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Abstract

This study is framed in the field of geotourism as an alternative for the dissemina-
tion and conservation of the geopatrimony of the Petrified Forest of Puyango, an
aspiring Global Geopark of the United Nations Educational, Scientific and Cultu-
ral Organization [UNESCO] Global Geopark. The area shows significant eviden-
ce of geosites and geopaleontological remains from the Cretaceous period, which
have been insufficiently studied. Geosites are defined as enclaves with distinctive
geological features that serve as evidence of the Earth’s past and evolution. The
proposal of geotourism routes aims not only at the recognition of geological re-
sources, but also at their conservation, through informative, interpretative and
educational activities. Two types of routes were identified, for recreational and
scientific purposes, following a methodology that establishes a scale of priorities
based on expert judgment and prioritizes several alternatives according to a se-
ries of criteria. The results indicate that the proposal will effectively contribute
to the recognition of the geoheritage, as well as to the conservation and tourism
development of the Puyango Petrified Forest Geopark Project.

Key words: geotourism, geosites, geotourism route, geoconservation, geoheri-
tage recognition.

Resumen

Este estudio esta enmarcado en el ambito del geoturismo como una alternativa de
difusion y conservacion del geopatrimonio del Bosque Petrificado de Puyango,
aspirante a geoparque mundial de la Organizacion de las Naciones Unidas para la
Educacion, la Ciencia y la Cultura [UNESCO]. El territorio muestra una eviden-
cia significativa de geositios y restos geopaleontoldogicos del periodo Cretacico,
que han sido insuficientemente investigados. Los geositios se conciben como
enclaves con caracteristicas geologicas distintivas que actiian como evidencia del
pasado y evolucién de la Tierra. La propuesta de las rutas geoturisticas no busca
unicamente el reconocimiento de los recursos geologicos, sino también su con-
servacion, a través de actividades divulgativas, interpretativas y educativas. Se
obtuvieron dos tipos de recorridos orientados a fines recreativos y cientificos, ela-
borados de acuerdo con una metodologia que establece una escala de prioridades
bajo un juicio de expertos y prioriza varias alternativas de acuerdo a una serie de
criterios. Los hallazgos indican que la propuesta contribuiria de manera eficiente
al reconocimiento del geopatrimonio, asi como a la conservacion y el desarrollo
turistico del Proyecto Geoparque Bosque Petrificado de Puyango.

Palabras clave: geoturismo, geositios, ruta geoturistica, geoconservacion, reco-
nocimiento del geopatrimonio.
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Geotourism Routes as a strategy for the recognition and conservation of geoheritage in the
Puyango Petrified Forest Geopark Project

1. Introduction

Geotourism has been conceived as a form of tourism distinct from mass tourism, with the purpose of highli-
ghting geological and geomorphological resources within a sustainable cultural and environmental context
(Hose, 2011). Coutinho et al. (2019) and Tavera Escobar et al. (2017) state that geotourism emerged as an
alternative to disseminate geological knowledge and to promote understanding and interpretation of these
resources for conservation purposes. In this way, tourism linked to geological heritage—or geoheritage—has
acquired a multidisciplinary and holistic definition that converges around three main elements: geoeducation,
geoconservation, and sustainable development (Organizacion de las Naciones Unidas para la Educacion, la
Ciencia y la Cultura [UNESCO], 2021). Geotourism activities have therefore become drivers of economic and
social growth in regions with geological heritage of rarity, beauty, or scientific significance (Brilha et al., 2018;
Pilogallo et al., 2019).

Worldwide, studies on the recognition and conservation of geoheritage are scarce. It was not until 1993
that the European Association for the Conservation of Geological Heritage was created, in response to the
loss of geosites and geomorphosites in the United Kingdom (Hose, 2012). In 2015, during UNESCO’s 38th
General Conference, the UNESCO Global Geoparks Network was established to ensure proper management
of significant geological sites and landscapes (Palacio Prieto et al., 2016). In Latin America, one of the first
key events took place in 2006 in Ceara, Brazil, following the inclusion of the Araripe Geopark in the Global
Geoparks Network—the first in the region. Since then, conferences, symposiums, and initiatives focused on
geoconservation have taken place. However, Palacio Prieto et al. (2016) state that the environmental legisla-
tion in Latin American countries lacks criteria that recognize the role of geodiversity and geoheritage in en-
vironmental protection. In other cases, such criteria are incipient and scarce, leading to inefficient and poorly
coordinated projects.

Much of the protection and conservation efforts have focused on flora, fauna, and fragile ecosystems.
Martinez Fernandez (2013), Palacio Prieto et al. (2016), and Tavera Escobar et al. (2017) argue that geoherita-
ge and abiotic elements have been underestimated and may, in fact, be more fragile than biological resources.
Geoheritage is equally important, as it includes geological formations and structures, rocks, fossils, soils, and
manifestations that reveal the origin and evolution of the Earth and life (Carcavilla Urqui, 2014). For this rea-
son, many of these elements have a high susceptibility to impacts caused by natural events or human activity,
which increases the urgency of their protection (Martinez Fernandez, 2013).

Given this issue, geotourism products have emerged as a strategy to bring people closer to geoheritage.
According to UNESCO (2021), the themes of geotourism products are highly diverse; they can be tangible or
intangible and stem from the culture, traditions, natural heritage, art, and other living treasures of local commu-
nities. This creates a connection between the community and geoheritage, fostering a sense of identity through
the development of new tourism products. Doniz Paez et al. (2021) and Morante-Carballo et al. (2020) state
that these products serve as tools for communication, recreation, and conservation, helping people understand
the natural, political, and socioeconomic processes of geoparks or aspiring geopark territories, and providing
them with management opportunities. Lopez et al. (2022), based on the premise of Newsome and Dowling
(2018), affirms that geoproducts promote geoscience in a sustainable and ecological manner by highlighting
geoheritage through recreational, cultural, and educational activities.

In this regard, the implementation of geoactivities is an effective way to combine leisure and recreation
with geological education and scientific outreach (Arrage, 2024; Geoparque Sobrarbe Pirineo, 2024). Geoac-
tivities allow geopark projects to function as spaces for dissemination and awareness through on-site learning,
direct observation, and interpretation of geological and paleontological resources (Damas Molla et al., 2024;
Schilling, 2019). The development of conferences, guided excursions, permanent and temporary exhibitions,
thematic workshops, field trips, audiovisual rooms, and more constitutes a useful strategy for formal, non-for-
mal, and informal education for both specialized and non-specialized audiences (Damas Molla et al., 2024;
Fernandez-Martinez et al., 2014; Schilling, 2019). Scientific and interpretive outreach presents the territory
from a geological perspective and builds connections between geoheritage and other forms of heritage (Damas
Molla et al., 2024), while also enabling the understanding of geological hazards, thus serving as a mechanism
for geoconservation (Bruschi et al., 2023).

Geotourism routes are conceived as a key strategy and tool for the interpretation and dissemination of
geoheritage (Doniz-Paez & Quintero Alonso, 2016), as they contribute to the diversification of current tourism
products (Meléndez-Hevia et al., 2011). These routes aim to connect sites of geological interest [SGI] with
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other natural and cultural points of interest, creating a robust tourism offering that integrates geology with bio-
diversity, culture, and ecology (Carrién-Mero et al., 2021; Déniz Péaez et al., 2021; Drinia et al., 2022).

The creation of geotourism routes, geo-trails, geoactivities, and guided visits to SGI contributes positi-
vely to the appreciation, conservation, and learning of geoheritage and geodiversity through Earth Sciences
(Coutinho et al., 2019; Doniz-Paez & Quintero Alonso, 2016; Morante-Carballo et al., 2020). According to
Lopez et al. (2022), these initiatives have a positive impact on the geoscientific education of society, as tourists
experience attractions from a geological perspective. Therefore, they are able to recognize the various proces-
ses that shaped and gave rise to the current landscape (Drinia et al., 2022; Lopez et al., 2022).

Developing projects related to geotourism routes is important for the recognition and protection of a
largely overlooked form of heritage. It serves as a scientific outreach strategy by creating interpretive spaces
accessible to non-specialized audiences. The aim of this study is to propose a geotourism route in the Puyango
Petrified Forest, which is part of the aspiring UNESCO Global Geoparks projects, in order to highlight the
importance and need for the protection of geoheritage and its contribution to sustainable local development.

2. Materials and Methods
2.1. Area of Study

The Puyango Petrified Forest Geopark Project (PGBPP), covering an area of 2,658 hectares, is located in
southern Ecuador (Figure 1), bordered to the east by the Andes Mountain range and to the west by the Amo-
tape-Tahuin mountain range (Garcia et al., 2002). It includes a total of 10 parishes in the southwest of El Oro
Province, within the canton of Las Lajas, and the northwest of Loja Province, within the canton of Puyango.
The canton of Las Lajas, with a total area of 308.86 km?, comprises the parishes of San Isidro, La Libertad,
El Paraiso, and La Victoria (Gobierno Autonomo Descentralizado Las Lajas, 2015). Meanwhile, the canton
of Puyango, covering a total area of 643 km?, includes the parishes of El Arenal, Ciano, Mercadillo, Alamor,
Vicentino, and El Limo (Gobierno Auténomo Descentralizado Puyango, 2019).

PROJECT GEOPARK PETRIFIED FOREST OF PUYANGO
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Figure 1. Location of the study site.
Source: The map was elaborated using data sourced from the MAATE geoportal.
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2.2. Methodology

The creation of geotourism routes in the PGBPP was based on a mixed-methods approach, combining qua-
litative and quantitative data. For the technical diagnosis, ranking, and prioritization of geosites and tourist
attractions included in the route, the Analytic Hierarchy Process [AHP] methodology proposed by Saaty in
1980 was used. This methodology allows for multicriteria decision-making by ranking various elements or
alternatives based on several criteria within an expert judgment framework (Nantes, 2019). Its application was
divided into seven phases.

In Phase 1, the criteria and alternatives for the analysis of geosites and tourist attractions were deter-
mined. These criteria included nine scientific valuation criteria (representativeness, type locality, scientific
knowledge, conservation, rarity, diversity, spectacularity and beauty, observation conditions, association with
other heritage) and three recreational use criteria (content/outreach use, possible activities to be carried out,
accessibility) (Cendrero Uceda, 1996). For the ranking of the criteria in Phase 2, the paired comparison matrix
was applied; the result was an eigenvector indicating the degree of importance or interest of each criterion. For
weighting, fundamental scale of Saaty (1980) shown in Table 1 was used.

Table 1. Fundamental paired comparison scale.

Value Definition Comments
1 Equal importance Criterion A is equally important as criterion B
3 Moderate importance Experience and judgment slightly favor criterion A over B
5 Strong importance Experience and judgment strongly favor criterion A over B
7 Very strong importance Criterion A is much more important than criterion B
9 Extreme importance The superiority of criterion A over B is beyond any doubt
2,4,6,8 Intermediate values between the above

If criterion A is of strong importance compared to criterion B, the notations are as follows:
e  (Criterion A more important than criterion B = 5/1
e  (riterion B more important than criterion A = 1/5

Reciprocals of the
above

Source: Aznar Bellver and Guijarro Martinez (2020).

For the ranking of the recreational use valuation criteria, only the three criteria identified in methodology of
Cendrero Uceda (1996) were considered, as they coincide with those established in the methodology of the
Ministry of Tourism (Ministerio de Turismo del Ecuador [MINTUR], 2018), shown in Table 2.

Table 2. Description of the recreational use assessment criteria.

Element Description Weighing

Refers to the conditions for accessing the attraction, the nearest town or city, the 18

Accessibilit ; ; . .
y existence of access roads, transportation services, and signage.

Refers to the conditions of the attraction for carrying out leisure and recreational
Possible activities activities related to the natural environment (water, air, land), as well as activities 9
practiced at cultural attractions and their potential for use.

Refers to the public’s interest in and knowledge of the attraction through its dis-
Outreach content semination and presence in publications, national or international specialized 7
journals, websites, social media, press, television, and other media outlets.

Source: MINTUR (2018), Cendrero Uceda (1996).

It is important to clarify that the valuation presented in the MINTUR methodology allowed for the weighting
of criteria in Phase 2.

Phase 3, the normalization of matrices, made it possible to obtain the eigenvector, that is, the weight [W]
involved in the decision-making process. In Phase 4, paired comparison matrices between alternatives were
created, considering the order of importance of the criteria from the previous phase and the weighting per-
formed by a group of experts in the geological field for scientific valuation, and by MINTUR for recreational
valuation.
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By normalizing the paired comparison matrices of the geosites and tourist attractions alternatives (Phase 5), the
weight W of each one was obtained. For the consistency validation of each matrix (Phase 6), the formulas for
the consistency index [CI] (equation [1]) and consistency ratio [CR] (equation [2]) were applied. If the matrix
exceeds the maximum consistency ratio, the weightings need to be reviewed; otherwise, the matrix is accepted
as consistent, and the selection process continues.

__ (Lambda max—N-° of colums) [1]
2

Cl

Where, the number of columns is related to the number of criteria.

cR=% (2]

T ca

Where the value of the random consistency [RC] depends on the size of the matrix (Tables 3 and 4).

Table 3. Random consistency.

Matrix size (n) 1 2 3 4 5 6 7 8 9 10

Consistency ratio 0.00 0.00 0.52 0.89 1.11 1.25 1.35 1.40 1.45 1.49

Source: Aznar Bellver y Guijarro Martinez (2020).

Table 4. Maximum percentages of CR.

Matrix size (n) Consistency ratio
3 5%
4 9%
>5 10%

Source: Aznar Bellver y Guijarro Martinez (2020).

Finally, in Phase 7, the prioritization order or importance of each geosite and attraction was obtained to decide
their integration into the geotourism routes.

The route proposal was complemented with the methodology of Chan (2005), which includes four fun-
damental elements: 1) creativity to innovation, 2) concrete space, 3) geoheritage, and 4) theme. It should be
noted that the first element was not considered due to the absence of previous projects related to the topic of
this research.

For the design, ArcMap Geographic Information System version 10.8 was used. Meanwhile, for the
study of the geotourist profile, an annual population of 13,000 visits to the PGBPP was identified, according
to figures from the Gobierno Auténomo Descentralizado Puyango (2019). The sample was calculated using
probabilistic sampling, applying the finite population formula with a margin of error of 0.05. The resulting
sample consisted of 373 individuals, who were surveyed with a questionnaire containing 21 closed questions
and 2 open questions during February 2023 (a vacation period coinciding with the blooming of guayacan trees
in Mangahurco), in the PGBPP tourist area. This survey was validated through a pilot test with 10% of the
sample, that is, 37 visitors.

3. Results

This section presents the results obtained from the analysis of on-site visits. A total of 14 geosites were identi-
fied in the Puyango Petrified Forest (BPP), of which 12 were visited due to lack of accessibility in the Tunima
and El Gineo ravines. Of these, only seven geosites are located within the 2,658 hectares protected under the
designation “Forest and Protective Vegetation”.

Siembra 12(1) (2025) | e7483 ISSN-e: 2477-8850
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Applying methodology of Saaty (1980), six geosites were prioritized based on scientific value criteria, with
most of them showing high scores in representativeness, type locality, and association with other heritage. Re-
garding recreational use criteria, six geosites were prioritized, highlighting the criteria of content/outreach use
and possible activities to be carried out. During the tours, five geosites with high intrinsic value were selected,
enabling the dissemination of geological scientific knowledge and connected with other attractions of equal
value. Table 5 shows the scientific and recreational prioritization:

Table 5. Prioritized geosites.

Geosite Scientific prioritization Recreational use prioritization Type of prioritization
El Limo Fold 0.08 0.06 Scientific
El Derrumbo Fold 0.07 0.07 Scientific
La Libertad Fold 0.07 0.10 Scientific — recreational
Puyango Fault 0.07 0.07 Scientific
El Tigre Ravine 0.07 0.06 Scientific
Cochurco Ravine 0.07 0.11 Recreational
El Limén Ravine 0.07 0.07 Scientific
Buddynage El Basal 0.06 0.08 None
Los Zéabalos Ravine 0.06 0.06 Recreational
Playa El Gringo 0.06 0.10 Recreational
Chirimoyo Ravine 0.06 0.12 Recreational
Quemazon Ravine 0.06 0.11 Recreational

On the other hand, eight tourist attractions were recorded along the existing trails (Table 6); seven of them are
of geological interest. The significant recreational use criteria were accessibility and the possible activities that
could be carried out. Of the eight attractions, four of geological interest were prioritized. A substantial differen-
ce was noted in the content/outreach use criterion for the giant petrified trunk, even though it was not included
in the prioritized attractions. As the most complete and important specimen of petrified wood and due to its
high educational value, it was included in the geotourism routes, considering the importance of conserving and
valuing geological heritage.

Table 6. Prioritized tourist attractions.

Attraction Recreational Use Prioritization Prioritization Type
Giant Petrified Trunk 0.23 None
Giant Petrino 0.39 Recreational
Petrified Trunk Deposits 0.27 None
Fossilized Trunks 0.38 None
Puyango Petrified Forest Museum 0.41 Recreational
Yamanasaurus Dinosaur 0.39 Recreational
Brachiosaurus Dinosaur 0.39 Recreational
Cross to the Unknown Soldier 0.38 None
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3.1. Geoturist profile

Once the diagnostic was completed, the visitor profile (Table 7), referred to in this study as the geotourist, was
determined. The data obtained from the survey were used to develop the proposed geotourism routes.

Table 7. Geotourist profile.

Sociodemographic Characteristics

Female 52% Private employee 33%
Gender
Male 48% Student 25%
- - Occupation )
Higher Education 55% Public employee 18%
Secondary 31% Other 19%
Level of Education
Postgraduate 11% $0 - $300 36%
Primary 3% $301- $600 20%
Average Income
Ecuador 99% $601 - $1.000 21%
Place of origin
Foreigner 1% Mas de $1.000 23%
Tourist Consumption
Family 61% Vacation 48%
Friends 13% Ecotourism 34%
Travel Group Couple 12% Travel motivation Visit Friends/family 9%
Solo 7% Geotourism 7%
Other 7% Other 2%
Private 40% 1 night 1%
Own vehicle 34% 2 nights 21%
Means of Transport Overnight Stay ]
Touristic transport 19% 3 or nights 8%
Public transport 7% None 21%
Tourism Spending
$0 - $20 40% Social media 49%
$21 - $40 28% Friends/family 428
Average Spending Information Sources )
$41 - $60 16% Websites 6%
More than $60 16% Other 3%
Motivations
Enjoying the land- 5104 Petrified wood 30%
scape ’ . Petrinos trees 24%
Geotourism
Observation of flora 17% Motivati Fossils 17%
0
and fuana ontvation Archaeology 9%
Photography 16% Others 20%
Reason for visit — .
Relaxation and enter- 16% Hiking 29%
N 0
tamment Photography 23%
Undertaken activities Flora and fauna 23%
Sports and adventure  15% o
Museum visit 15%
Other 15% Others 10%
Interest in Geotourism Route
Yes 99% Self-guided 25%
No 1% Guided 75%
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3.2. Proposed Geotourism Routes

Two routes were designed: one recreational and one scientific, integrating geosites prioritized through the
AHP methodology, as well as those of high geological relevance and geotourism appeal. These routes promote
conservation, appreciation of geoheritage, the advancement of geoscience, and research in this territory of high
geological potential.

3.2.1. Recreational Geotourism Route

The route called “A Cretaceous Journey” offers a glimpse of large and small archaeological and paleontolo-
gical outcrops that are part of the geological history of southern Ecuador. It is located between the parishes
of Alamor and La Libertad, in the cantons of Puyango and Las Lajas, in the provinces of Loja and El Oro,
respectively.

The route includes 10 stops: four geosites and four tourist attractions prioritized with AHP, along with
two accessible sites for observing flora and fauna. It was designed for occasional tourists motivated by recrea-
tion and leisure. The linear route spans 12.60 km, from the Cochurco Ravine (UTM 606621 E; 9571757 S) to
the Chirimoyo Ravine (UTM 602622 E; 9569062 S). Mobility options include walking, biking, driving, or a
combination; transportation is required between stops 1-3 and 9-10. This route aims to balance recreation and
accessibility, encouraging enjoyment of the geological and touristic environment. Specifications of the route
are shown in Table 8.

Table 8. Recreational route.

Estimates Time for

Stops Visit/Interpretation Transport Points of Interest Coordinates (UTM)
P1. Cochurco Ravine (Swimming Area) UTM 606621 E; 9571757 S
P1-P3 1 hour By car P2. Historic Puyango Bridge UTM 601912 E; 9570780 S
P3. Petrified Forest Museum of Puyango UTM 600844 E; 9570962 S
P4. Yamanasaurus UTM 600841 E; 9570983 S
P5. Giant Petrino UTM 600740 E; 9571085 S
P3 -P9 1 hour 30 min On foot P6. Los Zabalos Ravine UTM 600714 E; 9571130 S
P7. Giant Petrified Log UTM 600512 E; 9571270 S
P8. Viewpoint — Petrified Forest of Puyango ~ UTM 600699 E; 9571398 S
P9 - P10 © hour 30 min On foot and by P9. Panoramic Viewpoint — Puyango Fault UTM 601052 E; 9570972 S

car P10. Chirimoyo Ravine (Swimming Area) UTM 602622 E; 9569062 S

The proposed route integrates stops and complementary services to enhance the tourist experience, support the
local community, and promote natural, geological, and cultural resources. Figure 2 identifies points of interest,
geosites, and natural and cultural attractions, along with the georeferencing of food services, lodging, recrea-
tion, and connectivity routes, which facilitate and contribute to tourism development.

The route highlights a geodiversity that combines tropical dry forest and Mesozoic and Paleozoic de-
posits, with the Puyango River as the central axis (Jaramillo et al., 2017). To the north, Paleozoic clastic and
volcanic rocks predominate, while to the south, there are shales, calcareous shales, and sedimentary sandstones
(Garcia et al., 2002).

The fossilized trunks of the Petrified Forest, dated to the Early Cretaceous (Aptian-Albian) (120-96 mi-
llion years ago), represent the only Cretaceous samples from the west coast of South America (Jaramillo et al.,
2017). Mainly belonging to the genera Agathoxylon, Metapodocarpoxylon, and Araucarioxylon (Garcia et al.,
2002), they form the largest collection of petrified wood worldwide. Additionally, the museum houses fossils
of ammonites, shells, and plants, enriching its scientific and heritage value.

The study area is located within the Tropical Andes ecoregion and the Southern Andes and Tumbesina
regions, highlighting its geodiversity and biodiversity, including numerous endemic species (Gobierno Auto-
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nomo Descentralizado Parroquial Rural de La Libertad, 2021). The route includes the BPP viewpoint to facili-
tate the observation of flora and fauna, considering the 202 plant species and 169 animal species documented
through direct observation and bibliographic sources (Jumbo Eras et al., 2021). Furthermore, the route is ideal
for photography and species watching activities.

The “Cretaceous Path” combines recreation and geoheritage, incorporating geosites such as the Cochurco
and Chirimoyo ravines, which offer evidence of fossilized rocks and serve as accessible natural bathing spots.
This route balances tourist leisure with the recognition and appreciation of geological heritage.
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Figure 2. Map of the recreational geotourism route.

3.2.2. Scientific Geotourism Route

The scientific route “Discovering the Cretaceous” spans 9.85 km between Alamor and La Libertad, notable for
its valuable geological and paleontological remains. With seven points of interest prioritized through the AHP
methodology, it includes geosites, tourist attractions, and a meteorological station for Earth Science studies.
Designed for academic purposes, it promotes the analysis of Cretaceous processes and structures, strengthe-
ning geological knowledge. The route starts at the Petrified Forest Museum and ends at the “Los Fosiles Trail,”
allowing pedestrian, vehicular, or biking mobility. The parameters of the complete route are shown in Table 9.

The duration of the route depends on the visitor’s research focus and interests. The route prioritizes geosi-
tes, geological attractions, and tourist services, excluding recreational areas due to its scientific nature (Figure 3).

The route highlights the La Libertad Fold, a key geosite for studying low-grade metamorphic rocks. Its
location reveals landforms typical of alluvial plains and tectonic reliefs, with lithology composed of metamor-
phic and igneous rocks, sandstones, shales, and schists (Gobierno Auténomo Descentralizado Parroquial Rural
de La Libertad, 2021).

The petrified wood specimens from the Cretaceous period are complemented by notable fossils along
the “Los Fosiles Trail” in the Chirimoyo Ravine. These include mollusks from the classes Pelecypoda and
Cephalopoda, internal and external molds, and petrified shells in sedimentary rocks (Garcia et al., 2002). Ad-
ditionally, ammonites, bivalves, and echinoderms are observed both on the trail and in the museum, enriching
their scientific and educational value (Jumbo Eras et al., 2021).
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Table 9. Scientific georoute.

Estimates Time for

Stops Visit/Interpretation Transport Points of Interest Coordinates (UTM)
P1. Petrified Forest Museum of Puyango UTM 600844 E; 9570962 S
Pl -P4 1 hour 30 min On foot P2. Giant Petrino UTM 600740 E; 9571085 S
P3. Giant Petrified Log UTM 600512 E; 9571270 S
P4. Meteorological Station UTM 600710 E; 9571410 S
P4 -P5 1 hour On foot
P5. La Libertad Fold UTM 600036 E; 9572876 S
P5-P6 1 hour 15 min On foot P6. Panoramic View of the Puyango Fault UTM 601052 E; 9570972 S
P6 - P7 1 hour On fo‘;;?nd 5 p7. Chirimoyo Ravine (Los Fésiles Trail) UTM 602491 E; 9569899 S
80°5'50"W 80°5'0"W

GEOTOURISM ROUTE

“Discovering the Cretaceous”
Puyango Petrified Forest Geopark Project Puyango Petrified Forest Museum

Giant Petrino
Giant Petrified Log
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Puyango Fault
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Figure 3. Map of the scientific geotourism route.

The diversity of flora and fauna in the tropical dry forest stands out for its timber trees and bird species. The
route to the La Libertad Fold, with elevations ranging from 300 to 600 m a.s.l., is ideal for promoting birdwat-
ching activities for recreational and scientific purposes.

The route emphasizes the richness of specimens and deposits, especially at the La Libertad Fold and Los
Fosiles Trail geosites, where scientific activity has been limited despite favorable conditions of low acoustic
interference and reduced visitor flow. These sites, along with others, offer valuable material to advance the
study of geological features reflecting Earth’s evolution over millions of years.

4. Discussion
Research on geoheritage and geotourism activities in Ecuador face challenges in areas without geological re-

cognition, generally being limited to complementing conventional tourism (Carrion-Mero et al., 2021; Palacio
Prieto et al., 2016). The PGBPP, which houses the largest collection of petrified wood worldwide, introduces
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an innovative proposal focused on highlighting its geoheritage through geotourism. This approach promotes
both its scientific and touristic appreciation, marking a significant advance in the identification and characte-
rization of geoheritage in the country, where such initiatives have been scarce and mainly linked to traditional
tourism.

In this context, the AHP methodology allowed prioritization of geosites based on their potential and ac-
cessibility, highlighting some such as Los Zabalos Ravine, Chirimoyo, Cochurco, and the museum, previously
emphasized by Morante-Carballo et al. (2020). However, certain sites were discarded due to limited connec-
tivity, an essential characteristic for designing a functional and accessible geotourism route (Pilogallo et al.,
2019).

The design of these routes depends not only on the scientific characteristics of the geosites but also on
considering the interests and profiles of potential geotourists, as suggested by Meléndez-Hevia et al. (2011).
This approach allows adapting points of interest and experiences to the needs of a diverse audience, from
occasional to specialized tourists. Additionally, the creation of simplified scientific concepts facilitates the
understanding and appreciation of geoheritage, improving the visitor experience and promoting integration
between science and tourism (Coutinho et al., 2019). Thus, the route not only fulfills an educational role but
also reinforces the recognition and preservation of geoheritage.

Geotourism, therefore, emerges as an opportunity for geoconservation and local development (Hose,
2011, 2012; Pilogallo et al., 2019). Although geotourism products remain limited, they contribute positively to
the dissemination and management of geoheritage with a focus on sustainability.

Moreover, geotourism is becoming established as a key strategy for geoconservation and sustainable
local development, integrating the promotion and management of geoheritage along with natural and cultural
resources (Hose, 2011, 2012; Pilogallo et al., 2019). Its sustainability-oriented approach allows for the pro-
tection of heritage while generating a positive impact on local communities (Coutinho et al., 2019; Drinia et
al., 2022; UNESCO, 2021). In this context, geotourism routes stand out, as they facilitate the understanding
and conservation of geoheritage through accessible and educational interpretation models (Lopez et al., 2022;
Tavera Escobar et al., 2017).

These routes use Earth Sciences as an educational tool for society, promoting the care and sustainable use
of geological heritage (Carcavilla Urqui, 2014; Martinez Fernandez, 2013). Examples such as Uluru in Aus-
tralia or the Iguazl Falls demonstrate how tourism can highlight significant landforms without compromising
their integrity (Brilha et al., 2018). In addition, guided visits with proper interpretation strengthen understan-
ding and appreciation for geological heritage that is often overlooked (Do6niz Péez et al., 2021; Drinia et al.,
2022). Altogether, geotourism not only promotes geoeducation but also boosts the local and global economy
in a sustainable way.

5. Conclusions

This research highlights the geotourism potential of the PGBPP as a consolidated site of geological vestiges
and global endemism. This area showcases the transformation of the landscape throughout geological eras, as
well as the characteristic flora and fauna of each period. It is a site of high geoscientific value that currently
lacks the necessary national and international recognition, as well as adequate dissemination.

The implementation of geotourism routes becomes a tool to diversify tourism through geoheritage. The
geotourist profile, combined with routes designed for scientific and recreational purposes, enables interaction
and interpretation for both specialized and non-specialized audiences interested in geosciences. Ecuador does
not yet have a well-developed geotourism offering, even after receiving the designation of a new UNESCO
Global Geopark (Imbabura Geopark). For this reason, the present study focused on prioritizing high interest
geosites in the PGBPP and enhancing their value through two routes that provide invaluable information about
the country’s geological resources.

Studies that merge geology with societal interests are part of an emerging international academic field.
While they continuously implement measures for the management and protection of geological resources, they
also promote ongoing development in geoscience and geoeducation. Through the identification of 12 geosites
and the creation of geotourism routes, this research aims to achieve a holistic understanding of geoheritage and
geodiversity, seeking their recognition, management, and conservation for the benefit of local communities
and contributing to the sustainable development of geotourism in designated UNESCO Global Geoparks.
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