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Abstract. Beaver (Castor canadensis) alter ecosystems and affect vegetative growth patterns in streams
and wetlands throughout most of North America. We produced a habitat suitability model and map using a
geographic information system, incorporating multiple layers important to beaver use. The map was applied
to the Canaan Valley area of West Virginia, USA. Model results were compared to the published habitat
suitability index (HSI) for North American beaver. Validation was performed by comparing active beaver
locations to randomly selected locations in the study area. Our mean model value for active sites was
significantly greater than that of random points. Our model values were higher than those of the HSI model,
which lacks validation. We believe this type of model is a viable alternative to intensive surveys, with the
ability to classify beaver habitat suitability over a large landscape. We show the usefulness of this type of
modeling in identifying areas where beaver activity may be important to rare plant conservation decisions.
Local information concerning food preferences and habitat use, which vary regionally, should be
incorporated into this model when available. This model is presented as a tool for land and wildlife
management where beaver populations are a concern and also as a possible template for developing similar
models for other species.
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1. Introduction

Geographic information systems (GIS) have been used to create predictive habitat maps for management
of some species of concern [1]. These mapping efforts can be particularly effective when habitat
requirements of the target species are well known [2]. Modeling using a G1S-based approach is becoming
more frequent and accurate as digital datasets improve. Beaver (Castor canadensis) habitat use and quality
have been evaluated throughout North America using various techniques and measures [3]-[5].

The ecosystem alterations created by beaver can have significant impacts on streams and wetlands across
much of North America. The dam-building activities of these large rodents alter forest succession by
flooding areas [6], [7], leading to changes in sediment retention, invertebrate communities, vegetative
composition, and stream morphology [8]-[10]. Herbivory by beavers also can have a dramatic effect on
successional trends along streams [6], [7].

While historical beaver activities were a natural influence on a relatively unaltered landscape, they are
now a potential hindrance to typical successional patterns in our altered landscape [11]. Fortney and Rentch
[12] named beaver activities as one potential factor in the reduction of some rare plant communities in West
Virginia. They cite beaver activity as a primary cause of a >40% loss in developing coniferous forests.
Naiman et al. [7] indicate the potential for beaver-induced community types, such as fens and wet meadows,
to be enduring stages of succession instead of temporary patches. Although beaver impoundments in New
York, USA have been described as short term habitats [10], some ponds in West Virginia, USA have
persisted since 1945 [13]. Naiman et al. [9] suggest that beaver alterations may affect the local landscape for
centuries and that these changes are widespread across the distribution of the species. Although often
managed to reduce interference with human activities, beavers are an important natural ecological presence,
with multiple behaviors affecting the floristic communities that share their habitat.
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Due to the extensive changes that can occur when beaver inhabit an area, the ability to predict suitable
habitat is important as a management tool. Current models for beaver suitability may be effective for local
determination of habitat quality but are hard to apply across regions. The beaver habitat suitability index
(HSI) is an example of a model useful for evaluating on-site suitability [3]. As this index was developed as
both a tool and a resource to build other models, we believe a comparison of our model to this standard is
necessary to establish effectiveness. The results of this model development should lend to general, quicker
analysis of areas requiring management of beaver or the vegetation they may affect. Our objectives were to
(1) produce a generalized, accurate spatial model that can be used on a landscape level, (2) compare
predicted suitability with the results of the current HSI for beaver, and (3) discuss how this model affects the
plant communities found within our study area and the management implications of these predictions. We
present a model using a GIS (ArcMap 9.0) to establish most likely areas of beaver use in an area of the
central Appalachian Mountains, USA.

2. Methods

2.1. Study site

Although extirpated from West Virginia by the 1830s [14], beavers were re-introduced to areas of West
Virginia around 1936. Beaver habitat modeling efforts focused on Canaan Valley, located in Tucker County,
West Virginia, USA. Canaan Valley is an anticline valley at an elevation of 1,006 m. All surveys were
conducted in Canaan Valley National Wildlife Refuge (Figure 1). The 6,169 ha refuge was established in
1994 and now contains much of the wetland areas in the central and northern portions of the valley. The
Blackwater River runs through much of the refuge and is fed by several drainages along its path. Beaver
activity is centered in several of these smaller drainages.
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Fig. 1: Canaan Valley National Wildlife Refuge (CVNWR) boundaries are shown in black over the green area of
Canaan Valley. Inset shows Canaan Valley located in Tucker County, WV, USA.

The floor of Canaan Valley now contains one of the largest freshwater wetland complexes in the
Appalachian Mountain Region. Over 50 state and regionally rare plant species have been identified within
the valley, as well as 35 rare plant communities. Much of the floristic diversity in the area may be attributed
to the wetland habitats available. Additionally, many northern species occur at the southernmost periphery
of their ranges in this area [15].

The valley floor was once a red spruce-hemlock (Picea rubens-Tsuga canadensis) forest, more
productive than other forests of its kind in West Virginia [16]. The forests were logged, opening the canopy,
drying the soils, and leading to extensive fires. Other land use changes, such as attempts at agricultural
practices, also have changed the vegetative composition of the valley. Plant communities such as the red
spruce forests are still present in Canaan Valley, but the abundance has been greatly reduced. Although
some communities were suggested to be slowly returning to this valley [16], Fortney and Rentch [12]
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suggested beaver presence as one factor leading to the decreased abundance of several rare plant
communities in the valley since 1975.

2.2. Model development

This model consists of multiple raster layers, combined to display areas of suitable beaver habitat. The
layers involved and the values of variables within the layers were based on previous beaver research and
modeling efforts: stream gradient [5]-[17], distance to available water [18], [19], and available woody
vegetation [17]-[20]. All layers used the same scale, with the least suitability receiving the lowest scores (1)
and the highest suitability receiving the highest value (9) (Table 1). The resulting suitability map includes
landscape-level determinations of habitat suitability levels.

Table 1: Layers used in the GIS model to characterize beaver habitat suitability. Values for each category range from 0
(unsuitable) to 9 (highly suitable). Weight represents importance for suitable beaver habitat, highest value represent
highest importance in model. Weights and values were derived from Brooks [16], Allen [3], Barnes and Mallik [20],

and Suzuki and McComb [5].

Layer Weight | Category Value
Food resources 0.15

Conifer
Hardwood
Aspen
None

ojw|g|-

Distance 0.35

<50 m

50 T <100 m
1007210 m
>210

O |o|©

Stream Gradient | 0.50

<2%

2 -<4%
4-<8%
8 -<12%
127 20%
> 20%
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The first raster of this model is based on food availability and preferences (Figure 2). The national
wetlands inventory (NWI) shapefile and a streams layer were cropped to the Canaan Valley area. Both files
were created at a 1:24,000 scale. Each layer received a 200 m buffer. This distance is the furthest beavers
are observed foraging from their water cover [18]. The buffered layers were combined using the union
function, resulting in the suitable area for beaver activity. A polygon layer of tree species was then created
to represent available food sources. This shapefile was cropped using the previously created layer, to
remove areas that were not within the specified suitable area. These polygons were ranked based on
dominant woody species. Polygons known to be stands of trembling aspen (Populus tremuloides) received
higher values, as a preferred food species [3]-[19]. Conifer polygons received the lowest scores, as conifers
are named as a low quality food item [19]. Cover layers for some preferred species, including willow (Salix
spp.), were not available for incorporation into this layer, due to occurring more often as individuals or in
mixed populations rather than stands. The file was then converted to a raster layer.

The second layer considers the reduced activity of beavers with increasing land distance [21] (Figure 3).
A stream layer was combined with the NWI shapefile to represent areas of suitable water cover. A distance
function was then created, extending to 210 m beyond the edges of the water. The distance function layer
was reclassified based on literature values for beaver cutting and foraging distances. Areas of water cover
and land within 50 m were given the highest scores, as those are areas of higher activity [21]; more distant
areas received lower scores, as activity decreases dramatically but can extend to near 200 m [18] (Table 1).

A final layer represents the suitability levels of streams based on gradient. This layer required a digital
elevation model (DEM) and a streams layer (Figure 4). The zonal statistics function was used to calculate
the range of elevation change for each unique stream segment. Gradient was then calculated as a percentage.
Scores were assigned in a new table field, with lower gradients receiving higher scores (Table 1). Scores
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were based on published stream gradient values suitable for beaver use [3]-[22]. The streams layer was
converted to a raster file based on assigned scores, then expanded (60 m) to represent the suitable habitat that
can potentially be created in wide valleys when damming and subsequent flooding occurs [3].

Fig. 2: Available woody resources for beaver in Canaan Valley, WV, USA are shown. Polygons display suitability
rankings based on described preferences of certain tree types: no defined tree type (0), conifers (1), hardwoods (5), and
quaking aspen (9).
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Fig. 3: Suitable habitat based on proximity to water in Canaan Valley, WV, USA is displayed. Highest suitability is
located in areas of water cover and land in close proximity to water (9) with suitability decreasing as distance to water
increases (5 = moderately suitable, 1 = least suitable, 0 = unsuitable).
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Fig. 4: Stream gradient values within Canaan Valley, WV, USA. Streams were not present in unsuitable areas (0).
Highly suitable stream gradients (9) are low gradient; suitability decreases with increased gradient (7 = more suitable, 5
= moderately suitable, 3 = less suitable, 1 = least suitable).
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Fig. 5: Overall beaver habitat suitability for Canaan Valley, WV, USA was determined by combining stream gradient,
vegetation, and distance using a weighted model. Highest suitability is found in areas of low gradients, close proximity
to water, and highly preferred food species. A color gradient from green to red shows changes in suitability from most

suitable to unsuitable.

All raster layers were combined after weighting individual layers (Figure 5). Most beaver surveys and
habitat models have shown a strong relation between stream gradient and beaver presence [3], [4]. Due to
this association, gradient was weighted highest in the model. Vegetation polygons received low weight in
this model, as food availability has previously been found to add little explanatory weight to beaver habitat
modeling [4]. As a descriptive means of showing the use of this model as a management tool, we overlaid a
layer of rare plant species points for a small area of the valley using known locations from various recent
surveys [13]. Zonal statistics were used to find the mean GIS model value for each rare plant location.

Validation of the model was conducted by locating areas of current beaver activity in the study area and
random points within the overall suitable habitat. Active beaver locations were determined from field
observations of beavers or new beaver activity. Random locations were chosen from wetland centroids using
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Microsoft Excel. Model values for each type of point were determined using the program ArcMap. Mean
suitability values of active beaver areas were compared to mean values of randomly selected points using a
paired t-test with a 0.05 alpha level.

2.3. Habitat suitability index comparison

Vegetation characteristics were recorded at randomly selected locations identified as suitable habitat.
Factors included in the HSI were woody vegetation composition and water level stability [3]. Values in the
index ranged from 0 to 1. Average annual water fluctuation was low in the study area, and only surveyed
areas with no visible surface area were given a value of zero.

Woody vegetation values were divided into three sections: wetland, adjacent upland within 100 m, and
upland area from 100 m to 200 m distant. Transects were oriented through wetland habitat and adjacent
upland area in a direction perpendicular to the direction of water flow. Each transect measured the distance
from the point to the wetland boundary, in addition to 200 m of upland habitat. Habitat characteristics were
recorded based on the recommendations of the beaver HSI for wetland cover types [3]. Vegetative
measurements included shrub canopy height, percent tree and shrub crown closures, percent of trees in a
specified size range (2.57T15.2 cm diameter breast height), and dominant type of woody vegetation [8].

Values for HSI points were calculated using formulas specified for winter food categories in the model
[3]. Resulting suitability values of surveyed areas were compared to the suitability predicted by the GIS-
based model using paired studentds t-tests (alpha = 0.05). Comparisons were made based on model values
for both individual points and 200 m areas surrounding those points [13]. Buffered values were calculated
using the neighborhood statistics function in the Spatial Analyst extension in ArcMap 9.0. Statistics were

calculated based on 200 map units (meters).

Table 2: Select rare plant species locations in Canaan Valley, West Virginia, USA were overlaid on a GIS habitat

suitability model.

Scientific Name Common Name Locations® WISP Score®
Abies balsamea Balsam Fir 9 Fac 4.7000
Carex bromoides Brome-like sedge 2 Facw 3.1500
Carex canescens Hoary sedge 11 Obl 2.2591
Carex leptonervia Finely-nerved Sedge 1 Facw 0.0000
Dalibarda repens Star violet 10 Fac 2.5300
Eupatorium pilosum Vervain thoroughwort 1 Facw 0.0000
Euphorbia purpurea Glade Spurge 2 Fac 3.5250
Geum rivale Purple avens 2 Obl 3.9000
Glyceria grandis American manna-grass 4 Obl 3.9250
Juncus filiformis Thread Rush 1 Facw 7.6500
Listera smallii Kidney-leaf twayblade 1 Facw 3.1500
Lonicera canadensis American fly-honeysuckle 1 Facu 3.1500
Oenothera pilosella Evening-Primrose 1 Fac 0.0000
Pogonia ophioglossoides Rose pogonia 1 Obl 2.5000
Polemonium vanbruntiae Jacob's ladder 10 Facw 2.9750
Rhamnus alnifolia Alder-leaved buckthorn 2 Obl 5.0750
Salix discolor Glaucous willow 2 Facw 2.5250
Saxifraga pensylvanica Swamp Saxifrage 1 Obl 1.7500
Schoenoplectus purshianus Weakstalk bulrush 1 Obl 3.1500
Scirpus atrocinctus Black-girdle bulrush 21 Facw 3.4452
Scirpus microcarpus Small-fruit bulrush 10 Obl 2.6950
Stachys tenuifolia Smooth Hedge-Nettle 1 Facw 3.1500
Torreyochloa pallida Manna-grass 4 Obl 3.0625
Table 2 continued

Scientific Name Common Name Locations® WISP Score®
Vaccinium oxycoccos Small cranberry 3 Obl 3.1500
Veronica scutellata Marsh speedwell 1 Obl 3.1500
Viburnum opulus americanum Highbush cranberry 2 Facw 2.8250

# Locations indicate the number of occurrences of each rare plant species.
® Wetland indicator status is shown for each species (Lichvar [23]). Possible status, in order of decreasing wetland fidelity: obligate (obl), facultative
wetland (facw), facultative (fac), facultative upland (facu), and upland (upl).
¢ Score represents the mean value of beaver habitat for each plant species. Scores range from 0 (unsuitable for beaver) to 9 (highly suitable beaver

habitat).

3. Results
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Our comparison of active beaver locations and random points shows validity in our model. The mean
GIS model value for active beaver sites was significantly higher than random points in our study area (t;3 =
2.39, P = 0.033, Figure 6). This test indicates our GIS model predicts beaver occurrence better than chance
alone, giving this model validation. Consequently, the analysis of rare plant species in relation to this GIS
model shows highest model values, or highest likelihood of beaver activities, in areas where balsam fir
(Abies balsamea) and thread rush (Juncus filiformis) occur (Table 2).

A two-tailed t-test comparing mean GIS model values to HSI values also shows significantly higher
values (t,s= -4.39, P < 0.001) in our model (Figure 7). Given that this HSI has not been validated, we
believe this gives reason to question its applicability in Canaan Valley and similar areas. However, the same
analysis comparing mean model values within a 200 m radius to HSI values shows no significant difference
between models (t;s = 0.41, P = 0.683, Figure 7). Although similar in this respect, our model was not
intended to be used and was not validated at this buffered level. This comparison shows the reduced
effectiveness of a model that too strongly incorporates areas of unlikely use.
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Fig. 6: Results of validation of GIS model by Fig. 7: Mean geographic information systems (GIS)
comparison of active beaver colony sites and randomly model values and habitat suitability index (HSI) values
selected locations in Canaan Valley, West Virginia, derived from vegetation surveys.

USA.

4. Discussion

Several models exist to predict areas of suitable beaver habitat, suitable reintroduction areas, or likely
dam establishment sites [3]-[20]. Models of this nature are particularly useful for both management of
beaver populations and conservation of vegetative communities. In our study area, the high occurrence of
rare plant species and their possible sensitivity to flooding and herbivory necessitated a method of predicting
areas with the greatest suitability for beaver activity. However, the capability of beaver to alter forest
succession or change vegetative species composition of large patches has been documented regularly in a
variety of habitats and regions [6]-[25]. Although the habitat changes created by beavers are a natural
occurrence in North America [7], they can be extensive and detrimental to commercial and agricultural land
use [26].

Creating a G1S-based model allows landscape-level coverage with minimal field collection. In contrast,
models such as the HSI have the potential to be more applicable on a per-site basis. However, our model
gave higher suitability values than the HSI model. We believe this is an indication of higher accuracy in our
model in general. A comparison of our model, with average values within a 200 m radius, to HSI values
shows similar means for both models. We believe that this indicates a reduction in model effectiveness due
to incorporation of unlikely areas of beaver use. Although foraging activity has been documented up to 200
m from water cover [3], most activity is found within 30 m and is not unusual up to 100 m from water [18].
Additionally, no sign of beaver foraging was observed more than 100 m from water during our vegetation
surveys. Consequently, we believe our model is more effective when used with base values or with a buffer
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under 100 m. Although the HSI may not lack in usefulness in identification of important habitat
characteristics, it heavily relies on woody vegetation variables to define suitability of habitat. Multiple
studies have stressed the importance of physical factors, rather than vegetative factors, in determining beaver
habitat [17]-[21]. These observations were incorporated into our efforts, which resulted in a more valid
model.

In application of this model to our study area, there appears to be a high model value for areas of long-
term beaver use, particularly the larger ponds on refuge lands. Concurrent studies have indicated a trend of
higher rare plant abundance in older beaver impoundments [13]. As highly suitable habitat, these areas
would remain active, or be among the first to be inhabited by beaver, if a population decline occurred due to
natural causes or trapping activities. Alternately, new beaver ponds may be a less suitable habitat for beaver,
support fewer rare plants, and submerge additional flood-intolerant species. Although ponds may be short-
term and abandoned quickly, long-term flooding will change the vegetative community in a localized area
[10]. This could have negative effects for particular rare plant species of concern, such as red spruce (Picea
rubens), which is intolerant of long-term flooding. We suggest limited and highly regulated beaver trapping
would not negatively affect rare plant habitat while potentially conserving currently un-altered areas.
Moreover, deterrence methods could be used in areas of concern that are identified as suitable habitat by our
model but are not conducive to trapping.

The widespread availability of spatial datasets makes a more accurate, predictive map possible. Aerial
photography has long been cited as a method of identifying beaver inhabited areas, but GIS modeling based
on landscape features allows for more defined, precise calculations of beaver habitats than photographic
documentation alone. Moreover, we show a simple analysis of rare plant species locations that can aid in
conservation and beaver population management decisions. Analyses involving plant abundance or
population extent, whenever available, can further enable managers to analyze the potential of beaver
disturbance on rare plant communities.

4.1. Management implications

Beaver habitat preferences are highly based on physical features that can be easily mapped. This model
allows managers the opportunity to spatially reference areas that are likely to be affected by beaver activity.
This model is particularly advantageous given the minimal amount of effort required in data collection, in
comparison with more intensive vegetation surveys required for models such as the HSI. This habitat
mapping should be applied toward conservation of vegetative communities, particularly those intolerant of
sustained flooding events that are commonly associated with beaver. The model also may allow for the
determination of high populations of beaver. Beaver activity in low value areas may suggest that all high
quality areas are either exhausted or currently inhabited. These indicators should be useful to land managers
if developing a management plan for beaver populations or the vegetative communities which they may
affect.
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