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Abstract: We sought to identify priority areas for the conservation of Andean bear (Tremarctos
ornatus) habitat in the northern portion of the eastern Andean cordillera in Ecuador. The study area
included paramo and montane forest habitats within the Antisana and Cayambe-Coca ecological
reserves, and unprotected areas north of these reserves with elevations ranging from 1,800 to 4,300 m.
We collected data on bear occurrence along 53 transects during 2000-01 in the Oyacachi River basin,
an area of indigenous communities within the Cayambe-Coca Ecological Reserve. We used those data
and a set of 7 environmental variables to predict suitability of Andean bear habitat using Mahalanobis
distance, a multivariate measure of dissimilarity. The Mahalanobis distance values were classified into
5 classes of habitat suitability and generalized to a resolution of 1,650-m x 1,650-m grid cells. Clusters
of grid cells with high suitability values were delineated from the generalized model and defined as
important habitat areas (IHAs) for conservation. The IHAs were ranked using a weighted index that
included factors of elevation range, influence from disturbed areas, and current conservation status. We
identified 12 THAs, which were mainly associated with piramo and cloud forest habitats; 2 of these
areas have high conservation priorities because they are outside existing reserves and close to areas of
human pressure. The distribution of the IHAs highlighted the role of human land use as the main
source of fragmentation of Andean bear habitat in this region, emphasizing the importance of
preserving habitat connectivity to allow the seasonal movements among habitat types that we
documented for this species. Furthermore, the existence of areas with high habitat suitability close to
areas of intense human use indicates the importance of bear-human conflict management as a critical
Andean bear conservation strategy. We suggest that a promising conservation opportunity for this
species is linked to its occurrence in highland habitats, which play a key role in the maintenance of
long-term water supplies.
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Habitat loss is the single largest cause of species
endangerment worldwide (Hilton-Taylor 2000, Pitman
et al. 2002). Defining effective conservation areas for
biodiversity protection is a fundamental necessity in
countries where an accelerated degradation and de-
struction of natural habitats is fragmenting and isolating
wildlife populations. However, the lack of biological
information and difficulties in addressing the causes for
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biodiversity loss in the short term necessitate prioritizing
conservation efforts by means of 2 main criteria:
selection of large tracts of relatively undisturbed
vegetation and selection of habitats associated with
species that require large areas (Poiani et al. 2001). Such
landscape species often occur in ecologically diverse
areas, and their habitat requirements in time and space
make them particularly vulnerable to land-use and
resource-harvesting practices of people. Thus, identify-
ing ecological requirements of landscape species is
useful to aid the design and management of landscapes
for biodiversity conservation (Simberloff 1999, Sander-
son et al. 2002).
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Fig. 1. Study area in the northeastern Ecuadorian
Andes to identify priority conservation areas for
Andean bears.

Pdramo and cloud forests represent the primary
habitats of Andean bears (Tremarctos ornatus) in the
northern Andes (Ecuador, Colombia, and Venezuela).
The seasonal variability in food availability in habitats
used by Andean bears may result in wide-ranging
movements, which are increasingly obstructed by the
loss of favorable habitat due to advancing agricultural
frontiers and expanding infrastructure. Peyton et al.
(1998) estimated that approximately 18% of potential
bear range in the Andes Mountains was contained within
58 protected areas. However, many of those areas were
small, particularly in the northern Andes. The median
size of 43 parks in Venezuela, Colombia, and Ecuador
was 1,250 km?, which may be insufficient to ensure
long-term species persistence (Peyton et al. 1998).

In Ecuador, the Andean bear inhabits approximately
58,000 km? of paramo and cloud forest habitats, of
which almost 19,000 km? are within the Ecuadorian
system of protected areas and remaining areas are
undeveloped but not legally protected (Rodriguez et al.
2003). Those habitats have been reduced by approxi-
mately 40% from their original distribution, thereby
creating a series of “islands” in the regional landscape
(Sierra et al. 1999). The conversion of those areas to
agricultural uses has fragmented bear habitat and
isolated populations (Peyton 1999, Sudrez 1999).
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Andean bear distribution in Ecuador is fragmented
among many habitat patches (subpopulations), with the
largest patches distributed within the eastern Andean
range (n = 10, x = 4,340 km2). Many of the remaining
habitat patches (n» = 15) in Ecuador are small (x = 1,140
km?; EcoCiencia/World Wildlife Fund, Quito, Ecuador,
unpublished data). Although no reliable population data
are available, the Cayambe-Coca Ecological Reserve
and Sangay National Park likely contain the largest
Andean bear populations in Ecuador (Sudrez 1999).

The Andean bear’s broad ecological requirements and
its seasonal use of different habitats make it an
appropriate species on which to base conservation
planning to preserve the high biodiversity of these
ecosystems (Yerena 1998, Peyton 1999). The conserva-
tion of Andean bears in Ecuador depends on proper
protection and management of their habitat. Studies to
determine the distribution of the Andean bear and
availability of suitable habitats can be important to
delineate conservation units. Knowledge of the extent,
shape, and spatial distribution of those units is important
to help reduce the effects of fragmentation, thereby
improving the long-term viability of Andean bear
populations (Yerena and Torres 1994, Sudrez 1999).
However, important habitat areas for Andean bears have
not been delineated for northern Ecuador. Therefore, we
sought to delineate important habitat areas in the
northern portion of the eastern Ecuadorian Andean
cordillera and rank their relative importance for Andean
bear conservation.

Study area

Our study area included the Cayambe-Coca Ecolog-
ical Reserve, the northern section of the Antisana
Ecological Reserve, and adjacent piramo and cloud
forest areas in the Sucumbios and Carchi provinces in
the northeastern Andes Cordillera of Ecuador (Fig. 1).
The study area covered 6,048 kmz, and elevations
ranged from 1,800 to 4,300 m. The Cayambe-Coca and
Antisana ecological reserves made up 47.7% (2,884
km?) and 3.2% (194 km?), respectively, of the study area
(Fig. 1). Due to the geographical position of the area, its
altitudinal range, and the different climatic strata of the
region, the flora and fauna are extremely diverse
(Paredes et al. 1999). These ecosystems are known for
high alpha diversity and endemism and for their fragile
soils and topography (World Wildlife Fund 2001); the
area is part of the Tropical Andes biome defined by
Myers et al. (2000) as one of the 10 worldwide
biodiversity “hotspots”.
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In the higher elevations of the study area, the prominent
geomorphologic features are of glacial origin and include
cirques, roches moutonnées (smooth knobs projecting
from the land surface), and U-shaped valleys filled with
moraine deposits, mudslides, and lahars (volcanic mud-
flows). The terrain of the lower elevations is highly
dissected and covered with cloud forests; heterogeneous
landscapes are predominant (Cuesta et al. 2003).

Four major watersheds begin inside the Cayambe-
Coca Ecological Reserve: the Aguarico River (1,395
km?), the Quijos River (2,504 km?), the Mira River (67
kmz), and the Esmeraldas River (2,624 km?). Because of
these hydrological resources, this protected area repre-
sents the most important water reserve of the northern
portion of the country (Paredes et al. 1999). The area
consists of 4 major land-cover types (Valencia et al. 1999;
EcoCiencia, Quito, Ecuador, unpublished reports): (1)
humid pdramo (includes herbaceous paramo, frailejones
[Espeletia pycnophylla] paramo, cushion paramo, and
mixed-forest piramo), (2) high evergreen upper montane
forest, (3) montane cloud forest, and (4) disturbed areas
(Table 1). The disturbed land-cover type corresponded to
landscapes dominated by a matrix of anthropogenic land
uses such as agriculture and urban areas. This land-cover
type is predominant in the inter-Andean valleys located
west of the study area, which have been used by humans
for millennia. In contrast, most of the disturbed areas in
the eastern slopes of the Andes correspond to recent
deforestation and colonization frontiers associated with
roads built to connect the Ecuadorian highlands with the
lowlands in the Amazon basin (Young 1998). Human
activities (such as extensive cattle breeding, hunting) in
non-disturbed land-cover types (piramo and montane
forests) are limited and have relatively low impact on the
structure of those natural habitats. However, the intensity
of these activities varies spatially with accessibility and
proximity to populated areas.

Methods

We ranked areas for the conservation of Andean bear
habitat in the study area using a 3-stage approach by (1)
applying a statistical model to predict suitability of
Andean bear habitat based on occurrence data, (2) using
the predictions of that model to delineate important
habitat areas, and (3) ranking and assessing the con-
servation importance of those areas.

Model application
A quantitative model is important to objectively
delineate areas of suitable bear habitat. We relied on an

Table 1. Altitudinal range and area of land-cover
types within the northeastern Ecuadorian Andes
study area. Adapted from a study of Andean bear
habitat in the Oyacachi River basin (Cuesta et al.
2003).

Altitudinal Area Proportion of
Land-cover type range (m) (km?) study area (%)
Humid paramo 3,4004,300 1,837 304
High evergreen upper
montane forest 3,000-3,600 1,428 23.6
Montane cloud forest  1,800-3,000 1,979 327
Disturbed areas 804 13.3
Total 6,048 100.0

accompanying study in the Oyacachi River basin to
predict bear habitat suitability on a regional scale
(Cuesta et al. 2001, 2003). The 721-km? Oyacachi
study area was located in the southern portion of the
Cayambe-Coca Ecological Reserve (Fig. 1). The field
data for that model were based on bear sign locations
that were collected along 53 transects during 2000-01
(Cuesta et al. 2001, 2003). Habitat suitability was
determined using the multivariate statistic Mahalanobis
distance (Clark et al. 1993) and a set of environmental
variables considered to be the most relevant to Andean
bear habitat use (Cuesta et al. 2003). We used that model
to extrapolate the Mahalanobis distance values to the
regional study area. Mahalanobis distance is a multivar-
iate measure of dissimilarity (Clark et al. 1993). As
such, our extrapolation represents how dissimilar (or
similar) habitats are compared with those used by
Andean bears in the Oyacachi River basin. Similar
Mahalanobis distance values can suggest similar habitat
potential, despite differences in habitat configurations
(Knick and Rotenberry 1998). An advantage of this
statistic is that it accounts for correlation among vari-
ables and avoids the assumption of multivariate normality
(Clark 1993, Knick and Rotenberry 1998).

We used geographic information system (GIS)
software (TNT Mips, V6.3, Microlmages, Inc., Lincoln,
Nebraska, USA) to build a raster GIS database for 7
environmental variables (30- x 30-m grid cells) for the
entire region: elevation, slope, terrain shape index,
distance to rivers, road density, percentage of developed
area, and land-cover type (Table 2). Despite the relatively
coarse scale of the source topographic data, we chose
a resolution of 30 m to maintain compatibility with the
Mahalanobis model generated for the Oyacachi water-
shed across the whole region. In addition, high resolution
digital elevation models (DEM) have been successfully
extracted from small-scale topographic information in
areas where large elevation gradients and extreme
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Table 2. Geographic information system (GIS) variables used in this study to determine suitability of Andean

bear habitat for the northeastern Ecuadorian Andes.

Variable

Description

Source

Elevation (m) Elevation (m)

Slope (degrees)

Terrain shape index

Slope steepness (degrees)

Mean difference in elevation between the

Digital elevation model (DEM)
interpolated from contour
lines (1:250,000 scale); Geographic
Institute of the Army of Ecuador (IGM)
Calculated from elevation using
the Slope function (TNT Mips)

Calculated based on McNab (1989)

central pixel and its 24 neighbors in

a window of 5 x 5 pixels

One disturbed and three natural
land-cover types (see text)

Land-cover type

Distance to rivers

Road density

Percent of developed area

Distance to the nearest stream (m)

Ratio of road pixels to the total number of
pixels within a 10-km? circular window
Ratio of disturbed area pixels to the total
number of pixels within a
10-km? circutar window

Supervised digital classification
of a Landsat TM satellite image
(Path 10, Row 60; December 20,
1998; 30-m resolution)

Calculated from a stream coverage
(1:50,000 scale) produced by the
IGM with the Distance function
(TNT Mips)

Calculated from a raster layer of
roads (1:50,000 scale)

Calculated using the disturbed
areas class of the land-cover
type raster layer

topographic relief generate high planimetric density of
topographic data (i.e., contour lines; Zomer et al. 2002).
Mahalanobis distance was calculated for the regional
study area using that GIS database. The model results
were extrapolated only to areas with biophysical
characteristics similar to the Oyacachi study area (Cuesta
et al. 2001, 2003). Because elevation is the primary
ecological gradient, we restricted model application to
areas between 1,800 m and 4,300 m, which was the
elevation range monitored in the Oyacachi study.

Delineating important habitat areas (IHAs)

We used the results from the Mahalanobis distance
model to identify IHAs for the conservation of Andean
bears by delineating zones with high habitat suitability
values (low Mahalanobis distance values). Cuesta et al.
(2003) tested the habitat model using independent
locations and divided the associated distance values
into 5 range classes. These classes were based on
discernible discontinuities of percentiles of a cumulative
frequency curve (23.0%, 47.6%, 86.9%, 96.7%, and
100%), representing 5 habitat suitability classes (Boitani
et al. 1999). Areas with Mahalanobis distance values
<7.2 were considered the most suitable habitat (class
1). We used those 5 classes for our subsequent anal-
yses by overlaying a square GIS “window” (2.72-km?;
1,650 x 1,650 m) with the grid of Mahalanobis values

Ursus 16(2):222-233 (2005)

(30- x 30-m grid cells). We calculated the most frequent
class value (mode) inside each square to assign that
value to the entire 2.72-km” window area. Because of
the lack of baseline ecological data on Andean bears, we
defined an area of 2.72 km? based on average daily area
requirements of adult female American black bears
(Ursus americanus; Clark et al. 1993). That process was
designed to reduce the spatial resolution of the habitat
data, thereby facilitating the identification of IHAs by
delineating contiguous areas of >10 grid cells (2.72-
km®) with class 1 values. We considered grid cells to be
adjacent when cells with class 1 values shared at least
1 entire edge with a neighboring cell of class 1. No
reliable information exists on minimum viable popula-
tions for Andean bears, so we defined this arbitrary
minimum area as a means to define IHAs with favorable
habitat that would potentially support a small population
of bears. Preliminary population data from the Oyacachi
study area suggest that 6 or 7 females may occupy
a contiguous area of 27 km? (F. Cuesta, EcoCiencia,
unpublished data). Until more detailed ecological data
become available, these IHAs simply represent a starting
point for prioritizing conservation efforts.

Ranking of important habitat areas
After identifying and delineating the IHAs, we ranked
their importance based on 3 criteria: (1) altitudinal
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range, (2) human influence, and (3) current conser-
vation status. We assigned scores between 0 and 1 for
each of these factors, except for the altitudinal range
criterion, which was weighted by assigning values
between 0 and 2. We used the overall scores to rank
the areas and to identify preliminary strategies for
their conservation. The scores were additive on a scale
of 0—4, with higher scores indicating greater priority
for conservation.

Altitudinal ranges. Cuesta et al. (2003) found that
Andean bears use paramos at high elevations and
montane forest at lower elevations more intensely than
other vegetation types throughout the year. They sug-
gested this may be due to a greater concentration and
year-round availability of food items (such as palmetto
trees [Arecaceae family] in the cloud forest and
terrestrial bromeliads [Puya spp. and Gregia spp.] in
the paramo) in these areas. Following that study, we
defined 4 altitudinal ranges: 1,800-2,400 m (range 1),
2,400-3,000 m (range 2), 3,000-3,600 m (range 3), and
3,600—4,200 m (range 4). We determined the percent
covered by each altitudinal range in each IHA and
multiplied those percents by 2 for ranges 1 and 4 and
1 for ranges 2 and 3. Ranges 1 and 4 generally correspond
with cloud forest and paramo areas, respectively, and
were assigned a greater weight to emphasize their
importance. These elevation belts have been identified
as the best bear habitat within the range of the species
(Sudrez 1985, Yerena and Torres 1994, Peyton 1999,
Troya et al. 2004).

Influence of disturbed areas. Natural habitats
surrounded by anthropogenic influences are more
likely to be exposed to edge effects and isolation,
affecting the quality of habitat and ultimately leading
to loss of biodiversity due to local extinctions
(Diamond 1986, Wilcove 1987). The degree of
connectivity of remaining habitat patches depends on
the pattern and distribution of human disturbances. A
high degree of internal fragmentation often leads to
greater human-caused mortality because of more
interactions (such as crop and cattle predation by
bears and their subsequent Kkilling by farmers). We
ranked the potential for human impacts by calculating
the percent of each IHA within 6 km from human
disturbance zones. This distance is an approximation,
based on own observations in the field, of how far
people in the Oyacachi village travel to check on their
cattle. Areas completely inside this zone were given
a value of 1, indicating the greatest need for con-
servation or management measures. This value di-
minished proportionally with increasing amount of

area outside the zone of influence. A value of 0 was
assigned to IHAs entirely outside this zone.

Status of protection. By means of this criterion,
we gave priority to IJHAs that were entirely or partially
outside of the Cayambe-Coca and Antisana ecological
reserves (Fig. 1). We assigned values to each IHA by
calculating the percent of their extent outside ecological
reserves. Areas completely outside reserves were given
a value of 1, with diminishing values toward O for IHAs
with increasing area inside the protected areas.

Qualitative assessment of
conservation importance

These methods provided a quantitative and objective
approach to delineate and rank IHAs. However, strictly
quantitative criteria cannot capture all important as-
pects of potential conservation areas. Therefore, we also
used qualitative considerations: watershed and bio-
diversity protection are 2 important biological and
economical incentives for resource protection in Ecua-
dor (Josse 2000).

Hydrological resources. One of the most impor-
tant indices in assessing the conservation potential of
large ecosystems in the Andean mountains is the presence
of intact watersheds (Olson and Dinerstein 1994, Peyton
1999). The relatively undisturbed, high-elevation water-
sheds in the Cayambe-Coca Ecological Reserve and sur-
rounding areas provide one of the major water sources in
Ecuador (Paredes et al. 1999). Therefore, to define the
potential importance of IHAs for protecting water re-
sources, we delineated watersheds in the study area
(Watershed Tool, TNT Mips GIS). We used the DEM for
the area to derive hydrological parameters of flow direc-
tion and flow accumulation based on which watersheds
were delineated. We then calculated the number and total
area of watersheds that intersected with each of the IHAs.

Number of vegetation types. Effective conser-
vation planning requires conservation of functional
landscape units that guarantee adequate access to
resources by bears throughout the year. The intensity
with which Andean bears use different vegetation types
changes seasonally (Peyton 1980, Sudrez 1985, Cuesta
et al. 2003). Therefore, we used the digital land-
cover data to determine the extent and number of vege-
tation types included in each IHA as indicators of
vertical connectivity and beta diversity. We examined
the pattern and extent of 3 primary vegetation types
used by Andean bears in the study area: upper
montane evergreen forest, montane cloud forest, and
humid paramo (EcoCiencia, Quito, Ecuador, unpub-
lished report).

Ursus 16(2):222-233 (2005)
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Fig. 2. Delineation of important habitat areas (IHAs) for Andean bears in the northeastern Ecuadorian Andes.
(a) original model of Andean bear habitat suitability (30-m x 30-m grid cells), (b) generalized model of suitability
of Andean bear habitat (1,650-m x 1,650-m grid cells), (c) IHAs defined as clusters of >10 cells with class 1 values
based on the generalized model. The areas are superimposed to the main land-cover types in the study area.

Results tween the slopes of the Cayambe volcano and the upper
Habitat suitability watershed of the Oyacachi River (area A in Fig. 2a), the

Areas with high habitat suitability (class 1 areas) paramo in the southern portion of the Cayambe-Coca
covered 27.3% of the study area and were concentrated  Ecological Reserve (area B), the piramo surrounding
in zones with a predominance of paramo or cloud forests =~ Lake Puruhanta (area C), the mosaic of upper montane
(Table 3, Fig. 2a). Contiguous class 1 areas occurred be-  forest and paramos in the northern portion of the study
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Table 3. Mahalanobis distance classes used in this
study as an index to suitability of Andean bear
habitat within the northeastern Ecuadorian Andes.
Mahalanobis distance classes were defined based
on a 2000-01 field study in the Oyacachi River basin
(Cuesta et al. 2003).

Mahalanobis Proportion
distance (D% Area of study
class Value range (km?) area (%)
Class 1 0<D?<72 1,650 27.3
Class 2 7.2 < D? < 10.1 1,133 18.7
Class 3 101 <D?<237 1,338 22.1
Class 4 23.7 < D? < 200 516 8.6
Class 5 D? > 200 1,411 23.3
Total 6,048 100.0

area (area D), and in heterogeneous areas of cloud forest
in the lower portion of the study area (area E). Class 2
and 3 areas comprised 40.8% of the study area, and their
spatial configuration was distinctive. Class 3 areas were
more abundant (22.1%) across the landscape, but their
distribution was heterogeneous, forming a background
for class 1 and 2 areas (Table 3, Fig. 2a). Class 2 areas
were slightly less common (18.7%) and mainly defined
connection zones between class 1 areas. Class 4 and 5
areas covered 31.9% of the study area; the distribution
of these areas generally resembled the spatial patterns of
the road network and agricultural land uses (Table 3,
Fig. 2a).

Delineating important habitat areas
The generalized model was based on 2.72-km? grid
cells (Fig. 2b). We used the spatial patterns of the 5

habitat classes to define IHAs. We identified 12
contiguous zones consisting of at least 10 grid units
belonging to habitat class 1 (Fig. 2c). The total extent of
these areas was 1,820 km?, representing 30% of the
study area. Individually, the area of the 12 IHAs ranged
from 30.2 to 397.7 km? (Table 4). IHAs 3, 6, 7, and 9
were relatively small (<44 km?) and together repre-
sented only 2.4% of the study area. [HAs 1,2, 5, 11, and
12 were between 76 and 161 km?” and together covered
9% of the study area. Finally, the 3 largest IHAs (4, 8,
and 10) had extents greater than 340 km? and
represented 18.6% of the study area (Table 4, Fig. 2c).

Ranking of IHAs

The scores assigned to the IHAs based on the
altitudinal coverage criterion ranged from 1.35 to 1.90
(Table 4). Areas that received the 3 highest scores were
7, 12, and 8 because those areas were mostly in
elevation range 4 (3,600-4,200 m), which was weighted
more (Table 4). In contrast, IHAs 2, 4, and 10 received
low scores because approximately 60% of their extents
were within altitudinal ranges that received lower
weights (Table 4). Overall, most IHAs had substantial
portions of their areas within the 6-km disturbance zone.
IHA 7 received a high score (0.95) for anthropogenic
influence because 94.8% of its area was inside the zone
of human influence. Finally, we observed high variation
of scores for the conservation status criterion. IHA 1 was
located completely outside protected areas and thus
received a score of 1. Most of IHAs 6, 9, 10, and 11
were within the Cayambe-Coca Ecological Reserve in
a zone isolated from major anthropogenic disturbances

Table 4. Important habitat areas (IHAs) for Andean bears in the northeastern Ecuadorian Andes and scores
used to rank their conservation value. IHAs were defined as areas with >10 contiguous grid cells with
Mahalanobis distance values in class 1 based on the generalized model of suitability of Andean bear habitat

(1,650-m resolution).

Ranking score

Portion of Altitudinal Influence of Conservation Sum of
IHA Area (km?) study area (%) coverage disturbed areas status scores
1 101.0 1.67 1.68 0.83 1.00 3.51
2 84.4 1.4 1.35 0.86 0.91 3.12
3 35.5 0.59 1.57 0.64 0.20 2.41
4 386.6 6.39 1.36 0.40 0.72 2.48
5 161.0 2.66 1.62 0.69 0.53 2.84
6 43.6 0.72 1.68 0.12 0.00 1.80
7 38.1 0.63 1.90 0.95 0.24 3.09
8 340.3 5.63 1.87 0.49 0.26 2.62
9 30.2 0.5 1.63 0.68 0.05 2.36
10 397.7 6.58 1.38 0.66 0.00 2.04
11 125.3 2.07 1.82 0.54 0.00 2.36
12 76.2 1.26 1.89 0.45 0.28 2.62
Total 1,820.0 30.1

Ursus 16(2):222-233 (2005)
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Table 5. Number and surface area of watersheds
associated with 12 important habitat areas (IHAs)
for Andean bears in the northeastern Ecuadorian
Andes identified in this study.

IHA Number of watersheds Area (km?)
1 41 435
2 41 339
3 19 235
4 161 1,099
5 56 524
6 22 313
7 17 153
8 109 850
9 16 210

10 138 1,178

1 54 357

12 62 172

Total 736 5,865

(Table 4, Fig. 2c). Consequently, those areas obtained
lower scores or O for the conservation status criterion.

After summing scores corresponding to the 3 criteria,
IHAs 1, 2, and 7 received the highest scores (3.51, 3.12,
and 3.09, respectively; Table 4). Most of the 12 IHAs
had total scores distributed in a relatively small range
between 2.04 to 2.84 (areas 3, 4, 5, 8, 9, 10, 11, 12).
THA 6 received the lowest score (1.80; Table 4).

Hydrological resources and vegetation types

A total of 1,560 watersheds were derived from the
DEM within the study area. Of those, 736 were at least
partially associated with one or more of the 12 IHAs.
Total area covered by these watersheds was 5,865 km2,
representing 97% of the study area (Table 5).

The majority of IHAs were associated with 2
vegetation types. Areas 7 and 9 included mostly paramo

within their boundaries (Table 6, Fig. 2c). Similarly,
>90% of areas 8 and 12 were in paramo vegetation. Areas
4 and 10 were primarily associated with cloud forests. The
remaining IHAs had varying percents of paramo and high
evergreen upper montane forests; the percent of paramo in
those areas was consistently greater than the percent of
high evergreen upper montane forests (Table 6).

Discussion

The establishment of nature reserves often is based on
general biodiversity patterns. However, those nature
reserves do not always incorporate the full ecological
requirements of large carnivores, and many protected
areas would not support viable populations of these
species in the long term (Peyton 1999, Sudrez 1999).
Our approach was designed to address those concerns by
identifying areas that may complement the current
system of protected areas and provide long-term
protection for viable populations of Andean bears on
a regional scale. Therefore, we focused on the role of the
Andean bear not only as an umbrella species, but also as
an indicator species of the integrity of paramo and
montane forest landscapes in the Northern Andes.

Digital map layers and GIS allowed us to predict
suitability of Andean bear habitat on a regional scale
using field-based data and multivariate statistical
techniques. The model results should be interpreted
within the context of the environmental and socio-
economic conditions of the area where the field data
were collected (Oyacachi River basin; Cuesta et al.
2003). Extrapolation of the model to a larger area was
conducted on the assumption that observed habitat
relationships of Andean bears were constant through the

Table 6. Vegetation types associated with the 12 important habitat areas (IHAs) identified in this study for
Andean bears in the northeastern Ecuadorian Andes.

Humid paramo High evergreen upper montane forest Montane cloud forest

Number of vegetation

IHA  Area (km?) % Area (km?) % Area (km?) % types represented?
1 84.8 84.0 15.9 15.8 2
2 56.4 66.8 28.0 33.1 2
3 26.2 73.9 9.2 25.9 2
4 0.3 0.1 21.0 5.6 353.8 93.8 2
5 1275 79.2 33.2 20.6 2
6 35.1 80.6 8.4 19.3 2
7 37.8 99.3 0.3 0.7 1
8 314.8 92.5 23.9 7.0 2
9 299 98.9 0.2 0.7 1

10 0.5 0.1 10.6 2.7 386.2 97.1 2

11 99.6 79.5 249 19.9 0.5 0.4 2

12 67.9 90.4 7.2 9.6 2

#The minimum surface considered for a vegetation type to be represented inside a IHA was 2.72 km?.
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region. At the scale of analysis of our study this assump-
tion seems valid, because environmental conditions
in the study area were similar to those in the Oyacachi
study. However, effective on-the-ground conservation
strategies require consideration of different socio-economic
conditions throughout the study area.

We observed 2 general trends in the distribution of
suitable habitat within the study area. First, most areas
belonging to the highest suitability class (class 1) were
associated with large and contiguous tracts of pdramo and
cloud forest present at the highest and lowest elevation
ranges, respectively (Fig. 2a). The distribution of areas
corresponding to lower suitability categories resembles
a background matrix (class 3) in which class 2 areas con-
nect patches of the most suitable habitat (Fig. 2a). Thus,
one important conservation strategy may be to protect
high-quality paramo and cloud forest habitats while main-
taining connectivity between these elevational zones.

A second pattern that we observed is that habitat
suitability strongly corresponded to distribution of roads
and disturbed areas, delineating unsuitable habitat (class 5
area; Fig. 2a). However, some class 1 areas were adjacent
to roads, producing a sharp boundary between suitable
and non-suitable habitats (Fig. 2a). Because open paramo
habitats provide less protection for wildlife than cloud
forests, the presence of roads there has more potential to
increase hunting pressure. In addition, the existence of
potentially high-quality bear habitat near agricultural
areas and pastures may result in crop or livestock
depredation. Thus, conservation strategies alleviating
these conflicts should consider the spatial configuration of
Andean bear habitat. The existence of areas with high
habitat suitability close to areas of intense human use
suggests the importance of bear—human conflict manage-
ment as a critical Andean bear conservation strategy.

The distribution of Andean bear habitat in the study
area corroborates the patterns described for Andean bear
distribution in the northern Andes. At a regional scale,
the roads and associated areas of human use reduce
habitat connectivity (Kattan et al. 2004). Agricultural
areas near the Colombian border to the north and
northeast, fragmented inter-Andean valley to the west,
and disturbed areas along the road to Amazonian
lowlands to the south and southeast of the study area
define the macro configuration of bear habitat, creating
large tracts of suitable habitat that are mostly discon-
nected (Fig. 2a).

Roads may be an important barrier to bear movements
and population connectivity. There is evidence that
bears avoid roads, and that roads pose a mortality threat
(Peyton 1999, Rodriguez et al. 2003). However, the

effects of roads on habitat connectivity may depend on
human use of those roads. For example, the road
between the Cayambe-Coca Ecological Reserve and the
Antisana Ecological Reserve (Fig. 1) is associated with
an area of dynamic land-use changes (conversion of
forest and paramos to agricultural uses) and also coin-
cides with the route of 2 oil pipelines. Consequently, this
road likely is an effective barrier to bear movements
between the 2 ecological reserves (Figs. 2b and 2c). In
contrast, the road from Oyacachi to Papallacta (Figs. 1,
2b, 2c) may be less of a barrier to bear movements
because this road has regulated and restricted use and it
is not associated with human colonization of new areas
within the Cayambe-Coca Ecological Reserve.

Area ranking

The level of threat to the integrity of ecosystems in
northern Ecuador is not homogeneous and, consequently,
there is a need to protect those areas that are most
vulnerable before they are degraded (Stoms 2000). Also,
in practice only a portion of relatively undisturbed
habitats can be managed for conservation in the long
term, which emphasizes the need to identify conservation
areas that maximize biodiversity gains (Woodhouse et al.
2000). In addition to the need to complement existing
protected areas, a ranking to focus conservation efforts is
needed. Because conservation planning involves more
than just biological factors, we also integrated criteria with
measures of altitudinal coverage, human influence, and
level of protection. Our ranking based on altitudinal range
was intended to emphasize the conservation value of
péaramo (3,600—4,200 m) and cloud forest (1,800-2,400
m) areas (Cuesta et al. 2003). However, the elevation
criterion had relatively little influence on final ranking
because some areas already were protected (area 10) or
were subject to relatively low human pressure (area 4;
Table 4). In terms of the level of threat due to human
activities, the 2 extremes of human influence are rep-
resented by areas 6 and 7 (Fig. 2c). Area 6 only has 11% of
its surface within the 6-km buffer area of human influence
because it is located within the core of the Cayambe-Coca
Ecological Reserve. In contrast, area 7 is on the margin of
the reserve and bordered by agricultural areas (Fig. 2¢).

The conservation status criterion allowed us to rank
areas not in the current system of protected areas. Only
areas 1, 2, and 4 had substantial portions outside
protected areas (Fig. 2c). Although the remaining areas
mostly were located in the Cayambe-Coca Ecological
Reserve or the Antisana Ecological Reserve, their
delineation likely is important from a park management
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perspective. For example, areas 3, 5, 7, 8, 9, and 12 all
contain potentially important habitat for Andean bears
and represent contiguous areas with proportions inside
an existing reserve, but are subject to a high level of
human pressure extending up from the inter-Andean
valley (Fig. 2c). These areas could be used to design
comprehensive management strategies aimed at mitigat-
ing human impacts on reserves.

The final ranking of IHAs showed that areas 1 and 2
were most important for additional protection of Andean
bear habitat in the study area (Table 4; Fig. 2c). Those
areas are outside the Cayambe-Coca Ecological Reserve
and cover important pdramo areas north of the reserve.
Degradation of those areas is likely in the near future
because of their proximity to highly dynamic agricul-
tural borders that threaten the remnant areas of montane
cloud forest near the disturbed inter-Andean valley. Area
4 represented the highest-ranked IHA covered mainly by
cloud forest (rank 7; Tables 4 and 6; Fig. 2c). Higher
levels of human influence in the highlands may explain
why pdramo-dominated areas generally were ranked
higher than cloud forest areas. Despite the apparent
dichotomy in conservation priorities between paramo
and cloud forest areas, conservation strategies for the
Andean bear within the study area should remain based
on maintaining landscape diversity to ensure seasonal
access to resources in both paramo and forest areas
(Cuesta et al. 2003, Kattan et al. 2004).

Management and research
implications

We identified several issues relevant to conservation
of Andean bears in northeastern Ecuador and elsewhere.
For example, the delineation and ranking of IHAs
indicated the importance of maintaining connectivity of
bear habitat both within and between different altitudinal
ranges (such as between areas 6 and 8; Fig. 2c). The
important habitat areas we delineated were associated
either with pdramo and high montane evergreen forest at
high elevations or with cloud forests at lower elevations
(Table 4, Fig. 2c). Given the ecological requirements of
the Andean bear, effective conservation strategies
should emphasize conservation areas that promote
connectivity between paramo and forest ecosystems. In
this context, the IHAs we delineated could be considered
focal areas in a core—corridor strategy for conservation
of bear habitat at finer scales.

For our study area, we suggest that watersheds
represent useful conservation planning units. The use
of watersheds as planning units not only adds functional
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importance to the conservation planning process for
the preservation of hydrological resources, but also
facilitates delineation of conservation units in the field
and therefore its protection from external pressures and
implementation of management actions (Peres and
Terborgh 1995). In addition, the preservation of water-
sheds would explicitly promote the achievement of
vertical connectivity between high- and low-elevation
habitats while facilitating connections among IHAs.
Finally, the integration of hydrological criteria at
a landscape scale allows special management of areas
important not only for Andean bears, but also other bi-
otic communities associated with aquatic environments
(headwaters, wetlands), such as neotropical amphibian
communities (e.g. Atelopus spp.).

Although IHAs for bear conservation represent 30%
of the study area, the associated watersheds influenced by
management of these areas cover 97% of the study area
(Table 5). Also, most of IHAs are located in p4ramo
zones, which are the headwater areas for many watersheds
that drain toward the inter-Andean region. Because any
management strategy will affect the quantity and quality
of water resources downstream, the distribution of [HAs
in such highland areas could represent an opportunity to
promote their conservation and sustainable management
with the goal of preserving water resources in the long
term. This is particularly important in the highlands,
where land tenure issues would restrict the establishment
of conservation areas for Andean bears alone. The link
between bear habitat conservation and management of
water resources may provide a useful framework for the
development of effective conservation strategies because
it involves many different stakeholders, from the central
government to local people interested in the conservation
of these resources.

The conservation priorities identified in our study
should be considered an initial step in defining con-
servation areas for Andean bears in northern Ecuador.
This is a hierarchical process, and the next step is to
further evaluate information regarding different threats
and conservation opportunities in each priority area. The
definition and analysis of these local criteria should be
rooted in a participatory process involving local people,
government officials, and conservation organizations.
Furthermore, Andean ecosystems are highly threatened
due to an expanding agricultural frontier and the
development of new infrastructure such as roads and
dams. Therefore, future research should specifically
examine landscape permeability between IHAs, similar
to studies on grizzly bears (Ursus arctos) in North
America (Singleton et al. 2004).



232 DELINEATING ANDEAN BEAR CONSERVATION AREAS e Peralvo et al.

Acknowledgments

Funding for this study was provided by the De-
partment for International Development program of the
British Embassy in Quito, The Nature Conservancy,
United States Agency for International Development,
and the Wildlife Conservation Society. We extend
a special thanks to P. Aigaje, H. Aigaje, C. Aigaje,
L. Parién, L. Aigaje, V. Aigaje, and all the people
from Oyacachi. We thank L. Suirez, R. Hofstede,
C. Valle, S. Benitez, J. Jorgenson, G. Medina, L
Goldstein, and R. Cedefio for their continuing support
of this research

Literature cited

Borrant, L.P., P. Crucct, F. Corsi, aNp E. Dupré. 1999.
Potential range and corridors for brown bears in the Eastern
Alps, Italy. Ursus 11:123-130.

CLARK, J.D., J. DUNN, anD K. SMITH. 1993. A multivariate
model of female black bear habitat use for a geographic
information system. Journal of Wildlife Management 57:
519-526.

CUESTA, F., M. PERALVO, AND D. SANCHEZ. 2001. Métodos para
investigar la disponibilidad del habitat del oso andino: el
caso de la cuenca del rio Oyacachi, Ecuador. Serie
Biorreserva del Céndor 1. EcoCiencia y Proyecto Bio-
rreserva del Céndor, Quito, Ecuador. (In Spanish.)

. . AND F.T. vaN MaNEN. 2003. Andean bear
habitat use in the Oyacachi River basin, Ecuador. Ursus
14:198-209.

DIAMOND, J. 1986. The design of a nature reserve system for
Indonesian New Guinea. Pages 485-503 in M. Soulé, editor.
Conservation biology—the science of scarcity and diversity.
Sinauer and Associates, Sunderland, Massachusetts, USA.

HiLTON-TAYLOR, C. 2000. The 2000 IUCN red list of
threatened species. TUCN-World Conservation Union,
Gland, Switzerland.

Josse, C., EpiTor. 2000. La Biodiversidad del Ecuador—
Informe 2000. Ministerio del Ambiente, EcoCiencia, Unién
Internacional para la Conservacién de la Naturaleza
(UICN-Sur), Quito, Ecuador. (In Spanish.)

KATTAN, G., O.L. HERNANDEZ, . GOLDSTEN, V. Roias, O.
MuriLLo, C. Gomez, H. ResTREPO, AND F. CUESTA. 2004.
Range fragmentation in the spectacled bear Tremarctos
ornatus in the northern Andes. Oryx 38:155-163.

Knick, S.T., anp J.T. ROTENBERRY. 1998. Limitations to
mapping habitat use areas in changing landscapes using the
Mahalanobis distance statistic. Journal of Agricultural,
Biological, and Environmental Statistics 3:311-322.

McNaB, H.W. 1989. Terrain shape index: quantifying effect of
minor landforms on tree height. Forest Science 35:91-104.

Myers, N., R.A. MrrTerMEER, C.G. MITTERMEIER, G.A. DA
FONSECA, AND J. KenT. 2000. Biodiversity hotspots for con-
servation priorities. Nature 403:853-858.

OLsoN, D.M., anp E. DINERSTEIN. 1994. Evaluacién de
Potenciales de Conservacion y Grados de Amenaza para
las Ecorregiones de América Latina y el Caribe: Un
Anadlisis Utilizando Ecologia de Paisaje. Nota de Divulga-
ci6n 10. Banco Mundial, Departamento Técnico para
América Latina, Division Ambiental. (In Spanish.)

PAREDES, R., J. CALVOPINA, AND A. BUITRON. 1999. Plan de
Manejo de la Reserva Ecolégica Cayambe-Coca y su zona
de amortiguamiento. Instituto Ecuatoriano Forestal de Areas
Naturales y Vida Silvestre, Quito, Ecuador. (In Spanish.)

Peres, C.A., AND J.W. TERBORGH. 1995. Amazonian nature
reserves: an analysis of the defensibility status of existing
conservation units and design criteria for the future. Con-
servation Biology 9:34—46.

Peyton, B. 1980. Ecology, distribution and food habits of
Andean bears, Tremarctos ornatus, in Peru. Journal of
Mammalogy 61:639-652.

, E. YEReNA, D.I. Rumiz, J. JORGENSON, AND J.E.

OREJUELA. 1998. Status of wild Andean bears and policies

for their management. Ursus 10:87-100.

. 1999. Spectacled bear conservation action plan. Pages
157-198 in C. Servheen, S. Herrero, and B. Peyton,
compilers. Bears. Status survey and conservation action
plan. [IUCN/Species Survival Commission Bear and Polar
Bear Specialist Groups. IUCN, Gland, Switzerland and
Cambridge, UK.

PrtMmaN, N.C., P.M. JORGENSEN, R. WILLIAMS, S. LEON-YANEZ,
AND R. VaLencia. 2002. Extinction-rate estimates for
a modern neotropical flora. Conservation Biology 16:
1427-1431.

Poiani K., M.D. MErriLL, aND K.A. CHapman. 2001.
Identifying conservation priority areas in a fragmented
Minnesota landscape based on the umbrella species concept
and selection of large patches of natural vegetation.
Conservation Biology 15:513-522.

RopriGuez, D., F. Cugesta, I. GOLDSTEN, A.E. BracHO, L.G.
NARANIO, AND O.L. HERNANDEZ, EDITORS. 2003. Estrategia
Ecorregional para la conservacién del oso andino en los
Andes del Norte. World Wildlife Fund Colombia, Funda-
ci6én Wii, EcoCiencia, and Wildlife Conservation Society,
Colombia. (In Spanish.)

SanpersoN E.W., K.H. Reprorp, C.B. CHETKIEWICZ, R.A.
MEDELLIN, A.R. RABINOWITZ, J. ROBINSON, AND A. TABER.
2002. Planning to save a species: the jaguar as a model.
Conservation Biology 16:58-72.

SiErrA, R., F. Campos, AND J. CHAMBERLIN. 1999. Areas
prioritarias para la conservacién de la biodiversidad en el
Ecuador continental: un studio basado en la diversidad de
ecosistemas y su ornitofauna. EcoCiencia, Ministerio del
Ambiente, Proyecto INEFAN/GEF-BIRF y Wildlife Con-
servation Society, Quito, Ecuador. (In Spanish.)

SIMBERLOFF, D. 1999. Biodiversity and bears—A conservation
paradigm shift. Ursus 11:21-28.

SINGLETON, P.H., W.L. Ganes, AND J.F. LEHMKUHL. 2004.
Landscape permeability for grizzly bear movements in

Ursus 16(2):222-233 (2005)



DELINEATING ANDEAN BEAR CONSERVATION AREAS e Peralvo et al. 233

Washington and southwestern British Columbia. Ursus
15:90-103.

Stoms, D.M. 2000. GAP management status and regional
indicators of threats to biodiversity. Landscape Ecology
15:21-33.

SuArez, L. 1985. Habitos alimenticios y distribucién estacio-
nal del oso de anteojos (Tremarctos ornatus) en el piramo
suroriental del Volcan Antisana, Ecuador. Thesis, Pontificia
Universidad Catélica del Ecuador, Quito, Ecuador. (In
Spanish.)

. 1999. Status and management of the Andean bear in
Ecuador. Pages 179-182 in C. Servheen, S. Herrero, and
B. Peyton, compilers. Bears. Status survey and conserva-
tion action plan. IUCN/Species Survival Commission Bear
and Polar Bear Specialist Groups. IUCN, Gland,
Switzerland and Cambridge, UK.

TrOYA, V., F. CUESTA, AND M. PERALVO. 2004. Food habits of
Andean bears in the Oyacachi River Basin, Ecuador. Ursus
15:59-62.

VALENCIA, R., C. CERON, W. PALACIOS, AND R. SIERRA. 1999.
Los sistemas de clasificacién de la vegetacion propuestos
para el Ecuador. Pages 19-28 in R. Sierra, editor. Propuesta
preliminar de un sistema de clasificacién de la vegetacién
para el Ecuador continental. Proyecto INEFAN/GEF-BIRF
y EcoCiencia. Quito, Ecuador. (In Spanish.)

WiLcove, D. 1987. From fragmentation to extinction. Natural
Areas 7:23-29.

Ursus 16(2):222-233 (2005)

WOODHOUSE, S., A. LoverT, P. DoLMaN, AND R. FULLER. 2000.
Using a GIS to select priority areas for conservation.
Computers, Environment and Urban systems 24:79-93.

WorLb WILDLIFE Funp. 2001. Complejo Ecoregional de los
Andes del Norte: Hacia una visién de su biodiversidad.
World Wildlife Fund, Fundacién Natura, FUDENA, Cali,
Colombia.

YERENA, E., AND D. Torres. 1994. Andean bear conservation
and dispersal corridors in Venezuela. International Confer-
ence on Bear Research and Management 9(1):169-172.

. 1998. Protected areas for the Andean bear in South
America. Ursus 10:101-106.

Young, K.R. 1998. Deforestation in landscapes with humid
forests in the Central Andes. Pages 75-99 in K.S.
Zimmerer and K.R. Young, editors. Nature’s geography:
new lessons for conservation in developing countries. The
University of Wisconsin Press, Madison, Wisconsin, USA.

ZoOMER, R., S. UsTIN, AND J. IvEs. 2002. Using satellite remote
sensing for DEM extraction in complex mountainous
terrain: landscape analysis of the Makalu Barun National
Park of eastern Nepal. International Journal of Remote
Sensing 23:125-143.

Received: 2 August 2004
Accepted: 9 May 2005
Associate Editor: P. McLoughlin



	Article Contents
	p. 222
	p. 223
	p. 224
	p. 225
	p. 226
	p. 227
	p. 228
	p. 229
	p. 230
	p. 231
	p. 232
	p. 233

	Issue Table of Contents
	Ursus, Vol. 16, No. 2 (2005), pp. 141-284
	Front Matter
	Perspectives, Essays and Reviews
	Sexually Selected Infanticide in Grizzly Bears: The Effects of Hunting on Cub Survival [pp.  141 - 156]

	Ecology
	Survival, Cause-Specific Mortality, Sex, and Ages of American Black Bears in Washington State, USA [pp.  157 - 166]
	Changing Numbers of Spawning Cutthroat Trout in Tributary Streams of Yellowstone Lake and Estimates of Grizzly Bears Visiting Streams from DNA [pp.  167 - 180]
	Home Range and Movements of Female Brown Bears in Southwestern Alaska [pp.  181 - 189]

	Physiology
	Age Variation in Gross and Histological Characteristics of the Testis and Epididymis in Grizzly Bears [pp.  190 - 197]
	Seasonal Differences in Spermatogenesis, Testicular Mass and Serum Testosterone Concentrations in the Grizzly Bear [pp.  198 - 207]
	Seasonal and Diurnal Dynamics of Glucocorticoids and Behavior in Giant Pandas [pp.  208 - 221]

	Management
	Delineating Priority Habitat Areas for the Conservation of Andean Bears in Northern Ecuador [pp.  222 - 233]
	American Black Bears and Bee Yard Depredation at Okefenokee Swamp, Georgia [pp.  234 - 244]
	Assessing American Black Bear Habitat in the Mobile-Tensaw Delta of Southwestern Alabama [pp.  245 - 254]

	Humans and Bears
	Activity Patterns of Urban American Black Bears in the San Gabriel Mountains of Southern California [pp.  255 - 262]
	Characteristics of Sloth Bear Attacks and Human Casualties in North Bilaspur Forest Division, Chhattisgarh, India [pp.  263 - 267]

	Critique and Replay
	Behavioral Persistence in Captive Bears: A Critique [pp.  268 - 273]
	Behavioral Persistence in Captive Bears: A Response to Criswell and Galbreath [pp.  274 - 279]

	Back Matter [pp.  280 - 284]





