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EXECUTIVE SUMMARY 

This report presents the development and application of the Beaver Restoration Assessment Tool (BRAT), 

a decision support and planning tool for beaver management, to analyze all perennial rivers and streams 

in Utah. The backbone to BRAT is a capacity model developed to assess the upper limits of riverscapes to 

support beaver dam-building activities. Both existing and historic capacity were estimated with readily 

available spatial datasets to evaluate five key lines of evidence: 1) a perennial water source, 2) availability 

of dam building materials, 3) ability to build a dam at baseflow, 4) likelihood of dams to withstand a typical 

flood, and 5) likelihood that stream gradient would limit or completely eliminate dam building by beaver. 

Fuzzy inference systems were used to combine these lines of evidence while accounting for uncertainty.  

The capacity model estimated existing statewide capacity at 226,939 beaver dams (8.3 dams/km) and the 

historic capacity at 320,658 dams (11.7 dams/km), reflecting a 29% loss compared to historic capacity. 

Nearly all of this capacity loss can be explained in terms of vegetation loss and degradation associated 

with land use including: i) urbanization along the Wasatch Front and Cache Valley, ii) conversion of other 

valley bottoms to agricultural land uses, and iii) overgrazing in upland areas. Despite the losses, the 

relatively high proportion of publicly owned lands in the state and reasonable condition of many streams 

ƛƴ ǘƘŜ ǎǘŀǘŜ ƳŜŀƴ ¦ǘŀƘΩǎ ǿŀǘŜǊǎƘŜŘǎ ŀǊŜ ǎǘƛƭƭ ŎŀǇŀōƭŜ ƻŦ ǎǳǇǇƻǊǘƛƴƎ ŀƴŘ ǎǳǎǘŀƛƴƛƴƎ ŀ ǎǳōǎǘŀƴǘƛŀƭ ŀƳƻǳƴǘ 

of beaver dam- building activity. Dam capacity was found to be well distributed throughout each of the 

five Utah Division of Wildlife Resources (UDWR) regions in the state with slightly higher proportional 

capacity in the Northern and Central regions.  

We verified the performance of the existing capacity model using 2,852 existing dams at four watersheds 

scattered throughout the state representing 12.5% of the 27,345 kilometers of perennial streams in the 

state analyzed. In all four watersheds, model performance was spatially coherent and logical, with 

electivity indices that effectively segregated out amongst the capacity categories. That is, beaver dams 

were not found where the model predicted no dams could be supported, beaver exhibited avoidance of 

reaches predicted as supporting rare or occasional densities, and beaver exhibited preference for areas 

predicted as having pervasive dam densities. Of the total 1,143 stream segments with validation dam 

counts only 15 exceeded the capacity estimates indicating that the model effectively segregates the 

factors controlling beaver dam occurrence and density 99% of the time. These watersheds had average 

dam densities ranging from 0.1 dams/km to 1.6 dams/km with an average of 0.83 dams/km and roughly 

9% of modeled capacity. We found that validation watersheds in the northern portion of the state were 

currently at a higher percentage of capacity than watersheds in the southern portion. The Logan/Little 

Bear watershed (Northern Region) is currently 16% of capacity and Strawberry watershed (Northeastern 

Region) is 13%; whereas, the Fremont watershed (Southern and Southeastern Regions) and Price 

watershed (Central and Southeastern Regions) are currently both only 1% of existing capacity. If these 

validation watersheds are in fact representative of statewide trends then dam-building beaver 

populations across the state are only at a small fraction of the actual capacity and are much lower in the 

southern portion of the state than in the northern.  
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To make some rough estimates of beaver dam numbers for the state, we extrapolated our findings from 

the verification watersheds using the capacity model. We determined the full range of percent of capacity 

estimates realized by capacity prediction categories, which ranged from 1 to 38% with an average of 8%. 

Using a variety of estimates, we estimate there are somewhere around 20,000 beaver dams currently in 

the state, but it is plausible the number is as high as 40,000. Either way, the SǘŀǘŜ ƻŦ ¦ǘŀƘΩǎ ǊƛǾŜǊǎ ŀƴŘ 

streams are currently well below the capacity of these streams to support beaver dams (8% to 17% of 

capacity). Given that beaver have not been actively promoted or encouraged in most parts of the state, 

and in many parts they are actively removed, it is likely that historically (pre-European settlement) the 

realized percent of capacity was much higher (likely 30% to 50%).  

The decision support and planning tool side of BRAT uses simple geospatial analysis and rule systems to 

account for the recovery potential of riparian habitat and human conflict with beaver dam building to 

segregate the stream network into various conservation and restoration zones. BRAT categorized 35% of 

ǘƘŜ ǎǘŀǘŜ ŀǎ Ψ[ƻǿ-ƘŀƴƎƛƴƎ CǊǳƛǘΩ ǎǘǊŜŀƳǎ ǎƛƎƴƛŦȅƛƴƎ Ƙŀōƛǘŀǘǎ ǘƘŀǘ ŀǊŜ ŜƛǘƘŜǊ ŎǳǊǊŜƴǘƭȅ ƛƴƘŀōƛǘŜŘ ōȅ ōŜŀǾŜǊ 

or are in relatively good condition for beaver re-colonization and/or reintroduction. Another 29% of the 

ǎǘŀǘŜ ǿŀǎ ƛŘŜƴǘƛŦƛŜŘ ŀǎ Ψ[ƛǾƛƴƎ ǿƛǘƘ .ŜŀǾŜǊΩ ǎƛƎƴƛŦȅƛƴƎ ŀǊŜŀǎ ǘƘŀǘ ŎƻǳƭŘ ōŜƴŜŦƛǘ ŦǊƻƳ Ψ[ƛǾƛƴƎ ǿƛǘƘ .ŜŀǾŜǊΩ 

strategies. 

The model would benefit from additional actual dam count data. These data could be used to further 

validate the model and could also be used to identify source and sink zones throughout the state. Accurate 

identification of source and sink zones will help UDWR biologists manage beaver populations, especially 

nuisance beaver. 

We believe the spatially explicit outputs from BRAT provides UDWR biologists with the information 

ƴŜŜŘŜŘ ǘƻ ŜŦŦŜŎǘƛǾŜƭȅ ƛŘŜƴǘƛŦȅ ǿƘŜǊŜ ƴǳƛǎŀƴŎŜ ōŜŀǾŜǊ Ŏŀƴ ōŜ ǊŜƭƻŎŀǘŜŘΣ ǿƘŜǊŜ Ψ[ƛǾƛƴƎ ǿƛǘƘ .ŜŀǾŜǊΩ 

strategies may be needed and where beaver can be used for watershed restoration efforts to have the 

greatest potential to yield increases in biodiversity and ecosystem services.  
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INTRODUCTION 

Beaver dam-building activities lead to a cascade of hydrologic, geomorphic, and ecologic feedbacks that 

increase stream complexity and benefit aquatic and terrestrial biota. As a result, beaver are increasingly 

being used as a key component of stream restoration strategies. However, predictive spatial models 

resolving where within a drainage network beaver dams can be built and sustained are lacking. Moreover, 

a capacity model approach alone is not enough because many places that beaver might build a dam are 

in direct conflict with humans (e.g., damming of culverts or irrigation canals and flooding of roads or 

railroads).  

The Beaver Restoration Assessment Tool (BRAT) was developed to fill this void and serves as a decision 

support and planning tool intended to help resource managers, restoration practitioners, wildlife 

biologists and researchers assess the potential for beaver as a stream conservation and restoration agent 

over large regions. In 2012-2013 we developed the beaver dam-building capacity model portion of the 

tool and tested it in a pilot project in the Escalante and Logan watersheds (Macfarlane and Wheaton, 

2013). Results from the pilot study indicated that the model was effective at predicting beaver dam 

capacity across diverse physiographic settings (Wheaton et al., 2014).  

The project described herein improves upon the pilot beaver dam building capacity model, extends the 

coverage to the entire State of Utah, and develops and tests the decision support and planning 

components of the tool. The decision support tool accounts for where beaver may pose potential nuisance 

ǇǊƻōƭŜƳǎΣ ǿƘŜǊŜ Ψ[ƛǾƛƴƎ ǿƛǘƘ .ŜŀǾŜǊΩ strategies may be needed, where re-colonization and/or 

reintroduction is most appropriate and identifies potential conservation and restoration areas for beaver. 

By combining the capacity and decision support approaches, resource managers have the necessary 

planning information to estimate where and at what level re-introduction of beaver and/or conservation 

is appropriate.  

The four main objectives of the project were to: 

1. Complete the development of the BRAT Decision Support and Planning Tool 

2. Run BRAT for the entire State of Utah 

3. Validate BRAT at select target watersheds 

4. Synthesize findings from BRAT into recommended adjustments to Utah Beaver Management Plan 

2010-2020 

¢Ƙƛǎ ǊŜǇƻǊǘΩǎ ǇǊƛƳŀǊȅ ǇǳǊǇƻǎŜ ƛǎ ǘƻ ǊŜǇƻǊǘ ƻƴ ǘƘŜ ŦǳƭŦƛƭƭƳŜƴǘ ƻŦ ǘƘŜǎŜ ŦƻǳǊ ƻōƧŜŎǘƛǾŜǎ ŀƴŘ ŜȄǇƭŀƛƴ Ƙƻǿ ǘƘŜ 

analyses and tools presented can assist Utah Division of Wildlife Resources (UDWR) staff in the 

management of dam-building beaver populations across the state in accordance with the Utah Beaver 

Management Plan 2010-2020 (2010). 
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METHODS 

STUDY AREA 

While this study is for UDWR and its primary focus is the entire state of Utah, six of the eight U.S. Geologic 

Survey (USGS) geohydrologic regions that make up Utah extended into neighboring states. The BRAT 

analysis is a watershed-based network analysis that requires information based on the entire watershed 

upstream of any stream segment/reach of analysis. As such, our analysis necessarily covered the entirety 

of watersheds within Utah and their upstream extents in neighboring states. Figure 1 shows the mapping 

extent of the project which extends well beyond the boundary of Utah to include portions of all adjacent 

states including Nevada, Idaho, Wyoming, Colorado, New Mexico and Arizona. This added extent includes 

all Hydrologic Unit Code (HUC) 8 watersheds that intersected the Utah border and amounts to an 

additional 13,216 km of streams or 48% more streams outside the state of Utah (Table 1; Figure 2). We 

processed these additional HUC 8 watersheds that intersected the Utah border for two reasons: i) flow 

accumulation rasters must be computed on a watershed by watershed basis. If watersheŘǎ ǿŜǊŜ ΨǎǇƭƛǘΩ ŀǘ 

the state line, rivers on the periphery of the state line would have incorrect flow accumulation and stream 

power values; and ii) the relative ease of computing BRAT made it worth processing the additional areas 

just in case these data were desired by resource managers that work in watersheds that extend outside 

of the state. 

The three notable exceptions to this were the upper Green River, Upper Yampa River and Upper Colorado 

River, which collectively include sizeable portions of Wyoming and Colorado and have different HUC 8 

watersheds for their upper portions. For these basins, we added the additional flow accumulation areas 

to the corresponding downstream HUC 8 watersheds.  

Table 1 ς Length of streams and rivers analyzed as part of this project within and outside Utah.  

 

Kilometers Miles

Utah 27,345       16,991       

Additional 13,216       8,212          

Total 40,561       25,203       

Streams & Rivers Analyzed
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Figure 1 ς Map showing all Hydrologic Unit Code (HUC) 8 watersheds within the USGS Geohydrologic regions that were assessed in the 

statewide Beaver Restoration Assessment Tool (BRAT). 



 

 

 

Page 19 of 135 

 

The Utah Beaver Restoration Assessment Tool: A Decision Support and Planning Tool  

 

Figure 2 ς Extent of 40,561 km of streams included in this project analysis, showing the 27,345 kilometers in Utah, and 13,216 kilometers in 

neighboring states of Nevada, Idaho, Wyoming, Colorado, New Mexico and Arizona, which flow through common Hydrologic Unit Code (HUC) 

8 watersheds. 

  










































































































































































































































