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ABSTRACT

Karst morphology is a complex and highly systems and beneficial resource, it plays a fundamental role in geosystemic 
services and providing landscapes, water, energy and economic resources through tourism. Karst geodiversity is one 
of the main geomorphological components of the Napo Sumaco Aspiring UNESCO Global Geopark (NSAUGG), 
through which education and conservation strategies are directed locally. The present study focuses on deepening the 
knowledge of the morphologies of karst origin in the geopark, specifically in the municipality of Archidona (Ecuador), 
with the characterization of the types of structures at the micro (between 1 and 100 cm) and mesoscale (between 1 and 
1000 m), in five sites located within the municipality. The abundance of microscale geoforms are related to a limited 
evolution of karst morphologies that can be observe in the local Amazonian karst system. Furthermore, an inverse 
relationship is established between the relative values ​​of intrinsic geodiversity (IG) and karst disturbance (KDI) levels, 
being that the sites with lower levels of impact or disturbance show a greater diversity of karst morphologies. In this so-
cio-environmental dynamic, the role played by the Napo Sumaco Aspiring UNESCO Global Geopark is fundamental, 
contributing to the strengthening of local capacities and the promotion of geoeducational and informative processes 
focused on the conservation of the karst region and its geodiversity in the municipality of Archidona.

Keywords: Geoconservation; Geodiversity; Intrinsic 
geodiversity; Karst; Napo Sumaco Geopark

Palabras clave: Geoconservación; Geodiversidad; 
Geodiversidad Intrínseca; Karst; Geoparque Napo 
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Caracterización morfológica de la geodiversidad kárstica en el Municipio de Archidona (Ecuador),  
Geoparque Aspirante UNESCO Napo Sumaco

La morfología kárstica es un recurso complejo, altamente sistémico y beneficioso, desempeña un papel fundamental en 
los servicios geosistémicos y proporciona paisajes, agua, energía y recursos económicos a través del turismo. La geodiver-
sidad kárstica es uno de los principales componentes geomorfológicos del Geoparque Aspirante UNESCO Napo Sumaco 
(NSAUGG), a través del cual se dirigen estrategias de educación y conservación a nivel local. El presente estudio se centra 
en profundizar en el conocimiento de las morfologías de origen kárstico en el geoparque, concretamente en el municipio 
de Archidona (Ecuador), con la caracterización de los tipos de estructuras a microescala (entre 1 y 100 cm) y mesoescala 
(entre 1 y 1000 m), en cinco sitios localizados dentro del municipio. La abundancia de geoformas a microescala se relacio-
na con una limitada evolución de las morfologías kársticas que se observan en los sistemas kársticos amazónicos locales. 
Además, se establece una relación inversa entre los valores relativos de la geodiversidad intrínseca (IG) y los niveles de 
perturbación kárstica (KDI), siendo que los sitios con menores niveles de impacto o perturbación son los que presentan 
una mayor diversidad de morfologías kársticas. En esta dinámica socio-ambiental, el papel desempeñado por el Geopar-
que Aspirante UNESCO Napo Sumaco es fundamental, contribuyendo al fortalecimiento de las capacidades locales y a la 
promoción de procesos geoeducativos y divulgativos centrados en la conservación de la región kárstica y su geodiversidad 
en el municipio de Archidona.
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1. Introduction

Karst landscapes are made up of a series of morphologies, due to 
a combination of chemical and physical processes, which cause the rock 
dissolution and chemical precipitation of carbonate (Lewin and Woodward, 
2009; De Waele, 2017; Ford and Williams, 2007; Robledo et al., 2020), 
whose development is influenced by water regimes, lithological and structural 
characteristics, among other factors (Andreychouk, 2016). Karst provides a 
series of environmental and ecosystem assets, from water provision, thermal 
regulation, generation of habitats and unique ecological niches, to the provision 
of landscapes for recreational purposes (Langer, 2020). Cave and show caves 
is one of the main aspects linked to the use of karst; its social and economic 
implications generate a great community impact (Cigna and Burri, 2000; 
Cigna and Forti, 2013). However, given the anthropic pressures suffered by 
the resources associated with karst, the study of the conservation and threats 
of these systems is a widely developed topic at a global level (Christman et al., 
2005; Sánchez-Cortez et al., 2022b).

Karst systems represent very complex and sensitive natural systems 
(Bahtijarevic, 1996; North, 2009; Robledo et al., 2020), resulting from epigenetic 
processes that involve, in addition to the physicochemical conditions of the rocks, 
factors such as vegetation, thickness of overburden materials, and temperature of 
water and atmosphere (White, 1970). The set of karst morphologies can be divided 
by their location environment, being of subaerial (exokarst) and underground 
(endokarst) origin, which facilitates their classification and description in 
accordance with their scale (Robledo et al., 2020). However, it is quite common 
for there to be polygenic morphologies that can complicate classifications (Ford 
and Williams, 2007; Andreu et al., 2016).

Various morphologies at different scales are part of karst landscapes, and 
according to traditional geomorphology, they can be classifiable by their spatial 
and temporal scale (Rivases, 2007). Thus the sites defined at the microscale and 
mesoscale will be related to the quantity of time that the environment uses for the 
formation of a morphology (de Boer, 1992; Carvajal Perico, 2012). However, 
beyond the scale used, the entire set of these landscape elements is part of the karst 
geodiversity of a territory. It is necessary to consider that the analysis of geological 
diversity consists of determining the varieties, frequency and distribution of 
geological elements within a territory (Gray, 2004; Gray, 2013), with intrinsic 
geodiversity as one of its main values ​​(Brilha, 2016; Nieto, 2023).

In this sense, was implemented a model to analyze the karst morphology 
diversity in carbonatics units in the area that includes the municipality of 
Archidona, located in the province of Napo, Ecuador, within the Napo Sumaco 
Aspiring UNESCO Global Geopark (NSAUGG) (Napo Sumaco Aspiring 
Geopark, 2019), in order to expose and describe the intrinsic geodiversity at 
micro and mesoscale present in this area of ​​geological and geomorphological 
importance (Sánchez-Cortez et al., 2023). The general hypothesis maintains 
that sites with greater karst morphology diversity are associated with a better 
state of conservation and lower anthropic pressure, according to the correlation 
of the data obtained by Sánchez-Cortez et al. (2022b). These assessments show 
heterogeneous diversity values ​​in each of the sites analyzed, and it is considered 
that the characterization of the karst elements within the NSAUGG will serve 
as a potential tool for geotourism practices, geoeducation and the promotion of 
geoconservation of the karst landscape.

2. Materials and Methods

 Selection and description of the study area

In the geological context of Ecuador, geological formations that contain 
carbonate rocks are mainly concentrated in the Amazon region (Constantine 
et al., 2018), towards the east of the country, associated with the presence 
of a back-arc sedimentary basin, which develops as a result of transpressive 
stresses present from the terminal Cretaceous and subsequent tectonic inversion 
(Baby et al., 2014). These geodynamic conditions allowed the outcropping of 
carbonate rocks on the surface. The present study focuses on the municipality 
of Archidona, province of Napo, which houses a significant density of karst 

elements (Besson et al., 1982). This municipality extends from the Eastern 
Andes mountain range towards the Andean foothills or sub-Andean zone (also 
known in Ecuador as the Upper Amazon) (GAD Municipal de Archidona, 
2011). Archidona has a total surface area of ​​3029 km2, of which 14.92%  
(452 ​​km2) is defined as a karst area (Sánchez-Cortez et al., 2022b) (Fig. 1).

In this sector, outcrops of the Napo formation (Upper Cretaceous) 
appear (Fig. 2), which comprises limestone, sandstone and calcareous shale 
(Baby et al., 2014). These materials correspond to the rocks where the main 
karst elements are generated in the study area. These limestones are associated 
with a shallow-marine deposit environment of a back-arc basin, and exhibit 
notable paleontological characteristics, highlighting the presence of fossils of 
ammonites, foraminifera and ostracods (Sánchez-Cortez et al., 2022a). The 
karst area of ​​the Municipality of Archidona is part of the territory defined 
as Napo Sumaco Aspiring UNESCO Global Geopark (NSAUGG), whose 
extension is 1780 km2 (Fig. 3). The NSAUGG is considered a geodiversity 
hotspot in the Amazon River basin (Alsbach et al., 2024). Its main geological 
and geomorphological interests are related to the karst reliefs and morphologies, 
as well as to the volcanic elements and processes inherent to the Sumaco 
Volcano (Sánchez-Cortez et al., 2023; Vera et al., 2023).

Figure 1. Municipality of Archidona. Sánchez-Cortez et al. (2022b) previously 
defined the karst area.

Figure 2. Geological map of the study area, which highlights the distribution of 
the Napo formation (Upper Cretaceous), consisting of limestone, sandstone and 

calcareous shale.
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Figure 3. Karst area in Archidona and the reference of the Napo Sumaco Aspiring UNESCO Global Geopark

Methodology for the definition and description of karst morphologies in the 
study area

Once the work area was delimited within the municipal jurisdiction of 
Archidona and the Napo Sumaco Aspiring UNESCO Global Geopark, five 
sites were established to carry out specific observations of the karst geoforms: 
1) Huasquila, 2) Yanayaku, 3) Sacha Huagra, 4) Urku Mayan and 5) Usayaku 
(Table 1, Fig. 1). A selective geomorphological survey or geomorphological 
mapping was applied, using a direct observation of the features of the karst 
morphologies (Lahe, 1985; Lugo Hubp, 1988), and a cross-sectional geological 
mapping method (Coe et al., 2010), along interpretive trails used within the 
NSAUGG. Each identified structure was described according to its conditions 
and specific characteristics.

For the definition and description of karst morphologies, two spatial 
scales were considered, in accordance with those established by Rivases (2017): 

geomorphological mesoscale and microscale, considering that this proposed spatial 
hierarchy is related to temporal scales. Time in the geomorphological mesoscale 
is related to intercalated processes of tectonic and climatic origin, while time in 
the geomorphological microscale is defined by short processes with climatic and 
environmental origins (Fernández, 2007; Carvajal Perico, 2012, Pardo-Igúzquiza 
et al., 2013). In addition to the genetic process that originated karst morphologies, 
microscale structures were standardized as centimetric (between 1 and 100 cm) 
and mesoscale structures as metric (between 1 and 1000 m); the scales fulfill 
the exclusive function of dimensioning the size of the inventoried morphologies.

Finally, for each of the five studied sites, an evaluation of intrinsic 
geodiversity was generated, which is established as the number of entities 
defined in a territory, or the number of morphologies observed within a specific 
area (1) (Carcavilla, 2006; Carcavilla et al., 2007). It has been considered that 
the greater the number of karst morphologies observed in a surface unit, the 
more diverse the area will be (Kubalíková et al., 2023; Najwer et al., 2023; 
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Nieto, 2023). The assessment of intrinsic geodiversity was carried out to 
establish areas with greater geodiversity, which were correlated with the state 
of conservation and the uses of each site.

IG= M / A	 1)

Being: IG, intrinsic geodiversity; M, number of morphologies; and A, area.
Both micro and mesoscale geomorphological sites were considered 

to define the assessment of intrinsic geodiversity (IG) or abundance of karst 
morphologies. To evaluate the state of conservation, the study carried out by 
Sánchez-Cortez et al (2022) was used, in which the areas of greater or lesser 
affectation of the karst in the municipality of Archidona are established using 
the Karst Disturbance Index (KDI). Finally, a simple relationship is created 
between the KDI values ​​of each site, divided by the individual values of IG ​​
obtained.

Results and discussion

 Inventory and description of karst morphologies

The area of ​​karst rocks located in the Municipality of Archidona, 
province of Napo, Ecuador, presents an important diversity of morphologies 
of karstic origin, and has an antecedent of many sites being used for the 
development of speleotourism (Robledo and Durán, 2011; Cruz Ramírez, 2014, 

Sánchez -Cortez et al., 2017, 2022a). The five sites used for data collection and 
observation, are places where tourist services are provided through interpretive 
trails and observation points, as part of the Karstic Relief geosite of Napo 
Sumaco Aspiring UNESCO Global Geopark (NSAUGG).

In this sense, it is necessary to point out that the observations were made 
in the transects, trails and observation points that are normally used by the 
local guides of NSAUGG, therefore is a high probability that the variety and 
diversity of karst morphologies will be very greater than that determined in 
this work, considering that a large part of the total areas of each site was not 
intervened. However, it is known that georoutes are established in the sectors 
where the most representative examples of the geodiversity and geoheritage of 
a territory exist (Drapela, 2023).

Below, the morphologies observed at the sites Huasquila (Table 2), 
Yanayaku (Table 3), Sacha Huagra (Table 4), Urku Mayan (Table 5), and 
Usayaku (Table 6) are detailed. A total of 35 types of morphologies were observed 
during the information gathering, without making any distinction between their 
scale, corresponding to 11.11% of morphologies present in Huasquila, 13.89% 
in Yanayaku, 8.33% in Sacha Huagra, and finally 33.33% for Urku Mayan 
and Usayaku. It is worth pointing out that the types of morphologies could be 
repeated from one site to another (For example, stalactites and stalagmites were 
observed in three of the five sites) and is not counted the number of elements 
belonging to the same type (For example, if ten stalactites were observed, it is 
only considered as a single type).

Table 1. The main characteristics of the observation sites established for the present study.

Sites Area (Km2) Average altitude 
(m.a.s.l.)

Average 
precipitation 

(mm)

Geological 
formation

Lithology  
(strata type)

Temperature 
(°C)

Main activities 
developed in  

the area

Huasquila 1.10 825 3800 Napo Formation 
(K)

Calcareous 
Sandstones, 

Limestones and 
Shales.

26 Tourism and 
family farming.

Yanayaku 3.20 728 3800 Napo Formation 
(K)

Calcareous 
Sandstones, 

Limestones and 
Shales.

28
Tourism, animal 
husbandry and 

farming.

Sacha Huagra 2.00 743 3800 Napo Formation 
(K)

Calcareous 
Sandstones, 

Limestones and 
Shales.

26

Tourism, animal 
husbandry 

and intensive 
farming.

Urku Mayan 3.50 990 4500
Napo Formation 

(K)

Calcareous 
Sandstones, 

Limestones and 
Shales.

23
Tourism, family 
farming, sale of 
wood and forest 

resources

Usayaku 1.20 950 3800 Napo Formation 
(K)

Calcareous 
Sandstones, 

Limestones and 
Shales.

24 Tourism and 
family farming.
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Some of the particularities evidenced during the observation of 
morphologies consisted of establishing complex conditions for observing 
particular features of the karst, for example in sites such as Sacha Huagra, Urku 
Mayan and Usayaku, aspects such as buried caves and terra rossa deposits 
were denoted, which it is also conditions typical of karst territories (Palmer, 
2012). However, are complex to locate their specific size or scale, or were also 
associated with other secondary morphologies, such as the case of burial marks 
(subsoil channels and subsoil dissection). The morphologies that are generated 
below the soil tend to be much more active in dissolution, considering that in 
addition to the action of acidic water, soil particles also work in the same or 
greater acidity condition (Ginés et al., 2009). Bioturbations are other elements 
present in these karst sites, whose biological nature makes their interpretation 
diffuse and confusing (Fig. 4).

Figure 4. A) Image of bioturbation in limestone rocks, Urku Mayan site. B) 
Pinnacles buried by mass movements, Sacha Huagra site.

On the other hand, establish segmentations or subdivision of karst 
morphologies by scale, beside to being a pragmatic form of classification, allows 
generating a better understanding of the geological, biological, environmental 
and climatic interactions (Fernández, 2007; Forrero-Ospino and Duarte-
Delgado, 2019). If we analyze results tables 2 to 6, we observe that 62.6% of 
the morphologies correspond to microscale structures, while a range of 37.5% 
of morphologies are mesoscale, which may be related to the low evolutionary 
level of the systems karst shown in these study areas, as established by Sánchez-
Cortez et al (2022b).

Following this same line, Fookes and Hawkings (1988) and Waltham 
and Fookes (2003) mention that karst systems evolve from juvenile systems 
to mature and senile systems. If is considered that spatial scales are linked to 
temporal periods, having more elements of microscale morphologies in this 
inventory ratifies the youthful and young state of these karst systems. In this 
sense, the scales of observation of morphologies are fundamental to define 
these evolutionary levels.

 Intrinsic geodiversity of karst morphologies and their conservation status

Geodiversity is recognized as the variety of geological and 
geomorphological characteristics and processes, in addition to soil and even 
hydrological events (Gray, 2018), which entails some exceptional values ​​such 
as tourist, educational and cultural use (Caetano and Ponciano, 2021), as well as 
the proportion of energy and nutrients (Parks and Mulligan, 2010). Geodiversity 
is a concept designed to support sustainable development, because knowledge 
of it encourages optimization of the use of natural resources (Kozlowski, 2004). 
All the elements to which geodiversity refers have existence values, or intrinsic 
values, starting from the philosophical vision that all things have value because 
they are useful to man, or provide services to society (Brilha, 2016; Nieto, 2023).

In this strict sense, karst systems and their different elements are 
components of geodiversity, as well as the processes and resources that are 
generated from them. For the study and evaluation of geodiversity, there are 
different applicable methodologies, which depend on the depth of the study, 
its spatial dimensions and the availability of information (Zwoliński et al., 
2018). The assessment of intrinsic geodiversity (IG) or abundance of karst 
morphologies was established using the equation proposed by Carcavilla 
(2006) and Carcavilla et al (2007) (1), in which the quotient between the 
number of morphology types and the area is equal to the IG. The application of 
this formula allowed us to establish that the Usayaku site obtained the highest 
value of intrinsic geodiversity relative to the other sites investigated, in turn 
Sacha Huagra was the site with the least representative value (Table 7).

Table 7 details the intrinsic geodiversity values, along with the KDI 
assessments, as well as the state of disturbance of each site addressed in this work, 
highlighting that these data were previously collected in the research carried out 
by Sánchez-Cortez et al (2022b). The correlation of data highlights that those 
sites with the highest KDI correspond to the territories with the lowest intrinsic 
geological diversity in aspects related to karst morphologies (Fig. 5), regardless 
of activities developed in each area. In this sense, the tourist and agricultural 
activities developed in each geosite seem not to directly interfere with the 
diversity of karst morphologies, but not with the state of conservation of the karst. 
On the other hand, the proximity to the municipal head of Archidona is directly 
related to the decrease in the IG, as well as the increase in the KDI, considering 
that the anthropogenic pressure of cities is a natural enemy of geodiversity 
(Clivaz and Reynard, 2018) and karst systems (Zhao et al., 2021). The simple 
relationship between the KDI and the IG allowed us to obtain the disturbance 
coefficient of intrinsic geodiversity in karst morphologies (Table 5 and Fig. 6), 
with which it was possible to establish, through data extrapolation, the areas 
where the morphologies Karsts have a lower level of disturbance. The karst 
elements defined in this work do not really present a high degree of complexity; 
however, the relationship between karst morphological diversity and the state of 
conservation of the karst systems evaluated should be highlighted.

Table 7. Main characteristics of the karstic areas, in which can be observed the assessments of intrinsic geodiversity and their comparisons with the karst disturbance 
index. High intrinsic geodiversity is correlated with low disturbance values. finally shows the disturbance coefficient of intrinsic geodiversity in karst morphologies, this 

coefficient is obtained from a simple quotient between the KDI and the IG.

Sites
Types of 

morphologies 
(M)

Area 
in Km2 

(A)

Intrinsic 
Geodiversity  
(IG = M/A)

Karst 
Disturbance 

Index (KDI)*
Disturbance* Main activities developed 

in the area *

Disturbance coefficient 
of intrinsic geodiversity 
in karst morphologies

(KDI/IG)

Huasquila 4 1.1 3.64 20 Minor 
affectation Tourism and family farming 5.50

Yanayaku 5 3.2 1.56 33.33 Minor 
affectation

Tourism, animal husbandry 
and farming 21.33

Sacha Huagra 3 2 1.5 40.58 Moderately 
affected

Tourism, animal husbandry 
and intensive farming 27.05

Urku Mayan 12 3.5 3.43 15.47 Pristine
Tourism, family farming, 
sale of wood and forest 
resources

4.51

Usayaku 12 1.2 10 20.51 Minor 
affectation Tourism and family farming 2.05

* The data have been obtained from Sánchez-Cortez et al. (2022b)
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Figure 5. A) Map of the geodiversity distribution, based on values ​​obtained by the Intrinsic Geodiversity of karst morphologies, extrapolated throughout the karst area. B) 
Map with the distributions of KDI assessments of each site. The data has been extrapolated throughout the karst area (Sánchez-Cortez et al., 2022b).
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Figure 6. Distribution map of disturbance coefficient of intrinsic geodiversity in karst morphologies. This coefficient is obtained from a simple quotient between the KDI 
and the IG.

Figure 7. A) Main cave of the Urku Mayan site. B) Speleothems present at the Usayaku site, evidence of karst morphological diversity. C) Signage present in the Urku 
Mayan conservation area, within the Kichwa People of Rukullakta Reserve. D) Vandalization of carbonate rocks at the Yanayaku site.
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The tourist use of these sites is a strong indicator of the potential that 
karst systems have as recreational elements, but also as an informative tool 
of the dynamics and geological and geographical evolution of the territory, as 
well as the effects as a result of global climate change (Xiao and Weng, 2007). 
The conservation policies of the sites studied are based on community systems, 
which are used as local tools to directly manage their territories, supported by 
the emotional and spiritual attachment to the land, and the sustainability of its 
resources, rooted in their indigenous worldview (Johnson, 1992; Rajasekaran, 
1993; Díaz, 2004; Gómez Peralta, 2005).

Napo Sumaco Aspiring UNESCO Global Geopark territory has 
constituted a joint workspace that over nine years has served as an area for 
research, geoeducation and geoconservation, in accordance with the principles 
established by UNESCO (2015), prior to the declaration of a global geopark. 
Napo Sumaco has a participatory management structure that promotes the 
development of the conservation of karst resources, and in general geological 
and geomorphological resources, through teaching-learning processes (Fig. 7). 
To fulfill the role of geoheritage conservation, NSAUGG is oriented towards 
strengthening and improving local capacities and the holistic dissemination of 
the territory (Sánchez-Cortez et al., 2023).

Conclusions

In recent years, the concept of geodiversity has received special attention 
due to its close relationship with biodiversity and biogeography patterns 
(Alsbach et al., 2024), in addition the conservation of geodiversity has gained 
value and relevance, due to its nature irrecoverable (Gray, 2008, Micheo et al., 
2022). The application of local geodiversity indices or evaluations can be a 
valuable and complementary input when making decisions for the protection 
and conservation of fragile ecosystems. Karst areas are sensitive and complex 
systems, however, in the case of the Municipality of Archidona, within Napo 
Sumaco Aspiring UNESCO Global Geopark, the karst areas analyzed maintain 
an optimal level of conservation, as well as a variety of morphologies whose 
characteristics fit to the Ecuadorian Amazon karst. The work of the local 
communities in conjunction with the NSAUGG has been fundamental in 
the process of conservation and preservation of the karst elements and other 
aspects, such as biodiversity and agrodiversity.

The karst relief is a valuable geological heritage and an important tourist 
resource, for example, Cigna and Burry (2000), mention that worldwide there is 
an average of between 25 and 150 million caving tourists per year. Furthermore, 
karst systems are recurring resources within geoparks, for example, in the case 
of geoparks in China, of a total of 41 UNESCO Global Geoparks, 10 have 
karst themes in their territory (Wu et al, 2024), which demonstrates the specific 
potential of karst towards tourism through the interpretation of geological 
and geomorphological processes. However, in the case of NSAUGG, caving 
tourism requires a major push that involves planning and in-depth local 
administrative processes.

Through this research it was possible to confirm that the sites with the 
highest intrinsic geodiversity (IG) of karst morphologies coincide with the karst 
areas considered to be less intervened and with less disturbance. Furthermore, 
it was possible to corroborate in the study area that urban centers exert pressure 
on geodiversity resources, and that tourism is not an activity that directly 
influences the relative abundance of morphologies, and the levels of disturbance 
of the geoheritage, nevertheless, this affirmation still needs to be confirmed 
through the application of future research. Finally, the contribution of this study 
is to promote awareness about the geosystemic services of karst environments 
at the population level, as a strategy for their preservation, contributing to the 
scientific-divulgate work that strengthens the NSAUGG communities.
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