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S u m m a r y  &  R e c o m m e n d a t i o n s 

The Sierra Nevada de Santa Marta (SNSM) in northern Colombia holds important 

populations of migratory birds during the migration periods, including populations of 

species that are considered globally threatened with extinction. The SNSM National 

Natural Park plays an important role in protecting the habitats used by migratory 

landbirds, however, in order to maintain habitat for greater than 5% of the World 

population of the most commonly occurring species, it is necessary to increase the 

representation of migrant habitats in protected areas. For this reason, we identified 

eight conservation hotspots within the principal watersheds of the SNSM and generated 

the following recommendations for their management under ideal conditions:    

A. Increase the area of priority habitats for migratory landbirds in protected areas or 

under special management by 230 km2, especially in the watersheds of the 

Nabusimake, Piedras and Aracataca rivers. 

B. Promote the restoration of 55 km2 of natural forests in the watersheds of the 

Nabusimake, Piedras, Aracataca, Guachaca, Buritáca and Tapías rivers. 

C. Increase the level of protection for priority habitats for migratory landbirds in the 

SNSM National Natural Park, especially in the watersheds of the Guachaca, Buritáca, 

Palomino, Jerez and Tapías rivers.  

D. Include the special management of migratory bird habitats within hotspots in the 

land use plans for the principal watershed in the SNSM (POMCAs). 

E. Promote bird friendly practices in agricultural zones that border conservation 

hotspots for migratory landbirds in the SNSM 

 
 

Conservation Hotspots for Migratory Landbirds in the 

Sierra Nevada de Santa Marta, Colombia 
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B a c k g r o u n d 

 

Every year millions of migratory birds make phenomenal journeys between South 

America and their North American breeding grounds. Colombia not only represents an 

important final destination for many birds but its strategic position means it is also a 

vital take-off and landing point for birds crossing the Caribbean Sea. These birds form a 

vital part of ecosystems throughout the Americas and carry out many important services 

for man such as pollinization and pest control. Despite generally being considered 

abundant species, the populations of many species have shown persistent declines in 

the last 40 years, so much so that several species are now threatened with extinction.  

One of the most vulnerable stages in the life cycle of these birds is during migration, in 

particular when they face ecological barriers such as oceans and deserts. To cross such 

barriers, landbirds must store large reserves of energy in order to successfully complete 

the journey. To store these reserves birds depend on resource rich habitats and the 

protection of these habitats is considered a conservation priority.  

Since 2009, the project ‘Crossing the Caribbean’ has been working to determine whether 

the Sierra Nevada de Santa Marta (SNSM) is an important take-off and arrival point for 

migratory birds. Studies of model species have revealed that the SNSM provides 

abundant resources enabling birds to store sufficient energy to cross the entire 

Caribbean Sea to North America. ‘Crossing the Caribbean’ has also shown that migratory 

birds use/prefer certain habitats and that for some species natural habitats provide more 

resources than productive systems such as coffee plantations.  

Given the urgent need to protect migratory habitats and the importance of the SNSM, 

proved during three years of intensive research, we set out to determine ‘hotspots’ for 

migratory birds in the SNSM. The resulting hotspot plan is designed to guide 

conservation efforts for migratory species, which will simultaneously aid the 

conservation of many other priority species within the SNSM, such as the numerous 

endemic birds and amphibians.  
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D e f i n i n g  P r i o r i t y  A l t i t u d e s 

The distribution of habitats in the Sierra Nevada de Santa Marta is largely determined by 

altitude, with a progression of habitats from lowland tropical humid forest or dry forest, 

through pre-montane tropical humid forest, to montane humid forest and finally 

Páramo.  Consequently, if migratory birds are not distributed equally between habitats, 

they should show preferences for certain altitudes.  

To define the altitudes/habitats holding the greatest diversity and abundance of 

migratory birds, we analyzed observational data collected through variable-distance 

transects across the altitudinal gradient (175 m – 2100 m) during spring migration in 

2010 and 2011. Taking into account variation in sampling effort we determined species 

richness at sampled altitudes and used these data to model the relationship between 

species richness and altitude. We did the same to determine the relationship between 

migratory bird abundance and altitude.  

  

Taking into account the manner in which species richness and abundance varied with 

altitude, and also the occurrence of threatened species, we developed a series of criteria 

to define a migratory bird gradient – the altitudinal band in which protective measures 

would conserve the largest and most species rich population of migrant birds. The 

altitudinal gradient for the purposes of defining migratory bird hotspots was defined as: 

600 m to 1700 m. 
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D e f i n i n g  H o t s p o t s 

In the process of defining hotspots, a series of factors were taken into consideration. 

First and foremost, we considered the distribution of migratory birds across the 

altitudinal gradient in the SNSM based on three years of scientific data. Consequently, all 

hotspots are located within an altitudinal band between 600 m and 1700 m, where 

species richness and abundance are highest, and also where threatened migratory birds 

were recorded with the greatest frequency. 

Given that watersheds are the principal management unit at a regional level in 

Colombia, we treated the migratory bird gradient within each of the major watersheds 

of the SNSM as a potential hotspot. For each watershed we evaluated seven criteria 

based on four layers of geographic information as follows: 

Existing vegetation cover: The landcover map for Colombia was used to define 

vegetation cover and the distribution of forest remnants in the SNSM. 

Areas under special management: All areas under special management, including 

National Parks, Forest Reserves and Private Protected Areas in the SNSM were mapped. 

Model of Human Impact: Based on relative proximity to roads, human settlements and 

heavily transformed areas, we assigned all areas in the SNSM to one of 5 impact 

categories between 0 (no impact) and 4 (highly impacted). 

Rates of deforestation: Vegetation cover maps from 1991, 2001 and 2010 were 

compared in order to determine where deforestation has occurred in the last 20 years. 

Using these layers, we calculated a value or determined the status of each watershed for 

the following criteria:  

1. Area of natural forest within watershed greater than or less than 50 km2 

2. % of the watershed covered by natural forest 

3. % of the forest cover in the watershed with a potential human impact of 1 or 2 

4. % of forest cover in the watershed lost between 1991 and 2010 

5. Fragmentation – number of individual forest patches within the watershed 

6. Connectivity – number of connections with watersheds with >50 km2 of natural forest 

that have a human impact score of 0 

7. % of forest cover in watershed not included under a figure of protection 

 

Each of these criteria was converted into a points system in which the maximum 

possible score was 16 (see appendix 1). Conservation hotspots were defined as areas 

with a score >10.  
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The size of forest remnants (>50 km2) was based on the international criteria for the 

determination of Important Bird Areas (IBAs), which include criteria for migratory birds. 

Under these criteria, any area that holds >1% of the World population of a species 

during one season or >5% during the course of a year, qualifies as an IBA. Transforming 

density data and population size estimates from the SNSM, we estimated that an area of 

1500 km2 could support >5% of the World population of six of the ten most abundant 

species in the SNSM. Currently 965 km2 of forest within the migratory bird gradient is 

protected and therefore 535 km2 are lacking formal protection in order to meet the 

target of 1500 km2. Clearly, this represents a huge area and we therefore base the 

recommendations presented here on an increase of 285 km2 within protected areas or 

under special management in order to attain a total of 1250 km2. We assume that 

additional areas will persist without direct action. These recommendations represent an 

ideal situation and we accept that constraints may result in concrete actions being 

focused on much smaller areas.   

SELECTED CONSERVATION HOTSPOTS 

Based on the score that each watershed in the SNSM received, we identified 8 hotspots 

for the conservation of migratory landbirds. Each of the watersheds selected has an area 

of natural forest >50 km2 within the migratory bird gradient, is subject to a low or 

medium human impact and generally show low to moderate rates of deforestation 

during the last 20 years. Watersheds in a good state with a non-existent human impact 

or rate of deforestation are extremely important for migratory birds; however, they were 

not selected as hotspots here as they do not require immediate actions to avoid loss of 

their forest cover. 

Conservation hotspots not within protected areas and ordered in terms of priority following 

the scores given in Appendix 1: 

Watershed of the River Guachaca 

Watershed of the River Aracataca 

Watershed of the River Nebusimake 

Watershed of the River Piedras (south-west slope of the SNSM) 

 

Conservation hotspots within or partially within protected areas: 

Watershed of the River Tapías 

Watershed of the River Buritáca 

Watershed of the River Jerez 

Watershed of the River Palomino  
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Deve l opment  o f  Ca r t og raphy   
 

Map 1: Priority altitudinal gradient for migratory landbirds in the SNSM and the 

distribution of protected areas 

The priority altitudinal gradient was generated from a digital elevation model with 90 m precision and 

afterwards the gradient was overlapped with shape files for protected areas produced by the Instituto 
Geográfico Agustín Codazzi (IGAC 2010). 

 

Map 2: Natural forests within and outside the priority altitudinal gradient for migratory 

landbirds in the SNSM   

This map presents the areas of ‘natural forest’ within and outside of the priority altitudinal gradient using 

information from the landcover map of Colombia produced by the IGAC (2010). 

 
Map 3: Model of human impact in the priority altitudinal gradient for migratory landbirds 

in the SNSM 

and Map 4: Model of human impact in the natural forests within the priority altitudinal 

gradient for migratory landbirds in the SNSM  

To create the model of human impact we used geographic layers for roads, settlements and land use 

patterns developed by the IGAC (2010). For each layer, we generated a buffer based on the expected 

human impact each type of activity would have on the surrounding natural habitats. Next, these layers 

were classified in a binary system and finally each pixel received a score between 0 and 4 based on the 

overlap of binary layers, where 0 signifies zero impact and 4 a high impact level.  

  

Map 5: Loss of forest cover between 1991 and 2010 in the priority altitudinal gradient for 

migratory landbirds in the SNSM 

The method adopted to determine forest loss was based on that used by the IDEAM (2011) to quantify 

deforestation in Colombia.  Inputs for the analysis were Landsat 5 images of the SNSM from 1991, 2011 

and 2010, in which vegetation layers were classified and verified. To generate the final deforestation 
matrix, vegetation layers were compared between years for each pixel to detect where change occurred. 

 
Map 6: Priority level for each watershed in the SNSM for the conservation of migratory 

landbirds 

To define the form of the major watersheds in the SNSM, we used the hydrology tools in the software 
package ArcGis 10.0 and the information provided in the Evaluación Ecológica Rápida carried out by 

ProSierra (1998). Each watershed was subsequently assigned a color based on its priority according to the 

table in Appendix 1.  

 

Map 7: Conservation hotspots for migratory landbirds in the SNSM 

See Map 6.  

 

To obtain more information on the methodology and inputs used to generate the maps 

presented here, please visit www.selva.org.co and download the accompanying materials for 

this document. It is important to note that the inputs for the geographic analyses were at 

relatively coarse scales and therefore only permit us to draw conclusions and form 

recommendations at large scales e.g. a watershed, and not at a finer scale.  
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Map 1: Priority altitudinal gradient for migratory landbirds in the SNSM and the distribution of protected areas 
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Map 2: Natural forests within and outside the priority altitudinal gradient for migratory landbirds in the SNSM 

  



9 

Map 3: Model of human impact in the priority altitudinal gradient for migratory landbirds in the SNSM 
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Map 4: Model of human impact on natural forests within the priority altitudinal gradient for migratory landbirds in the SNSM 
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Map 5: Loss of forest cover between 1991 and 2010 in the priority altitudinal gradient for migratory landbirds in the SNSM 
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Map 6: Priority level of each watershed in the SNSM for the conservation of migratory landbirds 
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Map 7: Conservation hotspots for migratory landbirds in the Sierra Nevada de Santa Marta 
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Action Plan for Migratory Birds in the Sierra Nevada de Santa Marta 

 

Research Needs 

� R1 - Determine how migrant abundance varies geographically within the SNSM 

� R2 - Confirm use of the SNSM as a stopover site in a wider range of species during spring 

migration 

� R3 - Determine how habitat affects preparations for spring migration in a variety of species 

� R4 - Estimate population size of species stopping over in the SNSM during autumn and 

spring migration 

� R5 - Investigate the importance of the SNSM as a wintering region for migratory birds 
� R6 – Design and implement a monitoring program for migratory birds in the SNSM 

Conservation Needs 

� C1 - Form a conservation alliance for migratory birds in the SNSM 

� C2 - Increase the area of habitats for migratory birds within protected areas or under special 

management by 230 km2, especially in the watersheds of the Nabusimake, Piedras, and 

Aracataca rivers, and also in the watersheds of the rivers Guachaca and Tapías. 

� C3 – Integrate the conservation hotspots for migratory landbirds into the watershed 

management plans (POMCAS) for the selected areas. 

� C4 – Implement a program of regeneration and reforestation in the priority watersheds of 

the Nebusimake, Piedras, Aracataca, Guachaca, Buritaca and Tapías rivers, increasing forest 

cover by 55 km2, especially between the altitudes of 600 m and 1150 m.  

� C5 – Increase the level of protection for priority habitats within protected areas, especially in 

the priority watersheds of the rivers Guachaca, Buritaca, Palomino, Jerez and Tapías in the 

SNSM National Natural Park.  

� C7 - Promote migrant friendly practices in agricultural lands bordering hotspots, such as 

increasing shade cover and diversity of shade tree species. 

 

Table 1 – Recommendations for management actions in each conservation hotspot 

for migratory landbirds in the Sierra Nevada de Santa Marta 

 
Priority 

Watershed 

Area of 

watershed in  

hotspot 

Area of forest 

cover in 

hotspot 

Area of forest 

cover not within 

protected areas 

Protect or 

special 

management  

Regeneration 

or 

reforestation 

Increase level 

of protection 

Aracataca 141 km
2
 124 km

2
 124 km

2
 60 km

2
 10 km

2
  

Buritáca 127 km
2
 124 km

2
 1 km

2
  5 km

2
 Yes 

Guachaca 130 km
2
 104 km

2
 49 km

2
 20 km

2
 10 km

2
 Yes 

Jerez 94 km
2
 92 km

2
 2 km

2
   Yes 

Nabusimake 210 km
2
 173 km

2
 173 km

2
 80 km

2
 10 km

2
  

Palomino 192 km
2
 186 km

2
 1 km

2
   Yes 

Piedras 149 km
2
 114 km

2
 114 km

2
 50 km

2
 10 km

2
  

Tapías 206 km
2
 164 km

2
 52 km

2
 20 km

2
 10 km

2
 Yes 
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Appendix 1– Final scores for determining conservation priorities for migratory landbirds in each watershed in the Sierra Nevada 

de Santa Marta based on seven different criteria. Watersheds with a score >10 were defined as hotspots (highlighted in orange). 

The main criteria contributing to the selection of a watershed as a hotspot are indicated in brown and these same criteria were 

used to form recommendations for conservation actions. 

Watershed 

Criteria 1 

Forest extent 

 (-1 o 1) 

Criteria 2 

% forest  

(-1 a 3) 

Criteria 3 

Human 

Impact 

(0 a 3) 

Criteria 4 

% Forest loss 

(0 a 3) 

Criteria 5 

Fragmentation 

(0 a 3) 

Criteria 6 

Connectivity 

(-1 a 1) 

Criteria 7 

Level of 

protection 

(0 o 1) 

Total 

Ancho 1 2 1 1 3 1 0 9 

Aracataca 1 3 3 0 3 1 1 12 

Ariguani 1 1 1 3 0 0 1 7 

Buritáca 1 3 3 1 3 1 0 12 

Cesar -1 -1 0 3 0 -1 1 1 

Don Diego 1 3 1 0 3 1 0 9 

Frio 1 2 0 0 2 0 1 6 

Complejo San Lorenzo 1 1 1 2 2 0 1 8 

Guachaca 1 3 3 1 3 1 1 13 

Guatapuri -1 -1 0 3 2 -1 1 3 

Jerez 1 3 3 0 3 1 0 11 

Lagarto 1 3 1 0 2 0 0 7 

Nabusimake 1 3 1 3 2 0 1 11 

Palomino 1 3 1 2 3 1 0 11 

Piedras 1 3 1 2 2 1 1 11 

Ranchería 1 -1 0 1 2 0 0 3 

San Salvador Negro -1 3 3 1 3 0 0 9 

Sevilla 1 2 0 0 3 -1 1 6 

Tapías 1 3 3 3 2 0 0 12 

Tomarrazon -1 2 0 2 2 -1 0 4 

Tucurinca 1 2 1 2 2 0 1 9 
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Appendix 2 – Neotropical migratory landbirds occurring in the Sierra Nevada de Santa 

Marta during either fall or spring migration. 

Common Name  

Osprey  Baltimore Oriole  

Swallow-tailed Kite  Black-and-white Warbler 

Broad-winged Hawk  Golden-winged Warlber  

Merlin  Tennessee Warbler  

Peregrine Falcon  Yellow Warbler  

Yellow-billed Cuckoo  Chestnut-sided Warbler  

Common Nighthawk  Cerulean Warbler  

Olive-sided Flycatcher  Black-throated Blue Warbler  

Eastern Wood-Pewee  Black-throated Green Warbler 

Acadian Flycatcher  Blackburnian Warbler  

Willow Flycatcher  Magnolia Warbler  

Alder Flycatcher  Blackpoll Warbler  

Great-crested Flycatcher  Bay-breasted Warbler  

Sulphur-bellied Flycatcher  American Redstart  

Eastern Kingbird  Northern Waterthrush 

Sand Martin  Louisiana Waterthrush 

Barn Swallow  Prothonotary Warbler 

Cliff Swallow  Kentucky Warbler 

Veery  Mourning Warbler 

Gray-cheeked Thrush  Canada Warbler 

Swainson’s Thrush  Summer Tanager 

Yellow-throated Vireo  Scarlet Tanager 

Philadelphia Vireo  Indigo Bunting 

Red-eyed Vireo  Rose-breasted Grosbeak 

Yellow-green Vireo  
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