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1. Introduction

In Ecuador, the Andean bear inhabits approximately 2,881,000 ha distributed as follows: 823.000 ha are part of the Ecuadorian System of Protected Areas while the remaining 2,058,000 ha are wild areas that are not legally protected (Peyton 1999; Cuesta & Suárez 2001). Although there are no population data, it is estimated that the largest populations are in the Cayambe-Coca Ecological Reserve (RECAY, short for its name in Spanish) and in the Sangay National Park (PNS, short for its name in Spanish) (Suárez 1999).

While this information seems to indicate that there is a large páramo and cloud forest area that can adequately preserve Andean bear populations, actually this is not a continuous area but a series of “islands” in Ecuador’s regional landscape. The conversion of wild areas to agricultural and livestock land has fragmented the bear’s habitat and has isolated its populations (Peyton 1999; Suárez 1999). Sierra (1999) and his collaborators have estimated that these two ecosystems, which are important for the bear, have suffered a 38% reduction in Ecuador.

The conservation of wildlife mainly depends on the right management of habitats occupied by key species (Van Manen & Pelton 1997). This management will result from the understanding and prediction of the basic necessities of these species. The development of theoretical multivariate models to evaluate habitat availability and its capacity to satisfy the needs of a particular species contributes to the implementation of management actions to guarantee its long-term conservation (Clark & Van Manen 1992). These models are based on Geographical Information Systems (GIS) that allow the prediction of the presence of wild species and the use they make of their habitat in a relatively large area (Clark et al. 1993; van Manen in prep.).

Schoen (1990) considers that the high ecological requirements of bears (Ursidae), such as their large home ranges and their patterns of seasonal use of the different habitats, require a landscape-level management. Therefore, it is crucial to determine which habitats are important for a bear and define their optimum size in order to maintain viable long-term bear populations.

Studies that can determine the actual distribution of the Andean bear and evaluate the availability of the different habitats it occupies are an important tool for the definition of conservation units. The extension and shape of these units can guarantee the long-term viability of this species’ populations and contribute to the reduction of fragmentation effects (Yere​na & Torres 1994; Suárez 1999).

The purpose of our study was to develop a proposal for Andean bear conservation priority areas. This was achieved through the determination of the species habitat suitability in the RECAY and its buffer zone.

 2. Study area

The study area includes the RECAY and its buffer zone, i.e. the northern section of the Antisana Ecological Reserve (REA, short for its name in Spanish) and the neighboring páramo and cloud forest areas in the Sucumbíos and Carchi provinces. The entire study area occupies 758,595 ha. The study area in which we implemented our model goes from 1,800 to 4,300 meters above sea level and includes an area of 605,075 ha. The study area has 47.66% (288,401 ha) of its extension inside the RECAY and 3.21% (19,410 ha) inside the REA (Figure 1). 

The RECAY, created in 1970, has 403,103 ha distributed in the provinces of Pichincha, Imbabura, Napo and Sucumbíos (Paredes et al. 1998). Its outstanding geographical position (the northwestern portion of the Andes), its altitudinal range and the different climatic strata of the region, make it highly diverse in flora and fauna, with a remarkable landscape quality, and a great reserve of renewable and non-renewable resources (Paredes et al. 1998). 

Four watersheds begin inside the reserve: the Aguarico River (1,395 km2), the Quijos River (2,504. 34 km2), the Mira River (67 km2) and the Esmeraldas River (262,43 km2) watersheds, besides other 25 minor watersheds. This vast amount of hydrological resources turns the RECAY into the most important water reserve of the northern portion of the country (Paredes et al. 1998).

Based on an earlier characterization of the vegetation of the study area, we defined three types of vegetation cover and one of disturbed areas (Báez et al. 1999; Iturralde et al. 2001). We did this classification based on the proposal for a vegetation classification for the Northern Region of the Western Mountain Range (Valencia et al. 1999) (Table 1; Figure 2). To evaluate the Andean bear’s habitat availability at a regional level, the vegetation classification proposal was developed at a landscape scale (1:100,000).

The types of vegetation cover are as follows: 

· Wet Páramo (includes the vegetation formations of herbaceous páramo, frailejones (Espeletia) páramo, cushion páramo and mixed forest páramo).

· High Evergreen Montane Forest (HE– mf)

· Montane Cloud  Forest (ClF- m)

· Disturbed areas (grasslands, crops, bare soil, urban areas).

 3. Methods

We defined conservation priority areas for Andean bear habitats through four processes: 

(I) Development of a habitat availability model for the Andean bear (with a pilot study.) (II) Generation of study area information (including vegetation cover, roads, towns and land use), (III) Adaptation of the model to a larger area with biophysical characteristics similar to those of the pilot area, and (IV) Definition, description and evaluation of conservation areas.

 3.1
Development of a habitat availability model for the Andean bear 

This is the central process of this study and is built upon two main components: Andean bear monitoring through indirect biological records and habitat availability determination through a GIS multivariate statistical model (Cuesta et al. 2001). We developed this model in a 2-year pilot study at the Oyacachi River basin, in a 72,000 ha area that goes from 1,800 to 4,300 meters above sea level. We designed the pilot study based on black bear (Ursus americanus) and brown bear (Ursus arctos) habitat use and availability studies (Clark et al. 1993, Clevenger et al. 1997) in different areas of the United States and in the Spanish Cantabrian Mountain Range.

The determination of habitat availability is a 5-step process:

1. Selection of descriptive variables of the habitat.

2. Generation of thematic information or generation of “layers” of information for each chosen variable (Clark and van Manen 1992).

3. Monitoring with indirect biological records.

4. Implementation of the statistical model integrating the monitoring results from the indirect biological records and the descriptive variables.

5. Testing of the model and development of the final scenario.

We used the following criteria to choose a group of variables that influence on the habitat availability: 

1. The variable plays and important role in habitat selection (Peyton 1984).

2. The variable can be replicated and quantified in any point of the study area (van Manen pers. comm.).

3. The variables selected should be as independent as possible from each other (Clark et al. 1993).

4. The variables selected describe some of the structural characteristics of the hyperspace n that defines the Andean bear’s habitat.

With this criteria and the results from the pilot study, we chose the following variables for this study: altitude, orientation, slope, distance to rivers and ponds, distance to roads, distance to disturbed areas, distance to towns, and vegetation cover.

Using GIS we generated a different cover type category for each variable in a raster format for data, in which the study area was divided into 30 x 30-m pixels.

For the monitoring of indirect biological records, 56 1,600-m transects were walked along two times a month during the year 2000. We defined the number of transects and the sampling effort according to the parameters of Kendall et al. (1992) for the monitoring of carnivores.

In the transects we gathered all the records that were evidence of habitat use such as footprints, feces or feeding sites. We also measured UTM position, altitude, slope, orientation, vegetation type and land use. All the other variables selected for this study were obtained through GIS calculations (distance to roads and towns, and disturbed areas).

During the pilot study we obtained a total of 322 indirect records of the animal. However, due to problems related to the position of some of the records obtained with the GPS, we were able to use only 266 records for the building of the model. The problems with GPS positioning occurred mainly in those monitoring transects located in forest habitats, where the canopy makes it difficult to get an adequate satellite signal. 

For the implementation of the statistical model we used a multivariate statistical measure called Mahalanobis distance (d2) (Rao 1957 in Clark et al. 1993), which compares the values of habitat variables for each pixel of the study area with those of said variable in an “ideal” habitat (van Manen et al. in prep.). This “ideal” habitat is defined by the mean values of the habitat variables for the sites where bear records were found. d2 is calculated with the following formula:
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where:

x =  a vector whose scalar components are the values of variables that describe the habitat for any given pixel.

Û = a mean vector of habitat characteristics based on the values of variables that describe the habitat in those places where indirect bear records where found.

( = the estimated covariance matrix, also from the values of the variables corresponding to the indirect variables.

This formula results in a standard quadratic distance between the pixel associated with vector x and the ideal bear habitat characteristics described by û. This result is a cover in which each pixel of the study area has a d2 value. These values were reclassified as probability values, assuming that Mahalanobis distances have an approximate Chi–square distribution with n–1 degrees of freedom (being n the number of variables describing the habitat) (Clark et al. 1993). The resulting probability cover was reclassified in four ranges corresponding to the following values: Nuclear Zones (0.7 < p ( 1), Buffer Zones (0.3 < p ( 0.7), Connectivity Zones (0.01 < p ( 0.3) (AL REVÉS?) and Peripheral Zones (0 < p ( 0.01). We chose these limits for the probability ranges in order to define spatially coherent areas that would facilitate the subsequent process of defining conservation priority areas. 

Nuclear Zones are those areas that have their features closest to those of the “ideal” Andean bear habitat; Connectivity Zones are places with intermediate features in relation to the ideal ones and that would be potential corridors between Nuclear Zones. Buffer Zones have less than ideal values for an adequate Andean bear habitat but allow a better cohesion between Nuclear Zones and also protect them. Peripheral Zones spatially encircle the other three zones; their values in relation to the ideal ones are very low. Finally, the model produced zones with a null probability value (p=0) whose features render these zones avoided or unused by this species (Cuesta et al. 2001).

The last process, i.e. model testing and the production of a final scenario, is discussed below in the section corresponding to the generalization of the model.

 3.2 Generation of baseline information of the study area

We generated the covers of the selected habitat variables for this study using the GIS TNT Mips V 6.3. software. 

The altitude, orientation and slope variables were generated by digitalizing the level curves of the topographic charts edited by Instituto Geográfico Militar (IGM) at a 1:100,000 scale, and the production of the digital topographic model (DTM) based on the former. The variables distance to rivers, distance to towns and disturbed areas where generated using a proximity function of the GIS that assigns every pixel in the study area a value for the closest distance to river, town, road or disturbed area. The hydrographic and road nets and the towns, as well as the level curves, were obtained from the IGM charts. The disturbed zones were obtained by interpreting satellite images.

To generate the vegetation cover variable we did a supervised digital classification of two subscenes, a Landsat 5 TM of December 1998 and a Landsat 7 ETM of November 1999. This classification was based on a study by Iturralde et al. (2001), who take as reference the vegetation classification of continental Ecuador proposed by Sierra (1999) and his collaborators.

 3.3 Generalization of the habitat availability model for the Andean bear 

To generalize the habitat availability model we first verified the similarity of the study area and the area where the model was developed (the Oyacachi River basin). This verification considered some aspects related to the landscape structure of the two areas and the anthropic elements in it. The model can only be extrapolated to areas with biophysical characteristics that are similar to those where the monitoring of indirect biological records was carried out (Cuesta et al. 2001; van Manen et al. in prep.).

It is essential to consider the elements of anthropic origin that help define the different landscapes of the study area (Schoen 1990). These different landscapes determine the set of variables that will constitute the habitat model for each of these landscapes. The importance of one variable in a habitat model directly depends on the landscape to be modeled associated with it (Cuesta et al. 2001).

Once these conditions had been verified and the different variables generated, we proceeded to model the habitat availability in the study area. The process is similar to that employed in the Oyacachi River basin. We used the 266 records obtained during the monitoring of this area to calculate the mean vector that describes the “ideal” habitat (û). The difference lies in that the calculation of d2 involves now the whole area of RECAY and its zone of influence. The d2 values are converted into probability values that are reclassified within the four ranges determined during the pilot study.

Once the model was built we produced some scenarios using several combinations of variables. This allowed us to evaluate the spatial consistency of the model and the influence that different variable combinations have at a regional scale. As a result, we removed those variables that produced results that were spatially inconsistent with the model. Finally, we decided to build two preliminary scenarios that would serve as bases for the building of the final scenario.

For the first scenario we used a set of variables that allowed us to model the influence of elements of anthropic origin (e.g. roads and towns) on the habitat availability for the Andean bear. For the second scenario we selected a set of variables that allowed us to model only those biophysical and ecological variables that have an influence on the Andean bear habitat availability (e.g. altitude and vegetation cover) without the elements of anthropic origin.

Based on these two scenarios we built a final scenario. We integrated in a mosaic the two proposed scenarios in a way that in all the zones within a range of 6 km from the limit of the disturbed zones we used the information from the first scenario. In those zones located beyond this limit we integrated the information generated by the second scenario. 

We chose the 6-km threshold based on the results obtained during the Oyacachi River basin studies and those obtained by Menon et al. (2001) for the identification of conservation priority areas in the tropics. These authors identified that habitat loss and degradation are directly associated with the proximity of roads and towns up to a distance of 6 km. 

To establish the influence of the different variables on the results of the final modeling we used two criteria: (1) observation of the degree of variability these variables show in relation the its mean and (2) determination of the degree of correlation between them. To evaluate the first criterion we used the variation coefficient, which permits the comparison of the dispersion in two sets of data even when the units of the analyzed variables are different. This coefficient is a measure of the relative dispersion that presents the standard deviation as a percentage of the mean (Barber 1988).

Those variables with a lower variation coefficient (less dispersion in relation to its mean) restrict the model’s spatial distribution more intensely than those with a larger dispersion. By the same token, those pairs of variables that show a higher correlation between them are considered to be more influential than any other (Van Manen pers. comm.).

The variation coefficient is calculated through this formula:
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where:

s = Standard deviation, and 

x = The mean

For the second criterion we used the correlation coefficient of the sample, which measures the intensity of the linear relation between two variables, x and y, and is defined as r. This coefficient has values between –1 and 1. If r = 1 there is a perfect direct linear relation while r = -1 would indicate a perfect inverse linear relation. If the coefficient is 0 it is assumed that the two variables are not related (Barber 1988). 

The correlation coefficient is calculated with the formula:
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where:

r = correlation coefficient of the sample,

x, y = analyzed variables, and

n = number of analyzed samples 

 3.4 Definition of conservation areas

We defined ecologically viable areas, i.e. areas that can guarantee the long-term conservation of the Andean bear, based on two criteria: 

(1) The definition of conservation areas using spatial units that can be easily delimited and that represent important landscape elements, and

(2) The definition of ecologically representative criteria that would allow the integration of the results coming from the previous habitat availability model.

We used watershed data in order to define the spatial units. This information was generated by the SIG TNT Mips software watershed function, which utilizes a digital elevation model to pinpoint elements related to the hydrographic system of the study area. These elements are watersheds, micro-watersheds, summit lines, standard drainages, flow accumulation and flow direction. 

To spatially define conservation areas we used as an auxiliary criterion the polygons corresponding to micro-watersheds (Figure 4a).

To include a micro-watershed as part of a conservation area we considered the following criteria as a function of the extension of the Nuclear Zones (p ( 70%) associated with each micro-watershed: 

We included all micro-watersheds with a minimum area of 272,25 in the Nuclear Zones. This surface should be defined as a function of  a minimum home range needed by bears to live normally.  This piece of information is unknown so we used a square matrix of 1,650 x 1,650 m based on the study by Clark et al. (1993). In this study, a matrix of this size was defined as a function of the mean distance cover by an adult female black bear (Ursus americanus) in a 4-hour period. It is consider that such a surface (272.25 ha) is enough for the daily normal habitat requirements of this species. We used information about the black bear because this species is the closest, ecologically speaking, to the Andean bear (Morgan 1999; Peyton 1999). 

2. We included micro-watersheds where at least 10% of its extension was inside Nuclear Zones. This additional criterion allowed the inclusion of micro-watershed with less that 272.25 ha that nevertheless contained a proportionally important extension of high probability Andean-bear occurrence. In order to obtain spatially significant conservation areas and to reduce their level of complexity we carried out an editing process. We removed all the “islands” inside the proposed conservation areas as well as some micro-watersheds that, due to their shape, added too much complexity to the shape of the areas. 

 3.5 Description and assessment of the conservation areas

Once the conservation areas were defined based on the aforementioned criteria we identified the need to describe and assess them. 

 3.5.1 Description of the conservation areas

To describe the defined conservation areas we chose two parameters: (1) the hydrological riches and (2) the number of habitats (habitat riches) in each of them. 

1.
Hydrological riches
As established by Olson & Dinerstein (1994), one of the important indices in the assessment of the conservation potential of ecosystems at a large scale is the presence of intact watersheds. In protecting watersheds we are protecting important altitudinal features that allow altitudinal migrations. Also, specifically fluvial species and communities are protected. Following Paredes et al. (1998), RECAY and its zone of influence are one of the most important water-generation areas in the country. 

Based on these criteria we found it necessary to define the importance that bear conservation areas have for the conservation of water resources. 

We grouped the different micro-watershed in larger hydrological systems or sub-watersheds; we selected those in which at least 30% of its surface lies within one of these areas. Once the sub-watersheds were defined we classified their rivers according to the Strahler criterion (Giller & Malmqvist 1994) in which the smallest tributaries in the headwaters have the value of 1. The value increases downriver in the confluences of two rivers of equal value. For example two rivers of value 2 merge to form a river of value 3, but the value does not increase when a lower value river merges into a larger value one.

With this classification we counted all the rivers with value 1 (first-order) and divided this number by the extension of the sub-watershed, thus obtaining a relative density value of first-order rivers per km2. 

We considered that those sub-watersheds with a higher first-order tributary density are more important due to their potential for water generation. We built a table showing each conservation area with its associated sub-watershed and the aforementioned parameter. 

2. Number of habitats covered

The idea of characterizing conservation areas based on the number of protected habitats comes from the need of conserving functional landscape units that guarantee adequate bear access to their resources throughout the year. It has been observed that the intensity with which Andean bears use their resources changes seasonally (Peyton 1980; Suárez 1985; Cuesta & Peralvo 2001).  Therefore, we determined the number of habitats covered by each conservation area. It was considered that a habitat was represented within a conservation area if at least 272,25 ha are inside that area. This criterion is the same one used for the inclusion of micro-watersheds inside conservation areas (Clark et al. 1993).

Based on the vegetation proposal of Iturralde et al. (2001), we determined three habitats used by the Andean bear in the study area. According to Hall et al. (1997), a habitat is defined as the relationship existing between a species, population or individual with an area that possesses certain biological and physical features needed for their survival. Hence,  the habitats defined are as follows: High Montane Evergreen Forest (HMEF), Montane Cloud Forest (MCF) and Wet Páramo (WP). 

 3.5.2 Assessment of the conservation areas

To assess and give priorities to each conservation area we used a matrix with four classificatory factors: (1) altitudinal ranges covered, (2) shape of the conservation area, (3) influence of disturbed areas and (4) present conservation status. We defined scores for each of these factors, between 0 and 2 for altitudinal ranges covered and between 0 and 1 for the others.

Finally, we built an assessment matrix in which we added these scores for each conservation area in order to, according to the final value, give them priority in relation to the development of management actions for their conservation.

1. Altitudinal ranges

Cuesta & Peralvo (2001), in the pilot study of habitat availability for Andean bears carried out in the Oyacachi River basin, found that there are certain altitudinal ranges that are more intensely used by the bear throughout the year. To reach this conclusion they divided the study area into four ranges with 600-m intervals. The range defined allows the analysis of vegetation ranges of the habitats, with emphasis on ecotonal or transition zones between them. 

The defined ranges were: Range I (1,800 m to 2,400 m), Range II (2,400 m to 3,000 m), Range III (3,000 m to 3,600 m) and Range IV (3,600 m a 4,200 m). In the Oyacachi study it was determined that ranges I and IV presented a higher intensity of use by Andean bears throughout the year, so we decided to give these ranges more importance. Thus, we determined the percentage covered by each altitudinal range in each conservation area; we multiplied these percentages by a value of 2 in the cases of ranges I and IV and a value of 1 in the cases of ranges II and III. Each area was given the obtained number as its value in relation to the altitudinal covering. 

2. Shape of the conservation area

According to Forman & Gordon (1986), the shape  of wild habitat remnants is very important for the dispersion and feeding of species. This importance is related to the border effect, which establishes that the composition and abundance of animal and vegetal species are significantly different when comparing the edge with the interior of the remnant due to the impact of factors such as wind and solar exposure.  

Large and isodiametric remnants, with a circular or square shape, have a large internal area surrounded by an external band of border. A rectangular area of equal extension will have less internal surface and more bordering surface.

When we extended these criteria to our proposal for conservation areas we  considered that and “ideal” area should have a shape that is as regular as possible because it minimizes the border effect and is therefore potentially more viable in the long run. To calculate a measure that would quantify the shape of the conservation areas defined we used a TNT Mips function that measures the compactness of the polygon’s shape. This property was calculated with the formula:
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The value obtained is used to assess the conservation area according to its shape. The value of this property gets closer to 1 in the case of areas with almost circular shape and gets closer to 0 for polygons with a reduced area in proportion to its perimeter.

3. Influence of disturbed areas

Through this parameter we aim at giving priority to those areas that, due to the proximity to disturbed areas, require more attention in the definition of management areas to warrant their conservation. Wild areas surrounded by degraded zones, due to edge effects and isolation, start a degrading process that affects the quality of the habitat and produces a subsequent loss of biodiversity due to local extinctions (Diamond 1986; Wilcove 1987). To assess the proximity of disturbed areas to the proposed conservation areas we defined an area of influence of 6 km from the intervention zones discriminated in the vegetation zones (Figure 2). Afterward, we calculated the percentage of each area’s extension that was inside this area of influence; areas completely inside said zone were given a value of 1. The value diminished proportionally towards conservation areas completely outside the zone of influence, which were given a value of 0.

4. Present status of protection

By means of this criterion we give priority to those conservation zones that area outside a legally constituted area and that, in the majority of cases, are not under any type of conservation category. It is necessary to remark that more that 50% of the study area lies within RECAY and REA (Figure1).

To assign a value to each conservation area we calculated the percentage of its extension that is outside RECAY or REA; areas completely outside them were given a value of 1 that diminishes proportionally towards 0, which is the value for those areas totally inside one of the protected areas. 

4. Results

 4.1 Habitat availability of the Andean Bear 

As a result of the testing of the statistical model we decided to eliminate from the analysis the variables orientation and distance to disturbed zones, since these variables introduced results that were inconsistent with the model.

We used the following variables to build both preliminary scenarios with which we built the final scenario:

Scenario 1

We used the variables altitude, slope, vegetation cover, distance to rivers, distance to towns and distance to roads.

We found that the majority of Connectivity and Nuclear Zones are inside the range between 1 and 6 km in relation to disturbed areas. On the other hand, the model values as Buffer, Peripheral and Null-value zones those areas lying more than 6 km away from degraded zones, i.e. those zones with a lesser level of degradation due to human activities (Figure 3a).

Scenario 2 

In this scenario we eliminated all variables that model anthropic influences in the landscape and maintained the following biophysical and ecological variables: altitudes, slope, vegetation cover and distance to rivers. The model produced a different scenario where Nuclear and Connectivity Zones were replicated in a more homogeneous than in the previous scenario, especially in those areas located beyond the range of 10 km from the degraded areas (Figure 3b).

Final scenario

The scenario obtained after the two previous ones presents a more homogeneous spatial distribution of the 4 probability areas that reflects the structure of each of the landscapes modeled (Figure 3c).

Nuclear and Connectivity Zones cover 26.4% of the study area (Table 3). In this scenario we can identify some areas where the continuous concentration of Nuclear Zones is predominant, as is the case of the area between the southern slopes of the Cayambe volcano and the upper watershed of the Oyacachi River, the upper montane forest of the northern slopes and the Antisana volcano, the páramo surrounding lake Puruhanta and the mosaic of upper montane forest and páramos in the limit of the provinces Sucumbíos, Carchi and Imbabura (Figure 3c).

The Null-value zones covered 25.48% of the study area; however, most of them correspond to non-modeled zones that showed biophysical features that are different from the modeled ones, i.e. they are above 4,300 m or below 1,800 m.

Peripheral Zones (p ( 0.01) are mainly associated with disturbed areas surrounding most of the study area in an extension corresponding to 19,87% of the study area (Figure 3c). 

In relation to the influence of the habitat variables used, we found that altitude (VC = 18.9) and slope (VC = 30.6) exert the largest influence on the habitat availability model. There is a high correlation between altitude and distance to towns (r = -0.85) as well as distance to towns and distance to roads (r = 0,81), given the spatial disposition of these elements in the landscape (Table 4). On the other hand, the variable distance to rivers and ponds shows the highest VC (71.8), which indicates that this variable does not exert an important restrictive effect on habitat availability. The smallest degree of correlation (-0,15) appears between the variables slope and distance to rivers and ponds.

4.2 Definition of conservation areas

We defined initially a total of 50 conservation areas. The original cover presented a spatially complex structure were we observed a large dispersion as well as the presence of very small units that bore little significance on the regional context of the study area, including some “islands” that correspond to non-selected watersheds that are inside larger conservation areas (Figure 4b). 

This original cover was edited and we obtained a proposal of conservation areas that was spatially more coherent; this proposal contains 7 conservation areas that are described in the following section (Figure 5).

4.3 Conservation areas description
 1. Size and Location
Of the 7 defined conservation areas, the lesser ones are 1, 2 and 3. They represent together more than 6% of the total extension covered by the 7 conservation areas. These areas constituted small “islands” in the northern area of the Antisana volcano in the case of area 2, and in the northern portion of the Papallacta and Quijos rivers valley, in the cases of areas 1 and 3 (Figure 5). 

Area 4 (11,857 ha) is located in the northern portion of the study area and covers the páramos and upper montane forests of the Carchi and Sucumbíos provinces. Area 5, with 18,942 ha, covers mainly cloud forests west and northwest of the Reventador volcano. Area 6, representing 36.68% of the proposed conservation areas (73,023 ha), approximately covers the páramo and BSV-ma zones south of the Cayambe volcano. Finally, Area 7 is the largest one proposed (82,994, 41.69%) and covers the zones corresponding to the provinces of Pichincha, Imbabura, Carchi and Sucumbíos (Figure 5).

 2. Hydrological riches
We defined 1,560 micro-watersheds associated with study area, grouped into 66 sub-watersheds (Figures 4a and 6) of which only 25 are covered in al least 30% by the proposed conservation areas (Table 7).  Areas 6 and 7 are the ones covering the largest number of sub-watersheds. Sub-watersheds 1,2,4 and 54 are totally covered by these conservation areas. Sub-watershed 34, the most extensive in the study area (39,140 ha) is covered in a 38.53% by conservation areas 5, 6 and 7.

Sub-watersheds 26 and 36 present the highest first-order river densities per Km2. Both are covered by conservation area 7 in 69.8% and 60.6% respectively. It is noteworthy that sub-watershed 36 is the second largest in the study area (24,709 ha) (Table 7). 

 3. Number of habitats covered 

The analysis of the number of habitats represented in each conservation area shows that areas 1,2,3 and 4 cover approximately the Wet Páramo and BSV-ma formations. In areas 2 and 3 the Wet Páramo covers ca. 50% and BSV-ma 47%. In areas 1 and 4 the cover percentage of the Wet Páramo is almost double the cover of BSV-ma (Table 6).

In area 5, 91.9% of the surface is associated with the BN-m and only 3.7% with BSV-ma. Areas 6 and 7 cover the three habitat types, being WP predominant (55.2%) in the case of area 6, and with equal proportions for the three types in area 7 (Table 6).

4.4 Assessment of the conservation areas

 1. Cover of altitudinal ranges
The observation of the scores assigned by altitudinal coverage tells us that areas 1 and 2  have the highest scores (Table 8). This is due to the fact that these two areas cover a larger proportion of range IV (3,600 to 4,200 m), which was assigned a higher value. On the contrary,  conservation area 7, the most extensive in the study area, achieved a lower score for 60% of its area lies within ranges II and III (Table 8).

 2. Shape coefficient
Areas 1 and 3 achieved the highest scores (respectively 0.62 and 0.53). This indicates that these areas possess a relatively homogeneous and semicircular shape (Table 7). Again, area 7 received the lowest score (0.22).

 3. Influence of disturbed areas
Conservation areas 1 and 4 received the highest scores (1 and 0.9 respectively) since they are completely or almost completely inside the 6-km area threshold. The area with the lowest score was area 6, with 0.53. It is worth mentioning that 50% or more of all the areas are at less than 6 km of a disturbed area. 

 4. Present protection status
Only area 4 is located completely outside any protected area, followed by area 7, with 62% outside RECAY. The lower scores belong to areas 3,2 and 5, situated almost entirely within RECAY or REA (Figure 5).

Finally, the analysis of the values obtained, according to the four defined criteria, shows that areas 4, 1 and 2 received the highest scores (3.79, 3.48 and 3.04 respectively) (Table 8). Areas 3 and 7 are in the fourth and fifth place with very close scores (2.75 and 2.71 respectively), while areas 6 and 5 reached the lowest assessment scores (2,48 and 2.45 respectively) (Table 8). 

5. Discussion

 5.1 Habitat availability
For people and institutions working with biodiversity conservation at a landscape, regional or global scales, information provided by remote sensing and the analyzing capabilities of a GIS have proved to be essential tools (Turner et al. 2001).

Modeling of the habitat availability for the Andean bear using multivariate statistical analyses and GIS is also an effective tool when dealing with the management of large quantities of data at a regional scale. However, in order to guarantee a correct application of the model it is necessary to include the structure of the landscape to avoid the inclusion of elements that are not part of the area where the model was developed.

 5.1.1 The landscape determines the importance of the modeled variables 
The study area presents two clearly defined landscapes: one is identified by the existence of several anthropic elements and the other is composed by a matrix of pristine areas lacking elements such as roads or agricultural lands. The “anthropic” landscape is situated in the buffer zones of both protected areas and in the western slopes of the eastern Andean cordillera in the provinces of Imbabura and Carchi. The other landscape is situated within the two reserves and in the páramos and cloud forests of the eastern cordillera in the provinces of Imbabura, Carchi, Napo and Sucumbíos. 

The existence of these two landscapes determines the need to establish two scenarios that could adequately predict the habitat availability according to specific features of each landscape.

 5.1.2 The excluded variables

Based on the criterion according to which the influence of the modeled variables varies according to the landscape to which they are associated, we excluded the variables orientation and distance to disturbed zones from the first scenario.

We decided to exclude the orientation variable because the location of the monitoring transects caused more records with orientation south to exist than records with similar values but with orientation north. This fact caused the model to undervalue  those areas with a southern orientation (Cuesta & Peralvo 2001). 

The variable distance was excluded because the monitoring net in the Oyacachi River basin has a spatial relationship with these zones. This resulted in most of the indirect records to be at a mean distance of less than 3 km, which in turn causes an undervaluing of zones beyond this mean distance.

In the second scenario we excluded all those variables that model the influences of anthropic origin in the landscape. This scenario shows how this type of influences restricts the expansion of the model in the study area while the biophysical variables type expands it. The scenario adequately assesses areas lying beyond the 6-km influence range defined for human activities.

The integration of the two scenarios produces the final scenario, with which we can develop a proposal for the habitat availability of the Andean bear that considers the diverse nature of the two landscapes of the area. Nevertheless, we have to remark that the generalization of the model to such an extensive area requires an in-situ verification that will allow the validation of the proposed model and generate data about the presence of Andean bears in the different probability zones defined. In this sense, it is necessary to develop a methodology that would cover a significant number of localities in the study area, with a reasonable expenditure of time and economic resources.

 5.2 Definition of conservation areas

The definition of conservation areas is a fundamental necessity in countries where an accelerated degradation and destruction of natural habitats drives towards a progressive fragmentation and isolation of natural populations. However, the widespread lack of biological information and the impossibility of solving this problem in the short term has prompted the prioritization of  conservation areas by means of two main criteria: selection of large natural vegetation remnants and the identification of the habitat of umbrella species (Poiani et al. 2001). 

In Ecuador, the establishment of natural reserves as part of the National System of Protected Areas was done considering general principles of biodiversity and levels of ecosystem integrity. But these criteria not always cover the ecological requirements of a landscape species as the Andean bear. This is the reason why these areas would not by themselves protect and maintain viable populations in the long run (Peyton 1999; Suárez 1999). 

Through the results obtained here we aimed at integrating ecological and protected areas managerial criteria to allow us to define conservation priority areas that will guarantee the long-term viability of these species.

The integration of zones with the higher probability of occurrence of Andean bears with micro-watersheds allowed us to adequately define the proposed conservation areas. However, it is imperative to have basic ecological information of this species that will avoid inferences based on evidences from other species. Additionally, the possession of population ecology and habitat quality data will permit us to develop supplementary criteria to strengthen the definition of these areas.

Micro-watersheds were used as a defining criterion for conservation areas for they are spatial units that can be easily delimited and are a fundamental feature of the high Andean landscape. Intact watersheds, taken as conservation units, are more easily protected from human intervention due to the important hydrological features associated with intact forests and, by extension, intact páramos (Olson & Dinerstein 1994). Watersheds are key landscape elements whose conservation guarantees the long-term permanence and quality of water resources.

5.3 Description of the conservation areas
A well-known conservation principle states that large portions of natural habitats can house large and more viable populations, offer a larger quantity of resources, harbor more intact ecological processes and provide larger and less disturbed central areas (Poiani et al. 2001).

The 7 proposed areas show a great variability as far as size and shape are concerned. On one hand, there are areas that, because of their size, could maintain viable populations (areas 1, 2 and 3). This demonstrates the need of interconnecting other similar areas so as to allow the presence of the species in a long-term basis and its integrated management. Besides, the almost circular shape of these areas and their size facilitate the implementation of effective management actions. 

On the other hand, we have larger areas (6 and 7) that could potentially contain several viable populations but that, due to their considerable size and irregular shape, present more difficulties for their planning and management.

In addition, it is essential to bear in mind the seasonal way in which bears use their habitats if we plan to design conservation areas that will guarantee the access of the species to the different habitats in the altitudinal gradient. From this point of view, the only ones that fulfill this requirement are areas 6 and 7.

We characterized the conservation areas as a function of first-order rivers in their associated sub-watersheds. We considered that protecting watersheds with a high density of said rivers would warrant the preservation of water sources in the study area. 

However, it is necessary to define the minimal extension of a sub-watershed that will guarantee its long-term integrity and thus technically define which of the sub-watersheds included in the conservation areas are really protected. Under this principle, it would be important to generate additional data that will allow the assessment of different sub-watersheds in terms of their ecological importance in Andean ecosystems.

 5.4. Valorization of the conservation areas

In Ecuador there is a constant increase of human pressures on natural habitats and an increasing shortage of economic resources intended to manage the country’s protected areas. Moreover, the Ministry of the Environment has a limited political weight in the decision-making processes related to the management of natural resources.

Andean ecosystems are among the most threatened ones as a consequence of the agricultural frontier and the development of infrastructure (e.g. roads, dams). The lack of resources for conservation in the State budget render the Ministry’s work very complex and limited to areas already legally constituted. Many of these areas have internal conflicts due to the exploitation of their natural resources (e.g. oil, wood, minerals), an evidence of the low capacity of political management of the Ministry.

This reality has shown us that there is a need to prioritize the defined areas based on the aforementioned criteria. Although areas 6 and 7 are the most important ones from an ecological point of view, our assessment demonstrates that the conservation priority areas are 4 and 1. This could be explained by the higher degree of threat these areas suffer and by the fact that, due to their size and shape it is more feasible to develop effective conservation activities.

As stated before the size of conservation areas is a fundamental factor in the process of setting priorities. However, we believe that one has to consider the actual management capacity of each site and how this capacity affects the effective conservation of large areas.

The priorities presented in this study should be taken as an initial step in the  process of defining conservation areas for the Andean bear’s habitat. Next steps should consider the development of additional criteria to complement this proposal in order to establish spatially and chronologically viable areas for an effective conservation of the species and its habitat.

These criteria should include an analysis of the different threats and opportunities as well as criteria to establish their ecological viability. The definition and analysis of these criteria should be rooted in a participatory process involving all the different actors in the proposed areas.
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