Modificado de Silva et al., 2019.
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Figura 10 — Planta da Lapa dos Peixes.

sector
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LPIII

—— LPII

LPI

. —m _ .
Nota: Setores e subsetores de acumulacéo difedarsceelas cores e
letras de “a” a “e”, respectivamente.
Fonte: Modificado de Silva et al., 2019.

1.2.2.1.3 Gruna das Trés Cobras

A Gruna das Trés Cobras (S 137338, O 43°4511,49", SIRGAS 2000; figuras 6 e
11) possui 5.620 m de desenvolvimento horizontda2 en de desenvolvimento vertical, e,
assim como a Lapa dos Peixes, também é preenahidzg@imentos que variam desde silte a
areia grossa, contendo fdésseis de vertebrados dme@ério (SILVA et al., 2019).
Morfologicamente, essa caverna apresenta galeaidisinticas e profundas, fissuras de
dissolucdo conectadas a subsuperficie e mais deentreda, 0 que permite o aumento dos
fluxos hidricos para dentro da caverna (SILVA et2019).

Sua dindmica hidrica interna varia em funcdo dowedluvial da regido, e tem papel
importante na preservacdo dos fésseis dessa cal@nsA et al., 2019). A agua transporta
os sedimentos mais finos para as por¢cfes maissgigtas também expde os fésseis menos
transportaveis (SILVA et al., 2019). E assim conavapa Lapa dos Peixes, essa caverna
também é subdividida, mas apresentando oito sederasumulacéo de fosseis (Figura 12).
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Figura 11 — Gruna das Trés Cobras.

Ieria
Fonte: Modificado de Silva et al., 2019a.

Figura 12 — Planta da Gruna das Trés Cobras.
_ _TCVII
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TCII

TCI

Nota: Setores e subsetores de acumulacéo difedmsceelas cores e letras de “a” a “e”, respectivaene
Fonte: Modificado de Silva et al., 2019.
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2 ESTADO DA ARTE DAS PESQUISAS EM TAFONOMIA E ICNOLOG IA EM
DEPOSITOS QUATERNARIOS DE CAVERNAS BRASILEIRAS

2.1 Tafonomia

Os estudos tafondmicos mais detalhados em cavdirassleiras tiveram inicio
somente no século XXI, e foram desenvolvidos ererabkeias fossiliferas quaternarias dos
estados de Minas Gerais, Bahia, Rio Grande do Nofi®cantins (Tabela 1). Em Minas
Gerais, ha estudos tafon6micos nas assembleiagiféoas nas cavernas de Bauzinho de
Ossos (Lagoa Santa), Lapa do Sumidouro (Lagoa Saat@a Nova (Vazante), Cavidade ES-
08 (Prudente de Morais) e Gruta Cuvieri (Lagoa &ant

Tabela 1 — Depdsitos fossiliferos brasileiros deenaa que apresentam estudos tafonémicos.

Caverna Localidade Referéncias
Bauzinho dos Ossos Lagoa Santa/MG Perénico e Sxtmko (2002)
Lapa do Sumidouro Lagoa Santa/MG Pil6 et al. (2014)

Gruta Cuvieri Lagoa Santa/MG Mayer et al. (2020)
Cavidade ES-08 Prudente de Morais/MG Hubbe e A@Rt2)
Lapa Nova Vazante/MG Vasconceloag/lleS))/er e Campello
Toca da Boa Vista Campo Formoso/BA Auler et al0@0
Toca da Barriguda Campo Formoso/BA Auler et al0@)0
Toca das Oncas Jacobina/BA Auler et al. (2006)
Toca dos Ossos Ourolandia/BA Auler et al. (2006)
Toca da Pedreira Ourolandia/BA Dantas e Silva (2019
Castro, Montefeltro e Langer
Gruta do loi6 Palmeiras/BA (2014);
Eltink et al. (2020)
Lapa dos Peixes Carinhanha/BA Silva et al. (2019)
Gruna das Trés Cobras Serra do Ramalho/BA Sileh €2019)
Lapa do Bode ltuagu/BA Leoni et al. (2022)
F3 Barauna/RN Trifilio et al. (2022)
Gruta do Urso Aurora do Tocantins/TO Gasparini et al. (2015),

Maldonado et al. (2016)
Gruta do Tacho de Ouro Aurora do Tocantins/TO Buaimret al. (2017)
Fonte: O autor, 2023.

Um dos trabalhos pioneiros foi desenvolvido na naveBauzinho de Ossos. Neste
estudo, Perbnico e Srbek-Araujo (2002) concluiramadeposicdo dos 0SS0s ocorreu através
de varios eventos de carreamento e com diferemtessidades. Ainda em Lagoa Santa, tem-
se a Lapa do Sumidouro (PILO et al., 2004) e a&@uivieri (MAYER et al., 2020). Pil6 et

al. (2004) concluiram que a deposicao das carcexgagerior da Lapa do Sumidouro ocorreu
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de duas formas distintas. Para os restos humancayeana foi utilizada como cemitério,
permitindo que o0s 0ssos fossem preservadestu, enquanto para 0s restos animais, a
deposicéo ocorreu devido a fluxos hidricos carrearsdossos para dentro da caverna. Para a
Gruta Cuvieri, a preservacao da assembleia fagsildcorreun-situ apds os animais ficarem
aprisionados dentro da caverna (MAYER et al., 2020)

A Lapa Nova teve sua assembleia fossilifera deideog formada devido ao
aprisionamento desses animais na caverna (HUBBH;ER) 2012). Ainda segundo os
autores, esses aprisionamentos teriam sido causdElodo a abundancia de cervideos
préximo a entrada da caverna ou uma propensaosdasseais de entrarem na Lapa Nova.

Vasconcelos, Meyer e Campello (2015) realizaranestudo tafonémico na Cavidade
ES-08 e concluiram que a deposicdo dos ossos ocdeado a enxurradas de lama. Tal
afirmacéo € baseada em uma falta de padréo dédieedistribuicdo, ao alto grau de abraséo
e fragmentacdo e a baixa selecéo dos fosseis.

A Bahia é o Estado com maior nimero de cavernaslas$as do ponto de vista
tafondbmico (Tabela 1). Na literatura foi possivat@ntrar trabalhos sobre as assembleias
fossiliferas da Toca da Boa Vista (Campo FormoEoga da Barriguda (Campo Formoso),
Toca dos Ossos (Ourolandia), Toca das Oncas (Jegoplééruta loid (Palmeiras), Lapa dos
Peixes (Carinhanha), Gruna das Trés Cobras (SesreRamalho), Toca da Pedreira
(Ourolandia) e Lapa do Bode (ltuagu).

Auler et al. (2006) inferiram que as assembleiasifiteras da Toca da Boa Vista,
Toca da Barriguda e Toca das Oncas foram presexvadidtu. Eles afirmam que, para a
Toca da Boa Vista e Toca da Barriguda, os animdrsitem na caverna em busca de agua ou
ambiente fresco e ficarem presos até suas mortégioAalmente, alguns ossos foram
transportados para outras por¢cdes da caverna dyraribdos de alagamento. Para a Toca das
Oncas, a acumulacéo ocorreu devido a queda dosaniwisto que a caverna compreende
uma camara de entrada vertical, com posterior tlegacdo e fragmentacdo dos restos
esqueletais por agua que escoava para dentro dmadAULER et al., 2006).

A Toca dos Ossos teve sua assembleia fossiliferaafta devido ao transporte de
restos de animais pelas claraboias da superfiddl ER et al., 2006). Os autores ainda
afirmam que os ossos menores foram, provavelmesmgbilizados para outras por¢cdes da
caverna devido a inundacdes intermitentes, enquasitmaiores ficaram concentrados em
alguns pontos da caverna.

Castro, Montefeltro e Langer (2014) sugerem quecagovacao dos fosseis da Gruta

loid ocorreuin-sity, visto que a fauna utilizava essa caverna comagi@fpermanente ou
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temporério. Eltink et al. (2020) fizeram uma noxpleracdo na Gruta 10i6 e concluiram que
h& duas acumulacdes distintas, sendo uma suba@asem apresentar danos intensos, e
outra com fésseis mais fragmentados e com incréstac

Silva et al. (2019) descreveram quatro modos tafiods para a Lapa dos Peixes, em
Carinhanha, e Gruna das Trés Cobras, em SerramalRa O primeiro engloba ossos com
estagios de 0 a 1 de intemperismo (danos formaeMidala exposicao prolongada dos restos
na superficie), sem abraséo, pouco transportavasnepouca ou nenhuma quebra irregular.
O segundo modo caracteriza-se por 0SS0S muitopweiaseis, com quebras irregulares,
abrasdo e pelo menos estagio 2 de intemperismerd@iro modo consiste em 0Ss0s com
marcas de necrofagia, e o quarto € indeterminadodaleaos 0ssos estarem muito
fragmentados com quebras regulares.

Na Toca da Pedreira, Dantas e Silva (2019) class#fim a assembleia fossilifera
como periférica. Eles ainda afirmam que houve mastemporal de 0-15 anos para 0S 0SS0S
de Eremotheirum laurrilardi(Lund, 1842) e 0-3 anos para 0s 0ssos de Toxawmnindet. A
fragmentacdo ocorreu durante o transporte dosigopse um fluxo hidrico de alta energia
(DANTAS; SILVA, 2019).

Na Lapa do Bode, Leoni et al. (2022) identificaram individuo deTamandua
tetradactylaLinnaeus, 1758 que morreu vitima de predacdo.c8teaca foi desarticulada e
teve contato com fluxos hidricos dentro da cavecaasando o transporte dos restos e as
feicbes de intemperismo (LEONI et al., 2022).

No Rio Grande do Norte, um estudo tafondmico falizado na assembleia fossilifera
da caverna F3, localizada no municipio de Baratinflio et al. (2022) identificaram quatro
modos de preservacao, dos quais trés sdo contsofzlas variagfes climéaticas e um por
interacdes sinecoldgicas. No primeiro modo, os®fisaram expostos por menos de um ano
durante um periodo arido. No segundo modo, a egdosios restos tambéem foi por um curto
tempo, mas ocorreu durante um periodo Umido. Ceiteranodo consiste em 0Ss0S que
ficaram mais tempo expostos e, portanto, foram stiblos as variagbes umidas e secas. O
quarto modo compreende 0ssos com marcas de mardid®tos. De forma geral, a maioria
dos animais morreram nas proximidades da entradavdana e foram soterrados em menos
de um ano (TRIFILIO et al., 2022).

Em Tocantins, todos os trabalhos envolvendo tafeamala cavernas se restringem a
duas cavernas no municipio de Aurora do Tocantids&I Gruta do Urso e a Gruta Tacho de
Ouro. Para a Gruta do Urso, os ossos foram tratasjms por fluxos hidricos de baixa energia
apos a morte dos animais fora da caverna (GASPARINI., 2015; MALDONADO et al.,
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2016). Segundo os autores, os restos foram sulwaetidecrofagia e desenvolveram feicdes
de intemperismo antes de serem depositados. Rarata Tacho de Ouro, Buchmann et al.
(2017) concluiram que os animais morreram foraalema e, posteriormente, seus restos

foram transportados por um fluxo hidrico de baxergia.

2.2Icnologia

Com relacdo a icnologia, ha estudos em cavernd®atm, Rio Grande do Norte e
Tocantins (Tabela 2). Na Bahia, tem-se a Gruta apinba, localizada no municipio de
Iramaia, na qual Moura et al. (2021) identificaree®bes produzidas por pulgas, bactérias e
fungos em osteodermos dé¢olmesina cryptaeMoura et al., 2019. Os autores também
descreveram uma nova icnoespécie para o icnog&aeetraichnusZonneveld et al. 2016,

nomead&. minimum e um novo icnogénero e icnoespécie, nom&aolmichnus punctatus

Tabela 2 — Depésitos fossiliferos brasileiros deeg@a que apresentam estudos icnolégicos.

Caverna Localidade Referéncias
Gruta da Lapinha Iramaia/BA Moura et al. (2021)
Araujo-Junior, Barbosa e Silva
F3 Barauna/RN (2017);

Trifilio et al. (2022); Trifilio,
Araujo-Junior e Porpino (2023)
Gruta do Urso Aurora do Tocantins/TO Maldonaddl.et2016)

Fonte: O autor, 2023.

No Rio Grande do Norte, estudos foram realizadoseste na assembleia fossilifera
da caverna F3, em Barauna. Araujo-Junior, BarboSdva (2017) encontraram marcas de
predacao/necrofagia em ossoEdaurillardi, Glyptotheriumsp. eSmilodon populatotund,
1841. Tais marcas compreendem arranhdes assoegueslacdo pdProtocyon troglodytes
(Lund, 1838) e/ouCerdocyon thousLinnaeus, 1766 (ARAUJO-JUNIOR; BARBOSA;
SILVA, 2017). Na mesma caverna, de Lima e Porp28d8) descreveram lesdes e infeccdes
causadas por pulgas, fungos e bactérias em ostemslede Glyptotherium sp. e
Pachyarmatherium brasiliensRorpino, Fernicola e Bergqvist, 2009. Por fim filio et al.
(2022) fizeram uma reavaliacdo dos fésseis da iB8rgificaram novas espécies com marcas
de interacbes sinecoldgicas. Tais marcas consistenarranhdes, incisdes e perfuracdes

causadas por carnivoros e insetos (TRIFILIO eRakp).
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No Tocantins, a Gruta do Urso, localizada em Aurdoa Tocantins, apresenta
espécimes de cervideos com marcas de predacadagar(MALDONADO et al., 2016).
Segundo os autores, alguns 0ssos possuem arramgdgfises, as quais foram produzidas

por canideos, e marcas de remocao 0ssea, provanelpreduzidas por felideos.
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3 MATERIAL E METODOS

3.1 Material

O material analisado consiste em 641 espécimesanms) pos-cranianos e dentarios
de quatro depdsitos quaternarios de cavernas da(RiBela 3), pertencentes a 34 taxons
previamente identificados em outros trabalhos amtey (Tabela 4). Esses espécimes estao
depositados em cole¢cées do Museu Camara Cascudi/(IV&al/RN), Museu de Ciéncias
da Terra da Servico Geoldgico do Brasil (Rio deecifafRJ) e Laboratorio de Paleontologia
da Universidade Federal de Pernambuco (RecifeB&)dados coletados na dissertacdo de
mestrado do autor, referentes a 547 espécimes dWarnea F3 do Lajedo da Escada
(Barauna/RN), foram incorporados nas analises égichs e geomatematicas.

Tabela 3 — Procedéncias e quantitativo do matenialisado.

Caverna Fésseis Instituicdo guardia
Complexo Suico 113 Museu Camara Cascudo/UFRN
Lapa dos Peixes 114 Museu de Ciéncias da Terra/CPRM
Gruna das Trés Cobras 258 Museu de Ciéncias da/T&RM
Toca das Oncas 156 Laboratério de PaleontologiadJFP
Caverna F3 543 Museu Camara Cascudo/UFRN

Fonte: o autor, 2023.

3.2Métodos

Os dados tafonébmicos macroscopicos foram coletasleguindo os métodos
estabelecidos por Andrews (1990), Araujo-Juniorl@®Q Araudjo-Junior e Bissaro-Junior
(2017), Behrensmeyer (1991), Behrensmeyer e M{&&12), Eberth, Rogers e Fiorillo
(2007), Fernandez-Jalvo, Scott e Andrews (2010)yndrelez-Jalvo e Andrews (2016b),
Pirrone, Buatois e Bromley (2014), Lyman (1994d)ipghan (1981b), Simbes, Rodrigues e

Bertoni-Machado (2010), os quais tém sido comumetilizados em estudos tafonémicos.
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Tabela 4 — Composigéo taxondémica das cavernasaektsd

Taxon Complexo LapQ dos Grunadas Trés Tocadas Caverna
Suico Peixes Cobras Oncas F3
Canidae indet. X
Carnivora indet. X X
Catonyx cuvieri X X X
Cervidae indet. X X X
Cetartiodactyla indet. X
Chrysocyon brachyurus X
Cingulata indet. X X
Didelphissp. X
Eremotherium laurillardi X X X
Felidae indet. X
Glyptodontidae indet. X
Glyptotheriumsp. X
Holmesina majus X
Holmesina paulacoutoi X
Hydrochoerus hydrochaeris X
Mammalia indet. X X X X
Megalonychidae indet. X
Megatheriidae indet. X
Mylodontinae indet. X
Neochoerusp. X X
Nothrotherium maquinensis X X
Notiomastodon platensis X X X
Pachyarmatherium brasiliense X
Palaeolama major X X
Pampatheriunsp. X
Panthera onca X
Scelidotheriinae indet. X X
Smilodon populator X X
Tapirussp. X X X
Tayassu pecari X X
Tayassuidae indet. X X
Toxodonsp. X
Toxodontidae indet. X X
Valgipes bucklandi X X
Xenarthra indet. X X X
Xenorhinotherium bahiensis X

Nota: Complexo Suica€nsuSILVA, 2015); Lapa dos Peixes e Gruna das Trég&opensuSILVA et al.,
2019a); Toca das Oncase(isUROLIM, 1974); Caverna F3€nsuTRIFILIO et al., 2022).
Fonte: O autor, 2023.
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3.2.1 Anélises macroscopicas

Cada espécime fossil foi detalhadamente analissgfajo observada cada assinatura
tafondbmica, utilizando, quando necessario, lupamée e/ou estereoscopicas. As dimensdes
de cada fossil, bem como as marcas encontradasy fimensuradas a partir de paquimetros,
trenas e da prépria escala das lupas estereossopica

Os seguintes atributos tafondmicos e paleoecolédiccam avaliados: (A) estagios
ontogenéticos; (B) desarticulacdo; (C) fragmentagdepresentatividade 6ssea; (D) indices
de transportabilidade; (E) padrbées de quebra; (&)cas de intemperismo; (G) marcas de
corrosado; (H) marcas de abrasao; (I) marcas deepsdJ) marcas de dentes; (K) marcas de
inseto; (L) incrustacao; e (M) deformacao.

A desarticulacdo compreende a separacao e dispysassos de uma carcaga e pode
ser causada por atividades bibticas, como atacueartivoros, pisoteio e acdo humana, ou
abiéticas, como transporte por processos sedinesn(BERNANDEZ-JALVO; ANDREWS,
2016c¢; LYMAN, 1994b). Alguns trabalhos com faunasuass (e.g., HILL &
BEHRENSMEYER, 1984) propdem uma sequéncia de des@¢do para os 0ssos de alguns
animais herbivoros em funcdo do tipo de articulagéihL. & BEHRENSMEYER, 1984;
LYMAN, 1994b; Tabela 5).

Tabela 5 — Sequéncia de desarticulacéo.

Sequéncia de desarticulacédo Juntas
Estagio 1 Escéapula-carcaca
Estagio 2 Mandibula-cranio
Estagio 3 Articulacao do ombro
Estagio 4 Cranio-coluna vertebral
Estagio 5 Membros posteriores-carcaca
Estagio 6 Membros anteriores-carcaca
Estagio 7 Metacarpos e falanges entre si
Estagio 8 Vértebras cervicais entre si
Estagio 9 Vértebras toracicas entre si
Estagio 10 Vértebras lombares entre si
Estagio 11 Sacro-carcaga

Fonte: Adaptado de Hill & Behrensmeyer (1984).

O intemperismo é um processo de decomposicdo Bsipemica das microestruturas
organicas e inorganicas dos 0ssos, cuja intensiaiie em fungdo do tempo de exposicao
subaérea e/ou das condi¢cdes ambientais interndspisito (BEHRENSMEYER, 1978), do
tipo de osso (BEHRENSMEYER; MILLER, 2012; LYMAN; BQ 1989) e do taxon
(LYMAN; FOX, 1989). Entretanto, visto que ha solwejgdo temporal de alguns estagios
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(ver BEHRENSMEYER, 1978), e que o tempo estimada pada estagio se refere somente
ao tempo de exposicdo dos restos ap0s a decompakicéecido mole (LYMAN; FOX,

1989), essa tese ira avaliar o intemperismo somemtgelacdo a intensidade (Tabela 6).
Entretanto, desde que haja um controle de que slfgbsseis pertencam a um mesmo

individuo, seré feita uma discussao mais detalhadeca das marcas de intemperismo.

Tabela 6 — Estagios de intemperismo e feicfes vhdas.

Estagio Feicdes

Estagio 0 Sem alteracéo

Estagio 1 Rachaduras superficiais

Estagio 2 Rachaduras bem marcadas e formacg&oods las
Estagio 3 Textura fibrosa e aspera

Estagio 4 Lascas de diferentes tamanhos
Estagio 5 Osso sem forma original

Fonte: Modificado de Behrensmeyer (1978).

A abrasdo compreende o desgaste da superficie des& a friccdo gerada pela
colisdo de particulas durante transporte hidrautico aéreo (SHIPMAN, 1981c). Sua
intensidade varia em funcdo das condi¢cdes do dssempo em que 0 0sso ficou submetido
ao agente abrasivo e do tipo de sedimento em guesthva depositado (FERNANDEZ-
JALVO; ANDREWS, 2016d). Para tal feicdo, a inteasid foi mensurada com base no
estagio de desgaste das estruturas originais dos ésnsuHUNT, 1978; FIORILLO, 1988;
Tabela 7).

A corroséo corresponde a um desgaste quimico reafsue 0ssea devido a exposicéo
dos ossos a condi¢cdes quimicamente reativas, s¥aggdo de agua acidificada, algas,
umidade nos sedimentos e/ou atmosfera da cavesitac@berto por vegetacao ou imersao
em agua (FERNANDEZ-JALVO, 2016e). As feicbes gesagmdem ter morfologias
distintas, a depender do tipo de agente modificd&RNANDEZ-JALVO, 2016e). A
intensidade da corroséo foi avaliada conforme dupdidade do dano e a superficie éssea
desgastada (Tabela 7; TRIFILIO et al., 2022).

A incrustacdo compreende uma crosta de mineraisipieelos sobre o bioclasto
devido ao excesso de carbonato de célcio ou atieidie organismos (MEDEIROS, 2010).
Sedimentos e fragmentos de ossos também poderhsawados incrustados nos fésseis (ver
TRIFILIO et al., 2022). Assim como para o intempsTo, abrasao e corrosdo, a incrustagéo
também pode ser classificada em estagios, mas naseg é classificada de acordo com a
cobertura da superficie do osso pelo material gtanie (Tabela 7; MALDONADO et al.,
2016).
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Tabela 7 — Estagios de abrasdo, corrosdo e incéssta feicdes observadas para cada assinatura.

Assinatura Estagios Intensidade Feicdes
Estégio 0 Sem abraséo Sem sinais de quebras ou
arredondamento
Superficies polidas e
Estagio 1 Pouca abraséo pouco arredondamento
Abrasio das gx'gremidgdes
Superficies polidas e
Estagio 2 Abrasao moderada extremidades bem
arredondadas
Estagio 3 Abrasdo intensa Osso completamente
arredondado
Estagio 0 Sem corrosao Sem sinais de corrosédo
Estagio 1 Pouca corroséo Néo atinge 0 0sso
esponjoso
Corrosdo em menos de
Corrosao Estégio 2 Corrosdo moderada 50% da superficie e
atinge 0ss0 0 esponjoso
Corrosdo em mais de 50%
Estagio 3 Corrosao intensa da superficie e atinge o
0SSO esponjoso
Estagio 0 Sem incrustacdo Superficie ndo coberta
L = Até 50% da superficie
~ Estagio 1 Incrustacgéo leve
Incrustacao coberta
- ~ Mais de 50% da
Estagio 2 Incrustagéo intensa

superficie coberta

Fonte: Abrasdo: Adaptado de Fiorillo (1988). CodimsTrifilio et al. (2022). Incrustagéo: Maldonado al.
(20186).

O porte dos animais foi levado em consideracao aauwnalises de transportabilidade
e equivaléncia hidraulica. Para os fésseis perteesea animais de grande e mega porte
(Tabela 8; sensu PREVOSTI; VISCAINO, 2006) foi utilizada a class#icio de
transportabilidade dBluvial Transport IndeXFTI, sensuFRISON; TODD, 1986), enquanto
para os animais de médio porte, os indices de e®&ensuWOORHIES, 1969).

As quebras foram analisadas com relacdo ao estafpadmico em que foram
geradas. Se apresentam bordas irregulares ou sispsrauebras foram geradas antes da
fossildiagénse, enquanto extremidades regulardisasiindicam quebras apds a fossilizagdo
(SHIPMAN, 1981d). De modo geral, elas podem samémtas enquanto o animal esta vivo
(quebrasante-morteriou morto post-mortery ou ainda como causa da morte do individuo
(quebrasperimortem. Para uma fragmentacdmte-mortemé necessario que os fosseis
apresentassem marcas de cicatrizagdo 6ssea (SHIPIDE4d). Para quebrgerimortem
devem estar presentes marcas que reflitam diretadmetamente o modo como o animal
morreu, como fraturas ou tracos de interacdo siégica (LYMAN, 1994b SHIPMAN,
1981c).

Para a paleontologia, s6 € possivel atribuir a endot animal a uma fratura em casos

excepcionais, pois as condicdes em que os fosseemntram nem sempre sdo as ideais
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para reconhecé-las. Em casos de fragmentpo&bmortem os provaveis agentes sdo 0s
processos de decomposicédo resultantes da desagéiou(BEHRENSMEYER, 1975), do
intemperismo de alto grau (BEHRENSMEYER, 1978),daési humicos e organicos
(FERNANDEZ-JALVO; ANDREWS, 2016e), atividades nefagas (HAYNES, 1980;
LYMAN, 1994b; SHIPMAN, 1981c), pisoteio (FIORILLO]1987), atividade humana
(BUNN, 1981; POTTS; SHIPMAN, 1981) e eventos aloidé, como queda de blocos
(TRIFILIO et al.,, 2022), pressao litostatica (MEBES, 2010) ou rolamento durante
transporte por fluxos hidricos (ASLAN; BEHRENSMEYER996; BEHRENSMEYER;
MILLER, 2012).

O grau de fragmentacéo ou integridade fisica dssefé esta intimamente relacionado
as quebras. Independentemente do tipo de quebraegalar ou regular, este parametro

assinala somente o quao completo ou fragmentadmestpecime (Tabela 8).

Tabela 8 — Valores referentes ao porte, indicasadsportabilidade e integridade fisica.

Atributos AtribuicBes Descricdo
Pequeno Até 10 Kg
Porte Médio Entre 10 e 100 Kg
Grande Entre 100 e 1000 Kg
Mega Acima de 1000 Kg
FTI <50 Pouca
FTI 50 <FTI<75 Moderada
FTI>75 Muito
Grupo | Pouca
Grupo I&ll Pouca a moderada
indices de Voorhies Grupo I Moderada
Grupo lI&lll Moderado a muito
Grupo lll Muito transportaveis
Completo Acima de 95%
Integridade fisica Parcial Entre 50 e 95%
Fragmento Até 50%

Fonte: Porte: Prevosti e Viscaino (2006); FTI: gmie Todd (1986); indices de Voorhies: Voorhies6@)9
Integridade fisica: Aradjo-Junior et al. (2013).

A deformagdo compreende uma mudanca espacial dedanais pontos anatdmicos
(LYMAN, 1994d), e pode ser causada por acdo humana pressao litostatica
(FERNANDEZ-JALVO; ANDREWS, 2016a).

Além dos danos corrosivos causados por algas dagége outras feicdes biogénicas
sdo comumente encontradas associadas aos fossesntarcas de mordida, de insetos e de
pisoteio. Nesta tese, essas assinaturas serdseef@@as como presentes ou ausentes nos
fosseis, e discutidas quanto aos possiveis agdbt@ssoteio € representado por arranhdes
com relevo em “V” (FIORILLO, 1984, 1987, 1988), dmas e deslocamento espacial
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(LYMAN, 1994e), e podem fornecer informagOes solr@atureza e tamanho de agente
(EBERTH; ROGERS; FIORILLO, 2007).

As marcas de insetos sdo produtos de atividadedfagas (KAISER, 2000) e podem
apresentar distintas feicbes (PIRRONE, BUATOIS; BREY, 2014). Alem de estarem
associadas a alimentacdo de insetos e larvas RRJ.T; SCHEETZ; DANGERFIELD,
2008; BRITT et al., 2009; FEFJAR; KAISER, 2005; KSER, 2000; ROBERTS; ROGERS;
FOREMAN, 2007; XING et al., 2013), também podenrespntar icnitos de habitacéo (e.qg.,
XING et al., 2013).

As marcas de dentes sdo impressdes deixadas nos dgente a mordida de
carnivoros, as quais, em funcdo da movimentacademte, podem ocorrer na forma de
arranhdes, sulcos ou incisbes (HAYNES, 1980, 1988)incisdes (menos penetrantes) ou
perfuracbes (mais penetrantes) representam prelésiia sobre os 0ssos e possuem forma
ovalada (POBINER, 2008), enquanto os arranhdedcessgao tracos lineares e apresentam
relevo em forma de “U” (BUNN, 1981; POBINER, 20B8)TTS; SHIPMAN, 1981).

Os estagios ontogenéticos sdo importantes paraewidiar o tipo de assembleia
formada, se por eventos de mortalidade em mastssi{@dica), morte seletiva (natural) ou
acumulacéo a longo prazo (EBERTH; ROGERS; FIORILRAQ7). Em uma morte natural,
os individuos mais vulneraveis (muito jovens e midpsos) irdo compor a maior parte dos
fésseis encontrados (SHIPMAN, 1981e). A morte ¢difisa, no entanto, ira englobar todos
os individuos, sejam vulneraveis ou nao, e, partgudera representar a populacdo de forma
mais fiel (EBERTH; ROGERS; FIORILLO, 2007).

3.2.2 Analises de dados multivariados

Nesta etapa, os dados tafondmicos foram submetidasalises de Agrupamentos
(modo R) e Fatores através do softwBedeontological Statistic§PAST) versdo 4.07b. A
analise de agrupamento é um método de explorag&uaizacdo utilizado para agrupar as
varidveis de acordo com suas diferencas e simaldesl (DAVIS, 2002a; GOTELLI;
ELLISON, 2011; HAMMER; HARPER, 2006b; MANLY, 2008bY0s grupos podem ser
gerados de quatro formas (DAVIS, 2002a): (i) patiamento, que isola os agrupamentos
mais densos daqueles mais escassos; (ii) origeimaad) que cria 0s agrupamentos com

base na similaridade entre as variaveis e pontmgaios iniciais; (iii) similaridade mutua,
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que agrupa variaveis com similaridade comum comasutariaveis; e (iv) agrupamento
hierarquico, que agrupa os pares de variaveis Bi@iBares e que possuam as mais altas
similaridades.

Além da escolha do tipo de agrupamento, tambéntéseario definir uma distancia
de similaridade, um coeficiente de correlacdo, undende agrupamento e um algoritmo de
agrupamento. O coeficiente de correlagdo podessamgtrico (I” de Pearson), o qual indica
se existe uma correlagcdo entre duas variaveis itptargts numa relacdo linear, ou néo
paramétrico (Spearman), que ndo exige variaveistgativas nem relacao linear.

Com relacéo as distancias de similaridades, estdenp ser métricas ou semimeétricas,
e devem obedecer a trés propriedades (GOTELLI; OIS, 2011): (i) distancia minima é
zero. Nesse caso, as amostras séo idénticas;rfigdida de distancia é sempre positiva se
objetos ndo forem idénticos; e (iii) a medida dstaficia € simétrica. Adicionalmente, as
distancias métricas precisam satisfazer a desigdelttiangular.

Dentre as distancias métricas, a mais comum é &dEma, a qual consiste na
distancia linear entre dois pontos (HAMMER; HARPERQO6b). Entretanto, outras
distancias também s&o descritas na literatura, cdlamchattan, Corda, Mahalanobis, Chi-
quadrado e Jaccar (GOTELLI; ELISSON, 2011). Deasdalistancias semimétricas, as mais
comuns sao a de Bray-Curtis e Sgrensen.

Com relacdo ao algoritmo de agrupamento, h4 quptmocipais (HAMMER,;
HARPER, 2006b): (i) UPGMA ou ligacdo média, no gaaistancia entre dois grupos € igual
a meédia de todas as distancias entre os membressddsis grupos; (i) Juncdo do vizinho
mais distante ou ligacdo completa, no qual a distdentre dois grupos é igual a distancia
entre 0 membro mais distante de cada grupo; (gljupamento de centroides, no qual a
distancia entre dois agrupamentos € igual a disténdre os centroides dos dois grupos; e
(iv) Método de Ward, no qual os agrupamentos mensé® agrupados para formar grupos
maiores.

Apés realizada a andlise de agrupamento, o proggeara um valor de correlacdo
cofenética. Essa correlacdo € uma meédia numéricaindidgaridade entre uma matriz de
valores cofenéticos, que € uma matriz de corretagparentes contida no dendrograma, e
uma matriz de correlacéo original (DAVIS, 2002a)a@to mais proximo de 1, mais lineares
seriam 0s pontos de ambas as matrizes e, portaats,precisa é a correlacdo demonstrada
no agrupamento (DAVIS, 2002a).

Para finalizar as analises de agrupamento, foizeeld um teste de Analise de

Similaridade (ANOSIM; equagdo 1). Ela consiste em teste ndo-paramétrico baseado na
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distancia para avaliar o quao significante sdo #deremicas entre 0s agrupamentos
(HAMMER; HARPER, 2006c). O valor de “R” (teste dfttico) deve ser proximo de +1 para
que o teste indique dissimilaridade entre os grupasvalor de §” (probabilidade) deve ser
proximo de 0 para indicar que o teste é signifedritAMMER; HARPER, 2006c).
X lxg — %l

G =1 X (g + %) @

Onde:
d = distancia de similaridade;

X = ponto no espac¢o multidimensional.

Para esta tese, 0s seguintes parametros de agniparftegam utilizados: (i)
agrupamento hierarquico, visando quais variaveis rsais similares; (i) modo R, pois o
objetivo era identificar quais variaveis dependeitteicbes) sdo as mais similares em termos
de abundancia em cada caverna (variaveis indep@sjefiii) distancia de similaridade de
Bray-Curtis (equacdo 2), o qual compreende em uicdnsemi-métrico adequado para
analises de abundancia (HAMMER; HARPER; RYAN, 20@il) algoritmo de agrupamento
UPGMA, o qual une os grupos com base na distanédiarentre os agrupamentos e é mais
indicado para dados ecolégicos (HAMMER; HARPER, 61)0 e (v) coeficiente de
correlacdo paramétrico linear pois foi utilizada a correlagdo linear para corapaas
variaveis dependentes. Na pratica, a analise cegs gmrametros gerou um dendrograma de

agrupamentos das feicdes tafonémicas e uma tabm@l@s valores de significancia.

. rb—r1w @
n(n—1)/4

Onde:

R = teste estatistico;

rb = média de todas as distancias entre grupos;

rw = média de todas as distancias dentro dos grupos;

n = ndmero total de amostras.

A Andlise de Fatores € um método que consiste dazirro nimero de variaveis para
uma melhor interpretacao dos dados (GOTELLI & ELOQN; 2011; MANLY, 2008c). Assim

como nas analises de agrupamento, ela pode gesaltacbs no modo R, enfatizando a
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relagdo entre as variaveis dependentes, ou modor@foco nas rela¢des entre as variaveis
independentes (DAVIS, 2002b). Na pratica, essaidéaxtrai os autovalores (comprimento
dos eixos das componentes principais) e autove(diescoes dos eixos das componentes
principais) de uma matriz de produtos cruzados ([3AV2002b). Cada autovalor é
representado por uma barra dentro do grafico, enguss autovetores consistem nos eixos
discriminados no gréfico. Para os dados dessadesmdo Q foi o Unico utilizado, pois 0s
objetivos dessa analise eram identificar quaisrcagemais se assemelhavam em funcéo das

feicOes tafondmicas e inferir as justificavas gara similaridades ou diferencas.

3.2.2.1 Etapas para realizacdo das anélises gaodtatas

A primeira etapa foi fazer uragrupamento manual entre as feicdes que indiquem
interpretacdes similares. Os estagios de 0 a Atdenperismo compreendem danos leves e
representam pouco tempo de exposicéo subaéreardams estagios de 3 a 5 indicam danos
intensos e muito tempo de exposi¢do subaéreaaBeasdo, corrosao e incrustacao, a divisao
compreendera a auséncia de dano (estagio 0) emmupn g a presenca de dano (estagio 1 e
acima) em outro grupo. Para integridade fisica serssiderado um grupo para os fdésseis
completos e outro para os fosseis que possuem aijuehde fragmentacdo, ou seja, com
menos de 95% da estrutura original. Tipos de qeebnaarcas de mordida e de insetos néo
necessitam de um novo agrupamento. O agrupamentoadie atributo é independente.
Portanto, para as analises multivariadas, os dadd@ analisados conforme dispostos na
Tabela 9.

A segunda e Ultima etapa antes de executar assematio PAST é realizar as
transformagdes dos dados. Por consistir em vattedundancia, os dados trabalhados nesta
tese sdo dados de contagem, e tendem a seguiribuijfo de Poisson, a qual é utilizada
para variaveis que nao se correlacionam ou naaupessima tendéncia (DAVIS, 2002c).
Transformando-os em valores continuos, os dad@séfic aptos para as analises, pois
possuirdo uma distribuicdo mais simétrica e var@nmais uniformes. I1sso pode ser obtido
aplicando uma simples transformacéo para raiz @dadsquare-root transformation ou
seja, cada valor de “x” é agorax".

A segunda transformacdo necessaria é a normalizdg8odados em funcdo da

variancia (equacao 3). Essa técnica impede quen@sses sejam tendenciosas para a as
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varidveis com maiores variancias (HAMMER; HARPERQD@d). O PAST, contudo, realiza

automaticamente a normalizacdo dos dados antesedetar as analises solicitadas.

Tabela 9 — Atributos adaptados para as analisesvanadas.

Atributos

Agrupamentos

Integridade fisica

Completos
Incompletos = Parciais e fragmentos

Ausente/leve = Estagios 0, 1 e 2

Intemperismo Intenso = Estagios 3,4 e 5
Abrasio Sem abraséo = Es.tégio 0
Com abraséo = Estagios 1,2 e 3
Corrosao Sem cor[oséo = I,Es_tégio 0
Com corroséo = Estagios 1,2 e 3
Incrustacio Sem incrustagéo = Estz_élgio 0
Com incrustagdo = Estagios 1 e 2
Sem quebras
Quebras Irregulares
Regulares

Fonte: O autor, 2023.

' xi - :fi
xi = —
‘H‘IS&
Onde:

x' = variavel normalizada;
X = variavel x;
X = média dos valores da coluna da variavel x;

= -

3)

desvio padrao.
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4 RESULTADOS

Os resultados desta tese compreendem dois manssnmitiados a revistas cientificas
e estéo disponiveis nos apéndices A e C. O Apérdmpresenta o primeiro manuscrito da
tese, o qual foi publicado na revidtdanose € intitulado The paleoichnofauna in bones of
Brazilian Quaternary cave deposits and the propositof two new ichnotaXa(DOI:
10.1080/10420940.2023.2271125).

O Apéndice C contém o segundo manuscrito da tegeabfoi submetido a revista
Journal of South American Earth Sciences é intitulado Taphonomic histories of
Quaternary fossil accumulations preserved in Biraail cave deposits (NUmero de
submissdo: SAMES-S-24-00496).

O Apéndice B inclui a primeira pagina do artigo ledrlo na revistdachnos enquanto
o Apéndice D inclui o e-mail-resposta comprovandsubmissédo do segundo manuscrito a

revistaJournal of South American Earth Sciences
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5DISCUSSAO

Esta tese consistiu em andlises tafonbmicas e dgmmals de cinco assembleias
fossiliferas de depésitos de cavernas da Regidertdopical Brasileira, da qual dois
manuscritos foram produzidos. O primeiro manuscitajual est4 disposto no Anexo A,
refere-se a identificacédo e significado dos trdgeseis encontrados em fosseis do Complexo
Suico, F3 e Gruna das Trés Cobras. O segundo midauscqual esta disposto no Anexo C,
refere-se a interpretacdo das historias tafonéndoaSomplexo Suico, F3, Toca das Oncas,
Lapa dos Peixes e Gruna das Trés Cobras.

5.1 Manuscrito 1

Neste artigo foram identificados tracos produzigos atividades de alimentacéao,
reflgio e pupa, os quais compreendem ranhuras f&igier em sua maioria, e perfuracdes
nas superficies cortical e esponjosa dos ossodra®ss de alimentacdo sdo produtos de
predacdo e necrofagia por mamiferos carnivorosetds. Marcas de pupa e refugio, por

outro lado, foram atribuidas somente a insetotzjes.

5.1.1 Acdo de mamiferos carnivoros

Os tragos identificados como resultado da acdo dmmifaros carnivoros
compreendem somente evidéncias de alimentacaaads fqgram atribuidas aos icnogéneros
MachichnusMikulas et al., 2006 #&lihilichnusMikulas et al., 2006. Os tracos M&achichnus
representam a acao necrofagaPdetocyon troglodyteg¢lund, 1838) e ocorrem em 0ssos de
Eremotherium laurillardie Glyptotheriumsp. Osborne, 1903 provenientes da caverna F3, e
Tayassu pecalilink, 1795,Valgipes bucklandiLund, 1839) e Mammalia indet. provenientes
da Gruna das Trés Cobras. Os tracosNdelichnus compreendem a acado predatéria e/ou
necrofaga d@. troglodytes, Smilodon populatbund, 1842 e/oaiman latirostris(Daudin,

1802) e foram identificados em fosseis Metiomastodon platensi§Ameghino, 1888)E.
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laurillardi, S. populatore Pachyarmatherium brasiliendorpino et al., 2009 provenientes da

caverna F3, e Mammalia indet. provenientes da Gdasalrés Cobras.

5.1.2 Acdo de insetos

A bioerosdes produzidas por insetos foram atrilsusta icnogénero€uniculichnus
Hopner e Bertling, 2017,Gunnellichnus Zonneveld, AbdelGawad e Miller 2022,
KarethraichnusZonneveld et al., 201®JunitusichnusParkinson, 2018)steocallisRoberts,
Rogers e Foreman., 200TaotieichnusXing et al., 2013.

Os tracos deCuniculichnus Gunnellichnuse Karethraichnusrepresentam a acéo
necrofaga de larvas e besouros de insetos dermestids quais foram identificados em
fésseis deE. laurillardi e Palaeolama majorLiais, 1872 provenientes da caverna F3,
Holmesina paulacoutoiCartelle e Bohérquez, 1985 provenientes do Conopl8uico e
Xenarthra indet. provenientes da Gruna das TrésraSolbOs tracos dd&aotieichnus
compreendem atividades de necrofagia e habitacéayjpns, e foram identificados em
fosseis dekE. laurillardi e Mammalia indet. provenientes da caverna F@amnyx cuvieri
(Lund, 1839) provenientes da Gruna das Trés CoBRw@asfim, os tracos dMunitusichnus
foram produzidos para pupa, alimentacdo e habitdedlarvas de insetos dermestideos em

um osso dé&. laurillardi.

5.2 Manuscrito 2

5.2.1 Aspectos tafondmicos

5.2.1.1 Integridade fisica

Entre as assembleias fossiliferas das cinco casjetm@a predominio de quebras

irregulares nos espécimes, sugerindo fragmentagés da fossilizacdo (SHIPMAN, 1981Db).
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A partir desse resultado, as quebras pré-fossizggodem ser consideradas coarge-
mortem perimortemou post-mortem(bioestratinbmica). As quebraste-mortemocorrem
quando o animal ainda esta vivo e 0 0sso apresgntas de cura. Nenhuma quebra
antemortenocorre nos fosseis analisados. As quepessnortemestao relacionadas a morte
do animal e podem ser formadas durante/apés urerdgeidpor exemplo, a queda do animal
em uma caverna) ou predacado. Estas foram idemnt#tcam trés vértebras de um individuo de
Eremotherium laurillardi (Lund, 1842) que caiu no interior da Toca das ®nfzer
BARBOSA et al., 2022).

N&o é facil fazer a diferenciacdo entre marcasrddagdo e marcas de necrofagia em
uma carcaca. No entanto, Trifilio et al. (2023)nitifecaram vestigios que podem indicar
predacdo em ossos dE. laurillardi, Notiomastodon platensifAmeghino, 1888),
Pachyarmatherium brasiliensBorpino et al. (2009), 8milodon populatolund, 1842 da
caverna F3, e ossos de Mammalia indet. da Grun&réa<Cobras.

A maioria das quebras irregulares parece ser derarbioestratindmicpost-mortem
as quais podem ser produzidas por intemperismo EERMSMEYER, 1978), transporte
(ASLAN; BEHRENSMEYER, 1996; BEHRENSMEYER; MILLER,042), retrabalhamento
(BEHRENSMEYER, 1975) , colapso de blocos (TRIFILéDal., 2022), pressao litostatica
(SAUNDERS, 1975), acidos (FERNANDEZ-JALVO; ANDREWS016b), atividades
necrofagas (HAYNES, 1980; LYMAN, 1994b; SHIPMAN, 81C), pisoteio (FIORILLO |,
1987), interacdo humana (BUNN, 1981; POTTS; SHIPMANS81) ou queda dos restos

mortais sobre uma rocha ou sedimento dentro darcave

5.2.1.1.1 Agentes de fragmentacao post-mortem toatig®mica

A fragmentacdo sO ocorre durante o transporte esososescos se a estrutura 0ssea
estiver enfraquecida (ASLAN; BEHRENSMEYER, 1996; HFREENSMEYER, 1991;
BEHRENSMEYER; MILLER, 2012). As interacOes predagoesa (HAYNES, 1980) e o
intemperismo intenso (BEHRENSMEYER, 1978) sdo dmwigcessos que frequentemente
enfraquecem a estrutura 6ssea.

Marcas de predacdo/necrofagia foram identificadas cssos da F3 (ARAUJO-
JUNIOR et al., 2017; TRIFILIO et al., 2023), CompeSuico e Gruna das Trés Cobras

(TRIFILIO et al., 2023). Apesar dessas marcas sgmtarem uma espécie de quebra, elas séo
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danos superficiais que ndo afetaram a estrutuead€ontudo, o intemperismo intenso que
foi observado em ossos apresentando quebras him@&tnicas irregulares da F3, Complexo
Suico e Lapa dos Peixes pode ter enfraquecidoratiest 0ssea destes espécimes. Para a
Lapa dos Peixes, esta correlacdo intemperismo-gagagdo ndo pode ser estabelecida
porque ndo estdo disponiveis dados do FTI ou Vesrhpara 0ssos intensamente
intemperizados. Para a F3, a ocorréncia conjuntantEmperismo intenso e quebras
irregulares em 0ssos transportaveis sustentamsibpode de terem sido quebrados durante
o0 transporte.

A carcaca de um individuo ddéolmesina paulacoutcCartelle e Bohérquez, 1985 foi
encontrada semi-articulada e em posicdo anaténgngraddo Complexo Suigo, sugerindo
exposicao dos restos mortais a condicbes ambiedéibaixa energia e/ou soterramento
rapido apdés a morte do animal (BEHRENSMEYER, 198%je arranjo anatdmico dos 0Ssos
também indica que a carcaca do pampatério ndoetdocada apds a morte. O elevado
namero de ossos completos também favorece um at@brais estavel para a tanatocenose,
permitindo inferir, portanto, que os restos naeesain transporte.

Colapsos de blocos dentro das cavernas foram dodados na Toca das Oncas
(ARAUJO et al., 2018), Lapa dos Peixes e Grunald@s Cobras (SILVA et al., 2019), o que
implica que o impacto da rocha é um provavel agegatgmentado. Para o Complexo Suico,
no entanto, ha registro de blocos desabados aparag#rada do “Conduto dos Fésseis”, mas
nao dentro dele (SILVA, 2015).

Marcas de pisoteio ocorrem em osso&dkurillardi, Glyptotheriumsp.,Palaeolama
major Liais, 1872,P. brasiliensee Cingulata indet. de F3 (TRIFILIO et al., 202Egsas
marcas sdo sulcos com relevo em forma de V em $eg@versal, orientados aleatoriamente
na superficie do osso cortical. Nao foi possivetelinir se o pisoteio também foi a causa das
quebras nos eixos dos 0Sso0s.

Um fémur deformado d@. brasiliensede F3 sugere a acdo de pressao litostatica
(TRIFILIO et al., 2022). A por¢cdo proximal do osssta faltando e algumas lascas foram
removidas. A hipétese mais provavel é que o osdoatsido submetido a pressao enquanto
estava fresco e elastico, causando quebras poatliaisnais.

A fragmentacdo gerada pelo &cido provavelmentevalerdos agentes de corrosédo
existentes nos ambientes cavernicolas, como agolauda infiltrada rica em acido carbdnico
(H2CGOs) (SIMMS, 1994), umidade, algas, acidos organic@sefetacdo e guano de morcego
(FERNANDEZ-JALVO; ANDREWS, 2016b), uma vez que avernas funcionavam como
habitats para morcegos (CZAPLEWSKI; CARTELLE, 1998)
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O numero de espécimes corroidos varia consideramdmentre as assembleias. O
Complexo Suico é a Unica caverna que nao apresarzas de corrosdo em seus fosseis.
Essa auséncia, porém, ocorreu devido a intensastagéo e sera discutida posteriormente.
Na Lapa dos Peixes, os fésseis ndo corroidos dacdes por ndo apresentarem quebras
bioestratindbmicas irregulares. Na F3, mais de 3@% espécimes apresentam corrosao e
quebras bioestratindbmicas irregulares, enquantm&das Trés Cobras e Toca das Oncgas
atingem 5,8% e 7%, respectivamente.

Nenhuma das cavernas possui vegetacao em seofntegue descarta a corrosao por
acidos orgéanicos vegetais. Em relagcdo ao guanoateego, alguns estudos realizados no
Brasil (e.g., PILO et al., 2023) e na Europa (eAdJDRA et al., 2019) examinaram 0s
elevados niveis de acidez desses excrementos,tipeilongque seja um agente de corroséo
valido para ossos em assembleias de cavernas. Neifii et al. (2022) sugeriram que a
umidade durante os periodos umidos poderia serrawayel agente de corrosdo. Por fim, a
agua da chuva acidificada certamente esteve ematoordm os exemplares da F3, Gruna das
Trés Cobras e Toca das Ongas, 0 que permitiu m&aicao.

Confirmar se uma colisdo com rochas ou com o cladcaslerna causou quebras nos
0ssos é um desafio, embora ndo possamos ignoragmentacdo causada pela queda de
restos mortais em cavernas verticais. Segundolidrédt al. (2022), a queda de restos da
superficie causou o acumulo principal em F3. NaaTdas Ongas e no Complexo Suico,
0ssos podem ter caido pelas poucas aberturasodieteaverna.

Outro processo que leva a fragmentacdo € o refiaiainto. Behrensmeyer (1975)
propde que uma assembleia com fésseis predominantenfragmentados provavelmente
sofreu retrabalhamento porque, mesmo quando etdsiras 0ssos perdem matéria organica
e tornam-se extremamente frageis, destruindo raq@dte as partes menos duraveis. Em
relacdo a Lapa dos Peixes e Gruna das Trés C&@ihes,et al. (2019) identificaram que as
enchentes intermitentes muitas vezes exumavam sms,08xpondo 0s restos mortais aos

agentes fragmentadores.

5.2.1.1.2 Fragmentacao poés-fossilizacao

Além das quebras irregulares, ha algumas quebgagares nos fésseis encontrados

em todas as cavernas, exceto no Complexo Suicaer§eram restos fossilizados esse tipo de
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ruptura ocorre durante o sepultamento ou apos magdo (SHIPMAN, 1981b), expondo-o0s
a agentes modificadores do ambiente, como intesmeridgua e acidos.

5.2.1.2 Abrasao

As marcas de abrasdo sdo causadas pelo impactediosentos contra a superficie
dos restos ou durante o seu transporte até o degB&RNANDEZ-JALVO; ANDREWS,
2016c¢). Contudo, devemos avaliar cada assembld@ @ independente para determinar 0os
agentes abrasivos corretos.

O Complexo Suico ndo possui marcas de abrasaceigisas quais podem ter sido
encobertas pela incrustagdo ou ndo foram geradaspaaficie 6ssea. Os restos preservados
in situ foram depositados diretamente nos sedimentoswdaieg sem exposicdo a superficie
externa ou transporte dentro das cavernas. Isdoi eetlimentos transportados pelo vento e
choques contra as paredes das cavernas como agenedsrasdo. Além disso, 0S 0SS0S
transportados apresentam frequentemente marcasbi@dsda em todas as superficies
(FERNANDEZ-JALVO; ANDREWS, 2016c), enquanto os espees analisados nesse
trabalho apresentam abrasédo apenas nas bordaantBpods sedimentos transportados pela
agua provavelmente produziram as marcas de abidadoapa dos Peixes e Gruna das Trés
Cobras, Silva et al. (2019) observaram erosdo daupar inundacfes intermitentes, que
provavelmente afloraram e desgastaram os fosseis.

As assembleias que sofreram transporte foram imeiste depositadas fora ou em
outras porcdes do interior das cavernas. Aquelesuperficie externa podem ter sido
desgastados por sedimentos transportados pelo gargela agua e/ou durante o transporte.
Em contraste, aqueles transportados dentro dasnesveescartam a possibilidade de impacto
de sedimentos transportados pelo vento.

5.2.1.3 Incrustagé&o e corrosao

A incrustacdo em cavernas calcarias pode ser atalausupersaturacédo de carbonato

de célcio (CaCg) no sedimento, resultando na formacao de umaacr@ssuperficie do 0sso
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(MEDEIROS, 2010). Essa elevada concentracdo de @ag0@e neutralizar os efeitos acidos
da agua presente no sistema (SIMMS, 1994) e, coas&mente, prevenir a ocorréncia de
danos corrosivos. Em outras palavras, uma relag@rsSamente proporcional entre corrosao
e incrustacao € esperada em uma assembleia paseomemporaneamente. No entanto, tal
cenario somente foi observado para o Complexo SuPgma as demais cavernas, ha
inferéncias de restos preservados em diferentedigiies de umidade, implicando em mistura
temporal ou preservacao em diferentes pontos dasees.

Devido a escavacbes prévias na Toca das Oncas (A8Adl al., 2018) e F3, as
camadas sedimentares foram significantemente déteralém de néo ter ocorrido controles
tafondmicos estratigraficos durante a coleta. Rtoté impossivel identificar se existem areas
com diferentes condi¢cdes de preservacédo dentragdeavernas.

Diferentemente das demais cavernas, a Lapa dogsPeixa Gruna das Trés Cobras
possuem subsetores que séo diferentemente afgtadimaindacdes durante periodos umidos
(SILVA et al., 2019), as quais contribuem para ard@mncia de fosseis com e sem marcas de
corrosado e incrustacdo. Na Lapa dos Peixes, aidadatde fésseis incrustados é de 100%
nos setores LPI e LPII, enquanto LPIIl e LPIV p@ssaud4,8% e 45,1%, respectivamente.
Com relacao a corrosdo, somente o setor LPIV pd&ssieis com essa fei¢do, indicando que
h& uma concentragcdo menor de CaCO3 nos sedimezges detor e/ou que os restos foram
preservados em diferentes condicbes de preserve{sto. que somente 2,8% dos fosseis
possuem marcas de corrosdo, alegar uma baixa dadetde CaCOnado € a justificativa
adequada.

Para a Gruna das Trés Cobras, ha baixa quantidaffesskis corroidos para todos os
setores e predominio de incrustacdo somente nogeselCl e TCIV. Assim como para a
Lapa dos Peixes, a melhor hipétese é a de diferentalicdes e periodos de preservacéo para

os fosseis da assembleia.

5.2.1.4 Abundancia relativa

Com relacdo ao Numero Minimo de Individuos (MNBridficados em cada caverna,
h& apenas um animal adulto preservado no Compleiqm,Senquanto ha também subadultos
presentes nas demais cavernas. Foram contabiliZ&dowlividuos na F3, 12 individuos na

Toca das Ongas, 20 individuos na Lapa dos Pei#ddradividuos na Gruna das Trés Cobras.
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Com excecdo do Complexo Suico, todas as cavernasugmn acumulacdes
multitdxicas. A F3 foi classificada por Trifilio etl. (2022) também como monodominante
devido ao elevado Numero de Elementos Esqueletargificaveis (NISP) parg. laurillardi
em relacdo aos demais taxons. Tal predominancigeodevido a alta resisténcia de seus
0ssos a processos destrutivos (ARAUJO-JUNIOR ET, RD15; SANTOS et al., 2002).
Além disso, esse taxon € o mais abundante nos ittepfisssiliferos do Quaternario do Brasil
(ARAUJO-JUNIOR et al., 2013; SANTOS et al., 2002).

A Toca das Oncas também registrou predominidedéaurillardi em relacdo aos
demais taxons, contabilizando 94,2% e 66.7% do NHS®NI totais, respectivamente, da
caverna. Ela foi classificada como monodominants oe baixa diversidade, por apresentar
apenas quatro taxons.

A Lapa dos Peixes e a Gruna das Trés Cobras posEien24 taxons identificados,
respectivamente. Entretanto, como nenhum de sgoagdgossui mais de 50% do MNI ou
NISP maior que 50% do MNI e NISP totais, suas abk®as sdo classficicadas como

multidominantes.

5.2.1.5 Transporte e deposi¢cao dos restos

5.2.1.5.1 Complexo Suico

O individuo adulto déd. paulacoutoipode ter caido através da atual entrada vertical
ou andando através de alguma entrada ndo mapeadaoomais existente da caverna. A
hipétese de queda, no entanto, é pouco provavel gige ndo seria esperado fraturas dsseas

apos uma queda de 15 m de altura.

5.2.15.2F3

Atualmente, a F3 possui somente uma entrada medipdom de diametro, limitando a

entrada de animais de grande e mega porte. Parastoestos foram depositados apos a
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desarticulacdo das carcagas ou 0s animais acesaazawerna por alguma entrada ndo mais
existente. A hipétese mais provavel € a de que aeres animais morreram na superficie e

tiveram seus restos transportados posteriormemntiéugos hidricos.

5.2.1.5.3 Toca das Oncas

A Toca das Oncgas possui um grande saldo com akerho teto e uma dolina
(ARAUJO et al., 2018), a qual se formou ap0s opsmeestrutural de uma porgéo do teto da
caverna. No entanto, ndo se pode descartar que@xisutras entradas.

Os dados de transportabilidade inferem que todosdigiduos pertencentes B
laurillardi e Toxodontidae indet. morreram dentro da cavernéveram seus restos
preservadosn-situ. Com relacdo a preguica, as similaridades tafocésnobservadas, tais
como auséncia de intemperismo intenso e corros&miiem inferir que os oito animais
foram preservados sob as mesmas condicdes e, censeqpente, que pertencem a mesma
populacao.

Um cenario possivel é o de que os individuoE daurillardi entraram na caverna por
uma abertura horizontalizada, que ndo mais exigs@mnente, em busca de abrigo. Visto que
a dolina é a unica abertura larga o suficiente paranitir a entrada desses animais (massa
estimada mass = 4486.47 + 185.98 kg; sensu BARBE&SA, 2023), ha um segundo cenario
em que as preguicas possam ter caido durante psootta dolina. Tal hipotese de queda é
sustentada pela presenca de fraturas em vérteleragnd individuo deE. laurillardi
(BARBOSA et al., 2022). E para o Toxodontidae indeh também a possibilidade de queda

na dolina ou acesso por uma abertura ndo maigentast

5.2.1.5.4 Lapa dos Peixes

7

A Lapa dos Peixes € uma caverna dividida em qus#tores de acumulacéo,
nomeados de LPI a LPIV. O setor LPI € o setor maisante da caverna, ou seja, representa
a ultima regido antes da agua sair da Lapa dose®ebla restos preservadossitu

pertencentes &. major, sugerindo que esse animal morreu nesse setomee costela
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perifericamente preservada de Mammalia indet.,a gade ter sido transportada de outro
setor por fluxos hidricos.

Os setores mais internos da Lapa dos Peixes sdoelPPIlll, localizados mais
proximos de uma claraboia e em galerias secund®m@da a proximidade entre eles (ver
Silva et al., 2019), os restos mortaisNi@hrotherium maquinendeund, 1839 encontrados
em ambos os setores poderdo pertencer aos mesiidduns. E provavel que as inundacgdes
possam ter transportado alguns ossos — incluindieatfificil transporte — de um setor para
outro. De qualquer forma, estes animais foram prades in situ. Além disso, o setor LPII
possui um osso ddeochoerusp. que é dificilmente transportavel, sugerindeservacaadn
situ, e um 0sso moderadamente transportavet.daurillardi que pode ter sido trazido da
superficie através da claraboia.

Junto com restos d¢. maquinense Mammalia indet., LPIIl também possui um osso
dificilmente transportavel de Carnivora indet., exiigdo uma preservacao situ. A auséncia
de ossos com marcas de predacao/necrofagia naaeerfarir se o LPIIlI funcionou como
covil para este animal e, consequentemente, seehaueracdo sinecologica COIN.
maquinense

O LPIV é o setor mais a montante (ver SILVA et 2019) e mais taxonomicamente
diverso da Lapa dos Peixes. Ha restos preseniadsisu de Catonyx cuvieriLund, 1839,
Tapirus sp., Tayassu pecari(Link, 1795) e Valgipes bucklandiLund, 1846; restos
perifericamente preservados de Cervidae indeteéddtheriinae indet; e restos preservados
ex-situde Cingulata indet. Embora restos Rlemajor e Mammalia indet. também estejam
presentes, 0s seus indices de transportabilidadputieram ser determinados.

Os animais preservadas situ podem ter acessado a Lapa dos Peixes caindo
acidentalmente nas claraboias, entrado caminhaalds gntradas horizontais em busca de
abrigo ou terem sido transportados pela agua camagas flutuantes. A primeira hipotese €
improvavel, pois as claraboias sdo muito pequeassgermitir a entrada de animais grande e
mega porte. As segunda e terceira hipoteses parsw@mprovaveis devido a presenca de
entradas horizontais que permitiiam a entradaedessimais. Adicionalmente, a galeria
principal € um paleocanal fluvial (SILVA et al., %) que pode ter servido de reservatorio de
agua para a paleofauna local. De acordo com Shig@#81d), embora o aporte alimentar
esteja escasso, € provavel que os animais pernrmangedo de uma fonte de agua em
condicOes secas até morrerem, 0 que pode levasarpacaon situ. Outra possibilidade é
que esses animais tenham entrado na caverna e ficaslos devido as enchentes, conforme

sugerido por Silva et al. (2019).
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Os restos preservados perifericamente e ex-siaunfaransportados de outro setor ou
da superficie externa. Possiveis agentes de trdasgim os fluxos hidricos (rio ou chuva) e
outros animais. Dada a falta de marcas de preds@ofagia, os agentes de transporte mais
provaveis sao os fluxos fluviais e as aguas plaviai

Em suma, os individuos pertencentes. auvierj Neochoerusp.,N. maquinenseP.
major, Tapirus sp., T. pecari e V. bucklandi provavelmente entraram na caverna como
carcacas flutuantes ou caminhando pelas entradaoihiais. Os demais animais morreram
dentro ou fora da caverna. De qualquer forma, sesi®s mortais foram preservados em

lugares diferentes dos quais morreram.

5.2.1.2.5 Gruna das Trés Cobras

A Lapa dos Peixes € uma caverna dividida em oiioreg de acumulacédo, nomeados
de TCI a TCVIIl. Restos preservados in situ foralentificados em todos os setores, exceto
em TVIII, incluindo fésseis pertencentes a 10 t&xda grande a mega porte e dois taxons de
médio porte. Restos perifericamente preservadosesncem todos os setores, incluindo sete
taxons de grande porte e cinco taxons de médie.pRestos preservados ex-situ foram
identificados apenas em TCI, TCIl e TCVI e perten@edois taxons de grande porte.

A presenca de restos pertencentes a todos os gdeptmnsportabilidade de uma
mesma espécie e em um mesmo setor, tais comod@ssei cuvieri P. majoreV. bucklandi
no setor TCI, provavelmente indica que 0s animasrenam neste setor e que seus restos
mortais foram rapidamente soterrados, evitandcetssio.

Com relacéo aos animais de grande e mega portedo de acumulacdo deve ser o
mesmo da Lapa dos Peixes, ou seja, carcacas d@gusntrada autdctone, visto que as
claraboias ndo possuem dimensdes largas o suéicipm® permita 0 acesso desses animais.
Apenas 0s animais de pequeno e meédio porte comsggEcessar a caverna pelas claraboias.

N&o foi possivel identificar se os ossos de Mamanaidet. e Xenarthra indet.
encontrados em alguns setores pertencem a um mazgor Eles podem ser de um ou mais
taxons encontrados na caverna.

Em suma, os individuos pertencentes Ca cuvieri Cetartiodactyla indet.,
Glyptodontidae indet.Holmesina majusSimpson, 1930, Megatheriidae indéigeochoerus

sp., P. major, S. populator Toxodontidae indetV. bucklandie Xenorhinotherium bahiense
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Cartelle e Lessa, 1988 provavelmente caminhararenttaram na caverna como carcagas
flutuantes pelas entradas horizontais. Os demasasmorreram dentro ou fora da caverna.
Os animais de pequeno e médio porte também podeamttado por alguma das claraboias.
De qualquer forma, seus restos mortais foram prades em local diferente de onde

morreram.

5.2.1.6 Andlise de Agrupamento (modo R)

Das 13 variaveis tafondmicas analisadas, nove f@gmpadas em trés grupos bem
definidos. O Grupo 1 inclui as feicbes mais pred@nies nos fosseis das assembleias da F3,
Complexo Suico, Lapa dos Peixes e Gruna das TriBsa€¢intemperismo ausente/leve, sem
corrosdo, quebra irregular, incompleto e sem abjasem como as variaveis com
correlagbes significativas mais fortes. Na asseimlda Toca das Oncas, a diferenca em
relacdo a quantidade de ossos sem abrasdo e casé@brdo € significativa, permitindo,
portanto, a inclusdo da variavel “sem abras@oino uma variavel comum a todas as
assembleias. Portanto, o Grupo 1 reflete o prihaimalo tafondmico para as assembleias das
cinco cavernas analisadas, indicando que a formdeadraturas irregulares seguidas de
soterramento rapido é o principal mecanismo despvasao.

O segundo grupo produzido nas Analises de Clusteipreende as variaveis “com
abrasdo” e “sem incrustacao”. O agrupamento deksss varidveis ocorreu porque todas as
assembleias, com excecao dos espécimes do Congégm possuem fosseis com abraséo e
sem incrustacao, sugerindo que a agua, carbonatdlcie (CaCQ) e rapido soterramento
sdo variaveis acessorias mais importantes paraesempacdo dos restos. A agua é
indiretamente responsével pela producdo de mareasbrhsdo nos restos, pois transporta
sedimentos e 0s espécimes mais transportaveisxa @paantidade de CaG@os sedimentos
e o rapido soterramento evitam a formacéo de itagéie nos restos. Portanto, o Grupo 2
consiste no segundo modo tafondémico para as asssbias cinco cavernas analisadas.

O terceiro grupo inclui “completo” e “sem quebragsse agrupamento ocorreu
devido a existéncia de restos completos e sem agieln todas as cavernas, sugerindo rapido
soterramento e/ou estrutura 0ssea mais resisteptatanto, evitando a formacéo de feicbes

tafonbmicas.
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Por fim, as varidveis “com incrustacdo”, “com ce&o”, “quebra regular’ e
“intemperismo intenso” ndo se agruparam a nenhurra varidvel porque elas séo as feigbes
tafondmicas menos comuns identificadas nos fosfeiacrustacdo predomina apenas nas
assembleias do Complexo Suico e Lapa dos Peixesrrdsao foi identificada somente em
alguns ossos das assembleias da F3, Toca da Quagss,dos Peixes e Gruna das Trés
Cobras. Quebras regulares ocorrem apenas em algsos das assembleias da F3, Lapa dos
Peixes e Gruna das Trés Cobras. O intemperismasmi& a caracteristica tafonémica menos

presente nos fosseis, e esta limitado a alguns assbapa dos Peixes e F3.

5.2.1.7 Anélises de Fatores (modo Q)

As Analises de Fatores produziram cinco gréaficobatea, dos quais somente quatro
possuem variancias significantes. O primeiro f@R€1) corresponde a 86,55% da variancia
e, portanto, representa a principal associaci® estrcavernas. E importante notar que o
Complexo Suico e a Lapa dos Peixes sdo as Unicasagresentanscores negativos,
indicando que elas possuem as assembleias menos£ o associacao.

A incrustacdo é a varidvel que separa o ComplexgoSel a Lapa dos Peixes das
demais cavernas. As analises de cluster revelateno @rincipal modo de preservagdo nao
incluiu as variaveis “sem incrustacao” ou “com ustacdo”, indicando que a incrustacéo é
irrelevante na determinacdo deste modo. Portaoimoco Complexo Suico e a Lapa dos
Peixes sdo as Unicas cavernas que apresentamtagbiess na maior parte de seus 0ssos, €
razoavel concluir que a variavel “com incrustac@al’ principal causa dessa segregacao.

O segundo fator (PC2) responde por 6,49% da vasi@indica uma segregacao entre
a F3 e as demais cavernas. Dado que a F3 tem padnigaraveis aos das outras cavernas,
nenhuma das varidveis parece ter produzido estaasgm. A caverna F3, como as demais,
apresenta prevaléncia de o0ssos incompletos e né&widms, quebras irregulares e
intemperismo ausente/leve. Possui também abunddeasos sem abrasdo, semelhantes ao
Complexo Suico, Lapa dos Peixes e Gruna das TrBsa§oalém de ossos sem incrustacao,
semelhantes a Toca das Ongas e Gruna das TréssCQoiento as variaveis incomuns, a F3
compartilha a ocorréncia de ossos completos, seebrgsi e incrustados com todas as

cavernas; corrosdo com Toca das Oncgas, Lapa dessReiGruna das Trés Cobras; quebras
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regulares com a Lapa dos Peixes e a Gruna das<ChH#®sS; e intemperismo intenso com o
Complexo Suico e Lapa dos Peixes.

A Unica distincao significativa entre a F3 e as dsncavernas € o numero de fosseis
analisados. A assembleia da F3 possui 543 fésseisTRIFILIO et al., 2022), enquanto o
Complexo Suico contém 144 fésseis, a Toca das ogaém 156 fosseis, a Lapa dos Peixes
contém 114 fosseis e a Gruna das Trés Cobras c@&B8ndsseis. A F3 possui o dobro de
fosseis da Gruna das Trés Cobras, que possui adgguaior assembleia. Portanto é possivel
supor que a caverna F3 foi separada das demaimeawdevido a sua abundancia fossilifera
em comparacao com as demais assembleias.

O terceiro fator (PC3) corresponde a 4,92% da weidgée indica uma segregacao da
Toca das Oncas e da Gruna das Trés Cobras dassdeawarnas. A Toca das Oncas e a
Gruna das Trés Cobras possusooresnegativos porque suas assembleias ndo possuem
fésseis com marcas de intemperismo intenso. Emégsa feicdo seja incomum a todas as
assembleias, ela é uma variavel que sugere que @saa assembleias sofreram mais danos
em funcéo de variacdes ambientais que as demasippibando, portanto, tal segregacéao.

O quarto fator (PC4) corresponde a 1,87% da vaaamdndica uma segregacao da
Lapa dos Peixes, Gruna das Trés Cobras e F3 dasigdeavernas. ISso ocorreu porque
apenas essas trés cavernas apresentavam quehdasesegdDado que a “quebra regular” é
uma variavel incomum, as assembleias Complexo Suig@ra das Oncas, que carecem desta
caracteristica pos-fossildiagenética, tiversoorespositivos e foram separadas das demais

cavernas.

5.2.2 Historias tafondmicas

Um individuo deHolmesina paulacoutopode ter acessado a caverna por alguma
entrada ndo mapeada ou ndo mais existente, oaithy através da atual entrada. De toda
forma, o animal morreu dentro da caverna. Sua cardmou exposta aos sedimentos
argilosos que preenchem a caverna e agua, os perastiram a formacdo de camadas de
inscrutagdo. Essa mesma incrustacdo pode ter mloteg fésseis de sofrerem danos por
intemperismo, abrasdo e corrosao, além de evitaorge e desarticulagcdo de alguns 0ssos.

Entretanto, alguns fosseis estdo apenas parciameatustados, permitindo que ficassem
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parcialmente expostos a variagdo de temperaturamelade dentro da caverna e
desenvolvessem marcas de intemperismo intenso.

Com relacdo as cavernas F3, Toca das Oncas, Lap#®elges e Gruna das trés
Cobras, estas apresentam diferentes modos de c&podbs restos, mas modos de
preservacdo semelhantes. A maioria dos fésseislipgssbras irregulares formadas devido
ao retrabalhamnto, colapso de blocos e exposié@oada chuva acidificada.

A abrasao foi produzida devido ao impacto de sedliosecarreados pela agua contra a
superficie dos 0ssos. Em relacdo aos restos paelssmx-situe perifericamente, a abrasao
foi produzida durante o processo de transporteLdy@ dos Peixes e Gruna das Trés Cobras,
por exemplo, os fésseis foram exumados devido ader@ausada pelos fluxos hidricos
(SILVA et al., 2019), produzindo as marcas de &éwas

As marcas de corrosdo podem ter sido produzides @glia acidificada ou pelo
contato com 0 guano de morcegos, Visto que vasiadcees comumente habitam as cavernas
brasileiras. Adicionalmente, a grande quantidaddéddseis encrustados nas cinco cavernas
permite sugerir que ha uma supersaturacdo de €a@sedimentos, inibindo a capacidade

de corroséo da agua.
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CONSIDERACOES FINAIS

Os estudos desenvolvidos nesta tese visam o emenidi das historias tafonGmicas
de mamiferos quaternarios preservados em depd$itosavernas da Regido Intertropical
Brasileira. Para alcangar tal objetivo, foram mmdbs dois manuscritos contendo andlises
tafondmicas e icnoldgicas nos fosseis coletadosleas cavernas do Rio Grande do Norte
(Complexo Suico e F3) e trés cavernas da Bahiaa(das Oncas, Lapa dos Peixes e Gruna
das Trés Cobras).

O primeiro manuscrito, 0 qual esta presente no @igénA, teve como objetivo
identificar tracos comportamentais presentes nesefé e inferir relacbes paleoecoldgicas.
Entretanto, somente as cavernas Complexo Suice,&ina das Trés Cobras apresentaram
tais tracos relacionados a mordidas por outros feamsicarnivoros e insetos, implicando em
relagcéo sinecologicas entre a fauna local e asgasaos animais.

O segundo manuscrito, o qual estd presente no AgEnd, compreende a
interpretacdo das histérias tafonémicas de cadariay Para alcancar tal objetivo, alguns
métodos foram aplicados: (i) identificacdo macrpsmd de feigcbes tafondmicas
bioestratindbmicas em cada fossil de cada caverrseus significados ambientais; (ii)
identificacdo dos modos de acumulacdo para caderragve (iii) realizacdo de andlises
estatisticas multivariadas a fim de determinar aslom tafondmicos comum as cinco
cavernas.

Quando integrados os resultados e discussfes toomdauscritos, € possivel inferir
praticamente toda a historia bioestratindmica diaassembleia fossilifera. No Complexo
Suico, um unico animal possuia varios ossos aintileulados e em posicdo anatdmica,
sugerindo que seu jazigo sofreu poucas interfem8rmnbientais. Para a F3, quase todos os
animais morreram fora da caverna e sofreram afiesagafonOmicas antes de terem seus
restos transportados para dentro da caverna. A dag@ncas possui uma populacadede
laurillardi que caiu durante o colapso de uma dolina. A LayzaRkixes e a Gruna das Trés
Cobras possuem um modo de preservacdo misto, terettbominancia de animais que
morreram dentro da caverna.

De modo geral, todas as assembleias tiveram coateioa agua da chuva, a qual
causou a formacéo de abrasao (exceto Complexo)Su@roosao e incrustagdo. A variacao
de umidade e temperatura também esteve presenfeta grincipalmente espécimes

expostos ou parcialmente expostos, causando danasedperismo.
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ABSTRACT

The Quaternary vertebrate paleontology of the Beawintertropical Region is well-
known, but there are only a few publications ondarhnology. In this paper, we analyzed
trace fossils in 23 bones of the Gruna das Trésa3olComplexo Suico, and F3 caves, which
are located in Bahia and Rio Grande do Norte statéle Brazilian Intertropical Region. We
discovered gnaw marks assignedvtachichnusand bite marks attributed tdihilichnus as
well as insect modifications referring to singleCugiculichnus Gunnellichnus
Karethraichnus andOsteocalli3 and multiple behaviordMunitusichnus andTaotieichnu}
Additionally, we proposed the new ichnospedigkilichnus sulcatus. isp. (bite mark) and
Cuniculichnus cascudon. isp. (insect feeding mark). Regarding the piiedéscavenger
marks,Protocyon troglodytesvas the probable primary modification agent, lrhs traces
may also be attributed t&milodon populatorand Caiman latirostris Cuniculichnus
KarethraichnusMunitusichnusandOsteocallisare attributed to dermestids, whereas termites

probably produce@GunnelichnusandTaotieichnus
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Brazil

Introduction

The Brazilian Quaternary vertebrate fauna has bstadied since the nineteenth
century, when the Danish naturalist Peter Lundredriin Brazil. He devoted most of his life
to studying the cave deposits of the state of Mi@asais, and he collected about 12,000
fossils in over 60 caves in this state alone, gfimge Brazil to the forefront of the
international paleontological scenario (Carteli@l2). During the following centuries, several
researchers continued those investigations, expgralir understanding of the taxonomy of
vertebrates from caves and other Quaternary deposit

Most of such caves are in the Brazilian IntertrapiRegion (BIR sensu Cartelle, 1999;
Oliveira et al., 2017), one of the most importaggions for Quaternary paleontology, as its
deposits host a wide diversity of vertebrate fassihostly belonging to the megafauna (see
Cabral-de-Carvalho, 1966; Cartelle, 1999; Paulat&adl®78, 1979). The paleofauna of these
caves is well known from a taxonomic standpointd anany additional paleontological
studies have been carried out since the beginninthe twenty first century, including
taphonomy (e.g. Auler et al., 2006; Eltink et 2D20; Leoni et al., 2022; Silva et al., 2019;
Trifilio et al., 2022), istope-supported paleoegplo(e.g. Dantas et al., 2020, 2022) and
radiocarbon dating (e.g. Dantas et al., 2013; Hukb&uler, 2012). Relatively few studies
have been completed on the ichnology of theselfogsig. de Lima & Porpino, 2018; Leoni
et al.,, 2022; Silva et al., 2019; Trifilio et a022) and thus the potential tracemakers and
their ecological contexts are barely understoogl @@audjo-Junior et al., 2011, 2017; Costa et
al., 2023; Dominato et al., 2009, 2011; Moura et2021; Paes-Neto et al., 2016, 2018).

The paucity of ichnological studies can be probleei@r several reasons. Predation
by carnivorous vertebrates, necrophagy by inveatelsr and opportunistic vertebrates, and
decomposition of soft tissues by fungi are somenesvéhat occur on thanatocoenoses, and
which are better understood through careful ichgickl investigations. It is crucial to
evaluate this evidence of past behaviors in acomelavith the correct ichnotaxonomic
principles because - just as systematics helpsstisglish between species and understand
their relationships - systematic ichnology is esisérior identifying each trace fossil and
inferring its ecological meaning, as in the studiesducted by Mikulas et al. (2006), Roberts

et al. (2007), Aradjo-Junior et al. (2017) and savether papers. Additionally, among
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several hundred valid ichnotaxa described so faly 8% represent ichnotaxa in osteic
(bone) substrate (Wisshak et al., 2019).

In this contribution, we describe the ichnotaxaspreed in the bone substrate from
Quaternary cave deposits of the Brazilian Intertap Region and analyze the
palaeoecological evidence provided by each typtraake identified. One new ichnospecies
attributed to insect activity, and one new ichneasg® interpreted as a bite mark are
described.

Geological setting

The trace fossils described herein occur in Quatgriones collected from three
caves in the Brazilian Intertropical Region hameé&j Eomplexo Suico and Gruna das Trés
Cobras (Figure 1). The F3 (see Cabral-de-Carvathal.e 1966; Trifilio et al., 2022) and
Complexo Suico (see Silva, 2015) caves occur ined@retaceous calcareous outcrops of
the Jandaira Formation in the Potiguar Basin (fAm& Feij6, 1994; Pessoa-Neto et al.,
2007). F3 is in the Barauna municipality and CompleSuico is in Felipe Guerra
municipality, in the Rio Grande do Norte State, #lraGruna das Trés Cobras cave (see Silva
et al., 2019) occurs in the Neoproterozoic caloasaocks of the Sete Lagoas Formation, S&o
Francisco Basin (Dardenne, 1978, 2000; Silva et2819) in the municipality of Serra do
Ramalho, Bahia State, Brazil.

The F3 cave has two galleries, two sinks, and anrall, with vertical development
and a dominantly clay filling (Cabral-de-Carvalhioag, 1966; Trifilio et al., 2022). Like the
F3 cave, the Complexo Suico cave is more verticddlyeloped and filled with clay-rich
sediment. In addition, it has a main hall and thgalleries (Silva, 2015). Finally, the Gruna
das Trés Cobras contains several horizontal gadlesind a filling that ranges from fine to
coarse sand (Silva et al., 2019).

The deposition of bones in the sediments of thesaccurred in different ways for
each cave. In the F3, the animals perished outhigleave, allowing the production of the
traces; then, the bones were transported intoate €Trifilio et al., 2022). The marks on the
bones found in the Complexo Suico were made wheratimal fell into the cave and was
subsequently entrapped in a gallery until its d€&itva, 2015). Finally, the accumulation at
Gruna das Trés Cobras was formed by remains ofasithat entered the cave and died
inside it plus bones of animals that died outsidé w&ere the transported into it (Silva et al.,
2019).
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Figure 1. Map of the study areas, with emphasitherbasins and formations where the caves arecidcat

Material and methods

Fossil bones bearing the ichnites analyzed hdrelong to the following mammalian
taxa: Tayassu pecarLink, 1795, Catonyx cuvieri(Lund, 1839),Valgipes buckland{Lund,
1839),Eremotherium laurillardi(Lund, 1842) Smilodon populatot.und, 1842 Palaeolama
major Liais 1872,Notiomastodon platensiAmeghino, 1888)Glyptotheriumsp. Osborn,
1903,Holmesina paulacoutdCartelle & Bohorquez, 1985, and Mammalia indeteSéhbones
are housed in the Museu Camara Cascudo of Unielsiéfederal do Rio Grande do Norte
(MCC), Natal city, Rio Grande do Norte State, Braand Museu de Ciéncias da Terra
(MCT), Rio de Janeiro city, Rio de Janeiro Statezi. See Table 1 for details.

The ichnites were identified and described basethenichnotaxobases summarized
by Pirrone, Buatois, and Bromley (2014; Table 2) #re description of ichnotaxa reported in

the literature. Then we interpreted the ethologitass and suggested a potential tracemaker.
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Based on the morphology and dimensions of eacle,trand predator-prey interactions
inferred from the fossil record by previous work& associate the observed traces with taxa
that are known to have occurred in the same regnahduring the same time interval.

The ichnites were identified and described basedhenichnotaxobases summarized
by Pirrone, Buatois, and Bromley (2014; Table ) #re description of ichnotaxa reported in
the literature. Then we interpreted the ethologatass and suggested a potential tracemaker.
Based on the morphology and dimensions of eacte,trand predator-prey interactions
inferred from the fossil record by previous worke associate the observed traces with taxa

that are known to have occurred in the same regnahduring the same time interval.

Terminology

Ichnological assessments of bone-modification sd@ese used a diversity of terms to
refer to the ichnites, such as marks (e.g. Yoursy.eR015; Zonneveld, Fiorillo, et al., 2022),
traces (e.g. Moura et al., 2021; Parkinson, 20lénnéveld, Zonneveld, et al., 2022,
Zonneveld, AbdelGawad, et al., 2022), grooves (@anneveld, AbdelGawad, et al., 2022),
furrows (e.g. Parkinson, 2016), scores (e.g. Aarieizal., 2017; Young et al., 2015), scratches
(e.g. Mikulas et al., 2006), punctures (e.g. Yoeh@l., 2015), borings (e.g. Karl & Nyhuis,
2012; Parkinson, 2016; Zonneveld et al., 2015, 2Zegeld, Zonneveld, et al., 2022;
Zonneveld, AbdelGawad, et al., 2022), depressi@ng. (Zonneveld, AbdelGawad, et al.,
2022), impressions (e.g. Cruickshank, 1986), h(#eg. Moura et al., 2021; Tomassini et al.,
2016; Zonneveld, AbdelGawad, et al., 2022), pitg.(¥oung et al., 2015; Zonneveld et al.,
2015, Zonneveld, AbdelGawad, et al., 2022), ancetales (e.g. Sato & Jenkins, 2020).
Some are used in a general sense, while otherspmefic to some types of ichnites.
However, not all ichnologists adhere to the samdeies.

Zonneveld, Fiorillo, et al. (2022) standardized ttnaces discovered in various
contexts. Incorporating definitions from other aarth) they categorized the biogenic features
based on their meaning and utilization. Howevemederms are confusing. Consequently,
we propose a simplification of some terms usedhig work.

Even though "mark” is the recommended term, “trace”also acceptable when
referring to ichnites (Zonneveld, Fiorillo, et &022). In their study, Zonneveld, Fiorillo, et
al. (2022) used the term “mark” to classify all dmic features (e.g. bite mark, claw mark,
and cut mark), and we agree. However, we also\metlgere is neither a problem nor a risk of

confusion if the terms “trace” or “ichnite” refep the ichnites in a general sense. Therefore,
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we use “mark” when alluding to a specific featugeg( bite traces should be referred to as bite
marks).

Table 1. Specimens that contain trace fossils heid tespective cave deposits.

Number Bone Taxon Cave deposit
MCC 73-V Metapodial Palaeplama F3
major
MCC 90-V Vertebra Notiomastodon F3
platensis
MCC 102-V Vertebra Eremotherium F3
laurillardi
MCC 161-V Vertebra Smilodon F3
populator
MCC 197-V Lunar Eremotherium F3
laurillardi
MCC 441-V Rib Eremotherium F3
laurillardi
MCC 455-V Ectocuneiform Erempther_|um F3
laurillardi
MCC 485-V Calcaneus Glyptotheriumsp. F3
MCC 489-V Femur Eremotherium F3
laurillardi
MCC 815-V Femur Eremotherium F3
laurillardi
MCC 817-V Femur Eremotherium F3
laurillardi
MCC 977-V Left femur Pachyarmatherium F3
brasiliensis
MCC 1143-V Pelvis Mammalia indet F3
MCC 1250-V Humerus Eremotherium F3
laurillardi
MCC 2980-V Right femur Eremotherium F3
laurillardi
MCC 3264.7-V Left humerus Holmesma_ Complexo Suigo
paulacoutoi
MCC 3264.22-V Vertebras Holmesma. Complexo Suico
paulacoutoi
MCC 3264.107-V Rib Holmesina Complexo Suico
paulacoutoi
MCT 3947-M Left femur Ccit\fi)gxx Gruna das Trés Cobras
MCT 3981-M Left ulna Valglpes_ Gruna das Trés Cobras
bucklandi
MCT 4001-M Metapodial Xenarthra indet. Gruna da8sICobras
MCT 4070-V Right radio T{fgf:r?u Gruna das Trés Cobras
MCT 4109-V Bone fragment Mammalia indet Gruna das Trés Cobras
MCT 4150-V Humerus Mammalia indet. Gruna das Trébr@s

We also believe there is confusion between thegéhule,” "pit," and "penetrating.”
According to Zonneveld et al. (2015), a hole idq@ration penetrating a bone completely. In
contrast, a pit is a perforation that terminatethiwithe bone and does not reach the internal
surface. "Penetrative” refers to traces that cotelyleperforate a bone, while "non-
penetrative" refers to traces that terminate witkine bone (Zonneveld et al., 2015;
Zonneveld, AbdelGawad, et al., 2022). According theese statements, all holes are
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penetrative, and all pits are non-penetrative. H@anethis raises other questions: Shouldn’t
that imply that every hole is a trace that compyepenetrates the bone and thus has at least
two openings to the surface? Or does the phrasepletely perforate” have a different
meaning? We believed it would be simpler if "peattg” implied that the trace reached the
cancellous bone, while "non-penetrating” refersa tperforation limited to the cortical bone.
Thus, we prefer to define holes as perforations ésach the cancellous bone and may have

one or more surface apertures, whereas pits afergeons limited to cortical bone.

Table 2. Ichnotaxobases for bioerosion traces daugiPirrone et al. (2014).
Ichnotaxobases Attributes
Pits
Holes
Chambers
Tubes
Channels
Furrows
Grooves
Striae
Absent
Bioglyphs Paired and opposed
Parallel and arcuate
Absent
Meniscate backfill
Pelleted filling
Presence of bone fragments
Absent
Branching On cortical bone
In spongy bone
Cortical bone
Spongy bone and internal microstructures
Individual
Grouped
Paired
Lined
Overlapping
Arcuate

General morphology

Filling

Site of emplacement

Pattern of occurrence

We also utilized the terms "furrow,” "tube,” andrépgation/scavenging” when
describing traces. A furrow indicates a longitudlisaratch on the edges of the bones
(Haglund et al., 1988), whereas the word tube setietthe central portion of a hole with two
openings, resembling a pipe. The term "predati@viseging” refers to traces produced by
the interaction of a carnivorous’ tooth with a bpmecluding gnaw marks associated with
vertebrate tracemakers, bite marks, and tooth marks
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Systematic ichnology
IchnogenuCuniculichnusHopner & Bertling, 2017

Type ichnospecies:

Cuniculichnus variabiligH6pner & Bertling, 2017

Original diagnosis:
See Hopner & Bertling, 2017.

Revised diagnosis:
Pits and holes in the osteic substrate that aréhedhontally to horizontally oriented
to the surface of the bone. They are cylinder-stiapiéh one or more elliptical openings to

the surface.

Remarks:

We suggest some modifications to the original disggto make it more consistent
with the ichnotaxobases of Pirrone, Buatois, anohBey (2014). First, "tunnel” was changed
to "pits and holes" to encompass all perforatiddscond, "more or less horizontal" was
altered to "sub-horizontally to horizontally" for rmore formal style. Thirdly, it is more
straightforward to refer to the shape of the halgscylindrical-shaped" instead of "rounded
cross-section." Lastly, referring to this tracenagches, holes, or tunnels is confusing because
their morphologies are distinct. Notches refer om-penetrative perforations known as pits,
whereas holes are penetrative perforations. Then t&iunnel” is incorrect, per the
ichnotaxobases of Pirrone, Buatois, and Bromley420Instead, we should employ the term
"tube,” which refers to a cylindrical hole. Whenings this term as an ichnogeneric
characteristic, all ichnospecies must exhibit aetlike morphology. Therefore, the term
"tube" should be used as an ichnospecific rathan thn ichnogeneric feature. As an

ichnogeneric description, "pits and holes" is thestappropriate expression.

Cuniculichnus variabiligH6pner & Bertling, 2017

Original diagnosis:
See Hopner & Bertling, 2017.
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Revised diagnosis:

Pits and holes primarily parallel to the bone fjb&ith smooth walls, an elliptical
opening, and passive filling.
Remarks:

We deem it necessary to exclude tunnels/tubes trmmoriginal diagnosis because
their morphology differs from cavities and pits. eTkubes must have been attributed as
ichnotaxobases to a different ichnospeciesCahiculichnus The term "notches" has been
changed to "pits," "aperture" has been changedpening,” and “rounded” has been changed

to “elliptical.”

Analyzed material and provenance:
A humerus (MCC 3264.7-V) oH. paulacoutoifrom the Quaternary sediments of

Complexo Suico cave, Felipe Guerra municipalityy &rande do Norte state, Brazil.

Description:

The humerus MCC 3264.7-V has an elliptical holetlo& proximal surface of the
greater trochanter (Figure 2F and G) that meagures in depth and 5 to 7 mm in diameter.
This puncture is parallel to the bone fiber, hasgular borders, reaches the cancellous bone,

and lacks branching, filling, and bioglyphs.

Comments:

Munitusichnugs characterized by a crescent-shaped perforatimounding a circular
hole (Parkinson, 2016), a feature not observediirsampleThatchtelithichnusvas ruled out
because it has a protrusion inserted into a cir¢alaubcircular perforation (Zonneveld et al.,
2015), whereas our sample has a single elliptipagining. Cubiculumis characterized by
holes with a ratio between their maximum and mimmdiameters spanning from 2:1 to 5:1
(Xing et al., 2016), while our sample is closerltd. Osedacoidesonsists of cylindrical
perforations with branched bases (Karl et al., 20Mhich was not observed in our
specimens. In contrast to the observed trace insample Nihilichnus consists of elliptical
perforations with irregular jags in the border lod tholes (Mikul&s et al., 2006) and, therefore,
was disregarded.Clavichnus comprises claviform-shaped tubes sub-perpendictar
perpendicular orientated to the bone surface, vase@steichnusconsists of U-shaped
chambers orientated obliquely to the bone surfeiéger & Bertling, 2017). Karethraichnus

was ruled out because it consists of circular patfons perpendicularly oriented to the bone
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surface (Zonneveld et al., 2015Juniculichnus as seen in MCC 3264.7-V, consists of
cylindrical holes parallel to the bone surface vatie opening to the surface.

For the ichnogenu€uniculichnus only Cuniculichnus variabilisHopner & Bertling,
2017 has been described. Holes with smooth wadliptieal openings, and perforation axis
parallel to the bone fibers characterizes this aslpecies. All these features were observed in

our specimen.

Cuniculichnus cascudai. isp.

Etymology of ichnospecies:
The ichnospecies epithet honors the Camara Caddudeum, a scientific institution
that houses one of the most significant Quaterpafgontology collections in Brazil, named

after one of its founders, the Brazilian anthrog@oLuis da Camara Cascudo.

Holotype and provenance:

Holes in a humerus (MCC 3264.7-V) &i. paulacoutoi from the Quaternary
sediments of Complexo Suigo cave, Felipe Guerraicipatity, Rio Grande do Norte state,
Brazil.

Paratype and provenance:

Holes in an ectocuneiform (MCC 455-V) d&. laurillardi from the Quaternary
sediments of F3 cave, Barauna municipality, Rion@deado Norte state, Brazil, and a
metapodial (MCT 4001-M) of Xenarthra indet. frone tQuaternary sediments of Gruna das

Trés Cobras cave, Serra do Ramalho municipalititjdBstate, Brazil.

Diagnosis:

Sub-cylindrical to cylindrical holes with two opptes openings to the surface. The
perforation between the openings resembles a sinthe, penetrating both cortical and
cancellous bone. They lack branching, filling, daglyphs, and their openings’ borders are

irregular. Additionally, the tubes of each hole dap one another.

Description:
The humerus MCC 3264.7-V has two holes on the grdaaberosity (Figure 2A-F).
On the caudal surface, there are two openings (&iga and B) that are 5 to 8 mm (Figure
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2B, on the right) and 7 to 9 mm (Figure 2B, on kbi¢) in diameter, respectively. On the

cranial surface, they are connected through a smtobe with two other openings (Figure

2C-F), which are 5 to 7 mm (Figure 2D) and 7 torf (Rigure 2E) in diameter, respectively.

A tube connects the smaller opening on the cauddhce (Figure 2B, on the left) to the

larger opening on the cranial surface (Figure Al larger opening on the caudal surface
(Figure 2B, on the right) is connected to the sematipening on the cranial surface (Figure
2D) by another tube. The total depth of each halesists of the distance between their
openings, which comprises the total length of thére tube. Each tube is the same length,
approximately 43 mm.

The ectocuneiform MCC 455-V has two holes, of whiaslo openings are on the
concave surface (Figure 3A and B), and two openargson the convex portion (Figure 3C
and D). Both portions encompass the articular sarta the lunate. The first two openings
measure 7 to 9 mm (Figure 3B, below) and 7 to 11 (Rigure 3B, above) in diameter,
respectively, and are connected to the openingh@onvex portion. The last two openings
measure 9 to 15 mm (Figure 3C, above) and 3 to 5(Figure 3C, below) in diameter,
respectively. A tube connects the smaller openimghe concave surface (Figure 3B, below)
to the larger opening on the convex surface (Fi€@e above). The larger opening on the
concave surface (Figure 3B, above) is connectédetemaller opening on the convex surface
(Figure 3C, below) by another tube. As a resule thwverall depth of each hole is
approximately 26 mm, which is equal to the spatietyveen their openings.

There are two openings in the articular surfacethef proximal epiphysis of the
metapodial MCT 4001-M of Xenarthra indet (Figure &&l F) measuring 3 to 5 mm (Figure
3E, on the left), and 3 to 5 mm (Figure 3E, onrigat) in diameter, respectively. They are
connected to two openings on the dorsal surfadbeoproximal metaphysis (Figure 3G and
H), which measure 5 to 8 mm (Figure 3G, above),antn (Figure 3G, below) in diameters.
A tube connects the smaller opening on the donsidase (Figure 3G, below) to the right
opening on the articular surface (Figure 3E, onrtpbkt). Another tube connects the larger
opening on the dorsal surface (Figure 3G, abovehddeft opening on the articular surface

(Figure 3E, on the left). The overall depth of eholke is approximately 25 mm.

Comments:
Munitusichnusis characterized by a circular hole with an adjhazescent-shaped
perforation (Parkinson, 2016), whereHsatchtelithichnusconsists of a circular perforation

with a central platform that is restricted to thwtical bone (Zonneveld et al., 2015). These
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features were not observed in our specimalisilichnus (Mikulas et al., 2006)Cubiculum
(Roberts et al., 2007), an@steichnus(Hopner & Bertling, 2017) lack the cylindrical
morphology observed in our mark3sedacoidess characterized by cylindrical perforations
with a branched base and only a single openingdatrface (Karl et al., 2012}lavichnus
consists of thin tubes, but it was ruled out duetgoorientation perpendicular to the bone
surface (Hopner & Bertling, 201 7arethraichnusconsists of circular holes that can assume
a cylindrical pattern with two openings to the aod, but whose walls are perpendicular to
the bone surface and have a straight or convex mtogy (Zonneveld et al., 2015). Our
puncture marks are unbranched and have walls npepédicular to the bone surface but
inclined and sinuousCuniculichnusconsists of cylindrical holes oriented sub-horiatly to
horizontally relative to the surface of the bon&gHer & Bertling, 2017), which resemble the
perforations we observed.

Cuniculichnusis a monospecific ichnogenus containing oy variabilis This
ichnospecies is characterized by pits and holeslgnparallel to the bone fiber, with smooth
walls, an elliptical opening, and passive fillinQur trace consists of holes with elliptical
openings and continuous, sinuous, overlapping twiodéshorizontally oriented to the bone
surface. The tubes can also be straight and dovestap, according to the tube-morphology
traces described by Hopner and Bertling (2017). fdube presence of cylindrical holes with
an associated tube connecting two openings, theedraescribed here belong to a new

ichnospecies.

Interpretation:
Cuniculichnusis associated with dermestid larval feeding meigmas preceding
pupation (Hopner & Bertling, 2017), i.e. fodinichni

IchnogenusGunnellichnusZonneveld, AbdelGawad, et al., 2022
Gunnellichnus akolouthistéonneveld, AbdelGawad, et al., 2022

Analyzed material and provenance:
A metapodial (MCC 73-V) of P. major from the Quatery sediments of the F3 cave,
Barauna municipality, Rio Grande do Norte StateziBr
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Figure 2. Dermestid puncture assignedCieniculichnus cascudai. isp. (A-F) andC. variabilis (F-G) in a

humerus (MCC 3264.7-V) dflolmesina paulacoutoiPosterior, anterior, and proximal views in A, GdaF,
respectively. White arrows indicate the punctureksia

Figure 3. Dermestid puncture assignedtmiculichnus cascudai. isp. A-D. Ectocuneiform (MCC 455-V) of
Eremotherium laurillardi E-H. Metapodial (MCT 4001-M) of Xenarthra indBalmar and dorsal view in B and
C, respectively. Proximal and lateral view in F &hdrespectively. White arrows indicate the puretmarks.
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Description:

A major furrow that branches into eight minor fumoin the cortical bone (Figure 4).
All marks are arcuate and feature gently serratigg® Bioglyphs or filling are absent, but
the bottoms of the marks are rough and irregulae [Ength of the main branch is 49 mm and
its width ranges from 12 to 53 mm, while the lengtid width of the secondary branches are
6 to 12 mm and 0.3 to 2.4 mm, respectively.

Comments:

Sulculites(Vialov & Nessov, 1974).inichnus KnethichnugJacobsen & Bromley,
2009) andAmphifaoichnugPirrone & Buatois, 2016) consist of unbrancheddws, in
contrast with our tracedlachichnuswvas ruled out because its furrows are perpenditola
the bone’s edge (Mikulas et al., 2006), whereasutrews on our sample are parallel to
subparallel to the length of the bof@otieichnusconsists of branched, straight to gently
arcuate, simple furrows on the bone surfaces (¥irgg., 2013), comparable to the trace
observed on MCC 73-V. Neverthele$aotieichnudypically exhibits both bioerosion and
biodeposition furrows with smooth borders (Xingakt 2013), whereas our furrows only
display bioerosion and serrated edges. Finallyt@aaes are similar tunnellichnuswhich
consists of shallow furrows on the cortical surfatéhe bone with smoothly scalloped to
gently edges (Zonneveld, AbdelGawad, et al., 2022).

Gunnellichnushas two ichnospecies describ&:moghraensigtype ichnospecies)
andG. akolouthistdZonneveld, AbdelGawad, et al., 2022). The maifetince between
them is thatc. moghraensitas wide, unbranched furrows, wher€askolouthistédhas
narrow, branched furrows. Given that our trace =ie®f a main furrow that branches into

additional narrow furrows, it is compatible wig akolouthiste
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. Bone . Soft tissue Bioerosion fraces Termites

A/ Main trace A/ Secordary branches
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Figure 4. Termite furrows assigned@annellichnus akolouthiste. igen. et isp. A. Metapodial (MCC 73-V) of
Palaeolama majoin lateral/medial view. B. Details of bioerosiamrfows, with the main trace to the right. C.
Termites scavenger process in bone diagram. Dn€tien of furrows. White arrows indicate the fum

IchnogenuKarethraichnugZonneveld et al., 2015)
Karethraichnus lakko§Zonneveld et al., 2015)

Analyzed material and provenance:

Two femoral heads (MCC 489-V and MCC 817-V) Bf laurillardi from the
Quaternary sediments of F3 cave, Barauna munitjpdio Grande do Norte state, Brazil,
and two vertebras (MCC 3264.22-V) and a humerus@\8264.7-V) ofH. paulacoutoifrom
the Quaternary sediments of Complexo Suico cav@e-&uerra municipality, Rio Grande

do Norte state, Brazil.
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Description:

All the punctures discussed in this topic are pedprularly oriented to the bone
surface and have elliptical openings. They hawgular borders, reach the cancellous bone,
and lack branching, filling, and bioglyphs.

The femoral head MCC 817-V has two elliptical holeghe center of the articular
surface (Figure 5A—C). They have 14 to 24 mm imnditer and 12 mm in depth, and 11 to 22
mm in diameter and 6 mm in depth. Although sedinmeay be visible inside the holes, this is
likely not a result of biological activity but raghof burial.

The right side of the vertebral body MCC 3264.2ZRigure 5D and E) has a hole
measuring 6 to 10 mm in diameter and 3 mm in défitl.femoral head MCC 489-V has two
holes on the articular surface (Figure 5F and Gasueng 11 to 16 mm in diameter and 4
mm in depth, and 5 to 9 mm in diameter and 3 muhepth. The humerus MCC 3264.7-V has
an elliptical hole on the proximal surface of theajer trochanter (Figure 2F and G) that

measures 6 mm in depth and 5 to 7 mm in diameter.

Comments:

Munitusichnuswas ruled out because it consists of a crescapesh hole that
embraces a circular hole (Parkinson, 2016), whesaagerforations are single and elliptical.
Clavichnus and Cuniculichnus consist of cylindrical tubes oriented perpendidylaand
parallelly to the bone surface, respectively, &uteichnusconsists of U-shaped chambers
orientated obliquely to the bone surface (HopneBé&rtling, 2017). Our perforations are
hemispherical and perpendicularly oriented to theebsurfaceOsedacoidesonsists of holes
with a branched bottom (Karl et al.,, 2012), an wesbeed feature in our specimens.
Thatchtelithichnuswas also disregarded because it consists of airctd subcircular
perforations with a central platform (Zonneveldakt 2015), whereas our samples do not
present this protrusior€Cubiculumwas ruled out because its holes have a ratiolot®5:1
between their maximum and minimum diameters (Xihgle 2016). In contrast, the holes we
observed are closer to 1Mihilichnusconsists of individual or grouped elliptical holesthe
cortical and cancellous bone (Mikulas et al., 20@@hich resembles the perforations we
observed. Howevelihilichnus has irregular jags in the border of the holes (NaK et al.,
2006), a feature not observed in our holearethraichnuscomprises circular perforations
perpendicularly oriented to the bone surface (Zealiket al., 2015), as evidenced in our

specimens.
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Karethraichnushas four known ichnospecies: Karethraichnus lakkoZonneveld et
al., 2015; (ii)Karethraichnus fialeZonneveld et al., 2015; (iiikarethraichnus zaratarsato
& Jenkins, 2020; and (i arethraichnus minimurMoura et al., 2021Karethraichnus fiale
was ruled out because it consists of perpendigutarénted cylindrical to bi-convex or flask-
shaped holes in both cortical and cancellous b@doar(eveld et al., 2015). Karethraichnus
minimum consists of circular to elliptical holestlwian internal morphology resembling an
inverted cone (Moura et al., 202Karethraichnus lakkoandK. zaratanare highly similar.
However, the former is typically restricted to ¢cat bone and has hemispherical to
cylindrical-shaped walls (Zonneveld et al., 202BhereasK. zaratanpenetrates cancellous
bone and has hemispherical to clavate-shaped (@&dt® & Jenkins, 2020). Even though our
traces consist of holes that reach the cancellaurse,bnone have clavate morphology.

Therefore, it is more appropriate to attribute therd. lakkos

IchnogenusviachichnusMikulas et al., 2006

Type ichnospecies:

Machichnus regulariikulas et al., 2006

Original diagnosis:
See Mikulas et al., 2006.

Revised diagnosis:
Single or grouped parallel or subparallel furrovespendicular to the edge of hard
substrates. They typically lack bioglyphs andrigjiand have uniform dimensions and shape.

The furrow surface is smooth or longitudinally sted.
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2cm

Figure 5. Insect punctures assigned Karethraichnus lakkas A-C. Femoral head (MCC 817-V) of
Eremotherium laurillardi D-E. Vertebras (MCC 3264.22-V) d¢folmesina paulacoutoiF-G. Femoral head
(MCC 489-V) of E. laurillardi. Proximal views in B and F. Lateral view in D. Whiarrows indicate the
punctures.

Remarks:

To standardize each trace pattern, we added twooiakobases (sensu Pirrone,
Buatois, and Bromley, 2014) to the original diageaad Mikulas et al. (2006). Because none
of the Machichnus ichnospecies contain bioglyph8llorg, these characteristics were added

to the ichnogeneric diagnosis.

Machichnus bohemicudikulas et al., 2006

Analyzed material and provenance:

A rib (MCC 441-V) of Eremotherium laurillardiand a calcaneus (MCC 485-V) of
Glyptotheriumsp. from the Quaternary sediments of the F3 cBaealina municipality, Rio
Grande do Norte State, Brazil; a left ulna (MCT B98) of Valgipes bucklandand a right
radius (MCT 4070-M) ofTayassu pecarfrom the Quaternary sediments of the Gruna das
Trés Cobras cave, Serra do Ramalho municipalitiijédB8tate, Brazil.

Description:
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The gnaw marks have a smooth inner surface andadfdgt the cortical bone. Their
borders are smooth or slightly serrated, and, osssection, the furrows are U-shaped,
shallow, and straight. Furthermore, they lack bypgk, branching, and filling.

The lateral surface of the diaphysis of the radGT 4070-M has seven grouped
parallel furrows that are perpendicular to the edigthe bone (Figure 6A-E). These furrows
range from 5 to 7 mm long, with a width of up tanin. The ulna MCT 3981-M has two
single furrows in the distal portion of the diapisy$Figure 6F—H) that are parallel to one
another and perpendicular to the edge of the bomey measure 15 and 12 mm in length, and
1 mm in width.

The calcaneus MCC 485-V has only one lined furrolapsrallel to the edge of bone
in the proximal surface at the site of insertiontloé calcaneal tendon (Figure 6I-K). It
measures 25 mm in length and 1 mm in width. Onvirgral surface of the proximal portion
of a rib (MCC 441-V), there are two sets of groufpedows (Figure 6L—N) parallel to each
other and sub-perpendicular to the edge of the .bbhe first set consists of two furrows 8
and 7 mm long. The second set, which is more distaisists of three furrows 9, 7, and 6 mm

long. Each furrow is 1 mm wide.

Comments:

All observed gnaw marks are straight and lack theiat/stellate pattern of the
ichnogenusGnathichnus (Bromley, 1975) or the characteristic arching dws of the
ichnogenugOsteocallis(Roberts et al., 2007). We also ruled out the agjemeralLinichnus
andKnethichnusdue to the absence of a serrated morphology irspecimens (Jacobsen &
Bromley, 2009). The furrows described here arente@ perpendicularly to the edge of the
bone and are longitudinally striated, adMachichnus(see Mikulas et al., 2006). Additional
characteristics of this ichnogenus, such as pafalteows showing homogeneous shape and
size, are seen in the ulna MCT 4070-M.

Machichnusis distinguished primarily by the size and quanat the furrows on the
bone surface (Mikulas et al., 2006). Because owciagens contain a small number of
discrete furrows, we can rule out the ichnospeliesegularisandM. multilineatus(Mikulas
et al., 2006), which consist of groups of furrowstt cover more than 80% of the bone
surface. We can also rule dut fatimaebecause the maximum width of our grooves is 1.1
mm, whereas the average width of the mark®lofatimaeis 4 mm, and becau$é. fatimae
commonly shows bifurcated marks (Araujo-Junior ket 2017). Machichnus normaniM.

harlandi and M. jeansi are found only in siliceous substrates (Chumakbwale 2013).



108

Besides M. normaniandM. harlandi have V-shaped furrows cross-section profiles, lsind
jeansiis characterized by furrows that taper to onedadrtie furrow (Chumakov et al., 2013).
In contrast, our samples are U-shaped in crossegeahd do not taper to one end. On the
other hand, the ichnospecibs bohemicusconsists of small groups of gnaw marks with a
width of up to 0.1 cm that cover 10 to 50% of tlomd surface (Mikula$ et al., 2006), as in
the trace described here.

Machichnussp.

Analyzed material and provenance:
A bone fragment (MCT 4109-M) of Mammalia indet.rfradhe Quaternary sediments

of Gruna das Trés Cobras cave, Serra do Ramalhaipaiity, Bahia State, Brazil.

Description:

The bone fragment (MCT 4109-M) has three parall@iraws that are sub-
perpendicular to the edge of the bone (Figure 60FQ¢y penetrate the cancellous bone,
have smooth borders and bottoms, and are crossysatt U-shaped. The furrows are 5, 16,
and 15 mm long and 3 mm wide, with no filling, bechimg, or bioglyphs. The smallest furrow
appears partially destroyed but is similar in $@zéhe other furrows.

Comments:

The gnaw marks lack the radial/stellate patternrasttaristic of Gnathichnus(see
Bromley, 1975), the serrated morphology charadter Linichnus and Knethichnus(see
Jacobsen & Bromley, 2009), and the bowing charestieiof Osteocallis(see Roberts et al.,
2007). The furrows associated wiktachichnusare the most similar in having a smooth
surface and a perpendicular orientation relativethi® edge of the bone, and a parallel
orientation relative to each other (see Mikulaslet2006).
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. Eone D Bioerosion fraces

Figure 6. Ghaw marks assignedMiachichnus bohemicu#-N) andMachichnusisp. (O-Q). A-E. Right radius
(MCT 4070-M) ofTayassu pecariF-H. Left ulna (MCT 3981-M) o¥algipes bucklandil-K. Calcaneus (MCC
485-V) of Glyptotheriumsp. L-N. Rib (MCC 441-V) oEremotherium laurillardi O-Q. Bone fragment (MCT
4109-M) of Mammalia indet. Lateral view in A andBistal view in I. Ventral view in L.
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We excludeMachichnus bohemicusecause the furrows on MCC 4109-V are up to 16
mm long and 3 mm wide, and discrete, thin furroygsto 10 mm long and 1 mm wide
represent this ichnospecies (Mikulas et al., 2006& width and length are consistent wih
fatimae but this ichnospecies has arcuate and occasydni@lircated furrows (Araujo-Juanior
et al., 2017), not present in our specimen. Thesseection oM. normaniandM. harlandiis
V-shaped (Chumakov et al., 2013), whereas our s are U-shapetMachichnus jeansi
has steep, narrow walls and thus lacks a uniformpei{Chumakov et al., 2013)jlachichnus.
normanj M. harlandi and M. jeansi are also disregarded because their occurrence is
restricted to siliceous substrate. The furrows Weeoved share the size and uniform shape of
M. multilineatusand M. regularis (see Mikulds et al., 2006) but lack their regudacuate
morphology. However, because our fossil is fragmandiagnostic characteristics may have

been lost, precluding an ichnospecific assignment.

IchnogenudMunitusichnusParkinson, 2016

Munitusichnus pascerBarkinson, 2016

Analyzed material and provenance:
A left humerus (MCC 1250-V) dE. laurillardi from the Quaternary sediments of F3
cave, Barauna municipality, Rio Grande do Nortéestarazil.

Description:

The left humerus MCC 1250-V has a pair of ellipsbidoles on the caudal surface of
the proximal metaphysis (Figure 7) that measurés 87 mm in diameter, and 14 mm in
depth, and 5 to 12 mm in diameter and 7 mm in déjgtk former perforation has a crescent-
shaped morphology that subtly embraces the lattbich has its perforation axis slightly
oblique to the bone surface.

Comments:

We ruled outNihilichnus (Mikula$ et al., 2006)Cubiculum (Roberts et al., 2007),
Osedacoideg¢Karl et al., 2012)Karethraichnus ThatchtelithichnugZonneveld et al., 2015),
Clavichnus CuninulicnusandOsteichnugHopner & Bertling, 2017) because all of them lack
holes with crescent-shaped morphology that partialirrounds another hole, which is
diagnostic forMunitusichnus(see Parkinson, 2016). The holes we observed theldame

characteristics as the ichnospediéignitusichnus pascensicluding a single mark extending
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into cortical and cancellous bone and the absefd#liog and bioglyphs (see Parkinson,
2016).

Figure 7. Dermestid punctures assigned Manitusichnus pascengén the humerus (MCC 1250-V) of
Eremotherium laurillardi Posterior view. White arrows indicate the punesur

IchnogenusNihilichnusMikulas et al., 2006

Type ichnospecies:
Nihilichnus nihilicusMikulas et al., 2006

Original diagnosis:
See Mikulas et al., 2006.

Revised diagnosis:

Roughly triangular to ellipsoidal holes that lackodlyphs and filling. Their
perforation axis may be perpendicular or obliquéhwsurface of the bone. Individually or in
groups, the holes reach the cortical and cancellmuse. Their borders can be soft or
irregular, and the outer part of the margin of¢heity shows minute, irregular jags caused by

a brittle deformation.

Remarks:

We deemed it necessary to revise the diagnosifhi@ficthnogenusNihilichnus to
replace an original descriptive term with a morelusive one and to include an important
attribute. First, the word "ovoid" was changed étlipsoidal" because "ovoid" means "egg-
shaped" and therefore excluded the holes with symcakextremities; on the other hand, the
term "ellipsoidal" also encompasses the egg-shdyodes. To identify ichnospecies within
Nihilichnus the angle between the perforation axis and time Isorface must be determined.
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Nihilichnus nihilicusMikulas et al., 2006

Analyzed material and provenance:

A vertebra (MCC 90-V) oNotiomastodon platensia vertebra (MCC 102-V), a right
lunate (MCC 197-V), a femoral head (MCC 815-V) amdhumerus (MCC 1250-V) dE.
laurillardi, a caudal vertebra (MCC 161-V) of Smilodon popui@nd a femur (MCC 977-V)
of Pachyarmatherium brasilienséom the Quaternary sediments of F3 cave, Barauna
municipality, Rio Grande do Norte State, Brazildanhumerus (MCT 4150-M) of Mammalia
indet. from the Quaternary sediments of Gruna da&s Tobras cave, Serra do Ramalho

municipality, Bahia State, Brazil.

Description:

All bite marks are elliptical to roughly triangujareach the cancellous bone, have
irregular borders, and lack branching, filling, moglyphs. The humeral head MCT 4150-M
has three holes in its articular surface inclinedard the surface rather than perpendicular
(Figure 8A and B). Their dimensions are 5 to 7 mndiameter and 4 mm in depth, 7 mm in
diameters and 4 mm in depth, and 7 to 9 mm in dian@d 4 mm in depth.

Near the metaphysis of a femoral head MCC 815-\¢jngle hole occurs on the
articular surface of the bone (Figure 8C and D)isTgerforation measures 28 to 31 mm in
diameter and 26 mm in depth. The vertebra MCC 10R2a¥ a perforation in the cranial
articulation of the vertebral body (Figure 8E arjdtlrat measures 12 to 17 mm in diameter
and 8 mm in depth. On the caudal articular surtddbe vertebral body (MCC 90-V), there is
a hole measuring 18 to 29 mm in diameter and 10imuohepth (Figure 8G and H).

There are two holes in the femur (MCC 977-V), ondlte anterior surface (Figure 8l
and J) and the other on the posterior surface (€igi and L). The first is 9 to 17 mm in
diameter and 24 mm in depth, while the second mn8 in diameters and 4 mm in depth.
There are also two perforations on the vertebrayddCC 161-V (Figure 8M), one on the
cranial surface (Figure 8N) and the other on thelahsurface (Figure 80). The first has 4 to
8 mm in diameter and 12 mm in depth, while the ottes 11 tol4 mm in diameter and 13
mm in depth.

On the caudal surface of the proximal articulattbthe humerus MCC 1250-V, there
are two holes measuring 11 to 22 mm in diameter@mnum in depth and 12 to 18 mm in
diameter and 5 mm in depth, respectively (FiguraB& Q). The lateral palmar surface of the

right lunate MCC 197-V has three perforations maagw2 to 7 mm in diameter and 3 mm in
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depth, 3 to mm in diameter and 2 mm in depth, at@ @ mm in diameter and 2 mm in depth
(Figure 9D and F).

Comments:

Brutalichnuswas ruled out because it consists of straight¢oade furrows associated
with cortical and cancellous bone breaks (Mikula&le 2006).LinichnusandKnethichnus
are furrows without associated perforations (Jaeol& Bromley, 2009), whereas our marks
consist of single holes.

Holes on the anterior surface of the femur MCC ¥7and the caudal surface of the
caudal vertebra MCC 161-V show one of the defirfemfures of the ichnogen@ubiculum
(the depth is two to five times bigger than dimgtasee Xing et al., 2016). However, because
both specimens have holes on their opposing swgfacggesting that they were perforated by
a carnivore’s superior and inferior teeth, we doaumsider them aSubiculum

Our marks are most similar tgihilichnus In the cortical and cancellous bone, they
consist of ellipsoidal to triangular holes that wcsingly or in groups. This ichnotaxon
contains botMNihilichnus nihilicusMikulas et al., 2006 anNihilichnus covichiRasser et al.,
2016.Nihilichnus covichi unlike our specimens, has holes with small fus@m calcareous
substrate (Rasser et al., 2018jhilichnus nihilicus conversely, consists of ellipsoidal to
roughly triangular holes similar to those descrilvede. The perforations we identified have
larger diameters than those described for the yyodo{see Mikulas et al., 2006). However, a

similar variation has been previously reported.(Bigsregorio & Aradjo-Junior, 2020).

Nihilichnus sulcatus. isp.

Etymology:
From Latin, sulcatus means “with a furrow.” Thenolspecies epithet was chosen due
to the presence of strange furrow branches assdoardth the typical holes of Nihilichnus.

Holotype:
Holes and furrows on a right lunate (MCC 197-V) Bf laurillardi from the
Quaternary sediments of the F3 cave, Baralna npatitgi, Rio Grande do Norte State,

Brazil.

Diagnosis:
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Ellipsoidal holes with branching furrows. Both h®land furrows penetrate through
the cortical bone into the cancellous bone, buheeicontains filling or bioglyphs. The holes
are perpendicular to the bone surface and have sdges, whereas the furrows have a

smooth bottom, U-shaped cross-sectional morpholagg,smooth edges.

Description:

The right lunate MCC 197-V has a hole on the docsalvex surface (Figure 9A—C)
and four other holes on the concave surface (FigOreE, and G). The first is 5 to 6 mm in
diameter and 2 mm deep, and it is connected tayhtl§l arcuated furrow that begins at the
puncture and measures 8 mm in length and up to S5imwidth. The concave articular
surface for capitate (Figure 9G) has four holessueag 3 to 8 mm in diameter and 2 mm in
depth, 2 to 5 mm in diameter and 3 mm in depthydlimdiameters and 2 mm in depth, and 2
to 4 mm in diameter and 2 mm in depth, which anreneated by five slightly furrows that

measure 31 mm in total length and 2 mm in width.

Comments:

Among the bite marks described in the literatures mled outLinichnus and
Knethichnus because they consist of single grooves (JacobserBr&mley, 2009),
Brutalichnus because it consists of furrows with breaks (MiBukét al., 2006). These
characteristics are not present in the trace ofpleeimen MCC 197-V. However, our sample
shares similarities witNihilichnus

Nihilichnus nihilicusandN. covichiare the onlyNihilichnusichnospecies described
thus far. The first includes only the typical efigidal holes of this ichnogenus (see Mikulas et
al., 2006), whereas the second also has smallvwsremd is restricted to calcareous substrate
(Rasser et al., 2016\Nihilichnus sulcatus. isp is distinct from these perforation marks in
that it is the only one with furrow branches corteddo the holes. Howeve. sulcatusn.
isp. can be classified as an ichnospeciedlibflichnus because its holes exhibit the same
diagnostic characteristics as those of this ichnogesuch as ellipsoidal morphology and

sharp edges.

Interpretation:
Nihilichnusrepresent perforations produced by the teethmifiwares in bones of their
preys (Mikulas et al., 2006). The presence of fuga@onnected to the perforations is the

primary distinction betweenNihilichnus sulcatusn. isp. and other ichnospecies of
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Nihilichnus The holes developed likely as a consequenceeofoibth slipping out during the

biting on the bone.

Figure 8. Bite marks assignedNihilichnus nihilicus A-B. Humeral head (MCT 4150-M) of Mammalia indet.
C-D. Femoral head (MCC 815-V) &remotherium laurillardi E-F. Vertebra (MCC 102-V) d&. laurillardi. G-

H. Vertebra (MCC 90-V) ofNotiomastodon platensis-L. Femur (MCC 977-V) ofPachyarmatherium
brasiliense M-O. Caudal vertebra (MCC 161-V) &milodon populatorP-Q. Humerus (MCC 1250-V) d.
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laurillardi. Proximal views in A, C, E and N. Distal view indad O. Anterior view in J and P. Posterior view in
K. Dorsal view in M. White arrows indicate the biterks.

. Bone . Puncutures I:‘ Furrows

Figure 9. Bite marks assignedNihilichnus sulcatus. isp. (A, B, C, D, E, and G) amdihilichnus nihilicus(D
and G) in a lunar (MCC 197-V) d&remotherium laurillardi Palmar view in A and B. Dorsal view in C and D.
White arrows indicate the bite marks.

Ichnogenu®steocallis(Roberts et al., 2007)
Osteocallis mandibuluRoberts et al., 2007

Analyzed material and provenance:

A rib fragment (MCC 3264.107-V) dflolmesina paulacoutoirom the Quaternary
sediments of Complexo Suico cave, Felipe Guerraicipatity, Rio Grande do Norte State,
Brazil, left ulna (MCT 3981-M) o¥. bucklandifrom Gruna das Trés Cobras cave, Serra do

Ramalho municipality, Bahia State, Brazil.

Description:
Two parallel furrows occur on the external sidahe proximal part of the rib (MCC
3264.107-V; Figure 10A-C). These furrows start fpalrdo the border of the bone at the
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metaphysis and arc slightly as they extend towé#ndsedge containing the costal groove.
Their width ranges from 1 to 2 mm, and their lengthpproximately 33 mm.

On the cranial surface of the proximal part of tihea (MCT 3981-M), two pairs of
arched furrows are parallel to each other and pelipalar to the edge of the bone (Figure
10D and E). The most proximal pair are 12 and 19 lomg, while the others are 20 and 7

mm long. Each furrow measures about 1 mm in width.

Comments:

The furrows on MCC 3264.107 and MCT 3981-M diffesrh Machichnusin being
oriented parallel to the edge of the bone, in @sttto perpendicularly oriented (Mikulas et
al., 2006). It also differs fronGnathichnus which has a radial/stellate pattern (Bromley,
1975).

Serrated borders are found in the ichnogehareghnusandKnethichnugJacobsen &
Bromley, 2009) but not in our specimens. Lastly ithnogenu®steocallisis characterized
by shallow furrows arranged in single or multipiails that are restricted to the cortical bone
surface (Paes-Neto et al., 2016; Roberts et a8.7)20vhich are consistent with the furrows on
the specimen MCC 3264.107 and the proximal porioCT 3981-M.

The ichnogenus Osteocallis includes two ichnosge€e mandibulusRoberts et al.,
2007 andO. infestansPaes-Neto et al., 2016. The ichnospe€lesnfestanswas excluded
because its furrows are not paired or actuate amd an irregular morphology (Paes-Neto et
al., 2016). As in gnaw marks reported for MCC 3264.and MCT 3981-M, the ichnospecies
O. mandibulusencompasses single or multiple groups of paireal)®v, and arcuate furrows
in the cortical bone (Roberts et al., 2007). Moexpthe dimensions of the furrows described
here match those of the holotype of this later adpecies (see Roberts et al., 2007).

Interpretation:

Due to its size, the ichnogenus Osteocallis is @stssl with a necrophagous or
osteophagous behavior (fodinichnia) of insect lansauch as modern bark beetles (Roberts et
al., 2007).
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Figure 10. Dermestid furrows assignedQsteocallis mandibulusA-C Rib (MCC 3264.107-V) oHolmesina
paulacoutoi D-F. Left ulna (MCT 3981-M) ofValgipes bucklandiA and D represent ventral and lateral
surfaces, respectively.

Ichnogenud aotieichnusXing et al., 2013

Taotieichnus orientaliXing et al., 2013

Analyzed material and provenance:

A right femur (MCC 2980-V) ok. laurillardi and a pelvis fragment (MCC 1143-V)
of Mammalia indet. from the Quaternary sedimentthefF3 cave, Barauna municipality, Rio
Grande do Norte State, Brazil; a left femur (MCT43dM) of Catonyx cuvierifrom the
Quaternary sediments of Gruna das Trés Cobras 8aveg do Ramalho municipality, Bahia
State, Brazil.

Description:

All furrows are straight or sinuous (Figure 11l-Ahd are preserved in negative
(bioerosion) and positive (biodeposition) epirekbddng their length (Figure 11M). They lack
bioglyphs and filling, and several exhibit branahifFigure 111-K). The positive-relief
furrows consist of clay and are hollow.

Along the caudal surface of the diaphysis of thaue (MCT 3947-M; Figure 11A)
occur two Y-shaped junctions and 14 simple furr@ssserved in positive epirelief (Figure
11B), and one simple furrow in negative epirelieiglre 11C). The negative relief furrows
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are 20 mm in total length, up to 2 mm in width, afdto 1 mm in height, while the positive
relief furrows are 128 mm in total length, up ton& in width and up to 1 mm in height. It is
worth noting that there is a continuity of the nigarelief underneath the positive relief in
the limits between then (i.e. the bioerosion reni@iiied by the biodeposition furrow).

The femur (MCC 2980-V) has simple and Y-shapedofus along the caudal surface
of the diaphysis (Figure 11D and E). Regardlestheftype of relief, the simple furrows are
continuous. They are slightly sinuous when theythieker and appear arched when thinner.
Like MCT 3947-M, the furrows found on MCC 2980 dxihibiodeposition infilling over the
bioerosion feature. The Y-shaped furrow occurseagative relief with an approximate angle
of 45° between the branches. The positive religbfu has two sizes: the major furrow is 74
mm long, up to 5 mm wide, and up to 2 mm high, wiiile smaller furrow is 32 mm long, up
to 5 mm wide, and up to 3 mm high. The negativietr@lirrows also have two measurements:
the major furrow is 70 mm long, up to 5 mm wideg aiqp to 1 mm high, while the secondary
furrow is 15 mm long, up to 5 mm wide, and up toh high.

The bone fragment MCC 1143-V has two simple furr@msl a Y-shaped junction
with an opening of around 90° between the brandbat, of which occur in positive epirelief
and are located on the articular surface of theml¢Figure 11F and G). The simple furrows
are 4.5 cm in total length, up to 1.1 cm in widthd up to 0.4 cm in height.

Comments:

Sulculiteswas ruled out because it consists of unbranchedvits (Vialov & Nessov,
1974), in contrast to the branched furrows in audied materialLinichnusandKnethichnus
were discarded because these ichnotaxa have sebatteers (Jacobsen & Bromley, 2009),
whereas ours are smoothlachichnuswas ruled out because their furrows are oriented
perpendicular to the edge of the bone and paralelach other (Mikulas et al., 2006). The
ichnogenusAmphifaoichnugPirrone & Buatois, 2016) was excluded because limited to
unbranched furrows, while branching is the most m@m characteristic observed in our
traces. The monospecific ichnogenlaotieichnusincludes the ichnospeciés orientallis
which is described as a system of furrows on theelsurfaces that consist of chambers, Y-
shaped branches, overlapping intersections, aaaistrto gently arcuate simple furrows that
range from 1 to 22 mm in height and 2 to 22 mm idthv (Xing et al., 2013). Except for
chambers and overlapping intersections, which atepnesent in our sample, the scratch

marks described here are consistent with the @igiragnosis ofl. orientallis
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Paleoecological implications

The traces described here are the result of petémoand post-mortem interactions.
Most are linked to necrophagous behaviors involvbigng and gnawing, limiting the
potential tracemakers to carnivorous/scavengingelestes and insects. We also observe a
few marks of dwellings and pulpal chambers likelgquced by osteophagous insects.

Concerning the marks left by vertebrate carnivores, identified the ichnogenera
Machichnusand Nihilichnus which indicate distinct feeding methods by anivimbal or
group of the same or different speciBgchichnusrepresents gnaw marks on bones formed
when soft tissue surrounds the bones (Mikulds .e2806).Nihilichnus on the other hand,
consists of individual perforations produced by #émire tooth or dental nodes (Mikulas et
al., 2006).

The fossiliferous deposits of the Brazilian Quateyninclude a moderate diversity of
carnivores (see Table 3). To infer the most likegcemakers, we limited our listing to
animals that were collected from same cave as déngaged bones and/or taxa found in the
same region. Regarding the F3 cave, we considereddccurring in the sedimentary deposits
of this cave and of other Rio Grande do Norte SQitmternary deposits. These include
Caiman latirostris Daudin, 1802 (Marinho et al., 2005gerdocyon thousSmith, 1839,
Leopardus tigrinusSchereber, 1773Frotocyon troglodytegLund, 1838) (Porpino et al.,
2004) andSmilodon populatofLund, 1842) (Cabral-de-Carvalho, 1966; Porpinalgt2004).
For the Gruna das Trés Cobras, we considered xadgdand in this cave and the Bahia State,
including Arctotherium brasiliensgLund, 1838),C. thous Leopardus pardalisLinnaeus,
1758, L. tigrinus P. troglodytes Puma concolorLinnaeus, 1771 (Lessa et al., 1998),
Panthera oncalLinnaeus, 1758S. populator(Lessa et al.,, 1998; Silva et al., 2019), and
Arctotherium winge{Ameghino, 1902) (Dantas et al., 2022).

There is an ichnological study for the F3 cave molv M. bohemicusandM. fatimae
were identified in five fossil bones belongingEcemotherium laurillardi Glyptotheriumsp.
and Smilodon populator(see Araujo-Junior et al., 2017). However, here als noticed
predation/scavenging marks in other additional Barfeslyptotheriumsp.,E. laurillardi, S.
populator, as well as inPachyarmatherium brasilienseNotiomastodon platensisand

Mammalia indet.
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Table 3. Carnivorous animals founded in Qumatey deposits from Brazil.

Taxon Deposit Locality (State) Reference
Arctotherium brasiliense .
(Lund, 1838) - Cave - Bahia - Lessa et al., 1999
Arctotherium wingei .
(Ameghino, 1902) - Cave - Bahia - Dantas et al., 2021
Caiman latirostris - Ravine I—\llglr(t)eGrande do - Marinho et al., 2005
Daudin, 1802 - Fluvial system ~ Mato Grosso do Sul ~ Geroto et al., 2019
- Ceara .

Cerdocyon thousmith, Natural tanks - Bahia - Bergqvist et al., 1997

- Cave . - Lessa et al., 1999
1839 . - Rio Grande do .

- Ravine N - Porpino et al., 2004

orte

Crysocyon brachyurus - Cave - Bahia - Silva et al., 2019

(llliger, 1815)

Dusicyon cf. D. avus
(Burmeister, 1866)

- Barrier-lagoon
system

- Rio Grande do Sul

- Rodrigues et al., 2004

Leopardus pardalis

Linnaeus, 1758 - Cave - Bahia State - Lessa et al., 1999
L - Bahia
Leopardus tigrinus - Cave - Rio Grande do - Lessa et al., 1999
Schereber, 1775 - Ravine Norte - Porpino et al., 2004
Panthera oncd.innaeus, - Cave - Bahia - Lessa et al., 1999;
1758 - Cave - Bahia - Silva et al., 2019
- Natural tanks - Ceara and Paraiba Bergqist et al., 1997
- Cave - Bahia
. - Cartelle & Langguth, 1999
- Cave - Bahia
Protocyon troglodytes ) ; - Lessa et al., 1999
- Ravine - Rio Grande do .
(Lund, 1838) . - Porpino et al., 2004
- Barrier-lagoon  Norte T
. - Oliveira et al., 2005
system - Rio Grande do Sul
) - Dantas et al., 2021
- Cave - Bahia
Puma concolor - Cave - Bahia - Lessa et al., 1999

Linnaeus, 1771

Smilodon populator
(Lund, 1842)

- Natural tanks
- Cave

- Barrier-lagoon
system

- Ravine

- Cave

- Cave

- Ceara and Paraiba
- Bahia

- Rio Grande do Sul
- Rio Grande do
Norte

- Bahia

- Bahia

- Bergqvist et al., 1997
- Lessa et al., 1999

- Rodrigues et al., 2004
- Porpino et al., 2004

- Silva et al., 2019

- Dantas et al., 2021

Otaria byronia
(Blainville, 1820)

- Barrier-lagoon
system

- Rio Grande do Sul

- Rodrigues et al., 2004

Caninae cfTheriodictis

- Barrier-lagoon
system

- Rio Grande do Sul

- Rodrigues et al., 2004

Considerations about the gnaw marks

Regarding the traces that Aradjo-Junior et al. (2Qfescribed, the authors attributed
the larger furrows to an adult individual Bfotocyon troglodytesin contrast, the smaller
furrows were attributed to a juvenile individual Bf troglodytes or an adult individual of
Cerdocyon thousThis predator-prey interaction betwdentroglodytesandE. laurillardi and
Glyptotheriumsp. mentioned by Aradjo-Junior et al. (2017) wdsrred for another Brazilian
locality (see Dantas et al., 2022), as well as escger behavior (Berta, 1989), which concurs

with the hypothesis of carcass consumption bytdxen (see Araujo-Junior et al., 2017).
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We attribute the newly discovered furrows in fassitom the F3 cave tdv.
bohemicus Following the interpretation of Aradjo-Juniorat (2017), it is more likely that
individuals of P. troglodytesmade these gnaw marks. Nevertheless, we must lpag c
attention to the damage characteristics betweegrihgps because different taxa can exhibit
similar bite patterns. Epiphyses or end portionbafes can preserve diagnostic gnaw marks,
but they are also removed by some animals duriegfébding process (see Haynes, 1980,
1983).

Marks left by bears and felids are typically rardhie cortical tissue of bones, and they
are rectangular and V-shaped, respectively (Hayt@33), which is quite dissimilar to what
we observed in our samples. On the other handd-@arawed bones exhibit U-shaped traces
closer to the cortical tissue edges and perperatfidol the long axis of the bone (Haynes,
1980, 1983), resembling the furrows discoveredherib (MCC 441-V) ofE. laurillardi and
the calcaneus (MCC 485-V) tflyptotheriumsp.

Assuming that canids have bitten the bones in k8 ntost likely tracemakers ake
troglodytesandC. thous reinforcing the hypothesis presented by Aradjeigitet al. (2017).
However, due to the scavenger behaviorPoftroglodytes(Berta, 1989) and its inferred
predator-prey interaction witk. laurillardi andGlyptotheriumsp. (Dantas et al., 2022), we
decided to consider adult and subadult individuzlisP. troglodytesas the more likely
producers of the larger and smaller gnaw markpecs/ely.

The furrows on the bones discovered in Gruna d&s Tobras cave have been
attributed toM. bohemicusandMachichnusisp. Using the same comparison standards as for
the F3 cave, only the canid gnawing pattern (i-shdped lines on the cortical tissue that run
parallel to the long axis and are closer to theesfighatches the furrows observed on the left
ulna (MCT 3981-M) ofV. bucklandj the right radius (MCT 4081-M) of T. pecari, aret
bone fragment (MCT 4109-M) of Mammalia indet.

As the most likely tracemakers are canids, our ssign for the animals responsible
for these furrows in the Gruna das Trés Cobras fals®onP. troglodytesandC. thous As
we discussed for the F3 cave traces, we belieigenttore likely that these gnaw marks were
also made by individuals . troglodytes First, a proposed predator-prey interaction exist
betweenP. troglodytesand V. bucklandi (Dantas et al., 2022), including necrophagy.
Secondly,T. pecarihas an estimated body mass of 22 kg (Schwarm,&(dl0), which falls
within the estimated prey range Bf troglodytes(11 to 53 kg, according to Dantas et al.,
2022).
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Considerations about the bite marks

This kind of predator/scavenging mark is associatid hunting, consumption of soft
tissues, or crushing of bones (Mikulas et al., 3006ey were observed on a vertebra (MCC
90-V) of Notiomastodon platensia vertebra (MCC 102-V), a right lunate (MCC 19)-¥
femoral head (MCC 815-V) and a humerus (MCC 125@N\g. laurillardi, a caudal vertebra
(MCC 161-V) ofSmilodon populatoand a femur (MCC 977-V) d?. brasiliensdrom the F3
cave, and on a humerus (MCT 4150-M) of Mammaliainttom the Gruna das Trés Cobras
cave. They were assignedNo nihilicusandN. sulcatus. isp.

Because Nihilichnus provides evidence of hunting, we limited the patn
tracemakers to those with known predator-prey icelahips, but we did not rule out
necrophagy. There are synecological inferencesredation byS. populator(Dantas et al.,
2020) andP. troglodytes(Dantas et al., 2022; Prevosti & Schubert, 20E3), well as
scavenger activity byC. latirostris (Dantas et al., 2020) oN. platensis Furthermore,
Dominato et al. (2011) documented potential N. gulats carcass consumption By
troglodytesin bones from the Brazilian Quaternary depositAchxa, Minas Gerais State,
Brazil, despite the interaction resulting only inagy marks. The dimensions of the hole on
the vertebra (MCC 90-V) dfl. platensissuggest that adu@@. latirostris, P. troglodytesor S.
populator produced it. However, without a dental morphongetainalysis, we cannot
discriminate any of those taxa as the likely tragken.

Smilodon populator(Dantas et al., 2020) arfd. troglodytes(Araujo-Junior et al.,
2011, 2017; Dantas et al., 2022) are carnivorous Wwypothesized predator-prey and/or
scavenger interactions with. laurillardi. Some holes are compatible with adult teeth, while
others are compatible with subadults.[Agroglodytess the inferred tracemaker of the gnaw
marks reported by Araudjo-Junior et al. (2017) ondsofS. populatoy this taxon could have
also made the holes observed here. The F3 caveeveowhas a Minimum Number of
Individuals (MNI) of 10 individuals oft. laurillardi, spatial-mixing, and time-averaging
(Trifilio et al., 2022). This implies the possiltylithat not every bone d&. laurillardi with
predation/scavenging marks (gnawing and bitingphged to the same individual or that the
same or coeval taxa produced these traces. Theyef@r believe thal. troglodytesandS.
populatormay have been potential bone-modifying organisnthis case.

A tibia of S. populatorhas been previously reported with gnaw marks (f@rdanior
et al., 2017). Now a bite mark has been found caadal vertebra (MCC 161-V) from the
same deposit. Furrows found on the tibia werelaiteid to an adul€. thousor subadult P

troglodytes(Araujo-Junior et al., 2017). However, as expldirmdove, only the subaduit
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troglodyteswas considered a tracemaker for the bones analggedratjo-Junior et al.
(2017). Comparatively, the holes on the caudalebea MCC 161-V are compatible with
adult teeth. This indicates that both adult andaduli individuals consumed the carcass.

The damaged bones may belong to the same indivafual populatorbecause their
dimensions are compatible. Therefore, there are pagsible explanations for how these
predation/scavenging marks were formed: (i) theatianalyzed by Araudjo-Janior et al.
(2017), and the caudal vertebra (MCC 161-V) beltnthe same animal and were bitten by
subadult (Araudjo-Janior et al., 2017) and adulivittials of P. troglodytesor (ii) the caudal
vertebra belongs to a different individual of Spplator and was bitten Y. troglodytesor
other scavenger. The trace morphology in the cauddkbra holds the possibility of the
scavenger activity by an individual Bf troglodytesbut also by a Felidae.

The last bone with a bite mark in the F3 cave ifemur (MCC 977-V) ofP.
brasiliense Regarding predator-prey interactions, this tar@my have been consumed By
troglodytes(Dantas et al., 2022) &. populator{Dantas et al., 2020). But can we determine
whether there was predation or necrophagy?

Haynes (1983) studied carnivorous damage to hembivbones, demonstrating the
differences between cats and canids in their atibn of carcasses. Large cats scrape the
trochlear rim in the early stages of femur consuomptwhereas canids remove it (Haynes,
1983). Upon examining our specimen (Figure 6J andhdewever, we observed that the
trochlear rim is unaltered. This may indicate ttia flesh on the bone was not consumed,
which is supported by the fact that no other barfethis taxon have been discovered with
bite marks. Therefore, the most likely explanatierthat thisP. brasilienseindividual fled
after being attacked by an adut troglodytes Two factors may lend support for this
inference: (i) there is an inferred hunting intéi@t between theP. troglodytesand P.
brasiliense(Dantas et al., 2022); and (ii) considering thedation/scavenging marks on the
other bonesP. troglodytesis the most likely agent for these bone modifmasi in the F3

cave.

Insect bioerosion

We identified four types of insect-made marks @ws, and punctures) resulting from
three distinct insect behaviors (feeding, dwellirgnd pupation).Cuniculichnus and
Karethraichnuspunctures andunnellichnusand Osteocallisfurrows reflect feeding habits

(fodinichnia). Taotieichnus furrows are associated with dwelling (domichniagnd
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fodinichnia. Munitusihcnuspunctures consist of pupichnia, or pupation, fatinia and
domichnia.

Identifying the species responsible for the bonmalge is nearly impossible. First,
there are no records of insect fossils in Brazilsaternary deposits. Second, even if we
compared traces of extant insects, our interpagtatiould not be accurate because different
species can generate similar features. Therefoeefosused on less specific groups (e.g.
Family or Order) to identify potential tracemakénst are reported as bone modifiers, such
larvae of dermestids (Britt et al., 2008; Genig#l D), termites (Backwell et al., 2012; Britt et
al., 2008; Genise, 2017), tenebrionids, ants ((&er2917) and moths (Britt et al., 2008;
Huchet et al., 2013).

Because insects outside or inside the cave coud hdacked the bones, there is a
wide variety of potential agents. Concerning thegth troglobitic habits, Trajano et al.
(2016) summarized the diversity of invertebratesnfb in several caves of the Brazilian
Intertropical Region, including Porifera, Molluscanychophora, Annelids, and Arthropods.
Although this is a study of the living fauna, tltiave fauna helps us to infer which groups
may have existed in the past and interacted with hbnes. Furthermore, this diversity
becomes even greater if we include the surfaceafaun

The bones discovered in the cave of Complexo Sh&onged to a single, semi-
articulated carcass of an individual l@blmesina paulacoutofSilva, 2015), indicating that
this animal likely perished within the cave. Duetthe small entrance and the vertically more
developed morphology of the F3 cave, the animath wisect marks most likely perished
outside the cave and were transported inside disarticulation (Trifilio et al., 2022). The
insect-marked bones from Gruna das Trés Cobrasndpelo Catonix cuvierj Valgipes
bucklandj and Xenarthra indet. individualSatonyx cuvierandV. bucklandiwere preserved
partially disarticulated in a region near the caventrance (Silva et al., 2019), suggesting that
these animals perished within the cave. Theretbie bones of Complexo Suico and Gruna
das Trés Cobras appear to have been attacked diglitic scavenger insects, whereas the

bones of F3 were attacked by scavenger insectstireraurface.

Feeding

These traces are present on an ectocuneiform (M&3:V4, a right femur (MCC
2980-V), a humerus (MCC 1250-V), and two femoraade(MCC 489-V and MCC 817-V)
of E. laurillardi, and a pelvis fragment (MCC 1143-V) of Mammalidet from F3 cave; a
humerus (MCC 3264.7-V), a rib fragment (MCC 3264-A0, and two vertebrae (MCC
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3264.22-V) ofH. paulacoutoifrom Complexo Suico cave; and on a left femur (MEDR7-
M) of C. cuvieri a left ulna (MCT 3981-M) oY. bucklandiand a metapodial (MCT 4001-M)
of Xenarthra indet. from Gruna das Trés Cobras .caves ethological class includes
Osteocallis mandibulyKarethraichnus lakkgCuniculichnus variabilisandCuniculichnus
cascudoin. isp.

Coleopterans are the most prevalent invertebrditas ltave been interpreted to be
associated with necrophagy in fossils (e.g. Btitille 2008; Ozeki et al., 2020; Roberts et al.,
2007) and modern bones (e.g. Mayer & Vasconcel@®@d,3;2 Schroeder et al.,, 2002;
Vasconcelos & Araujo, 2012). On the other hand,eboecrophagous termite species also
likely occurred in the paleontological record (eBghrensmeyer, 1978; Cosarinsky et al.,
2005; Genise, 2017; Genise & Bown, 1994; Kaisef02@zeki et al., 2020). Both types of
insects leave similar scavenging marks, includiig gnd furrows (see Backwell et al., 2012;
Britt et al., 2008; Kaiser, 2000; Pomi & Tonni, 2QRoberts et al., 2007).

Dermestid larvae and adults tend to attack expoaszhsses (Huchet et al., 2013), but
only when the remains are dry (Hefti et al., 19&@jditionally, the bones are only consumed
when food and substrate are scarce. Termites, hewean attack both exposed and buried
carcasses (Huchet et al., 2013).

Roberts et al. (2007) presumed dermestids mad@shkepcallisfurrows. As this type
of insect is present in the troglobitic fauna ok&tl (see Trajano et al., 2016), we suggest
dermestids as a potential tracemakeidsteocallisdescribed in our samples.

Cuniculichnusis a perforation produced by dermestid larvae wieeding on rotting
flesh and decaying organic matter (HOopner & Begtli2017). This ichnotaxon was found
only in the bones of an individual éfolmesina paulacoutpiwhose remains were partially
buried and in anatomical position (Silva, 2015).eDa the similarities between our samples
and the traces described by Hopner & Bertling, 2@hd the presence of dermestids in cave
deposits, we also suggest this insect as the ti@caniFigure 12).

Zonneveld et al. (2015) first describ&@rethraichnusas perforations produced by
parasites in the carapace and plastron of Eocesbiiater turtles, suggesting that vermiform
organisms (possibly leeches) were the likely traadears. The leech hypothesis was supported
by subsequent work on modern pond turtles (Zonde8eBartels, 2022 Karethraichnus
lakkos on tortoise shell was attributed to ticks (ZonnéyeAbdelGawad, et al., 2022).
Collareta et al. (2022) attributed holes Kdirethraichnuscf. lakkoson turtle carapaces to
barnacles. Sato and Jenkins (2020) proposed tm@splecies oK. zartanfor perforations

they attributed to pholadoid bivalves. The authoypothesized that these mollusks pierced
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the turtle’s carapace to use it as a shelter. Metir@. (2021) interpretel. minimumto be
flea-produced parasitic mark on the osteodermgrofdillos. Similar perforations made by
fleas on the osteoderms of cingulates have alsa bbserved in other investigations (de
Lima & Porpino, 2018; Tomassini et al., 2016). Sahéhe osteoderms analyzed by de Lima
and Porpino (2018) belong to thelyptotheriumsp. andPachyarmatherium brasiliense
specimens from the F3 cave in this paper.

Four points were taken into account: (i) becausesamples come from a confined
subaerial continental environment, leeches, biwahamd other aquatic organisms are
disregarded as tracemakers; (ii) parasitism is pobsible when the host animal is alive, and
may result in bone remodeling (e.g. de Lima & Poopi2018). However, no evidence of
bone remodeling was observed; (iii) based on tlperted occurrencesarethraichnusis
restricted to the carapace and plastrons of tu(@edo & Jenkins, 2020; Zonneveld et al.,
2015; Zonneveld, AbdelGawad, et al.,, 2022; Zonrggvébnneveld, et al., 2022) and the
dermal bone of armadillos (Moura et al., 2021); &wl fleas were disregarded as potential
tracemakers because there is evidence of damagedéy this insect only on armadillos’
carapaces as a result as parasitism.

The holes of Karethraichnus are very similar tsthof Cuniculichnus and result from
the same type of behavior, fodinichnia. Cuniculichinhowever, is evidence of necrophagy
(Hopner & Bertling, 2017), whereas the former cetssiof parasitism (Zonneveld et al.,
2015). As parasitism was ruled out, the traces afekraichnus observed in our samples
likely resulted from necrophagy. We propose deridgests potential tracemakers of
Karethraichnus in the case studied here because theects are common in rotting carcasses
and are the main agents in other specimens o$tindy .

Gunnellichnushas been linked to fungal and/or bacterial infexiin aquatic turtle
shells (Zonneveld, AbdelGawad, et al., 2022). Gamggle, however, belong to a continental
mammal that was preserved in a cave environmeifiligret al., 2022). LikeTaotieichnus
furrows, the marks ofGunnelichnusthat we described resemble contemporary termite
foraging marks (see Xing et al., 2013). They alaeeha highly branched dendritic pattern but
comprise solely bioerosion marks. Termites exudaa&dic secretion in saliva or feces that
corrodes bone and leaves holes and broad furroask(iell et al., 2012). This modification
can occur in fresh, or fossil bones associated wathsuming protein, calcium, and lipids
(Backwell et al.,, 2012), as well as nitrogen andgphorus (Watson & Abbey, 1986).
Consequently, despite exhibiting a more branchimgpimology, Gunnellichnusalso reflects

the same producers (termites) and feeding patéeyfiaotieichnus.
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Figure 12. Representative illustration of the fotiora of theCuniculichnus cascudai. isp.

Feeding and dwelling



129

These traces are found on a femur (MCC 2980-VEofaurillardi, and a pelvis
fragment (MCC 1143-V) of Mammalia indet. from F3veaand a femur (MCT 3947-M) of
V. bucklandifrom Gruna das Trés Cobras caveotieichnus orientaliss the ichnotaxa
related to these ethological classes.

Regarding the furrows dfaotieichnus Xing et al. (2013) presumed that subterranean
termites make the marks during foraging, which iegplboth feeding and sheltering
behaviors. As our marks represent only the secawcdreence ofTaotieichnusin the fossil
record, we follow here the conclusions of Xing let(2013) and attribute them to termites. In
addition, our interpretation is supported by twaitidnal factors: (i) the similarity with
modern termite shelter tubes; and (ii) the occureenf termite modification in other fossil

records of cave deposits (e.g. Backwell et al. 2201

Pupation, feeding, and dwelling

These traces are found on a humerus (MCC 1250-\B. déurillardi from the F3
cave. The holes d¥lunitusichnugeflect two different behaviors, with one holewseg as a
shelter and the other as a feeding structure (Fsoki 2016). Regarding the insects that
construct pupal chambers (e.Gubiculun), many authors proposed dermestids as the
tracemakers (e.g. Bader et al., 2009; Britt et20008; Dominato et al., 2009; Huchet et al.,
2013; Martin & West, 1995; Pirrone, Buatois, & Gahlez Riga, 2014; Roberts et al., 2007,
Thompson et al., 2018; Xing et al., 2016; Zandtale 2019). The pupation/dwelling hole of
Munitusichnusshares similar characteristics witubiculum including an ellipsoidal shape
and rounded edges (Parkinson, 2016). The mainréifées are thaCubibulumlacks the
crescent-shaped hole and is not oriented obligieethe surface of the bone (Roberts et al.,
2007). Another consideration is that feeding markdermestids are restricted only to adult
beetles with mandibles (Britt et al., 2008), whidbes not rule out the possibility that
dermestid larvae excavated the crescent-shaped Bedtause dermestids are the most likely
tracemakers of the dwelling marks discovered ingpacimens, we believe it is reasonable to

ascribe dermestids as the tracemakeidwditusichnus

Conclusions

Twenty-three bones of F3, Complexo Suico and Gmes Trés Cobras Brazilian
caves displayed signs of synecological interactwamch were linked to predation/scavenger
activities by vertebrates and scavenger activitigs invertebrates. In fossil bones of

Eremotherium laurillardi Glyptotheriumsp., Notiomastodon platensiSmilodon populatqr
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Pachyarmatherium brasilienseTayassu pecari and Valgipes bucklandi we detected
predation/scavenging marks relatedMtachichnus bohemicusachichnusisp., Nihilichnus
nihilicus, and N. sulcatusn. isp. Regarding the traces left by insects, weognized
Cuniculichnus variabilis Cuniculichnus cascudoin. isp., Gunnellichnus akolouthiste
Karethraichnus lakkgsMunitusichnus pascensand Osteocallis mandibulusn fossils of
Catonyx cuvieriE. laurillardi, Holmesina paulacoutpMammalia indet.Palaeolama majqr
and Xenarthra indet.

Concerning the gnaw and bite marks,populatoy C. latirostris andP. troglodytes
are the likely tracemakers M. platensisbones. In contrast, the boneskoflaurillardi were
bitten by S. populatorand/orP. troglodytes The bone ofS. populatorwas bitten byP.
troglodytesor a Felidae. Finally, only. troglodytescan be assigned as tracemakerHor
brasiliense T. pecariandV. bucklandibones.

Due to the difficulty of inferring a tracemaker fdhe damages caused by
invertebrates, we categorize the marks based an dttelogical class and assign them to
tracemakers identified in previous research onriebeate marks. The feeding marks include
furrows and holes assigned to dermestids larvaetemmaites. The foraging marks (feeding
and habitation) include filled and unfilled termitarrows. Traces with three purposes

(pupation, feeding, and dwelling) were also asgigimedermestids.
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ABSTRACT KEYWORDS

The Quaternary vertebrate paleontology of the Brazilian Intertropical Region is well-known, Paleichnology; traces fossils;
but there are only a few publications on bone ichnology. In this paper, we analyzed trace  vertebrates; Quaternary; Brazilian
fossils in 23 bones of the Gruna das Trés Cobras, Complexo Suico, and F3 caves, which are Intertropical Region; caves; Brazil
located in Bahia and Rio Grande do Norte states, in the Brazilian Intertropical Region. We

discovered gnaw marks assigned to Machichnus and bite marks attributed to Nihifichnus, as

well as insect modifications referring to single (Cuniculichnus, Gunnellichnus, Karethraichnus,

and Osteocallis) and multiple behaviors (Munitusichnus, and Taotieichnus). Additionally, we

proposed the new ichnospecies Nihilichnus sulcatus n. isp. (bite mark) and Cuniculichnus

cascudoi n. isp. (insect feeding mark). Regarding the predation/scavenger marks, Protocyon

troglodytes was the probable primary modification agent, but some traces may also be

attributed to Smilodon populator and Caiman latirostris. Cuniculichnus, Karethraichnus,

Munitusichnus, and Osteocallis are attributed to dermestids, whereas termites probably

produced Gunnefichnus and Taotieichnus.

Nota: Captura de tela retirada da capa do artitgpiqado.
Fonte: O autor, 2023.
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ABSTRACT: The taphonomic histories of five cave dgfps in Brazil were interpreted,
starting with the accumulation and taphonomic modestrapment, shelter, and water
transportation are the three modes of accumulatmgains recognized among Complexo
Suico, F3, Toca das Oncgas, Lapa dos Peixes anda@eamTrés Cobras caves. Regarding the
primary taphonomic mode, Cluster Analysis identifeepredominance of irregular breaks and
low stages of weathering, as well as lack of caorosand abrasion. Additionally, Factor
Analysis suggests that the presence of incrustagothe main cause in the distinction
between the deposits. Regarding the taphonomiorlast similar preservation conditions
were experienced by the remains from F3, Toca dagg§) Lapa dos Peixes, and Gruna das
Trés Cobras, including fragmentation caused duewmrking, block collapses and acidified
rainwater exposure, incrustation and abrasion fieater-borne sediments, and corrosion
because bat guano and acidified water.

Keywords: Fossil assemblages, mammals, clusterysisalfactor analysis, taphonomy,
Brazil.

1. Introduction

Caves have been widely explored in paleontology ttu¢heir high potential for
preserving vertebrate remains for extended per{@dain, 1980; Simms, 1994; Gillieson,
1996). Multiple studies attribute this to the neamplete isolation of caves from the surface,
protecting bones from weathering agents and maingia relatively constant internal
temperature and humidity (Andrews, 1990a; Simm®&41%illieson, 1996). However, this
stability is not universal across all cave enviremts. Rainwater inflow may allow
temperature and moisture variations, and cause gmnta the deposited specimens.
Additionally, both perennial (Toca da Boa Vista,aBi; see Auler et al.,, 2006) and non-
perennial rivers (Lapa dos Peixes, Brazil, seeaSév al., 2019) may occur inside caves,
permanently or temporarily altering the entire uigdeund system, respectively.

The modes of bone accumulation inside caves will degermined by their
morphologies (Brain, 1980; Simms, 1994), size,cttme, number of entrances (Andrews,
1990a), period it has been open (Andrews, 1990ainBA980), habits of the animals, and
their attractiveness for the fauna, whether curoemast (Andrews, 1990a; Simms, 1994). For
example, in some African caves, the remains weposited due to the natural death of
animals in or near the cave and by scavengers wld i as a lair (Brain, 1980). In another
case, they functioned as predator dens with termpdraman occupation (see the case of
Grotte du Bison; Enloe, 2012). In Lapa do Sumidpuragoa Santa municipality, Minas

Gerais State, Brazil, the cave worked as a defmsitnimal carcasses conveyed by water and
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a cemetery for the ancient natives (Pil6 et alQ40In other words, distinct preservation
modes exist among caves and even within the sawee ca

In general, caves can accumulate remains of vetebrin two different ways,
depending on the climatic regimes of the region @uedecological interactions near the cave
(Andrews, 1990a; Simms, 1994): (i) in situ depositiwhen the cave was used as a shelter or
lair; or when animals became imprisoned; and @ipakition by transport, when the remains
are carried into the cave by water flows or by ptets/scavengers.

In Brazil, taphonomic studies in caves started omlythe twenty-first century,
including fossil assemblages in the states of MiBagis (Perbnico and Srbek-Araujo, 2002;
Pil6 et al., 2004; Hubbe and Auler, 2012; Vascooeelt al., 2015; Mayer et al., 2020), Bahia
(Auler et al., 2006; Castro et al., 2014; Dantas &itva, 2019; Silva et al., 2019; Eltink et al.,
2020), Tocantins (Gasparini et al., 2015; Maldonadal., 2016; Buchmann et al., 2017) and
Rio Grande do Norte (Trifilio et al., 2022). Howeyenly few caves had their taphonomic
data published (e.g., Lapa dos Peixes and Grun@rdasCobras, sensu Silva et al., 2019).

The purpose of this work is to infer the taphonommistories of five Brazilian cave
deposits, including the caves of Complexo Suico®@Rio Grande do Norte State, Brazil),
and Lapa dos Peixes, Gruna das Trés Cobras, araldascOncgas (Bahia State, Brazil). To
achieve this aim, we identified biostratinomic sigmres and their likely agents and
conducted multivariate analysis to identify thehtapomic modes and similarities among the

cave assemblages.

2. Geological setting

F3 (S 5°11'06.840", W 37°43'25.440"; Fig. 1, FigA-B) and Complexo Suico (S
5033'42.5007, W 37°38°'39.700”; Fig. 1, 2C-D) are &ernary caves embedded in limestones
of the Upper Cretaceous Jandaira Formation of thteylar Basin. Complexo Suico has
208.22 m of horizontal and 17.82 m of vertical depement and is filled with clay and buried
fossils. There is a large hall from which meandgrgalleries branch, named Conduto da
Cobra Cega (=Blind Snake Gallery) and Conduto dissé&is (= Fossil Gallery), as well as a
few speleothems. The fossils could only be founthiwi“Conduto dos Fosseis”, a small
gallery formed by collapsed blocks and rainwatesutation. F3 has a large hall measuring 12
m and 15 m of horizontal and vertical developmeespectively, which is connected to a
semicircular shaft with 1.5 m of diameter and tvallggies 10 m long and 3.5 m in width
(Cabral-de-Carvalho et al., 1966).
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Toca das Ongas is embedded in the limestones ofNe@proterozoic Salitre
Formation of the Irecé Basin, located in the narthgortion of Sdo Francisco Craton (S
10°55’39.648", W 40°49'28.218"; Fig. 1, 2E-F). lorwsists of two unconnected natural
cavities and a hall with a horizontal and vertidal’elopment of approximately 23 m and 4.5
m, respectively (Araujo et al., 2018).

Lapa dos Peixes (S 13 49 22.224, W 43°57'25.49%"; F 2G-H) and Gruna das Trés
Cobras (S 13°37°'6.564", W 43°45'10.253”; Fig. 1;J2lare caves located in the southern
portion of S&o Francisco Craton, inserted in tneeitones of Neoproterozoic Sete Lagoas
Formation of the S&o Francisco Basin.

Lapa dos Peixes has a horizontal and vertical dpwatnt of 7020 m and 14 m,
respectively (Trajano et al., 2009; Silva et a0192), and it is filled with sediments ranging
from silt to coarse sand (Silva et al., 2019). Adaag to fossil accumulation, it is subdivided
into four sectors by Silva et al. (2019), labeledL®| (Lapa dos Peixes sector 1) to LPIV
(Lapa dos Peixes sector 4). LPI exhibits collapskedks and is close to the cave’s south
entrance and a river channel. Also, it is in theets main gallery, which corresponds to a
river's paleochannel. LPIl and LPIll are separatgda low-ceiling gallery at the cave’s
center. Moreover, LPIl has collapsed blocks analtmds encrusted on rocks and fossils.
LPIV is located adjacent to the northeast entrari@elabyrinthine gallery complex.

Gruna das Trés Cobras has 5620 m and 32 m of Indaizand vertical development,
respectively, and it is filled with coarse sandystlty sediments. This cave has labyrinthine
and deep galleries, dissolution fissures connecidite subsurface, and multiple entrances, all
increasing water flows into the cave (Silva et &Q19). Its fossil accumulation was
subdivided into eight accumulation areas by Silvale (2019) with the designations TCI
(Gruna das Trés Cobras sector 1) to TCVIII (Gruas @rés Cobras sector 8). TCI is adjacent
to the cave’s southern entrance and features taftsskallowing rainwater to enter the cave.
TCV and TCVII have no connection to the surfaceerglas TCIl, TCIIl, TCIV, and TCVI
have nearby shafts. TCVIII is located adjacenhw®riortheast entrance.

For more details, see Supplementary Material pfans and profiles of the Complexo
Suico; Trifilio et al. (2022) for profile of F3; Afjo et al. (2018) for profiles and plans of
Toca das Oncas; and Silva et al. (2019) for plansapa dos Peixes and Gruna das Trés

Cobras.



147

3. Material and methods

We conducted macroscopic analyses in 543 fossds fiF3, 113 fossils from
Complexo Suico, 156 fossils from Toca das Oncad, fagsils from Lapa dos Peixes, 258
fossils from Gruna das Trés Cobras. For the fineesa34 taxa were previously identified
(see Cabral-de-Carvalho, 1966; Rolim, 1974; SiR@15; Silva et al., 2019; Trifilio et al.,
2022) (Table 1). The specimens of F3 and ComplexXodSare housed in the collection of the
Museu Camara Cascudo of Universidade Federal dé&sRiaode do Norte (MCC/UFRN; Rio
Grande do Norte State, Brazil). The specimens phldos Peixes and Gruna das Trés Cobras
are housed in the collection of Museu de Ciéncad erra of Servico Geoldgico do Brasil
(MCTer/SGB; Rio de Janeiro State, Brazil). The speas of Toca das Oncgas are housed in
the collection of Laboratorio de Paleontologia ohivé¢rsidade Federal de Pernambuco
(LP/UFPE; Pernambuco State, Brazil).

3.1. Taphonomic analysis

We counted the Number of Identifiable Skeletal #&RISP), Minimum Number of
Individuals (MNI) and relative abundance (sensuribet al. 2007) as well as evaluated
ontogenetic stages (sensu Hill and Behrensmey@4;19man, 1994b), bone fragmentation
(sensu Araujo-Janior et al., 2013), transportabitidices (sensu Voorhies, 1969; Frison and
Todd, 1986), type of assemblage (sensu Araujo-3Ud@i6), break patterns (sensu Shipman,
1981b), weathering (sensu Behrensmeyer, 1978; Betmeyer and Miller, 2012), corrosion
(sensu Trifilio et al., 2022), abrasion (sensu HW®78; Fiorillo, 1988), incrustation (sensu
Maldonado et al., 2016), and deformation (sensudtym994c). See Table 2 for details about
each taphonomic feature and Table 3 for detailsitaihe size of each taxon.

3.2. Multivariate statistical analyzes

Using the Paleontological Statistics program (PAS@&ision 4.07b, the taphonomic
data were submitted to Classical Cluster and Faatatyses (CABFAC). For cluster, we
applied the following parameters: (i) hierarchichlister method, which combines the most
similar pairs of variables (Davis, 2002a); (i) Bf&urtis’ similarity distance, which is a
semi-metric index utilized for abundance data (Hanet al., 2001; equation 1); (iii) linear
parametric correlation coefficient r, because thedr correlation was used to compare the
dependent variables (taphonomic features); (iv) &®lenin which the taphonomic features are
clustered based on their co-occurrences in dissites. It determines which taphonomic

features (dependent variables) are most similateims of abundance in each cave
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(independent variables) (see Hammer et al., 20811g; (v) Unweighted Pair Group Method
using Arithmetic averages (UPGMA), which combinke groups according to the middle
distance between the groups and is more suitabledological data (Hammer and Harper,
2006Db).

dik = 1-Xi[xji-xKil/ i(xji+xki) 1)

In the equation 1 of the similarity distance of YBfurtis, the “d” is the similarity
distance, and “x” is a point in the multidimensibspace.

We also applied an Analysis of Similarities (ANOSIkQuation 2) one-way test to
inspect the significance between the groups lahbeletluster analyses (Clarke, 1993). For the
test to indicate dissimilarity between the groups, “R” value (statistical test) must be closer
to +1, and the “p” value (probability) must be ldhan 0.05 for the test to be significant
(Hammer and Harper, 2006c¢).

R =rb-rw / [n.(n-1)/4] (2)

In equation 2 of the ANOSIM test, “R” is the st#tal test, “rb” is the average of all
distances between groups, “rw” is the average lofliatances within groups, and “n” is the
total number of samples.

For the Factor Analysis, which is a method thauoed the number of variables for a
more accurate interpretation of the data (Manl@8) Gotelli and Ellison, 2011), we utilized
the Q-mode to determine which caves shared the siodar taphonomic features according

to the taphonomic modes.

3.2.1. Analyses procedures

The first step was to collect the taphonomic déteach fossil from each cave and put
them in a table (Supplementary Material 2). Secdodstart the multivariate statistical
analyses, we classified the features amenablenidasiinterpretations. As suggested by
Behrensmeyer (1978), we classified the weathenr@lsent/soft weathering”, grouping the
light damages of stages 0 to 2, and “intense weatiie grouping the severe damages of
stages 3 to 5. For abrasion, corrosion, and inatiost, we used the following categories:
unabraded, uncorroded, and un-encrusted for stagedabraded, corroded, and encrusted

for stages 1 and above.
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Regarding physical integrity, the fossils with lésan 95% of their original structure
(partial and fragment) are grouped as “incompletdiereas those with more than 95% of
their original structure continue as “complete” eTigpes of breaks, and predation/scavenging
marks do not require reclassification because #reyevaluated solely based on the presence
or absence in fossils.

Lastly, as we are working with abundance data, ahalyses will likely adhere to
Poisson’s distribution (Davis, 2002c), which applito variables that do not correlate.
Therefore, we used a square-root transformatiocotvert the data into continuous values,
enabling them to have a symmetric distribution anghore uniform variance, i.e., each “x”

value is now /x”.

4. Results and discussion
4.1. Physical integrity

Among the fossil assemblages of the five cavesgetls®ea predominance of irregular
breaks in the specimens (Fig. 3C, Fig. 3E-F, Fig. @nd Fig. 5I), suggesting fragmentation
before fossilization (Shipman, 1981b). Thereforbe tpre-fossilization breaks may be
considered as antemortem, perimortem or postmofbéostratinomic). Antemortem breaks
occur when the animal is still alive, and the bam®ws healing signs. No antemortem
fractures occur in the analyzed fossils. Perimorteeaks are related to the death of the
animal and may be formed during/after an accidemt. (the fall of the animal into a cave) or
predation. They were documented in three vertelfa@n individual of Eremotherium
laurillardi (Lund, 1842) (Fig. 4A) that fell inside Toca das¢as (see Barbosa et al., 2022).

It is challenging to differentiate predation mafksm scavenging marks on a carcass.
However, Trifilio et al. (2023) identified some ¢es that may indicate predationion in bones
of E. laurillardi, Notiomastodon platensi®&meghino, 1888)Pachyarmatherium brasiliense
Porpino et al. (2009), an8milodon populatol.und, 1842 from F3 cave, and Mammalia
indet. from Gruna das Trés Cobras.

Therefore, the majority of irregular breaks seenbéocof biostratinomic post-mortem
origin, which may be produced by weathering (Bebmegyer, 1978), transport (Aslan and
Behrensmeyer, 1996; Behrensmeyer and Miller, 20@&)orking (Behrensmeyer, 1975),
block collapse (Trifilio et al., 2022), lithostatpressure (Saunders, 1975), acids (Fernandez-
Jalvo and Andrews, 2016b), scavenger activitiesyfida, 1980; Shipman, 1981c; Lyman,
1994b), trampling (Fiorillo, 1987), human interacti(Bunn, 1981; Potts and Shipman, 1981)
or fall of the remains onto a rock or sedimentdedihe cave.
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4.1.1. Agents of post-mortem fragmentation

Fragmentation only occurs during transport in frésimes if the bone structure is
weakened (Behrensmeyer, 1991; Aslan and Behrensne3@6; Behrensmeyer and Miller,
2012). Predator-prey interactions (Haynes, 198@) swense weathering (Behrensmeyer,
1978) are two processes that frequently weakenbtime structure. Predation/scavenging
marks were identified in bones from F3 (Araudjo-ainét al., 2017; Trifilio et al., 2023),
Complexo Suico and Gruna das Trés Cobras (Triéti@al., 2023). However, despite these
marks representing a type of break, they are midamages that did not affect the bone
structure. Intense weathering, on the other harad, ®bserved in bones presenting irregular
biostratinomic breaks from F3, Complexo Suico (Bi§) and Lapa dos Peixes (Fig. 4G) and
may have weakened the bone structure of thesenspesi For Lapa dos Peixes, this
weathering-fragmentation correlation cannot behtisteed because no FTI or Voorhies data
for intensely weathered bones are available. Theccarrence of intense weathering and
irregular breaks in one medium and four easily dpamtable bones for F3 support the
possibility that they were broken during transpiota

The carcass of an individual of the pampatheéoémesina paulacoutoCartelle and
Bohdrquez, 1985 was found semi-articulated andhatanical position within the Complexo
Suico, suggesting that the exposition of remaingoto-energy environmental conditions
and/or rapid buried after the animal's death (Bebmeeyer, 1991). This anatomical
arrangement of the bones also indicates that thgpathere carcass was not relocated after
death. The high number of complete bones also stgppomore stable environment for the
thanatocoenosis and, therefore, the remains didmi#rgo transportation.

Block collapses within the caves were documentadimiToca das Oncas (Araujo et
al., 2018), Lapa dos Peixes, and Gruna das Tréem€¢8ilva et al., 2019), implying that rock
impact is a likely fragmenting agent but not veigngicant. For the Complexo Suico,
however, there is a record of collapsed blocks anlthe entrance of “Conduto dos Fdsseis”
but not within it (Silva, 2015).

Trample marks occur in the bones &f laurillardi, Glyptotheriumsp., Palaeolama
major Liais, 1872,P. brasiliense and Cingulata indet. from F3, according to Tiafiet al.
(2022). These features are furrows with a V-shapédf in cross-section that are randomly
oriented on the surface of the cortical bone. Iswat possible to discern if trampling was
also the cause for the breaks along the axes @son

A deformed femur oP. brasiliensefrom F3 suggests lithostatic pressure on this bone

(Trifilio et al., 2022). The proximal portion of¢hbone is missing, and some splinters were
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removed. The more likely hypothesis is that thedbaas submitted to the pressure while still
fresh and elastic, causing additional punctualksea

The acid-generated fragmentation likely derivedrfithe corrosion agents that exist in
the cave environments, such as infiltrated raineatd in carbonic acid (fCO3) (Simms,
1994), moisture, algae, organic acids from vegatatind bat guano (Fernandez-Jalvo and
Andrews, 2016b), since caves functioned as halditatsats (Czaplewski and Cartelle, 1998).
The number of corroded specimens varies considetaiiveen the assemblages. Complexo
Suico is the only cave that does not present domdgatures in its fossils. This absence,
however, occurred because of the intense incrostatid will be discussed later. In Lapa dos
Peixes, the no-corroded specimens are remarkableotoshowing biostratinomic irregular
breaks. In F3, more than 30% of the specimens bax®sion and biostratinomic irregular
breaks, whereas Gruna das Trés Cobras and Tocngas reach 5,8% and 7%, respectively.

None of the caves have vegetation inside, whichsralut the corrosion by organic
acids. Regarding the bat guano, some studies ctediuc Brazil (e.g., Pil6 et al., 2023) and
Europe (e.g., Audra et al.,, 2019) have examined dlevated acidity levels of these
excrements, allowing it to be a valid corrosionrader bones in cave assemblages (Fig. 4C,
Fig. 4J-K, Fig. 5E-F). In F3, Trifilio et al. (20R28uggested that moisture during wet periods
could be a likely corrosion agent. Lastly, the dmd rainwater certainly had been in contact
with the specimens of F3, Gruna das Trés CobrasTaed das Oncas, which allowed the
fragmentation.

Confirming whether a collision with rocks or thevedloor caused breaks in bones is
challenging, though we cannot ignore the fragmeartatrom remains falling into vertical
caverns. According to Trifilio et al. (2022), thallfof remains from the surface caused the
main accumulation in F3. At Toca das Oncas and JexopSuico, bones may have dropped
through the few openings in the cave roof.

Another process that leads to fragmentation is rkewvg. Behrensmeyer (1975)
proposes that an assemblage with predominantlymieaged fossils likely underwent
reworking because, even when buried, bones losanargnatter and become extremely
fragile and soft, quickly destroying the less dieaparts. Regarding Lapa dos Peixes and
Gruna das Trés Cobras, Silva et al. (2019) idetifihat the intermittent floods often
exhumed the bones, exposing the remains to thenéating agents.
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4.1.2. Post-fossilization fragmentation

Apart from the irregular breaks, we noticed someatm breaks in fossils found in
every cave (Fig. 40, Fig. 5J) except Complexo Su@uly in fossilized remains does this
type of break occur during burial or after exhumat{Shipman, 1981b), exposing them to

modifier environment agents, such as weatheringgnvand acids.

4.2. Abrasion

Regardless of whether the fossils are fresh orilipsd, the abrasion marks on the
remains are caused by the impact of sediments rimgitransportation (Fernandez-Jalvo and
Andrews, 2016c¢). However, we must evaluate eachndsisge independently to determine
the right abrasive agents. Complexo Suico has the assemblage without a record of
abrasion marks, which may have been covered upéintrustation.

The in-situ preserved remains were deposited dyractthe cave sediments, without
exposure to the outer surface or transportatiohimithe caves This rules out wind-borne
sediments and bumps against the caves’ walls asiabragents. Additionally, transported
bones frequently exhibit abrasion marks on all exe$ (Fernandez-Jalvo and Andrews,
2016¢), whereas our specimens are abraded onlyeatetiges. Therefore, water-borne
sediments likely produced the abrasion marks (Hgssl, and 5C-D). In Lapa dos Peixes and
Gruna das Trés Cobras, Silva et al. (2019) obseevesion caused by intermittent floods,
which likely outcropped and abraded the fossils.

The moderately and easily transportable assemblageshe remains that underwent
transportation were initially deposited outsidaroother portions inside the caves. Those on
the outer surface may have been abraded by wintkbor water-borne sediments and/or
during transportation. In contrast, those trangabihside the caves rule out the possibility of

wind-borne sediment impact.

4.3. Incrustation and corrosion

Incrustation in limestone caves can be attributethé sediment’s supersaturation of
calcium carbonate (CaGl resulting in a crust on the bone surface (Megi2010). This
high concentration of calcium carbonate furthempbdb neutralize the acidity of the water
(see Simms, 1994) and, consequently, the corrodemmages on the skeletal remains.
Therefore, an inverse relationship is expected eetwcorrosion and incrustation in a
contemporaneously preserved assemblage. Howeversdbnario was observed only in the

Complexo Suico assemblage (Fig. 3A, 3D). Regarttingpther caves, some of their remains
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were preserved in dry conditions, while others waeserved in wet conditions, which could
mean different seasons or areas inside the sanee cav

Due to earlier excavations, the sedimentary layefsToca das Oncas were
significantly altered (Araujo et al., 2018). In RBere were no taphonomic and stratigraphic
controls during fossil collection. Consequentlyted#ing former water channels or identifying
dry and wet areas within these caves is impossltdpa dos Peixes and Gruna das Trés
Cobras have sub-sectors that are differently aftetty floods in wet periods (Silva et al.,
2019), which undoubtedly contribute to the co-ooemce of encrusted, un-encrusted,
corroded and uncorroded fossils.

In Lapa dos Peixes, the rates of encrusted foas400% in LPI and LPII, 84.8% in
LPIII, and 45.1% in LPIV, whereas only LPIV has mmted specimens (Fig. 4L-M). There
was a high concentration of Cagia LPI, LPII and LPIIl, allowing the bone incrusitan and
avoiding the corrosion. Almost half of the fossitem LPIV are encrusted, which could
indicate a lower concentration of Cag@ different periods and environmental conditiohs
preservation for the remains. As the corrosion ratemeager (2.8% of sample), the
justification for low CaCQ@ is not the most appropriate. In Gruna das Trésr&phthe
corrosion rates are very low for all sectors areribmber of encrusted fossils (Fig. 5G-H) is
only the majority for TCI and TCIV, which also bgs up the possibility of different
conditions and periods of preservation.

4.4. Relative abundance of assemblages

The MNI of each cave differs significantly from tl¢ghers. A single animal can be
found in Complexo Suigo, 40 individuals in F3, I®lividuals in Toca das Oncas, 20
individuals in Lapa dos Peixes and 44 individual$iruna das Trés Cobras (see Table 1 for
details). Nonetheless, adults represent the mgjorigvery cave.

Except for Complexo Suico, which recorded a sinigidividual of Holmesina
paulacoutoi, all caves have multitaxic accumulaioFrifilio et al. (2022) classified the F3
cave as a multitaxic and monodominant due to tHePNofE. laurillardi. This animal does
not have medullary channels, giving them higheistasce to destructive processes (Santos et
al., 2002; Araujo-Janior et al., 2015). Additioyalthis species is the most abundant taxon in
Quaternary deposits of Brazil (Santos et al., 20Q20jo-Junior et al., 2013). In short, this
taxon has greater chances of preservation tharr tdalka, and using NISP to classify the
relative abundance of this cave may not be appatgrirhe F3 is therefore categorized as a

high diversity multitaxic assemblage because itdtdsast 17 taxa. Furthermore, no taxon has
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more than 50% of the entire MNI, enabling the F3bt classified as a multidominant
assemblage.

Likewise, E. laurillardi specimens predominate in Toca das Oncas. This taflects
a monodominant assemblage, accounting for 94.2fheoéntire NISP and 66.7% of the total
MNI. This assemblage is also categorized as lowerdity multitaxic because four taxa have
been identified.

It was possible to distinguish between 12 taxaagta.dos Peixes and Gruna das Trés
Cobras, indicating multitaxic assemblages with hdjhersity. These caves were further

classified as multidominant since no taxon had nioae 50% of MNI or NISP.

4.5. Transportation and deposition of remains

In Complexo Suico, the single adult individuakbfpaulacoutoimay have entered the
cave by falling through the verticalized currenttrance or walking through another
unmapped or no longer existing opening. The hymhef fall is unlikely as bone fractures
following a 15-meter fall were expected to occur.

Nowadays, the only opening in the ceiling of F3 sugas 1.5 meters in diameter on
average, preventing mega-sized animals from emtefiheir remains were deposited either
after they disarticulated or because an apertuaé dhce allowed entry into the cave is
currently closed. It is more plausible that thesenals died on the surface and their remains
were later moved inside the cave, given that mangmplete specimens probably broke after
falling. In contrast, the fall while still alive ems plausible to the other animals.

Toca das Oncas has a large hall with openings emoibf and a doline (Araudjo et al.,
2018), resulting from the structural collapse opation of the cave’'s roof. We cannot
disregard, however, the possibility of the priolisgéance of other entrances. The FTI data
indicates that all individuals d&. laurillardi and Toxodontidae indet. were in situ-preserved,
I.e., they perished inside the cave.

Due to taphonomic similarities between the fiveladnd three subadult individuals of
E. laurillardi, such as lack of corrosion and intense weathetitege animals probably were
preserved under the same conditions and periodnpally belonging to the same population.
A possible scenario is that these animals entéredave through a horizontal opening that is
no longer existent and used it as a shelter. Giliah the doline is the only opening large
enough for this giant animal (adult body mass =448 + 185.98 kg; Barbosa et al., 2023) to
enter, there is also a chance that these groutitsdlell with the ceiling's collapse, which is

supported by the presence of damaged vertebrae Elikaurillardi, Toxodontidae indet. is a
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mega-sized mammal and may have fallen through dheedor another no longer existent
entrance.

Lapa dos Peixes and Grunas das Trés Cobras aomltheaves with defined sectors
of fossil deposition and currently horizontal opegs, setting them apart from the other caves.
Given that distinct transportation conditions magvér occurred for each sector, the
accumulation modes within each sector differ adogytb their location within the caves.

4.5.1. Sectors of Lapa dos Peixes

LPI sector is the final deposition spot before wated sediments exit the cave and it
is located downstream of the water flow that entaes cave. There are in situ-preserved
bones belonging to an individual 8 major, which suggests that this animal died in this
sector, and a rib (moderately transportable bohéjlammalia indet. that might have been
carried by water flows from another sector.

The innermost sectors of Lapa dos Peixes are LlIL#11l, located closer to a shaft
and in secondary galleries. Given their proximied Silva et al., 2019), the remains of
Nothrotherium maquinenséund, 1839 found in both sectors may belong to shene
individuals. It is likely that some bones — inclngithe hardly transportable ones — may have
been moved from one sector to another by the whigng the floods. In any case, these
animals were preserved in situ. Furthermore, LBY & bone dNeochoerusp. that is hardly
transportable, suggesting in-situ preservation, amdne oft. laurillardi that is moderately
transportable and may have been brought from tHacaithrough the shatft.

Along with remains ofN. maquinens@and Mammalia indet., LPIll also has a femur
(hardly transportable bone) of Carnivora indetggasting an in situ-preservation. The lack of
bones with predation/scavenging marks does notvaitoconfirm if the LPIIl worked as a
den to this animal and, consequently, if there \@asynecological interaction witN.
maquinense

LPIV is the most upstream (see Silva et al., 2@ taxonomically diverse sector of
Lapa dos Peixes. We identified in-situ preservadaias of Catonyx cuvieriLund, 1839,
Tapirus sp., Tayassu pecar{Link, 1795), andValgipes bucklandiund, 1846; peripheral
preserved remains of Cervidae indet.,, and Scel@liottae indet; and ex-situ preserved
remains of Cingulata indet. Although remains ofnkajor and Mammalia indet. are also
present, their transportability could not be detegd.

The in-situ preserved animals may have accessed Hap Peixes by accidentally

falling through the shafts, walking through theikontal entrances in search of shelter, or
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being transported by water as floating carcasshs. shafts were too small for large and
mega-sized animals to enter if their current dinmrshad stayed the same. The second and
third hypotheses seem more likely given the preseasichorizontal entrances that allow
animal ingress. Additionally, the main gallery iflwvial paleochannel (Silva et al., 2019) that
may have served as a water supply for the locagb@lina. According to Shipman (1981d),
although food supplies are running low, animalslkely to remain near a water source in
dry conditions, which can lead to in-situ preseéorat Another possibility is that these
animals entered the cave and became trapped dio®ding events, as suggested by Silva et
al. (2019).

The remains of peripheral and ex-situ assemblagelerwent transportation from
another sector or outside surface. Possible trategmn agents are hydric flows (river or
rain) and other animals. Given the lack of preddtioavenging marks, the most likely
transportation agents are the fluvial flows andwaiter.

In short, the individuals belonging ©. cuvieri Neochoerussp.,N. maquinenseP.
major, Tapirus sp., T. pecarj andV. bucklandimost likely walked or entered the cave as
floating carcasses through the horizontal entranties remaining animals perished inside or

outside the cave. In any case, their remains wansported from the dead place.

4.5.2. Sectors of Gruna das Trés Cobras

In-situ preserved remains were identified in aitees except TVIII, including fossils
belonging to 10 large to mega-sized and two medsired taxa. Peripheral preserved remains
occur in all sectors, including seven mega-sized &we medium-sized taxa. Ex-situ
preserved remains were identified only in TCI, T@hd TCVI and belong to two mega-sized
taxa.

The presence of ex-situ, in-situ, and peripherakgerved remains of the same species
in the same sector, such@scuvieri P. major, andV. bucklandin TCI, likely indicates that
the animals perished within this sector and thair temains were quickly buried, preventing
dispersal.

The pathway to Gruna das Trés Cobras for the langemega-sized animals must be
the same as the Lapa dos Peixes. If their curremérgsions are considered, only small to
medium-sized animals can enter the cave by thesshHfie horizontal entrances are most
likely how the large and mega-sized animals entdrectave, either by walking or as floating

carcasses.
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We cannot identify if the bones of unidentified Maadia and Xenarthra found in
some sectors belong to the same taxon, despiteikgdhat they belong to all categories of
transportability. They might be from one or moreatdound in the cave.

In short, the individuals belonging @ cuvieri Cetartiodactyla indet., Glyptodontidae
indet., Holmesina majusSimpson, 1930, Megatheriidae indé&gochoerussp.,P. major, S.
populator, Toxodontidae indety. bucklandi and Xenorhinotherium bahiense Cartelle and
Lessa, 1988 most likely walked or entered the casefloating carcasses through the
horizontal entrances. The remaining animals pedishside or outside the cave. The small
and medium-sized may have also entered througlofting shafts. In any case, their remains
were transported from the dead place.

4.6. Taphonomic modes

Nine taphonomic variables were clustered in thremnngroups in the R-cluster
analyses. In contrast, four did not cluster witty arther variable (Fig. 7). A cophenetic
correlation value of 0.9556 was obtained. Accordmghe ANOSIM test, the variables had a
mean rank of 25.83 within them, a mean rank of 4&#veen them, a R value of 0.4556, and
a p value of 0.0053. These values show that treterisiare significant.

The Group 1 includes the most prevalent featurestiflied among the bones from the
assemblages of F3, Complexo Suico, Lapa dos Pewmmd, Gruna das Trés Cobras
(incomplete, absent/soft weathering, unabradedoruoded and irregular break; see Table 3).
Although most fossils of Toca das Oncas are abratled cave has a large amount of
unabraded remains (48.7%), allowing the inclusibfuoabraded” as a common variable for
all assemblages. Therefore, the primary taphonamode for the five investigated caves
(Group 1) suggests that the remains were brokeorddbssilization and avoid modifying
agents like heat and moisture, most likely becafisequick burial.

Group 2 clustered “abraded” and “un-encrusted” andhe closest to the primary
taphonomic mode (Group 1). Except for Complexo §uéjl caves have fossils presenting
abrasion marks and lacking incrustation (see T&Jeimplying that water and calcium
carbonate (CaC{)were secondary agents in preserving remainswilter carries sediments
that impact the deposited remains, but also tratsploe easily and moderately transportable
specimens, causing abrasion. Again, a quick bwés essential in preventing Cagfdom
depositing on the remains.

The “complete” and “unbroken” are included in GraBpwhich comprises the third

and less common taphonomic mode. It does not inmpat the remains avoided the
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taphonomic agents, especially because severaleaf tmve signs of weathering, corrosion,
abrasion, and incrustation, but that they avoidesl hlreakage and/or have a strong bone
structure.

Lastly, the variables “encrusted,” “corroded”, “sotio break,” and “intense
weathering” were not grouped with any variablesdose they are the more uncommon
features identified on the fossils. The incrustatipredominates only on bones from
Complexo Suico and Lapa dos Peixes assemblaga®stooris present in a few bones from
F3, Toca da Oncgas, Lapa dos Peixes and Gruna dasCbbras assemblages. Smooth breaks
occur only on a few bones from F3, Lapa dos Peixed,Gruna das Trés Cobras. The intense
weathering is the less present taphonomic featurihe fossils and occurs only on a few

specimens of Lapa dos Peixes and F3.

4.7. Similarities and differences among the assagdd

We used Factor Analysis to compare the similaréied differences between the cave
assemblages. The correlations among their tapha@negariables produced five bar charts
(Fig. 7), only four of which had significant var@es. The first factor (PC1; Fig. 7A) accounts
for 86.55% of the variance, indicating the cavesiiimassociation. It is worth noting that
Complexo Suico and Lapa dos Peixes have negatoressaneaning that their assemblages
were influenced differently by the taphonomic featu

Incrustation was the feature that separated Corodxco and Lapa dos Peixes from
the other assemblages. Cluster analyses revea#dtid primary mode of preservation
(Group 1) did not include the variables “un-encedst or “encrusted,” indicating that
incrustation is not relevant in determining this dao This suggests that the presence of
incrustation will always keep a fossil apart fromme tprimary taphonomic mode. It is
reasonable to conclude that the variable “encriistethe primary cause of this distinction
because Complexo Suico and Lapa dos Peixes arertlye caves where incrustation
predominates.

The second factor (PC2; Fig. 7B) accounts for 6.49%e variance and indicates a
segregation of F3 from the other assemblages. Gha&nF3 has comparable patterns to the
other assemblages, none of the variables appedrave produced this separation. F3
assemblage, like the others, exhibits a prevalafcencomplete and uncorroded bones,
irregular breakage, and absent/soft weatheringlsti has an abundance of unabraded bones,
like Complexo Suico, Lapa dos Peixes, and Grunaldés Cobras assemblages, as well as

un-encrusted bones, like Toca das Oncas and Gasdrés Cobras assemblages. Regarding
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the uncommon variables, F3 shares the occurrenadmplete, unbroken, and encrusted
bones with all caves; corrosion with Toca das Ontapa dos Peixes, and Gruna das Trés
Cobras; smooth breaks with Lapa dos Peixes and a&Gdas Trés Cobras; and intense
weathering with Complexo Suico and Lapa dos PeiXé® only significant distinction
between F3 and the other caves is the number ofrspes analyzed.

The assemblage of the F3 has 543 fossils (Triélial., 2022), whereas Complexo
Suico contains 144 fossils, Toca das Oncas contaiéigossils, Lapa dos Peixes contains 114
fossils, and Gruna das Trés Cobras contains 2589083 has double the number of fossils
as Gruna das Trés Cobras, which has the secorestagsemblage. As a result, it is possible
to assume that F3 assemblage was separated frowthe caves due to the fossiliferous
abundance.

The third factor (PC3; Fig. 7C) accounts for 4.92%the variance and indicates
segregation of Toca das Oncgas and Gruna das TtEaa<fvom the other assemblages. Toca
das Oncas and Gruna das Trés Cobras had negatires duecause their assemblages lack
intense weathering. Even though this feature i®ommaon to all assemblages, it is a variable
that suggests that the assemblage underwent miemeséenvironmental variation than the
others, making this distinction possible.

The fourth factor (PC4; Fig. 7D) accounts for 1.8@f4he variance and indicates the
segregation of Lapa dos Peixes, Gruna das Trésa€oand F3 from the other caves. This
occurred because only these three caves had sizks. Given that “smooth break” is an
uncommon variable, Complexo Suico and Toca das agsemblages, which lack this post-

fossildiagenetic feature, had positive scores aekweparated from the other caves.

4.8. Taphonomic histories

In Complexo Suico, the individual éf. paulacoutoientered the cave via a no longer
existing entrance and perished within one of tHeegas. The carcass was exposed to clayey
sediments and water, which resulted in an incrigstdayer that shielded all the remains from
weathering, abrasion, and corrosion and preventedt mof the bones from breaking and
disarticulation. However, some bones were onlyigirtencrusted and were subject to the
cave's internal moisture and temperature fluctaatiovhich allowed for intense weathering
marks.

Although the input of remains varies throughout F8¢a das Oncas, Lapa dos Peixes,

and Gruna das Trés Cobras, their preservation maeselatively similar. The remains in
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thanatocoenosis underwent reworking, block collapsed exposure to acidified rainwater,
resulting in irregular breaks.

Water-borne sediments inside the caves impactedbtmes' surfaces, producing
abrasion. Additionally, some transportable aninibi& perished outside the caves had their
remains abraded during transportation. In LapaRliges and Gruna das Trés Cobras, the
fossils were exhumed by hydric erosion which likedyised abrasion marks.

Since various species of bats live in the cavesosie corrosion marks may have been
caused by bat guano and acidified rainwater. Orother hand, the high number of encrusted
fossils in the five caves suggests that the supgeteoon of CaC@ largely inhibited the
capacity of the water to corrode.

5. Conclusions

The main way of accumulation in the caves undedystsl in-situ preservation, which
means that the animals died and were preserveleimptecise spots where they died. In
addition, starvation, and dehydration from using ttave as a shelter or from being
accidentally trapped are the causes that resultetthdir deaths. The presence of in situ-,
peripheral, and ex situ-preserved assemblagespa tlas Peixes and Gruna das Trés Cobras
implies spatial mixing. Additionally, the remainsere submitted to different environmental
conditions, suggesting different inputs and, conset]y, time-averaging.

The two main factors influencing fossiliferous cadeposits' formation are the
exposure period prior to burial and water. The pryntaphonomic mode demonstrates that
the typical preservation pattern in the cave deéposi the absence of most taphonomic
features (weathering, abrasion, and corrosion)th@rother hand, the presence of weathering,
abrasion, corrosion, and incrustation marks sugtp@strainwater is the primary taphonomic

agent.
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Figure 2. F3: A. Entrance. B. Fossils being coldctComplexo Suico: C. Superior gallery.
D. Fossil remains. Toca das Oncas: E. Doline. BsiFoemains. Lapa dos Peixes: G. Main
gallery. H. Fossil remains. Gruna das Trés Colbir&3allery and collapsed blocks. J. Fossil

remains. (TWO COLUMNS)
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Figure 3. Taphonomic features on fossils from CaxplSuico (A-D) and F3 (E-G). Tibia-
fibula (MCC 3264.13-V) with stage 2 of incrustati@h anterior view) and stage 3 of
weathering (B, medial view). C. Mandible (MCC 32B4/) with stage 2 of weathering and
irregular breaks, lateral view. D. Calcaneus (MQB414-V) with stage 1 of incrustation
and complete, medial view. E. Cranium (MCC 976-Ypmilodon populatowith irregular
breaks, left side. F. Femur (MCC 1141-V)Rdchyarmatherium brasilienseith mineral
overgrowth, anterior view. G. Clavicle (MCC 329-d)Eremotherium laurillardiwith stage
2 of weathering, anterior view. All fossils from @plexo Suico belong tdolmesina
paulacoutoi The black arrows point to breaks and weatheand, the white arrows point to

incrustation. (TWO COLUMNYS)



174

Figure 4. Taphonomic features on fossils from Tdaa Oncas (A-C) and Lapa dos Peixes
(D-O). Lumbar vertebra (DGEO UFPE 5769) Exiemotherium laurillardiwith perimortem
fracture (A, posterior view) and stage 2 of weatlge(B, left side). C. Astragalus (DGEO
UFPE 8502) oft. laurillardi with stage 3 of corrosion. D. Navicular (MCT.M 4)1of

Catonyx cuvieriwithout taphonomic features. E. Pelvis (MCT.M 4820 Mammalia indet.
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with stage 1 of weathering. F. Patella (MCT.M 42@#)\Valgipes bucklandwith stage 2 of
weathering. G. Bone fragment (MCT.M 4306) of Mamiamaindet. with stage 3 of
weathering. H. Tibia (MCT.M 4227) dfothrotherium maquinensgith stage 1 of abrasion.
I. Carpus/tarsus (MCT.M 4323) of Mammalia indetthwétage 2 of abrasion. J. Metapodial
(MCT.M 4250) of Scelidotheriinae ident. with stalyef corrosion. K. Patella (MCT.M 4318)
of Cingulata indet. with stage 2 of corrosion. elN#s (MCT.M 4231) ofN. maquinensavith
stage 1 of incrustation. M. Ulna (MCT.M 4236) &f. maquinensewith stage 2 of
incrustation. N. Radius (MCT.M 4305) of Mammalieemd. with irregular breaks. O. Rib
(MCT.M 4247) of Scelidotheriinae indet. with smodifeaks. The white arrows point to the
weathering marks, abrasion, and breaks. The ddstesdin white and black outline corrosion

and incrustation, respectively. (TWO COLUMNS)
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Figure 5. Taphonomic features on fossils from Grdaa Trés Cobras assemblages. A. Rib
(MCT.M 4069) ofPalaeolama majowith stage 1 of weathering. B. Bone fragment (M@T.
4152) of Mammalia indet. with stage 2 of weatheri@g Bone fragment (MCT.M 4198) of
Mammalia indet. with stage 1 of abrasion. D. FefMECT.M 4210) of Mammalia indet. with
stage 2 of abrasion. E. Cranium (MCT.M 4132) of Maetia indet. with stage 1 of corrosion.
F. Astragalus (MCT.M 4002) de Xenarthra indet. witage 2 of corrosion. G. Pelvis
(MCT.M 4068) of P. major with stage 1 of incrustation. H. Radius (MCT.M 20%f P.
major with stage 2 of incrustation. I. Femur (MCT.M 40&Z Neochoerusp. with irregular
breaks. J. Caudal vertebra (MCT.M 3998) of Xenarthdet. with smooth break. K. Femur
(MCT.M 4071) ofTayassu pecanvithout taphonomic features. The white arrows ptarthe
weathering marks, abrasion, and breaks. The dalsiesl in white and black outline the

corrosion and the incrustation, respectively. (TWOLUMNS)
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Table list:
Table 1. Taxonomic composition and MNI of each cg@ensu Cabral-de-Carvalho, 1966;

Rolim, 1974; Silva, 2015; Silva, et al. 2019; Trdiet al., 2022). CS = Complexo Suico; F3 =
F3 cave; TO = Toca das Ongas; LP = Lapa dos PeiXes; Gruna das Trés Cobras; A =

Adult; and S = Subadult.

Taxon CS (A/S) F3(A/S) TO (A/S) LP (A/S) TC (A/S)
Canidae indet. 0/0 0/1 0/0 0/0 0/0
Carnivora indet. 0/0 2/0 0/0 1/0 0/0
Catonyx cuvieri 0/0 0/0 0/0 1/0 4/1
Cervidae indet. 0/0 1/0 0/0 1/0 1/0
Cetartiodcyla indet. 0/0 0/0 0/0 0/0 0/1
Chrysocyon brachyurus 0/0 0/0 0/0 0/0 1/0
Cingulata indet. 0/0 1/1 0/0 1/0 0/0
Didelphis sp. 0/0 0/0 0/0 0/0 1/0
Eremotherium laurillardi 0/0 5/5 5/3 1/0 0/0
Felidae indet. 0/0 0/0 0/0 0/0 0/2
Glyptodontidae indet. 0/0 0/0 0/0 0/0 2/0
Glyptotherium sp. 0/0 1/0 0/0 0/0 0/0
Holmesina majus 0/0 0/0 0/0 0/0 1/1
Holmesina paulacoutoi 1/0 0/0 0/0 0/0 0/0
Hydrochoerus hydrochaeris 0/0 0/0 0/0 0/0 1/0
Mammalia indet. 0/0 0/0 0/0 0/0 0/0
Megalonychidae indet. 0/0 0/0 0/0 0/0 1/0
Megatheriidae indet. 0/0 0/0 0/0 0/0 2/0
Mylodontinae indet. 0/0 1/0 0/0 0/0 0/0
Neochoerus sp. 0/0 0/0 0/0 1/0 2/2
Nothrotherium maquinensis 0/0 0/0 1/0 2/2 0/1
Notiomastodon platensis 0/0 2/1 2/0 0/0 0/1
Pachyarmatherium brasiliense 0/0 6/1 0/0 0/0 0/0
Palaeolama major 0/0 1/1 0/0 2/1 4/2
Pampatherium sp. 0/0 1/0 0/0 0/0 0/0
Panthera onca 0/0 0/0 0/0 0/0 1/0
Scelidotheriinae indet. 0/0 0/0 0/0 11 2/0
Smilodon populator 0/0 3/1 0/0 0/0 1/0
Tapirus sp. 0/0 0/2 0/0 0/1 1/0
Tayassu pecari 0/0 0/0 0/0 1/0 2/0
Tayassuidae indet. 0/0 1/0 0/0 0/0 1/0
Toxodontidae indet. 0/0 0/0 1/0 0/0 1/0
Toxodon sp. 0/0 1/0 0/0 0/0 0/0
Valgipes bucklandi 0/0 0/0 0/0 2/0 2/0
Xenarthra indet. 0/0 1/0 0/0 1/0 0/0

Xenorhinotherium bahiensis 0/0 0/0 0/0 0/0 1/1




Table 2. Adjusted taphonomic features.
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Attribute Stage Description
Small-sized Less than 10 kg
. ) Mid-sized 10-100 kg
Animal size Large-sized 100-1,000 kg
Mega-sized Over 1,000 kg
Subadult Unfused epiphysis and sutures
Ontogeny . .
Adult Fused epiphysis and sutures
Fragment Less than 50% of original structure
Physical integrity Partial 50-95% of original structure
Complete More than 95% of original structure
0 No signs
1 Superficial cracking
) 2 Well-marked cracks
Weathering 3 Fibrous and rough texture
4 Small and large splinters
5 Lost original form

0 (Unabraded)
1 (Light abrasion)

2 (Moderate

Abrasion abrasion)

3 (Intense abrasion)

No signs
Edges with little polish

Edges well rounded and polish in bone surface

Edges extremely rounded agtdgulish in bone surface

0 (Uncorroded)
1 (Light corrosion)

Corrosion 2 (Moderate

corrosion)

3 (Intense
corrosion)

No signs

Corrosion does not reach thecetlous bone

Corrosion reaches the cancellous bone and lesstitan

of the bone surface

Corrosion reaches the cancellous bone and moresfan

of the bone surface

0 (Um-encrusted)

No signs

. . L (nght Up to 50% of the bone surface is encrusted
Incrustation incrustation)
. 2 (Intense More than 50% of bone surface is encrusted
incrustation)
) - FTI <50 Nol/little transportability
Fluvial Trliréseportabnlty 50 < FTI<75 Moderate transportability
X FTI>75 High transportability
Group | No/little transportability
Group I&ll Little to moderate transportability
Voorhies Index Group Il Moderate transportability
Group l1&llI Moderate to high transportability
Group llI High transportability
In situ-preserved In the death place
Assemblage type Peripheral Little transport from the death place

Ex-situpreserved

High transport from the death place




Table 3. Size of each taxon according to the estichmass.

Taxon Size  Mass (Kg) Reference
Catonyx cuvieri Large 780 Barbosa et al. (2023)
Chrysocyon brachyurus Medium 30 Rodden et al. (2004)
Didelphis sp. Small 2* Smith et al. (2003)
Eremotherium laurillardi Mega 4490 Barbosa et al. (2023)
Glyptotherium sp. Large 750 Barbosa et al. (2023)
Holmesina majus Large 195** -
Holmesina paulacoutoi Large 195 Barbosa et al. (2023)
Hydrochoerus hydrochaeris ~ Medium 44 Ferraz et al. (2005)
Neochoerus sp. Large 200 Ghizzoni (2014)
Nothrotherium maquinensis Large 150 Barbosa et al. (2023)
Notiomastodon platensis Mega 6865 Dantas (2022)
Pachyarmatherium brasiliense  Large 150 Barbosa et al. (2023)
Palaeolama major Large 305 Dantas (2022)
Pampatherium sp. Large 240%** Barbosa et al. (2023)
Panthera onca Large 105 Hoogesteijn and Mondolfi (1996)
Smilodon populator Large 330 Dantas (2022)
Tapirus sp. Large 230%*** Dantas et al. (2021)
Tayassu pecari Medium 22 Schwarm et al. (2010)
Toxodon sp. Mega  2226**%* Dantas (2022)
Valgipes bucklandi Large 730 Barbosa et al. (2023)
Xenorhinotherium bahiensis Mega 1126 Dantas (2022)
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Table 4. Taphonomic features that are present lbseh&in each assemblage. The numbers 0
and 1 indicate absence and presence, respectitfegdominating variable.

Taphonomic Complexo Toca das Lapa dos Gruna das Trés F3
attribute Suico Oncas Peixes Cobras
Complete 1 1 1 1 1
Incomplete 1* 1* 1* 1* 1*
Unbroken 1 1 1 1 1
Irregular break 1* 1* 1* 1* 1*
Smooth break 0 0 1 1 1
Absent/soft 1% 1% 1% 1% 1%
weathering
Intense weathering 1 0 1 0 1
Unabraded 1* 1 1* 1* 1*
Abraded 0 1* 1 1 1
Uncorroded 1* 1* 1* 1* 1*
Corroded 0 1 1 1 1
Un-encrusted 0 1* 1 1* 1*

Encrusted 1* 1 1* 1 1
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