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Abstract: We aspired to set conservation priorities in ways that lead to direct conservation actions. Very
large-scale strategic mapping leads to familiar conservation priorities exemplified by biodiversity hotspots. In
contrast, tactical conservation actions unfold on much smaller geographical extents and they need to reflect
the habitat loss and fragmentation that have sharply restricted where species now live. Our aspirations for
direct, practical actions were demanding. First, we identified the global, strategic conservation priorities and
then downscaled to practical local actions within the selected priorities. In doing this, we recognized the
limitations of incomplete information. We started such a process in Colombia and used the results presented
here to implement reforestation of degraded land to prevent the isolation of a large area of cloud forest. We
used existing range maps of 171 bird species to identify priority conservation areas that would conserve the
greatest number of species at risk in Colombia. By at risk species, we mean those that are endemic and have
small ranges. The Western Andes had the highest concentrations of such species—100 in total—but the lowest
densities of national parks. We then adjusted the priorities for this region by refining these species ranges
by selecting only areas of suitable elevation and remaining habitat. The estimated ranges of these species
shrank by 18–100% after accounting for habitat and suitable elevation. Setting conservation priorities on
the basis of currently available range maps excluded priority areas in the Western Andes and, by extension,
likely elsewhere and for other taxa. By incorporating detailed maps of remaining natural habitats, we made
practical recommendations for conservation actions. One recommendation was to restore forest connections
to a patch of cloud forest about to become isolated from the main Andes.
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Establecimiento de Prioridades Prácticas para la Conservación de Aves en los Andes Occidentales de Colombia
Ocampo-Peñuela & Pimm

Resumen: Intentamos fijar prioridades de conservación de manera que conduzcan a acciones directas de
conservación. La elaboración de mapas estratégicos de gran escala lleva a prioridades de conservación ejemplificadas por los sitios importantes para la biodiversidad. En contraste, las acciones tácticas de conservación
se desarrollan en extensiones geográficas mucho menores y que necesitan reflejar la pérdida de hábitat y
la fragmentación que han limitado severamente el espacio en que viven actualmente las especies. Nuestras
aspiraciones para acciones directas, prácticas fueron demandantes. Primero, identificamos las prioridades de
conservación globales, estratégicas y luego redujimos la escala a acciones locales prácticas en el contexto de las
prioridades seleccionadas. Al hacerlo, reconocimos las limitaciones de la información incompleta. Iniciamos
tal proceso en Colombia y utilizamos los resultados presentados aquı́ para implementar la reforestación
de terrenos degradados para prevenir el aislamiento de un área extensa de bosque de niebla. Utilizamos
los mapas de distribución de 171 especies de aves para identificar las áreas prioritarias de conservación
que pudieran conservar el mayor número de especies en riesgo en Colombia. Nos referimos como especies
en riesgo a aquellas que son endémicas y tienen rangos de distribución pequeños. Los Andes Occidentales
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tuvieron las concentraciones mayores de tales especies – 100 en total – pero la menor densidad de parques
nacionales. Posteriormente ajustamos las prioridades para esta región al refinar los rangos de distribución
de estas especies seleccionando solo áreas con la adecuada elevación y remanentes de hábitat. Los rangos de
distribución estimados para esas especies se redujo en 18-100% después de considerar el hábitat y elevación
adecuados. La definición de prioridades con base en los mapas de distribución disponibles actualmente
excluyeron áreas prioritarias en los Andes Occidentales y, por extensión, probablemente en otras áreas y taxa.
Al incorporar mapas detallados de los hábitats naturales remanentes, hicimos recomendaciones prácticas
para acciones de conservación. Una de ellas fue restablecer la conectividad hacia el parche de bosque de
niebla que esta a punto de quedar aislado de los cadena de los Andes.

Palabras Clave: Andes, distribución, especie endémica, fragmentación de hábitat, Lista Roja UICN, pérdida de
bosque, extensión geográfica, riesgo de extinción

Introduction
Priority setting in conservation looks at where all species
are supposed to live, or at those that are at risk or special
in some way, and then optimally selects sites that capture
the largest fraction of species in a specified total area
(Pimm & Lawton 1998). Such methods are strategically
useful because they identify regions that need consideration and investment. Biodiversity hotspots (Myers et al.
2000) are the most cited example. We have found that the
information that informs these methods is often unhelpful in effecting local, tactical conservation actions. The
information is often too coarse spatially; that is, it is based
on equal-area grids, ecoregions (Brooks et al. 2006), or
even country boundaries. Practical conservation actions
unfold across much smaller geographic extents. Moreover, the key insight from hotspots is that threatened
species concentrate in places where most of the habitat
has already been destroyed (Myers et al. 2000) or soon
will be (Jenkins et al. 2013). For 95% of the world’s threatened bird species, their status is due to habitat loss (Sodhi
et al. 2011). Consequently, tactical conservation actions
must reflect the habitat loss and fragmentation that have
sharply restricted where species now live. We hoped to
identify and map areas of global strategic conservation
priority and then downscale these maps to a local scale
to implement practical conservation actions that would
be globally significant.
Colombia contains parts of the Tropical Andes, ChocóDarién, and Caribbean biodiversity hotspots (Myers et al.
2000). The country’s rich biodiversity is partly a result
of its geographic location and elevations that range from
sea level to 5800 m. It has over 1800 species and 1 new
species is discovered per year (Franco et al. 2009). This
is 18% of the world bird species in <1% of its ice-free
land surface. Globally, on average, 2.4 bird species are
discovered per year (Long et al. 1996). The diversity of
mammals and amphibians is also exceptional (Jenkins
et al. 2013). More generally, the Northern Andes house
the largest numbers of flowering plant species in the
world (Kier et al. 2005) and the largest numbers of
species predicted to be as-yet undescribed by tax-
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onomists (Joppa et al. 2011). Although the country still
contains intact portions of ecosystems in the Amazon,
the Chocó, and the Orinoco, the Andes have lost 70%
of their original forest cover (Etter & Van Wyngaarden
2000). Most species with small geographic ranges live in
the remaining forest (Renjifo et al. 2001). National parks
cover 12% of the nation’s surface, but most parks, and
all the largest ones, are outside the Andes (Sistema de
Parques Nacionales Naturales de Colombia 2013).
We considered how to set conservation priorities that
might lead to direct conservation actions in Colombia. We
recognized previous efforts to set priorities for birds in
Colombia such as those of Terborgh and Winter (1982),
the National Bird Conservation Strategy (Renjifo et al.
2001), and species modeling work by Velásquez-Tibatá
et al. (2013) and Verhelst (2011). We complement these
efforts with our analyses.
Conservation priorities are usually based on species
with small geographical ranges (Long et al. 1996), endemic species (Stotz et al. 1996), or species threatened
with extinction (Jenkins et al. 2010). The latter group
includes all species the International Union for the Conservation of Nature (IUCN) (IUCN 2012) classifies as vulnerable, endangered, and critically endangered. Using all
small-range species in a priority scheme means including
both species that are already threatened and those that
will likely be threatened soon because of their range size
and continuing habitat loss.
For endemic and small-range bird species, we followed
methods that were successfully applied to the coastal
forests of Brazil (Harris et al. 2005; Jenkins et al. 2010;
Pimm & Jenkins 2010; Jenkins et al. 2011). Expecting the
remaining habitats to be severely fragmented, we sought
areas to reconnect forest fragments in the Western Andes
of Colombia that would have the highest concentrations
of endemic and small-range bird species.
First, we considered how recent surveys expanded
known bird distributions. Although birds are relatively
well known, there are uncertainties in range maps (Harris & Pimm 2008). In particular, decades of politically
motivated violence in Colombia have severely restricted
biological exploration.
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Second, we created realistic species range maps given
the elevational limits of species, informed by remote sensing of where their habitats remain. We then compared
priority areas based on existing range maps (BirdLife International & NatureServe 2011) with those extended by
recent surveys and with those refined by the elevational
limits and remaining habitat. Finally, used these priorities to show how to reconnect forest fragments. Our
approach and methods have great potential to enhance
the existing protected areas’ network.

Methods

3

We excluded one endemic species (Arremon basilicus)
from our analyses because it is a recent taxonomic split
(Remsen et al. 2013) and a range map was not available.
We used the species ranges, follow the taxonomy, and
employ the threat status provided by BirdLife International and NatureServe (BirdLife International & NatureServe 2011).
We mapped priority conservation areas for all 171
bird species in Colombia. Subsequent detailed analyses
of practical conservation priorities focused only on the
Western Andes, including just 100 birds. Within this
region, analysis of IUCN categories comprised only 13
species endemic to the Western Andes (Stiles et al. 2013).

Study Area and Species

Range Update

Seventy bird species and 2 genera are endemic to Colombia (Franco et al. 2009). Of these, 40 species are threatened (BirdLife International 2012) as are a further 47 that
are not endemic. Four endemic bird areas are exclusively
in Colombia and another 10 are shared with neighboring
countries (Stattersfield et al. 2005). Nationally, 116 important bird areas (IBA) cover 7% of Colombia’s 1,142,000
km2 . Over 50% of the IBAs are completely protected,
and 18% are partially protected (Franco et al. 2009). The
national park system includes 56 protected areas that
cover 12% of Colombia (Sistema de Parques Nacionales
Naturales de Colombia 2013). A system of regional, local,
and private reserves (RESNATUR 2013) complements the
national parks.
In the southwestern corner of Colombia, the Andean
mountain range divides into 3 cordilleras (Western, Central, Eastern) with 2 river valleys between them (Cauca
and Magdalena). Of the 3, the Western Andes has the
highest species richness and the most endemic rodents,
bats, butterflies, frogs, and birds (Cuervo et al. 2003;
Kattan et al. 2004). In this cordillera, the western slope is
extremely humid due to the interception of winds from
the Pacific Ocean (Kattan et al. 2004), while the eastern
slope’s more arid climate is the result of a rain shadow. A
lack of road access on the western slope has minimized
deforestation (Robbins & Stiles 1999), but human disturbance deforests much of the eastern slope (Cuervo et al.
2003).
In setting conservation priorities, we considered only
terrestrial bird species endemic to Colombia and species
with a known geographic range of <100,000 km2
(BirdLife International & NatureServe 2011), species that
we called small-range species. We chose the 100,000 km2
threshold based on IUCN criteria (IUCN 2012); species
with smaller ranges are sometimes categorized as near
threatened, while species with larger ranges are generally
categorized as of least concern. The species we chose are
in urgent need of conservation, given continuing threats
of habitat loss and fragmentation (Etter et al. 2006). Of
the 171 species that met the criteria, 69 are endemics.

We updated only species’ ranges on the Western Andes because this area had the highest concentration of
endemic and small-range bird species. Within the Western Andes, we found that 73 of the 100 available range
maps excluded localities with known presences. We
updated these ranges from inventories and fieldwork.
To update the ranges, we created a bounding polygon
around the Western Andes. For the 100 species whose
ranges fell within this polygon, we gathered locality data
from the Global Biodiversity Information Facility (Global
Biodiversity Information Facility 2013), the Sistema de
Información sobre Biodiversidad (SIB) (Instituto de Investigacion de Recursos Biologicos Alexander von Humboldt
2013), and published and unpublished bird inventories.
These inventories included 13 localities listed in Supporting Information.
We updated the ranges in a similar way to BirdLife
International and NatureServe (2011). For each species,
we displayed the localities where it is present, the current
range map, and the preferred elevation. Using ArcMap
10 (ESRI 2013), and following the techniques for expertdrawn range maps (Graham & Hijmans 2006), we drew
an extension of the existing polygon that included the
new localities, following the elevation limits of the range.
The polygon was the most conservative possible without
assuming the presence of the species in areas lacking
data. If a locality was >50 km away from the current
polygon, we created a 10 km buffer around it (example
in Supporting Information).
Range Refining
Published range maps, and those drawn following the
expert-drawn techniques, often include areas unsuitable
for the species (Harris et al. 2005). Two steps refined the
ranges to achieve more accurate and realistic maps. First,
we refined the updated range maps with the known limits
of elevation with a 90 m digital elevation model (Jarvis
et al. 2008). The preferred elevation for each species
was the minimum and maximum elevations recorded for
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Figure 1. Range maps for the Multicolored Tanager (Chlorochrysa nitidissima), a Colombian endemic species: (a)
2011 BirdLife range (9911 km2 ) (termed original range to distinguish from current range) (BirdLife International
& NatureServe 2011), (b) range updated on the basis of presence data (12,705 km2 ), (c) range as refined by
preferred elevation of the species (7860 km2 ), and (d) range refined by both elevation and habitat (i.e., forest)
(2125 km2 ).
the species (Hilty & Brown 1986; Restall et al. 2006) or
the elevation indicated on the species’ factsheets from
BirdLife International (2012). We understand that the
elevational limits of a species may vary along its distribution (Terborgh 1977). Second, we further refined the
range by remaining habitat. We used the most recent land
cover map of Colombia (Sanchez-Cuervo et al. 2012) and
selected only natural cover as habitat (mature and secondary forest). We called the final map resulting from
this process a species’ habitat map.
For example, Fig. 1 shows the range modifications for
the Multicolored Tanager (Chlorochrysa nitidissima), a
vulnerable and endemic species found in the Western
and Central Andes (Hilty & Brown 1986; BirdLife International 2012). We refined BirdLife’s map (Fig 1a) to include
new observations of its occurrence (Fig. 1b). This species
prefers elevations between 1300 and 2200 m, so we then
refined the map to include areas within this elevational
range (Fig. 1c). Unless one does so, the implied ranges
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can often be many times larger than is possible given
the known elevational limits of the species (Harris &
Pimm 2008). Using this new range, we further refined
the map by selecting only areas still covered by forest,
the tanager’s habitat (Fig. 1d) (Hilty & Brown 1986).
Bird Conservation Priorities
We overlaid 171 BirdLife range maps (BirdLife International & NatureServe 2011) and repeated the process
with only threatened species (IUCN 2012). We then
summed the number of species to map high concentrations of endemic, small-range, and threatened bird
species.
Reassessing Threat Level
BirdLife International is IUCN’s designated partner to determine the threat category of birds. Thresholds are set
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Figure 2. Concentration of (a) endemic and small-range bird species (n = 171) and (b) threatened bird species
(N = 42) in Colombia on the basis of BirdLife and NatureServe maps (2011).
for the following criteria: reduction of population size,
reduction in geographic range (extent of occurrence or
area of occupancy), decreasing estimates of mature individuals in the population, and known extinction probability (IUCN 2012). Most of these criteria are difficult
to assess, and estimating population sizes and trends for
all species is far from practical (Freile et al. 2010). Geographic range is an accessible measure that serves as a
proxy for these factors. Following the range refining process, we evaluated the threat categories for 13 species of
birds whose total ranges are entirely within the Western
Andes of Colombia.

are in the Amazon lowlands, contained no endemic or
small-range bird species. Along the Andes, and especially
on the Western Andes, there are few parks, and they do
not protect most of the species concentrations (Fig. 2).
Henceforth, we consider only the Western Andes. Figure 3(a) is the detail of Fig. 2(a) for this region.
We knew from our and others’ fieldwork that the map
in Fig. 3(a) had substantial omissions. For example, for the
Mesenia-Paramillo Reserve (Fig. 3), Suarez and Mazariegos (2013) reported at least 23 species of endemic and
threatened bird species. Figure 3(a) shows only 3 endemic and 2 threatened species.

Results

Impacts of Better Knowledge and Range Refinement

Initial Map for Colombia
Species with small ranges concentrate in the isolated
Sierra Nevada de Santa Marta and in the Eastern, Central,
and especially the Western Andes (Fig. 2a). The pattern
of threatened species was similar (Fig. 2b). The Western
Andes housed the highest concentrations of endemic and
small-range species and threatened species (35 and 12
species, respectively). The largest national parks, which

The highest concentration of bird species in the Western
Andes changed from 41 to 46 when we updated the range
maps, and high concentrations of species extended much
farther north (compare Figs. 3a & 3b).
Although the general patterns of concentration of endemic and small-range birds were similar, with range
refinement these areas became smaller and highly fragmented (compare Figs. 3b & 3d). Our updates to the
ranges resulted in generally larger ranges than those
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Figure 3. Concentration of 100 endemic and small-range bird species for the Western Andes of Colombia on the
basis of (a) BirdLife and Nature Serve maps (2011), (b) after our range updates based on presence data, (c)
refined by suitable elevation, and (d) refined by elevation and habitat.
reported by BirdLife (Fig. 4 top grey line relative to the
black line below it). Once refined by elevation, however, the range sizes decreased (Fig. 4. dashed line),
and then decreased substantially when refined by habitat (Fig. 4 dotted line). Further details are in Supporting
Information.

presents another interesting case. The original BirdLife
range for Coeligena orina was 25 km2 ; after updates it
was 1084 km2 . Its estimated range dropped when we
refined by elevation to 55 km2 and by and habitat to
45 km2 .

Discussion
Re-Assessing Threat Levels with Refined Ranges
The combination of limited elevational range and extensive habitat loss means these species have much smaller
ranges than previously thought. Inevitably, range updates
resulted in larger ranges (Fig. 4), while the refining process resulted in smaller ranges because remaining habitat did not cover all the area within the chosen elevations. Scytalopus canus, Picumnus granadensis, Habia
cristata, and Bucco noanamae are all of least concern
or near threatened. After we trimmed the ranges by elevation and habitat, all their ranges were <20,000 km2 .
In extreme cases, such as P. granadensis and B. noanamae, the species lost 83% and 54% of their estimated
range, respectively after we refined by suitable elevation
and habitat. P. granadensis is of less concern because
it uses forest borders, secondary plantations, and coffee
plantations extensively. Comparatively, B. noanamae is a
forest-restricted species. A recently rediscovered species
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The Western Andes had the highest concentration
of endemic and small-range bird species. This finding updates priorities set by the National Bird Conservation Strategy (Renjifo et al. 2001) that suggested the Central and Eastern Andes as areas of
the highest conservation priority. Velásquez-Tibatá
et al. (2013) also identified the Western Andes as of the
highest conservation priority for birds.

Importance of Range Updating
Updating the species’ ranges with new data showed that
BirdLife International and NatureServe’s (2011) range
maps underestimated important areas such as the northern part of the Western Andes (compare Fig. 4a with 1b).
This area was poorly studied for most of the 20thentury. Various studies in the last decade have resulted
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Figure 4. Rank of 100 Western Andes birds by range size (smallest to largest) on the basis of the original BirdLife
range map (BirdLife International & NatureServe 2011), ranges updated on the basis of presence data, ranges
refined by elevation, and ranges refined by elevation and habitat.
in rediscoveries (Krabbe et al. 2005), species’ range
extensions (Cuervo et al. 2003) and discoveries of
new species (Robbins & Stiles 1999; Salaman & Stiles
2008; Carantón-Ayala & Certuche-Cubillos 2010). Our
study was limited by the limited locality data for some
species, especially endemics, as has been the case with
other studies (Graham & Hijmans 2006; Velasquez-Tibatá
et al. 2013). Updating bird ranges in all other areas of
Colombia remains an important task because we may
still be underestimating priority areas for conservation in
Colombia.

After refining species’ ranges by elevation and remaining habitat, the overall distributions of endemic and smallrange species were broadly the same (compare the 4
panels of Fig. 3). The ranges became smaller and were
highly fragmented, however (Fig. 3c-d). The majority of
the BirdLife ranges included areas that no longer contain habitat for the species due to recent severe deforestation and fragmentation. This finding is consistent
with results of studies in the Atlantic forest in Brazil
(Jenkins et al. 2010) and in Central America (Harris &
Pimm 2008).
Reclassifying Threat

Justification for Refining Ranges
The original range map for the Multicolored Tanager generally follows the known elevation limits of the species.
Our refining with a detailed map of elevation decreased
the estimated range by 38% (compare Figs. 1b & 1c).
Without such refining, the implied ranges sometimes may
be many times larger than is possible given the known
elevational limits of the species (Harris & Pimm 2008).
Much of the tanager’s currently proposed range lacks
forest cover, however. Fragmentation and land use conversion severely reduce this species’ range because it is
seldom found outside native forests (Renjifo 2001).

For 13 Western Andes endemics, Birdlife considers 11 to
be threatened. We recommend the remaining 4 species
be reassessed. When we refined the ranges by elevation and remaining habitat, range sizes fell within the
broad limits of other species Birdlife deems threatened
(Fig. 5). We suggest this exercise be replicated for all
endemic and small-range species in Colombia because
their threat status could also be currently underestimated. Analyses of range fragmentation and threat categories have been done successfully for the Atlantic
Coast forest of Brazil, where Schnell et al. (2013) found
that in addition to the 28 species already deemed
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Figure 5. Thirteen Western Andes endemic species ranked by increasing range size (top to bottom) on the basis of
BirdLife ranges (BirdLife International & NatureServe 2011) (first column), ranges we updated with presence
data (second column), ranges refined by suitable elevation (third column), and ranges refined by elevation and
habitat (fourth column). The lines connect the same species within different columns. Status categories are
International Union for Conservation of Nature (IUCN) categories. Grey dashed lines are IUCN category
thresholds: critically endangered range of <100 km2 , endangered 100–5,000 km2 , vulnerable 5,000–20,000 km2 ,
near threatened 20,000 – 100,000 km2 , and least concern >100,000 km2 .
threatened by IUCN, 30 more might also be categorized as
threatened.
Western Andes Conservation Actions
The Western Andes had the highest concentrations of
endemic and small-range bird species. Long et al. (1996)
showed the Chocó Endemic Bird Area had more restricted range species than any other in the world. The
western slope starts with lowland rainforest, rises to
paramo, and extends through very humid cloud forests.
These areas are some of the best preserved in Colombia;
the forests are almost completely intact (Cuervo et al.
2003). On the other slope, the landscape is extremely
fragmented (Forero-Medina & Joppa 2010).
Between the 5 national parks in the Western Andes,
large unprotected gaps remain (Fig. 3d). The southern
part of the cordillera, bordering Ecuador, is also unprotected. Between Munchique and Farallones is a gap that
could potentially connect these 2 important parks. Landmines cover some of this region. These prevent direct
conservation action, but they also impede logging and
Conservation Biology
Volume 00, No. 0, 2014

hunting and have allowed the forest to remain intact. To
the north of Farallones, ranges are evidently fragmented
and lack protection. Land acquisition here is expensive
due to dense human settlement and agriculture (Etter
et al. 2011). Another large unprotected area is between
Tatamá and Orquideas, a region that has recently opened
up for research after many years of social unrest.
Other than identifying particular large areas that one
might hope the Colombian government would protect, we suggest the creation and enlargement of private protected areas that could complement the government’s efforts. Mesenia-Paramillo is a private reserve
located between Tatamá and Orquideas National Parks,
an area in need of conservation with high concentrations of endemic, small-range, and threatened species
(Fig. 3). In Fig. 6, satellite imagery shows a large continuous forest west of Mesenia-Paramillo Reserve (star
in Fig. 3) that is protected by indigenous peoples and
regional authorities. To the east of the reserve is an
approximately 10,000 ha area of forest under regional
protection, with some private conservation areas. Deforestation threatens to isolate it. This situation encouraged
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Figure 6. Mesenia-Paramillo Reserve (green outline) and protected areas around it on a satellite image provided
by Earthstar Geographics.

Fundación Colibrı́, a Colombian nonprofit organization, to acquire land for conservation in the crucial area between these forests. It purchased MeseniaParamillo Reserve (630 ha) in 2007. Currently, 2 foundations SavingSpecies (SavingSpecies 2013) and SPNThe Netherlands (SPN 2013) have contributed resources for acquiring more land. The reserve is currently 2500 ha and continues to expand with new
purchases. This private reserve will maintain the existing fragile connection between these forests and,
through forest restoration, broaden it. This will provide more habitat for dozens of threatened and endemic species and thus improve their conservation
status.
There are broad consequences of these protection actions. Many studies highlight global conservation priorities (e.g., Myers et al. 2000; Jenkins et al. 2013). Joppa
et al. (2013) asked the obvious question of how one

can downscale from global strategic studies to practical actions. Jenkins et al. (2013) provide a case history for coastal Brazil, and here we provide another for
Colombia. Four key recommendations emerge as likely
having international relevance.
First, regional or international conservation priorities
must be downscaled to practical geographical extents
that allow conservation actions. Merely saying the Northern Andes of South America or the Western Andes of
Colombia is a priority is not enough.
Second, while strategic conservation priorities may
change slightly as better data on vertebrates (Jenkins
et al. 2013) and quantitative information on other taxa
(such as plants [Joppa et al. 2013]) become available,
there is broad agreement on the location of the hotspots.
Most priority setting studies assume species occur across
their entire original ranges. Based on our work, we
recommend demarcating these ranges by elevation and
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by remaining habitat. Such information is extremely important in making tactical recommendations for land protection. Habitat cover is continually changing, of course.
Third, inadequate knowledge of species ranges affect
these priorities, as is the case in Colombia because of its
recent history. We recommend updating these conservation priorities as knowledge of species’ ranges improves.
Finally, we recommend complementing national protected areas, such as national parks, with smaller, strategically positioned private reserves. Mesenia-Paramillo Reserve provides an example. Enactment of private reserves
would be a small-scale effort, but it would likely be
highly effective at preventing the isolation of large areas
of habitat and restoring habitat connections. Restoration
of degraded land and reconnection of forest fragments
may involve land acquisitions small enough for regional
conservation organizations and even individuals to effect
(SavingSpecies 2013).
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Krabbe, N., P. Flórez, G. Suárez, J. Castaño, J. D. Arango, P. C. Pulgarı́n,
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