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Abstract: This study presents an innovative strategy for the use of environmental planning tools in protected areas in 

the context of updating land use plans in Colombia. The problem addressed is the inappropriate use of land that 

generates socio-environmental conflicts, threatens the integrity and exerts pressure on the main ecosystem of the 

Moor of the Duende National Park. The objective was to generate a zoning of appropriate land uses under a 

sustainability premise, integrating environmental determinants and national regulations, such as Law 2372 of 2010 

and Decree 3600 of 2007. The methodology included Geographic Information Systems (GIS) analysis, geohistorical 

compilation of the region, social cartography, and data triangulation. Maps were generated by superimposing 

cartographic layers and evaluating variables such as erosion, current and potential land use, main ecological structure 

and use conflicts. Community participation was key to identifying local perceptions and promoting participatory 

governance. The results identified three levels of conflict (low, medium and high), highlighting critical areas with 
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severe erosion and soil loss in the buffer zone. High-conflict areas were designated for ecological restoration, while 

low-impact areas were classified for sustainable uses, such as agroforestry and reforestation with native species. In 

conclusion, the proposed zoning balances ecological conservation and rural development, contributing to the updating 

of environmental planning instruments. This approach can be replicated in other protected areas, as it combines 

science, regulations and community participation to resolve land use conflicts, promoting a comprehensive 

sustainability model. 

Keywords: environmental zoning, land use planning, main ecological structure, environmental planning, 

community participation, environmental governance, protected areas, social cartography, geographic information 

systems. 

哥倫比亞杜安德自然公園荒原社會環境衝突的地理空間分析 

摘要：本研究提出了在哥伦比亚土地使用计划更新的背景下，在保护区内使用环境规划

工具的创新战略。所要解决的问题是土地使用不当，这会产生社会环境冲突，威胁到杜恩德

国家公园荒原的完整性，并对主要生态系统造成压力。目标是在可持续发展的前提下，将环

境决定因素和国家法规（如 2010 年第 2372 号法律和 2007 年第 3600 号法令）结合起来，

对适当的土地用途进行分区。该方法包括地理信息系统 (GIS) 分析、该地区的地理历史汇编

、社会制图和数据三角测量。地图是通过叠加地图层并评估侵蚀、当前和潜在的土地使用、

主要生态结构和使用冲突等变量来生成的。社区参与是确定当地看法和促进参与式治理的关

键。结果确定了三个冲突等级（低、中、高），突出了缓冲区内严重侵蚀和土壤流失的关键

区域。高冲突区域被指定用于生态恢复，而低影响区域则被划分为可持续用途，例如农林业

和使用本地物种重新造林。总之，拟议的分区平衡了生态保护和农村发展，有助于更新环境

规划工具。这种方法可以在其他保护区复制，因为它结合了科学、法规和社区参与来解决土

地使用冲突，促进了全面的可持续发展模式 

关键词：環境區劃、土地利用規劃、主要生態結構、環境規劃、社區參與、環境治理、

保護區、社會製圖、地理資訊系統 

1. Introduction
The Moor of the Duende Regional Natural Park

(RNP), located in the Andean region of Colombia, 

represents a strategic ecosystem due to its high 

biodiversity, ecosystem services and role in water 

regulation. However, it faces increasing pressures 

from intensive agricultural activities and conflicts over 

inappropriate land use in its buffer zone. This 

phenomenon, combined with vulnerable geological 

and climatic conditions, raises questions about the land 

use and conservation strategies required to mitigate the 

socio-environmental impacts and ensure the 

sustainability of the ecosystem. Although previous 

research has addressed the management of protected 

areas, gaps persist in the integration of participatory 

approaches and geospatial tools for the identification 

and resolution of land use conflicts. 

In response to this problem, the present study is 

based on the theoretical foundations of environmental 

management and territorial planning, as well as on  

participatory methodologies such as social 

cartography and multi-criteria analysis using 

geographic information systems (GIS). These tools 

have proven effective in assessing the interaction 

between human and ecological dynamics, providing a 

framework for decision-making in territories of high 

environmental complexity. 

The results of this research are expected to 

contribute to the identification of appropriate land uses 

and the proposal of zoning strategies that harmonize 

environmental conservation with sustainable rural 

development. By consolidating an integrative and 

multidimensional approach, this study seeks not only 

to contribute to strengthening territorial governance 

but also to lay the foundations for replicating these 

methodologies in other strategic ecosystems in 

Colombia. 
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2. Methods

2.1. Methodological Approach 

This research corresponds to the use of a qualitative 

methodological strategy: a case study. The study was 

carried out in the following districts: La Sonora, 

Venecia and Andinápolis located in the main zone and 

buffer zone of the Moor of the Duende Regional 

Natural Park in the Municipality of Trujillo. Four 

study methods were used corresponding to the four 

research phases, as illustrated in Figure 1.  

Figure 1. Methodological design of the research 

(elaborated by the authors) 

The Documentary Analysis consisted of the 

collection of information from studies and cartography 

of protection areas, environmental conservation and 

inappropriate land use. The period covered for this 

analysis was between 2001 and 2022, using the 

timeline tool as a diachronic analysis of the 

environmental dimension. Multicriteria Analysis using 

GIS tools for generating cartography concerning the 

current main ecological structure and areas with 

conflict due to inappropriate land use. The use of 

Social Cartography as a graphic input for the 

collective and participatory analysis of interested 

parties. These methodologies allow us to 

comprehensively construct a territory and visualize its 

histories, situations, and socio-environmental conflicts 

[1]. Finally, the Information Triangulation method is 

used as a validation strategy for different types and 

sources of information collected. The study focuses on 

the collection, analysis and understanding of the 

biophysical and socio-environmental characteristics of 

the study area. 

2.2. Study Area 

The biodiversity and great variety of ecosystems 

that Colombia has has allowed progress in the research 

and study of different ecosystems such as the moors. 

Currently, there are 36 moorland complexes registered 

in Colombia and in the case of the Department of Valle 

del Cauca, 6 of these with a total area of 82.101 ha [2]. 

The Duende moor ecosystem is located inside the 

Regional Natural Park (RNP), (Figure 2). It is an 

intriguing wasteland due to its geographical 

conditions, making entry difficult. The above has 

contributed to the preservation of species and the 

provision of ecosystem services to nearby 

communities [3]. 

The area comprising the Moor of the Duende 

Complex is located on the eastern flank of the western 

mountain range between the departments of Choco and 

Valle del Cauca [2]. 

Figure 2. Location of the Moor of the Duende 

National Park (CVC, 2022) 

The area comprising the Moor of the Duende 

Complex is on the eastern flank of the western 

mountain range between the departments of Choco and 

Valle del Cauca. This research focuses on the study of 

the Moor of the Duende RNP area shared by 4 

Municipalities of the Department of Valle del Cauca 

according to Tables 1 and 2. 

The Moor of the Duende RNP is made up of 3 

zones distributed as follows: Sub-Andean Forest 

between 1,200 and 2,500 m.a.s.l, Andean Forest 

between 2,500 and 3,400 m.a.s.l, and Moor between 

3,400 and 3,800 m.a.s.l. It is characterized by having 3 

thermal floors: medium, very much cold in its largest 

extension. On the other hand, the influence of 3 

climates: humid, pluvial and very humid with a 

bimodal rainfall regime. 

Table 1. Distribution of areas of the Moor of the Duende Complex by department and municipality 

(compiled by the authors) 

Department Percentage Municipalities Percentage 

Choco 59.6 % Santa Genoveva de Decordó 59.6 % 

Valle del Cauca 40.4 % Calima El Darién 24.1 % 

Trujillo 9.3 % 

Bolívar 4.1 % 

Riofrío 2.9 % 
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Table 2. Distribution of the areas of the Moor Complex and Moor of the Duende National Park in the 4 

municipalities of the Department of Valle del Cauca (CVC, 2022) 
Municipality Complex Moor of the 

Duende 

RNP Moor of the Duende PM 

2022 

Districts 

Area (ha) % Area(ha) % 

Calima El 

Darién 

1.058 ha 60 8.602 ha 48 Calima, El Boleo, San José, El 

Vergel, Río Bravo 

Riofrío 123 ha 7 4.057 ha 22 Salónica, La Zulia, and Fenicia 

Trujillo 427 ha 24 2.722 ha 15 La Sonora, Venecia, Naranjal 

Bolívar 167 ha 9 2.746 ha 15 Santa Rita 

Total 1.775 ha 18.127 ha 

The hydrological system comprises two drainages: 

one area that leads directly to the Pacific Ocean and 

the other to the Magdalena hydrographic area that 

drains to the Caribbean Sea. This territory is under the 

influence of active geological faults that can cause 

horizontal displacement and deformation. The terrain 

is 53% very steep (50% – 75%) and 41.5% steep (25% 

– 50%). These conditions make the terrain

impenetrable and sensitive to water erosion and

landslide phenomena. As for land cover, the areas with

the highest percentage were forest cover (94.43%) and

areas with herbaceous and/or shrub vegetation (4.41%)

according to the Corine Land Cover (CLC)

methodology (Figure 3a). In this area there are 5

ecosystems and 3 biomes, the most representative

being the very humid cold forest in the fluvio-

gravitational mountains (BOFMHMH), in the middle

orobios of the Andes, which is found at 80.84%

(Figure 3b). The predominant reliefs are moderately

rugged to strongly steep. The slopes are characterized

by being greater than 12% with well-drained soils,

very deep and moderate fertility.

(a)        (b) 

Figure 3. (a). Land covers of the Moor of the 

Duende National Park. (b). Ecosystems in the 

Moor of the Duende National Park (CVC, 2022) 

On the other hand, in the Moor of the Duende 

National Park, it is identified that 93.1% of the area 

does not have conflict due to inappropriate land use. 

The potential use of the land is for environmental 

protection and conservation and for forest protection 

areas. Regarding the land cover in the area with the 

buffer function, 72.61% corresponds to natural areas. 

A total of 79 species of flora, 18 species of mammals, 

25 species of birds, 10 species of amphibians and 3 

species of reptiles have been recorded. Additionally, in 

the last study for the expansion of the RNP in the 

Municipality of Bolívar (Valle del Cauca), 6 endemic 

flora species and 3 threatened species at the national 

level were found, 93 species of birds, 13 species of 

amphibians, 21 species of endemic amphibians and 17 

species of mammals [3]. 

2.3. Methodology 

2.3.1. Documentary analysis. Geohistorical 

compilation of the environmental dimension 

Cartographic information is an essential input in the 

processes of environmental management and planning 

of a territory. In general, they are used as part of 

environmental and social diagnostic studies in an area 

or community. According to [4], these studies are built 

from a diagnostic baseline, which does not consider 

the evolution and history of a territory as well as the 

social, political, economic, environmental and cultural 

factors that have historically permeated a community. 

In addition, violent events, changes in ecosystems, 

regional influence, and the potential of a territory leave 

a mark on the territory, impacts that precede 

inadequate anthropic action [5]. In this sense, the use 

of the timeline tool for the analysis of documentary 

and cartographic information allows for the 

simultaneous analysis of historical processes. This is 

done through the establishment of dimensions 

(environmental, social, productive) and environmental 

aspects (ecosystems, life zones, climate, coverage, 

hydrography, land uses, protected areas, landscapes, 

zoning of use and environmental impacts) [6]. The 

information analyzed corresponds to the period 

between 1994 and 2022, taken from the compilation of 

studies, research, reports, technical documents of the 

first-generation TPS, an TPS update study and 

Geographic Information Systems platforms. Historical 

hotspots were used as a reference from the 

environmental context, compiling the existing 

cartography from the years 2001, 2015 and 2022, as 

shown in Figure 4. 
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Figure 4. Timeline of documents that contribute 

key information to the study (elaborated by the 

authors) 

2.3.2. Geospatial Delimitation Using Geographic 

Information Systems (GIS) 
The analysis of environmental criteria using the 

GIS tool allows the study of problems and multiple 

variables that are interrelated and that affect or 

influence a territory. The spatial representation 

articulating different variables and the evaluation of 

analysis criteria provide elements of technical and 

management decision-making for decision-making in 

territorial environmental planning [7]. During the 

development of the study, biophysical, environmental, 

vegetation cover, landscape units, land use, land 

distribution, environmental conflicts, among others, 

variables were analyzed to allow decisions to be made 

regarding the appropriate use of the land. This was 

based on information obtained from the historical 

compilation of studies and the cartographic archives of 

the research area. 

The analysis using environmental criteria consisted of 

the selection of space-time variables, the result of the 

cartographic review and the interpretation of 

shapefiles in AUTOCAD and ARCGIS from 

GeoCVC, the Agustín Codazzi Geographic Institute 

and the Municipality of Trujillo. The areas of 

environmental protection and conservation and the 

conflict zones due to inappropriate land use were 

identified as a result of the use of map algebra 

superimposing the cartographic layers. This 

information allowed the evaluation of the variable of 

erosion, soil loss, slopes, current use, potential use and 

vegetation cover. 

2.3.3 Social Cartography. Collective Construction of 

the Territory 

Social cartography in territorial management and 

environmental planning works contributes to 

recognizing and understanding geospatial elements 

and giving sociocultural and technical attributes and 

meanings to elements specific to and historically in the 

territory. The construction of self-maps and the socio-

spatial dynamics of the use and occupation of the 

territory contribute significantly to the participatory 

development of society and social actors [8]. 

Organizations, institutions and peasant communities 

participated through the exercise of social mapping to 

perform the territorial analysis of environmental 

variables and identify the environmental impacts 

related to some sectors and protected areas. In this 

way, under the collective construction and social 

recognition of the territory, decisions were made and 

community environmental management practices and 

policies were directed. Two social mapping workshops 

were held in rural areas with the participation of 3 

peasant organizations, 1 environmental NGO and 3 

public officials and 18 people from the community, 

with a total attendance of 25 people. 

2.3.4 Information Triangulation for the Validation of 

Different Geospatial Analysis Tools 

Triangulation allows validating information 

obtained from different sources and types of 

methodological tools to strengthen research. This is 

achieved through the construction of comprehensive 

proposals and explanations, reducing observer bias 

and offering greater confidence in the research 

findings [9]. Using this methodology, the results 

obtained from the use of the following tools were 

compiled: documentary analysis, multicriteria analysis 

and social cartography (Figure 1). Triangulation of 

documentary, geohistorical, geospatial data and 

participatory methodologies was carried out as part of 

the growing use of digital sources and the challenges 

and opportunities that it represents for environmental 

planning and land use processes[1]. A zoning map of 

appropriate land uses was developed for the area 

studied, as a result of the superposition of layers of 

conflict due to inappropriate use, environmental 

impacts, soil degradation and environmental 

determinants for each figure of environmental 

protection areas. This is a proposal for the 

conservation, mitigation, recovery and restoration of 

ecosystems typical of Andean forests and national 

protected areas. 

Based on the construction and analysis of the 

generated maps, a cartographic superposition was 

made between the areas of conflict due to 

inappropriate land use, the areas that are part of the 

main ecological structure (MES), the areas affected by 

soil erosion, vegetation cover, and potential land use 

(Figure 5). Once this zoning was consolidated, 

attributes were assigned to each area that belongs to 

the MES. The land uses assigned to the protected areas 

are those referred to in Law 2372 of 2010 and Decree 

3600 of 2007, the environmental determinants of the 

CVC (Resolution 544 of July 6, 2023) and the uses 

established in the environmental management plans. 

Subsequently, using the ArcGIS program, with the use 

of clip, intersect, and extract tools for cartography 

preparation, each area of the MES was taken and, 

according to the degree of affectation presented, it was 

zoned according to the management that must be 

carried out to guarantee compliance with the 
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conservation objectives as established in Resolution 

2372 of 2010 in its article 34. 

Figure 5. Overlapping areas (elaborated by the 

authors) 

3. Results and Discussion
3.1. Geohistorical Analysis of the

Environmental Dimension in the Buffer

Function Zone of the Moor of the Duende

National Park
The Municipality of Trujillo has gone through key 

historical moments that have contributed to the 

recognition, planning and protection of the Moor of the 

Duende Regional Natural Park (RNP). This history is 

marked by local events as well as national and 

international events that have influenced political and 

environmental decisions in this ecosystem. The history 

of the municipality of Trujillo is framed in the 

colonization process that began at the beginning of the 

20th century, driven by merchants of Antioquian 

origin. In 1922, through acts of violence and land 

concentration, these merchants acquired large tracts of 

land to expand coffee crops toward the Central 

Mountain Range. This process involved massive 

deforestation through slash-and-burn practices, which 

transformed the natural landscape, generated loss of 

biodiversity, expanded the agricultural frontier and 

was associated with the massacres that occurred in the 

1940s in the north of the department. This situation has 

marked the history of the municipality due to the 

recurring violence at different times, originating from 

the struggle for power, control of land and social 

inequalities [8]. 

During the 1940s and 1950s, Trujillo established 

itself as one of the main coffee producing centers in 

the Valle del Cauca region, accompanied by a process 

of agricultural specialization and intensive land use. 

The introduction of varieties such as Colombian 

coffee, with the use of fertilizers under the so-called 

Green Revolution, brought with it its productive 

benefits. However, serious ecological impacts were 

generated, such as the loss of biodiversity. These 

factors drove the strengthening of the coffee economy 

from 1976, a process that was consolidated until the 

end of the 1980s. There began the economic crisis in 

this sector and the escalation of violence, marking the 

history of the municipality with the Trujillo Massacre 

(1988-1994), an event that devastated the region [10]. 

(Figure 6). 

Figure 6. Line that compiles the historical 

milestones of the Municipality of Trujillo and the 

national and international context for the 

conservation of the Moor of the Duende National 

Park (elaborated by the authors) 

On the other hand, the recognition of the Moor of 

the Duende began in the 1990s, when the existence of 

this ecosystem was recognized in 1994 and scientific 

expeditions were carried out that revealed the 

importance of this place. In 1995, a study was carried 

out to analyze its ecosystems, and seven were 

identified that were particularly valuable. This process 

was part of a broader context, where both national and 

international environmental policies were gaining 

strength. In Colombia, Law 99 of 1993 laid the 

foundations for the country’s environmental 

legislation, while at a global level, the 1992 United 

Nations Convention on Biological Diversity promoted 

the protection of biodiversity, ratifying this 

commitment at a national level in the Convention on 

Biological Diversity with the issuance of Law 165 of 

1994. These initiatives helped strengthen the care of 

the Moor of the Duende, through the recognition of the 

main ecosystems and species discovered with the 

scientific expedition in 1997 and the definition of the 

buffer zone in 1999. 

At the local level, the Municipality of Trujillo 

integrated the moor for the first time in its territorial 

development plans through the Territorial Planning 

Scheme (TPS), adopted in 2001. This scheme although 

it presented deficiencies in the comprehensive 

knowledge of the moor, contributed significantly to its 

recognition and facilitated the establishment of 

conservation measures. The technical study of this 

document contributed to identifying, in the biophysical 

component, the environmental protection zones. 

(Figure 7), ecosystems, life zones (Figure 8), 

hydrography, land cover, environmental protection 

areas and landscape units. The cartography used to 

schematize these components was of low quality, with 
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gaps in the information on geographic boundaries and 

areas without data, and therefore did not contribute 

significant cartographic contributions with validity to 

the study. 

Figure 7. Environmental Protection Zones of the 

TPS (Municipality of Trujillo, 2001) 

Figure 8. TPS Life Zones (Municipality of 

Trujillo, 2001) 

In 2002, processes were initiated to consolidate the 

Departmental System of Protected Areas (DSPA), 

which emphasized the importance of this ecosystem 

and its formal declaration by the CVC as a Regional 

Natural Park through Resolution 760 of 2005. 

Additionally, planning and organization began, 

leading to the submission of the Environmental 

Management Plan for this moorland in 2006. 

However, this process was not easy because the 

territory was once again affected by armed groups, 

which made environmental protection efforts difficult. 

Despite these challenges, in 2010, the start of the peace 

processes allowed conservation projects to be 

resumed. In 2015, a technical study was conducted to 

update the TPS since this instrument had been outdated 

since 2013. In addition, the declaration of the RNP was 

made after the creation date of the TPS; therefore, it 

did not contain specific policies for the protection and 

conservation of the ecosystem. Through this study, the 

cartographic information of the municipality was 

compiled and the Main Ecological Structure was 

established. (Figure 9). The structure is made up of the 

municipality protection and conservation areas, 

“which support the essential ecological processes of 

the territory, whose main purpose is the preservation, 

conservation, restoration, use and sustainable 

management of renewable natural resources” (Decree 

3600, 2007, art. 1). Likewise, the areas in conflict due 

to the inadequate use of the land to date were identified 

(Figure 10). 

Figure 9. Main Ecological Structure (Municipality 

of Trujillo, 2015) 

Figure 10. Conflicts due to inappropriate land use 

(Municipality of Trujillo, 2015) 
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The effort to protect the Moor of the Duende finally 

came to fruition in 2015, when its recognition as a 

Regional Natural Park was formalized. This 

achievement was the result of years of scientific 

studies (1994 to 2015) and political decisions at 

different levels (municipal, departmental, national and 

international). In 2016, the park boundaries were 

adjusted by subtracting a portion of the Pacific Forest 

area, and in 2018, the final boundaries of the park were 

defined through Resolution 1502. 

Finally, the historical line of this ecosystem is 

consolidated with the reformulation of the 

Environmental Management Plan in 2022 and the 

formation of the co-management table of the Natural 

Park. In this process, the maps of Soil Cover, Potential 

Use, Main Ecological Structure (MES), erosion and 

conflict due to inappropriate land use were updated. 

This process allowed us to compile the history of the 

Moor of the Duende National Park from the context of 

the municipality of Trujillo and the way it has 

transcended between local challenges and global 

dynamics. The context of violence and territorial 

transformation has impacted the region; however, 

from the environmental context, it has had a positive 

impact, leading the moor to greater protection, which 

is why it is currently classified as the most preserved 

moor in the country. 

3.2 Geospatial Delimitation of Conflicts Due to 

Inappropriate Land Use 

For the analysis of the conflict due to inappropriate 

land use in the buffer zone of the Moor of the Duende 

National Park, analysis criteria were established. 

These are based on the information on the main factors 

that affect the soil in this area and the availability of 

data and cartography available to official and 

competent entities such as CVC, IGAC and the 

Municipality of Trujillo. The environmental criteria 

are described in Table 3. 

Table 3. Description of the environmental assessment criteria obtained from the RNP land use analysis 

(compiled by the authors) 

Criteria Description 

Soil erosión It is one of the biggest problems of the municipality due to the steep slopes and the geology of this territory, 

which is almost impenetrable.  

Potential soil 

use 

Using cartographic information on potential land use, the forestry vocation of the municipality of Trujillo is 

confirmed, as well as, specifically, the areas with a buffer function of the RNP. 

Main 

Ecological 

Structure 

It corresponds to the overlapping of the protection and conservation categories of the municipality, according 

to Decree 1472 of 2010. Information was compiled from 2015 to 2022. This cartographic map shows the 

following: moorland complex, Moor of the Duende RNP, buffer zone of the RNP, Civil Society Natural 

Reserves, natural forests, springs, rivers, forest areas, forests. 

Coverages 

from the 

ground 

The information collected on land cover belongs to data from 2001, 2015 and 2022, of which the largest 

forest cover is identified toward the main area of the PNR, however, there is evidence of anthropic 

intervention toward the areas of greatest concentration of property. 

Property 

distribution 

The mapping of the relationship between properties in the studied area provides an overview of the districts 

that exert the greatest pressure on the RNP ecosystem. 

The analysis of environmental criteria using GIS 

allowed the delimitation of the areas of conflict due to 

inappropriate land use in the municipality of Trujillo. 

It was identified that the main conflicts arise from the 

overlap between the areas destined for agricultural 

production and the areas designated for environmental 

conservation. The data show a growing expansion of 

the agricultural frontier in the areas of environmental 

protection, particularly in the buffer zone of the Moor 

of the Duende National Park. 

In the analysis of the years 2015 and 2022 

compared to 2001, the spatial information of the 

conflict areas in the buffer zone showed a notable 

increase of 30% and 60%, respectively. This is due to 

the overuse of land in agricultural activities, such as 

the cultivation of coffee, blackberries and bananas, as 

well as extensive livestock farming. 

3.2.1 Soil Erosion 

This is one of the main problems in the 

municipality of Trujillo, due to intensive agricultural 

practices in soils with high susceptibility to erosion. 

The loss of nutrients and soil degradation are common 

in areas where the slope and high rainfall favor erosive 

processes [11]. This phenomenon is particularly 

worrying in the buffer zone of the Moor of the Duende 

National Park, where severe erosion could affect the 

ecological balance of the park. 

The comparative analysis of the erosion maps for 

the years 2001, 2015 and 2022 shows a progressive 

increase in severe erosion in the areas surrounding the 

RNP (Figure 11), which coincides with the expansion 

of the agricultural frontier and the intensification of the 

use of agrochemicals in crops not appropriate for these 

areas [7]. 
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(a) (b) 

Figure 11. Soil erosion. (a). Soil Erosion Classes 

(2015). (b). Soil Erosion Classes (2022) 

(Municipality of Trujillo, 2015) 

3.2.2 Potential Land Use 

Most of the buffer zone of the RNP has been 

defined as a Protective Forest and a Protective-

Producing Forest. This classification is due to the 

geological conditions due to the presence of geological 

faults and slopes that range from steep to very steep 

and soil instability (Figure 12). 

Figure 12. Potential Land Use (2022) 

(Municipality of Trujillo, 2015) 

3.2.3 Main Ecological Structure (MES) 

According to Decree 3600 of 2007, the MES 

(Figure 13) is an environmental planning tool to be 

used in updating second-generation land use plans in 

Colombia. It facilitates the identification of 

complementary elements and incompatibilities arising 

from land use in rural areas. It reflects the complexity 

of a rurality in constant transformation [12]. This 

approach contributes to the analysis of the state of 

ecosystem health, the vocation, current and potential 

use of the land, and the zoning of its use, promoting 

interdisciplinary planning of the rural territory. In this 

way, it is possible to integrate key variables in rural 

planning and adopt complex, systemic, 

transdisciplinary, participatory and self-generating 

management schemes [5]. 

Figure 13. Main Ecological Structure 

(Municipality of Trujillo, 2015) 

3.2.4 Soil Cover 

Most of the vegetation cover analyzed between 

2001 and 2022 is located in the areas of influence of 

the moor ecosystem and its buffer zone. However, the 

mapping obtained in 2022 reflects an increase in the 

areas used for agricultural production compared to 

previous periods, evidencing an increase in productive 

activities that possibly generates environmental 

tensions and conflicts. Figure 14 shows the degree of 
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intervention in the territory and the growth of 

agricultural areas, especially herbaceous crops, which 

are advancing toward the protected area. In the Moor 

of the Duende RNP, around 3 areas with significant 

interventions were identified (marked in red).  

Figure 14. Land Use Coverage (Municipality of 

Trujillo, 2015) 

This agricultural expansion underlines the urgent 

need for policies and strategies that limit the 

agricultural frontier and extractive activities in the 

protected area. The reduction of conservation areas 

reflects the lack of territorial planning adapted to 

environmental characteristics, where the current TPS 

does not integrate areas of environmental importance, 

as recommended [13]. 

3.2.5 Distribution of Rural Property 

The history of the municipality analyzed 

through the timeline shows the conflict over land 

ownership. While the relationship of owners in the 

municipality of the rural and urban area represents 

8% of the owners as owners of half of the total 

area and 3 owners with more than a tenth of the 

territory [10]. This information is consistent with 

the analysis of violence due to armed conflict in 

Colombia and the generation of displacement, 

dispossession of property, control of land and 

natural resources. These processes are linked to 

extractivism and intensive, high-impact economic 

activities, a differentiating factor of violence in 

Latin America[14]. Figure 15 identifies that in the 

north-western area of the municipality, there is 

influence of at least 3 properties (circled in red on 

the map) in the border area of the PNR and that 

they are causing pressure from anthropic 

activities. 

Figure 15. Distribution of rural property. 

Cartography adapted from GeoCVC (elaborated 

by the authors) 

3.2.6 Conflict over Inappropriate Land Use 

Figure 16 shows a comparison of the cartographic 

layers of areas with conflict due to inappropriate land 

use in different periods. The overlapping of 

cartographic layers between productive areas and 

conservation areas represents a significant conflict in 

land use in this municipality and its environmental 

protection areas. The decrease in conservation areas is 

a result of the expansion of the agricultural frontier, 

putting the integrity of ecosystems and biodiversity at 

risk [8]. The sum of the areas in the severe conflict 

amounts to 60% of the buffer zone of the Moor of the 
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Duende National Park. This alteration of the 

ecosystems endangers the function of preserving the 

natural resources of the National Park due to its 

accelerated expansion in the last period. This reflects 

the need to implement policies and processes for land 

management that harmonize productive activities with 

the conservation of ecosystems. It is relevant for these 

areas belonging to the park, the management of 

investment and implementation of sustainable 

production projects and regulated ecotourism 

alternatives, to reduce the pressure on natural 

parks[15]. 

a)            b) c) 

Figure 16. Comparison of areas with conflict due 

to inappropriate land use a) 2001, b) 2015, and c) 

2022 (Municipality of Trujillo, 2001; Municipality 

of Trujillo, 2015; GeoCVC, 2022) 

3.2.7 Implications of Inappropriate Land Use 

The historical-geospatial analysis reveals that the 

transformation of ecosystems has been driven by a 

combination of socioeconomic, political and 

environmental factors. Between 2001 and 2022, 

changes in land use have been observed that have 

accelerated the transformation of ecosystems. The 

expansion of the agricultural frontier for establishing 

crops and livestock has led to a significant loss of 

biodiversity and habitat fragmentation. These 

transformations are related to deforestation and the 

felling of native forests, especially in the western part 

of the municipality. 

Ecosystem fragmentation is one of the main drivers 

of biodiversity loss globally and is linked to the 

expansion of productive activities in conservation 

areas. Analysis of areas with land use conflicts 

confirms that productive activities are incompatible 

with the ecological vocation of the soil, which has 

aggravated the degradation of these ecosystems [6]. 

The pressure exerted by agricultural and livestock 

activities in the RNP buffer zone has led to a 

considerable loss of forest cover, which directly affects 

the species that depend on these ecosystems for their 

survival. In addition, deforested areas tend to be more 

susceptible to erosion processes and soil degradation, 

which perpetuates a cycle of environmental 

deterioration [5]. 

3.3 Social Cartography for the Participatory 

Construction of the Territory 

The research carried out in the buffer zone of the 

Moor of the Duende Regional Park using social 

cartography has contributed to the interaction between 

local communities and the territory. The results focus 

on three main axes: (1) Territorial governance and 

community integration, (2) Community perceptions on 

environmental protection and land use, and (3) Socio-

environmental conflicts and sustainability. 

3.3.1 Territorial Governance and Community 

Integration 

The application of social mapping facilitated the 

collective construction of the territory (Figure 17), as 

well as making visible the local dynamics of land use, 

cultural practices, and ecological structure. Most 

participants, both community members and 

institutional representatives, highlighted the 

importance of involving communities in territorial 

planning processes. This result has contributed to the 

greater legitimacy and governability of the decisions 

taken. According to Griggio [16], this participatory 

approach contributes to reducing socio-environmental 

conflicts by allowing local actors to feel an active part 

of the proposed solutions. In addition, generating 

territorial governability from a bottom-up perspective 

[17]. 

Figure 17. Social Cartography Workshop 

(elaborated by the authors) 

Based on the analysis of the cartography carried out 

with the community, it was possible to identify critical 

areas for the conservation and management of the 

landscape. In this context, traditional productive 
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practices, such as agroecology, are harmoniously 

integrated with environmental protection. This 

statement coincides with what Garcés described [1] 

about the complementarity between rural development 

and the conservation of ecosystems in the territories of 

strategic areas of environmental importance. 

3.3.2 Community Perceptions of Environmental 

Protection and Land Use 

Semi-structured interviews with residents of the 

buffer zone (15 persons) revealed that there is a broad 

acceptance of environmental guidelines and 

conservation figures. The majority (78%) (Figure 18a) 

of respondents associated the protection of the territory 

with defense against macro-extractive projects and the 

possibility of accessing economic resources through 

conservation and ecotourism projects [15]. This 

perception has generated a greater willingness and 

acceptance to adapt production practices toward 

sustainable models, such as the transition from 

conventional crops to agroecological systems. 

However, despite this widespread acceptance, 

some community groups expressed concern about the 

limited access to financial and technical resources that 

would allow them to improve their productive 

practices without compromising environmental 

sustainability (Figure 18b).  

Figure 18. Results of the semi-structured 

interviews (elaborated by the authors) 

As argued in [8], the protection of areas of 

environmental importance cannot be separated from 

the support for the communities that inhabit these 

areas. Because the socioeconomic pressure on 

ecosystems is one of the main factors of environmental 

degradation. 

3.3.3 Socio-Environmental Conflicts and 

Sustainability 

Through the development of the research, socio-

environmental conflicts related to the inappropriate 

use of land and the overexploitation of natural 

resources were identified. One of the main challenges 

is the expansion of monocultures, such as the Hass 

avocado, which has increased the pressure on the soil 

and water resources (Figure 18c). This type of conflict 

is related to the difficulties in reconciling conventional 

productive activities with the protection of 

conservation areas, as proposed in [6]. 

The interviewees also mentioned the lack of clear 

policies regulating productive activities in the buffer 

zone, which has generated tensions between the 

different local actors (Figure 18d). This situation is 

consistent with the previous studies [18], arguing that 

common resources tend to be overexploited in contexts 

where governance is weak or non-existent. 

In this way, it is reiterated that the use of social 

cartography as a tool for the collective construction of 

the territory in the buffer zone of the Moor of the 

Duende National Park under a participatory approach 

allows local communities not only to better understand 

the environmental guidelines but also to actively 

contribute to their definition and application [16]. 

Social mapping has shown its potential to create 

spaces for dialog between the community, institutions 

and other key actors, which coincides with what was 

pointed out in [6] about the importance of including 

social, cultural and environmental aspects in land use 

planning processes. In addition, the applied 

methodology has facilitated the identification of 

conflict areas, which is key to developing management 

strategies that are adapted to local realities, as 

suggested by [5] and [11]. 

However, one of the most important challenges of 

this research is the need to strengthen the mechanisms 

of technical and economic support for the 

communities, as proposed in [7] and [18]. Although 

social mapping has promoted greater governance and 

cohesion among local actors, the sustainability of 

agroecological practices and the conservation of 

ecosystems will depend on the availability of external 

resources. This type of investment will allow 

communities to implement sustainable development 

models through incentives for environmental 

conservation. On the other hand, the research also 

highlights the divergences between the ecological 

structure and rural development, which reflects the 

difficulty in reconciling productive and 

conservationist interests in the region. The 
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interviewees relate productive practices that support 

the inappropriate use of land and that go against the 

conservation of protected areas (Figure 18e). As 

argued in [16], these types of conflicts can be mitigated 

through participatory and democratic environmental 

planning processes that not only focus on the 

protection of ecosystems but also consider the 

economic and social needs of local communities. 

3.4. Mapping Appropriate Land Uses 

3.4.1 Conflicts and Zoning Proposal 

Three levels of conflict were identified in the area, 

classified as low, medium and high. Areas of severe 

conflict (highlighted in red) present problems of 

erosion, soil loss and steep slopes, which are critical 

factors that limit the sustainability of productive 

activities [5]. The zoning proposal made within the 

framework of this research (Figure 17) proposes 

restoration areas for severe conflict zones within the 

RNP. These zones must be transformed, after their 

recovery, into strict preservation areas, as specified in 

the national and international regulatory framework 

for the management of moors [15]. 

For buffer areas, sustainable use is recommended, 

aimed at recovering vegetation cover and reforestation 

with native species. In the districts of Andinápolis, 

Venecia and La Sonora, zoning indicates that most 

production areas are incompatible with conservation 

areas. This justifies the allocation of buffer areas to 

ecological recovery practices [19]. According to the 

guidelines of the RNP Management Plan, uses must 

focus on the provision of ecosystem goods and 

services to promote sustainable rural development and 

competitiveness [8]. 

3.4.2 Environmental Determinants and Proposal for 

Appropriate Uses 

CVC Resolution 564 of 2015 and the studies by 

Carrion [4] and del Río [5] highlight that the 

incorporation of environmental determinants to define 

appropriate uses in buffer zones is crucial to maintain 

the function of mountain ecosystems. In this context, a 

map of suitable uses was designed (Figure 19). The 

soils with a high productive potential located in the 

external zone of the protected area can be used for 

productive forest crops or for sustainable use under 

agroforestry and agroecology practices. 

Areas that serve as buffer zones should prioritize 

their ecological recovery and subsequently be 

allocated to sustainable uses that maintain their 

integrity as preservation zones. These results 

contribute to the updating of planning instruments, 

aligning land use with sustainability criteria and 

environmental governance for the region [18]. 

In the process of zoning the proposed uses, the 

districts of Andinápolis, Venecia and La Sonora were 

evaluated, where a marked incompatibility was 

observed between the areas of environmental 

conservation and the areas of intensive agricultural 

production. 

Figure 19. Proposal for appropriate land uses 

(elaborated by the authors) 

This analysis showed the need to allocate 

ecological recovery and sustainable use activities in 

the buffer zone of the Moor of the Duende National 

Park due to the current pressure from anthropic 

activities and land use conflicts. The biophysical 

conditions of the territory, together with the 

cartographic analysis of the conflicts, allowed us to 

define restrictions and propose measures to reduce, 

control and rehabilitate the environmentally affected 

areas [7], [15]. 

For areas outside the PNR and without protection 

figures located in the three mentioned districts, the 

establishment of forest crops for production, recovery 

and sustainable use is recommended. These areas have 

high levels of impact due to erosion processes, soil 

loss, and steep slopes, factors that limit their use 

options. 

The proposal for zoning and appropriate land uses, 

represented in Figure 18, integrates environmental 

sustainability into the development of the territory, in 

line with Araujo’s vision [6] on the compatibility 

between the environment and agricultural production. 

The implementation of these uses will maintain the 

role of the countryside in the provision of ecosystem 

goods and services [20]. The proposed land use plan 

strengthens rural sustainability and competitiveness, 

promotes community participation, and improves 

governance in the region [1]. 

Intervention in the severe conflict areas, cataloged 

in this research, must focus on ecological restoration 

processes. This approach will allow a transition of 
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these areas toward sustainable use or, where 

appropriate, toward strict preservation management 

once the recovery work is completed. Proposals for 

sustainable use in buffer zones and the emphasis on 

ecological restoration are essential to mitigate 

anthropogenic pressures and preserve the ecosystem 

functionality of the RNP and its adjacent areas [19]. 

4. Conclusion
The historical line of the Moor of the Duende

National Parky and the municipality of Trujillo reflects 

how colonization processes, agricultural expansion 

and tensions over land use have affected the 

sustainability of local ecosystems. Historical events 

such as massive deforestation, the development of the 

coffee economy, and the intensive use of 

agrochemicals during the green revolution contributed 

to a significant loss of biodiversity and expansion of 

the agricultural frontier. However, these circumstances 

prompted subsequent recognition and environmental 

protection of the moor, motivated by regional, national 

and global policies that managed to integrate strategic 

ecosystems into territorial planning. 

The consolidation of the Moor of the Duende as a 

natural park has been a complex process influenced by 

cultural, political, social and environmental factors. 

Conservation efforts faced challenges such as violence 

and the presence of armed groups in the territory, 

which limited interventions. Despite these obstacles, 

environmental policies and the creation of the SIDAP 

contributed to establishing a protection framework, 

which was consolidated with the reformulation of the 

environmental management plan and the delimitation 

of the park in 2018. This trajectory has positioned the 

Moor of the Duende as the most preserved ecosystem 

in Colombia, standing out for its resilience and the 

commitment of the local community. 

The analysis of conflicts due to inappropriate land 

use in the buffer area of the Moor of the Duende 

National Park reflects how agricultural expansion and 

overuse of land have generated significant pressures 

on local ecosystems. The implementation of 

productive activities in conservation areas has 

increased the loss of forest cover and the fragmentation 

of habitats, affecting biodiversity and ecological 

balance. These results underline the need for land 

management policies that harmonize land use with 

ecological vocation, promoting sustainable production 

alternatives and reducing agricultural expansion in 

areas of high environmental sensitivity. 

Soil erosion in the municipality of Trujillo, 

especially in the RNP buffer area, represents a critical 

problem associated with intensive and unplanned land 

use, increased by agricultural practices on steep and 

highly erosive terrain. The increase in areas with 

severe erosion between 2001 and 2022 shows the 

pressure exerted by intensive agriculture in this buffer 

zone, which compromises the protective function of 

this region. This highlights the need to implement soil 

management strategies that reduce erosion and 

prioritize its conservation, specifically in areas 

adjacent to highly vulnerable ecosystems. 

The implementation of social mapping in the buffer 

zone of the Moor del Duende Regional Park has 

facilitated a greater understanding of local dynamics 

and the interaction between communities and their 

territory, promoting inclusive governance. Through 

this participatory tool, it was possible to make visible 

both the critical areas for conservation and community 

perceptions on sustainable land use. This approach has 

allowed local actors to identify and prioritize socio-

environmental conflicts that affect the sustainability of 

their productive practices, strengthening community 

integration in land management and promoting a rural 

development model that respects and protects local 

ecosystems. 

The generation of a map of appropriate land uses in 

the Moor of the Duende National Park and its buffer 

zone has allowed us to identify priority areas for 

preservation, restoration, recovery, conservation and 

sustainable use. Finally, the superposition of 

cartographic layers is a method that allows the 

consolidation of a cartography of appropriate uses 

based on the zoning of conflicts due to inappropriate 

land use and the main ecological structure (MES). The 

resulting zoning reveals incompatibilities between 

productive and conservation areas and establishes 

measures to reduce pressure in areas of severe conflict, 

promoting land use that balances environmental 

sustainability and rural development. 
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