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Abstract 44 

Identifying strategies that offer co-benefits for biodiversity protection, forest restoration and 45 

human well-being are important for successful conservation outcomes. In this study, we 46 

identified opportunities where forest restoration and rehabilitation programs in Colombia also 47 

align with priority areas for the conservation of Neotropical migratory birds. We used citizen 48 

science eBird-based abundance estimates to define regions with the highest richness of 49 

Neotropical migratory birds of conservation concern at montane elevations in Colombia and 50 

aligned these high richness areas with domestic initiatives for forest protection (Forest Areas), 51 

restoration (Restoration Areas) and rehabilitation (Rehabilitation Areas). We quantified the 52 

location and amounts of these three areas as well as the type of land protection and designation 53 

within them, specifically, National Protected Areas, Indigenous Reserves, Afro-descendent 54 

territories, and regions affected by poverty and violence that are prioritized for rural development 55 

by the Colombian government in Post-conflict Territorially Focused Development Programs 56 

(PDET). Almost half of Forest Areas overlapped with PDETs where goals for economic 57 

development present a risk of forest loss if not done sustainably. There was a 20% overlap 58 

between Forest Areas and Afro-descendant territories and indigenous reserves; most of this 59 

overlap was outside of established protected areas thus presenting an opportunity for community 60 

forest conservation that benefits migratory birds. We found an alignment of less than 6% 61 

between migrant bird focal areas and the priority Restoration and Rehabilitation Planning Areas 62 

identified by the Colombian National Restoration Plan indicating less opportunity for these 63 

programs to simultaneously benefit Neotropical migrant species. Our approach highlights that 64 

timely and efficient conservation of declining migrants depends on identifying the regions and 65 

strategies that incorporate local communities as part of the solution to forest loss and degradation 66 

in Colombia. 67 

 68 

 69 

 70 
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Highlights 73 

Colombia covers over half of key wintering areas for migratory birds in South America 74 

Most of the migrants’ overwinter range overlaps with working landscapes 75 

Priority national restoration/rehabilitation areas are ineffective to benefit migrants 76 

Forest conservation needs actions involving vulnerable and minority groups 77 

 78 
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Introduction 96 

With multiple competing demands for land use and limited resources for conservation, national 97 

institutions mandated to recover declining species are increasingly being tasked to do more with 98 

less (Murdoch et al., 2007). Under such circumstances, the success of conservation programs 99 

could be enhanced if multiple initiatives are addressed simultaneously, resulting in a win-win 100 

approach (López-Cubillos et al., 2022). For example, institutions might differentially focus on 101 

either conserving tropical biodiversity or enhancing rural economic development, but both 102 

benefit from forest conservation and/or restoration to create a more sustainable landscape for 103 

biodiversity and humans alike (Chazdon, 2008). In this study, we show the potential to align 104 

conservation efforts to protect declining migratory bird species with forest protection and 105 

restoration initiatives in Colombia that aim to improve the welfare and resilience of local 106 

communities.  107 

The South American Andes are an important non-breeding (i.e., wintering) area for many 108 

Neotropical migratory birds that migrate between their temperate breeding grounds in North 109 

America and their wintering grounds in the Neotropics. Among all Neotropical migrant birds, 110 

population declines are particularly severe for those species that overwinter in South America 111 

where 40% of the total bird abundance has been lost in the last 50 years and 76% of species are 112 

in decline (Rosenberg et al., 2019). The northern Andes of Colombia in particular is a region of 113 

high conservation importance due to the number of declining Neotropical migrant species 114 

occurring there (Wilson et al., 2019) with evidence indicating that habitat loss and degradation in 115 

the Andes being the primary cause of these declines (González et al., 2017; Kramer et al., 2018; 116 

Wilson et al., 2019, 2018). Recognition of the importance of the Andes to Neotropical migrants 117 

has resulted in governmental and non-governmental organizations (NGOs) from Canada and the 118 

United States directing resources to conservation efforts in South America, particularly towards 119 

those species on federal or regional conservation priority lists where there is a mandate for their 120 

recovery (ESA, 1973; SARA, 2002; Wilson et al., 2022). 121 

The Colombian wintering range of most Neotropical migrants of conservation concern falls 122 

within mid elevations of mountainous regions between 1000-2300 m asl (Cespedes et al., 2021; 123 

Céspedes and Bayly, 2019; Colorado et al., 2012). These regions have had a long and persistent 124 

history of high anthropogenic impact with the result that they are now highly modified 125 
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(Armenteras et al., 2011; Correa Ayram et al., 2020). Across mid elevations along inter-Andean 126 

valleys where the core of the human colonization frontier was located, the expansion of crop 127 

agriculture and cattle pastures were the major drivers of deforestation (Etter et al., 2008). As a 128 

result of these transformations, many montane regions in Colombia are already highly 129 

developed, with deforestation hotspots now progressing into more remote and inaccessible 130 

regions where remaining native forest is concentrated (Armenteras et al., 2011, 2003; González 131 

et al., 2018).  132 

Colombia also went through over 50 years of armed conflict (1964-2016) with the Revolutionary 133 

Armed Forces of Colombia (FARC-EP) until a Peace Agreement was signed in 2016 (JEP 2016). 134 

The internal conflict further shaped rural landscapes by affecting livelihoods and agricultural 135 

production, with small farmers being the most affected (Arias et al., 2014). For instance, between 136 

2000 and 2016 there was some recovery of woody vegetation in the highly deforested 1000-1500 137 

m elevation belt where, driven by forced displacement of the rural population during the armed 138 

conflict,  the abandonment of pasture and crops (Aide et al., 2019). However, that succession is 139 

already being reversed and further forest loss is projected across the country with the 140 

implementation of the Colombian post-conflict land reform which incentivizes rural economic 141 

development (Negret et al., 2017; Zúñiga-Upegui et al., 2019).  142 

At the same time, concern over forest loss and degradation has led to a growing recognition of 143 

the importance of landscape protection and restoration within Colombia (Minambiente, 2015; 144 

Ministerio de Agricultura y Desarrollo Rural, 2020), specially for forest dependent birds (Negret 145 

et al., 2021). Landscape restoration in particular is emphasized as part of the Ecological 146 

Restoration, Rehabilitation and Recuperation of Degraded Areas National Plan (hereafter 147 

National Restoration Plan, Vanegas Pinzón et al., 2015). This plan aims to guide and promote 148 

integral ecological restoration processes during the next 20 years to recover the structure, 149 

composition and function of ecosystems in order to recover biodiversity and ecosystem services 150 

in key degraded areas of the country. The plan identified priority regions where the ecosystem 151 

can either be i) restored and returned to a natural state when the amount of degradation is low, ii) 152 

rehabilitated when returning to the natural state is possible but challenging under moderate levels 153 

of degradation, or iii) recuperated to some extent when degradation is severe (Vanegas Pinzón et 154 

al., 2015). To examine the potential for dual benefits from this plan to migratory animals and 155 
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rural human populations, we combined information on the wintering distribution of Neotropical 156 

migrant birds with areas targeted by the plan. Importantly, Colombia’s efforts towards increasing 157 

protected areas and restoration may present an opportunity to align and coordinate the 158 

conservation of Neotropical migrants that are dependent on forested areas and whose recovery 159 

will benefit from restoration. 160 

 161 

We used data on avian distribution and abundance from the eBird Status and Trends project 162 

(Fink et al., 2018) to define priority overwintering regions in the Colombian Andes for six 163 

Neotropical migrant species that are the focus of ongoing local and international conservation 164 

efforts. We then overlaid focal areas of high richness for these species with the distribution of 165 

protected and unprotected forests (hereafter ‘Forest Areas’), and lands prioritized for 166 

rehabilitation (‘Rehabilitation Planning Areas’) and restoration (‘Restoration Planning Areas’) in 167 

the Colombian National Restoration Plan (Vanegas Pinzón et al., 2015). This was done to 168 

delineate areas where forest protection, rehabilitation and restoration has an opportunity to 169 

benefit migratory bird conservation. After identifying these Forest, Rehabilitation and 170 

Restoration Planning Areas, we quantified the extent of lands stewarded by local communities 171 

because we assume this will further influence the likely activities on those lands and the 172 

strategies needed to recover migratory birds. To examine stewardship, we identified the overlap 173 

between these three areas and 1) Protected Areas; 2) Afro-descendant territories, Indigenous 174 

Reserves; 3) Post-conflict Territories, which are regions particularly affected by poverty, 175 

violence and inequality prioritized for rural development by the Colombian Government as 176 

detailed in Post-conflict Development Programs; and 4) with the jurisdiction of state entities 177 

responsible for environmental planning and administrating natural resources at a regional level. 178 

Although we focused on Colombia, this approach is also relevant to other countries in northern 179 

South America, Central America and the Caribbean developing plans for conservation and 180 

restoration of habitat for Neotropical migrants.  181 

 182 

 183 

 184 

 185 

 186 
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Methods 187 

 188 

Study area 189 

The area of geographic review was across the Andean mountains of Colombia. This region is a 190 

global hotspot of threatened and endemic bird species (Orme et al., 2005); and is considered 191 

critical for global biodiversity conservation (Myers et al., 2000). The Andes of Colombia are 192 

divided into three cordilleras separated by dry and deep basins. The Cauca basin separates the 193 

West and Central cordilleras, and the Magdalena basin separates the Central and East cordilleras. 194 

Andean forest zoning along the slopes of each cordillera is mainly defined by gradients of 195 

temperature and precipitation relative to elevation as follows (Holdridge, 1947): Tropical low-196 

elevation forest (<900–1,000 m), Premontane forest (1000-2000 m asl), Lower Montane forest 197 

(2000-3000 m asl), and Montane forest (3000-4000 m asl). Precipitation varies within each 198 

elevation belt resulting in further classification of forest into moist forest (1000-2000 mm/year), 199 

wet forest (2000-4000 mm/year), and rain forest (>4000 mm/year). 200 

 201 

Our study region encompassed the elevation belt between 1000-2300 m asl (hereafter Montane 202 

Forest or Montane elevations). We chose this elevation belt for four reasons: 1) Several 203 

Neotropical migrants showing population declines depend on forest and agroecosystems located 204 

across that range in South America (Céspedes et al., 2021; Céspedes and Bayly, 2019; Colorado 205 

et al., 2012; González et al., 2020b; Kramer et al., 2018), 2) the range has a persistent history of 206 

loss of natural habitat driven by pastoral, agricultural and urban development that continues 207 

today across South America (Armenteras et al., 2011; Tejedor-Garavito et al., 2012), 3) drivers 208 

of habitat loss here differ from regions located below 1000 m asl (González et al., 2018, 209 

Supplemental Material Table 1), and 4) this range is the geographic focus of ongoing efforts for 210 

the conservation of declining Neotropical migrants (Partners In Flight, 2019). 211 

Analysis 212 

Our prioritization targeted six Neotropical migratory species of conservation concern listed on 213 

Canada’s Species at Risk Act (SARA 2002) and/or the United States Endangered Species Act 214 

(ESA, 1973): Olive-sided Flycatcher (Contopus cooperi), Eastern Wood-Pewee (Contopus 215 

virens), Acadian Flycatcher (Empidonax virescens), Golden-winged Warbler (Vermivora 216 

chrysoptera), Cerulean Warbler (Setophaga cerulea), and Canada Warbler (Cardellina 217 

.CC-BY-NC-ND 4.0 International licenseavailable under a
was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made 

The copyright holder for this preprint (whichthis version posted June 3, 2022. ; https://doi.org/10.1101/2022.06.01.494397doi: bioRxiv preprint 

https://doi.org/10.1101/2022.06.01.494397
http://creativecommons.org/licenses/by-nc-nd/4.0/


canadensis). We selected those species because they spend the non-breeding period exclusively 218 

in montane areas of Latin America, and had information from eBird on their non-breeding 219 

distributions and abundance. 220 

 221 

We used a digital elevation model with 900 m resolution to estimate the area in the elevation belt 222 

of interest (1000-2300 m asl) in Colombia, Venezuela, Ecuador, and northern Peru and to assess 223 

the relative importance of our study area in terms of the total amount of area available as 224 

potential habitat for Neotropical migrants.   225 

 226 

We used species-specific weekly estimates of relative abundance from the eBird Status and 227 

Trends project (Fink et al. 2018) to define the Colombian non-breeding range for the six species, 228 

following the approach in (Wilson et al., 2022). The eBird relative abundance estimates are 229 

defined as the predicted number of individuals on a one-hour, one-kilometer eBird checklist 230 

conducted at the ideal time of day for detection of the species in every week of the year, at a 231 

pixel resolution of 2.96 km2 (Fink et al., 2018). These relative abundance estimates are generated 232 

from an ensemble modeling strategy based on an Adaptive Spatio-Temporal Exploratory Model 233 

and include environmental predictors, temporal variation and observer effort to account for 234 

detectability (Fink et al., 2020). Thus, for all six species there is a weekly distribution map that 235 

includes the estimated relative abundance of the species in each 2.96km2 pixel. Using these 236 

maps, we focused on the non-breeding season, which was defined from 1 November to 31 March 237 

and, then we estimated the average relative abundance per pixel across all weeks for each 238 

species. Migratory species often have low abundance at range edges and we only selected pixels 239 

that represented a cumulative 95% of total abundance of each species to focus on their core 240 

nonbreeding range. The rasters for the 95% of total abundance for each species were then 241 

converted to a presence-absence raster where any pixel that contributed to the 95% abundance 242 

was assigned a 1 and all other pixels were assigned a 0. These presence-absence rasters  for the 243 

six species were then stacked using package Raster (Hijmans, 2019) in R version 4.0.3 (R Core 244 

Team, 2020) and the stacked estimates for each pixel were used to estimate species richness per 245 

pixel (i.e. the number of focal species present in each pixel). From this derived map of species 246 

richness, we then selected areas with 4 or more species present to focus our analysis on regions 247 

that provide benefit for multiple migratory species. As a final step, we restricted this derived 248 
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species richness layer to the 1000 to 2300 m asl range within Colombia and defined this as our 249 

Migrant Focal Area. We acknowledge that a richness-based distribution map will not allow us to 250 

incorporate differences in abundance into the consideration of priority areas for migratory birds. 251 

However, the six species differ in abundance across the wintering grounds and we chose a 252 

method that treated all six species equally rather than favoring those that are more abundant.  253 

 254 

We used the 2018 land use and land cover maps (C-LULC) applying the Corine and Land Cover 255 

methodology adapted for Colombia (IDEAM, 2018) to derive Forested Areas within Migrant 256 

Focal Areas and to assess other land uses (Supplemental Material Table 2). Forest Areas were 257 

considered as land with a minimum tree canopy cover of 30%, minimum canopy height of 5 m, 258 

and a minimum area of 1 ha (IDEAM, 2018).  Within the Migrant Focal Areas we also identified 259 

regions that overlapped with areas prioritized for rehabilitation and restoration in the National 260 

Restoration Plan (Vanegas Pinzón et al., 2015); these overlapping areas represented our 261 

Restoration and Rehabilitation Planning Areas. Forested, restoration and rehabilitation areas 262 

were transformed to a raster format of 100 m resolution/pixel.  263 

After identifying our Forest, Restoration and Rehabilitation Planning Areas, we assessed their 264 

protected status and stewardship by examining the area covered by 1) National Protected Areas 265 

(RUNAP 2021), 2) unprotected areas, 3) Indigenous Reserves and Afro-descendent territories 266 

(IGAC, 2021), 4) regions prioritized in Post-conflict Territorially Focused Development 267 

Programs (PDET hereafter post-conflict territories, IGAC 2021), and 5) Autonomous Regional 268 

Corporations (CARs), which are the state entities responsible for decentralized environmental 269 

governance by implementing and enforcing law and policies developed by the Ministry of the 270 

Environment (Table 1). As such, the 33 CARs across the country are responsible for regional 271 

environmental planning and administrating natural resources within their jurisdictions. The total 272 

area and percentage of overlap of the Migrant Focal Areas with  the land classes mentioned 273 

above was calculated using  ArcMap 10.5 (ESRI, 2019). 274 

National Protected Areas were classified according to their management objectives as follows 275 

(IUCN, 2008, Supplemental Material Table 3): (Ib) Wilderness Areas which are largely 276 

unmodified and their primary objective is to preserve their natural condition; (II) National Parks 277 

which are large natural areas set apart to protect their natural biodiversity, ecological structure 278 
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and promote education and recreation; (V) Protected Landscapes which are areas that maintain 279 

their integrity by a balanced interaction between people and nature through traditional 280 

management practices; and (VI) Protected Areas with Sustainable Use of Natural Resources 281 

where most of the area is in a natural condition, but some areas are under sustainable natural 282 

resource management. All protected areas form the National Protected Areas System (SINAP).  283 

Results 284 

The elevation belt between 1000 and 2300 m across Colombia, Venezuela, Ecuador and northern 285 

Peru covers 22,575,202 ha. Most of this elevation range falls in Colombia (57%) followed by 286 

Ecuador (18%), Peru (13%), and Venezuela (11%). Migrant Focal Areas within that elevation 287 

belt covered 10,831,472 ha across the three Andean chains in Colombia. Forest Areas covered 288 

4,115,368 ha corresponding to 38% of Migrant Focal Areas. Most of the non-forest areas were 289 

covered by crop (30%), followed by pasture (17%), early successional habitats (12%), and 290 

agroforestry systems (3%, Supplemental Material Table 2). 291 

 292 

Forest Areas  293 

Forest Areas were concentrated in the western slope of the West Andes and the eastern slope of 294 

the East Andes (Figure 1). Post-conflict territories had the largest amount of land overlapping 295 

with Forest Areas (47%), followed by National Protected Areas (30%), and Afro-descendant 296 

territories and Indigenous Reserves (19%) (Figure 2a, 2b). Only 2% of Forest Areas in Afro-297 

descendant territories and indigenous reserves overlapped with protected areas. Protected areas 298 

within our Forest Area category were primarily represented by National Parks (IUCN category 299 

II, 79% coverage) followed by Protected Areas with Sustainable Use of Natural Resources 300 

(IUCN category VI, 20% coverage). 301 

 302 

Forest Areas overlapped with National Parks primarily in the eastern slope of the East Andes 303 

including Cordillera de Los Picachos, Cocuy, Serrania de Los Chrumbelos and Serrania de los 304 

Yariguies; and the western slope of the West Andes including Paramillo, Sierra de la Macarena 305 

and Farallones de Cali National Parks (Figure 2a). Over 50% of Forest Areas fell within the 306 

jurisdiction of five CARs localized in the east and southwest of the country: Corpoamazonia, 307 

Corponariño, Corporación Autónoma Regional del Cauca, Codechoco, Corporinoquia, and 308 

Cormacarena (Supplemental Material Table 4, and Figure 2). 309 
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Restoration and Rehabilitation Planning Areas 310 

The overlap between Migrant Focal Areas and areas prioritized by the Colombian National 311 

Restoration Plan was low. Specifically, Restoration and Rehabilitation Planning Areas covered 312 

only 2.5% and 2.9% of Migrant Focal Areas respectively (Figure 1). Most Restoration Planning 313 

Areas were located in the Magdalena valley while Rehabilitation Planning Areas were located in 314 

the Cauca Valley, along the western slope of the Central Andes (Figure 1). Within the 315 

Restoration and Rehabilitation Planning Areas,32% and 19% of the area was protected, 316 

respectively. However, unlike Forest Areas, where protected areas were primarily represented by 317 

National Parks (IUCN class II), the majority of protected area falling within Restoration and 318 

Rehabilitation Planning Areas was designated as Sustainable Use of Natural Resources (IUCN 319 

class VI). Specifically, 55% and 67% of the protected area within Restoration and Rehabilitation 320 

Planning Areas, respectively, fell within this class. 321 

 322 

Afro-descendant territories and Indigenous Reserves overlapped with less than 3% of both 323 

Restoration and Rehabilitation Planning Areas. There was a greater representation of post-324 

conflict territories, which represented 19% and 16% of Restoration and Rehabilitation Planning 325 

Areas, respectively. The CARs of Cauca, Tolima, Santander, Cundinamarca and Huila located in 326 

the Central and East Andes had over 50% of Restoration and Rehabilitation Planning Areas 327 

within their jurisdictions (Supplemental Material Table 4 and Figure 2).  328 

 329 

Discussion 330 

 331 

The scale and complexity of conservation issues faced by Neotropical migrants during the 332 

wintering period requires the identification and targeting of regions across remaining forested 333 

habitats and disturbed landscapes used by migrants as well as the collaboration of individuals 334 

across administrative boundaries, land ownership and political jurisdictions (Scarlett and 335 

McKinney, 2016; Schuster et al., 2019). Colombia is a critically important wintering area for 336 

numerous Neotropical migrant birds in decline (Cespedes et al., 2021; González et al., 2017; 337 

Wilson et al., 2018) and is also a global biodiversity hotspot (Myers et al., 2000). By focusing 338 

this study on Colombia, we aimed to provide information on the extent to which goals for 339 

migratory bird conservation and sustainable development overlap within the country to aid future 340 
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planning but also to provide a framework by which a similar process could be applied to other 341 

Latin American countries that are of high importance for migratory species. Our study 342 

highlighted four key results regarding the degree of alignment between the distributions of 343 

Neotropical migrants of conservation concern and the ongoing programs within Colombia to 344 

protect or recover forests. First, most of the Forest Areas fall along the west slope of the western 345 

Andes and the east slope of the Eastern Andes with very little representation in central Andean 346 

areas. Second, almost half of Forested Areas overlapped with post-conflict territories where 347 

goals for economic development present a risk of forest loss if not done sustainably. Third, there 348 

was a large overlap between Forested Areas and Afro-descendant territories and Indigenous 349 

Reserves; most of this overlap was outside of established protected areas thus presenting an 350 

opportunity for community forest conservation that potentially benefits migratory birds. Fourth, 351 

we found very limited alignment between migrant focal areas and the priority Restoration and 352 

Rehabilitation Planning Areas identified by the Colombian National Restoration Plan; this lack 353 

of alignment suggests that alternative conservation strategies will be needed for migratory birds 354 

in these areas.  355 

 356 

Collaborative efforts between governments, NGOs and academia in North and Latin America 357 

have allowed the development of conservation plans to address threats for species such as 358 

Canada Warbler (ECCC and BirdLife International, 2021), Golden-winged Warbler (Bennett et 359 

al., 2018), and Cerulean Warbler (Fundación ProAves et al., 2010) during the overwintering 360 

period. Ongoing efforts such as the development of the Central and South America mid-elevation 361 

forest Conservation Investment Strategy (Partners In Flight, 2019) will integrate the strategies 362 

and actions of those three plans, and will benefit other Neotropical migrants and resident species 363 

across montane elevations in Central and South America. Despite those planning efforts to 364 

conserve migratory birds at montane elevations and the recognition of the importance of full-365 

annual cycle conservation approaches to reverse declines, efforts directed from North America 366 

are still limited by current legislation. For instance, Canadian legislation such as the Migratory 367 

Bird Conservation Act focuses protection only on the breeding grounds and the Species at Risk 368 

Act only identifies critical habitat within Canada. Efforts within Canada alone are not enough to 369 

conserve Neotropical migrants as evidenced by the ongoing decline of 80% of the species 370 

breeding in the boreal or hardwood forest in Canada and overwintering in the Colombian Andes 371 
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(Hobson and Wilson, 2020). Additional programs and agreements that allow for conservation 372 

investments outside North America such as those already undertaken in the United States to 373 

conserve birds in the Caribbean and Latin America through the Neotropical Migratory Bird 374 

Conservation Act (NMBCA; Public Law 106-247) are urgently needed to implement 375 

conservation strategies in critical areas such as the Andes of Northern South America.  376 

 377 

Forest cover along the West and East Andes presents opportunities for conservation efforts 378 

including the declaration of new protected areas but clearly necessitates additional strategies 379 

across private lands and in more central regions where little forest cover remains. For instance, 380 

Forest Areas, including Afro-descendant territories and Indigenous lands, have high potential for 381 

the implementation of community-based conservation strategies such as ecotourism. Indeed 20% 382 

of Forest Areas lay within the departments of Cauca and Nariño in the West Andes which have 383 

the highest diversity of birds in the country (Vélez et al., 2021). The potential economic and 384 

conservation benefits of bird-watching have also been highlighted in regions prioritized for 385 

economic development such as post-conflict territories (Ocampo-Peñuela and Winton, 2017) 386 

which covered 50% of Forest Areas. Support for bird-watching tourism including infrastructure 387 

investment, training of local guides, and promoting those regions as world-class birding 388 

destinations is needed to meet goals for economic growth while protecting forest (Ocampo-389 

Peñuela and Winton, 2017, Echeverry et al. 2022).  390 

 391 

The large overlap between Forest Areas and post-conflict territories and the emphasis on 392 

economic development in those regions presents a major challenge to the conservation of 393 

migratory species dependent on forest but also presents an important opportunity to incorporate 394 

needs of migrant birds into planning efforts. Such efforts have the potential to jointly benefit 395 

wildlife conservation and sustainable human livelihoods. A key aspect of the Colombian Peace 396 

Agreement is the need for an integral rural reform in order to address the historical drivers of 397 

persistent violence and armed conflict such as the concentration of land ownership and income, 398 

and farmer displacement (JEP, 2016). Post-conflict Development Programs are the planning and 399 

management instruments to implement the components of the rural reform and are the product of 400 

a consensus between local authorities and civil population with the aim of identifying regional 401 

priority needs and propose remediation projects (De la Rosa and Contreras, 2018).  402 
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Community participation, the revitalization of community-based organizational processes in the 403 

territory, and the alignment of interinstitutional efforts have been key for the implementation of 404 

Post-conflict Development Programs across several regions in Colombia (Barbosa et al., 2021). 405 

Those tools have allowed farmers and Indigenous and Afro-descendant communities to take 406 

advantage of the planning spaces of the Post-conflict Development Programs to strengthen their 407 

organizational and productive processes. One of the rural reform critical points was the 408 

Environmental Zoning Plan across post-conflict territories which defines management and 409 

conservation of areas of special environmental interest and facilitates the allocation of 410 

governmental support for community-based conservation programs including payment for 411 

environmental services and support to sustainable food production systems.  For instance in 412 

October 2021, the Colombian government approved $22 million USD for environmental projects 413 

across post-conflict territories (Presidencia de la Republica de Colombia, 2021). We urge 414 

national and international organizations to approach local organizations across post-conflict 415 

territories and align management actions for the conservation of migratory birds and other 416 

threatened species (e.g., Wilson et al. 2022) with regional planning and ongoing conservation 417 

strategies. Aligning conservation efforts for Neotropical migrants with post-conflict territories 418 

would affect half of the area of Forested Areas and would support sustainable social and 419 

environmental rural development. The need to align conservation efforts also applies to other 420 

regions across Migrant Focal Areas where engaging with regional or local institutions such as 421 

CARs is needed to maximize financial and logistic resources and to design and implement 422 

projects according to regional and local planning needs.  423 

 424 

Despite positive outcomes in some post-conflict territories, rural communities still face several 425 

challenges for environmental peacebuilding. Poor government commitment to implement the 426 

Peace Agreement and weak state presence and enforcement of environmental polices have 427 

resulted in increased deforestation rates, homicides, threats against social-environmental leaders, 428 

and pose unique socio-politic challenges for biodiversity conservation and management across 429 

many regions (Clerici et al., 2020; Graser et al., 2020; Negret et al., 2019; Prem et al., 2020). At 430 

a regional level, integrated management of natural resources between the civil society, 431 

international corporations, and national environmental agencies is urgently needed to implement 432 

initiatives that contribute to sustainable peace including the adoption of sustainable rural 433 
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development and the empowerment of local communities (Graser et al., 2020; Torres Rodríguez 434 

et al., 2020). 435 

 436 

Almost 20% of remaining Forest Areas were located within Afro-descendant territories and 437 

Indigenous Reserves mainly in the West Andes however only 3% of the area is protected. 438 

Implementing conservation, or restoration, would be impossible across several regions without 439 

the leadership of Indigenous and other local communities and without recognizing their land 440 

rights. Engaging effectively with those communities to define conservation objectives in the 441 

context of economic development opportunities is needed to mitigate deforestation in these 442 

remote regions prone to deforestation (Negret et al., 2017). For example, this could be done 443 

through programs such as the conservation business strategies (Partners In Flight, 2019), where 444 

North American organizations involved in migratory bird conservation have an opportunity to 445 

align with local conservation groups that work with local communities to reduce deforestation 446 

and engage in restoration. 447 

 448 

Established Protected areas covered about 30% of Forest Areas indicating that most remaining 449 

forested areas important for migratory birds lack any formal protection. This pattern is consistent 450 

with the poor protection of migratory birds in the global protected areas system (Runge et al., 451 

2015). Our results show where the differing levels of protection afforded the Forest Areas might 452 

benefit from effective management and additional protection. Lack of effective management 453 

across protected areas represents a threat for declining Neotropical migrants and biodiversity 454 

(Runge et al., 2015). For instance, in Colombia, many protected areas had been found ineffective 455 

preventing forest loss (Negret et al., 2020). Moreover deforestation in protected areas and 456 

surrounding buffer areas increased after the Peace Agreement due, in part, to historical financial 457 

and operational weakness of the national government to enforce effective protection of public 458 

conservation areas (Clerici et al., 2020). The diversity of management strategies within the 459 

Colombian National Protected Areas System offers an opportunity for conservation planning 460 

across diverse landscapes. For instance, Protected Areas with Sustainable Use of Natural 461 

Resources such as Civil Society Natural Reserves would benefit declining Neotropical migrants 462 

through the conservation or restoration of forest in private lands. This approach can be 463 

implemented in highly deforested regions such as the Cauca and Magdalena Valley or in remote 464 
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regions with extensive remaining forest where economic development is expected, such as the 465 

West Andes. 466 

 467 

The poor alignment between Migrant Focal Areas and Restoration and Rehabilitation Planning 468 

Areas is largely explained by the methodology used in the National Restoration Plan to identify 469 

key restoration regions. Areas susceptible to restoration and rehabilitation were identified, in 470 

part, by assessing the type of land-use change between the periods 2000-2002 and 2005-2009, 471 

and by identifying the regions affected by deforestation during four periods between 1990-2012 472 

(Vanegas Pinzón et al., 2015). However, the Colombian Andes have a persistent history of high 473 

human impact since pre-Columbian times and have experienced continuous population growth 474 

and economic development since the 1970’s (Correa Ayram et al., 2020; Etter et al., 2008; 475 

Rodríguez Eraso et al., 2016). The vast majority of Migrant Focal Areas experienced forest loss 476 

prior to the 1990-2012 period used in the National Plan and therefore were not selected as areas 477 

for restoration and rehabilitation; thus, new approaches to target key restoration areas to benefit 478 

Neotropical migrants are needed. Indeed, over 60% of Migrant Focal Areas are covered by non-479 

forested habitats and these are primarily productive lands for crops, pastures, and agroforestry 480 

systems. Increasing habitat availability and suitability for Neotropical migrants across those 481 

regions thus may largely depend on implementing conservation approaches within working lands 482 

that simultaneously support productive landscapes and human well-being while maintaining 483 

biodiversity and ecosystem services (Kremen and Merenlender, 2018). For instance, the 484 

implementation of biodiversity-based management techniques such as agroforestry and 485 

silvopastural systems would increase the resilience of crop production to climate change (Vaast 486 

et al., 2016), and enhance the livelihood and food security of farmers (Hernandez-Aguilera et al., 487 

2019; Waldron et al., 2017) while providing suitable habitat for Neotropical migrants (Colorado 488 

et al., 2018; González et al., 2020a, 2020b; McDermott et al., 2015).  489 

 490 

Conclusions 491 

We provide Colombian and international conservation agencies with information needed to plan 492 

and implement avian conservation initiatives that can overlap with the socio-political, cultural 493 

and ethnical local context within Colombia. We also recognize that attempts to address 494 

conservation without the direct involvement and leadership of minority rural communities will 495 
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not only continue to be unethical, but will also likely result in unsuccessful conservation 496 

outcomes (Artelle et al., 2019). Extreme poverty in rural areas of Colombia is over three times as 497 

high as in urban areas (DANE, 2017), and higher levels of poverty among peasants, Indigenous 498 

and Afro-Colombian people are largely related to inequity in the distribution of land tenure 499 

which in turns increases deforestation pressure (Armenteras et al., 2019).  The level of land 500 

tenure security can hinder the capacity of conservation organizations to influence land 501 

management decisions (Robinson et al., 2018). Promoting the legal recognition and protection of 502 

land and territorial rights of indigenous, Afro-Colombians, and rural communities, including 503 

their rights to self-governance, is key for the enrollment of those communities in sustainable 504 

conservation programs that require tenure security such as Payment for Ecosystem Services 505 

(PES) and to  achieve effective conservation (Robinson et al., 2018; Worsdell et al., 2020).   506 

 507 

Local communities are an integral part of montane ecosystems used by declining Neotropical 508 

migrants, and timely and efficient conservation depends on identifying the regions and strategies 509 

that incorporate people as part of the solution to habitat loss and degradation (Armsworth et al., 510 

2007; Dayer et al., 2020). Indeed, conservation approaches that support economical development 511 

and human wellbeing such as PES and integrated landscape management are often prioritized by 512 

conservation agencies in Latin America (Doak et al., 2014). Although these approaches have 513 

resulted in successful institutional planning and coordination, on-the-ground tangible outcomes 514 

in agriculture, livelihoods, and conservation domains are scarce. Some of the challenges that we 515 

need to address include unsupportive policies, lack of engagement of key stakeholders such as 516 

government and private sector and poor continuous financial and technical support to allow for 517 

adaptation to new frameworks (Estrada-Carmona et al., 2014). Moving beyond conservation 518 

planning and building strong partnerships to implementing on-the-ground strategies is a priority 519 

to produce tangible out comes that benefit humans and migratory and resident species together in 520 

the Neotropics. 521 
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Table 1. Land classes used in the analysis. Forest, Restoration and Rehabilitation Planning Areas 528 

were defined within Migrant Focal Areas. We assessed the overlap of Protected Areas, Afro-529 

descendant territories and Indigenous Reserves, Post-conflict territories, and Autonomous 530 

Regional Corporations (CARs) with Forest, Restoration and Rehabilitation Planning Areas. 531 

 532 

Land classes Description 

Migrant Focal Areas 
Elevation belt from 1000 - 2300 m where 4 or more 

of the six species are present. 

Forest Areas Areas with forest cover, derived from C-LULC. 

Restoration Planning Areas Areas prioritized by the Colombian Restoration 

Plan. Rehabilitation Planning Areas 

Protected Areas All Colombian National Protected Areas. 

Afro-descendant territories and Indigenous 

Reserves 
Lands under a territorial management model. 

Post-conflict territories (PDETs) 

Regions severely affected by poverty, violence and 

inequality, and prioritized for rural development by 

the Colombian Government. 

Autonomous Regional Corporations (CARs) 
Entities responsible for environmental planning and 

administrating natural resources at a regional level. 

 533 

 534 

 535 
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 536 

Figure 1. Migrant Focal Areas: Elevation belt from 1000 - 2300 m asl in Colombia where four or 537 

more of the six focal declining species are present. We identified and defined Forest, 538 

Rehabilitation and Restoration Planning Areas within Migrant Focal Areas. Gray regions 539 

indicate degraded areas within Migrant Focal Areas that are not prioritized by the Colombian 540 

National Restoration Plan. 541 

 542 

 543 

 544 
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 545 

 546 

 547 

 548 

Figure 2. Migrant Focal Areas: Elevation belt from 1000 - 2300 m asl where four or more of the 549 

six focal declining species are present. A. Overlap of Migrant Focal Areas with Post-conflict 550 

territories (PDET), Protected Areas (PA), and overlap between PDET and PA. B. Overlap of 551 

Migrant Focal Areas with Afro-descendent lands, indigenous lands, and overlap between 552 

Indigenous and Afro-descendent lands and PDET. 553 

 554 

 555 

 556 

 557 

 558 

 559 

 560 

 561 

 562 
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