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Abstract: Geodiversity of value must be conserved and thus bring benefits to the local
population. The goal of this study was to analyze the perception of Joao Dourado
inhabitants regarding their geodiversity, as well as to seek suggestions from the
residents on its geoconservation. The opinion survey was carried out with 280 residents
and we found that 254 respondents understand that the city’s rocks, water, and caves
are considered as heritage and 231 believe that they may have associated economic
value. Most people show confidence in the benefits that geodiversity could offer in
economic and social terms, such as attracting geotourists to the city.
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Resumo: A geodiversidade que possui valores precisa ser conservada e assim trazer
beneficios para a populacéo local. O objetivo deste estudo foi analisar a percepcao dos
habitantes de Joao Dourado a respeito da geodiversidade local e buscar sugestoes dos
moradores para sua geoconservacao. Através de uma pesquisa de opinido com 280
moradores, encontramos que 254 entrevistados entendem que as rochas, a d4gua e as
cavernas da cidade sdo consideradas patrimoénio e 231 acreditam que podem ter um
valor econémico associado. A maioria das pessoas demonstra confianca nos beneficios
que a geodiversidade pode proporcionar em termos econémicos e sociais, como a
capacidade de atrair geoturistas para o municipio.

Palavras-chave: Geoconservagao, Pesquisa de Opinido, Diversidade Geolégica.

Resumen: La geodiversidad que tiene valores necesita ser conservada y, por lo tanto,
traer beneficios a la poblacion del lugar. El objetivo de este estudio fue analizar la
percepcion de los habitantes de Joao Dourado con respecto a la geodiversidad local, asi
como buscar sugerencias de los residentes para su geoconservacién. Para esto se realiz6
una encuesta de opinién con 280 habitantes del municipio. Los resultados muestran
que 254 entrevistados entienden que las rocas, el agua y las cuevas de la ciudad se
consideran patrimonio y 231 creen que pueden tener un valor econémico asociado.
La mayoria de las personas muestran confianza en los beneficios que la geodiversidad
puede proporcionar en términos econémicos y sociales, como la capacidad de atraer
geoturistas al municipio.

Palabras clave: Geoconservacion, Encuesta de Opinién, Diversidad Geoldgica.

INTRODUCTION

The local population should know its natural biodiversity and geodiversity. However,
for the most part, people are unaware of these occurrences. For Salvan (1991), this constitutes
an obstacle to conservation. Erikstad (2013) emphasizes that geoconservation is very close
to the conservation and management of biodiversity and so both must go together for
nature conservation. Geoconservation includes activities designed to conserve and protect
geological features and processes for the benefit of future generations (Worton, 2008). For
Mansur (2010), such benefits bring direct gains for the cities and the well-being of residents
and visitors, through geotourism for instance.

The diversity of nature, encompassing both biotic and abiotic elements, forms the
basis for the sustainability of society (Brilha, Gray, Pereira, & Pereira, 2018). In a more
general view, Gray (2008) considers geodiversity as the abiotic equivalent of biodiversity.
For Serrano and Ruiz-Flafio (2007), this includes systems generated by both natural and
anthropic processes, which consist of diversity at various scales, from particles to elements,
places, and landscapes.

Aiming to promote the geoconservation, scientists have been aware people that
geodiversity is a value to all society nevertheless endangered. Raising awareness of the
public of the importance of these special places for science, education, and tourism is an
effective strategy. As such, several studies relate local geodiversity to the surrounding
population, as Potter (2005), Burek and Potter (2006), Santos & Carvalho (2011), Burek
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(2012), Santos and Carvalho (2013a, 2013b), Castro, Mansur and Carvalho (2016), Pimentel
et al. (2018), Da Silva (2019) and Santos, Carvalho and Brilha (2019).

Brazil is a country of magnificent geodiversity (Schobbenhaus & Silva, 2012) and
there is a need to check the perceptions and opinions of the inhabitants of Jodo Dourado
on geodiversity understanding, mainly the surrounding population, which maintain
almost daily contact with the geoforms. Such people should be understood as potential
partners in their defense (Castro, Mansur, & Carvalho, 2016). To ascertain the interviewees’
knowledge on local geodiversity and their notion of heritage, it is recommended the use of
questionnaires through an opinion survey, as well as suggestions for its geoconservation,
the possibility of benefits from geotourism, as well as suggestions for preserving, valuing
and promoting aspects of geodiversity in Jodo Dourado

The city is far 452 km from Salvador, in the microregion of Irecé, Central North Bahia
(Fig. 1). It is part of the ‘Poligono das Secas’, an area recognized by Lei no. 1.348/51 as
subject to prolonged drought and subject to special measures of the public administration.
Even so, due to its supply of water from numerous wells, the municipality’s economy is
based on the irrigated cultivation of agricultural crops such as onion, carrots, beet, and
beans. Its area is close to 913 km? (Instituto Brasileiro de Geografia e Estatistica [IBGE],
2018) and can be accessed from Salvador via the BR-324 highway to Feira de Santana and
then the “Rodovia do Feijao” highway BA-052.

Figure 1. Municipality of Jodo Dourado, BA, and the mentioned localities.
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Its territory consists mainly of rocks of Neoproterozoic age outcropping from the
Salitre Formation and belonging to the sedimentary basin of Irecé. It presents features of
karst relief characterized by dissolution structures such as karrens, poljes, caves, and dolines
(Servigo Geolégico do Brasil [CPRM], 1985; Fragoso, Reis, & Kuchenbecker, 2008). Tourism
in the region is concentrated in the Environmental Protection Area of ‘Lapa dos Brejoes -
Vereda do Romado Gramacho’, created by State Decree 32.487/85 for the preservation of
the Lapa dos Brejoes cave, archaeological and paleontological sites, ecosystems and local
culture.

MATERIALS AND METHODS

Interviews were conducted through direct approaches to randomly selected residents
of urban and rural areas of the municipality. The questionnaire has some closed-ended
questions, others were open-ended, as well as mixed questions, to obtain justification,
a contribution, or an opinion from the respondent, in addition to the standard closed
responses. it is worth mentioning that a single interviewee was able to make more than
one entry, causing the number of answers to exceed that of interviewees.

Between June 27th and July 3rd, 2016, it was interviewed 280 people, involving
more than 1% of the population of the municipality, with 24,964 inhabitants (IBGE, 2018).
It considered the urban population through home visits besides approaching passers-by
in central places of great circulation. Traders were generally interviewed at their stores
and the rural population at their properties.

The first part of the interview grouped information corresponding to the personal
data, such as name, age, profession, gender, education, and income. By this, one could
define different lifestyles and personal experiences as well as to draw up the socio-economic
profile of the community. Age data were separated into age groups once one cannot expect
the same level of understanding between people of different age groups. Thus, Sturges’
Rule (Falco, 2008) was used to define the age intervals in the sample.

The second part of the interview focused on questions related to local geodiversity
as interpreting their knowledge and perception on the existence of fossils, caves and
rock paintings in the area; the antiquity of the rocks; the understanding of heritage; the
association of heritage with economic value; weathered rocks, water, and caves could be
considered heritage; if the municipality has the potential to receive geotourists and to
build a museum; on the relationship between rocks and agriculture as well as proposals
for the conservation, valorization, and promotion of local geodiversity.
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RESULTS AND DISCUSSIONS
Sample Profile

The sample corresponds to 172 males and 108 females, ranging from 16 to 97 years
old. The application of Sturges” Rule led to the definition of nine age intervals. The largest
group was aged between 16 - 25 (69 people), followed by 36 - 45 (60 people), 26 - 35 (59
people), 46 - 55 (35 people), 56 - 65 (30 people), 66 - 75 (16 people), 76 - 85 (8 people), 86 - 95
(2 people) and over 95 (1 person). So, the last five classes could be considered the elders
one (57 people).

Related to education level, the classes are the following: illiterate (13 people),
incomplete elementary school (70 people), incomplete secondary education (62 people),
complete secondary education (84 people), incomplete undergraduate (17 people), complete
undergraduate (21 people), and graduate (13 people). So, most ended their studies in
elementary school or a couple of years more (132 people).

The sample occupation was farmers (83 people), salesmen (26 people), teachers (23
people), government employees (13 people), traders (13 people), part-time employed (62
people), students (37 people), retired (19 people), and unemployed (4 people).

Regarding income range: without income (37 people), up to 1/4 of a minimum
salary (8 people), between 1/4 to half a minimum salary (14 people), between half to one
minimum salary (109 people), 1 - 2 minimum salaries (78 people), 2 - 3 (19 people), and
more than 3 (15 people), A large part of the population has low purchasing power and
very few people receive more than three minimum salaries.

Aspects related to Geodiversity

Existence of fossils

Regarding the interviewees” knowledge of the existence of local fossils a little less
than half (125 people) stated that they knew their existence, whereas 155 people do not
know that fossils exist in the municipality. Among those who claimed to have heard of the
existence of fossils, most mentioned ‘Fazenda Faveleira’ (Fig. 2A), “Lapa dos Brejoes’, and
‘Caldeirao do Jac¢'. It is presumed that the greater knowledge of the people concerning
the ‘Fazenda Faveleira’ site was due to the paleontological discoveries of the Quaternary
megafauna in recent years (Faria, 2016), their disclosure in the local media and public open
lectures. The ‘Gameleira’, “Vajado’, ‘Floresta’ (Fig. 2B), ‘Fazenda Pogo Verde’ (Fig. 2C),
and ‘Gruta da Igrejinha’ sites were mentioned by a smaller number of people (Fig. 5A).
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Figure 2. A: Paleontological excavation at ‘Fazenda Faveleira’ (Faria, 2016); B: Fossils gathered in the
backyard of a property in ‘Floresta’; C: Fragments of fossilized bones found at ‘Fazenda Poco Verde'.

‘Lapa dos Brejoes’ is located in two other municipalities, in addition to Jodo Dourado,
is part of the proposed area for the implementation of the “‘Morro do Chapéu” Geopark
(Rocha & Pedreira, 2013), being considered as local-type due to the occurrence of the
holotype Racekiela cavernicolan. sp. (Volkmer-Ribeiro, Bichuette, & De Sousa Machado, 2010).
Despite the existence of international scientific articles on the site (Courbon & Chabert, 1986;
Steadman et al., 2005; Barbosa & Travassos, 2008; Marcolino et al., 2012), it is considered
the major contributor to the number of mentions the location’s attractiveness to tourists.

At Caldeirao do Jacé town there is a private property with pottery activities. According
to the owner, fossils were removed at the beginning of 2015, but he could not say who had
removed them or which institution was responsible for collecting the fossiliferous material.
Until June 2019 no publications regarding material removed from the location had been
found. Most of the people who mentioned this site do live in this settlement and possibly
have known about it from their neighbors.

Existence of caves

Regarding the knowledge on the existence of caves in the area, most (198 people)
stated that they knew about them and cited ‘Lapa dos Brejoes” as an example. ‘Gruta da
Igrejinha” was cited by a small number of people while ‘Gameleira” and “Vajado’ sites were
also mentioned by a smaller portion of the interviewees (Fig. 5B).

‘Lapa dos Brejoes’ (Fig. 3A) was cited at the same time people recognize it for its
fossils. This cave stands out on the national speleological scene due to the vast extent of
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its galleries, the dimensions of its speleothems, the volume of its sinking dolines, and the
spectacular portal of 106 meters height, all of aspects of unquestionable tourist appeal
(Berbert-Born & Karmann, 2002).

In the village of Angicao, ‘Gruta da Igrejinha” (Fig. 3B) is inserted in a karst valley
of difficult access due to the volume of water of Jacaré river, seldom visited. Thus, it is
amazing and highly satisfactory for it to be listed as the second most cited. Like ‘Lapa
dos Brejoes’, this cave is inserted in the Environmental Protection Area ‘Lapa dos Brejoes
- Vereda do Romao Gramacho’.

In both the ‘Gameleira” and “Vajado” settlements, places less mentioned by the
interviewees, there are no caves although the local population has stated knowing the
existence of caves at these sites.

Figure 3. A: 106m height ‘Lapa dos Brejoes’ entrance porch; B: Stalactites at the entrance to ‘Gruta da
Igrejinha’.

Existence of rock paintings

It is important to point out that ‘Fazenda Boa Vista’ presents several rock paintings
(Fig. 4) but it was not mentioned by any of the interviewees. Location information and
photos were submitted to the National Institute of Historical and Artistic Heritage to
record and further archaeological research.

Concerning rock paintings in the area, 106 interviewees have heard of their occurrence
in ‘Lapa dos Brejoes’, ‘Gruta da Igrejinha’, ‘Gameleira’, and ‘Vajado” (Fig. 5C).
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Figure 4. A and B: Rock paintings at ‘Fazenda Boa Vista'.

Antiquity of the rocks

It was asked: “Do you think the stones of Jodo Dourado are very old?” As it was a complex
question, people were not completely sure of the answer, clearly pointed by the division
of opinions. Only 18 people answered that the rocks of the municipality are not ancient;
262 were equally divided as to the very age of the rocks; 34 think they are billions of years
old; 85 people quoted millions of years; 62 said they are thousands of years old; 79 believe
they are just hundreds of years old, and 6 have no idea about their age. As a matter of fact,
according to Alkmin (2004), the estimated maximum age for the Salitre Formation is 720 Ma.
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Figure 5. The absolute number of answers related to sites containing: (A) fossils, (B) caves, and (C) rock
paintings in Jodo Dourado; as well as to the measures considering: (D) valorization and promotion, (E)
conservation of the local geodiversity.
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Understanding heritage

Understanding heritage in a broad sense, when asked to define heritage in a few words
the answers were grouped into the following categories: asset, legacy, wealth, something
old, something public, identity/history (more others and do not know). The majority (197
people) associate heritage with asset, inheritance, or wealth. A total of 33 people said that
heritage refers to the identity or history of something; 21 mentioned something public,
and 11 something old. Each of the following had one citation: irrigation, good place, ‘Lapa
dos Brejoes’, Joao Dourado, homeland, settlement, and nature. A total of 20 participants
in the study could not provide any meaning for heritage.

In a study carried out with the population of the municipality of Santana do Cariri
(Ceara), Castro, Mansur & Carvalho (2016) emphasized that the moment a respondent
defines heritage, an important relationship is established, and it reflects the person values.
Knowing these values helps to understand why some preservation difficulties occur and
also helps in the elaboration of strategies to mitigate such problems.

Associating heritage to the economic value

When asked: “Does heritage mean economic value? Why?”, 231 people claimed that
heritage means economic value, and 171 justified it by saying that it involves money and
can generate income, while 44 said it has to do with identity/ culture and the possibility of
attracting tourists. However, 14 people did not answer at all and 2 interviewees mentioned
vaguely the possibility of heritage staying forever and bringing benefits.

Among those who answered that heritage does not mean economic value, 45 people
said that heritage is related to the identity/culture of a people and has no direct link with
economic value. Other answers (3) were “because it doesn’t”, “because it does not generate
money for anyone” and “because it does not bring benefits”. One person was unable to justify
their answer.

Rocks, water and caves as heritage

Relating to the significance of rocks, fossils, groundwater, and caves as heritage, only
26 have said “no significance” but they did not know how to justify it. To the others, it is
“because it belongs to the municipality” (65 people), “because it is rare” (58 people), “because it
belongs to nature” (39 people), “because it is a source of income” (38 people), “because it generates
employment” (24 people), “because it attracts tourists” (21 people), “because it demands a lot of
effort to get it” (1 person), “because it is the identity of a people” (1 person), “because it belongs
to all” (1 person), “because it has a historical and social value” (1 person), while 5 participants
were unable to answer.

Potential for geotourism

About the possibility of the municipality receiving geotourists, the following question
was asked: “Do you think Jodo Dourado has the potential to receive tourists interested in rocks,
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fossils, and caves? Why?” The 202 people who answered “yes” justified their answers as
follows: “because they have something to explore” (165 people), “because there are qualified
people” (21 people) and “because the municipality has adequate infrastructure” (16 people).
On the other hand, 78 respondents answered “no” for the following reasons: “inadequate
infrastructure” (36 people), “government disinterest” (31 people), “lack of disclosure” (10
people), “there is nothing to explore” (1 person), “there is no natural beauty in the municipality”
(1 person), “lack of knowledge of the population” (1 person), “deforestation has finished with the
municipality” (1 person), “there is not a great deal of geological diversity” (1 person) and 19
did not justify their opinion.

These results indicate that the majority of respondents believe in the potential of
the municipality to attract geotourists, mainly due to the existence of possible sites that
would benefit from geotourism, as well as there are infrastructure and skilled people in
the town for this purpose.

Potential for a museum creation and its relationship with the tourism growth

When questioned if they had visited a museum, 162 had never visited one yet and
118 said “yes”. They were also questioned about the possibility of the municipality housing
a museum focused on the natural aspects of the region. The vast majority (236 people)
agreed that Jodo Dourado could host a museum and 44 people disapproved of the idea.
This question did not require justification, but some interviewees spontaneously justified
that the municipality could not house a museum “because nothing is interesting here”, “the

V/ar

municipality is very weak”, “it is weak, there is nothing here”, “there isn’t a good representative”,
“there is no government incentive”, “ there is no interest in it”, “because the city is small”, “ because
there is little here”, “because there are no explorers”, “because there is no cultural interest”, and
“because there is no infrastructure”.

Part of the population does not know the importance of creating a museum
(remembering that most of the interviewees have never visited one), besides not knowing
the municipality itself nor its natural wealth. Besides survey participants were also asked
if the construction of a museum focused on the natural aspects of Jodo Dourado would
increase the number of tourists in the municipality. Most interviewees (244 people) believe
that the museum would attract more tourists to the town but 36 people did not have the

same expectation.

Relationship between rocks and agriculture

The major (186 people) believe that there is a relationship between rocks and
agriculture while the remaining 94 people see no relationship between them. This item
focused on the understanding of the interviewees as to soil fertility and the existing
groundwater reserve. Although it is a rather complex question for those who do not
have known geosciences, most of the interviewees were able to see this relationship. It
is presumed that empirical knowledge may have contributed to the majority seeing this
relationship since it is a predominantly agricultural region.
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Measures to value and disseminate

To know the opinion of the interviewees as to what needs to be done to value and
promote the natural aspects of Jodo Dourado, an open-ended question was asked on the

/AT

subject. The data were grouped into the following categories: “awareness”, “public incentives /

VZAwTs ” “ ” “

local guides”, “promotion”, “research/lectures”, “improve infrastructure”, “build a museum”,
“install boards”, “visit more” and “do not know” .

According to Figure 5D, most of the interviewees suggested promotion in the
local media (TV Jodo Dourado and Lucas Souza Publicity), lectures and research in the
municipality, government incentives with the deployment of tourist guides, greater
awareness-raising and the construction of a museum. A smaller number of respondents
suggested improving infrastructure (roads, hotels, restaurants, places to welcome the
visitors, etc.), visiting more sites since people would recommend others to visit also, and

the installation of explanatory panels.

Measures to conserve

To that answers the data were grouped into the following categories: “awareness/
care/belonging”, “inspection”, “public incentive”, “improve infrastructure”, “build a museum”,
“education” “ control the advance of agriculture,” “install boards,
the place,” and “do not know.”

Figure 5E demonstrates that most of the people answered that there should be
greater awareness-raising and a greater sense of belonging about the natural elements,
more supervision to prevent people from destroying these elements, more studies in the
municipality, and also the construction of a museum would contribute to this goal. Other
answered that there is a need for public incentives, to improve infrastructure, to install
panels, to enclosure the areas to protect them, to establish actions to punish those who
damage such places, to control the progress of agriculture and related activities such as
disorderly drilling of wells, the use of agrochemicals and the soil erosion.

s s i

punitive actions”, “ surround

FINAL REMARKS

According to the results, it was possible to know how the population relates the
surrounding geodiversity to strategies that could help its conservation, valorization, and
promotion. The results provide a better understanding of the knowledge and opinion
of the population of Jodo Dourado relating to the existing geodiversity in the area. The
scarcity of actions aimed at conservation, valorization, and promotion in most of the places
reported by the interviewees is regrettable, bringing negative consequences not only for
the sites themselves but also for the population involved.

However, the participants believe that certain actions could reverse this situation
and contribute to the geodiversity maintenance of Joao Dourado, bringing benefits to the
municipality. The most quoted measures were greater awareness-raising, both on the
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part of the residents and the visitors; public incentives for the installation of information
boards; training of tourist guides; improved infrastructure; promotion and inspection of
the sites; encouragement of lectures and scientific research; construction of a museum; and
arising people interest in to know more about the natural attractions of the municipality.

Furthermore, the majority of respondents recognize that the municipality would
benefit from activities linked to geotourism in addition to the “Lapa dos Brejoes’, already
well-known to tourists, once there are other sites to be visited as appropriate infrastructure
and qualified people to attend the visitors were provided.

With a predominantly agricultural economy, Joao Dourado could benefit from
an increase in the number of visitors, with the possibility of generating income for the
local population. It is important to emphasize that to insert these “‘new” locations into the
regional tourist scene, it is indispensable to make visitors and residents become users and
guardians of these places to avoid further damage, so that in the future they may continue
to enjoy the same attractions found by now.

It should be emphasized that some of the people interviewed are unaware of
elements associated with the geodiversity existing in Jodo Dourado. Less than half of the
respondents claimed to know the occurrence of fossils, most had never heard of the rock
paintings, and part of them did not know that there are caves in the municipality. It is
imperative to provide access to knowledge on the importance of these places and their
elements so that the population of the municipality itself can give the proper value and,
consequently, conserve its heritage.
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