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Abstract

This paper aims to evaluate the geodiversity of sandstone caves in the Campos Gerais National Park, Southern Brazil. The
subject of the research was the inventory, quantification, and classification (ranking) of geodiversity features and biological
elements, in order to identify which caves are fragile, vulnerable, and demand priority management action. The inventory
proposes a data plan template with 11 characteristics for evaluation of 33 caves and generated a set of speleological information
for the Campos Gerais National Park. The quantification and classification of the caves were based on five factors: (a) under-
ground geodiversity features, (b) vulnerability, (c) expropriation priority, (d) sensibility, and (e) potential to scientific use. A case
study shows topics that may influence the relevance of the sandstone caves, such as (a) karstification process in non-carbonate
siliciclastic rocks, (b) geological function of the caves, (c) interactions between geodiversity and biodiversity, and (d) recent
changes in Brazilian laws about cave protection and speleological relevance. The results showed that cave geodiversity evalu-
ation through inventory, quantification, and classification (ranking) is an effective instrument to identify which caves must be
prioritized in conservation actions. The evaluation can directly contribute to the management plan and other conservation actions
in the Campos Gerais National Park. It can be applied in other areas for the analysis of eventual enlargement or creation of new
protected areas.
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Introduction elements. The main Brazilian legislation about protected areas

is the law no. 9.985, July 18, 2000, has created the Sistema

The identification of priority areas for conservation in Brazil is
mainly based on biological aspects of the landscape, such as
the presence of fauna, forests, natural fields, and other flora
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Nacional de Unidades de Conservagdo (National System of
Protected Areas) (Brasil 2000). This law rarely approaches
anything about geological heritage, and themes like
geodiversity and geoconservation are not mentioned.

This reflects the low visibility and importance that the
geodiversity elements receive in Brazilian protected areas, as
reported by Pereira et al. (2008). Even in national parks, where
the mainly natural attractive are landscapes that present rele-
vant geological and geomorphological aspects, the
geodiversity does not have the necessary highlight. As exam-
ple of this case, the Iguassu Falls National Park (UNESCO
World Heritage), situated on the border between Brazil and
Argentina, there is a monumental waterfall ensemble formed on
Mesozoic basaltic spills; however, there is few information
about it in interpretative panels, folders, and other promotion
materials of the protected areas, as indicated by Moreira (2012).

The lack of attention involving not promoting information
about geological and geomorphological phenomena,
geodiversity features, and the evolutionary processes that have
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transformed the landscape is recurrent in many protected areas
all around the Brazilian territory.

However, virtually, many protected areas (UC - portuguese
acronym) present landscapes with unique geodiversity fea-
tures. This remarkable presence should not be ignored and
such as the biodiversity aspects, geodiversity features need
studies, divulgation and conservation aiming the manage-
ment. The geodiversity should be widely discussed in studies
for the identification of priority areas for conservation, as also
in researches focused in environmental control and monitor-
ing the protected areas that already exist.

In this sense, the geoconservation have practices that can
contribute directly to the management of the Brazilian
protected areas. Geoconservation strategies, according to
Brilha (2005, 2016), include inventory, quantification, classi-
fication, conservation, evaluation, and divulgation, and
geodiversity monitoring is an important instrument of man-
agement to the protected areas.

Caves constitute environments of meaningful geodiversity
and biodiversity (Culver and Sket 2000; Ford 2006; Palmer
2007; Melo et al. 2011; Galdo and Bichuette 2015; Souza-
Silva et al. 2015; Souza-Silva and Ferreira 2016). Cave geolog-
ical features are evidence of genetic and evolution processes
and unique interactions between biotic and abiotic elements,
besides being intrinsically correlated with superficial and un-
derground water action, as large aquifers recharging zones.

In spite of that, studies about geodiversity still are insuffi-
cient, mainly in caves formed by siliciclastic sandstone, for
example, the Campos Gerais National Park (PNCG) caves,
located in Southern Brazil. Recent research has given atten-
tion to this type of caves and its geological features (Melo and
Giannini 2007; Pontes et al. 2010; Melo 2009; Massuqueto et
al. 2011; Melo et al. 2011; Pontes and Melo 2011; Melo et al.
2015; Pontes 2016; GUPE 2017). These studies show
geodiversity features developed by quartz dissolution process
in ambient temperature, microbial action record in the sili-
ceous speleothem formation, and quartz sandstone dissolu-
tion, as indicated by Pontes (2017), as well as interactions
between biodiversity and geodiversity and geosystemic func-
tions of the caves as aquifer recharge.

The recent decree law no. 6.640/2008 (Brazil 2008) pro-
vides that every cave in the Brazilian territory must undergo a
process of determining the speleological relevance, which will
define the possibility of its total suppression or not. This de-
cree law presented a method that classifies the caves in max-
imum; high, medium, and low relevance; and has received
heavy criticism from the academic community (Marra 2008;
Ganem 2009; Figueiredo et al. 2010; Trajano and Bichuette
2010; Berbert-Born 2010). Previously, there was a “broad
protection” of the caves (although sometimes it did not hap-
pen), but the demand for natural resources resulted in explo-
ration of areas with caves and their destruction, if necessary.
For this reason, legislation has been amended.
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The great challenge of a law like decree law no. 6.640/2008
(Brazil 2008) is to define how to evaluate which method,
parameters, and elements should be evaluated without
prejudicing the object under analysis. For this reason, it is
important to have proposals that aim to answer these ques-
tions, which search for references of parameters, values, and
numbers that better represent natural singularities, interac-
tions, and dynamics.

Attributing numerical values to the geodiversity ele-
ments will always be subjective; there is always a risk
of assigning high or very low values to a parameter,
altering the final result. However, the quantification is
necessary, once there are legal provisions in Brazil,
which require the geological heritage quantification,
based on the attribution of numerical values.

Thus, the sandstone caves geodiversity of PNCG con-
stitutes an important parameter to be evaluated in
geoconservation strategies. Therewith, this paper presents
a method to evaluate the caves geodiversity of this
protected area. The research involved inventory, quantifi-
cation, and classification (ranking) of the geodiversity fea-
tures and biological elements, in order to identify which
caves are fragile, vulnerable, and priority to the manage-
ment actions. In the same way, this method can be applied
in analysis to aim determination of speleological rele-
vance, according to the Brazilian laws.

Study Area

The Campos Gerais National Park is a protected area classi-
fied as an integral protection, located in the municipalities of
Ponta Grossa, Castro, and Carambei, State of Parana,
Southern Brazil (Fig. 1). Created in 2006, with 218.26 kmz,
this protected area aims to protect the last remaining of natural
fields and forests with Araucaria pine, beyond archaeological
heritage and singular geological and geomorphological forma-
tions. Currently, the Campos Gerais National Park is initiating
the expropriation process, which requires studies indicating
priority areas for conservation.

Among these geological and geomorphological fea-
tures, the caves are among the highlights. These cavities
can be of several types, such as caves, grottos, rock shel-
ters, abysms, and doline (sinkhole), and they vary from few
meters to more than 1 km of linear extension. The largest
cave in the park is the Sumidouro do Corrego das Fendas
(Fliigel Filho et al. 2011; Fligel Filho 2012; GUPE 2017).
This underground system has 1300 m of extension
mapped, and it is the fourth longest Brazilian cave devel-
oped in sandstone. According to GUPE (2017), there are
new galleries known in this system; nevertheless, they are
not yet accounted in the total length.
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Fig. 1 Location of the Campos Gerais National Park and distribution of the caves

In the total, 38 caves are under jurisprudence of Campos
Gerais National Park, 35 situated inside the UC, and three in
the damping zone (Fig. 2). There are two more cavities near to
damping zone limit included in the evaluation due to geolog-
ical singularities present in these environments. Thus, besides
providing methodological subsidies to the management ac-
tions inside of UC, this study enables the identification of
priority areas to conservation in places near the park.

All PNCG caves are formed in sandstones of the Furnas
Formation. These rocks appearing on the east edge of the
Parana Sedimentary Basin, with age between 395 and
421 My (Silurian/Devonian) (Borghi 1993; Assine 1999;
Milani et al. 2007). According to Assine (1996), Melo and
Giannini (2007), and Milani et al. (2007), this formation is
predominantly compounded by quartz sandstones of medium
to coarse gran-size, cemented by kaolinite and illite, showing
different stratifications and presenting layers of silty and clay
of thickness usually decametric.

The PNCG landform and hydrography as well as the
caves and other geological features are controlled by
remarkable tectonic structures related to Ponta Grossa
Arc. This rupture structure reflects a huge regional crustal
arching and according to Zalan et al. (1990) was active
since the Paleozoic, but with apex during the Mesozoic.
This is the record of a trend of continental break in the

interior of the state of Parana during the separation between
South American and African plates.

Methods

In order to identify which PNCG caves are priorities for man-
agement actions, the research was developed in four stages:
(1) fieldwork to explore, identification, and data collect, (2)
the application of geodiversity inventory in all caves, (3) sys-
tematization of data and the formatting of a complete inven-
tory of the cavities and (4) quantification and classification
(ranking) based on the inventory to define underground
geodiversity features, vulnerability, expropriation priority,
sensibility, and potential of scientific use to each cave.

There are several proposals for geodiversity inventory and
quantification, applied in areas ranging from small localities to
large territorial extensions, such as regions and countries
(Brilha 2005, 2016; Cendrero 1996, 2000; Pereira 2006;
Lima 2008; Trueba and Cafiadas 2008; Pereira 2010). This
work is pioneering to carry out an inventory for the geodiversity
quantification specifically of subterranean environments. To
understand the fragility and vulnerability of the underground
geodiversity, the analysis at smaller scales is more adequate,
being possible to identify specific characteristics of these

@ Springer



Geoheritage

Fig.2 Campos Gerais National Park caves. a Sumidouro do Rio Quebra-Perna cave. b Andorinhas cave. ¢ Sumidouro do Cérrego das Fendas cave. d
Z¢ cave. These caves had the best classification in the geodiversity evaluation

environments. Therefore, this research was conducted from
surveys in caves, constituting small areas of analysis.

The inventor form of the caves geodiversity applied in the
PNCG was elaborated based on proposition of Dias (2003)
and Gray (2004). The first author showed a field form de-
signed to standardize data from caves collected in the field
for the registration purpose. The second one proposes the in-
clusion of functional value for geodiversity, including utility
and geosystemic and ecosystem functions, among others. The
final inventory form was adapted for application in the study
area considering the physical and biological characteristics of
the local caves.

The inventory was divided into two parts, one for fill-
ing in during fieldwork and another to be filled in the
office. The first part involved an analysis of the caves
characteristics and its surroundings, during the fieldwork.
The second one, which aims the urgency to protection and
the identification of the cave functional value, according
to Gray (2004), was developed with a technical team of
researchers from the Grupo Universitario de Pesquisas
Espeleologicas—GUPE (University Group of Speleological
Research). These meetings enabled a multidisciplinary discus-
sion and an integrated analysis of data obtained during the
fieldwork.
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The inventory form presented 11 topics, which are the fol-
lowing: (a) general information, (b) aspects of the access until
the cave, (c) speleometric data, (d) hydrographic data, (e) geo-
logical data (including the caves geodiversity features), (f)
biospeleological data (observation only, without specimen
collection), (g) immediate surroundings characterization, (h)
potential of scientific use of the caves, (i) general observa-
tions, (j) urgency to protection of the caves, and (k) functional
value.

With the inventory of the geodiversity, it was possible to
quantify and classify (establish a ranking) the PNCG caves
and its immediate surroundings. This step served to indicate
which caves are priorities for protective actions, identify areas
for expansion of the protected area, and define which places
are urgent for expropriation.

To quantify and classify the caves, five items of the inven-
tory form filled were evaluated, which are the following: (a)
underground geodiversity features, (b) vulnerability, (c) ex-
propriation priority, (d) sensibility, and (e) potential to scien-
tific use. The classification (ranking) is obtained from the sum
of'the values assigned for each item evaluated in the inventory,
as exemplified in Table 1.

The use 0f 0.25, 0.5, 1.0, 2.0, and 4.0 is a criterion adopted
for the method presented in this paper; however, as presented
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The quantitative method used to evaluate the cave geodiversity

Table 1

Inventory topics used in integrated analysis

Maximum value added

Value attributed

Evaluated items

Geological data

7.0 points

0.5 point for each feature identified

Very high level =4.0

High level

Underground geodiversity features

Vulnerability

Hydrographic, geological and biospeleological data, immediate

4.0 points

surroundings characterization, and functional value

=2.0

Intermediary level = 1.0

Low level =0.5

Very low level =0.25
Very high level

Speleometric, hydrographic, geological and biospeleological data,

4.0 points

=4.0

Expropriation priority

immediate surroundings characterization, potential of scientific
use, urgency to protection of the caves, and functional value

2.0

High level

Aspects of the access until the cave, hydrographic, geological
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and biospeleological data, and immediate surroundings

characterization

=0.0

Not

Speleometric, hydrographic, geological, and biospeleological data

4.0 points

0.5 points for each feature identified

Potential to scientific use

by Brilha (2016), the application of weights in the quantifica-
tion process demands more discussions. The maximum value
in the evaluation of each item is 4.0 points, only the under-
ground geodiversity features the total score that can reach 7.0
points. This difference is intentional, because the exposed
method seeks to value the presence of this item in the caves.

The existence of 14 underground geodiversity features
were evaluated, such as (a) ghost-rock, (b) speleothems, (c)
dissolution conduit, (d) dissolution dome, (e) balance chim-
ney, (f) alveoli (honeycomb), (g) ceiling half-tube, (h)
plunging-pool (Fig. 3), (i) anastomosis, (j) incrustation, (k)
scallops, (1) clastic deposits, (m) ichnofossil, and (n) vertical
grooves in thin granulation layers (whale’s tooth) (Fig. 4). For
each features of cave geodiversity that were presented, it was
added the value of 0.5 point.

The vulnerability and the expropriation priority have five
different context levels and to each one was added different
values, which are the following: 4.0 points to very high level,
2.0 points to high level, 1.0 point to intermediary level, 0.5
point to low level, and 0.25 point to very low level. To identify
the vulnerability, the main topic analyzed was the characteri-
zation of the cave surroundings, involving the following sub-
topics: (a) activities near the caves (considering a radius of
250 m from the horizontal projection of the cave), (b) imme-
diate surroundings vegetation, and (c) vegetation conservation
status. To classify the expropriation, priority was considering
the cave vulnerability and sensibility.

In this work, vulnerability is related to the presence of
geodiversity features which can be degraded or exposed to total
suppression by any kind of disturbance resulted by anthropic
activities (considering a radius of 250 m from the horizontal
projection of the cave). Sensibility is the fragilities of the caves
that are susceptible to degradation and if there is general
divulgation that can generate negative impacts, for example,
speleothems can be easily destroyed. This analysis also consid-
ered the elements of biodiversity, involving abundance, diver-
sity, or rarity of species. The value 4.0 was applied to the cave
with sensibility present and 0.0 when it was not present.

For each potential to scientific use that the cave presents, it
was added the 0.5 value. The potentials of scientific use ana-
lyzed to each one were the following: (a) geomorphological,
(b) paleontological, (c) stratigraphic, (d) tectonic, (e)
hydrogeological, (f) speleogenetic, (g) geochemical, and (h)
biological.

The method of caves geodiversity evaluation included
topics which can influence the determination of relevance in
sandstone caves, either for the management in protected areas
or to the identification of priority areas for conservation,
which are:

a) There is no complete understanding about the karstification

process in non-carbonate siliciclastic rocks, mainly on dis-
solution of quartz and other silicates.

@ Springer
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Fig. 3 Geodiversity features in
the Campos Gerais National Park
caves. a Ghost-rock. b
Speleothems. ¢ Dissolution
conduit. d Dissolution dome. e
Balance chimney (source: Rubens
Hardt). f Alveoli (honeycomb). g
Ceiling half-tube (author: Rubens
Hardt). h Plunging-pool

b) The caves present an important geosystemic function,
since they are great areas to aquifer recharge.

c) These environments present important interaction be-
tween geodiversity and biodiversity, what is shown by
features such as speleothems formed by microbial
action.

d) With the changes in Brazilian legislation regarding cave
protection, it became mandatory to determine speleolog-
ical relevance in the environmental license process, that
is, the natural heritage quantification based on the attribu-
tion of numerical values.

@ Springer

Results and Discussions

This research was based in the inventory form about the caves
geodiversity applied in 33 caves: 28 of them inside the PNCG
and the other 5 in its immediate surroundings (Andorinhas,
Poco das Andorinhas, Dos Trezentos, Fenda Guacharos and
Sumidouro do Rio Quebra-Perna caves).

Seven caves were not inventoried (Abrigo do Campo
Minado, Toca da Catinga, Fenda dos Morcegos, Abismo
Cercado Grande 1, Abismo Cercado Grande 2, Abismo
Cercado Grande 3 and Gruta Nova Holanda caves) due
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Fig. 4 Geodiversity features in
the Campos Gerais National Park
caves. i Anastomosis. j
Incrustation. k Scallops. 1 Clastic
deposits. m Ichnofossils. n
Vertical grooves in thin
granulation layers (whale’s tooth)

to the difficulty and/or lack of access authorization by
the property owners.

Through the inventory, it was possible the characterization
of geodiversity elements (geological features present in the
caves) and also generate information apparatus about the
caves, involving several data, such as speleometric, geologi-
cal, hydrographic, biological, land use, potential for use, and
general features. All the inventory forms together totalize 252
pages of detailed information about these caves. These data
may support future research, since it presents a diagnosis of
the potentials, occurrence of the features, and general charac-
teristics of each cave.

As already pointed out, five items of the inventory were
chosen to accomplish the evaluation of the geodiversity of
PNCG caves, which are (a) underground geodiversity fea-
tures, (b) vulnerability, (c) expropriation priority, (d) sensibil-
ity, and (e) potential to scientific use of each cave. These items
were evaluated according to predefined numerical parameters,
presenting the results in Tables 2 and 3.

To quantify and classify each cave as from the evaluation of
these five inventory items, an integrated analysis of other topics
in the inventory form was performed, as shown in Table 1.

The caves with most geodiversity features were the
Sumidouro do Corrego das Fendas (13), Sumidouro do Rio
Quebra-Perna (11), Andorinhas (10), Sumidouro da
Mariquinha (9), Fenda Santa Maria 2 (9), Zé (7), Chaminé
(7), and Fenda Santa Maria 1 (7) caves.

Concerning the vulnerability of caves to negative en-
vironmental impacts, the Andorinhas and the Sumidouro
do Rio Quebra-Perna caves are at very high vulnerabil-
ity level. The Z¢, Dolina do Matador, Dos Trezentos, and
Pogo das Andorinhas caves are at high vulnerability lev-
el. The Sumidouro da Mariquinha, Fenda Guacharos
and Buraco do Padre caves are at intermediary vulnera-
bility level. The remaining caves are at low or very low
vulnerability levels.

With reference to the expropriation priority, the
Andorinhas, the Poco das Andorinhas, and the Sumidouro
do Rio Quebra-Perna caves are at very high priority level.
The Chaminé, Gruta da Inspirada, Opilido, Dolina do
Matador, Dos Trezentos, and Zé caves indicate high priority
level when analyzing the characterization data of the caves
and its immediate surroundings, according to the inventory
form. The Furna Passo do Pupo 1, Furna Passo do Pupo 2,
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Table 2 Quantification of underground geodiversity features and
vulnerability of PNCG caves

Caves Underground ~ Vulnerability
geodiversity
features

Andorinhas Cave 5.0 4.0
Sumidouro do Rio Quebra-Perna Cave 5.5 4.0
Pogo das Andorinhas Cave 0.0 2.0
Z¢ Cave 35 2.0
Chaminé Cave 35 0.5
Dolina do Matador Cave 1.5 2.0
Dos Trezentos Cave 3.0 2.0
Sumidouro do Coérrego das Fendas Cave 6.5 0.5
Opilido Cave 1.5 0.5
Fenda Guacharos Cave 2.0 1.0
Sumidouro da Mariquinha Cave 4.5 1.0
Fenda da Freira Cave 3.0 0.5
Fenda Sem Fim Cave 1.5 0.25
Fenda Santa Maria 2 Cave 4.5 0.5
Bugio Cave 2.5 0.5
Furna Passo do Pupo 2 Cave 1.0 0.5
Furna Passo do Pupo 1 Cave 2.5 0.5
Inspirada Cave 0.5 0.5
Buraco do Padre Cave 2.5 1.0
Furna do Anfiteatro Cave 2.0 1.0
Furna Grande Cave 2.0 0.5
Gruta Macarrdo Cave 2.5 0.5
Fenda Santa Maria 1 Cave 35 0.5
Abismo da Brisa Cave 2.0 0.25
Abismo da Bromélia Cave 0.0 0.25
Fenda dos Tonini Cave 1.5 0.25
Toca do Beco Diagonal Cave 0.5 0.25
Toca do Golpe Cave 0.0 0.25
Gruta da Ricota II Cave 1.0 0.25
Gruta da Ricota I Cave 1.0 0.25
Abismo do Ferla Cave 0.0 0.25
Fenda Pulo do Gato Cave 1.5 0.25
Gruta de Ponta Cabega Cave 1.0 0.25

and the Fenda Guacharos caves are at intermediary priority
level, and the remaining caves are at low or very low expro-
priation priority levels.

About the sensibility context, the Fenda Santa Maria 2,
Sumidouro do Corrego das Fendas, Fenda Sem Fim, Fenda
da Freira, Bugio, Chaminé, Opilido, Andorinhas, Po¢o das
Andorinhas, Dos Trezentos, Fenda Guacharos, Dolina do
Matador, Zé, Sumidouro do Rio Quebra-Perna, and
Sumidouro da Mariquinha caves indicate biotic and abiotic
elements that classify these caves as sensitive caves.
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Even if the cave is not classified as vulnerable (especially
in relation to the immediate surrounding activities) nor does
there is high expropriation priority, the caves classified as
sensitive should be a priority in the management plan of the
Campos Gerais National Park and other UC management
actions. The sensibility indicates which caves are most prone
to negative impacts, with the consequent risk of suppression
of the geodiversity and the biodiversity elements. As an
example, the Sumidouro do Corrego das Fendas Cave are at
low vulnerability and expropriation priority levels, because in
its immediate surroundings, there are no activities with
significant impacts. Also, it is not an expropriation priority
area, because there are no conflicts in the land usage of its
immediate surroundings. However, the high diversity and
abundance of species pointed out by Moss et al. (2012) and
the large amount of speleothems (as indicate in the inventory
form) make reasonable to classify the Sumidouro do Corrego
das Fendas as sensitive cave.

About the potential of scientific use, the Chaminé and
Furna do Passo do Pupo 2 caves are the best examples point-
ed out by the quantification, each cave having six scientific
themes; Andorinhas, Sumidouro do Corrego das Fendas, and
Furna do Passo do Pupo 1 caves, each cave having five sci-
entific themes; being followed by Sumidouro do Rio Quebra-
Perna and Z¢é caves, each with four potential scientific themes.

It was possible to make a ranking (Table 4) based on quan-
tification of following features: underground geodiversity fea-
tures, vulnerability, expropriation priority, sensibility, and po-
tential of scientific use. With this evaluation, it was possible
to indicate which caves should be prioritized for conserva-
tion, integrating the management of the Campos Gerais
National Park.

The evaluation of the geodiversity in five caves, located
in the immediate surroundings of the PNCG, allowed to
identify areas for the expansion of the protected area. This
evaluation can be considered to justify the importance of
the extensions of protected areas. More detailed studies
are under development for the delimitation and character-
ization of these proposals for expansion of the UC, focus-
ing on the protection of the caves which have high
geodiversity value.

Conclusions

The Sumidouro do Rio Quebra-Perna Cave and the
Andorinhas Cave had the best classification in the geodiversity
evaluation; however, these caves are not under jurisprudence of
Campos Gerais National Park but are just near its limits. In
other words, these caves are not in integral protection. This
shows the importance of the use of geoconservation strategies
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Table 3 Quantification of

expropriation priority, sensibility, Caves Expropriation Sensibility Potential of

and potential of scientific use of priority scientific use

PNCG caves
Andorinhas Cave 4.0 4.0 2.5
Sumidouro do Rio Quebra-Perna Cave 4.0 4.0 2.0
Pogo das Andorinhas Cave 4.0 4.0 0.5
Z¢ Cave 2.0 4.0 2.0
Chaminé Cave 2.0 4.0 3.0
Dolina do Matador Cave 2.0 4.0 0.5
Dos Trezentos Cave 2.0 4.0 0.0
Sumidouro do Cérrego das Fendas Cave 0.5 4.0 2.5
Opilido Cave 2.0 4.0 1.0
Fenda Guacharos Cave 1.0 4.0 0.5
Sumidouro da Mariquinha Cave 0.5 4.0 1.0
Fenda da Freira Cave 0.5 4.0 1.0
Fenda Sem Fim Cave 0.5 4.0 1.0
Fenda Santa Maria 2 Cave 0.5 4.0 0.5
Bugio Cave 0.5 4.0 0.5
Furna Passo do Pupo 2 Cave 1.0 0.0 3.0
Furna Passo do Pupo 1 Cave 1.0 0.0 2.5
Inspirada Cave 2.0 0.0 1.0
Buraco do Padre Cave 0.5 0.0 1.5
Furna do Anfiteatro Cave 0.25 0.0 1.5
Furna Grande Cave 0.5 0.0 1.5
Gruta Macarrdo Cave 0.5 0.0 0.5
Fenda Santa Maria 1 Cave 0.5 0.0 0.5
Abismo da Brisa Cave 0.5 0.0 0.5
Abismo da Bromélia Cave 0.5 0.0 0.5
Fenda dos Tonini Cave 0.25 0.0 0.5
Toca do Beco Diagonal Cave 0.5 0.0 0.0
Toca do Golpe Cave 0.5 0.0 0.0
Gruta da Ricota II Cave 0.5 0.0 0.0
Gruta da Ricota I Cave 0.5 0.0 0.0
Abismo do Ferla Cave 0.5 0.0 0.0
Fenda Pulo do Gato Cave 0.5 0.0 0.0
Gruta de Ponta Cabega Cave 0.5 0.0 0.0

for the identification of priority areas for conservation, creation,
or expansion of protected areas. This avoids the fact that
protected areas do not include caves with expressive
geodiversity. Perhaps, the exclusion is the result of lack
of information about caves during PNCG creation and little
attention involving all the geodiversity.

The results demonstrated that the geodiversity evaluation
of caves may contribute to the management actions in the
Campos Gerais National Park and can be applied to other
places that are not in protected areas. This method also can
be used in proposal for expansion or creation of new protected
areas and determination of speleological relevance according

to the current Brazilian law. However, these strategies must
consider the environmental particularities of each studied area.

The evaluation through the underground geodiversity in-
ventory and quantification allows to establish a mathematical
parameter, assigning a numerical value and, consequently, es-
tablishing a classification (ranking) of the caves. It is a man-
agement tool that enables the identification of the most expres-
sive environments scientifically, the most threatened. Those
end up demanding urgent management actions.

Nonetheless, when analyzing caves, a systemic approach
should be undertaken to evaluate the caves. Even the focus
being on geodiversity, the biodiversity elements should be
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Table 4 PNCG cave classification (ranking) considering the underground
geodiversity features, vulnerability, expropriation priority, sensibility, and po-
tential of scientific use

Caves Rating
Sumidouro do Rio Quebra-Perna Cave 19.5
Andorinhas Cave 19.5
Sumidouro do Corrego das Fendas Cave 14.0
Z¢ Cave 13.5
Chaminé Cave 13.0
Sumidouro da Mariquinha Cave 11.0
Dos Trezentos Cave 11.0
Poco das Andorinhas Cave 10.5
Fenda Santa Maria 2 Cave 10.0
Dolina do Matador Cave 10.0
Fenda da Freira Cave 9.0
Opilido Cave 9.0
Fenda Guacharos Cave 8.5
Bugio Cave 8.0
Fenda Sem Fim Cave 7.25
Furna do Passo do Pupo 1 Cave 6.5
Buraco do Padre Cave 5.5
Furna do Passo do Pupo 2 Cave 5.5
Fenda Santa Maria 1 Cave 5.0
Furna do Anfiteatro Cave 4.75
Furna Grande Cave 4.5
Gruta Macarrdo Cave 4.0
Gruta da Inspirada Cave 4.0
Abismo da Brisa Cave 3.25
Fenda dos Tonini Cave 2.5
Fenda Pulo do Gato Cave 2.25
Gruta da Ricota I Cave 1.75
Gruta de Ponta Cabega Cave 1.75
Gruta da Ricota II Cave 1.75
Abismo da Bromélia Cave 1.25
Toca do Beco Diagonal Cave 1.25
Abismo do Ferla Cave 0.75
Toca do Golpe Cave 0.75

included in the analysis, identifying and evaluating the
geodiversity in the context of the provision of ecosystem ser-
vices and the biodiversity influence on the geodiversity ele-
ments and vice versa. Geological and biological studies devel-
oped in these caves have shown that this geobiodiversity in-
teraction is inseparable and goes beyond as a simple interac-
tion; it is a mutual dependence.

Similarly, it is a fact that the continuous search for
updating and improving the inventory information and
the non-subjectivity data and parameters to quantify and
qualify should be a priority for geoconservation strategies.
In these terms, we must always critically assess studies
with this focus.

@ Springer

Acknowledgements The authors thank the Fundacdo Grupo Boticdrio
de Prote¢do a Natureza (Boticario Group Foundation for Nature
Protection) for the financial support to the research project A006 2015,
entitled “Valores da geodiversidade de cavidades subterraneas no
contexto da prestacdo de servigos ecossistémicos: subsidios para a
elaboragdo do plano de manejo do Parque Nacional dos Campos
Gerais (Parand) e propostas para amplia¢do da unidade de
conservagdo” (Caves geodiversity values as a context of the provision
of ecosystem services: subsidies for the elaboration of the Campos Gerais
National Park management plan - Parand State - and proposals for expan-
sion of the protected area), study that has resulted in this article.

References

Assine ML (1996) Aspectos da estratigrafia das seqiiéncias pré-
carboniferas da Bacia do Parana no Brasil. In: Tese de doutorado.
Programa de Pés-Graduagdo em Geologia Sedimentar, Sdo Paulo

Assine ML (1999) Facies, icnofosseis, paleocorrentes e sistemas
deposicionais da Formagdo Furnas, no flanco sudeste da bacia do
Parana. Rev Bras Geociéncias, Sao Paulo 29:357-370

Berbert-Born M (2010) Instrugdo Normativa MMA 2/09 - método de
classificagdo do grau relevancia de cavernas aplicado ao
licenciamento ambiental: uma pratica possivel? SBE — Campinas,
SP. Espeleo-Tema 21(1):67-103

Borghi L (1993) Caracterizacdo e analise faciologicas da Formagao
Furnas (Pridoli Devoniano inferior) em afloramentos do bordo leste
da bacia sedimentar do Parana, Estado do Parana, Brasil.
Dissertacdo de Mestrado. In: Instituto de Geociéncias.
Universidade Federal do Rio de Janeiro, Rio de Janeiro

Brasil (2000) Lei 9.985, DE 18 DE JULHO DE 2000. n® 9.985, de 18 de
julho de 2000. Regulamenta o Art 225, § 1o, incisos I, II, [l e VIl da
Constituigdo Federal, institui o Sistema Nacional de Unidades de
Conservacao da Natureza e da outras providéncias. http://www.
planalto.gov.br/ccivil 03/leis/L9985.htm. Accessed 17 April 2017

Brasil (2008). Decreto n° 6640 de 7 de novembro de 2008. Da nova
redacgdo aos arts. 1o, 20, 30, 40 ¢ 50 e acrescenta os arts. 5-A e 5-
B ao Decreto no 99.556, de 1o de outubro de 1990, que dispde sobre
a protecdo das cavidades naturais subterraneas existentes no
territorio nacional. http://www.planalto.gov.br/ccivil 03/ Ato2007-
2010/2008/Decreto/D6640.htm. Accessed 16 September 2017

Brilha J (2005) Patriménio Geoldgico e Geoconservagdo: a conservagao
da natureza na sua vertente geoldgica. Palimage, Lisboa

Brilha J (2016) Inventory and quantitative assessment of Geosites and
geodiversity sites: a review. The European Association for
Conservation of the geological heritage. Geoheritage 8:119—134.
https://doi.org/10.1007/s12371-014-0139-3

Cendrero A (1996) Propuesta sobre criterios para la clasificacion y
catalogacion del patrimonio geoldgico. In El patrimonio
geologico. Bases para su valoracion, proteccion, conservacion y
utilizacion, Centro de Publicaciones, Ministerio de Obras Publicas.
Transportes y Medio Ambiente, Madrid, pp 29-38

Cendrero A (2000) Patrimonio Geologico; diagndstico, clasificacion y
valoracion. In Jornadas sobre Patrimonio Geoldgico y Desarrollo
Sostenible, Ministerio de Medio Ambiente, Serie Monografias,
23-37

Culver DC, Sket B (2000) Hotspots of subterranean biodiversity in caves
and wells. Journal of Cave and Karst Studies 62(1):11-17

Dias MS (2003) Ficha de caracterizagdo de cavidades. Anais do XXVII
Congresso Brasileiro de Espeleologia, Januaria MG 151-160

Figueiredo LAV, Rasteiro MA, Rodrigues PC (2010) Legislagdo para a
protegdo do patriménio espeleolégico brasileiro: mudangas,
conflitos e o papel da sociedade civil. Espeleo-Tema: Campinas,
SBE. 21(1): 49-65


http://www.planalto.gov.br/ccivil_03/leis/L9985.htm
http://www.planalto.gov.br/ccivil_03/leis/L9985.htm
http://www.planalto.gov.br/ccivil_03/_Ato2007-2010/2008/Decreto/D6640.htm
http://www.planalto.gov.br/ccivil_03/_Ato2007-2010/2008/Decreto/D6640.htm
https://doi.org/10.1007/s12371-014-0139-3

Geoheritage

Ford DC (2006) Karst geomorphology, caves and cave deposits: a review
of north American contributions during the past half century. In:
Harmon, RS and Wicks CW (Eds.) — perspectives on karst geomor-
phology, hydrology and geochemistry. Boulder, Geological Society
of America. pp 1-14

Fliigel Filho JC, Guimaraes GB, Pontes HS (2011) Geossitio Sumidouro
Corrego das Fendas, Ponta Grossa — Parana. Anais do 31°
Congresso Brasileiro de Espeleologia, Ponta Grossa — PR, 19 a 26
de Julho de 2011. Sociedade Brasileira de Espeleologia. 81-85

Fligel Filho JC (2012) Geossitio Sumidouro Cérrego das Fendas, Ponta
Grossa (PR): geodiversidade carstica de um sistema subterraneo e
seus valores. Monografia (Trabalho de Conclusdo de Curso de
Bacharelado em Geografia), Departamento de Geociéncias,
Universidade Estadual de Ponta Grossa

Ganem R S (2009) As cavidades naturais subterraneas ¢ o decreto n°
6.640/2008. Consultoria Legislativa. Camara dos Deputados.
Brasilia/DF

Galao JE, Bichuette ME (2015) Taxonomic distinctness and conservation of a
new high biodiversity subterranean area in Brazil. An Acad Bras Cienc
87(1):209-217. https://doi.org/10.1590/0001-3765201520140312

Gray M (2004) Geodiversity: valuing and conserving abiotic nature. John
Wiley & Sons. U.K, Chichester

GUPE (2017) Patriménio espeleoldgico do Parque Nacional dos Campos
Gerais - acdes prioritarias para 0 manejo e propostas de ampliagcdes
da Unidade de Conservagdo. Grupo Universitario de Pesquisas
Espeleologicas (GUPE). Relatorio técnico final. Ponta Grossa (PR)

Lima FF (2008) Proposta Metodologica para a Inventariacao do
Patrimonio Geologico Brasileiro. Tese de Mestrado em Patriménio
Geologico e Geoconservagdo. Universidade do Minho, Escola de
Ciéncias 91p

Marra RJC (2008) Critérios de relevancia para classificacdo de cavernas
no Brasil. Tese de Doutorado. Centro de Desenvolvimento
Sustentavel, Universidade de Brasilia, Brasilia

Massuqueto LL, Guimardes GB, Pontes HS (2011) Geossitio do
Sumidouro do Rio Quebra-Perna (Ponta Grossa, PR, Brasil):
relevante exemplo de sistema carstico nos arenitos da Formagdo
Furnas. Espeleo-Tema: Campinas, SBE 22(1): pp 099-110

Melo MS, Giannini PCF (2007) Sandstone dissolution landforms in the
Furnas formation, southern Brazil. Earth Surf Process Landf 32:
2149-2164. https://doi.org/10.1002/esp.1520

Melo MS (2009) Aquifero Furnas - urgéncia na prote¢do de mananciais
subterraneos em Ponta Grossa, PR. In.: Anais do Seminario
Internacional “Experiéncias de Agenda 21: Os desafios do nosso
tempo”. Brasil, Ponta Grossa

Melo MS, Guimaraes GB, Pontes HS et al (2011) Carste em rochas néo-
carbonaticas: o exemplo dos arenitos da Formagao Furnas, Campos
Gerais do Parana/Brasil e as implicacdes para a regido. Espeleo-
Tema: Campinas. SBE. 22(1):81-97

Milani EJ, Melo JHG, Souza PA, Fernandes LA, Franga AB (2007) Bacia
do Parana. In: Cartas Estratigraficas - Boletim de Geociéncias da
Petrobras. Rio de Janeiro 15(2):265-287

Melo MS, Guimaraes GB, Chinelatto AL et al (2015) Kaolinite, illite and
quartz dissolution in the karstification of Paleozoic sandstones of the
Furnas formation, Parana Basin, southern Brazil. ] S Am Earth Sci
63:20-35. https://doi.org/10.1016/j.jsames.2015.06.011

Moreira JC (2012) Interpretative panels about the geological heritage — a
case study at the Iguassu falls National Park (Brazil). Geoheritage 4:
127-137. https://doi.org/10.1007/s12371-012-0053-5

Moss DF, Lopez MRQ, Ferreira RL (2012) Fauna de invertebrados em
cavernas areniticas do municipio de Ponta Grossa— PR. Trabalho de
conclusdo de curso — Bacharelado em Biologia — Universidade
Estadual de Ponta Grossa (UEPG)

Palmer AN (2007) Cave geology and speleogenesis over the past 65
years: role of the National Speleological Society in advancing the
science. Journal of Cave and Karst Studies 69(1):3—12

Pereira PJS (2006) Patriménio geomorfologico: conceptualizagio,
avaliacdo e divulgagdo. Aplicagdo ao Parque Natural de
Montesinho. Tese de Doutoramento em Ciéncias. Universidade do
Minho, Braga, p 370

Pereira, RGFA (2010) Geoconservagao e desenvolvimento sustentavel na
Chapada Diamantina. (Bahia - Brasil). Tese de Doutorado.
Universidade do Minho, Portugal, 295p

Pereira RF, Brilha J, Martinez JE (2008) Proposta de enquadramento da
geoconservagdo na legislagdo ambiental brasileira. In: Memorias e
Noticias da Conferéncia Internacional: As Geociéncias no
Desenvolvimento das Comunidades Lus6fanas. Publ. do Dep.
Cién. Terra e do Mus. Minerol. Geol. Univ Coimbra 3:491-494

Pontes HS, Rocha HL, Massuqueto LL et al. (2010) Mudangas recentes
na circulagdo subterranea do rio Quebra- Pedra (furna do Buraco do
Padre, Ponta Grossa, Parana). Espeleo-Tema: Campinas, SBE 21(1):
pp 7-16

Pontes HS, Melo MS (2011) Caverna da Chaminé, Ponta Grossa, PR,
Brasil: potencial espeleologico, recursos hidricos subterraneos e
riscos geoambientais. Espeleo-Tema: Campinas, SBE. 22(1): pp
111-126

Pontes HS (2016) Patrimdnio geoldgico carstico em rochas areniticas e
politicas publicas de geoconservagdo, com base em estudo de caso
do municipio de Ponta Grossa (PR). In: anais do 19° Seminario do
Programa de Pés-Graduacdo em Geologia UFPR. Curitiba. pp 2222

Pontes HS (2017) Feicoes carsticas em arenitos da Formagao Furnas e no
Arenito Vila Velha da Formagao Campo Mourdo e suas implicagdes
em politicas publicas de geoconservacao. In: anais do 20° Seminario
do Programa de P6s-Graduagdo em Geologia UFPR. Curitiba. In: pp
128-130

Souza-Silva M, Martins RP, Ferreira RL (2015) Cave conservation prior-
ity index to adopt a rapid protection strategy: a case study in
Brazilian Atlantic rain Forest. Environ Manag 55:279-295. https://
doi.org/10.1007/500267-014-0414-8

Souza-Silva M, Ferreira RL (2016) The first two hotspots of subterranean
biodiversity in South America. Subterranean Biology 19:1-21.
https://doi.org/10.3897/subtbiol.19.8207

Trajano E, Bichuette ME (2010) Relevancia de cavernas: porque estudos
ambientais espeleobioldgicos ndo funcionam. Espeleo-Tema:
Campinas, SBE, 21(1). 105-112

Trueba JJG, Cafiadas ES (2008) La valoracion del patrimonio
geomorfoldgico en espacios naturales protegidos. Su aplicacion al
Parque Nacional de Los Picos de Europa. Boletin de la A.G.E N° 47
- 2008, 175-194

Zalan PV, Wolff S, Conceicao JCJ et al (1990) Bacia do Parana. In:
Gabaglia GPR and Milani EJ. Origem ¢ evolucdo de Bacias
Sedimentares, 3rd edn. Gavea, Rio de Janeiro, pp 135-168

@ Springer


https://doi.org/10.1590/0001-3765201520140312
https://doi.org/10.1002/esp.1520
https://doi.org/10.1016/j.jsames.2015.06.011
https://doi.org/10.1007/s12371-012-0053-5
https://doi.org/10.1007/s00267-014-0414-8
https://doi.org/10.1007/s00267-014-0414-8
https://doi.org/10.3897/subtbiol.19.8207

	Caves Geodiversity Evaluation as an Instrument to the Management of the Campos Gerais National Park, Southern Brazil
	Abstract
	Introduction
	Study Area
	Methods
	Results and Discussions
	Conclusions
	References


