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HABIT@

Wildlife Habitat Capability Modeling Program
Model Overview

This section provides an overview of HABIT@ sufficient for understanding its application in the HRV analyses. A more complete, detailed description of HABIT@ has not been completed as the model is still in a prototype form. For additional information regarding HABIT@ please contact Dr. Kevin McGarigal at mcgarigalk@forwild.umass.edu.

Introduction

habit@ is a multi-scale GIS-based system for modeling wildlife habitat.  Rather than being focused on a particular species or ecosystem, habit@ is intended to be general enough to model any animal (or perhaps plant) species.  Species models can be implemented directly by biologists with the best understanding of the species being modeled, without a lot of GIS or computer experience.  Models are written either as scripts or using a graphical user interface.  Given biological knowledge and appropriate GIS data, habit@ allows wildlife capability models to be written quickly, with little attention paid to implementation details.  

habit@ models are based on GIS grids representing environmental variables such as cover type, stand age, canopy density, slope, hydrological regime, as well as roads and development.  Input grids can represent anything pertinent to the species being modeled, depending only upon the availability of data.  Complex derived grids representing specialized environmental variables (such as stream channel constraints, cliffs suitable for nesting, or rainfall patterns) can be incorporated in habit@ models.  Grids can be at any scale appropriate to the species being modeled, subject to data availability.  GIS data that are available in a vector format can easily be converted to grids at an appropriate scale.

habit@ is spatially-explicit: the habitat value at each cell is dependent not only on the resources available at that cell, but on resources available in the neighborhood (is there enough forage to support an individual’s homerange?), on the configuration of resources (are they juxtaposed or contiguous?), on impediments to movement (are food and nesting resources across a road from each other?), and on the density of roads or development in the neighborhood.

habit@ models habitat at three scales, corresponding to three levels of biological organization: 

1. Local Resource Availability (LRA): the availability of resources important to the species’ life history, such as food, cover, or nesting, at the local, finest scale (a single cell or pixel);

2. Homerange Capability (HRC): the capability of an area corresponding to an individual’s homerange to support an individual, based on quantity and quality of local resources, configuration of those resources, and condition as determined by intrusions from roads and development;

3. Population Capability (PC): the capability of an area to not only support a homerange, but its setting in a neighborhood that supports nearby homeranges—that is, the ability of an area to support not only a single individual, but a local population.

Like an HSI model, habit@ returns a value between 0 (no habitat value) and 1 (prime habitat) for each cell.  At the local resource level, the cell value indicates the resource value at that cell (e.g., value as nesting habitat); at the homerange level, the cell value indicates the value of a homerange centered on that cell—thus, homerange capability values are continuous across the landscape, and no assumptions are made as to where homeranges would actually be placed.  Likewise, at the population capability level, the resulting cell value indicates the value of a homerange centered on that cell given that there is habitat in the neighborhood sufficient to support a local population.

habit@ models are static—habit@ does not model population dynamics nor population viability.  Like an HSI model, the results are relative measures of habitat capability—they do not necessarily correspond to animal density or fitness.  habit@ is not an individual-based model, and it does not explicitly model animal movement (although movement is accounted for implicitly).  habit@ models are, of course, limited by the availability, scale, and accuracy of available data, and the applicability of these data to the species being modeled.  As with all habitat modeling, the greatest limitation is usually our lack of knowledge of the habitat requirements of the species being modeled.  habit@ models are only as good as the biological information used to build them.  

Although it does not make assumptions about the placement of homeranges, habit@ does assume that individual homeranges are circular and of a fixed size—an assumption that is seldom strictly true, but is not an unreasonable generalization across many individuals for most species.  For species with linear homeranges (such as riverine species or edge species), see Modeling species with linear homeranges, below.  Models can be written to allow homerange size to vary with habitat quality.

This document is an introduction to habit@ models.  It works through an example, and succinctly describes all of the features of habit@.  For greater detail, see the accompanying document: Habit@ Reference Guide [not yet developed!].  A prototype version of habit@ has been implemented in APL.  For a guide to using the prototype, see Writing Prototype  Habit@ Models.  Habit@ is a work in progress.  We hope to improve it based upon reviewer’s comments and work with the prototype version.

A model of elk

habit@ is best explained with an example.  Our example is based on a model of elk habitat written by Michele Crist for the San Juan National Forest in southwestern Colorado.  Input data include a combined cover-condition grid that specifies cover type and stand seral stage, and a slope grid.  Data were developed as part of the RMLANDS project.  

Elk in the southern Rockies forage primarily in early-successional forests, shrublands, and riparian areas.  They prefer foraging in sites with shallow slopes.  They use late-successional forests as cover.  Most foraging occurs within 100 m of cover, and most cover is within 300m of foraging sites.  A typical elk homerange is 930 ha.
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Our elk model (Fig. 1) will have two local resources: forage and cover.  For each cover/condition class, a value between 0 (no value) and 1 (high value) is assigned for both forage and cover (Table 1).  These Local Resource Indices (LRIs) are similar to the individual suitability indices in an HSI model.  For foraging, we also include a LRI for slope percent.  We use a logistic function that ranges from 1.0 for flat areas down to 0 for steep slopes (Fig. 2).  Such graphs may be created in the GUI either by clicking points on the screen or by entering function parameters.

Local resource availability for forage (Fig. 3b) is simply the cover LRI for each cover-condition type (e.g., all early successional forest cells get 1.0, meadows and riparian areas get 0.85, and so on).  The LRIs for forage and slope are multiplied together to give forage availability (Fig. 3a).  By multiplying, values for forage are reduced when the slope LRI is less than 1.  Each cell in the forage availability grid ranges from 0 (no forage) to 1 (optimal forage).  

Table 1.  Local resource indices for forage and cover for elk habitat model.



Local Resource Index

Cover type
Seral stage
Forage
Cover

Road

0
0

Agriculture

0.8
0.05

Barren

0.05
0.05

Water

0.05
0.05

Meadow

0.85
0.05

Riparian

0.85
0.3

Warm Dry Mixed-Conifer Forest
Stand initiation
1
0.15


Stem exclusion
0.15
0.4


Understory reinitiation
0.4
0.8


Shifting mosaic
0.5
0.9


Fire-maintained open canopy
0.9
0.5

Cool Moist Mixed-Conifer Forest
Stand initiation
1
0.15


Stem exclusion
0.15
0.5


Understory reinitiation
0.45
0.9


Shifting mosaic
0.55
1

Pure Aspen Forest
Stand initiation
1
0.1


Stem exclusion
0.2
0.3


Understory reinitiation
0.4
0.5


Shifting mosaic
0.5
0.7

Spruce-Fir Forest
Stand initiation
1
0.15


Stem exclusion
0.15
0.5


Understory reinitiation
0.45
0.9


Shifting mosaic
0.55
1

These values do not take into account the configuration or context of each cell of forage, or, for instance, whether enough cover is nearby to make this forage usable by an elk.  At the local resource availability level, we’re only concerned with the existence of resources.  Whether they’re actually useable by the species will be considered at the next level.  This compartmentalization of the model (e.g., separating availability from realized availability) allows authors of species models to focus on each aspect of the species’ life history, resulting (hopefully) in cleaner, clearer, more robust species models.
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Local resource availability for cover (Fig. 3b) is simply the cover LRI for each cover-condition type (e.g., mature spruce-fir and cool moist mixed-conifer forest get 1.0, mature aspen forest gets 0.7, and so on).  

Home range capability

Of course, high-quality forage that is far from cover is of little value to an elk.  We use juxtapositioning to reduce the value of forage based on its distance to cover.  Forage is multiplied by a logistic function of the distance to high-quality cover (cover LRA ( 0.75; Fig. 4).  The result (Fig. 3c) gives reduced values for realized forage availability when cover is not nearby.  Note in particular the large high-valued areas in the southwest in Fig. 3a—these represent meadows, which have high value as forage, but are unavailable to elk because there is no nearby cover (Fig. 3b), thus they are given low values as realized forage (Fig. 3c).  

Similarly, elk use cover only if it is near forage, although they’re willing to go farther from forage in search of cover.  A separate juxtapositioning function is thus used to model realized cover from a logistic function of the distance to forage (LRA ( 0.5; Fig. 4; Fig. 3d).

Obviously, a single pixel of high-quality forage and cover cannot support an elk.  Thus, home range capability is based upon a summary of local resource availability across a home range.  The homerange of a species may be specified in terms of area or radius; in any case, the homerange is assumed to be circular (but see Modeling species with linear homeranges, below).  A circle the size of the homerange is centered on each cell in turn and an HRC calculated, thus the HRC for each cell represents the value of a homerange centered on that cell.  Several options are available for combining LRAs into HRCs; the simplest is to take the mean LRA value within the homerange.  Elk have large homeranges (930 ha), and it’s important for them to have some areas of high-quality forage, thus taking the mean across their homerange doesn’t make sense.  For instance, a homerange consisting of 900 ha of forage with a value of 0.2 might not support any elk, while 300 ha of forage with a value of 0.6 within a homerange may support a herd of many animals, even though both homeranges would have the same mean value for forage.

For elk forage, we use a threshold function based on the percent of the homerange with a forage LRA ( 0.5 (Fig. 5).  For example, if 25% of the homerange has a forage value of 0.5 or greater, the forage HRC would be 0.38.  Any homerange in which more than 2/3 of the forage has a LRA ( 0.5 is given a forage HRC of 1.0.  

Likewise, we use a threshold function for cover.  Clearly, at some point enough cover in a homerange is enough, and any additional cover won’t increase the habitat capability.  We use two threshold functions for cover: high-quality cover is reached when 50% of the homerange has a cover LRA (0.75, or when 25% has a cover LRA (0.85 (Fig. 5).  When multiple thresholds are used, the maximum HRC is taken.  

The individual HRCs for forage and cover (Fig. 3e and f) are then combined with a geometric mean into a final homerange capability for elk (Fig. 3g).  

Population capability

An isolated homerange of prime habitat far from other habitat has little value for many species.  Thus, the third level, population capability (PC), takes into account the quality of habitat over a larger area, (e.g., based on the dispersal distance of the species).  The mechanics of PC are nearly identical to HRC, except that window sizes are larger, and a single HRC is summarized, rather than several LRAs.  Population capability is based on a combination of HRC for the focal cell and the HRC summarized over the neighborhood.

For our elk example, we use a 5 ( homerange radius for the neighborhood size (8625 m; Fig. 3h).  Population capability is based on the geometric mean of HRC and neighborhood HRC (Fig. 3i).  This results in higher HRCs persisting in areas with extensive high-quality habitat, and lower values where either the HRC or the PC are lower.

Summary of available features

Local Resource Availability

Local resource availability (LRA) is calculated for one or more resources that meet life history needs (such as feeding, breeding, nesting, summer range, or hibernation).  Local resource availability for each life history need is based upon the combination of one or more local resource indices (LRIs), which evaluate the effects of environmental variables such as cover type, slope, stand age, or distance to edge.

Composition: categorical – Composition LRIs may be based on a categorical grid (such as cover type), with an index assigned to each value in the grid.
Composition: continuous – Compositional LRIs may be based on a continuous grid (such as elevation or age since fire), applying a linear, logistic, or arbitrary (created by interactively clicking in a series of points) function to the values in the grid.

Context: positive edges – For species that use resources along edges between cover types, LRIs may be based on positive edge effects between pairs of categorical values.

Context: Adverse edges – For species that avoid edges or are adversely affected by edges, LRIs may be based on edge effects from some cover types that intrude into others. 

Combining LRIs into LR – The LRIs for each LRA are combined using the mean, geometric mean, product, sum, minimum, or maximum.  Mean and geometric mean may be weighted.

Homerange Capability

Homerange capability (HRC) is calculated by summarizing each LRA across a circular homerange using a moving window, to create a homerange index (HRI) for each LRA.  HRIs can take into account impediments, such as roads or rivers, which lower the value of resources on the opposite site, as well as juxtapositioning, which accounts for the distance among local resources.  Two built-in HRIs, road density and development density may each be calculated for species that are adversely affected by roads and development.  All HRIs are then combined to create the homerange capability.  If any of the LRAs have a value of zero for the focal cell, the HRC is set to zero—thus non-habitat cells surrounded by good habitat will be considered non-habitat at the homerange level.

Composition: Mean LRA – For each cell, a mean may be taken for all cells in the homerange to represent the value of a homerange centered on that cell.  Means may be unweighted or distance weighted, using either linear or squared weighting.  A cutoff value may be used to set all values less than the cutoff to zero before taking means.  

Composition: Proportion above threshold LRA value – An alternative to taking means to summarize LRAs in each homerange is to use a linear function of the proportion of the homerange above a threshold.  Several thresholds and linear functions may be supplied—the maximum value will be taken.

Configuration: Impediments – Roads, rivers, and other cover types may represent impediments to movement or represent a source of mortality.  Cover types considered to be impediments may be given values that discount the value of LRA cells which can only be reached within the homerange by crossing these impediments.  If impediments are used, they affect the values of all LRAs.

Configuration: Juxtaposition – The distance between LRAs may be of importance to a species.  Juxtapositioning lowers the value of an LRA based on its distance from high-valued areas of a second LRA.

Condition: Road density – An HRI may be calculated based on a function of the density of roads (in km/km2) in the homerange (or larger area around the homerange) to account for the detrimental effects of roads on the ecological neighborhood.  Roads may be weighted by type.

Condition: Development density – An HRI may be calculated based on a function of the density of development (in percent developed) in the homerange (or larger area around the homerange).  Development types may be weighted separately.
Combining HRIs into HRC – HRIs are combined into the HRC using the mean, geometric mean, product, sum, minimum, or maximum.  Mean and geometric mean may be weighted.

Population Capability

Population capability (PC) is based on a combination of the HRC and a summary of HRC in the neighborhood (neighborhood HRC).  The neighborhood is typically defined to represent the maximum dispersal distance, or based on a rule of thumb such as 5( the homerange radius.  The PC thus represents not only the capability of the focal cell for supporting a homerange centered on it, but the capability of the neighborhood to support multiple homeranges.  For many species, an isolated homerange of prime habitat far from other habitat would have little value—the PC represents this.  The calculation of neighborhood HRC is very similar to the calculation of HRC.  If HRC has a value of zero for the focal cell, the PC is set to zero.

Composition: Mean HRC – For each cell, a mean may be taken for all HRC cells in the neighborhood.  Means may be unweighted or distance weighted, using either linear or squared weighting.  A cutoff value may be used to set all values less than the cutoff to zero before taking means.  
Composition: Proportion above threshold HRC value – An alternative to taking means to summarize the HRC in the neighborhood is to use a linear function of the proportion of the homerange above a threshold.  Several thresholds and linear functions may be supplied—the maximum value will be taken.
Configuration: Impediments – As within a homerange, roads, rivers, and other cover types may represent impediments to movement or represent a source of mortality between homeranges in a population.  Cover types considered to be impediments may be given values that discount the value of HRC cells which can only be reached by crossing these impediments.
Condition: Road density – The neighborhood HRC may be combined with a function of the density of roads (in km/km2) in the neighborhood (or arbitrary area) to account for the detrimental effects of roads on the ecological neighborhood.  Roads may be weighted by type.
Condition: Development density – The neighborhood HRC may be combined with a function of the density of development (in percent developed) in the neighborhood (or arbitrary area) to account for the detrimental effects of development on the ecological neighborhood.  Development types may be weighted separately.
Combining HRC into Neighborhood HRC – The summary of the HRC over the neighborhood is combined with values for road and development density (if used) using the mean, geometric mean, product, sum, minimum, or maximum.  Mean and geometric mean may be weighted.
Combining HRC and Neighborhood HRC into PC – The HRC and the neighborhood HRC are combined using the mean, geometric mean, product, sum, minimum, or maximum.  Mean and geometric mean may be weighted.
Summary statistics (Landscape Capability)

Homerange or population capability may be summarized across the landscape (Fig. 6).  Summaries statistics (mean, standard deviation, and quantiles) of PC or HRC are provided, along with optional homerange tiling.  Homerange tiling is appropriate for territorial species—it randomly places non-overlapping homeranges, starting with highest-valued cells.  Homeranges are randomly dropped with a probability equal to the PC or HRC for each homerange center (thus, a homerange centered on a cell with PC = 0.8 has an 80% chance of persisting).  The result is the number of realized homeranges on the landscape.


Special cases

Migratory, short-distance migrants, and resident species

Long-distance migrants (such as neotropical songbirds) are treated the same as non-migratory species, because they migrate out of the study area (unless continental-scale modeling is being done!).  Short-distance migrants (those that migrate within the study area) can be treated in two ways: either the two ranges can be modeled as separate species (e.g., elk winter range and elk summer range), or homeranges can be expanded to include both ranges.  The former approach is preferred, although it doesn’t allow barriers to migration to be explicitly included in the model.

Modeling species with linear homeranges

For species with linear homeranges, such as riverine species, a circular homerange isn’t appropriate.  For such species, the homerange length is a more appropriate measure than home range area.  HRCs for such species can be modeled in habit@ by using 1/2 of the homerange length as the homerange radius, and using proportion above threshold to summarize the HRC.  Threshold values would then be set to the actual habitat area expected within a circle enclosing the homerange (based, for example, on total area of river within the circle).  To restrict HRC values to linear habitat features, a focal cell only HRI based on binary LRA (e.g., river cells only) can be used.

Homerange that varies by habitat

Although habit@ models are based on a fixed homerange size, homeranges that vary by habitat quality may be created by creating two or more HRIs based on different criteria and using different window sizes.  The HRC is then based on the maximum of these HRIs.  For instance, the Three-toed Woodpecker has smaller homeranges in recently burned stands.  Two different LRAs are created: one for burned, and one for unburned stands.  Appropriate window sizes are used to summarize each LRA into corresponding HRIs, which are combined with maximum.  The effect is that at each cell, the HRC is based on the better of a large unburned homerange or a small burned homerange.
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Fig. 3 (continued).  Results of elk model.  g) homerange capability; h) neighborhood homerange capability; and i) population capability.
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Fig. 3.  Results of elk model on a 900 km2 landscape.  a) forage availability, based on cover-condition and slope; b) cover availability, based on cover-condition; c) realized forage, modified by juxtaposition to cover; d) realized cover, modified by juxtaposition to forage; e) homerange capability for forage; f) homerange capability for cover.  Darker colors correspond to higher values.
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Fig. 2.  Logistic function used to specify Local Resource Index for slope.
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Fig. 4.  Logistic functions used for juxtapositioning for forage (left) and cover (right).
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Fig. 5.  Threshold homerange capability functions for forage (left) and cover (right).
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Landscape capacity for 12 Jun 03, 2:54 pm run of elk.txt





Cell size: 25


Cells in landscape: 1,489,263


Landscape area: 93,079 ha





Population capability statistics:





   Percent ( 0.95:  0.0% (0 ha)





   Mean = 0.2180


   S.D. = 0.0740


   Range = 0 - 0.4558





Quantiles:                    Histogram:


     Maximum 100% 0.4558


              99% 0.4051             ##


              95% 0.3530            ####


              90% 0.3189            ####


3rd quartile  75% 0.2658            #####


      Median  50% 0.2107           #######


1st quartile  25% 0.1653           ########


              10% 0.1314           ########


               5% 0.1075          ##########


               1% 0.0606         #############


     Minimum   0% 0.0000       #################


                              +-------+-------+-------+


                              0      0.2     0.4    0.6





Homerange tiling:


   Realized number of 934.8 ha exclusive homeranges: 15.41


   Realized homeranges per km^2: 0.017





Fig. 6.  Summary statistics (landscape capacity) for elk example.
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Fig. 1.  Schematic of Elk habitat model. Forage Availability is based upon cover/condition and slope. Cover Availability is based upon cover/condition. Homerange Capability is based upon Forage and Cover availability, given their mutual juxtapositioning. Finally, Population Capability is based upon Homerange Capability.











