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RESUMO

As cavernas se desenvolvem em areas de
frequente uso antrépico, seja para atividades
agropastoris, urbanizacao ou extracao mineral.
Essas atividades geram impactos aos ecos-
sistemas subterraneos. Por isso, em diversas
regides do mundo, tem-se empregado esforcos
de conservacdo ao patrimdnio espeleoldgico.
Paraisso, elencar as prioridades para o empenho
de esforco e dinheiro tem sido um desafio
constante, de modo que diversas metodolo-
gias tém surgido. Considerando a heterogenei-
dade ambiental das areas nas quais as cavernas
neotropicais se desenvolvem, observa-se a
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ABSTRACT

Caves develop in areas that are frequently used
by humans, whether for farming, urbanization
or mineral extraction. These activities have an
impact on subterranean ecosystems. For this
reason, efforts have been made in various regions
of the world to preserve the speleological heritage.
To this end, identifying priorities for the commit-
ment of effort and money has been a constant
challenge, and various methodologies have
emerged. Considering the environmental hetero-
geneity of the areas in which Neotropical caves are
found, there is a need to understand the impact
of this heterogeneity on conservation priority
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necessidade de entender o impacto dessa hete-
rogeneidade nas avalia¢des de prioridades para
conservacao. Sendo assim, o presente estudo
avaliou trés atributos, ja conhecidos por influen-
ciarem aspectos ecoldgicos dos ecossistemas
subterraneos, no direcionamento de cavernas
prioritarias para conservagdo. Utilizando-se
dados de 249 cavernas do sudeste brasileiro,
testou-se a influéncia da litologia, dos biomas e
das ecorregides nos resultados do Cave Vulnera-
bility index modificado, indice ja indicado como
mais adequado para cavernas de regides mega-
diversas. Observou-se que a ndao consideracao
desses atributos para elencar as prioridades
para conservagdao tende a selecionar cavernas
que compartilham mesma litologia, bioma e
ecorregido. Por outro lado, considerar os atri-
butos de relevancia ecoldgica na analise, agrega
representatividade para cada um dos atributos
dentre as cavernas prioritarias. As cavernas prio-
ritarias obtidas sem considerar os atributos de
relevancia ecoldgica se mantiveram prioritarias
ao considera-los. Isso demonstra que, do ponto
de vista biolégico, se destacam e merecem
atenc¢do redobrada, podendo ser consideradas
um ponto de partida dentre as prioritarias, prin-
cipalmente em cendrios de recursos escassos.

PALAVRAS-CHAVE: Bioespeleologia, Caverna,
Compensacdo, Ecologia, Impacto, indice.
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assessments. Therefore, this study evaluated three
attributes, already known to influence ecolog-
ical aspects of subterranean ecosystems, in the
targeting of priority caves for conservation. Using
data from 249 caves in southeastern Brazil, the
influence of lithology, biomes and ecoregions
on the results of the modified Cave Vulnerability
Index was tested, an index already indicated as
more suitable for caves in megadiverse regions.
It was observed that not taking these attributes
into account when listing conservation priorities
tends to select caves that share the same lithology,
biome and ecoregion. On the other hand, consid-
ering the attributes of ecological relevance in the
analysis adds representativeness to each of the
attributes among the priority caves. The priority
caves obtained without considering the ecological
relevance attributes remained priorities when they
were considered. This shows that, from a biolog-
ical point of view, they stand out and deserve extra
attention, and can be considered a starting point
among the priority caves, especially in scenarios
of scarce resources.

KEYWORDS: Biospeleology, Cave, Compensation,
Ecology, Impact, Index.
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INTRODUCAO

O crescimento da populacdo humana com suas
consequentes demandas por alimento e infra-
estrutura ocasionam alteracdes dignas de uma
nova época geoldgica (CRUTZEN, 2002). O Antro-
poceno, marcado pelas aceleradas mudancas
climaticas combinadas a fragmentac¢do de habi-
tats com elevada biodiversidade, apresenta
taxas de extincdo de 100 a 1000 vezes maiores
que o esperado pelas taxas naturais conhecidas
(LAURANCE, 2019). Esforcos para a conservacdo
tém sido pauta frequente no atual cenario de
crescentes disturbios (NEWMAN, 2019). Dentre
as diversas estratégias de conservacdo, as areas
protegidas se destacam pela relevancia na
conservacao da biodiversidade e pelos bene-
ficios para o bem estar humano (CHAPE et al.,
2005; LOVEJOY, 2006). Um dos importantes
papéis da ciéncia na conservacao da biodiversi-
dade é o provimento de informagdes para que
as politicas publicas incorporem ag¢des mais
assertivas (RANDS et al., 2010).

Em diversas partes do mundo, esforcos de
conservacao tém tido por tematica as areas
carsticas (NITZU et al., 2018; OSBORNE, 2019;
RABELO; SOUZA-SILVA; FERREIRA, 2018; VAN
BEYNEN; TOWNSEND, 2005). Por ocorrerem com
frequéncia em rochas de elevado valor econé-
mico e em areas favoraveis as atividades agro-
pastoris, cavernas estao sob frequentes ameaca
(AULER, A S; PILO, 2015; BACON, 2007). Esses
ambientes contribuem para diversos servicos
ecossistémicos, sendo, por exemplo, abrigos
para diversos polinizadores e controladores de
pragas (KUNZ et al., 2011). Cavernas resguardam
um potencial biotecnoldgico imensuravel para
setores farmacéuticos, de biorremediacao,
entre outros (BLAMONT, 2014; CARVALHO
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INTRODUCTION

Human population growth and its consequent
demands for food and infrastructure are causing
changes worthy of a new geological epoch
(CRUTZEN, 2002). The Anthropocene, is marked by
accelerated climate change combined with high
biodiversity habitats fragmentation, and presents
extinction rates 100 to 1000 times higher than
expected by known natural rates (LAURANCE,
2019). Conservation efforts have been a frequent
focus in the current scenario of increasing distur-
bances (NEWMAN, 2019). Among the various
conservation strategies, protected areas stand out
for their relevance to biodiversity conservation and
their benefits for human well-being (CHAPE et al.,
2005, LOVEJOY, 2006). One of the important roles
of science in biodiversity conservation is to provide
information so that public policies can incorporate
more assertive actions (RANDS et al., 2010).

In various parts of the world, conservation efforts
have focused on karst areas (NITZU et al., 2018;
OSBORNE, 2019; RABELO; SOUZA-SILVA; FERREIRA,
2018; VAN BEYNEN; TOWNSEND, 2005). Because
they often occur in high economic value rocks and
in favorable areas to agricultural activities, caves
are under frequent threat (AULER, A S; PILO, 2015;
BACON, 2007). These environments contribute to
various ecosystem services, such as shelters for
various pollinators and pest controllers (KUNZ et
al., 2011). Caves hold immeasurable biotechnolo-
gical potential for the pharmaceutical and biore-
mediation sectors, among others (BLAMONT,
2014; CARVALHO GUERRA, 2022; LEVEILLE; DATTA,
2010; MAZINA; EGOROV; HARLAMOVA, 2019; PJ.
BOSTON et al, 2001, PAWLOWSKI et al., 2016).
They have a close relationship with water and its
natural cycle (BIONDIC et al, 2015, MILANOVIC,
2005). In the current scenario of global warming,
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GUERRA, 2022; LEVEILLE; DATTA, 2010; MAZINA;
EGOROV; HARLAMOVA, 2019; P.J. BOSTON et al.,
2001; PAWLOWSKI et al., 2016). Elas apresentam
estreita relacdo com a agua e seu ciclo natural
(BIONDIC et al., 2015; MILANOVIC, 2005). No
atual cenario de aquecimento global, registros
abrigados em seus espeleotemas tém contri-
buido para o conhecimento do clima. Regis-
tros paleoclimaticos tém ajudado a predizer
modificacbes de nossos ecossistemas, propi-
ciando o planejamento de acbes preventivas
para escassez de alimento e extin¢des de espé-
cies (COLUMBU et al., 2021; LAURITZEN; LUND-
BERG, 1999; LECHLEITNER et al., 2018; OSTER et
al., 2019).

Além de todas essas importancias, as cavernas

abrigam uma complexa biodiversidade,
contendo espécies Unicas, com distribuicao
restrita aos habitats subterraneos. Essas espé-
(SKET, 2008),

comumente apresentam elevado grau de ende-

cies denominadas trogldbias

mismo, ocorrendo em uma ou poucas cavernas
(CHRISTMAN et al., 2005; CULVER et al., 2003;
NITZU et al., 2018). Esse acentuado endemismo
traz ameacas de extincao a muitas dessas espé-
cies, sendo, portanto, enquadradas frequente-
mente em algum grau de ameaca pela proposta
de avaliacdo de espécies ameacadas da IUCN
(IUCN, 2017). Existem diversos métodos esta-
belecidos na literatura internacional que visam
o estabelecimento de prioridades para conser-
vacdo do patriménio espeleoldgico (MAMMOLA,
2018; MAMMOLA et al., 2019). Esses métodos,
em geral, consideram as espécies trogldbias e a
riqueza de espécies como indicadores de rele-
vancia da biodiversidade. No entanto, como
demonstrado em estudos com dados empiricos,
a adequabilidade desses indices varia de regiao
para regido, de acordo com o nivel de conheci-
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records housed in their speleothems have contri-
buted to our climate knowledge. Paleoclimatic
records have helped to predict changes in our
ecosystems, making it possible to plan preventive
actions for food shortages and species extinctions
(COLUMBU et al, 2021; LAURITZEN; LUNDBERG,
1999; LECHLEITNER et al., 2018; OSTER et al., 2019).

In addition to all this importance, caves are home
to a complex biodiversity, containing unique
species whose distribution is restricted to subterra-
nean habitats. These species, known as troglobites
(SKET, 2008), often have a high degree of endemism,
occurring in one or a few caves (CHRISTMAN et al.,
2005; CULVER et al., 2003; NITZU et al., 2018). This
marked endemism brings extinction threats to
many of these species. Therefore, they are often
classified as being under some degree of threat by
the IUCN Red List Categories and Criteria (IUCN,
2017). There are several methods accepted in the
international literature aimed at establishing prio-
rities for the conservation of speleological heritage
(MAMMOLA, 2018; MAMMOLA et al., 2019). These
methods generally consider troglobitic species
and species richness as indicators of biodiversity
relevance. However, as demonstrated in studies
with empirical data, the suitability of these indices
varies from region to region, according to the
level of knowledge about the species occurrence
pattern (RABELO; SOUZA-SILVA; FERREIRA, 2018).
In Neotropical regions, for example, the “Cave
Vulnerability Index - modified”, used by Simées
and collaborators (2014), modified from the index
proposed by Souza-Silva (2008), proved to be
more suitable, since it is applicable to databases
that do not consider the spatial distribution of
species (RABELO; SOUZA-SILVA; FERREIRA, 2018;
SIMOES; SOUZA-SILVA; FERREIRA, 2014; SOUZA-
-SILVA, 2008).
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mento para o padrdo de ocorréncia das espé-
cies (RABELO; SOUZA-SILVA; FERREIRA, 2018).
Em regiGes Neotropicais, por exemplo, o “Cave
Vulnerability Index - modificado”, utilizado por
Simdes e colaboradores (2014), modificado a
partir do indice proposto por Souza-Silva (2008),
se mostrou mais adequado, uma vez que é apli-
cavel a bancos de dados que ndo consideram
a distribuicao espacial das espécies (RABELO;
SOUZA-SILVA; FERREIRA, 2018; SIMOES; SOUZA-
SILVA; FERREIRA, 2014; SOUZA-SILVA, 2008).

Sabe-se que cavernas em diferentes litologias,
biomas e ecorregifes apresentam riquezas
distintas tanto para o total de espécies, quanto
para as espécies troglobias (MENDES RABELO;
SOUZA-SILVA; LOPES FERREIRA, 2020; SOUZA-
SILVA; MARTINS; FERREIRA, 2011).
tanto, nenhum dos indices apresentados até

Entre-

0 momento, apesar de serem embasados pela
riqueza total de espécies e riqueza de espé-
cies troglébias, abordam a necessidade de
considerar os atributos de relevancia ecol6-
gica citados acima em sua aplicacdo. Conside-
rando a possibilidade de influéncia da litologia,
dos biomas e das ecorregides no apontamento
de cavernas prioritarias para conservacdo, o
presente estudo testou as seguintes hipoteses:
(a) Cavernas que compartilham atributos de
relevancia ecolégica (litologia, bioma e ecor-
regido) favoraveis a riqueza total e de troglo-
bios serdo privilegiadas no direcionamento de
medidas de conservacao ao avaliar todas as
cavernas em conjunto; (b) Considerar os atri-
butos de relevancia ecolégica para elencar as
prioridades para conservacdao de cavernas
corrige o viés da discrepancia natural dariqueza
total e de trogldbios, diversificando as caracte-
risticas incorporadas dentre as prioridades.
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It is known that caves in different lithologies,
biomes and ecoregions have different richness for
both total species and troglobitic species (MENDES
RABELO; SOUZA-SILVA; LOPES FERREIRA, 2020;
SOUZA-SILVA; MARTINS, FERREIRA, 2011). However,
none of the indices presented so far, despite being
based on total species richness and troglobitic
species richness, address the need to consider
the attributes of ecological relevance in their
application. Considering the possible influence
of lithology, biomes and ecoregions in identifying
priority caves for conservation, this study tested
the following hypotheses: (a) Caves that share
ecologically relevant attributes (lithology, biome
and ecoregion) favorable to total and troglobitic
richness will be privileged in targeting conserva-
tion measures when evaluating all caves together;
(b) Considering ecologically relevant attributes
to list priorities for cave conservation corrects
the bias of the natural discrepancy of total and
troglobitic richness, diversifying the characteris-
tics incorporated among the priorities.
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METODOLOGIA

Area de estudo

No presente estudo foram utilizadas 249
distribuidas em 500.250 km?
sudeste brasileiro (Figura 1, Apéndice 1). As

cavernas, no
cavernas se distribuem pelos biomas Cerrado
(196) e Mata Atlantica (53)(MMA, 2006). Devido
a grande perda de habitat e ao elevado ende-
mismo de espécies, estes biomas sao consi-
derados hotspots mundiais de biodiversidade
(MYERS et al.,, 2000). Essas cavernas se desen-
volvem em quatro tipos litologicos distintos,
sendo que 153 cavernas sao formadas em
rochas carbonaticas, 36 em rochas siliciclasticas,
41 em rochas ferruginosas e 19 em rochas grani-
toides. Tais cavernas inserem-se em cinco bacias
hidrograficas (Rio Doce (13), Rio Grande (22), Rio
Jequitinhonha (34), Rio Paraiba do Sul (12) e Rio
Sao Francisco (168)) (SPRH, 2015). Na regido de
ocorréncia de 46 cavernas o clima se caracteriza
como tropical com verao seco (As), enquanto 54
cavernas ocorrem em clima tropical com inverno
seco (Aw), 2 ocorrem em clima subtropical umido
oceanico, sem estacao seca e com verdo de
temperaturas amenas(Cfb), 82 ocorremem clima
subtropical umido, marcado por invernos secos
e verdes quentes (Cwa), por fim, 65 ocorrem em
clima subtropical Umido, marcado por invernos
secos e verdes com temperaturas amenas (Cwb)
(ALVARES et al., 2013). A altitude obtida na coor-
denada que corresponde a entrada principal de
cada caverna variou de 262 m a 1419 m acima
do nivel do mar. O tamanho das cavernas variou
de 4 metros (Abrigo da Escarpa e Coruja Branca)
a 16 quildmetros de condutos (Lapa Sem Fim).
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METHODOLOGY

Study area

This study used 249 caves, spread over 500,250
km? in southeastern Brazil (Figure 1, Appendix 1).
The caves are distributed across the Cerrado (196)
and Atlantic Forest (53) biomes (MMA, 2006). Due to
the great loss of habitat and the high endemism of
species, these biomes are considered world biodi-
versity hotspots (MYERS et al.,, 2000). These caves
develop in four different lithological types, 153 of
which are formed in carbonate rocks, 36 in silici-
clastic rocks, 41 in ferruginous rocks and 19 in
granitics. The caves are located in five river basins
(Rio Doce (13), Rio Grande (22), Rio Jequitinhonha
(34), Rio Paraiba do Sul (12) and Rio Séo Francisco
(168)) (SPRH, 2015). In the region where 46 caves
occur, the climate is characterized as tropical
with a dry summer (As), while 54 caves occur in a
tropical climate with a dry winter (Aw), 2 occur in
a humid subtropical oceanic climate, without a dry
season and with mild summer temperatures (Cfb),
82 occur in a humid subtropical climate with dry
winters and hot summers (Cwa), and 65 occur in
a humid subtropical climate with dry winters and
mild summers (Cwb) (ALVARES et al. , 2013). The
altitude obtained at the coordinate corresponding
to the main entrance of each cave varied from 262
m to 1419 m above sea level. The size of the caves
ranged from 4 meters (Abrigo da Escarpa and
Coruja Branca) to 16 kilometers of conduits (Lapa
Sem Fim).
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Figura 1 - Mapa de localizagdo das cavernas amostradas onde é possivel visualizar a distribuicdo destas em relagdo aos biomas, ecor-
regides e suas respectivas litologias de ocorréncia.
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Figure 1 - Sampled caves location map, where their distribution in relation to the biomes, ecoregions and their respective lithologies of occur-
rence can be seen.

Do Conhecimento Ecoldgico as Politicas de Conservagdo: um Estudo
de Caso Sobre Fatores que Influenciam a Biodiversidade (...)

53



Coleta de dados

Os dados utilizados no presente trabalho foram
coletados entre os anos de 2009 e 2018, sendo
a amostragem por busca ativa e coleta manual
ao longo de toda a extensdo acessivel das
cavernas, esta metodologia é também conhe-
cida internacionalmente como Direct Intuitive
Search - DIS (WYNNE et al., 2018). As amos-
tragens foram realizadas por bidlogos com
ao menos dois anos de experiéncia em amos-
tragem de fauna subterranea. As buscas ocor-
reram por, em média, um minuto por metro
quadrado de piso da caverna. O calculo do
esforco amostral foi baseado exclusivamente
na area do piso, uma vez que os tetos das
cavernas estudadas, em geral, eram inacessi-
veis e as paredes acessiveis apenas até a altura
dos olhos humanos, porcdo onde era efetiva a
busca visual. Para captura dos invertebrados
utilizaram-se pingas, pincéis, sugadores e redes
de mdo. Os invertebrados coletados foram
armazenados em potes plasticos contendo
alcool na concentracdao de 70% e encami-
nhados ao laboratério, onde foram triados,
identificados e depositados em coleg¢do cienti-
fica publica. O material de todos os projetos foi
identificado e pareado de modo que, ao final,
obteve-se uma listagem Unica de espécies. A
identificacdo dos grupos: Acari, Amblypygi,
Araneae, Coleoptera, Collembola, Dermap-
tera, Diplopoda, Ephemeroptera, Gastropoda,
Hemiptera, Hymenoptera, Isopoda, Isoptera,
Neuroptera, Opiliones, Orthoptera, Palpi-
gradi, Psocoptera e Turbellaria contaram com
conferéncia e refinamento taxondmico reali-
zados por especialistas. Invertebrados holo-
metabolos coletados em estagio larval, para
0s quais adultos pertencentes a familia corres-

pondente ndao tenham sido encontrados na
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Data collection

The data used in this study was collected between
2009 and 2018, sampling by active search and
manual collection alongthe entire accessible length
of the caves, this methodology is also known inter-
nationally as Direct Intuitive Search - DIS (WYNNE
et al., 2018). Sampling was carried out by biolo-
gists with at least two years’experience in sampling
subterranean fauna. Tweezers, brushes, suckers
and hand nets were used to capture the inverte-
brates. The collected invertebrates were stored in
plastic jars containing 70% alcohol and sent to
the laboratory, where they were sorted, identified
and deposited in a public scientific collection. The
material from all the projects was identified and
paired so that, in the end, a single list of species
was obtained. The identification of the following
groups: Acari, Amblypygi, Araneae, Coleoptera,
Collembola, Dermaptera, Diplopoda, Epheme-
roptera, Gastropoda, Hemiptera, Hymenoptera,
Isopoda, Isoptera, Neuroptera, Opiliones, Orthop-
tera, Palpigradi, Psocoptera and Turbellaria was
carried out by specialists. Holometabolous inver-
tebrates collected in the larval stage, for which
adults belonging to the corresponding family were
not found in the same cave or geographically close
caves, were counted as separate species in the
total list.

The physical characteristics of the caves (linear
development, number and size of entrances)
were measured during the field work using a
tape measure or, when topographic maps were
available, the measurements shown on them were
recorded. Impacts were assessed in two stages.
In the first stage on the field, it was possible to
observe in detail the anthropogenic alterations
near the entrance and inside the caves, making
it possible to classify their magnitude and direct
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mesma caverna ou cavernas geograficamente
proximas, foram contabilizados como espécies
distintas na listagem total.

As caracteristicas fisicas das cavernas (desenvol-
vimento linear, nimero e tamanho das entradas)
foram mensuradas durante os trabalhos de
campo com auxilio de trena ou pelas medidas
apresentadas nos mapas topograficos, quando
disponiveis. Os impactos foram avaliados em
dois momentos. No primeiro momento, em
campo, foi possivel observar em detalhe as alte-
racdes antropicas nas proximidades da entrada
e interior das cavidades, permitindo classificar
sua magnitude e efeitos diretos. No segundo
momento, em laboratério, com auxilio de
imagens de satélite foi possivel avaliar nos arre-
dores das cavernas (considerando um raio de
250 m) as modificacdes da paisagem, atividades
agropastoris, proximidade de vias de acesso,

atividades minerarias e urbanizacao.

Analises

A fim de averiguar se as cavernas de diferentes
litologias, biomas e ecorregides sdo realmente
distintas quanto a riqueza de espécies, através
do teste de Mann-Whitney testaram-se as dife-
rencas entre as médias de cada uma das catego-
rias (MANN, H.B., WHITNEY, 1947).

Para avaliar a influéncia dos atributos de rele-
vancia ecoldgica nas diretrizes de conservagao
de cavernas, o presente estudo aplicou o Cave
Vulberability Index - modificado por Simd&es
e colaboradores (2014). Tal indice compre-
ende uma modificacdo do indice originalmente
proposto por Souza-Silva (2008), conhecido como
Cave Vulnerability Index (CVi). A modificacdo foi
realizada no método de calculo da riqueza rela-

55

effects. Secondly, in the laboratory, with the
help of satellite images, it was possible to assess
changes to the landscape, farming activities,
proximity to access roads, mining activities and
urbanization in the vicinity of the caves (conside-
ring a 250 m radius).

Analysis

In order to ascertain whether caves from different
lithologies, biomes and ecoregions really are
different in terms of species richness, the Mann-
-Whitney test was used to test the differences
between each of the categories means (MANN, H.B.,
WHITNEY, 1947).

In order to assess the influence of ecologically
relevant attributes on cave conservation guide-
lines, this study applied the Cave Vulnerability
Index - modified by Simbes and collaborators
(2014). This index is a modification of the original
index proposed by Souza-Silva (2008), known as the
Cave Vulnerability Index (CVi). The modification was
made to the method of calculating relative richness
and biological relevance. Henceforth, this index will
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tiva e no calculo da relevancia biolégica. Desta
forma, daqui por diante tal indice sera apresen-
tado como “CVi-m” (Cave Vulnerability Index -
modificado). O CVi-m atribui graus de vulnerabili-
dade as cavernas considerando dados biolégicos
e impactos antropicos, o que permite elencar
cavernas prioritarias para acdes de conservacao
(RABELO; SOUZA-SILVA; FERREIRA, 2018; SIMOES;
SOUZA-SILVA; FERREIRA, 2014; SOUZA-SILVA,
2008). O grau de vulnerabilidade resultante do
CVi-m € obtido pela sobreposicao da relevancia
biolégica com a riqueza de espécies trogldbias
e 0 grau de impacto da caverna. A analise utiliza
em todos os critérios a distribuicao dos valores
em quatro categorias (“Extrema”, “Alta”, “Média”
e “Baixa”). Estas categorias sdo estabelecidas pela
divisdo em quatro intervalos iguais do maior valor
obtido dentre as cavernas analisadas para o atri-
buto em questdo. Para o calculo da relevancia
bioldgica as quatro categorias de riqueza total
recebem pesos 8, 6, 4 ou 2, enquanto as catego-
rias de riqueza relativa recebem pesos 4, 3, 2 ou
1. Ariqueza relativa é calculada por meio da razao
entre a riqueza total, a proje¢do horizontal da
caverna e a extensdo das entradas. A relevancia
bioldgica é estabelecida pela sobreposicdo da
riqueza total com a riqueza relativa de espécies,
onde a soma dos pesos obtidos nessas é dividida
em quatro categorias que recebem o peso final
4, 3, 2 ou 1. A riqueza de trogldbios é categori-
zada também por quatro intervalos iguais com
referéncia no maior valor obtido e soma seus
pesos direto a analise final, somando os pesos 4,
3,2 0u 1 (Apéndice 2). O grau de impacto € calcu-
lado com base na soma dos pesos atribuidos aos
impactos observados em cada caverna e também
recebe os pesos finais 4, 3, 2 ou 1, sendo as cate-
gorias também representadas por quatro faixas
de mesmo intervalo de valores. Cada impacto
é avaliado quanto a sua modificacdo (deplecao,
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be presented as “CVi-m” (Cave Vulnerability Index -
modified). The CVi-m assigns vulnerability degrees
to caves considering biological data and anthro-
pogenic impacts, which allows priority caves to be
listed for conservation actions (RABELO; SOUZA-
-SILVA; FERREIRA, 2018; SIMOES; SOUZA-SILVA;
FERREIRA, 2014; SOUZA-SILVA, 2008). The vulnera-
bility degree resulting from CVi-m is obtained by
overlaying biological relevance with the richness of
troglobitic species and the degree of impact of the
cave. For all the criteria, the analysis uses the distri-
bution of values into four categories (“Extreme”,
“High”, “"Medium” and “Low”). These categories are
established by dividing into four equal intervals the
highest value obtained among the caves analyzed
for the attribute in question. To calculate biological
relevance, the four categories of total richness are
given weights of 8, 6, 4 or 2, while the categories
of relative richness are given weights of 4, 3, 2 or
1. Relative richness is calculated using the ratio
between total richness, the horizontal projection
of the cave and the length of the entrances. Biolo-
gical relevance is established by overlaying total
richness with relative species richness, where the
sum of the weights obtained in these is divided into
four categories that receive the final weight 4, 3, 2
or 1. Troglobitic richness is also categorized by four
equal intervals with reference to the highest value
obtained and adds their weights directly to the final
analysis, adding up to weights 4, 3, 2 or 1 (Appendix
2). Theimpact degree s calculated based on the sum
of the weights assigned to the impacts observed in
each cave and also receives the final weights 4, 3,
2 or 1, with the categories also represented by four
bands of the same range of values. Each impact is
assessed interms of its modification (depletion, enri-
chment and alteration), and the modifications are
assessed in terms of their potential (intense (weight
2) or slight (weight 1)). Afterwards, the permanence
of the impact is assessed (short duration (weight
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enriquecimento e alteracdo), as modificacdes
sao avaliadas quanto ao potencial (intenso (peso
2) ou ténue (peso1)). Posteriormente avalia-se a
permanéncia do impacto (curta duracao (peso 1)
ou duracdo continua (peso 3)) e, em seguida, é
avaliado o alcance do impacto (pontual (peso 1)
ou sistémico (peso 2)) (Apéndice 3). Por fim, o grau
de vulnerabilidade é atribuido a cada caverna de
acordo com a soma obtida para os pesos de rele-
vancia biolégica, riqueza de trogldbios e grau de
impacto (SIMOES; SOUZA-SILVA; FERREIRA, 2014).

Diferentes cenarios foram utilizados para a apli-
cacdo do indice, de modo que o banco de dados
foi fracionado de acordo com as categorias de
cada um dos atributos aqui abordados como de
relevancia ecolégica (litologia, bioma e ecorregiao).
Para comparar as eventuais modificacbes nas
caracteristicas das cavernas elencadas como de
extrema vulnerabilidade pelo indice, aplicaram-se
quatro vezes o CVi-m. Na primeira aplicacao consi-
deraram-se todas as cavernas (249). Na segunda,
as cavernas foram separadas em quatro grupos,
de acordo com o atributo litologia (carbona-
ticas, siliciclasticas, ferruginosas e granitoides).
No terceiro recorte as cavernas foram separadas
em dois grupos, considerando o atributo bioma
(Cerrado e Mata Atlantica). Por ultimo, as cavernas
foram separadas em trés grupos de acordo com
0 atributo ecorregiao (Atlantic Dry Forests, Atlantic
Forests e Cerrado Woodlands and Savannas).

Com relacdo a selecao de cavernas prioritarias
para a conservacao, todas aquelas enquadradas
como de vulnerabilidade extrema foram conside-
radas prioritarias para conservacao. Para calcular
as proporcbes de conservacdo da biodiversi-
dade, considerou-se a soma do numero de espé-
cies troglébias e nao trogldbias ocorrentes nas
cavernas prioritarias dos diferentes cenarios.
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1) or continuous duration (weight 3)) and then the
scope of the impact is assessed (one-off (weight 1) or
systemic (weight 2)) (Appendix 3). Finally, the vulne-
rability degree is assigned to each cave according
to the sum obtained for the weights of biological
relevance, troglobitic richness and impact degree
(SIMOES; SOUZA-SILVA; FERREIRA, 2014).

The index was applied in different scenarios, so
that the database was divided up according to the
categories of each of the ecological relevant attri-
butes (lithology, biome and ecoregion). In order to
compare any changes in the characteristics of the
caves listed as extremely vulnerable by the index,
CVi-m was applied four times. In the first appli-
cation, all the caves (249) were considered. In the
second, the caves were separated into four groups
according to lithology (carbonate, siliciclastic,
ferruginous and granitic). In the third section, the
caves were separated into two groups according
to their biome (Cerrado and Atlantic Forest).
Finally, the caves were separated into three groups
according to the ecoregion attribute (Atlantic Dry
Forests, Atlantic Forests and Cerrado Woodlands
and Savannas).

Regarding to the selection of priority caves for
conservation, all those classified as extremely
vulnerable were considered priorities. To calculate
the proportions of biodiversity conservation, the
sum of the number of troglobitic and non-troglo-
bitic species occurring in the priority caves of the
different scenarios was considered.
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RESULTADOS

Ao todo foram encontradas 4281 espécies de
invertebrados distribuidas em 64 Ordens: Acari
(Subclasse) (20), Amblypygi (5), Amphipoda (4),
Araneae (396), Archaeognatha (4), Astigmata (1),
Bivalvia (Classe) (1), Blattodea (41), Coleoptera
(714), Collembola (96), Decapoda (1), Dermap-
tera (14), Diplura (11), Diptera (807), Embiop-
tera (1),
(34), Euonychophora (1), Gastropoda (Classe)
(66), Geophilomorpha (12), Haplotaxida (64),
Harpacticoida (1), Hemiptera (281), Hirudinea

Endeostigmata (2), Ephemeroptera

(Subclasse) (8), Hydrozoa (Classe) (1), Hymenop-
tera (345), Isopoda (102), Isoptera (42), Ixodida
(13), Lepidoptera (216), Lithobiomorpha (8),
Megaloptera (6), Mesostigmata (117), Nematoda
(Filo) (2), Nematomorpha (Filo) (1), Neuroptera
(27), Odonata (16), Opilioacarida (7), Opiliones
(69), Orthoptera (59), Ostracoda (7), Palpi-
gradi (10), Pauropoda (11), Plecoptera (4), Poly-
desmida (81), Polyxenida (5), Prostigmata (1),
Protura (1), Pseudoscorpiones (47), Psocoptera
(115), Sarcoptiformes (90), Scolopendromorpha
(18), Scorpiones (5), Scutigeromorpha (2), Sipho-
naptera (5), Siphonophorida (5), Spirobolida (22),
Spirostreptida (33), Symphyla (3), Thysanoptera
(5), Trichoptera (45), Tricladida (35), Trombidi-
formes (105), Zygentoma (10).

Dentre as espécies encontradas, 190 foram
consideradas trogldbias pertencendo as Ordens:
Acari (1), Amblypygi (2), Amphipoda (2), Araneae
(34), Coleoptera (14), Collembola (13), Hemip-
tera (2), Hirudinea (Subclasse) (1), Isopoda (45),
Opiliones (15), Orthoptera (1), Palpigradi (7),
Polydesmida (22), Polyxenida (2), Pseudoscor-
piones (5), Scolopendromorpha (9), Spirostrep-
tida (7), Tricladida (6) e Trombidiformes (2).
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RESULTS

A total of 4281 invertebrates species were found,
distributed in 64 Orders: Acari (Subclass) (20),
Amblypygi (5), Amphipoda (4), Araneae (396),
Archaeognatha (4), Astigmata (1), Bivalvia (Class)
(1), Blattodea (41), Coleoptera (714), Collembola
(96), Decapoda (1), Dermaptera (14), Diplura
(11), Diptera (807), Embioptera (1), Endeostig-
mata (2), Ephemeroptera (34), Euonychophora
(1), Gastropoda (Class) (66), Geophilomorpha (12),
Haplotaxida (64), Harpacticoida (1), Hemiptera
(281), Hirudinea (Subclass) (8), Hydrozoa (Class)
(1), Hymenoptera (345), Isopoda (102), Isoptera
(42), Ixodida (13), Lepidoptera (216), Lithobio-
morpha (8), Megaloptera (6), Mesostigmata (117),
Nematoda (Phylum) (2), Nematomorpha (Phylum)
(1), Neuroptera (27), Odonata (16), Opilioacarida
(7), Opiliones (69), Orthoptera (59), Ostracoda
(7), Palpigradi (10), Pauropoda (11), Plecoptera
(4), Polydesmida (81), Polyxenida (5), Prostigmata
(1), Protura (1), Pseudoscorpiones (47), Psocop-
tera (115), Sarcoptiformes (90), Scolopendro-
morpha (18), Scorpiones (5), Scutigeromorpha (2),
Siphonaptera (5), Siphonophorida (5), Spirobolida
(22), Spirostreptida (33), Symphyla (3), Thysanop-
tera (5), Trichoptera (45), Tricladida (35), Trombid-
iformes (105), Zygentoma (10).

Of the species found, 190 were considered troglo-
bites belonging to the Orders: Acari (1), Amblypygi
(2), Amphipoda (2), Araneae (34), Coleoptera
(14), Collembola (13), Hemiptera (2), Hirudinea
(Subclass) (1), Isopoda (45), Opiliones (15), Ortho-
ptera (1), Palpigradi (7), Polydesmida (22), Polyx-
enida (2), Pseudoscorpiones (5), Scolopendro-
morpha (9), Spirostreptida (7), Tricladida (6) and
Trombidiformes (2).
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Ariqueza total observada nas cavernas variou de
10 (Paleotoca 3) a 151 espécies (Lapa Sem Fim).
Em relacdo a riqueza de espécies troglobias, a
maior obtida foi 10 (ocorrendo nas Grutas do
Nestor e Lapa d'agua(Montes Claros)). A média
de riqueza total para as 249 cavernas do estudo
foi de 49.96 (SD = 24.92), enquanto a média de
riqueza de espécies trogldbias foi de 1.84 (SD =
2.05) (Apéndice 1).

As cavernas carbonaticas apresentaram a maior
meédia para a riqueza total de espécies (58.37
spp. SD = 25.68), seguidas das cavernas grani-
ticas (44.74 spp. SD = 15.52), siliciclasticas (37.25
spp. SD = 16.45) e por fim das ferruginosas (32.2
spp. SD = 15.74). As cavernas carbonaticas apre-
sentaram média de riqueza total significativa-
mente maiores que de todas as demais litolo-
gias (Mann-Whitney test p = 0.021). As cavernas
granitoides também apresentaram meédia signi-
ficativamente maior que as ferruginosas (Mann-
-Whitney test p = 0.003) (Apéndice 1, Figura 2 A).

Em relacdo as espécies troglobias, mais uma vez
as cavernas carbonaticas se destacaram, apre-
sentando, em média, 2.39 espécies por caverna
(SD = 2.23), sendo esta significativamente maior
que as médias apresentadas para cada uma das
demais litologias (Mann-Whitney test p = 0.016).
A segunda maior média obtida para a riqueza de
espécies trogldbias ocorreu nas cavernas ferru-
ginosas (1.44 spp. SD = 1.46), sendo esta signi-
ficativamente maior que a apresentada pelas
cavernas siliciclasticas, que apresentaram a
menor riqueza média (0.5 spp. SD = 0.94) (Mann-
-Whitney test p < 0.001). As cavernas granitoides
apresentaram a segunda menor meédia para a
riqueza de espécies trogldbias (0.79 spp. SD =
1.23), entretanto, esta ndo se mostrou signifi-
cativamente distinta das médias apresentadas
pelas cavernas ferruginosas e siliciclasticas.
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The total richness observed in the caves ranged
from 10 (Paleotoca 3) to 151 species (Lapa Sem
Fim). With regard to troglobitic species richness,
the highest obtained was 10 (occurring in Grutas
do Nestor and Lapa d'dgua (Montes Claros)). The
average total richness for the 249 caves in the
study was 49.96 (SD = 24.92), while the average
richness of troglobitic species was 1.84 (SD = 2.05)
(Appendix 1).

Carbonate caves had the highest average total
species richness (58.37 spp. SD = 25.68), followed
by granitic caves (44.74 spp. SD = 15.52), silici-
clastic caves (37.25 spp. SD = 16.45) and finally
15.74).
The carbonate caves had significantly higher

ferruginous caves (32.2 spp. SD =

average total richness than all the other litholo-
gies (Mann-Whitney test p = 0.021). The granitic
caves also had a significantly higher average
than the ferruginous caves (Mann-Whitney test
p =0.003) (Appendix 1, Figure 2 A).

In terms of troglobitic species, once again the
carbonate caves stood out, with an average of
2.39 species per cave (SD = 2.23), which was
significantly higher than the averages for each
of the other lithologies (Mann-Whitney test p =
0.016). The second highest average for troglo-
bitic species richness was found in the ferru-
ginous caves (1.44 spp. SD = 1.46), which was
significantly higher than that found in the silici-
clastic caves, which had the lowest average
richness (0.5 spp. SD = 0.94) (Mann-Whitney test
p < 0.001). The granitic caves had the second
lowest average for troglobitic species richness
(0.79 spp. SD = 1.23), but this was not signifi-
cantly different from the averages presented
by the ferruginous and siliciclastic caves. The
occurrence of troglobitic species was more
frequent in carbonate rocks, being detected in
77.8% of the caves. Caves in ferruginous rocks
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A ocorréncia de espécies troglébias foi mais
frequente em rochas carbonaticas, sendo detec-
tada em 77.8% das cavernas. As cavernas em
rochas ferruginosas apresentaram a segunda
maior frequéncia de ocorréncia (63.4%). Ja as
cavernas granitoides e siliciclasticas foram as
gue obtiveram menor frequéncia na ocorréncia
de espécies trogldbias (47.4% e 30.5% respecti-
vamente) (Apéndice 1, Figura 2 D).

Em relacdo aos biomas, as cavernas do Cerrado
apresentaram riqueza total média de 52.62 spp.
(SD = 26) e riqueza de troglobios média de 2.17
spp. (SD = 2.11).Ja as cavernas de Mata Atlantica,
apresentaram 40.15 spp. (SD = 17.42) em média
para a riqueza total e 0.6 spp. (SD = 1.11) em
meédia para a riqueza de troglébios. O Cerrado
apresentou meédias significativamente maiores
gue a Mata Atlantica tanto para a riqueza total,
quanto para a riqueza de troglébios (Mann-
-Whitney test p < 0.001) (Figura 2 B, Figura 2 E).

Ao considerar os agrupamentos por ecorregides
observou-se que as médias de riqueza total das
cavernas nao apresentaram diferencas signifi-
cativas. As cavernas da ecorregido Atlantic Dry
Forests apresentaram, em média, 47.62 spp.
(SD = 25.52), as ocorrentes em Atlantic Forests
apresentaram, em média, 45.81 spp. (SD =
17.45) e as ocorrentes em Cerrado Woodlands
and Savannas apresentaram, em meédia, 52.42
spp. (SD = 27.9) (Figura 2 C). Ja considerando a
riqueza de troglébios, as cavernas ocorrentes na
ecorregido Atlantic Dry Forests (3.06 SD = 2.72)
apresentam meédia significativamente maior
que as ocorrentes em Atlantic Forest (1.67 SD
= 1.94) (Mann-Whitney test p = 0.04) e Cerrado
Woodlands and Savannas (1.8 SD = 1.99) (Mann-
-Whitney test p < 0.02) (Figura 2 F).
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had the second highest frequency of occurrence
(63.4%). Granitic and siliciclastic caves had the
lowest frequency of troglobitic species (47.4%
and 30.5% respectively) (Appendix 1, Figure 2 D).

In relation to the biomes, the Cerrado caves had an
average total richness of 52.62 spp. (SD = 26) and an
average troglobitic richness of 2.17 spp. (SD = 2.11).
The Atlantic Forest caves, on the other hand, had an
average of 40.15 spp. (SD = 17.42) for total richness
and 0.6 spp. (SD = 1.11) for troglobitic richness. The
Cerrado biome had significantly higher averages
than the Atlantic Forest for both total richness and
troglobitic richness (Mann-Whitney test p < 0.001)
(Figure 2 B, Figure 2 E).

When considering the groupings by ecoregion, it
was observed that the average total richness of
the caves did not differ significantly. The caves
in the Atlantic Dry Forests ecoregion had an
average of 47.62 spp. (SD = 25.52), those in the
Atlantic Forests had an average of 45.81 spp. (SD
= 17.45) and those in the Cerrado Woodlands and
Savannas had an average of 52.42 spp. (SD = 27.9)
(Figure 2 C). In terms of troglobitic richness, the
caves in the Atlantic Dry Forests ecoregion (3.06
SD = 2.72) had a significantly higher average than
those in the Atlantic Forest (1.67 SD = 1.94) (Mann-
Whitney test p = 0.04) and Cerrado Woodlands
and Savannas (1.8 SD = 1.99) (Mann-Whitney test
p <0.02) (Figure 2 F).
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Figura 2 - Boxplots apresentando: A) Variagdo da riqueza total das 249 cavernas agrupadas em suas respectivas litologias; B) Variagdo da
riqueza total obtida para as 249 cavernas agrupadas em seus respectivos Biomas; C) Variacdo da riqueza total obtida para as cavernas
ocorrentes nas ecorregides Atlantic Dry Forests (A.D.F.), Atlantic Forests (A.F.) e Cerrado Woodlands and Savannas (C.W.S.); D) Variagdo da
riqueza de trogldbios das 249 cavernas agrupadas em suas respectivas litologias; E) Variacdo da riqueza de troglébios obtida para as 249
cavernas agrupadas em seus respectivos Biomas; F) Variacdo da riqueza de troglébios obtida para as cavernas ocorrentes nas ecorregides
Atlantic Dry Forests (A.D.F.), Atlantic Forests (A.F.) e Cerrado Woodlands and Savannas (C.W.S.).
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Figure 2 - Boxplots showing: A) Variation in the total richness of the 249 caves grouped into their respective lithologies; B) Variation in the total
richness obtained for the 249 caves grouped into their respective Biomes; C) Variation in the total richness obtained for the caves occurring in the
Atlantic Dry Forests (A.D.F.), Atlantic Forests (A.F.) and Cerrado Woodlands and Savannas (C.W.S.) ecoregions. ); D) Variation in troglobitic richness
of the 249 caves grouped into their respective lithologies; E) Variation in troglobitic richness obtained for the 249 caves grouped into their respec-
tive Biomes; F) Variation in troglobitic richness obtained for the caves occurring in the Atlantic Dry Forests (A.D.F.), Atlantic Forests (A.F.) and

Cerrado Woodlands and Savannas (C.W.S.) ecoregions.
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Impactos encontrados

@ Caverna impactadas

Desmatamento

Vias de acesso

Atividades agropastoris
Lixo

Pichacao

Compactagio do solo

Solo exposto

Erosdo

Assoreamento da caverna
Em area de mineragio
Depredagio de espeleotemas
Resquicios de mineragio antiga
Construgio de alvenaria
Assoreamento de drenage
Captagio de dgua

Fogueira

Poluigdo de curso d'dgua
Controle de pragas
Tluminagao artificial

Queimada

Figura 3 - Impactos observados no estudo e suas respectivas Figure 3 - Observed impacts and their respective occurrence frequen-
frequéncias de ocorréncia (nUmeros a frente de cada barra repre- cies (numbers in front of each bar represent the number of caves in
sentam o nUmero de cavernas nas quais o impacto foi observado). which the impact was observed)..
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Os impactos mais frequentes foram: desmata-
mento (212 caves), vias de acesso (161 caves),
atividades agropastoris (101 caves), lixo (85
caves) e pichac¢do (75 caves) (Figura 3). Ao avaliar
afrequéncia na ocorréncia desses impactos para
os diferentes cenarios, observou-se que existem
variacbes nas propor¢bes dos impactos tanto
para litologias, quanto para biomas e ecorre-
gides. Considerando apenas as cavernas carbo-
naticas, os impactos mais recorrentes foram
desmatamento (94.1%), vias de acesso (54.9%),
%),
pichacao (43.1%) e compactacdo do solo (34.6%).

atividades agropastoris (51%), lixo (47.1

Para as cavernas siliciclasticas os impactos mais
frequentes foram vias de acesso (77.8%), desma-
tamento (61.1%), compactacdo do solo (30.6%),
atividades agropastoris (19.4%), lixo (19.4%) e
pichacao (11.1%). Nas cavernas ferruginosas os
impactos mais frequentes foram: vias de acesso
(82.9%), (68.3%),
erosivo (41.5%), solo desnudo (39%), em darea

desmatamento processo
de mineragdo (36.6%) e atividades agropastoris
(17.1%). Por fim, os impactos mais frequentes
nas cavernas graniticas foram desmatamento
(94.7%), vias de acesso (78.9%), atividades agro-
pastoris (47.4%), lixo (31.6%), assoreamento da
caverna (26.3%) e pichac¢ao (21.1%) (Figura 4).
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The most frequent impacts were: deforestation
(212 caves), access roads (161 caves), agropas-
toral activities (101 caves), littering (85 caves) and
graffiti (75 caves) (Figure 3). When evaluating the
frequency of occurrence of these impacts for the
different scenarios, it was observed that there are
variations in the proportions of impacts both for
lithologies and for biomes and ecoregions. Consid-
ering only the carbonate caves, the most recurrent
impacts were deforestation (94.1%), access roads
(54.9%), agropastoral activities (51%), littering
(47.1%), graffiti (43.1%) and soil compaction
(34.6%). For siliciclastic caves, the most frequent
impacts were access roads (77.8%), deforesta-
tion (61.1%), soil compaction (30.6%), agropas-
toral activities (19.4%), littering (19.4%) and graffiti
(11.1%). In the ferruginous caves, the most frequent
impacts were: access roads (82.9%), deforestation
(68.3%), erosion (41.5%), bare soil (39%), inside a
mining area (36.6%) and farming activities (17.1%).
Finally, the most frequent impacts on granitic caves
were deforestation (94.7%), access roads (78.9%),
agropastoral activities (47.4%), littering (31.6%),
cave siltation (26.3%) and graffiti (21.1%) (Figure 4).
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Figura 4 - Grafico de barras ilustrando a frequéncia dos impactos registrados em cavernas de cada uma das litologias.

Do Conhecimento Ecoldgico as Politicas de Conservagdo: um Estudo
de Caso Sobre Fatores que Influenciam a Biodiversidade (...)

65



Figure 4 - Bar graph illustrating the frequency of impacts recorded in caves for each lithology.
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Para as cavernas que ocorrem no bioma
Cerrado, desmatamento foi o impacto mais
frequente, ocorrendo em 89.8% das cavernas,
seguido por vias de acesso (61,22%), atividades
agropastoris (45.41%), lixo (38.78%), pichacao
(35.71%), compactacao do solo (28.06%), solo
desnudo (22.96%), erosao (19.9%) e em area de
mineracao (12.76%). Nas cavernas ocorrentes
em Mata Atlantica, vias de acesso (77.36%)
e desatamento (67.92%) se alternam com
relacdo ao Cerrado, mas continuam nas posi-
¢des de maior frequéncia, seguidas por ativi-
dades agropastoris (22.64%), compactacao do
solo (20.75%), lixo (16.98%) e assoreamento
(13.21%) (Figura 5).

For caves in the Cerrado biome, deforestation
was the most frequent impact, occurring in 89.8%
of the caves, followed by access roads (61.22%),
agropastoral activities (45.41%), littering (38.78%),
graffiti (35.71%), soil compaction (28.06%),
bare soil (22.96%), erosion (19.9%) and mining
(12.76%). In the caves that occur in the Atlantic
Forest, access roads (77.36%) and deforestation
(67.92%) alternate in relation to the Cerrado, but
remain in the most frequent positions, followed
by agropastoral activities (22.64%), soil compac-
tion (20.75%), garbage (16.98%) and cave siltation
(13.21%) (Figure 5).

Figura 5 - Gréfico ilustrando a frequéncia dos impactos observados em cavernas ocorrentes nos Biomas Cerrado e Mata Atlantica.
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Figure 5 - Bar graph illustrating the frequency of impacts observed in caves in the Cerrado and Atlantic Forest Biomes.

Analisando os impactos em relacao as ecorre-
gides, obteve-se que na ecorregiao Atlantic Dry
Forests o impacto desmatamento ocorreu em
todas as cavernas, enquanto atividades agropas-
toris e lixo ocorreram em 81.25% das cavernas,
picha¢do em 62.5%, resquicios de mineracdo em
50% e vias de acesso em 43.75% das cavernas.
Na ecorregido Atlantic Forests mais uma vez os
impactos mais frequentes foram desmatamento
(79.01%) e vias de acesso (65.43%), seguidos
lixo (29.63%), compactacdo do solo (27.16%),
pichacdo (25.93%) e atividades agropastoris
(24.69%). Por ultimo, na ecorregiao Cerrado
Woodlands and Savannas, que apresentou a
maior ocorréncia de cavernas no estudo, obte-
ve-se novamente desmatamento (86.84%) e
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Analyzing the impacts in relation to the ecore-
gions, we found that in the Atlantic Dry Forests
ecoregion the impact of deforestation occurred
in all the caves, while agropastoral activities and
littering occurred in 81.25% of the caves, graffiti in
62.5%, Remnants of old mining in 50% and access
roads in 43.75%. In the Atlantic Forests ecoregion,
once again the most frequent impacts were defor-
estation (79.01%) and access roads (65.43%),
followed by littering (29.63%), soil compaction
(27.16%), graffiti (25.93%) and agropastoral activ-
ities (24.69%,). Finally, in the Cerrado Woodlands
and Savannas ecoregion, which had the highest
cave occurrence of the studied area, deforestation
(86.84%) and access roads (66.45%) were once
again the main impacts, followed by agropas-
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vias de acesso (66.45%) como os impactos de  toral activities (44.74%), littering (31.58%), graffiti
destaque, seguidos por atividades agropastoris  (28.95%) and bare soil (25.66%) (Figure 6).
(44.74%), lixo (31.58%), pichacdo (28.95%) e solo

desnudo (25.66%) (Figura 6).

Figura 6 - Grafico ilustrando a frequéncia dos impactos observados em cavernas ocorrentes nas ecorregides Atlantic Dry Forests (A.D.F.),
Atlantic Forests (A.F.) and Cerrado Woodlands and Savannas (C.W.S.).
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Figure 6 - Bar graph illustrating the impacts frequency observed in caves located in the Atlantic Dry Forests (A.D.F.), Atlantic Forests (A.F.) and
Cerrado Woodlands and Savannas (C.W.S.) ecoregions.
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Como resultados da aplicacdao do CVi-m, consi-
derando todas as cavernas do estudo em uma
analise unificada, obtiveram-se dez cavernas de
vulnerabilidade extrema. Todas essas cavernas
sao de litologia carbonatica e ocorrem no bioma
Cerrado. Em relacdo as ecorregides, oito dessas
ocorrem em Cerrado Woodlands and Savannas
e duas ocorrem em Atlantic Dry Forests (Tabela
1). Essas dez cavernas representam 4.3% das
cavernas inventariadas, nelas foram encon-
tradas 712 espécies de invertebrados, ou seja,
16.6% da biodiversidade total encontrada no
estudo. Emrelacao as espécies trogldbias, nessas
dez cavernas ocorreram 47 das 190 espécies, o
que representa 24.7% das espécies troglobias

do estudo.

Considerando os agrupamentos de cavernas
que compartilham mesma litologia (carbona-
ticas, siliciclasticas, ferruginosas e granitoides),
28 cavernas se enquadraram em vulnerabili-
dade extrema, das quais onze sao carbona-
ticas, trés siliciclasticas, nove ferruginosas e
cinco granitoides. Utilizando os agrupamentos
por bioma, 17 cavernas foram consideradas
de extrema vulnerabilidade (dez ocorrentes no
bioma Cerrado e sete no bioma Mata Atlantica).
Os agrupamentos formados pelas ecorregides
obtiveram o maior nimero de cavernas cate-
gorizadas como de extrema vulnerabilidade (31
cavernas), das quais seis pertencem a ecorre-
gido Atlantic Dry Forests, 17 a Atlantic Forests
e oito a Cerrado Woodlands and Savannas
(Tabela 1). Considerar os cenarios de maneira
independente garantiu representatividade a
todos os grupos dentre as cavernas prioritarias
para conservacao.
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Considering all the caves in a unified analysis,
the CVi-m application resulted in ten extremely
vulnerable caves. All these caves are of carbonate
lithology and are located in the Cerrado biome. In
terms of ecoregions, eight of them occur in Cerrado
Woodlands and Savannas and two occur in Atlantic
Dry Forests (Table 1). These ten caves represent
4.3% of the inventoried caves, in which 712 species
of invertebrates were found, i.e. 16.6% of the total
biodiversity identified. With regard to troglobitic
species, 47 of the 190 species were located in these
ten caves, which represents 24.7% of the troglobitic
species in the present work.

Analyzing the cave groupings that shared the
same lithology (carbonate, siliciclastic, ferrugi-
nous and granitic), 28 caves were considered to
be extremely vulnerable, and of which eleven are
carbonate, three siliciclastic, nine ferruginous and
five granitic. Using the biome groupings, 17 caves
were considered to be extremely vulnerable (ten
located in the Cerrado biome and seven in the
Atlantic Forest biome). The ecoregion groupings
obtained the highest number of caves categorized
as extremely vulnerable (31 caves), of which six
belong to the Atlantic Dry Forests ecoregion, 17
to the Atlantic Forests and eight to the Cerrado
Woodlands and Savannas (Table 1). Considering
the scenarios independently ensured that all the
groups among the priority caves for conservation
were representative.
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Considerando a aplicacao do CVi-m em grupos
de cavernas distintos, de acordo com as carac-
teristicas compartilhadas dentre os atributos
de relevancia ecoldégica (litologia, bioma e ecor-
regido), obtiveram-se 46 cavernas prioritarias
para a conservagdo. Essas abrangem todas
aquelas que atingiram vulnerabilidade extrema
em ao menos um desses cenarios de agrupa-
mento. A maioria das 46 cavernas prioritarias
para conservacdo apresentaram extrema vulne-
rabilidade em apenas um cenario de agrupa-
mento (29 cavernas). Nessas 46 cavernas prio-
ritarias para conserva¢do, que representam
18.9% das cavernas inventariadas, ocorreram
1656 espécies de invertebrados, ou seja, 38.7%
da biodiversidade total. Em relacdo as espé-
cies trogldbias, nessas 46 cavernas ocorreram
104 espécies, o que representa 54.7% de todas
as espécies trogldbias encontradas no estudo.
Considerando os diferentes atributos de rele-
vancia ecoldgica, dez cavernas apresentaram
extrema vulnerabilidade em todos os cenarios.
Essas dez cavernas sao as mesmas classificadas
como de extrema vulnerabilidade no cenario
geral descrito acima, que considerou as 249
cavernas em conjunto (Tabela 1).

DISCUSSAO

O presente trabalho demonstra a necessidade
de se considerar em analises que buscam por
prioridades para conservacdo e outras analises
comparativas, os atributos que influenciam
a ecologia das comunidades nos aspectos
tomados como critérios. Demonstra-se que as
riquezas apresentadas pelas cavernas de lito-
logias, biomas e ecorregides distintas, bem
como 0s impactos que ocorrem sobre estas,
ndao apresentam homogeneidade. O rearranjo
da frequéncia dos impactos para cada um dos
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Taken into account the CVi-m application in
different cave groups, according to the charac-
teristics shared among the ecological relevance
attributes (lithology, biome and ecoregion), 46
priority caves for conservation were obtained.
These
extreme vulnerability in at least one of these

include all those that have reached

grouping scenarios. Most of the 46 priority caves
for conservation showed extreme vulnerability in
only one grouping scenario (29 caves). In these
46 priority caves, which represent 18.9% of the
inventoried caves, 1656 invertebrates species
occurred, or 38.7% of the total biodiversity.
Regarding to troglobitic species, 104 species were
found in these 46 caves, which represents 54.7%
of all the troglobitic species identified. Consi-
dering the different ecological relevance attri-
butes, ten caves showed extreme vulnerability in
all scenarios. These ten caves are the same ones
classified as extremely vulnerable in the general
scenario described above, which considered all
249 caves together (Table 1).

DISCUSSION

This work demonstrates the need to consider the
attributes that influence the ecology of communi-
ties in the aspects taken as criteria in analyses that
seek priorities for conservation. It shows that the
richness presented by caves from different litholo-
gies, biomes and ecoregions, as well as the impacts
that occur onthem, are not homogeneous. The rear-
rangement of the impacts frequency for each of the
groupings shows different levels of interaction and
anthropic use for each scenario. This demonstrates
the need to implement control measures aimed at
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agrupamentos demonstra diferentes niveis de
interacdo e uso antrdpico para cada cenario.
Isso demonstra a necessidade da implemen-
tacdo de medidas de controle direcionadas
a cada cenario em particular. Para a conser-
vacao da biodiversidade, de fato, a andlise das
cavernas de maneira unificada aponta como
prioridades cavernas inseridas em cenarios
cujos atributos de relevancia ecoldgica favo-
recem maiores riquezas de espécies total e
troglobias. Ao mesmo tempo, as cavernas
elencadas na analise geral ndao deixam de ser
prioritarias nas demais anadlises que consi-
deram os cenarios de forma individualizada.
Portanto, observa-se que as cavernas que sao
prioritarias no cenario geral, de fato merecem
destaque para a conservacdao da biodiversi-
dade. Entretanto, ndo englobam representati-
vidade para todos os atributos, demonstrando
a necessidade de objetivos claros de conser-
vacdo antes da aplicacao dos indices. Mesmo
se todas as cavernas elencadas como priorita-
rias fossem conservadas nao seriam suficientes
para resguardar todas as espécies trogldbias,
tdo pouco as ndo trogldbias. Isso corrobora o
elevado turnover e elevada taxa de endemismo
das comunidades subterrdneas (MELEG et al.,
2013; SIMOES; SOUZA-SILVA; FERREIRA, 2015).
Sendo assim, demostra-se a necessidade de
que as estratégias para conservacao dos ecos-
sistemas subterrdneos sejam o mais abran-
gentes possivel.

E de amplo conhecimento que ecossistemas
distintos, devido as suas peculiaridades diversas,
comportam diferente nUmero de espécies, bem
como, sdo colonizados por espécies distintas
(CLEMENTS, 1936; COX; MOORE; LADLE, 2016;
GASTON, 2000). Como se percebe, nos ecos-
sistemas subterraneos isso também é um fato.
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each particular scenario. For biodiversity conserva-
tion, in fact, the analysis of the caves as a whole
points to the priority of caves inserted in scenarios
whose ecologically relevant attributes favor greater
total and troglobitic species richness. At the same
time, the caves listed in the general analysis do
not cease to be priorities in the other analyses that
consider the scenarios individually. Therefore, it
can be seen that the caves that are priorities in the
general scenario do indeed deserve to be highli-
ghted for biodiversity conservation. However, they
are not representative of all the attributes, demons-
trating the need for clear conservation objectives
before applying the indices. Even if all the caves
listed as priorities were conserved, they wouldn't be
enough to protect all the troglobitic species, nor the
non-troglobitic ones. Which corroborates the high
turnover and high rate of endemism of subterra-
nean communities (MELEG et al., 2013; SIMOES;
SOUZA-SILVA; FERREIRA, 2015). This demonstrates
the need for strategies to conserve subterranean
ecosystems to be as comprehensive as possible.

It is widely known that different ecosystems, due
to their distinct peculiarities, contain different
numbers of species, and are colonized by different
species (CLEMENTS, 1936, COX; MOORE, LADLE,
2016, GASTON, 2000). As it can be seen, this is
also true for subterranean ecosystems. As shown
in other studies, lithology has influenced both
troglobitic and non-troglobitic species richness
(SOUZA-SILVA; INIESTA; FERREIRA, 2020; SOUZA-
-SILVA; MARTINS; FERREIRA, 2011). Carbonate caves
stood out in this scenario. This is to be expected,
since they are generally larger, which favors colo-
nization by a greater number of species and, at
the same time, provides isolated microhabitats
that are favorable for the occurrence of troglobitic
species (MENDES RABELO; SOUZA-SILVA; LOPES
FERREIRA, 2020; SIMOES; SOUZA-SILVA; FERREIRA,
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Assim como demonstrado em outros trabalhos,
a litologia apresentou influéncias tanto sobre a
riqueza de espécies trogldbias, quanto de nao
troglobias (SOUZA-SILVA; INIESTA; FERREIRA,
2020; SOUZA-SILVA; MARTINS; FERREIRA, 2011).
As cavernas carbonaticas foram destaque nesse
cenario. Fato esperado, umavez que no geral sao
maiores, o que favorece a coloniza¢do por maior
numero de espécies e,ao mesmo tempo, propicia
a ocorréncia de micro-habitats isolados, favora-
veisaocorréncia de espécies trogldbias (MENDES
RABELO; SOUZA-SILVA; LOPES FERREIRA, 2020;
SIMOES; SOUZA-SILVA; FERREIRA, 2015; SOUZA-
SILVA; MARTINS; FERREIRA, 2011). Os diferentes
biomas também apresentaram riquezas médias
distintas tanto para a comunidade total de inver-
tebrados, quanto para as espécies trogldbias.,
sendo o Cerrado o bioma de destaque. Sabe-se
que o Cerrado é a savana mais rica do planeta
(CARDOSO DA SILVA; BATES, 2002), porém, ndo
supera o bioma Mata Atlantica em numero
de espécies conhecidas (RIBEIRO et al., 2011).
Portanto, a diferenca observada na riqueza das
cavernas provavelmente ndo esta ligada ao pool
de espécies regional, mas sim, as peculiaridades
dos ecossistemas subterraneos. Uma caracte-
ristica marcante das cavernas como habitat é a
estabilidade climatica. Em geral as cavernas apre-
sentam umidade elevada e temperatura sem
grandes oscilacdes, estando proximas as médias
observadas para os habitats epigeos adjacentes
(BADINO, 2010; SANCHEZ-FERNANDEZ et al.,
2018). Levando em consideracdo que as savanas
apresentam dinadmicas hidricas e sazonalidades
mais severas que florestas tropicais (WOOD-
WARD; LOMAS; KELLY, 2004), supbe-se que a
estabilidade climatica das cavernas no Cerrado
seja mais atrativa que na Mata Atlantica. Sendo
assim, é justificavel que as cavernas do Cerrado
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2015; SOUZA-SILVA; MARTINS,; FERREIRA, 2011).
The different biomes also showed different average
richness for both the total invertebrate community
and the troglobitic species, with the Cerrado biome
standing out. It is known that the Cerrado is the
richest savannah on the planet (CARDOSO DA SILVA;
BATES, 2002), but it does not surpass the Atlantic
Forest biome in terms of the number of known
species (RIBEIRO et al., 2011). Therefore, the diffe-
rence observed in the caves richness is probably
not linked to the regional species pool, but rather
to the peculiarities of subterranean ecosystems. A
striking feature of caves as a habitat is their climatic
stability. In general, caves have high humidity and
temperatures that do not fluctuate greatly, being
close to the averages observed for adjacent epigean
habitats (BADINO, 2010; SANCHEZ-FERNANDEZ et
al., 2018). Taking into account that savannas have
more severe water dynamics and seasonality than
tropical forests (WOODWARD; LOMAS; KELLY, 2004),
it is assumed that the climatic stability of caves in
the Cerrado is more attractive than in the Atlantic
Forest. It is therefore justifiable that Cerrado caves
have a higher average species richness than caves
in the Atlantic Forest. The same assumption can
be made for ecoregions, since the boundaries
proposed for these take into account the biomes,
as well as the known distribution of flora and fauna
species (OLSON et al., 2001).

In applying the legal criteria for defining the
relevance of caves, richness is an important factor.
The legislation considers lithology as a preponde-
rant factor for comparing caves, but disregards
other relevant factors, such as those demonstrated
here (BRASIL, 2008; MMA, 2017). With regard to the
local scenario, which considers caves in the same
geomorphological unit, these factors may be irre-
levant as it is generally a continuous landscape.
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apresentem maior média de riqueza de espé-
cies que as cavernas da mata Atlantica. Para
as ecorregides, pode-se adotar a mesma supo-
sicdo, uma vez que os limites propostos para
estas levam em considera¢do os biomas, além
da conhecida distribuicdo de espécies da flora e
da fauna (OLSON et al., 2001).

Para a aplicacdo dos critérios legais de definicdo
de relevancia de cavidades a riqueza é um fator
importante. A legislacdo considera a litologia
como fator preponderante para comparacao
entre cavidades, porém desconsidera outros
fatores relevantes, como os aqui demonstrados
(BRASIL, 2008; MMA, 2017). Com relacao ao
cenario local, que considera cavernas de uma
mesma unidade geomorfoldgica, estes fatores
podem ser irrelevantes por se tratar, em geral,
de um continuo de paisagem. Entretanto, ao
considerar compara¢des em cenarios regio-
nais, esses atributos podem sim trazer vieses
de comparacao.

Ao avaliar a frequéncia dos impactos observa-se
que, em todos os cenarios, desmatamento e
presenca de vias de acesso (estradas) estao entre
os mais frequentes. Em ambientes subterraneos,
a auséncia de luz impede o estabelecimento de
organismos fotossintetizantes, portanto, a estru-
turacdo das comunidades cavernicolas é depen-
dente de recursos organicos de origem aldctone
(CULVER; PIPAN, 2009). Nesta perspectiva, o
desmatamento impacta diretamente as comuni-
dades cavernicolas, uma vez que altera a dispo-
nibilidade de recursos no ambiente epigeo, que
consequentemente reflete na disponibilidade
dos recursos no ambiente hipdgeo (PELLEGRINI;
FERREIRA, 2016; SCHNEIDER; CHRISTMAN;
FAGAN, 2011). As vias de acesso sdo portas de
entrada para diversos outros impactos, uma vez
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However, when considering regional scenarios,
these attributes can lead to comparison biases.

When evaluating the frequency of impacts, it
can be seen that, in all scenarios, deforestation
and the presence of access roads are among the
most frequent. In subterranean environments,
the absence of light prevents the development
of photosynthesizing organisms, so the structu-
ring of cave communities is dependent on organic
resources of allochthonous origin (CULVER;
PIPAN, 2009). From this perspective, defores-
tation directly impacts cave communities, as it
alters the availability of resources in the epigean
environment, which consequently reflects on the
availability of resources in the hypogean environ-
ment (PELLEGRINI; FERREIRA, 2016, SCHNEIDER;
CHRISTMAN; FAGAN, 2011). Access roads are
gateways to various other impacts, as they allow
humans and equipment to arrive, facilitating
anthropogenic interventions. Farming practices
were also observed with great frequency in the
immediate surroundings of the caves. The imple-
mentation of these activities reduces the hetero-
geneity of the surrounding matrix, decreasing the
diversity of species and is also a gateway for the
use of pest controllers and fertilizers (ADLER; RAFF;
LAUENROTH, 2001, KOLBEK; ALVES, 2008, NEILL;
GUTIERREZ; ALEY, 2004; PARISE; PASCALI, 2003).

As demonstrated by the three most observed
impacts, the fragmentation of the landscape
around the caves has been a real and frequent
threat to these ecosystems. This high rate of habitat
replacement, combined with the high biodiversity
observed, corroborates the fact that all the caves
in the study belong to regions considered hotspots
for biodiversity conservation (MYERS et al., 2000).
Bringing this to the practical reality applicable to
the study area, there is an inefficiency in the legal
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que propiciam a chegada do homem e de equi-
pamentos, facilitando intervencdes antropicas.
Praticas agropastoris também foram observadas
com grande frequéncia no entorno imediato das
cavernas. A implementacao dessas atividades,
reduz a heterogeneidade da matriz circundante,
diminuindo a diversidade de espécies e, ainda,
é porta de entrada para a utilizacdo de contro-
ladores de pragas e fertilizantes (ADLER; RAFF;
LAUENROTH, 2001; KOLBEK; ALVES, 2008; NEILL,;
GUTIERREZ; ALEY, 2004; PARISE; PASCALI, 2003).

Como demonstrado pelos trés impactos mais
observados, a fragmentacao da paisagem no
entorno das cavernas tem sido uma ameaca
real e frequente a esses ecossistemas. Essa
elevada taxa de substituicdo do habitat combi-
nada a elevada biodiversidade observada, corro-
bora com o fato de todas as cavernas do estudo
pertencerem a regides consideradas hotspots
para conservacao da biodiversidade (MYERS et
al., 2000). Trazendo para a realidade pratica e
aplicavel a area do estudo, observa-se inefici-
éncia dos mecanismos legais de fiscalizacao dos
impactos as cavernas. A legislacao brasileira, no
que diz respeito ao patriménio espeleoldgico, é
uma das mais complexas do mundo, mas nao
tem sido respeitada (AULER, A S; PILO, 2015;
CONAMA, 2004). Segundo a legislacao, quais-
quer atividades potencialmente impactantes
ao patriménio espeleoldgico devem passar por
rigorosos estudos considerando aspectos biolo-
gicos, paleontoldgicos geoldgicos, arqueologicos
e histérico-culturais (BRASIL, 2008; MMA, 2017).
Deve-se também preservar a area de entorno
das cavernas de modo a garantir a manutencao
de suas caracteristicas fisicas e bidticas (BRASIL,
2008). A legislacdo prevé um raio e influéncia
inicial a ser conservado de 250m acrescidos
ao perimetro de desenvolvimento da caverna,
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mechanisms for monitoring impacts on caves.
Brazilian legislation on speleological heritage is
one of the most complex in the world, nevertheless
it has not been respected (AULER, A S; PILO, 2015;
CONAMA, 2004). According to the legislation, any
activities with a potential impact on speleological
heritage must undergo rigorous studies conside-
ring biological, paleontological, geological, archae-
ological and historical-cultural aspects (BRASIL,
2008; MMA, 2017). The area surrounding the caves
must also be preserved in order to guarantee the
maintenance of their biotic and abiotic characteris-
tics (BRASIL, 2008). The legislation determines the
preservation of an initial 250 m influence radius in
addition to the cave’s development perimeter, until
specific studies are carried out (CONAMA, 2004).
As demonstrated by the impact assessment, the
minimum influence radius has not been respected.

Caves with ferruginous lithology stood out in
relation to the impacts of erosion and bare soil.
In addition to altering the availability of organic
resources inside the caves, erosion and soil
exposure alters the water infiltration rate, which
can compromise the subterranean water availabi-
lity, altering the habitat viability for the occurrence
and reproduction of various species (CHIAVAZZO
etal, 2015; LANGER, 2001).

Impacts linked to the direct use of the caves were
also observed, such as the presence of garbage,
graffiti and soil compaction, which together
with the depredation of speleothems constitute
impacts associated with visitation (LOBO, 2006,
PIANO et al.,, 2022). Carbonate caves showed the
highest frequency of these impacts. Caves of this
lithology generally attract more visitors, since
when compared to caves of other lithologies, they
generally stand out in terms of size and ornamenta-
tion (AULER, AUGUSTO S, 2019; LOBO; PERINOTTO;
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até que estudos especificos sejam realizados
(CONAMA, 2004).
avaliagdo de impactos, o raio de influéncia

Como demonstrado pela

minimo ndo tem sido respeitado.

As cavernas de litologia ferruginosa se desta-
caram em relacdo aos impactos de erosdo e solo
desnudo. A erosao e exposicdo do solo, além de
alterar a disponibilidade de recursos organicos
no interior das cavernas, altera a taxa de infil-
tracdo de agua no solo, que pode comprometer
a disponibilidade de agua no subterraneo, alte-
rando a viabilidade do habitat para ocorréncia e
reproducao de diversas espécies (CHIAVAZZO et
al., 2015; LANGER, 2001).

Impactos ligados ao uso direto das cavernas
também foram observados como: presenca
de lixo, pichagao e compactacao do solo, que
junto a depredacao de espeleotemas consti-
tuem impactos associados a visitacao (LOBO,
2006; PIANO et al., 2022). Cavernas carbonéa-
ticas foram as que apresentaram maior frequ-
éncia desses impactos. Cavernas dessa litologia,
em geral, atraem mais visitantes, uma vez que
quando comparadas a cavernas de outras lito-
logias, geralmente se destacam em tamanho e
ornamentacdo (AULER, AUGUSTO S, 2019; LOBO;
PERINOTTO; BOGGIANI, 2008).
importante salientar que existem inUmeras

Entretanto, é

cavernas turisticas que se desenvolvem em
rochas ndo carbonaticas, inclusive dentre as
cavernasinventariadas nesse estudo (e.g.: Monte
Cristo e Salitre - Diamantina - MG). Entretanto,
a maior parte das cavernas onde os impactos
de visitagdo foram registrados ndo sao conside-
radas turisticas. A fim de minimizar o impacto
de visitacdo nesses casos, que demonstraram
ser 0s mais corriqueiros no cenario atual, faz-se
necessario implementar educacdo ambiental
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BOGGIANI, 2008). However, it's important to note
that there are numerous tourist caves that develop
in non-carbonate rocks, including among the caves
inventoried in this study (e.g.: Monte Cristo and
Salitre - Diamantina - MG). However, most of the
caves where visitor impacts were recorded are not
considered tourist caves. In order to minimize visi-
tation impact in these cases, which have proven to
be the most common in the current scenario, it is
necessary to implement environmental education
focused on speleological heritage in communities
living in areas where caves occur. Several rese-
archers involved in this subject have promoted
basic education with booklets, cordel literature
methods and various materials (BENTO et al.,
2022; CUSTODIO et al., 2013; DONATO et al., 2018;
FERREIRA; GOMES; SILVA, 2008). For this material to
be effective, it is necessary to train local education
professionals in the proper use and technical infor-
mation about the elements and landscapes that
make up karst.

Given the great biodiversity found in Neotropical
caves and the frequent impacts they have suffered,
there is a growing need to implement conserva-
tion measures. Current legislation enables, among
the speleological compensation measures for irre-
versible impacts on caves, the allocation of funds
for the creation of speleological heritage protec-
tion areas (MMA, 2017). To help plan these areas,
it is important to consider attributes of ecolo-
gical relevance (lithology, biomes and ecoregions)
to ensure that attributes similar to those of the
impacted cave are included among the priori-
ties for conservation. However, for conservation
scenarios that prioritize biodiversity simply in
terms of the number of species, caves that share
ecologically relevant attributes favorable to the
richness of troglobitic and non-troglobitic species
would be the main targets. The caves considered
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voltada ao patrimdnio espeleoldgico nas comu-
nidades residentes em areas com ocorréncia de
cavernas. Diversos pesquisadores envolvidos
nessa tematica tém fomentado o ensino de base
com cartilhas, cordéis, métodos e materiais
diversos (BENTO et al., 2022; CUSTODIO et al.,
2013; DONATO et al., 2018; FERREIRA; GOMES;
SILVA, 2008). Para que esse material tenha
efetividade, é necessario capacitar os profissio-
nais locais, que atuam na educacao, quanto ao
uso adequado e informagdes técnicas sobre os
elementos e paisagens que compdem o carste.

Mediante a grande biodiversidade observada
nas cavernas neotropicais e os frequentes
impactos que tém sofrido, é crescente a neces-
sidade de
conservacao. A legislacdo atual prevé, dentre as

implementacdo de medidas de

medidas de compensacao espeleolédgica para
impactos irreversiveis em cavernas, a destinacao
de verba para a criacdo de areas de prote¢ao ao
patriménio espeleoldgico (MMA, 2017). Como
demonstrado, para auxiliar no planejamento
dessas areas, € importante considerar atri-
butos de relevancia ecolégica (litologia, biomas
e ecorregides) para garantir que atributos seme-
Ihantes ao da caverna impactada sejam inclusos
dentre as prioridades para conservacgao. Entre-
tanto, para cenarios de conservacao que prio-
rizam a biodiversidade pensando simplesmente
em numero de espécies, cavernas que compar-
tilham atributos de relevancia ecoldgica favo-
raveis as riquezas de espécies troglébias e nao
trogldbias seriam os alvos principais. As cavernas
consideradas prioritarias no cenario geral (consi-
derando todas as cavernas em analise Unica) se
destacam também nos subgrupos de mesmos
atributos de relevancia ecolégica. Essas cavernas
abrangeram praticamente um quarto das espé-
cies troglébias do estudo e um sexto das espé-
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priorities in the overall scenario (considering all
the caves in a single analysis) also stand out in
the subgroups with the same ecologically relevant
attributes. These caves covered almost a quarter
of the troglobitic species in the study and a sixth of
the total species. Although caves that share ecolo-
gically relevant attributes favorable to species
richness are privileged when it comes to targeting
conservation measures, from the point of view of
their efficiency in conserving biodiversity, they do
deserve to be highlighted.

The conservation of speleological heritage has
been on the agenda in various regions of the
world and uses different methodologies to list
its priorities (BORGES et al., 2012, NITZU et al.,
2018; RABELO; SOUZA-SILVA; FERREIRA, 2018;
VAN BEYNEN; TOWNSEND, 2005). In most cases,
when it comes to conserving the biodiversity of
subterranean ecosystems, the main focus is on
troglobitic species (BORGES et al., 2012, DELIC et
al., 2017; NITZU et al., 2018). In fact, troglobitic
species deserve extra attention, since they have a
high degree of endemism (CHRISTMAN et al., 2005;
CULVER et al., 2003). These species generally occur
in a few, or even a single cave, where their actual
distribution may still be restricted to specific
microhabitats (DELIC et al., 2017; HARRIES et al.,
2019). This means that a large number of troglo-
bitic species are threatened with extinction (DELIC
etal., 2017). Therefore, in scenarios where conser-
vation measures will encompass a small number
of caves, caution should be exercised when consi-
dering ecologically relevant attributes. Conside-
ring them results in the importance of endemic
species being diluted in a scenario with a greater
number of priority caves. From the point of view of
conserving subterranean biodiversity, it is essential
to consider the maximum weight of troglobitic
species, since they are generally threatened. For
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cies totais. Por mais que cavernas que comparti-
Iham atributos de relevancia ecolégica favoraveis
as riquezas de espécies sejam privilegiadas no
direcionamento de medidas de conservacdo, do
ponto de vista de eficiéncia para conservacdo da
biodiversidade, de fato, merecem destaque.

A conservacdao do patrimbénio espeleoldgico
tem sido pauta em diversas regides do mundo
e utiliza de metodologias diversas para elencar
suas prioridades (BORGES et al., 2012; NITZU et
al., 2018; RABELO; SOUZA-SILVA; FERREIRA, 2018;
VAN BEYNEN; TOWNSEND, 2005). Na maioria
dos casos, quando se refere a conservacdo da
biodiversidade dos ecossistemas subterraneos,
o enfoque principal € dado as espécies troglo-
bias (BORGES et al., 2012; DELIC et al., 2017;
NITZU et al., 2018). De fato, as espécies troglo-
bias merecem atencdo redobrada, uma vez
que apresentam elevado grau de endemismo
(CHRISTMAN et al., 2005; CULVER et al., 2003).
Essas espécies ocorrem geralmente em poucas,
ou até mesmo em uma Unica caverna, onde sua
distribuicdo real pode ser, ainda, restrita a micro-
-habitats especificos (DELIC et al., 2017; HARRIES
et al., 2019). Isso faz com que grande parte das
espécies trogldbias se enquadrem como amea-
cadas de extincdo (DELIC et al., 2017). Sendo
assim, em cenarios que as medidas de conser-
vacdo englobardo um numero pequeno de
cavernas, deve-se ter cautela na consideracao
dos atributos de relevancia ecolégica. Considera-
-los resulta na diluicdo da importancia das espé-
cies endémicas num cenario de maior numero
de cavernas prioritarias. Do ponto de vista de
conservacao da biodiversidade subterranea,
é fundamental considerar o peso maximo das
espécies troglébias, uma vez que em geral sao
ameacadas. Para cenarios de conserva¢ao mais
adequados quanto a heterogeneidade, além da
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conservation scenarios that are more appropriate
in terms of heterogeneity, in addition to taking
into account the attributes of ecological relevance,
it is necessary to integrate different areas (e.g.:
biology, archaeology, geology and historical-cul-
tural), where conservation priorities should result
from the overlapping of various analyses with
different perspectives (CROFTS, 2019). In this way,
it adds to biodiversity conservation, as well as to
the conservation of various attributes relevant to
other areas.

As it can be seen, there is o need to increase
vigilance in terms of cave conservation. Despite
the existence of specific legislation, various activi-
ties impacting on speleological heritage have gone
unnoticed. In order to improve knowledge and
monitoring by the various actors, there is a need to
incorporate speleology into other related themes,
bringing diversity to the legal framework that
encompasses caves. Examples include the current
Forest Code, which makes no mention of subter-
ranean natural caves or any other speleological
feature (BRASIL, 2012). There is also the Rural
Environmental Registry (Cadastro Ambiental Rural
- CAR), approved by the Ministry of the Environ-
ment in 2014 with the aim of integrating environ-
mental information from rural properties, which
also ignores the occurrence of caves on proper-
ties (MMA, 2014). The inclusion of the speleolog-
ical theme in these other legal tools could expand
knowledge of the speleological heritage by simply
registering caves that are still unknown, as well as
preventing deforestation near the entrances.
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consideracao dos atributos de relevancia ecolo-
gica, é necessario que hajaintegracdo de diversas
areas (e.g.: biologia, arqueologia, geologia e
historico-cultural), onde as prioridades para
conservacao devam resultar da sobreposicao de
diversas analises com diferentes perspectivas
(CROFTS, 2019). Dessa maneira, agrega-se para
conservacao da biodiversidade, bem como para
a conservacao de diversos atributos relevantes
as demais areas.

Como percebido, € necessario aumentar a vigi-
lancia quanto a conservagdo das cavernas.
Apesar da existéncia de legislacdo especifica,
diversas atividades impactantes ao patriménio
espeleolégico tém passado desapercebidas. A
fim de melhorar o conhecimento e a fiscaliza¢ao
pelos diversos atores, percebe-se a necessidade
de incorporar a tematica espeleoldgica a outras
tematicas relacionadas, trazendo diversidade
ao arcabouco legal que engloba as cavernas.
Como exemplos podemos citar o atual Codigo
Florestal que se quer menciona cavidades natu-
rais subterraneas ou qualquer outra feicdo
espeleoldégica (BRASIL, 2012). Temos também
o Cadastro Ambiental Rural - CAR, chancelado
pelo Ministério do Meio Ambiente em 2014 com
a finalidade de integrar informacfes ambientais
de propriedades rurais, que também despreza a
ocorréncia de cavernas nas propriedades (MMA,
2014) . A inclusdo da tematica espeleoldgica
nessas outras ferramentas legais pode ampliar
o conhecimento do patrimdnio espeleolégico
pelo simples cadastramento de cavernas ainda
desconhecidas, bem como evitar o desmata-
mento nas proximidades das entradas.
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MATERIAL SUPLEMENTAR

Tabela 1 - Lista das cavernas consideradas prioritarias para conservacao com base na aplica¢gdo do
Cave Vulnerability index modificado por Simdes e colaboradores (2014).0 indice foi aplicado inicial-
mente considerando todas as cavernas. Posteriormente foi aplicado em grupos distintos formados
de acordo com os atributos ecoldgicos relevantes de litologia, bioma e ecorregido. Cada categoria
contida nesses atributos originou um grupo utilizado para aplicagao do indice. Na tabela se carac-
teriza a caverna em relagdo ao nome, municipio de ocorréncia, litologia, bioma e ecorregido. Na
coluna“Geral”, assinaladas com “X" estdo as cavernas de vulnerabilidade extrema considerando todo
0 banco de dados. Em “Por Litologia” estdo assinaladas as cavernas cuja vulnerabilidade é extrema
em relacdo aos grupos formados pelas litologias. Da mesma maneira, em “Por Bioma” estao assina-
ladas as cavernas de vulnerabilidade extrema obtidas nos grupos Cerrado e Mata Atlantica. Em “Por
Ecorregido” estdo as cavernas de vulnerabilidade extrema assinaladas nos grupos formados pelas
ecorregides. Por fim, temos a frequéncia de vezes que a caverna se destacou em extrema vulnerabi-
lidade ao longo dos diferentes agrupamentos (Frequéncia).

Por Por
s . . . x . Por Frequ-
Caverna Municipio Litologia Bioma Ecorregido Geral Lito- . Ecorre- .
A Bioma o encia
logia giao
Gruta Coracao de Cerrado W.
. s Carbonatic  Cerrado X
Sumitumba Jesus Savannas
, . . Cerrado W.
Maquiné Cordisburgo  Carbonatic  Cerrado X
Savannas
Lapa do Saco Atlantic Dr
P ) Curvelo Carbonatic  Cerrado ! y X
Comprido Forests
Lapa d'agua do Cerrado W.
P g Iltacarambi Carbonatic  Cerrado X
Zezé Savannas
Cerrado W.
Lapa Sem Fim Luislandia Carbonatic  Cerrado X
Savannas
Lapa d'agua Montes . Cerrado W.
Carbonatic  Cerrado X
MOC Claros Savannas
Lapa Montes Cerrado W.
P Carbonatic  Cerrado X
Encantada Claros Savannas
Gruta da Lagoa Cerrado W.
. & Paracatu Carbonatic  Cerrado X
Rica Savannas
Gruta Zé Aveli- Atlantic Dr
Varzelandia  Carbonatic  Cerrado y X
no | Forests
Cerrado W.
Lapa Nova Vazante Carbonatic  Cerrado X
Savannas
Felicio dos Atlantic Atlantic
Lapa Santa_FS Siliciclastic X
Santos forest Forests
Atlantic
Monte Cristo Diamantina Siliciclastic ~ Cerrado X
Forests
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Caverna

Salitre_Diaman-
tina

Toca Itajubd

Toca Juparana
Gruta do
Taboleirinho
Gruta do Labir-

into

Zé Capucho

Gand_0073
Senhor do Bom
Fim

AVG-66

AVG-71

Buraco dos
Curiés
Gruta dos For-
nos |

Caverna da
agua do Jodo
Ferreira

Gruta do
Nestor

Gruta Man-
equinho

Gruta 9

Lapa do Marce-
lo

Gruta do veado

Gruta Cinderela

Gruta Cristais

Gruta das Cera-
micas

Municipio

Diamantina

Jequitinho-
nha

Jequitinho-
nha

Juvenllia

Munhoz

Novo O. de
Minas

Santa Bar-
bara

Ataleia

Caete

Caete

Dores

Iguatama

Itacarambi

[tacarambi

Lima Duarte

Matutina

Monjolos

Montalvania

Pains

Pains

Pains

Litologia

Siliciclastic

Granitoid

Granitoid

Carbonatic

Granitoid

Granitoid

Ferrugi-
nous

Granitoid

Ferrugi-
nous

Ferrugi-
nous

Carbonatic

Carbonatic

Carbonatic

Carbonatic

Siliciclastic

Carbonatic

Carbonatic

Carbonatic

Carbonatic

Carbonatic

Carbonatic

Bioma

Cerrado

Atlantic
forest

Atlantic
forest

Cerrado

Atlantic
forest

Atlantic
forest

Atlantic
forest

Atlantic
forest

Cerrado

Cerrado

Cerrado

Cerrado

Cerrado

Cerrado

Atlantic
forest

Cerrado

Cerrado

Cerrado

Cerrado

Cerrado

Cerrado
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Ecorregidao Geral

Atlantic
Forests

Atlantic
Forests

Atlantic
Forests

Atlantic Dry
Forests

Atlantic
Forests

Atlantic
Forests

Atlantic
Forests

Atlantic
Forests

Cerrado W.
Savannas

Cerrado W.
Savannas

Atlantic
Forests

Atlantic
Forests

Atlantic Dry
Forests

Atlantic Dry
Forests

Atlantic
Forests

Atlantic
Forests

Atlantic
Forests

Atlantic Dry
Forests

Atlantic
Forests

Atlantic
Forests

Atlantic
Forests

Por

Lito- .Por
logia Bio
X
X X
X X
X
X X
X X
X
X
X
X
X 1
1
X 1
X 1
X 1
X 1
X 1
X 1
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Caverna

Gruta do Isaias

Gruta
Fazenda Amar-
goso Pains

Gruta
Lanchonete da
Pains

Gruta Olhos
D'Agua Pains

Gruta
Paranoa Pains

Gruta Serra
Azul Pains

Caverna do
Morro
Grande

AVG-05
AVG-30
AVG-38
AVG-41
AVG-47

AVG-48

Municipio

Pains

Pains

Pains

Pains

Pains

Pains

Riacho dos
Machados

Sabaré

Sabara

Sabaré

Sabara

Sabara

Sabara

Litologia

Carbonatic

Carbonatic

Carbonatic

Carbonatic

Carbonatic

Carbonatic

Ferrugi-
nous

Ferrugi-
nous

Ferrugi-
nous

Ferrugi-
nous

Ferrugi-
nous

Ferrugi-
nous

Ferrugi-
nous

Bioma

Cerrado

Cerrado

Cerrado

Cerrado

Cerrado

Cerrado

Cerrado

Cerrado

Cerrado

Cerrado

Cerrado

Cerrado

Cerrado
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Por Por

.~ . Por Frequ-
Ecorregidao Geral Lito- . Ecorre- O
. B . éncia
logia
Atlantic
X 1
Forests
Atlantic
X 1
Forests
Atlantic
X 1
Forests
Atlantic
X 1
Forests
Atlantic
X 1
Forests
Atlantic
X 1
Forests
Cerrado W
X 1
Savannas
Cerrado W.
X 1
Savannas
Cerrado W.
X 1
Savannas
Cerrado W.
X 1
Savannas
Cerrado W.
X 1
Savannas
Cerrado W.
X 1
Savannas
Cerrado W.
X 1
Savannas
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SUPPLEMENTARY MATERIAL

Table 1- List of caves considered priorities for conservation based on the application of the Cave
Vulnerability index modified by Simbes and collaborators (2014).The index was initially applied
considering all the caves. It was then applied to distinct groups formed according to the relevant
ecological attributes of lithology, biome and ecoregion. Each category contained in these attri-
butes gave rise to a group used to apply the index. The table characterizes the cave in terms
of name, municipality of occurrence, lithology, biome and ecoregion. In the “General” column,
caves with extreme vulnerability are marked with an “X”, considering the entire database. The
“By lithology” column shows the caves whose vulnerability is extreme in relation to the groups
formed by the lithologies. Similarly, “By Biome” shows the caves with extreme vulnerability in the
Cerrado and Atlantic Forest groups. “By Ecoregion” shows the extremely vulnerable caves found in
the ecoregion groups. Finally, the frequency of times that the cave stood out in terms of extreme
vulnerability throughout the different groupings (Frequency).

Munici- Litho- . . By By By
Cave . Biome Ecoregion General . . . Frequency
pality logy lithology Biome Ecoregion
a - W.
Gruta Coragdo Carbpna Cerrado Cerrado X X X X
Sumitumba  de Jesus tic Savannas
Cordis-  Carbona- Cerrado W.
Maquiné i Cerrado X X X X
burgo tic Savannas
Lapa do .
Carbona- Atlantic Dr
Saco Com-  Curvelo . Cerrado y X X X
. tic Forests
prido
Lapa Itacaram- Carbona Cerrado W
d'agua do _ i Cerrado ' X X X X
, bi tic Savannas
Zezé
Lapa Sem Carbona- Cerrado W.
P ) Luislandia . Cerrado X X X X
Fim tic Savannas
Lapa
B} P Montes  Carbona- Cerrado W.
d'agua Claros tic Cerrado Savannas X X X X
MOC
L M - W.
apa ontes Carbpna Cerrado Cerrado X X X X
Encantada Claros tic Savannas
Gruta da Carbona- Cerrado W.
, . Paracatu . Cerrado X X X X
Lagoa Rica tic Savannas
Zé V lan- - Atlantic D
Grut.a é arzg an Carbpna Cerrado tlantic Dry X X X
Avelino | dia tic Forests
Carbona- Cerrado W.
Lapa Nova Vazante . Cerrado X X X X
tic Savannas
Felicio
Lapa San- Siliciclas-  Atlantic  Atlantic For-
dos San- ) X X X
ta_FS tic forest ests
tos
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Cave

Monte
Cristo

Salitre_Dia-
mantina

Toca Ita-
jubd
Toca Ju-
parana

Gruta do
Taboleirin-
ho

Gruta do
Labirinto

Zé Capu-
cho

Gand_0073

Senhor do
Bom Fim

AVG-66

AVG-71

Buraco dos
Curiods
Gruta dos
Fornos |

Caverna
da agua do
Joao Fer-
reira

Gruta do
Nestor

Gruta Man-
equinho

Gruta 9

Lapa do
Marcelo

Gruta do
veado

Gruta Cin-
derela

Gruta Cris-
tais

Munici-
pality
Diaman-
tina

Diaman-
tina

Jequiti-
nhonha

Jequiti-
nhonha

Juvenllia

Munhoz

Novo O.
de Minas

Santa
Barbara

Ataleia

Caete

Caete

Dores

Iguatama

ltacaram-
bi

ltacaram-
bi

Lima
Duarte

Matutina

Monjolos

Montalva-
nia

Pains

Pains

Litho-
logy
Siliciclas-
tic
Siliciclas-
tic
Granitoid

Granitoid

Carbona-
tic

Granitoid

Granitoid

Ferrugi-
nous

Granitoid
Ferrugi-

nous

Ferrugi-
nous

Carbona-
tic
Carbona-
tic

Carbona-
tic

Carbona-
tic
Siliciclas-
tic
Carbona-
tic
Carbona-
tic
Carbona-
tic
Carbona-
tic
Carbona-
tic

Biome

Cerrado

Cerrado

Atlantic
forest

Atlantic
forest

Cerrado

Atlantic

forest

Atlantic
forest

Atlantic
forest

Atlantic
forest

Cerrado

Cerrado

Cerrado

Cerrado

Cerrado

Cerrado

Atlantic
forest

Cerrado

Cerrado

Cerrado

Cerrado

Cerrado

Ecoregion

Atlantic For-
ests

Atlantic For-
ests

Atlantic For-
ests

Atlantic For-
ests

Atlantic Dry
Forests

Atlantic
Forests

Atlantic
Forests

Atlantic
Forests

Atlantic
Forests

Cerrado W.
Savannas

Cerrado W.
Savannas

Atlantic
Forests

Atlantic
Forests

Atlantic Dry
Forests

Atlantic Dry
Forests

Atlantic
Forests

Atlantic
Forests

Atlantic
Forests

Atlantic Dry
Forests

Atlantic
Forests

Atlantic
Forests
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X X 2
X X 2
X X 2
X X 2
X X 2
X X 2
X X 2

X X 2

X 1

X 1

X 1

X 1

X 1

X 1
X 1
X 1
X 1
X 1
X 1
X 1
X 1
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Cave

Gruta das
Ceramicas

Gruta do
Isaias

Gruta
Fazenda
Amargoso
Pains

Gruta
Lanchone-
te da Pains

Gruta
Olhos
D'Agua
Pains
Gruta
Paranoa
Pains

Gruta Serra

Azul Pains

Caverna do

Morro
Grande

AVG-05

AVG-30

AVG-38

AVG-41

AVG-47

AVG-48

Munici-
pality

Pains

Pains

Pains

Pains

Pains

Pains

Pains

Riacho
dos Ma-
chados

Sabaré

Sabara

Sabaré

Sabara

Sabaré

Sabaré

Litho-
logy
Carbona-
tic
Carbona-
tic

Carbona-
tic

Carbona-
tic

Carbona-
tic

Carbona-
tic
Carbona-
tic
Ferrugi-
nous
Ferrugi-
nous

Ferrugi-
nous

Ferrugi-
nous

Ferrugi-
nous

Ferrugi-
nous

Ferrugi-
nous

Biome

Cerrado

Cerrado

Cerrado

Cerrado

Cerrado

Cerrado

Cerrado

Cerrado

Cerrado

Cerrado

Cerrado

Cerrado

Cerrado

Cerrado

Ecoregion General

Atlantic
Forests

Atlantic
Forests

Atlantic
Forests

Atlantic
Forests

Atlantic
Forests

Atlantic
Forests

Atlantic
Forests

Cerrado W.
Savannas

Cerrado W.
Savannas

Cerrado W.
Savannas

Cerrado W.
Savannas

Cerrado W.
Savannas

Cerrado W.
Savannas

Cerrado W.
Savannas
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APENDICES

Apéndice 1

Caracterizagdo das cavernas quanto a aplicacdo do Cave Vulnerability index modificado por Simd&es
e colaboradores (2014). Nome da caverna (Caverna); coordenadas geograficas (Datum: WGS84) em
graus decimais Longitude (Long.) e Latitude (Lat.); municipio de ocorréncia (Municipio); litologia na
qual se insere (Lit.) podendo ser carbonatica (Car.), siliciclastica (Sil.), ferruginosa (Fer.) ou granitoide
(Gra.); Bioma (Bio.) Podendo ser Cerrado (C.) ou Mata Atlantica (M.A.); Ecorregido (Ecor.) podendo
ser Atlantic Dry Forests (A.D.F.), Atlantic Forests (A.F.) ou Cerrado Woodlands and Savannas (C.W.S.);
desenvolvimento linear amostrado (D.L.A.) informado em metros; soma da extensdo das entradas
(E.E.) informada em metros, riqueza total de espécies encontradas (R.), riqueza relativa segundo a
metodologia de CVi-m (R.R.), riqueza de espécies consideradas troglobias (T.R.), impactos observados
de acordo com o numero de referéncia apresentado no Apéndice 3 (Impactos), somatorio obtido
para os pesos dos impactos atribuidos de acordo com o Apéndice 3 (I.W.), grau de vulnerabilidade da
caverna pela aplicagdo do CVi-m em escala geral (VU.G.), grau de vulnerabilidade da caverna obtida
pela aplicacdo do CVi-m considerando as diferentes litologias (VU.L.), grau de vulnerabilidade da
caverna pela aplicacao do CVi-m considerando os diferentes biomas (VU.B.), grau de vulnerabilidade
da caverna considerando as diferentes ecorregides (VU.E.), insercao da caverna nas areas prioritarias
propostas pelo CECAV (C.P.A.) informando a categoria da area na qual se inserem (1,2, 3ou4)ou a
ndo insercdo em nenhuma das categorias (N).
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APPENDICES

Appendix 1

Caves characterization in terms of the application of the Cave Vulnerability index modified by Simdes
and collaborators (2014). Name of the cave (Cave); geographic coordinates (Datum: WGS84) in decimal
degrees Longitude (Long.) and Latitude (Lat.), municipality of occurrence (Municipality); lithology in
which it is inserted (Lit.) which can be carbonate (Car.), siliciclastic (Sil.), ferruginous (Fer.) or granitoid
(Gra.); Biome (Bio.) which can be Cerrado (C.) or Atlantic Forest (A.F.); Ecoregion (Ecor. ) can be Atlantic
Dry Forests (A.D.F.), Atlantic Forests (A.F.) or Cerrado Woodlands and Savannas (C.W.S.); linear develop-
ment sampled (L.D.S.) reported in meters; sum of the length of the entrances (E.E.) reported in meters,
total richness of species found (R.), relative richness according to the CVi-m methodology (R.R.), richness
of species considered troglobitic (T.R. ), impacts observed according to the reference number presented
in Appendix 3 (Impacts), sum obtained for the weights of the impacts assigned according to Appendix
3 (I.W.), degree of vulnerability of the cave by applying the CVi-m on a general scale (VU.G.), degree of
vulnerability of the cave obtained by applying the CVi-m considering the different lithologies (VU. L.),
degree of vulnerability of the cave by applying the CVi-m considering the different biomes (VU.B.), degree
of vulnerability of the cave considering the different ecoregions (VU.E.), inclusion of the cave in the
priority areas proposed by the CECAV (C.P.A.) stating the category of the area in which they fall (1, 2, 3 or
4) or not falling into any of the categories (N).
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Apéndice 2

Valores de referéncia utilizados para definir as categorias para a aplicacao do “Cave Vulnerability
index - modificado”. Tabela informando os intervalos (Intervalo) utilizados para atribuir pesos (p) as
categorias deriqueza total, riqueza relativa, relevancia bioldgica, espécies trogldbias, grau de impacto
e grau de vulnerabilidade. A tabela apresenta divisdes indicando os valores correspondentes a apli-
cacao do CVi-m considerando todas as cavernas (Geral), cada uma das litologias (Litologia), cada um
dos biomas (Bioma) e cada uma das ecorregides (Ecorregides).

Riqueza Riqueza Relevancia  Espécies Grau de Grau de
total relativa biolégica troglébias impacto vulnerabilidade

Categoria Intervalo p Intervalo p Intervalo p Intervalo p Intervalo p Intervalo Cavernas

Estreme 114-151 8 3.27-435 4 8-9 4 8-10 4 44-58 4 911 10
K High 75-113 6 2.18-3.26 3 6-7 3 5-7 3 2943 3 78 49
& Medium 38-74 4 1.09-217 2 4-5 2 2-4 2 1529 2 46 148
Low 0-37 2 0-1.08 1 3 1 0-1 1 0-14 1 3 42
Estreme 114-151 8 3.27-435 4 8-9 4 8-10 4 4255 4 911 11
©
% High 75-113 6 2.18-3.26 3 6-7 3 5-7 3 28-41 3 78 38
z:j Medium 38-74 4 1.09-2.17 2 4-5 2 2-4 2 1527 2 46 97
Low 0-37 2 0-1.08 1 3 1 0-1 1 0-14 1 3 7
Estreme 67-88 8 0.83-1.12 4 8-10 4 3-4 4 44-58 4 911 3
©
;% High 45-66 6 0.56-0.82 3 6-7 3 2 3 2943 3 78 4
é Medium 23-44 4 0.28-0.55 2 4-5 2 1 2 1529 2 46 36
'§; Low 0-22 2 0-027 1 3 1 0 1 0-14 1 3 7
% Estreme 65-86 8 2.39-3.17 4 8-9 4 3-4 4 23-30 4 1012 9
(o
_é High 4464 6 1.59-2.38 3 6-7 3 2 3 16-22 3 79 13
60
f% Medium 22-43 4 0.8-1.58 2 4-5 2 1 2 8-15 2 46 16
Low 0-21 2 0079 1 3 1 0 1 0-7 1 3 3
Estreme 57-74 8 1.22-1.62 4 8-10 4 4-5 4 31-41 4 810 5
% High 3856 6 0.81-1.21 3 6-7 3 2-3 3 21-30 3 67 10
éo Medium 19-37 4 0.41-0.80 2 4-5 2 1 2 1120 2 45 4
Low 0-18 2 0-040 1 3 1 0 1 0-10 1 3 0
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Bioma

Ecorregido

Cerrado Woodlands

Atlantic Forests

Atlantic Dry Forests

and Savannas

Categoria
Estreme
High
Medium
Low
Estreme
High
Medium
Low
Estreme
High
Medium
Low
Estreme
High
Medium
Low
Estreme
High
Medium

Low

Riqueza
total
Intervalo p
114-151 8
75-113 6

38-74 4

037 2
67-88 8
45-66 6
23-44 4
0-22 2
86-114 8
58-85 6
29-57 4
0-28 2
67-88 8
45-66 6
23-44 4
0-22 2
114-151 8
75-113 6
38-74 4
0-37 2

Riqueza
relativa

Intervalo

3.27-4.35

2.18-3.26

1.09-2.17

0-1.08

1.22-1.61

0.81-1.21

0.41-0.80

0-0.40

0.44-0.57

0.29-0.43

0.15-0.28

0-0.14

3.27-4.35

2.18-3.26

1.09-2.17

0-1.08

2.39-3.17

1.59-2.38

0.8-1.58

0-0.79

p

Relevancia
biolégica
Intervalo p
8-9 4
6-7 3
45 2
3 1
8-10 4
6-7 3
45 2
3 1
8-9 4
6-7 3
4-5 2
3 1
8-10 4
6-7 3
4-5 2
3 1
8-9 4
6-7 3
4-5 2
3 1
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Espécies
troglébias
Intervalo p
8-10 4
5-7 3
2-4 2
0-1 1
4-5 4
2-3 3
1 2
0 1
810 4
5-7 3
2-4 2
0-1 1
6-7 4
4-5 3
23 2
0-1 1
810 4
5-7 3
2-4 2
0-1 1

Grau de

impacto
Intervalo p
44-58 4
29-43 3
15-29 2
0-14 1
44-58 4
29-43 3
15-29 2
0-14 1
42-55 4
28-41 3
15-27 2
0-14 1
44-58 4
29-43 3
15-29 2
0-14 1
42-55 4
28-41 3
15-27 2
0-14 1

Grau de
vulnerabilidade

Intervalo Cavernas

9-11

7-8

10

48

117

21

7

17

22

17

27

31

36

84

24



Appendix 2

Reference values used to define the categories for the application of the “Cave Vulnerability index - modified”.
Table showing the intervals (Interval) used to assign weights (w) to the categories of total richness, relative
richness, biological relevance, troglobitic species, impact degree and vulnerability degree. The table shows
divisions indicating the values corresponding to the application of CVi-m considering all the caves (General),
each of the lithologies (Lithology), each of the biomes (Biome) and each of the ecoregions (Ecoregions).

Total Relative Biological  Troglobitic Impact Vulnerability
richness richness relevance species degree degree

Category Interval w Interval w Interval w Interval w Interval w Interval Caves

Estreme 114-151 8 3.27-435 4 8-9 4 8-10 4  44-58 4 911 10
?, High 75-113 6 218326 3 6-7 3 5-7 3 29-43 3 78 49
é Medium 38-74 4 1.09-217 2 4-5 2 2-4 2 15-29 2 46 148
Low 0-37 2 0-1.08 1 3 1 0-1 1 0-14 1 3 42
Estreme 114-151 8 3.27-4.35 4 8-9 4 8-10 4 4255 4 911 11
-é High 75-113 6 2.18-3.26 3 6-7 3 5-7 3 28-41 3 78 38
o
g Medium 38-74 4 1.09-217 2 4-5 2 2-4 2 15-27 2 46 97
Low 0-37 2 0-1.08 1 3 1 0-1 1 0-14 1 3 7
Estreme 67-88 8 0.83-1.12 4 8-10 4 3-4 4 4458 4 911 3
é High 45-66 6 0.56-0.82 3 6-7 3 2 3 29-43 3 78 4
g Medium 23-44 4 0.28-0.55 2 4-5 2 1 2 15-29 2 46 36
tZﬂ Low 0-22 2 0-0.27 1 3 1 0 1 0-14 1 3 7
% Estreme 65-86 8 2.39-3.17 4 8-9 4 3-4 4 2330 4 1012 9
é High 44-64 6 1.59-2.38 3 6-7 3 2 3 16-22 3 79 13
B0
% Medium 22-43 4 0.8-1.58 2 4-5 2 1 2 8-15 2 46 16
0
Low 0-21 2 0-0.79 1 3 1 0 1 0-7 1 3 3
Estreme 57-74 8 1.22-1.62 4 8-10 4 4-5 4  31-41 4 810 5
E High 38-56 6 0.81-1.21 3 6-7 3 2-3 3 21-30 3 67 10
c
g Medium 19-37 4 0.41-0.80 2 4-5 2 1 2 11-20 2 45 4
Low 0-18 2 0-0.40 1 3 1 0 1 0-10 1 3 0
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Impact

Biome

Ecoregion

Cerrado Woodlands

Atlantic Forests

Atlantic Dry Forests

and Savannas

Total Relative Biological  Troglobitic Vulnerability
richness richness relevance species degree degree
Category Interval w Interval w Interval w Interval w Interval w Interval  Caves
Estreme 114-151 8 3.27-435 4 8-9 4 8-10 4 44-58 4 9-11 10
High 75-113 6 2.18-3.26 3 6-7 3 5-7 3 2943 3 7-8 48
Medium  38-74 4 1.09-2.17 2 4-5 2 2-4 2 1529 2 4-6 117
Low 0-37 2 0-1.08 1 3 1 0-1 1 0-14 1 3 21
Estreme  67-88 8 1.22-1.61 4  8-10 4 4-5 4 4458 4 8-9 7
High 45-66 6 0.81-1.21 3 6-7 3 2-3 3 2943 3 6-7 17
Medium  23-44 4 0.41-0.80 2 4-5 2 1 2 1529 2 4-5 22
Low 0-22 2 0-040 1 3 1 0 1 0-14 1 3 7
Estreme 86-114 8 0.44-0.57 4 8-9 4 8-10 4 4255 4 9N 6
High 58-85 6 0.29-0.43 3 6-7 3 5-7 3 2841 3 7-8 2
Medium  29-57 4 0.15-0.28 2 4-5 2 2-4 2 1527 2 4-6 8
Low 0-28 2 0014 1 3 1 0-1 1 0-14 1 3 0
Estreme  67-88 8 3.27-435 4  8-10 4 6-7 4 44-58 4 810 17
High 45-66 6 2.18-3.26 3 6-7 3 4-5 3 2943 3 6-7 27
Medium  23-44 4 1.09-2.17 2 4-5 2 2-3 2 1529 2 4-5 31
Low 0-22 2 0108 1 3 1 0-1 1 0-14 1 3 6
Estreme 114-151 8 2.39-3.17 4 8-9 4 8-10 4 4255 4 9N 8
High 75-113 6 1.59-2.38 3 6-7 3 5-7 3 2841 3 7-8 36
Medium  38-74 4 0.8-1.58 2 4-5 2 2-4 2 15-27 2 4-6 84
Low 0-37 2 0079 1 3 1 0-1 1 0-14 1 3 24

128

Revista Brasileira de Espeleologia

RBEsp



Apéndice 3

Avaliagdo de impactos de acordo com o estabelecido nas diretrizes metodoldgicas do CVi-m. Tabela
demonstrando os impactos observados nas cavernas estudadas (Impactos observados); 0 nimero
de cavernas afetadas por cada um deles (Cavernas afetadas); o codigo de referéncia pelo qual serdo
chamados ao longo do trabalho (I (ref)); os efeitos considerados para cada impacto podendo ser: deplecao
(D), enriquecimento (E) e alteracao (A); o potencial de impacto (Pot) e seu respectivo peso (p) podendo ser:
intenso (I (p 2)) ou ténue (T (p 1)); a permanéncia estimada do impacto (Perm) e seu respectivo peso (p)
podendo ser: continua (C (p 3)), ou de curta duracao (S (p 1)); o alcance do impacto (Rng) e seu respectivo
peso (p) podendo ser: pontual (P (p 1)) ou geral (G (p 2)); e, por fim, o peso final atribuido a cada um dos
impactos que sera utilizado para calcular o grau de impacto das cavernas no CVi-m.

Impactos Observados (;?;Itear::: (réf) Ef Pot p Perm p Rng p Pesofinal
Em area de mineragdo 25 1 D+A I 2+2 C 3 G 2 9
Solo exposto 47 2 A I 2 C 3 P 1 6
Vias de acesso 161 3 A T 1 C 3 P 1 5
Processo erosivo 44 4 A I 2 C 3 P 1 6
Assoreamento de cavernas 27 5 A I 2 C 3 P 1 6
Queimada 1 6 A I 2 S 1 P 1 4
Desmatamento 212 7 D T 1 S 1 G 2 4
Atividades agropastoris 101 8 A T 1 C 3 P 1 5
Depredacdo de espeleotemas 19 9 A T 1 S 1 P 1 5
Resquicios de minerag¢do antiga 18 10 D+A | 2+2 C 3 P 1 8
Assoreamento de drenagem 15 " D+A I 2+2 C 3 P 1 8
Pichacdo 75 12 A T 1 S 1 P 1 3
Compactagdo de solo 66 13 D I 2 C 3 P 1 6
Construcdo de alvenaria 15 14 A | 2 C 3 P 1 6
Fogueiras 4 15 D+A | 2 S 1 G 2 5
lluminacao artificial 1 16 A+E | 2+2 C 3 P 1 8
Captacdo de agua 9 17 D I 2 C 3 P 1 6
Controle de pragas 2 18 D | 2 S 1 G 2 5
Polui¢do de curso d'agua 3 19 A | 2 C 3 P 1 6
Lixo 85 20 A [ 2 C 3 P 1 6
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Appendix 3

Impacts assessment in accordance with the CVi-m methodological guidelines. Table showing the
impacts observed in the studied caves (Observed impacts); the number of caves affected by each of
them (Affected caves), the reference code by which they will be called throughout the work (I (ref));
the effects considered for each impact, which can be: depletion (D), enrichment (E) and alteration
(A); the potential of the impact (Pot) and its respective weight (w) which can be: intense (I (p 2)) or
tenuous (T (p 1)); the estimated permanence of the impact (Perm) and its respective weight (w) which
can be: continuous (C (p 3)), or short-lived (S (p 1));the scope of the impact (Rng) and its respective
weight (w) which can be: punctual (P (p 1)) or general (G (p 2)); and finally, the final weight assigned
to each of the impacts that will be used to calculate the degree of impact of the caves on the CVi-m.

Observed Impacts

Inside a mining area
Bare soil
Access roads
Erosion
Cave siltation
Wildfire
Deforestation
Agropastoral activities
Depredation of speleothems
Remnants of old mining
Drainage siltation
Graffiti
Soil compaction
Masonry construction
Bonfire
Artificial lighting
Water collection
Pest control
Watercourse pollution

Littering

Affected
caves

25

47

161

44

27

212

101

19

15

75

66

15

85

(ref)"

10

11

12

13

14

15

16

17

18

19

20
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D+A

D+A

D+A

A+E

2+2

2+2

2+2

Perm

w
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