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RESUMO

Durante o Devoniano, a Gondwana ocupava regides proximas do pélo sul
geografico, onde as condi¢gdes climaticas oscilavam entre as localidades. As
correntes maritimas eram distintas, contando com uma zona de ressurgéncia na
costa oeste sul-americana que conduzia aguas frias para as regides equatoriais do
oceano Paleo-Tethys, isolando assim os mares epicontinentais da Gondwana. O uso
cronoestratigrafico de  conodontes, quitinozoarios, peixes placodermos,
palinomorfos, graptdlitos e dacrioconarideos ajudam no estabelecimento de eventos
evolutivos e paleoclimaticos na América do Norte, na Europa e na China. Porém na
América do Sul, principalmente nas bacias interiores brasileiras, esses registros
paleontoldgicos sao dificilmente reconhecidos no Devoniano. Assim, este trabalho
utiliza da morfometria linear e esclerocronologia para averiguar como a fauna de
braquiopodes (Australocoelia e Orbiculoidea) se comportou a medida que as
condi¢cbes paleoambientais ocorriam durante o Devoniano. No norte da Bacia do
Parana podemos inferir que os processos transgressivos e regressivos do
Pragiano-Eifeliano impactaram diretamente no crescimento dos braquidpodes
(Australocoelia palmata). Os animais que viviam num ambiente marinho
transgressivo possuiam tamanhos variados, contudo aqueles que viviam num
contexto regressivo apresentavam tamanhos corporais reduzidos. As mudangas
paleoambientais do Devoniano também impactaram a fauna de Orbiculoidea
(Orbiculoidea baini, O. bodenbenderi, O. excentrica). Com a morfometria linear
(comprimento e largura) e averiguando os padrdes de crescimento das conchas foi
possivel concluir que esta fauna ndo apresentou diferengas morfométricas durante o
Pragiano-Eoeifeliano. Na passagem do Eopragiano-Neoemsiano os braquidpodes
possuiam boas condi¢des vitais, os animais atingiram as mais diversas dimensdes ja
a reducao das conchas pode estar associada a transgressdo mundial do Kacak. Os
animais que sobreviveram a passagem Eifelian-Givetiana ndo encontraram as
mesmas condicbes paleoambientais apdés a crise bidtica. Os braquidpodes
encontrados no norte da Bacia do Parana apresentaram um padrdo de crescimento
distinto daqueles que viviam no sul. Isto pode estar relacionado as condigdes de
estresse na borda da bacia associadas a entrada de aguas quentes provenientes da
Bacia do Parnaiba.

Palavras-chave: Gondwana, Bacia do Parana, Evento Kacak, Evento Chotec,

Australocoelia palmata, Orbiculoidea.



ABSTRACT

During the Devonian, Gondwana occupied areas close to the geographic south pole,
where climatic conditions fluctuated between the localities. The ocean currents were
distinct, with an upwelling zone on the South American west coast that carried cold
waters to the equatorial regions of the Paleo-Tethys Ocean, thus isolating the
epicontinental seas of Gondwana. The chronostratigraphic use of conodonts,
chitinozoans, placoderm fish, palynomorphs, graptolites and dacryoconarids help to
establish evolutionary and paleoclimatic events in North America, Europe and China.
However, in South America, especially in the Brazilian interior basins, these
paleontological records are difficult to recognize in the Devonian. Therefore, this work
uses linear morphometry and sclerochronology to investigate how the brachiopod
fauna (Australocoelia and Orbiculoidea) behaved as paleoenvironmental conditions
occurred during the Devonian. In the north of the Parana Basin we can infer that the
transgressive and regressive processes of the Pragian-Eifelian had a direct impact
on the growth of brachiopods (Australocoelia palmata). Animals that lived in a
transgressive marine environment had varying sizes, however those that lived in a
regressive context had reduced body sizes. Devonian paleoenvironmental changes
also impacted the Orbiculoidea fauna (Orbiculoidea baini, O. bodenbenderi, O.
excentrica). Using linear morphometry (length and width) and investigating the
growth patterns of the shells, it was possible to conclude that this fauna did not show
morphometric  differences  during the Pragian-Eoeifelian. During the
Eopragian-Neoemsian period, brachiopods had good vital conditions, the animals
reached the most diverse dimensions, and the reduction of shells may be associated
with the worldwide transgression of the Kacdak. Animals that survived the
Eifelian-Givetian passage did not encounter the same paleoenvironmental conditions
after the biotic crisis. The brachiopods found in the north of the Parana Basin showed
a growth pattern distinct from those that lived in the south. This may be related to the
stress conditions at the edge of the basin associated with the entry of hot waters from
the Parnaiba Basin.

Keywords: Gondwana, Parana Basin, Kacak Event, Chote¢ Event, Australocoelia,

Orbiculoidea.
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1. INTRODUGAO

Durante o Devoniano, o supercontinente Gondwana (América do Sul, Africa,
Antartida, india, Peninsula Arabica e outros blocos continentais menores) ocupava
latitudes que iam desde os 60° S até préximo do polo sul geografico. Paralelamente,
os blocos continentais que compunham a Euro-américa (América do Norte, Eurasia
Oriental e Ocidental) estavam majoritariamente no hemisfério norte, nas
proximidades das latitudes 60°N até o Equador (Figura 1). Influenciados pela
continentalidade e maritimidade ocasionada por esse vasto bloco continental, os
climas variavam nas mais diversas localidades. Evidéncias geoldgicas indicam
climas quentes e temperados ao norte da Australia, noroeste da Africa, Sibéria,
Cazaquistao, noroeste da América do Sul e na Europa central. Ja nas regides de
altas latitudes sul, os climas eram majoritariamente mais frios (HABICHT, 1979;
ROWLEY et al., 1985; RAYMOND, 1987; GOLONKA, 1994; SCOTESE et al., 1999).
As correntes maritimas eram distintas, sendo que uma zona de ressurgéncia surgia
na costa oeste sul-americana e conduzia aguas frias para as regides equatoriais do
oceano Paleo-Tethys, isolando assim os mares epicontinentais da Gondwana. Ja no
hemisfério norte, as correntes possuiam temperaturas variadas e eram
multidirecionais (OCZLON, 1990; CRASQUIN & HORNE, 2018; HUNEKE et al.,
2023).

Diversas mudancgas climaticas ocorreram durante o Devoniano em todo o
planeta. No Hemisfério Norte essas mudangas climaticas, bem como esses
processos de extingdes sdo facilmente identificados nos registros fésseis. O uso
cronoestratigrafico de conodontes (MURPHY, 2005; WEYANT et al., 2010;
MAVRINSKAYA & ARTYUSHKOVA, 2017), quitinozoarios (WINCHESTER-SEETO,
1993), peixes placodermos (DUPRET & BLIECK, 2009; BURRETT et al., 1990),
palinomorfos (RICHARDSON et al, 1981), graptélitos e dacrioconarideos
(SUTTNER & KIDO, 2016) ajudam no estabelecimento de eventos evolutivos e
paleoclimaticos na América do Norte e na Europa (CHLUPAC & KUKAL, 1986;
CHLUPAC & OLIVER, 1989; FEIST et al, 1997). Porém no Hemisfério Sul,
principalmente nas bacias interiores brasileiras, esses registros paleontolégicos sé&o
dificilmente reconhecidos (MCGHEE, 1990; THOMPSON & NEWTON, 1988;
ELRICK et al., 2009).

13



Os mares epicontinetais da Gondwana hospedavam uma fauna de
invertebrados singular, com elevado grau de endemismo genérico e baixa
diversidade especifica, denominada fauna Malvinocafrica, ou Malvinoxhosan
segundo Penn-Clarke & Harper (2021). Tal fauna é representada, principalmente,
por trilobitas (pertencentes a Familia Calmoniidae, Pennaia, Phacopina e Tibagya),
braquidopodes (Australocoelia, Australospirifer, Australostrophia, Meristelloides,
Derbyina, linguliforme, Gigadiscina e Orbiculoidea), moluscos bivalves (Nuculites,
Pleurodapis, Palaeoneilo), gastropodes belerofontideos além de Tentaculites e
crindides em menor quantidade (BOUCOT et al., 1971; BOUCOT, 1975; ANDRADE
& CAMARCO, 1980; MELO, 1988; PENN-CLARKE & HARPER, 2021).

Figura 1: Mapa paleogeografico da Gondwana durante o Devoniano.

<+ Polo sul
[ Terras emersas
[1Plataforma continental

Oceano

Fonte: adaptado de Penn Clarke & Harper (2021)

Segundo Boucot (1975) essa singularidade faunistica teria iniciado ainda no
Siluriano, num ambito pds-glacial acarretando em uma diversidade geral limitada de
braquiopodes. Ao longo do Devoniano Inferior, as mudangas do nivel do mar e as
variagdes climaticas aumentaram a diversidade de alguns taxons, permitindo que a
fauna Malvinoxhosana atingisse seu apogeu no Pragiano-Emsiano, ocupando varios
mares do sul de Gondwana (BOUCOT, 1990; CHLUPAC, 1994; SEDORKO et al.,

2021). O endemismo foi reduzindo gradativamente durante o Devoniano Médio,
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chegando ao completo desaparecimento de quase todos os taxons de braquiépodes
no Frasniano (CLARKE, 1913, BOUCOT, 1975; MELO, 1988; BOSETTI et al., 2011).

Os braquiopodes tipicos da fauna Malvinoxhosan podem ser encontrados nas
bacias de Tarija (Argentina), Parana, Parecis, Amazonas, Parnaiba (Brasil), Tarija,
Madre de Dios (Bolivia), Chaco (Uruguai), Cabo (Africa do Sul), além das llhas
Falklands (CLARKE, 1913; MELO, 1988; PENN-CLARKE et al, 2018;
PENN-CLARKE, 2019; DOWDING & EBACH, 2019). No Brasil, esses fosseis sao
descritos em varias bacias intracratonicas, sendo elas a bacia do Alto-Tapajos,
Amazonas, Jatoba, Parana, Parecis, Parnaiba e Solimées (MELO, 1988; MILANI et
al., 2007) (Figura 2).

Figura 2: Brasil com as principais bacias sedimentares intracratdnicas com rochas devonianas.

65° 550 450 350

20°
Alto Tapajés
[ Amazonas
Jatoba
[ |Parana
[ Parecis .
~ Parnaiba |~ )
300 [ ] Solimbes NS

65° 55°

Fonte: o autor

Os braquiopodes que caracterizam a fauna Malvinoxhosan sao
costumeiramente encontrados nas bacias interiores do Brasil. Porém algumas
localidades necessitam de um trabalho mais acurado, como s&o os casos das bacias
do Alto-Tapajos e Solimdes, onde as informacdes fossiliferas sdo escassas ou
inexistentes. Ja nas bacias do Amazonas, Jatoba e Parecis as informacdes estao
desatualizadas, visto que os trabalhos nestas regides foram feitos ainda no século

passado e carecem de atualizagdes.

15



4. CONSIDERAGOES FINAIS

Considerando o proposto, até no presente momento pode-se concluir que:

e Os processos transgressivos e regressivos do Pragiano-Eifeliano no norte da
bacia do Parana influenciaram diretamente nos tamanhos dos braquiépodes;

e Exemplares de Australocoelia palmata que viviam num ambiente marinho
transgressivo possuiam tamanhos variados, porém aqueles que viviam num
contexto regressivo apresentaram tamanhos corporais 25% menores;

e Esta redugdo da fauna pode acontecer quando ha alteracbes na composi¢ao
das aguas marinhas e na salinidade, resultantes de uma fase regressiva;

e Aplicando a morfometria linear nos braquidépodes (Orbiculoidea baini, O.
bodenbenderi e O. excentrica) nao foi possivel identificar diferencas
morfométricos ao longo de todo o Devoniano;

e Porém, quando comparamos os animais do Pragiano-Eoeifeliano com
aqueles do Neoeifeliano-Eogivetiano podemos verificar uma redugéao
significativa nas dimensdes das conchas;

e Essa alteragdo pode estar associada a  transgressao do
Neoeifeliano-Eogivetiano, também reconhecida mundialmente como crise
biotica do Kagak;

e Braquiépodes (Orbiculoidea baini, O. bodenbenderi e O. excentrica) do
Eopragiano-Neoemsiano possuiam boas condigbes vitais, os dados
morfométricos indicam que neste momento os animais atingiram as mais
diversas dimensoes;

e Os braquiopodes (Orbiculoidea baini, O. bodenbenderi e O. excentrica) do
Neoemsiano viveram em paleoambientes estressados devido as constantes
oscilagbes do nivel do mar, correlacionavel a crise biética do Chotec;

e O Evento global Kacak foi identificado e estatisticamente mensurado em toda
a abrangéncia da Bacia do Parana. Reforgando ainda mais a hipétese
anoxica da transgressao do Neoeifeliano-Eogivetiano.

e Os animais que sobreviveram a passagem Eifeliano-Givetiano nao
encontraram as mesmas condigdes paleoambientais apds a crise bidtica. Os
braquiépodes encontrados no norte da Bacia do Parana apresentaram um

padrao de crescimento distinto daqueles que viviam no sul.
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5.3. Record of Lingulapholis (Craniopsidae, Brachiopoda) in the

Pimenteira Formation (Devonian, Parnaiba Basin)
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RESUMO - - O género Lingulapholis teve restrigdes temporais e espaciais durante o Devoniano, sendo encontrado apenas na Colémbia
e nos Estados Unidos. No Brasil, seu tixon relacionado Craniops € comum nas bacias do Amazonas, Parand e Parnaiba. Novos dados
das cidades de Picos e Itain6polis, flanco leste da Bacia do Parnaiba, levaram a descoberta de um género de braquidpode ainda ndo
descrito para esta regiio do Gondwana. O braquiépode Lingulapholis foi encontrado associado a fragmentos de plantas em condicoes
de moderada a baixa energia hidrodinimica, conforme indicado pela assembleia icnolégica, em expressdes proximas de icnoficies
Cruziana alternadas a icnofacies Skolithos. A presenca de Lingulapholis sugere que a Bacia do Parnaiba esteve inserida na zona de
mistura faunistica difusa durante o Devoniane Médio.

Palavras-chave: Lingulapholis. Craniopsidae. Devoniano. Gondwana. Icnologia.

ABSTRACT - The genus Lingulapholis had temporal and spatial restrictions during the Devonian, being found only in Colombia and
the United States. In Brazil, its related taxa Craniops is common in the Amazonas, Parand, and Parnaiba basins. New data from the
cities of Picos and Itaindpolis, east flank of Parnaiba Basin, led to the discovery of a yet previously undescribed brachiopod genus for
this region of Gondwana. The Lingulapholis brachiopod was found associated with plant fragments under conditions of moderate to
low hydrodynamic energy as indicated by ichnological assemblage, in proximal expressions of Cruziana ichnofacies alternated to
Skelithos ichnofacies. The presence of Lingulapholis suggests that the Parnaiba Basin was inserted in the zone of diffuse faunal mixing
during the Middle Devonian.

Keywords: Lingulapholis. Craniopsidae. Devonian. Gondwana. Ichnology.

INTRODUCTION

The genus Lingulapholis Schuchert, 1913 is
inserted in the family Craniopsidae Williams,
1963, which also includes Craniops Hall &
Clarke, 1892, ?Discinopsis Hall & Clarke, 1892,
7Heliomedusa Sun & Hou, 1987, Paracraniops
Williams, 1963, Pseudopholidops Bekker, 1921,
and Wrightiops Popov & Cocks, 2014. The family
occurs from the Lower Cambrian (Epoch 2) to the
Lower Carboniferous (Tournaisian) in many loca-
lities around the world. (Raasch, 1958; Skovsted
& Holmer, 2005; Popov & Holmer, 2009).

During the Devonian, the family was
represented just by two genera: Craniops, with
records in Argentina, Australia, Brazil, Canada,
China, Colombia, and the United States; and

Lingulapholis, from Colombia and the United
States. In Brazil, the family was only represented
by Craniops in Amazonas (Grahn, 1992), Parand
(Quadros, 1987) and Parnaiba (Melo, 1988)
basins. This study aims to present new paleonto-
logical data from the Parnaiba Basin confirming
the occurrence of the genus Lingulapholis in the
Brazilian Devonian.
Geological and historical context

The Parnaiba Basin comprises an area of
approximately 600,000 km? in the north/northeast
of Brazil, encompassing the states of Babhia,
Ceard, Maranhdo, Pard, Piaui and Tocantins
(Figure 1.A). On the eastern flank (state of Piauf)
and on the western flank (state of Tocantins), crops

Sdo Paulo, UNESP, Geociéncias, v.42,n. 2, p. 213 - 219, 2023 213
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5.4. Paleobiogeography of Lower-Middle Devonian Conulariids from

southwest Gondwana
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ARTICLE INFO ABSTRACT

ldade de Ciencias, Departamento de Ciéncias Bioldgicas, Av. Eng. Luiz

Keywords: The bioregionalization of the Devonian fauna in southwest Gondwana has been extensively studied, focusing on
South America the ocecurrences of brachiopods and trilobites, however, little attention has been given to Conulariids. The main
Suster.mg goal of this paper is to propose a bioregionalization for the Conulariids (Conularia albertensis, C. quichua, C. sp.,
Dli:j:;ﬂn Paraconularia africana, P. ulrichana, and Reticulaconularia baini) from the Lower-Middle Devonian in southwest
Pale ong] ogy Gondwana. After a clustering analysis and diversity tests we have identified two distinet bioregions for Con-

ulariids: the Amazon and southwest Gondwana, in the Amazon region the diversity is low, and can be attributed
to scarcity of palaeontological data on the area. On the other hand, in the southwest Gondwana bioregion, di-
versity ranges from moderate to relatively high, which helps define a second-order bioregion, the Andeo-South
Africa and Interior Gondwana. The first includes areas where diversity has higher values bordering southwest
Gondwana (Bolivian Chaco-Peru, Zorritas-NOA-South Bolivia, South Africa and Malvinas areas). Further, in the
Interior Gondwana bioregion are the Parnafba (Parnafba Basin), Alto Gar¢as (north and northwest of Parana
Basin), Parana (south of Parana Basin, Uruguay and Paraguay) areas, where the diversity is slightly lower when

compared to the Andeo-South Africa bioregion.

1. Introduction

The provincialism of Devonian marine fauna in southwest Gondwana
is already very well explored in the literature (e.g. Richter, 1941; Boucot
et al.,, 1969; Boucot, 1975; Boucot and Racheboeuf, 1993; Anderson
et al.,, 1999). This fauna had a high degree of generic endemism and low
specific diversity; and it was represented by trilobites (Pennaia Clarke,
1913, Phacopina Clarke, 1913 and Tibagya Struve, 1958), brachiopods
(Australocoelia Boucot and Gill, 1956; Australospirifer Caster, 1939;
Australostrophia Caster, 1939; Derbyina Clarke, 1913, Lingulidae Gray,
1840; Meristelloides Waagen, 1883 and Orbiculoidea d’Orbigny, 1847),
bivalve molluscs (Nuculites Conrad, 1841; Palaeoneilo Hall and Witfield,
1869 and Pleurodapis Clarke, 1913), additional to Bellerophontidae
McCoy, 1852 gastropods, Tentaculitida Lyashenko, 1955, Conulariidae
Walcott, 1886; Crinoidea Miller, 1821 in a small amount (Boucot, 1971,
1975; Melo, 1988; Bosetti et al., 2011; Penn-Clarke and Harper, 2021).
Previously, the bioregionalization of Gondwana was proposed using

* Corresponding author.

brachiopods (Boucot et al., 1969), gastropods (Blodgett et al., 1990) and
trilobites (Kobayashi and Hamada, 1975). However, the determination
of bioregional using the Conulariids has not been made yet.

Conulariids are medusozoan cnidarians with an apatitic test, in life
they were fixed to a solid substrate with the adapertural region facing
upwards (Van Iten et al., 2013; Vinn et al., 2019; Vinn, 2022). They
inhabited mostly shallow marine platforms (Collins et al., 2000; Mar-
ques and Collins, 2004; Rodrigues et al., 2006; Leme et al., 2004, 2008a,
2008b; Van Iten et al., 2006, 2013) and its fossil record ranges from the
terminal Ediacaran to the Late Triassic (Ivantsov and Fedonkin, 2002;
Van Iten et al., 2006; Lucas, 2012; Leme et al., 2022).

These organisms were common in the Devonian faunistic provinces
of South America, being most abundant in Argentina, Bolivia, Brazil,
Chile, Malvinas Islands, Paraguay, Peru and Uruguay (Thomas, 1905;
Clarke, 1913; Mendéz-Alzola and Sprechmann, 1973; Babcock et al.,
1987; Babcock, 1993; Velazco, 2012; Leme et al., 2004, 2015; Ribeiro
et al., 2021). Historically, the Devonian provinces were proposed using
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5.5. Macroevolution and adaptive processes of the Leptocoeliidae family

(Brachiopoda) throughout the Silurian and Devonian
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Macroevolution and adaptive processes of the Leptocoeliidae
family (Brachiopoda) throughout the Silurian and Devonian

Macroevolucao e processos adaptativos da familia
Leptocoeliidae (Brachiopoda) ao longo do Siluriano e
Devoniano

Macroevolucion y procesos adaptativos de la familia

Leptocoeliidae (Brachiopoda) a lo largo del Silarico y Devénico
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Abstract: The Leptocoeliidae family (genera Aneboia, Auwstralocoelin, Eocoelia, Leptocoelia,
Leptovoeling and Pacificocoelia) has an important place in the global paleobiogeography,
during the Silurian and Devonian. During these periods, global climate changes
impacted a lot of invertebrate faunas in the epicontinental seas of Gondwana. In
the Silurian, the penus Escoeliz reached a cosmopolitan behavior, while Lepfocoelin
emerged by adaptive sympatric processes and Anabein became extinct. After that,
during the Devonian, the genus Australocoelin emerged and reached cosmopolitan
levels while Leptocoeling and Pacificocoelin emerged by sympatries in the equatorial
regions. Aunstralocoelin, during the Devonian, occupied the same ecological niches
that were previously occupied by Amshaie in the Silurian. [t can be said that the same
occurred with Prcificocoelio and Eocoloelia in the seas of Laurentia, configuring a process
of succession of faunas.

Keywords: succession of faunas, paleobiogeography, Gondwana, climate change

Resumo: A familia Leptocoelindae (géneros Amehain, Austrolocoelin, Eocoelia, Leptovoelia,
Leptocoeling e Pacficocoelia) ocupa um lugar importante na paleobiogeografia global,
durante o Siluriano e Devontano. Durante esses periodos, as mudancas climaticas
globais impactaram muitas faunas de invertebrados nos mares epicontinentais de
Gondwana. No Siluriano, o género Evcoelie atingiu um comportamento cosmopolita,
enquanto Leptocoelin emergiu por processos simpatricos adaptativos e Anabaia fol
extinto. Depois disso, durante o Devoniano, o género Australocoelia emerngiu e atingiu
niveis cosmopolitas enquanto Lepfocoeling e Pacificocoelin surgiram por simpatrias nas
regpites equatorials. Awstrelocoelin, durante o Devoniano, ocupou o8 mesmaos nichos
ecologicos que antes eram ocupados por Anabaiz no Silurane. Pode-se dizer que o

Terrflural, Ponita Cressa, v 17, p. 1-16, @2321742, HIZ3
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5.6. Scientific societies have a part to play in repatriating fossils.

Comment

hittps:fdol org/101038/541558-023-02206-2

Scientific societies have aparttoplayin

repatriating fossils

Herminio lsmael de Aradjo-Janior, Renato Pirani Ghilardi, Victor Rodrigues Ribeiro,
Ana Maria Ribeiro, Fernando Henrigque de Souza Barbosa, Franciseo Ricardo Negri &

Sandro Marcelo Scheffler

|®|check for updates

The Brazilian Society of Palaeontology (BSF)
has recently taken steps to become more
involved in the repatriation of fossil specimens
—acentral issue in the global palaesontological
community, as interest in combating

scientific colonialism grows — both through
collaboration with researchers and other Latin
Americanscientific associations. We discuss
our experience, including the challenges we
have faced and how we have overcome them, in
the hope of inspiring other scientific societies
to play their part.

Sclentific socletles have a vital role in advancing sclentific knowl-
edge and fostering collaboration among researchers. In the case of
palaeontological societies (among others), in addithon vo fostering
discussion, the protection of natural heritage is also a key concern.
Glven thelr status as a forum motivared by interest in and concern for
fossils, it is Arting that Latin American palasontological assoclations.

Including those from Argentina, Brazil, Chile, Mexico and Peru
should be actively engaged in discussions and participation related
torepatriatlon processes.

Repatriation refers to the act of returning cultural, naoural or
sclentific arvefaces (including fossils) vo thelr countries of origin.
Given the colonial origins of palaeontology (as is the case with other
ecology and evolutionary flelds), we find ourselves In a siowation in
which much of the narural heritage of former Eurspean colonles is
held in collections outside of those countries. The historical coloniza-
tlon process that cccurred In Latin America was one of the main fac-
tors in the removal of fossil specimens and thelr allocation in foreign
Institutions (especially in Eurepe). Howewver, although the colonial
process has ended In most of Latin America, the improper remowval
of fossil specimens in these natlons continues. llicit trafficking and
Negal commercialization of fossils constitute the mainmechanisms
for removing specimens from thelr natlons of origin. There has been
growing recognition of the injustice of this and of the Inequalities that
this perpetuates, both inside and outside of the academy:we know that
both the fossil record itself and those who get to work on Ithave been
distorted by this process’, and that there are iImpactson the national
soverelgnty of the country from which the cultural ivem originates,
diminishing the potential for its people to berter understand their
heritage and culture”. This situation has led to global calls for the
repatriation of heritage’.

Faderal Constiuton of 1988  Law 8176 of B February 1991

Art. 20 and Ar. 205

1873

Decres n™ 72,312 of 31 May 1973
(CoareanE kN O Maasures to
pravent the transier of lcit

progety of cultural bems

l

1942 o0
Decree-Law Mo 4146 of 4 March 19432
Prosidies for the protection of

fossil deposits

MICT Owdlinaiea Mo, 55 of 1 March 1980
Regulates the collection of scentific
material by foreigness, in acoordance

Usurpaticn law

2000

Law 3985 of 18 July 2000
Law on thee: Naticaal
Eystom of Natwe
Conservation Units

|
I I

2016

DHPM Ordirance Mo 155, of 12 May 2006
Establizhes procedures for fossil
extraction

with Decroa: 98,830, 1960

1998
Law 5505 of 12 Febnsary 1998
Environmental Crimes Law

Fig. 1] Timeline of the promulgation of laws related to Brazilian palacontological heritage. Bold highlights the main laws on this topic.
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6.7. Designation as cultural heritage best protects Brazilian fossils
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Designation as cultural heritage best
protects Brazilian fossils

% Check for updates

uhn et al.! write that in our recent

Nature Ecology & Fvolution pub-

lication?, we overlook Brazilian

legislation that considers fossils

as mineral or natural heritage in
favour of legislation that considers fossils to
be cultural heritage, and that fossils are more
appropriately considered asmineral heritage.
Given the constraints of format, we empha-
size that the information in our Comment on
Brazilian legislation was illustrative rather
than exhaustive (a necessary condition
given the complexity of Brazilian law on the
subject of fossils). Thelaws that we discussed
and presented in figure 1 of ref. 2 are those
that are most important and that have
served as the basis for decision-making
regarding repatriations (especially with
Brazilian and foreign ministries). Further-
more, the laws presented in figure 1 of ref. 2
do in fact cover laws on natural (=mineral)
heritage (laws 0f1942,1990, 2000 and 2016),
as well as cultural heritage (laws 0f 1973 and
1988) and environmental protection (law of
1998). Thus, we disagree that we have pre-
sented a biased portrayal of fossils under
Brazilian law.

We also disagree with the idea that laws
related to mineral and cultural heritage are
conflicting.

In the case of Brazil, where there are still
legal loopholes regarding palaeontological
heritage (as described in ‘Laws are broken
when fossils are removed’ in ref. 2), exist-
ing laws on natural and cultural heritage are
complementary, as some cultural heritage
laws fill gaps that were not foreseen in the
laws of natural heritage, and vice versa. For
example, Brazilian laws of natural heritage
provide for the protection of ‘fossiliferous
deposits’ but not of a ‘palaeontological site’
(something that is definitely larger than a
fossiliferous deposit, as itincludes not only
thefossiliferous depositbut also the geomor-
phological, lithological and environmental
setting, which is protected only by cultural
heritage laws). In this sense, it is important
that — once again — we highlight Brazil's
Federal Constitution of 1988, which states in
Article 216 that™:

“Brazilian cultural heritage consists of the
assets of a material and immaterial nature,
taken individually or as a whole, which
bear reference to the identity, action and
memory of the various groups that form
Brazilian society, therein included ...

V- urban complexes and sites of historical,
natural, artistic, archaeological, paleonto-
logical, ecological and scientific value.”

That is to say, the fundamental set of
principles and rules by which the country is
organized recognizes that fossils are cultural
heritage. Instituto do Patrimonio Historico
e Artistico Nacional (IPHAN; Institute of
National Historical and Artistic Heritage, the
body that oversees Brazil's cultural heritage)
does not act by executing actions or creating
regulations, and does not override what is
stated in the constitution. That is to say, the
absence of action by agovernmentbody does
not minimize or nullify the fact that fossilsare
cultural heritage. We pointed outin our Com-
menttheintriguing nature of palaeontological
heritage in the context of mineral heritage
laws (“[...] fossils cannot be sold in Brazil, but
rocks containing fossils can be extracted and
sold".) — this is also a point highlighted by
Kuhn et al. As such the Brazilian Society of
Palaeontology (BSP) board considers the
reformulation of Brazilian mineral heritage
laws to be essential in order to clarify the
importance of protecting palaeontological
heritage based on measures that safeguard
fossils and their associated context (as fore-
seen in the Brazilian Constitution), rather
than moving towards a relaxation of mineral
heritage laws with a view to a supposed
controlled commercialization of fossils
and rocks that contain fossils, as proposed
by the Brazilian Federation of Geologists
(FEBRAGEO)*.

Kuhn et al. call for international recon-
ciliation of mineral extraction and heritage
preservation. In fact, international bodies
support the cultural nature of Brazilian pal-
aeontological heritage. For example, the
International Council of Museums includes
Brazilian fossils in its Red List of cultural
assets’. Simultaneously, and asdiscussedinour

Comment, the federal government of Brazil
and the governments of other countries (those
that held fossils from Brazil) are working on
fossil repatriation processes that are primar-
ily premised on the argument that fossils are
Brazilian cultural heritage.

We appreciate the concerns of Kuhn and
collaborators regarding Brazilian palaeonto-
logical heritage and, once again, we express
that the BSP is open to discussing — together
with FEBRAGEO and any other entity or insti-
tution — actions, regulations and discussions
that can effectively contribute to the scientific
and cultural progress of Brazil.
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