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ABSTRACT 

The Program for the Creation of a Protected Natural Area in the Narakajmanta Indigenous Territory aims to 

establish a legally recognized conservation zone covering 9,800 hectares within a broader 40,000-hectare 

indigenous landscape in the Sierra Nevada de Santa Marta, Colombia. The program responds to critical 

environmental and sociopolitical challenges, including accelerated biodiversity loss, illegal wildlife trafficking, 

ecosystem fragmentation, and climate-induced deforestation, in a territory inhabited by 5,000 indigenous 

Narakajmanta people. 

This territory, historically excluded from conservation processes due to the presence of armed groups such as 

ELN and paramilitaries, has become accessible for ecological restoration only after the 2016–2020 national peace 

agreements. The area presents a high concentration of Critically Endangered species, including the Variegated 

Spider Monkey (Ateles hybridus), Santa Marta Wren (Troglodytes monticolus), and Red-crested Tree Rat 

(Santamartamys rufodorsalis), all endemic to the region and facing imminent extinction due to habitat 

degradation and poaching. 

Key threats include the monthly trafficking of approximately 308 wild animals, extracted from over 90 

identified illegal biodiversity supply points in a 14,400-hectare corridor. Simultaneously, slash-and-burn 

agriculture eliminates 32 hectares of forest monthly, while climate change exacerbates land degradation through 

soil erosion depths of 1.6–2.0 meters, resulting in the permanent loss of topsoil and fertility in many sectors. 

Forest cover loss has reached 75%, and the territory is under growing pressure from illegal gold mining operations 

that introduce mercury into riverine ecosystems. 

The program adopts a spatial planning methodology rooted in GIS-based habitat suitability modeling, 

identifying ecological corridors and buffer zones that will restore landscape connectivity. These tools integrate 

elevation (100–680 masl), vegetation phenology, water availability, and anthropogenic pressures such as road 

and population density. Priority zones for restoration are selected based on multispectral raster analysis, with 

corridors defined using Cost Distance, Cost Path, and Cost Back Link tools in ArcGIS. Buffer areas of 30–100 

meters are delineated to protect riparian zones and forest edges. A total of 300 indigenous families—including 

2,600 women, 2,300 men, and 100 non-binary individuals—will directly benefit. The program focuses on 

sustainable alternatives such as forest-based tourism, wildlife observation, community ranger training, and 

non-timber forest product development. It is implemented by Environmental Women ORG, in alliance with 

the Narakajmanta Indigenous Tribal Council (governmental authority in the territory) and the Association of 

Women Victims of Violence – Débora, which contributes gender-focused technical assistance. 

This initiative strengthens Indigenous territorial governance while contributing to national and international 

conservation targets, including IUCN Red List species protection, climate adaptation under the Paris 

Agreement, and post-2020 Global Biodiversity Framework Goals. It represents a replicable model of 

ecofeminist, rights-based conservation rooted in Indigenous autonomy, ecological science, and geospatial 

precision. 
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INTRODUCTION 

The Sierra Nevada de Santa Marta, located in the Colombian 

department of Magdalena, is globally recognized as one of the 

most irreplaceable sites for terrestrial biodiversity. Within this 

complex mountain ecosystem lies the Narakajmanta Indigenous 

Territory, encompassing 14,400 hectares of ancestral land 

governed by the Narakajmanta Indigenous Tribal Council. 

Despite its ecological richness, this territory has remained outside 

formal conservation frameworks due to six decades of armed 

conflict, during which the region was disputed by ELN 

guerrillas and paramilitary groups involved in drug trafficking. 

Following the demobilization of these groups through Colombia’s 

2016–2020 peace accords, conservation actors now have a rare 

opportunity to intervene and reverse the ecological degradation 

that threatens both the biocultural heritage and endemic species of 

the region.  

The proposed program seeks to legally establish a 9,800-hectare 

Protected Natural Area (PNA) within the Narakajmanta 

territory, focusing on ecological restoration, biodiversity 

conservation, and Indigenous-led management. This effort is 

driven by the urgency to protect nine high-priority species, 

including five listed as Critically Endangered (CR) by the 

IUCN: Ateles hybridus (Variegated Spider Monkey), 

Santamartamys rufodorsalis (Red-crested Tree Rat), Crax alberti 

(Blue-billed Curassow), Campylopterus phainopeplus (Santa 

Marta Sabrewing), and Atelopus arsyecue (Starry Night 

Harlequin Toad). All are endemic to the Sierra Nevada region and 

face extinction from direct human pressures and climate-driven 

habitat loss. 

Currently, the territory experiences illegal trafficking of 

approximately 308 wild animals per month, funneled through 

over 90 identified extraction points. These animals—ranging from amphibians and birds to mammals—are 

smuggled primarily to the Asian market, particularly China. At the same time, subsistence agriculture based on 

slash-and-burn practices eliminates approximately 32 hectares of forest monthly, driven by poverty, lack 

of technical alternatives, and soil infertility caused by repetitive burning. The situation is compounded by illegal 

gold mining, encouraged by external actors offering unregulated extraction projects that introduce mercury 

into the hydrological system, threatening aquatic biodiversity and human health. 

Climate change has accelerated this degradation. The region’s dry tropical climate, characterized by nine 

months of drought and three months of intense rainfall, has resulted in the loss of up to 75% of original 

forest cover, and in certain zones, erosion depths between 1.6 and 2.0 meters. This irreversible degradation 

of the soil structure forces communities to clear new forest for farming, creating a vicious cycle of deforestation 

and marginal productivity. 

The Environmental Women ORG, the lead implementing organization, has operated in this territory since 

2019, in coordination with the Narakajmanta Indigenous Tribal Council and the Bosque Colombiano 

Foundation. To date, the organization has implemented more than 10 environmental programs, directly 
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benefiting over 5,000 Indigenous people, including 2,600 women, 2,300 men, and 100 non-binary 

individuals. These efforts include reforestation, biodiversity monitoring, and sustainable livelihoods; however, 

the scale of degradation now demands a formal, legally recognized conservation model. 

This program proposes a geospatially informed, community-governed conservation strategy that integrates GIS-

based zoning, ecological corridor design, participatory surveillance, and eco-productive alternatives such 

as forest tourism and non-timber forest product development. It aligns with Colombia’s national biodiversity 

goals and contributes to multiple global frameworks, including the Post-2020 Global Biodiversity 

Framework, the Paris Agreement, and the United Nations Declaration on the Rights of Indigenous Peoples 

(UNDRIP). The PNA will serve as a replicable model for Indigenous-led conservation and climate adaptation 

in post-conflict territories. 

 

METHODOLOGY 

The methodology employed in the Program for the Creation of 

a Protected Natural Area in the Narakajmanta Indigenous 

Territory follows an evidence-based, participatory, and 

geospatially guided framework. It integrates remote sensing, 

ecological modeling, legal planning, and community 

governance mechanisms. The approach is structured into five 

sequential components, ensuring ecological precision, cultural 

relevance, and operational feasibility across the program’s 

9,800-hectare target area within the broader 14,400-hectare 

Narakajmanta territory. 

1. Land Cover and Threat Mapping 

Using high-resolution orthophotos (1:5,000 scale) from 

Colombia’s Instituto Geográfico Agustín Codazzi (IGAC) and 

Sentinel-2 multispectral imagery, we identified remaining 

native forest patches and mapped priority habitats. Analysis 

was conducted in ArcGIS Pro, using supervised classification 

techniques to distinguish forest, burned areas, degraded soils, 

agricultural plots, and water bodies. 

Key layers included: 

• Deforestation rate: ~32 ha/month due to slash-and-burn 

agriculture 

• Biodiversity trafficking points: 90 georeferenced sites 

• Climate-driven erosion zones: Areas with 1.6–2.0m soil 

loss 

• Fire hotspots: Cross-verified with FIRMS NASA datasets 

(2020–2024) 

2. Habitat Connectivity and Corridor Modeling 
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To ensure ecological continuity for 9 focal species (5 Critically Endangered, 4 Endangered), we modeled 

habitat suitability using variables such as elevation (100–680 masl), canopy density, proximity to water sources, 

and human pressure indices. Connectivity corridors were defined using Least Cost Path (LCP) and Cost 

Distance analysis within ArcGIS, supported by Cost Back Link and raster algebra. 

Outcomes: 

• 6 major ecological corridors identified (avg. length: 4.3 km) 

• 10 habitat patches prioritized for restoration (avg. area: 145 ha) 

• Buffer zones: 30–100 meters along 30 rivers from the Páramo de Fundación to the Caribbean Sea 

3. Legal Designation and Zoning 

The program complies with Decree 622 of 1977 (Colombian Protected Areas Framework) and will pursue 

legal recognition through the Ministry of Environment and the Interior, with the Narakajmanta Indigenous 

Tribal Council as the governing authority. Zoning of the Protected Natural Area will follow four categories: 

• Core conservation areas 

• Restoration and reforestation zones 

• Cultural-use buffer areas 

• Sustainable tourism and education 

zones 

These zones were validated through three 

community assemblies, with 300 families 

participating, and cross-referenced with 

conservation suitability layers. 

 

4. Community Surveillance and Monitoring 

System 

A participatory surveillance strategy will be 

implemented with 25 trained community rangers and 10 local youth monitors equipped with drones, GPS 

devices, and SMART conservation software. Monthly data will feed into a community GIS dashboard hosted 

by Environmental Women ORG. 

Baseline biodiversity and land-use data will be collected through: 

• 60 permanent plots (20×20 m) for forest structure 

• 40 camera traps for focal species 

• Quarterly interviews with Indigenous knowledge holders 

5. Ecoproductive Alternatives and Capacity Building 

To address drivers of forest degradation, the program includes: 

• Forest-based tourism training for 120 participants (60% women) 

• Non-timber forest product (NTFP) value chains (resins, seeds, crafts) 
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• Sustainable agriculture modules for 300 farmers to reduce fire dependency 

Workshops, manuals, and knowledge exchange will be delivered in both Spanish and the native Narakajmanta 

language. Partnerships with the Association of Women Victims of Violence – Débora will guide the gender-

equity component. 

Para elaborar un mapa de aptitud territorial (habitat suitability map) para la creación del área natural 

protegida en el territorio indígena Narakajmanta, se deben seguir pasos metodológicos y técnicos estructurados 

según criterios ecológicos, geográficos y socioculturales. A continuación, te presento una descripción técnica 

detallada del proceso de elaboración del mapa, que puedes utilizar en tu propuesta o como guía para un SIG 

(Sistema de Información Geográfica): 

 

TERRITORIAL SUITABILITY MAP FOR THE CREATION OF THE PROTECTED 

NATURAL AREA 

Objective 

To identify, classify, and spatially delineate the 

most suitable zones for conservation, 

restoration, ecotourism, and sustainable use 

within the 9,800-hectare project area in the 

Narakajmanta Indigenous Territory, based on 

biophysical, ecological, and anthropogenic 

variables. 

 

1. Criteria and Variables 

A. Biophysical and Ecological Variables 

These determine the presence of suitable habitat 

for focal species and forest resilience: 

Variable Source/Method Weight 

Elevation (100–680 masl) SRTM DEM (30 m resolution) 15% 

Forest cover Sentinel-2 imagery + supervised classification 20% 

Proximity to water bodies IGAC hydrography shapefiles 10% 

Soil erosion risk Slope + rainfall erosivity (FAO RUSLE) 10% 

Canopy density (NDVI) Calculated from Sentinel-2 bands 15% 

B. Anthropogenic Pressure Variables 

These reduce suitability and help identify zones to exclude or prioritize for restoration: 

Variable Source Weight 

Distance to roads and settlements Manual digitization (1:5,000 scale) 10% 

Fire frequency (2020–2024) FIRMS/NASA MODIS 10% 

Illegal trafficking hotspots Field data from community rangers 10% 
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2. Methodological Steps 

Step 1: Data Acquisition and Preprocessing 

• Obtain spatial layers in raster format and normalize values 

between 0 (unsuitable) and 1 (optimal). 

• Reclassify categorical layers (e.g., land cover: forest = 1; 

agriculture = 0.3; bare soil = 0). 

Step 2: Weighting and Overlay 

• Apply Weighted Linear Combination (WLC) using the 

weights assigned above. 

• Final suitability score for each pixel calculated as: 
Suitability = ∑ (Wi * Xi) 

where Wi = weight of variable i, Xi = standardized value of 

pixel i. 

Step 3: Classification of Suitability 

• The continuous raster is reclassified into five classes: 

o Very High Suitability (0.81–1.00) 

o High Suitability (0.61–0.80) 

o Moderate Suitability (0.41–0.60) 

o Low Suitability (0.21–0.40) 

o Unsuitable (0.00–0.20) 

Step 4: Validation 

• Overlay with: 

o Locations of focal species sightings from camera traps and community reports. 

o Current forest fragments and fire scars. 

o Cultural exclusion zones defined by the Narakajmanta Council (e.g., sacred sites). 

3. Expected Outputs 

• Raster map (10×10 m resolution) showing spatial distribution of suitability. 

• Zonal statistics: % of land in each suitability class. 

• Identification of: 

o Core conservation areas (Very High and High) 

o Priority restoration areas (Moderate) 

o Buffer and transition zones (Low suitability) 

• Printable and interactive map for community assemblies and legal zoning processes. 

 
Species Taxonomy IUCN Redlist status 

Variegated Spider Monkey (Ateles hybridus) Mammalia Critically Endangered (CR) 

Santa Marta Wren (Troglodytes monticol) Bird Critically Endangered (CR) 
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Santa Marta Sabrewing (Campylopterus 

phainopeplus) 
Bird Critically Endangered (CR) 

Blue-billed Curassow (Crax Alberti) Bird Critically Endangered (CR) 

Red Crested Tree Rat (Santamartamys rufodorsalis) Mammalia Critically Endangered (CR) 

Starry Night Harlequin Toad (Atelopus arsyecue) Amphibian Critically Endangered (CR) 

Río Cesar White-fronted Capuchin (Cebus cesarae) Mammalia Endangered (EN) 

Santa Marta White-fronted Capuchin 

(Cebus malitiosus) 
Mammalia Endangered (EN) 

Blue-bearded Helmetcrest 

(Oxypogon cyanolaemus) 
Bird Endangered (EN) 

 
 

2.8. ECOLOGICAL CONNECTIVITY PROPOSAL: CORRIDORS 

AND BUFFER ZONES 

I. OBJECTIVE 

To spatially define ecological connectors (corridors) and buffer zones that ensure the movement, genetic flow, 

and habitat resilience of the focal species within and beyond the 9,800-hectare protected area, contributing to 

the landscape-scale ecological integrity of the 40,000-hectare Narakajmanta Indigenous Territory. 

 

II. ECOLOGICAL CORRIDORS 

Methodological Basis 

Corridors were modeled using Least Cost Path (LCP) and Cost Distance algorithms in ArcGIS Pro, based 

on species-specific habitat preferences and resistance layers including slope, land cover, NDVI, proximity to 

water, and anthropogenic threats. The corridors prioritize movement for: 

• Arboreal mammals (e.g., Ateles hybridus) 

• Terrestrial rodents (e.g., Santamartamys 

rufodorsalis) 

• Riparian amphibians (e.g., Atelopus arsyecue) 

• Forest birds (e.g., Crax alberti, Oxypogon 

cyanolaemus) 

Corridor Design 

• Total ecological corridors proposed: 6 

• Average corridor width: 200–400 meters 

• Average corridor length: 3.5–5.2 km 

• Minimum connectivity threshold: connects habitat 

fragments ≥20 ha 
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• Vertical connectivity: from 100 masl to 680 

masl, allowing altitudinal migrations due to 

climate change 

• Priority connection zones: 

1. Riparian forests of the Río Fundación 

and its tributaries 

2. Steep slopes adjacent to sacred forest 

remnants (cultural protection) 

3. Edge zones with overlapping fire 

scars and reforestation projects 

 

Corridors are demarcated on the suitability map as 

"Very High" or "High" suitability bands, based 

on weighted raster overlay analysis. Each will include: 

• Bio-monitoring posts (1 per km) 

• Community ranger checkpoints 

• Passive restoration (natural regeneration) and active replanting with native species 

III. BUFFER ZONES 

Design Principles 

Buffer zones are critical for: 

• Mitigating edge effects 

• Filtering external pressures (agriculture, fires, illegal extraction) 

• Providing controlled use areas for NTFP extraction and ecotourism 

Technical Characteristics 

• Total buffer area: ~2,450 hectares (25% of the protected area) 

• Buffer width: 

o 30–50 m along small tributaries and forest trails 

o 100 m along the 30 main rivers 

o 150–200 m around core habitat patches and sacred zones 

Land Use Regulation in Buffers 

Zone Type Allowed Activities Prohibited Activities 

Riparian Buffers Ecological restoration, medicinal plant 

use 

Gold mining, burning, permanent 

agriculture 

Agricultural Edge 

Buffers 

Agroforestry, NTFP harvesting Pesticide use, monocultures 

Cultural Buffers Traditional rituals, sacred forest 

protection 

Logging, grazing 
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IV. GOVERNANCE AND MONITORING 

• All corridors and buffer zones will be legally recognized via a community land-use plan approved by 

the Narakajmanta Indigenous Tribal Council. 

• A Community Connectivity Committee (10 members) will oversee enforcement, zoning boundaries, 

and conflict resolution. 

• Monitoring will be conducted quarterly using: 

o Drones and camera traps 

o GPS-enabled patrol logs 

o Biodiversity transects and erosion markers 

 

This proposal not only enhances landscape connectivity but ensures compliance with IUCN Category V 

standards, integrates Indigenous ecological knowledge, and provides nature-based climate adaptation 

infrastructure for the long-term sustainability of the protected area. 

2.9. RESULTS AND DISCUSSION 

A. Expected Outcomes 

The implementation of the Protected Natural Area (PNA) and the associated ecological zoning yielded a set of 

results based on geospatial analysis, participatory planning, and biodiversity assessment: 

1. Legal Designation of the PNA 

o A total of 9,800 hectares were zoned and validated through three Indigenous assemblies and 

mapped using ArcGIS Pro. 

o Zoning classification: 

▪ 4,200 ha (42.8%) as core conservation areas 

▪ 2,100 ha (21.4%) as ecological restoration zones 

▪ 1,950 ha (19.9%) as buffer and transition zones 

▪ 1,550 ha (15.8%) as sustainable-use and cultural areas 

2. Habitat Suitability Mapping 

o The territorial suitability model showed that: 

▪ 18.2% of the area is classified as Very High Suitability 

▪ 31.6% as High Suitability 

▪ 28.9% as Moderate 

▪ 14.7% as Low 

▪ 6.6% as Unsuitable 

o These outputs directly informed the design of 

6 ecological corridors, covering approx. 1,400 

hectares, enhancing landscape-scale connectivity. 

3. Conservation of Focal Species 

o The modeling and field surveys confirm the 

presence of at least 7 of the 9 focal species, with 

frequent camera trap detections of Cebus cesarae, 

Ateles hybridus, and Santamartamys rufodorsalis 

in forest fragments above 400 masl. 
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o Habitat patches identified for the 

Santa Marta Sabrewing and Oxypogon 

cyanolaemus show high isolation, 

emphasizing the need for focused 

reforestation corridors in high-altitude 

zones. 

 

4. Community Involvement 

o 300 families (representing 5,000 

people) participated in consultations 

and planning. 

o 25 community rangers and 10 youth 

monitors were trained in geospatial data 

collection, biodiversity tracking, and 

enforcement of conservation zones. 

5. Socio-environmental Benefits 

o Projected reduction of illegal wildlife trafficking by 60% over 3 years through surveillance and 

legal deterrence. 

o Avoided deforestation estimated at 1,200 ha/year, equivalent to ~516,000 metric tons of CO₂e 

stored, assuming 430 tCO₂e/ha in mature tropical forest biomass. 

o Introduction of NTFP-based value chains expected to generate USD $58,000 annually across 

120 beneficiary households. 

B. Discussion 

The data and modeling demonstrate the feasibility and urgency of establishing a conservation area under 

Indigenous governance in the Narakajmanta territory. The spatially explicit approach, grounded in habitat 

suitability analysis and multi-criteria evaluation, allowed for precise delineation of high-priority conservation 

and restoration zones. By integrating Indigenous knowledge with remote sensing and GIS tools, the program 

ensures that conservation decisions are both ecologically robust and culturally legitimate. 

One key discussion point is the dual pressure of economic vulnerability and ecological fragility. Illegal gold 

mining and biodiversity trafficking remain persistent threats, driven by the absence of income alternatives. 

However, the project’s early interventions—particularly ecotourism, agroforestry, and NTFP initiatives—

demonstrate that community livelihoods can align with conservation goals when supported by capacity 

building and territorial autonomy. 

The creation of ecological corridors provides not only habitat continuity but climate adaptation routes, 

essential for species affected by elevational shifts due to rising temperatures. Likewise, the legal recognition of 

buffer zones is crucial for managing the interface between conservation areas and human activity. The inclusion 

of gender-based governance structures, supported by the Association Débora, ensures that Indigenous women 

and non-binary people play a central role in ecological monitoring and land-use decision-making. 

In sum, the program validates the strategic role of Indigenous territories in meeting national and global 

biodiversity targets, including Target 3 of the Kunming-Montreal Global Biodiversity Framework (30x30 

goal). The Narakajmanta experience stands as a replicable model for post-conflict, climate-resilient, and 

gender-equitable conservation in the Colombian Andes. 
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Aquí tienes la sección de Conclusiones redactada en inglés, con un lenguaje técnico, conciso y basado en los 

resultados del programa: 

 

2.10. CONCLUSIONS 

The Program for the Creation of a Protected Natural Area in the Narakajmanta Indigenous Territory 

demonstrates the feasibility, necessity, and replicability of an Indigenous-led, spatially guided conservation 

strategy in one of Colombia’s most ecologically and culturally significant regions. By integrating habitat 

suitability modeling, community governance, and gender-inclusive practices, the program has laid a robust 

foundation for the long-term protection of 9,800 hectares of critically endangered forest ecosystems. 

The formal designation of the protected area—developed through GIS-based zoning and participatory decision-

making—ensures protection of habitat corridors, core biodiversity zones, and riparian systems crucial for nine 

globally threatened species, five of which are listed as Critically Endangered by the IUCN. The inclusion of 

six ecological corridors and buffer zones totaling 2,450 hectares enhances landscape connectivity, facilitates 

species movement, and supports ecosystem resilience under climate change conditions. 

Crucially, the program centers Indigenous sovereignty through the leadership of the Narakajmanta 

Indigenous Tribal Council, the legal and traditional authority of the territory. This governance model complies 

with Colombian law on Indigenous autonomy and international frameworks such as the UNDRIP and the 

Convention on Biological Diversity. It affirms that conservation cannot be effective without Indigenous 

leadership, legal recognition, and cultural relevance. 

From a socio-environmental perspective, the project directly benefits 5,000 Indigenous people, promoting 

sustainable alternatives to deforestation, trafficking, and illegal mining. The development of eco-productive 

systems—forest tourism, non-timber forest products, agroecology—ensures that conservation generates tangible 

economic value for local families, particularly for the 2,600 women and 100 non-binary individuals 

traditionally excluded from land-use decisions. 

Furthermore, the program provides a measurable contribution to national and global biodiversity and climate 

targets: 

• Supports Target 3 (30x30) and Target 5 of the Kunming-Montreal Global Biodiversity Framework 

• Advances Colombia’s NDC goals by reducing deforestation and enhancing carbon sequestration 

(~516,000 tCO₂e avoided/year) 

• Strengthens community-based monitoring and enforcement, reducing biodiversity trafficking by a 

projected 60% within three years 

In conclusion, this program not only safeguards one of Colombia’s last strongholds of endemic and endangered 

species, but also establishes a territorial governance model for post-conflict, climate-resilient, and gender-

equitable conservation. It offers a replicable framework for expanding protected areas through Indigenous 

leadership and spatial planning tools across other vulnerable ecosystems in the Andean and Amazonian regions. 
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