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Colorado Open Lands (COL) is a statewide nonprofit land trust that exists to protect Colorado’s land and 
water resources, primarily through the use of conservation easements. COL has preserved 437 
conservation easements covering over 375,000 acres. COL also works to protect our state’s natural 
heritage through on-the-ground restoration projects across the state. One of their major restoration 
programs is Riparian Reconnect, a comprehensive, large-scale restoration effort initiated in Park County 
to increase stream and wetland function by restoring disconnected and degraded riparian areas. COL’s 
partners have been actively studying watershed health, condition, and restoration in the South Platte 
Headwaters for two decades, and CWCB has been a partner for many of these efforts. 
  
The resiliency and health of most headwaters streams diminishes in the absence of beaver.  The objective 
of this demonstration study is to analyze watershed-
scale beaver restoration potential in Park County. 
The proposed approach will serve as a model for 
similar efforts across the state. The project will 
combine extensive existing data with new field 
surveys, GIS modeling, and a decision-support 
framework that highlights beaver restoration 
opportunities and potential conflicts.  Requested 
funds will be leveraged with match to compare 
beaver dam capacity predicted using the Beaver 
Restoration Assessment Tool (BRAT) against the 
contemporary extent of beaver activity.  Field data 
will inform analyses and validate the modeling.  The 
project will develop a comprehensive picture of 
beaver activity in the County’s streams, and this 
will be used to guide restoration efforts with 
increased watershed-scale effectiveness. The study 
will involve hundreds of miles of streams across the 
South Platte Headwaters and Upper South Platte 
subbasins.  It is important because beaver-mediated 
habitats have been disproportionately impacted in 
Colorado, yet they provide more ecosystem services 
to society than perhaps any other aquatic habitat 
type.  These systems support healthy fisheries, 
wildlife, and waterfowl while maintaining stream 
base flows, providing aquifer recharge and support 
water quality.   

 D E T A I L S 
Total Project Cost: $123,620
Water Plan Grant Request: $45,450
Recommended amount: $45,450
Other CWCB Funding: $0
Other Funding Amount:               $78,170
Applicant Match: $0

Project Type(s): Study 

Project Category(Categories): Environmental & 
Recreation 
Measurable Result: approx. 500 miles of stream 
corridor evaluated for restoration 

L O C A T I O N
County/Counties:                           Park
Drainage Basin: South Platte

Lat: 39.224 
Long: -106.003 

Water Plan Grant Application



Methow Beaver Project Release Site Scorecard - This tool was developed by the Methow 

Beaver Project, which has successfully transplanted hundreds of beavers to dozens of sites over 

the past seven years to study the effectiveness and effects of transplant beavers.  The 

scorecard is used to rate the suitability of release sites using a point system based on several 

factors deemed relevant in their past monitoring studies.    

Practical considerations - Finally, for each of the potential restoration and control sites, we 

made notes about specific practical considerations including access issues and site preparation 

needs, especially the need to provide temporary cover for introduced beavers.   

Wetland functions - potential for ecological lift 

The primary goal for the project is to restore characteristic wetland functions to the Thirtynine 

Mile Mountain watersheds that were lost following the extirpation of beavers and other human 

impacts.  We quantified wetland functions in terms of wetland functional units (WFUs), which 

are calculated as the product of wetland extent (acres) times its relative degree of functionality, 

or functional capacity index (FCI), which is a factor of condition.  One WFU is equal to the 

amount of function provided by one acre of wetland in pristine, unimpaired condition.  FCI is 

calculated directly from the condition score using FACWet (Functional Assessment of Colorado 

Wetlands) version 3.0 (Johnson, Beardsley, Doran 2013). 

For potential restoration and control sites, we also predicted the potential future extent and 

condition of wetlands assuming successful beaver re-introduction.  The difference in baseline 

WFUs and predicted post-project WFUs (ΔWFU) is a measure of the potential for ecological lift 

that could be expected from successful restoration in terms of wetland functions.   

Wetland extent - Existing (baseline) wetland extent was determined by making a coarse 

delineation at potential restoration and control sites.  The rough delineations were tracked 

using survey-grade (sub-decimeter) GPS and converted to polygon features in Google Earth 

KMZ files for mapping and aerial measurement.  Potential extent of wetlands was determined 

by mapping polygons in Google Earth by tracing the lateral extent of the historic floodplain 

valley bottom, including the existing floodplain and wetland plus any abandoned terrace that 

would be charged by active, dam-building beavers.  Only the abandoned terraces that are 

within about 1.0 ft of existing active floodplains (bankfull elevation) were included.  Areas 

separated from the channel by natural or artificial dikes or levees were not included.  Maps of 

potential wetland extent were then field-checked to assure accuracy.    

Functional Condition - Wetland functional condition was determined using FACWet version 3.0 

on all potential restoration and control sites.  Each of the eight state variables and their 

supporting subvariables were scored according to FACWet guidelines on a scale of 50 to 100 

that corresponds to the academic grading system, and the primary stressors responsible for 



Beaver Restoration Assessment Tool (BRAT) - This tool uses a fuzzy inference system to assess 

habitat suitability and predict the frequency of beaver dams (number of dams per km) based on 

the following lines of evidence:  

 Evidence of a perennial water source.  This factor was rated yes (1) or no (0). 

 Evidence of stream bank vegetation to support dam-building activity and 

riparian/upland fringe vegetation to support expansion of dam complexes.  This factor 

was rated on a scale of 0 to 4 based on the quantity, quality, and proximity of woody 

vegetation.   

 Evidence that a beaver dam could physically be built across the channel during low flows 

based on estimated stream power during base flow, scored as "can build dam" (1) or 

"cannot build dam" (0).  The tool allows for intermediate scores between 0 and 1 for the 

category "can possibly build dam" if there is uncertainty. 

 Evidence that a beaver dam is likely to withstand typical floods based on estimated 

stream power at high flow (Q2, or 2-year occurrence), scored as "dam persists" (1) and 

"blowout - peak flows certainly lead to dam blowout" (0).  The tool also allows for 

intermediate scores between 0 and 1 for the categories "occasional breach" and 

"occasional blowout"  if there is uncertainty. 

 Evidence of high stream gradient that limits or eliminates dam building by beaver.  

Reaches steeper that 23% were scored as "beaver can't build a dam" (0), and reaches 

between 17% and 23% were scored as "dam building capacity is limited" with an 

intermediate score.   It is assumed that dam building is not limited by stream gradient 

below 17%. 

We applied these factors in straightforward manner that approximates the fuzzy inference 

system used in the model.   The numerical scores of each factor are multiplied together to 

arrive at a score that indicates a particular category of predicted beaver dam frequency as 

described in the BRAT tool.  Dam frequency categories are as follows:  

 (0) None – 0 dams: segments deemed not capable of supporting dam building activity. 

 (1) Rare  –  1 dam/km:  segments barely capable of supporting dam building activity;  

likely used by dispersing beaver. 

 (2) Occasional  –  2-4 dams/km:  segments that are not ideal, but can support an 

occasional dam or even a small colony.  

 (3) Frequent  –  5-15  dams/km:  segments  that  can  support  multiple  colonies  and  

dam complexes, but may be slightly resource limited. 

 (4) Pervasive  –  16-40 dams/km:  segments  that  can  support  extensive  dam 

complexes  and many colonies. 



classified as wet meadow slope wetlands rather than riverine systems.  Evidence of a 

stream channel was made by documenting the presence of identifiable bed and banks 

that would normally contain low to moderate flows.   

 Flow regime - Field visits were timed both during runoff and at periods of low flow to 

observe the presence or absence of flowing water as evidence for a perennial versus 

intermittent or ephemeral flow regime.  Reaches with steady flow estimated at greater 

than 0.5 cfs during the low-flow season were rated perennial; reaches that were dry 

during these periods but flowing during runoff season were rated intermittent; and 

reaches that were not flowing during either season were rated ephemeral.   

 Base flow conditions - We estimated the approximate discharge at base flow for each 

reach using the following categories: Dry (no flow), 0.1 cfs (about the flow from a 

garden hose), 0.5 cfs (about the flow from a fire hose), 2.0 cfs, and 5.0 cfs.  

 Typical high flow (bankfull) conditions - Field bankfull indicators were used to identify a 

rough idea of the magnitude of effective discharge and approximation of discharge with 

a roughly 2-year return interval.  For this parameter, we simply rated the potential of 

this flow magnitude to have enough power to destroy a typical beaver dam.   

 Woody vegetation - For each reach, we qualitatively described the condition of woody 

vegetation, noting the species, stature, size, cover/density, and proximity to the stream.  

Remote assessments made from Google Earth were field checked during site visits.  

 Availability of dam-building materials - We separately assessed the availability of wood 

in the 1 to 6 inch diameter size range as potential building material for dams and lodges 

according to the categories abundant, limited, and none.    

 Herbaceous vegetation - The availability of herbaceous vegetation was noted, with 

particular emphasis on species that would normally be used by beaver as food, including 

hydric grasses and sedges.   Scoring categories are: abundant, limited, and none.    

 Site access - We made general notes to rate the ease of site access for purposes of 

transporting beavers to the site and for future monitoring. 

 Existing cover - This measure was meant to rate the ability of the site to accommodate 

released beavers with sufficient cover habitat.  We qualitatively assessed the 

characteristics of existing cover based primarily on the area with water deeper than 1.0 

ft.   

These data were compiled into a spreadsheet and used to inform our rating of the habitat 

suitability for beavers.  To aid in this decision, we employed two tools including Utah State's 

Beaver Restoration Assessment Tool (BRAT), and the Methow Beaver Project's release site 

scorecard.  



restoring wetland function.  If the project proceeds, it will also create an opportunity for 

research into the effects of beavers on basic hydrologic functions including water retention, 

flood attenuation, and base flow maintenance.  These factors are critical to hydrologic 

resilience, which is increasingly important in the face of climate change. While we suspect that 

beaver-mediated wetlands are valuable for maintaining these functions, the effects have rarely 

been documented.  The importance of beaver activity on amphibian distribution and habitat 

quality is another relevant research avenue, especially considering the importance of 

headwaters wetlands for the survival of declining populations.  The small size, isolation, and 

remoteness of these sites, combined with the ability to set up a robust before-after control-

impact (BACI) study design make this project area an excellent natural laboratory.  These 

additional monitoring and research opportunities are briefly discussed. 

Methods 
The study area includes portions of six watersheds draining the north side of Thirtynine Mile 

Mountain on the Pike National Forest.  We inventoried each of these by dividing them into 

individual stream reaches and assessing each for beaver habitat suitability, wetland extent, and 

wetland condition.  For the wetland assessments, we considered both existing (baseline) 

condition as well as what the potential condition would likely be if beavers were fully re-

established.  Each reach was identified with a unique ID code and mapped on Google Earth as a 

path drawn along the centerline of the valley bottom.  Reach length was measured using 

Google Earth tools along this path.  Mean valley bottom width was calculated on Google Earth 

and checked for accuracy in the field, measured as the width of the historic active floodplain.  

We also noted areas where the present valley width has been significantly altered by human 

activity such as channelization or encroachment.  Valley slope was estimated using elevation 

profiles on Google Earth for paths following centerline of the valley through each reach.  Initial 

surveys were made remotely and then field checked over the course of four site visits by both 

EcoMetrics and USFS biologists.  

Beaver habitat suitability 

We assessed each reach for the potential to support active dam-building beaver colonies based 

on several factors.   

 Past beaver activity - We walked the length of each reach and made note of any 

evidence of past beaver activity including relic dams, lodges, or chewed stumps.  We 

made a rough estimate of the age of any identified beaver relics. 

 Stream channel presence - Some of these valley segments have one or more stream 

channels, while others do not have a stream component at all.  The non-stream reaches 

apparently convey most of their flows as diffuse groundwater and would be best 



Introduction 
Every student of ecology learns about the role that beavers play as a keystone species. They are 

effective "habitat engineers" in creating and maintaining wetlands.  Regrettably, beavers have 

been largely extirpated from most of their previous range, resulting in widespread loss of 

wetlands and diminished watershed function.  Reestablishing beavers to areas where they once 

occurred, and allowing them to restore and maintain the wetlands that were once present is a 

cost-effective and natural way to achieve watershed goals.   

The purpose of this study is to determine the feasibility of using beavers (Castor canadensis) to 

restore wetland habitat within specific headwaters drainages in the Upper South Platte 

Watershed.  The study area includes the drainages on the north side of Thirtynine Mile 

Mountain in eastern Park County, Colorado on the Pike National Forest.  Thirtynine Mile 

Mountain is a volcanic ridge, aligned in an east/west direction, with Cross, Pruden, Union, Balm 

of Gilead, and Sims Creeks, descending its northern flanks about 2,500 vertical feet to 

Elevenmile Reservoir.   

The creeks in these drainages are very small, and only certain segments actually have perennial 

flow.  While the drainages can be followed all the way to their terminus at Elevenmile 

Reservoir, the upper and lower portions are intermittent or ephemeral.  These dry conditions 

effectively isolate the middle portions of these watersheds from any downstream aquatic 

habitat.    

Beavers were historically present in this area.  There is evidence that beavers and beaver dams 

were once abundant on at least some of these creeks, but all traces of past beaver activity are 

very old.  It is likely that beavers have been extinct from the north side of Thirtynine Mile 

Mountain for more than 100 years.  As a result, the streams have become incised and 

simplified, and the drainages now support far fewer wetlands than they did historically.  The 

isolation of these drainages from other aquatic habitat has prevented beaver from recolonizing 

the area, and because of this dry barrier it is unlikely that beaver will ever immigrate and 

become reestablished here on their own.   This situation presents a potential opportunity for 

restoring wetlands by simply assisting migration of beavers to the area.  Our aim is to 

determine the feasibility and potential outcomes of this strategy. 

In this study, we surveyed Cross, Pruden, Union, Balm of Gilead, and Sims Creeks to identify 

evidence of past beaver activity and to assess beaver habitat suitability.  In areas with suitable 

beaver habitat, we then assessed the existing and potential wetland condition to evaluate the 

potential for beavers to restore wetland and wetland functions.  Ecological lift related to the 

restoration of wetland via beaver reestablishment is quantified in terms of wetland functional 

units.  In addition to the feasibility study, the discussion section of this report includes a basic 

restoration plan and a monitoring strategy to track progress and evaluate effectiveness of 
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Prepared Date: January 13, 2019
Name of Applicant: Colorado Open Lands
Name of Water Project: Park County Riparian Reconnect

Riparian Reconnect ‐ Park County, South Platte Headwaters Beaver Stream Study

EcoMetrics 
Stream/
riparian 
scientist

JEC
Stream/
riparian 
scientist

CNHP 
Stream/
riparian 
scientist

COL
Project 
manager

 $           120   $             135   $           120   $           100 

Task 1 ‐ Beaver Restoration Assessment Tool (BRAT) $18,320 $13,500 $4,820
BRAT model with GIS input and analysis 0 0 56 0 6,720$           ‐$            $6,720 $4,000 $2,720
BRAT model with field data input and analysis 60 0 15 0 9,000$           200$           $9,200 $8,000 $1,200
Comparison of model results 10 0 10 0 2,400$           ‐$            $2,400 $1,500 $900

Task 2 ‐ Map of current beaver activity $40,045 $15,450 $24,595
Identify, delineate beaver activity from aerial images 150 10 0 0 19,350$         100$           $19,450 $1,450 $18,000
Field visits to priority areas 48 5 0 0 6,435$           240$           $6,675 $6,000 $675
Create final map of current beaver occupation 110 0 6 0 13,920$         ‐$            $13,920 $8,000 $5,920

Task 3 ‐ Detailed field surveys $22,475 $3,000 $19,475
Development of comparison strategy for RR projects 140 0 0 0 16,800$         200$           $17,000 $0 $17,000
Fact sheets for Riparian Reconnect projects 40 5 0 0 5,475$           ‐$            $5,475 $3,000 $2,475

Task 4 ‐ Prioritization $20,880 $9,000 $11,880
Compare BRAT with current extent of beaver activity 10 0 10 0 2,400$           500$            $2,900 $1,500 $1,400
Assemble GIS data for limiting factors 20 0 32 0 6,240$           300$            $6,540 $2,000 $4,540
Develop prioritization rule set and assign priority level 50 4 40 0 11,340$         100$            $11,440 $5,500 $5,940

Final Reporting and management $21,900 $4,500 $17,400
Reporting, coordination, management 20 60 50 52 21,700$         200$            $21,900 $4,500 $17,400

TOTAL 78,960$       11,340$        26,280$       5,200$         121,780$       1,840$         $123,620 $45,450 $78,170

Page 2 of 2

Project
Total

 Subtotal 

Water Plan Grant - Detailed Budget Estimate
Fair and Reasonable Estimate

Colorado Water Conservation Board

Direct costs 
(mileage, 
incidental 
expenses)

CWCB
Funds

 Matching 
Funds



Green, R.H. 1979. Sampling Design and Statistical Methods for Environmental Biologists. Wiley 
Interscience, Chichester, UK. 272 p.  
 
Laurel, D. and E. Wohl. 2018. The persistence of beaver‐induced heterogeneity and organic carbon stock 
in river corridors. Earth Surface Processes and Landforms 44:342‐353. 
 
Macfarlane, W.W., J.M. Wheaton, and M. Jensen. 2014. The Utah Beaver Restoration Assessment Tool: A 
Decision Support & Planning Tool. Ecogeomorphology and Topographic Analysis Lab, Utah State 
University. Prepared for Utah Division of Wildlife Resources, Logan, UT. 
 
Macfarlane, W.W., J.M Wheaton,N. Bouwes, M.L. Jensen, J.T. Gilbert, N. Hough‐Snee, and J.A. Shivik. 
2017. Modeling the capacity of riverscapes to support beaver dams. Geomorphology 277(C):72‐99. 
 
Marshall, S., J. Lemly, and G. Smith. 2018. Colorado Watershed Planning Toolbox: Bridging the Gap 
between Ecological Data, Applied Restoration, and Water Resource Management. Colorado Natural 
Heritage Program, Colorado State University, Fort Collins, Colorado. 140 p.  
 
Naiman, R., R.E. Bilby, and S. Kantor (Eds.). 1998. River Ecology and Management: Lessons from the 
Pacific Coastal Ecoregion. 1st Ed. Springer‐Verlag, New York. 705 p. 
 
Polvi, L.E. and E. Wohl. 2013. The beaver meadow complex revisited – the role of beavers in post‐glacial 
floodplain development.  Earth Surface Processes and Landforms  37:332‐346. 
 
Polvi, L.E. and E. Wohl. 2013. Biotic Drivers of Stream Planform: Implications for Understanding the Past 
and Restoring the Future.  BioScience  63:439‐452. 
 
Warren, E.R. 1938. The work of beaver. The Scientific Monthly 47(2):176‐181.  
 
Westbrook, C.J., K.J. Devito, and C.J. Allan. 2006. Soil N cycling in harvested and pristine Boreal forests 
and peatlands. Forest Ecology and Management 234(1):227‐237. 
 
Wohl, E. 2011. What should these rivers look like? Historical range of variability and human impacts in 
the Colorado Front Range, USA. Earth Surface Processes and Landforms 36:1378‐1390. 
 
 
 
 



Letters of Matching and/or Pending 3rd Party Commitments 
We are seeking matching funds from the Park County Land & Water Trust Fund (LWTF). We will be 
presenting our proposal to the LWTF board on February 6th. The Board then makes a recommendation 
to the county commissioners whom which are able to award the funding request in late February or 
early March.  
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Table 1. Proposed schedule by task, calendar year and quarter. 

YEAR 
TASK 

2019 2020  2021

Q3 Q4 Q1 Q2 Q3  Q4  Q1 Q2

Contract documents in place  X      

Task 1: BRAT Model       

Prepare GIS inputs for BRAT Model  X X      

Run BRAT model GIS scripts and analyze 
results 

X  X       

Prepare field‐collected inputs for BRAT 
Model 

X X     

Run BRAT analysis using field data     X  

Compare results of GIS model with field data      X  X 

Task 2: Map of Current Beaver Activity       

Identify and delineate current beaver activity 
from aerial photography 

X X       

Validate air photo interpretation with field 
visits to priority areas 

 X X     

Create final map of current beaver 
occupation 

    X 

Task 3: Detailed Field Work        

 Development of parameters for comparison  X       

 Evaluation of sites completed in 2018  X       

 Evaluation of sites completed in 2019  X    

 Evaluation of sites completed in 2020   X    

Task 4: Prioritization       

Compare capacity model with current extent 
of beaver activity 

    X 

 Assemble GIS data for limiting factors        X 

Develop prioritization rule set and select 
highest priority sites for treatment 
alternatives. 

      X

Final Reporting        X 

 



 

 
 
 
Figure 1. Schematic showing how this study quantifies the potential for beaver restoration.  Basin‐wide beaver activity surveys (pond area/mile, dams/mile) define the 
existing level.  Capacity is predicted using BRAT, and the potential for increase is the difference of capacity minus existing.  Reaches with a high level of beaver activity are 
protection priorities.  Restoration priorities 1‐3 represent reaches for which increasing levels of effort are required to restore sustainable beaver activity.  Capacity for the 
priority 1 (beaver‐limited) condition is given by BRAT simulations using existing vegetation on reaches that are not entrenched.  Increased capacity for the priority 2 (beaver 
& vegetation‐limited) condition is estimated by BRAT simulations that use reference vegetation on reaches that are not entrenched, assuming that vegetation can be 
restored.   Increased capacity for the priority 3 (beaver & vegetation & geomorphology‐limited) condition is estimated by BRAT simulations that use reference vegetation on 
all reaches that are not entrenched, assuming that vegetation and entrenchment can be restored. 

 
 



Task 4 – Prioritization of Beaver Restoration Sites  
Beaver restoration potential is defined as the difference between beaver activity capacity (modeled 
using BRAT) and the existing level of beaver activity (measured in photo interpretation and field 
surveys).  CNHP will work with EcoMetrics to combine the GIS layers into a map of potential beaver 
restoration opportunities according to three levels of priority (Figure 2).  The prioritization will also 
include the current land use and transportation network, which might limit the success of beaver 
reintroductions. 
 
CNHP will evaluate potential gains in watershed functions associated with beaver restoration potential 
layers to illustrate the potential for improvement in each functional category associated with beaver 
restoration.   
 
Deliverables for Task 4: Map and associated GIS layers showing prioritized potential for beaver 
restoration (highlighting specific needs for beaver, vegetation, and/or geomorphic treatments). Map and 
associated GIS layers and tabular data showing functional gains from potential beaver restoration 
(identified by functional category). GIS layers will be accessible via the Watershed Planning Toolbox 
Mapper.  
 

Final Reporting 
CNHP and Riparian Reconnect partners COL, JEC, and EcoMetrics will collaborate to produce a 
comprehensive report describing the background, methods, results and conclusions of the study.  CNHP 
will incorporate all or some of these layers into their Watershed Planning Toolbox, where they will be 
available for public viewing and use in free, easy‐to‐use, online web dashboard.  The data will be directly 
applicable to restoration planning in Park County, which is the original pilot for the Watershed Planning 
Toolbox, with the intent is expand both the Toolbox and BRAT layers statewide in the future.    
 
The project team will also collaborate to produce shorter reports or fact sheets that highlight beaver 
restoration and potential watershed benefits in Park County.  These reports can be tailored to decision‐
makers by highlighting the potential on lands with specific management.  For example, focused fact 
sheets can be prepared for bigger land managers like the USFS, BLM, State Land Board, Colorado Parks 
and Wildlife, and Park County, as well as for stewardship organizations like land trusts.   
 



Task 2 – Mapping of Current Beaver Activity 
EcoMetrics and JEC will use current aerial photos available through the National Agricultural Imagery 
Program (NAIP)4 to map existing beaver activity based on pond area per mile. Surveys will be repeated 
using historical aerials to track beaver activity trends over the past 20 years on a subset of sites (e.g., 
EcoMetrics 2018 in Exhibit C‐3).  Mapping results will be compiled into GIS layers to show existing 
beaver activity and recent trends. This highly detailed map of current beaver activity will be compared 
against National Wetland Inventory (NWI) data to determine the accuracy of NWI for use in other 
watershed across the state.  As in Task 1, EcoMetrics will collect field‐based reach‐scale input data for 
assessing current beaver activity, including ratings for water supply, existing and least‐altered riparian 
vegetation, and stream evolution condition (SEM stage, as per Cluer and Thorne 2014). These data will 
be used to validate assessments performed remotely.  
 
Deliverables for Task 2: Map and associated GIS layers depicting current levels beaver activity, and 
characterization of trends in beaver activity over the last 20 years at a subset of sites. GIS layers will be 
accessible via the Watershed Planning Toolbox Mapper.  

Task 3 – Detailed Field Surveys 
Quantitative data on all past, present, and future Riparian Reconnect restoration projects is already 
being collected for assessment and monitoring through various funding sources (Figure 2).  EcoMetrics 
and JEC will use this data to document the response of beaver activity, and vegetation and hydrologic 
condition to restoration treatments using a Before‐After‐Control‐Impact (BACI) design (Green 1979). 
This will allow comparison of the BRAT model and beaver activity survey with in situ examples of beaver 
system restoration, providing valuable information on the response rates of key site characteristics 
(hydrological, geomorphic, ecological, and habitat parameters) and helping to inform the prioritization 
of potential future restoration sites. Data from reach‐scale surveys will also be used to determine the 
relationship of dams per mile to pond area per mile as a function of riparian width and/or stream order, 
so that beaver activity can be mapped in these more representative units. These detailed field surveys 
will serve to further calibrate and ground‐truth models, to further refine the beaver habitat suitability 
analysis, and to evaluate the potential for human‐beaver conflicts.   
 
Deliverables for Task 3: Fact sheet for each restoration site comparing results from BRAT model and 
active beaver survey with detailed project monitoring. Fact sheets will be hosted on the Colorado 
Wetland Information Center website and accessible via the Watershed Planning Toolbox.  

 

                                                            
4 National Agricultural Imagery Program orthomosaics  are available form the U.S. Department of Agriculture Geospatial 
Gateway: https://datagateway.nrcs.usda.gov/ 



Task 1 – Beaver Restoration Assessment Tool (BRAT)  
The Utah Beaver Restoration Assessment Tool (BRAT; Macfarlane et al. 2017) is a GIS model used to 
evaluate the capacity for beavers to occupy a stream network, as measured in potential density of 
beaver dams per length of stream. The model is based on seven key “lines of evidence” to predict 
beaver dam capacity (after Macfarlane et al. 2014, 2017):  

1. Perennial water source 
2. Availability of riparian vegetation for initial dam building material and foraging 
3. Sufficient riparian vegetation to allow for future beaver complex maintenance and expansion 
4. Ability for beavers to build dams at baseflow  
5. Likelihood of dams to withstand a typical flood  
6. Optimal stream gradient for dam construction and persistence 
7. Stream or river size that is small enough to support dam construction and maintenance 

 
All seven lines of evidence can be inferred from publicly available geospatial data, including the National 
Hydrography Dataset (NHD)1, LANDFIRE existing and historic vegetation2, regional regression equations 
for stream flow estimation (USGS 2009), and 10 m Digital Elevation Models (DEM)3.  
 
CNHP will run BRAT simulations for the South Platte Headwaters and Upper South Platte watersheds. 
Reaches delineated in the Park County Wetland and Stream Inventory (Beardsley 2016) will be used as 
the initial mapping units for this study. The BRAT model can be run using current vegetation mapped by 
LANDFIRE and with potential historical vegetation modeled by LANDFIRE. Comparing the current 
vegetation to historical vegetation reveals where beaver dam building may be limited by plant 
community conversion (e.g., willow shrubland to grazed pasture). Results from BRAT simulations will be 
compiled into GIS layers and summary tables to illustrate the capacity for beaver activity. 
 
Concurrent with the GIS BRAT modeling exercise, EcoMetrics will collect field‐based reach‐scale input 
data for BRAT for all streams in Park County, including ratings for water supply, existing and reference 
riparian vegetation, stream power at 2‐year peak discharge, slope, and stream evolution model stage 
(SEM stage) (e.g., Beardsley et al. 2015 in Exhibit C‐2). These data will be used to validate the GIS model 
runs to infer the level of accuracy gained from having on‐the‐ground inputs vs. purely landscape‐scale 
geospatial data.  
 
Deliverables for Task 1: GIS layers showing current capacity for lateral floodplain reconnection via 
beaver occupation, including areas with low vs. high potential for human conflict (e.g., road crossings 
with culverts). GIS layers will be accessible via the Watershed Planning Toolbox Mapper.  

                                                            
1 The National Hydrography Dataset is available online from the U.S. Geologic Society: https://www.usgs.gov/core‐science‐
systems/ngp/national‐hydrography 
2 The multi‐agency LANDFIRE vegetation dataset is available online: https://landfire.gov/ 
3 Digital Elevation Models are available from the U.S. Department of Agriculture Geospatial Gateway: 
https://datagateway.nrcs.usda.gov/ 



priority (Figure 1). The prioritization will take into account limiting factors, such as 
geomorphology, hydrology, vegetation, and surrounding land use. Potential gain in ecosystem 
services will also be evaluated as part of the prioritization.    
 

This study will build upon existing and ongoing datasets: 

● The Park County Wetland and Stream Inventory (Beardsley 2016). The database and maps from 
this study provide the mapping base units and input data for beaver activity capacity models, 
surveys, and restoration priorities.   

● Monitoring and assessment data collected on all past, current and future Riparian Reconnect 
restoration projects will be used to quantify changes in beaver activity related to restoration and 
to document and validate habitat and functional benefits.   

● The Watershed Planning Toolbox (Marshall et al. 2018). CNHP developed Toolbox data layers 
and models for ecological functions provided by wetlands in the South Platte and Arkansas 
Headwaters, which will be used to crosswalk beaver restoration potential with specific 
watershed functions to predict functional gains. See the Toolbox online: 
https://cnhp.colostate.edu/cwic/tools/toolbox/.  

● COMaP land conservation database (CNHP & GC 2019). This database can be used to crosswalk 
beaver restoration and potential functional lift with land ownership and conservation status to 
identify restoration opportunities by land owner or managing agency (public/private, open 
space, land trust, USFS, BLM, State Land Board, State Wildlife Areas, County, etc.).  

Management and Coordination 
This project will be carried out through a partnership between Riparian Reconnect and the Colorado 
Natural Heritage Program (CNHP). Riparian Reconnect is a partnership between Colorado Open Lands 
(COL), EcoMetrics, and Johnson Environmental Consulting (JEC) formed with the explicit goal of restoring 
floodplain connectivity along Park County streams in order to enhance wildlife habitat and improve 
fisheries while supporting sustainable agriculture operations. CNHP is a research unit within the Warner 
College of Natural Resources at Colorado State University. CNHP’s mission is to advance the 
conservation of Colorado's native species and ecosystems through science, planning, and education for 
the benefit of current and future generations. CNHP and members of Riparian Reconnect have 
collaborated on numerous past projects, including development of CNHP’s Watershed Planning Toolbox 
and associated restoration prioritization efforts in the South Platte and Arkansas headwaters. 
 
For this project, COL will oversee the study, assist with partner coordination, and report progress to 
grantors. EcoMetrics and JEC will conduct all field surveys, map current beaver activity, and develop 
field‐based inputs for the BRAT model. CNHP will carry out the GIS BRAT model and will model potential 
functional lift associated with increased beaver activity. Detailed description of each project tasks are 
provided below, followed by a proposed schedule for completing project tasks (Table 1). 
 



adequate instream wood, diverse native riparian vegetation, and the processes and channel forms 
associated with beaver dams.  For many stream reaches, including areas impacted by historical placer 
mining, the level of impairment is so significant that there is little potential for the system to recover 
without active restoration. 

Riparian Reconnect and the Colorado Natural Heritage Program believe that working with beaver to 
protect and restore naturally functioning headwaters streams is an ideal way to promote watershed 
health and resiliency in the face of Colorado’s changing climate and increasing water supply demands. 
Resources for riparian restoration are limited and projects must be targeted to achieve the most 
effective results possible. In addition, while beaver enhance natural watershed function, their dam 
building activities can interfere with ongoing agricultural practices as well as municipal and 
transportation infrastructure. Beaver restoration projects must take into account current land uses and 
avoid locations with the potential for conflict. Currently, Colorado lacks a spatially explicit prioritization 
of stream reaches for beaver‐related restoration. Recent developments in modeling beaver habitat have 
made such a prioritization possible (Macfarlane et al. 2014, 2017), and it is time for Colorado to apply 
these techniques to our mountain watersheds as part of a comprehensive decision support system for 
beaver restoration.  

Project Objective and Tasks 
The objective of this study is to pilot a watershed‐scale analysis of beaver restoration potential in Park 
County, Colorado, to serve as a model for a statewide beaver restoration prioritization tool. The project 
will combine extensive existing data collected by project partners throughout Park County with new 
field surveys, GIS modeling, and a decision support framework for restoration prioritization.  

Specific tasks funded by this project will include (details on each task in following sections): 

1. Application of the Beaver Restoration Assessment Tool (BRAT; Macfarlane et al. 2014, 2017) to 
the South Platte Headwaters and Upper South Platte HUC8 river subbasins (hereafter referred 
to as watersheds) that encompass most of Park County (Exhibit C‐1). This model predicts the 
capacity of beaver dam building activity (beaver dams per mile) that the landscape can support 
in the current condition and identifies missing components required for beaver habitation. 

2. Mapping of current beaver activity. Both aerial photo interpretation and field surveys will be 
used to quantify existing beaver activity within Park County based on the number of dams 
and/or area of beaver ponds per mile.  

3. Detailed field surveys at target locations. Field surveys carried out at a subset of sites will 
provide calibration and ground‐truthing of the BRAT model and current beaver activity mapping.  
Additionally, monitoring data from all current and future Riparian Reconnect projects sites will 
be compared to the model mapping.  These field observations will further refine beaver habitat 
suitability and help evaluate the potential for human‐beaver conflicts.   

4. Prioritization of beaver restoration sites. Beaver restoration potential is defined as the 
difference between beaver activity capacity (modeled using BRAT) and the existing level of 
beaver activity (measured in photo interpretation and field surveys). Spatially explicit data layers 
will be combined and evaluated to map beaver restoration potential according to three levels of 



Watershed Analysis of Beaver Restoration Potential in Park County 

Scope of Work 

Riparian Reconnect application to CWCB for a Colorado Water Plan  
Recreation and Environment Grant 

Purpose and Need 
Colorado’s Water Plan (2015) and the Colorado Climate Plan (DNR et al. 2018) are declarations of the 
water challenges that Coloradans will face in the not‐so‐distant future. The plans challenge us to be 
stewards of ecological functions and resiliency while at the same time preparing for the realities of a 
more populated, warmer, and possibly drier state.  Our economy, water supply and wellbeing depend 
on high‐functioning natural systems. Beaver‐mediated riparian and aquatic ecosystems are particularly 
valuable natural systems in Colorado.  These dynamic, ecologically complex habitats are absent from 
much of their historical range, along with the important ecosystem services they once provided.  The 
objective of this study is to pilot a watershed‐scale analysis of beaver restoration potential in Park 
County, Colorado, to serve as a model for a statewide beaver restoration prioritization tool and explore 
the potential for bringing beavers back to the habitats they once occupied and stewarded in abundance. 

The historical condition of most unconfined valley bottom streams in the South Platte drainage in Park 
County, and in many Colorado mountain watersheds, is one with anastomosed (branching) channels, 
frequent beaver ponds, perennially saturated floodplains, and tightly connected valley‐wide riparian 
habitat (Polvi and Wohl 2012, 2013). Historically, these areas were abundantly occupied by beaver—
keystone agents that shape their environments by constructing and maintaining dams comprised of 
wood, sediment, and other vegetation. Without beaver and their dams, these streams devolve into 
simple, single‐thread, entrenched channels that perform fewer watershed functions and provide less 
habitat (Laurel and Wohl 2018).   

Restoration of habitat that was historically maintained by beaver is a powerful means of promoting 
ecosystem resilience and watershed health, while also maximizing functional and economic returns. 
Beaver systems support valuable watershed processes including alluvial aquifer recharge, flood flow 
attenuation, base flow maintenance, wetland habitat creation, fisheries and wildlife habitat support, 
sediment capture and retention, and improved drought and wildfire resilience (e.g., Burchsted et al. 
2010; Westbrook et al. 2006; Gurnell 1998; Naiman 1998; Warren 1938).  In addition to providing 
diverse aquatic and wetland habitat, beaver systems support the dynamic processes necessary for 
maintaining riparian vegetation and species diversity.   

Coloradans value and enjoy these benefits, or ecosystem services, for free, as long as beaver‐mediated 
ecosystems remain intact.  Beginning in the early‐ to mid‐1800s, however, beaver‐mediated ecosystems 
were disproportionately impacted by historical land use practices including trapping, mining, land 
clearing, instream wood removal, and stream channelization (e.g., Wohl 2011).  Present‐day riparian and 
aquatic habitats support only a fraction of the ecosystem services once provided by systems with 
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Related Studies  

Please provide a list of any related studies, including if the water project is complementary to or assists 
in the implementation of other CWCB programs. 
 
COL’s partners including EcoMetrics, Park County, Johnson Environmental and the Colorado Natural 
Heritage Program (CNHP) have been actively studying watershed health, condition, and restoration in 
the South Platte Headwaters for two decades, and CWCB has been a partner for many of these efforts.  
COL and EcoMetrics were lead partners in watershed assessments of river stability and sediment 
supply (WARSSS) in both the South Platte Headwaters and North Fork South Platte basins completed 
in 2010 and 2011.  In 2015, EcoMetrics and Johnson Environmental Consulting were primary 
investigators of a 3-year inventory of all stream and wetland resources in Park County and partners 
with Colorado Natural Heritage Program in developing the Watershed Restoration Toolbox, which was 
piloted in this basin.  All these efforts were supported by CWCB, Park County, and other partners.  
 
In addition to these critical studies and research, each of the partners on the ground stream and 
riparian restoration projects have a robust monitoring component.  The premise of our most recent 
large-scale restoration effort, Riparian Reconnect, of using simple process-based restoration to 
mitigate or eliminate ecological stressors and allow systems to function naturally, evolved over 16 
years of stream restoration project monitoring sponsored by CWCB, Park County and other Riparian 
Reconnect partners.  
 
 

Previous CWCB Grants, Loans or Other Funding  
List all previous or current CWCB grants (including WSRF) awarded to both the Applicant and Grantee. 
Include: 1) Applicant name; 2) Water activity name; 3) Approving RT(s); 4) CWCB board meeting date; 
5) Contract number or purchase order; 6) Percentage of other CWCB funding for your overall project. 
Applicant Name: Colorado Open Lands 
Water Activity Name: Riparian Reconnect (WSRF) 
Contract number or purchase order: 201800000789 
  
Applicant Name: Colorado Open Lands 
Water Activity Name: Tarryall Meadow Ranch Watershed Reclamation and Habitat Enhancement 
(WSRF) 
Contract number or purchase order: 12000000086 
  
Applicant Name: Colorado Open Lands 
Water Activity Name: Fourmile Creek Stream Channel & Floodplain Enhancement Project (WSRF) 
Contract number or purchase order: 11000000002 
  
Applicant Name: Colorado Open Lands 
Water Activity Name: Tarryall Creek Riparian Restoration and Bank Stabilization (WSRF) 
Contract number or purchase order: 09000000104 
  
Applicant Name: Colorado Open Lands 
Water Activity Name: North Fork of the South Platte Headwaters WARSSS Assessment (HRF) 
Contract number or purchase order: 11000000037 
 

Taxpayer Bill of Rights 
The Taxpayer Bill of Rights (TABOR) may limit the amount of grant money an entity can receive. 
Please describe any relevant TABOR issues that may affect your application. 
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water temperature, and habitat connectivity are all critical factors to consider when determining 
environmental and river-based recreational needs…. [T]he basin roundtables identified 13,500 
perennial stream-miles in Colorado that have important attributes, and therefore selected these 
as “focus areas.” 

Through the South Platte Basin Roundtable nonconsumptive needs assessment, the rivers and 
streams of Park County were specifically identified as environmental and recreational focus areas. The 
CWP highlights the challenges to protecting recreational focus areas in the face of potential climate 
change. Figure 5-9 on page 5-15 illustrates the vulnerabilities of cold-water native trout to warming 
stream temperatures. In this graphic, reintroducing beaver or mimicking beaver dams is specifically 
mentioned as a climate-informed action to that could minimize the negative effect of climate change. 
The proposed project will provide a tool to identify optimal locations for these actions. 

p. 6-175 South Platte Basin - The joint BIP the South Platte Basin and Metro Roundtables… 
chose “Protect and enhance environmental and recreation attributes” as an area of focus …    
In addition, the roundtable identified a series of measurable outcomes to meet the basin’s 
environmental and recreational goal [to] “fully recognize the importance of, and support the 
development of environmental and recreational projects and multipurpose projects that support 
water availability for ecologically and economically important habitats and focus areas.” 

The proposed project nicely fits the description of both an environmental and multipurpose project that 
supports a myriad of species while bolstering numerous ecosystem services. The habitat complexity 
derived from beaver-mediated streams support healthy fisheries and wildlife populations which, in turn, 
enhance recreational opportunities. In addition to habitat and recreational values, these systems 
recharge aquifers, sustain baseflow, trap excess sediment, and improve downstream water quality.   

 
p. 6-179, IBCC call to action, Proactive implementation of existing programs: The CWCB, other 
state agencies, basin roundtables, and other interested stakeholders will continue to support 
and implement state programs that benefit environmental and recreational attributes…….The 
DNR and its agencies will institute policies, criteria, and programmatic approaches to 
proactively developing projects and methods that strategically address important aquatic, 
riparian, and wetland habitats. 

 
The deliverables from this study will expressly facilitate proactive planning of restoration projects aimed 
at critical aquatic, wetland and riparian habitat.  The study will create a valuable data-based GIS tool to 
represent a critical aspect of habitat condition and ecosystem service provision in the Upper Mountain 
region of the South Platte Basin. The approach developed in this study could be repeated in the other 
headwater basins across Colorado that have similar programmatic aspirations. 
 
p. 7-71, Executive Order D 2013-005 states that, “Colorado’s water quantity and quality 
questions can no longer be thought of separately. Each impacts the other and our state water 
policy should address them conjunctively.” The executive order also lists “a strong 
environment that includes healthy watersheds, rivers and streams and wildlife” as one of three 
core Colorado values 
 
This proposed study speaks directly to Executive Order D 2013-005, by developing an assessment 
approach and planning tool that facilitates the restoration community in thinking and acting holistically 
by considering the historical condition of habitats and planning projects aimed at re-establishing natural 
beneficial processes back to Colorado’s headwaters stream habitats. 
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Water Project Justification 
Provide a description of how this water project supports the goals of Colorado’s Water Plan, the most 
recent Statewide Water Supply Initiative, and the applicable Roundtable Basin Implementation Plan 
and Education Action Plan. The Applicant is required to reference specific needs, goals, themes, or 
Identified Projects and Processes (IPPs), including citations (e.g. document, chapters, sections, or 
page numbers). 
 
The proposed water project shall be evaluated based upon how well the proposal conforms to 
Colorado’s Water Plan Framework for State of Colorado Support for a Water Project (CWP, Section 
9.4, pp. 9-43 to 9-44;)  

Beaver-mediated streams are known for the breadth and capacity of ecosystem services they provide.  
Enhancing the ability of headwater streams to provide these services is directly in line with the stated 
goals of the CWP and the South Platte Basin Roundtable Basin Implementation Plan.  This study is a 
significant step toward enabling stakeholders to reach those goals.  Selected excerpts are provided 
below to illustrate the many ways in which this project forwards the goals of the CWP. 
 
Excerpts from the CWP 

p. 1-9, Critical environmental concerns: A key component of Colorado’s brand is its natural 
environment. We must address water quality, watershed health, and ecosystem resilience in 
light of water demands and a changing climate. 
 
p. 6-158, Projects and methods that maintain or improve Colorado’s environmental and 
recreational values, and that achieve long-term sustainability and environmental resiliency, are 
an important part of Colorado’s water future… To promote environmental resiliency, planned 
projects and methods must incorporate the potential stressors of drought and climate change, 
including decreased supply, changes in water temperature, and changes in runoff magnitude, 
duration, frequency, rate of change, and timing. 
 
The absence of beaver in many headwater streams greatly diminishes the resilience of our mountain 
watersheds. This study will provide a systematic accounting of beaver system loss in Park County in 
order to guide future restoration efforts aimed at promoting and improving water quality and quantity, 
watershed health, and aquatic habitat resilience.  Improving the native resilience of these systems 
provides a natural buffer against the stressors of increasing water demands and climate change. 
Improving the watershed-scale effectiveness of restoration efforts will also produce demonstrable 
benefits for fish and wildlife populations, creating recreational gains as well as environmental ones. 
 
p. 3-14, 6-27, 6-129 (for example), The CWP calls for innovation in storage strategies, including 
alluvial Aquifer Storage and Recharge (ASR).  The multiple benefits of alluvial storage are 
discussed in the CWP, and it notes that such storage might also impart ecological benefits.  
The South Platte BIP (p. 6-27) specifically points to alluvial ASR as a means of yield 
maximization.   

Restoring native beaver streams increases alluvial aquifer storage and recharge.  It is one important 
means of leveraging natural processes to help realize water management goals, while at the same 
time restoring system resilience, supporting fisheries, wildlife and waterfowl, bettering water quality, 
and reaping a host of other benefits.     

p. 5-14, River flows, aquatic and riparian habitat, water quality, bank stability, stream access, 
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The resiliency and health of most headwaters streams is greatly diminished in the absence of beaver.  
The objective of this demonstration study is to analyze watershed-scale beaver restoration potential in 
Park County. The proposed approach will serve as a model for similar efforts across the state. The 
project will combine extensive existing data with new field surveys, GIS modeling, and a decision-
support framework that highlights beaver restoration opportunities and potential conflicts.  Requested 
funds will be leveraged with match to compare beaver dam capacity predicted using the Beaver 
Restoration Assessment Tool (BRAT) against the contemporary extent of beaver activity.  Field data 
will inform analyses and validate the modeling.  The project will develop a comprehensive picture of 
beaver activity in the County’s streams, and this will be used to guide restoration efforts with increased 
watershed-scale effectiveness. The study will involve hundreds of miles of streams across the South 
Platte Headwaters and Upper South Platte subbasins.  It is important because beaver-mediated 
habitats have been disproportionately impacted in Colorado, yet they provide more ecosystem services 
to society than perhaps any other aquatic habitat type.  These systems support healthy fisheries, 
wildlife, and waterfowl while maintaining stream base flows, providing aquifer recharge and support 
water quality.   

 

 

Measurable Results 
To catalog measurable results achieved with the CWP Grant funds, please provide any of the following 
values as applicable: 

 New Storage Created (acre-feet) 

 
New Annual Water Supplies Developed or Conserved (acre-feet), 
Consumptive or Nonconsumptive 

 Existing Storage Preserved or Enhanced (acre-feet) 

 Length of Stream Restored or Protected (linear feet) 

 Efficiency Savings (indicate acre-feet/year  OR  dollars/year) 

 Area of Restored or Preserved Habitat (acres) 

 Quantity of Water Shared through Alternative Transfer Mechanisms  

 
Number of Coloradans Impacted by Incorporating Water-Saving Actions 
into Land Use Planning 

 Number of Coloradans Impacted by Engagement Activity 

500 miles of stream 
corridor (valley length) 

Other 
Explain: Stream corridor length evaluated for restoration potential 
(stream length is much longer due to sinuosity and branching) 
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 Other Explain: 

 

Location of Water Project 
Please provide the general county and coordinates of the proposed project below in decimal degrees. 
The Applicant shall also provide, in Exhibit C, a site map if applicable. 

County/Counties Park 

Latitude 39.224 

Longitude -106.003 

 
 

Water Project Overview 
Please provide a summary of the proposed water project (200 words or less). Include a description of 
the project and what the CWP Grant funding will be used for specifically (e.g., studies, permitting 
process, construction). Provide a description of the water supply source to be utilized or the water body 
affected by the project, where applicable. Include details such as acres under irrigation, types of crops 
irrigated, number of residential and commercial taps, length of ditch improvements, length of pipe 
installed, and area of habitat improvements, where applicable. If this project addresses multiple 
purposes or spans multiple basins, please explain. 
The Applicant shall also provide, in Exhibit A, a detailed Statement of Work, Budget, Other Funding 
Sources/Amounts and Schedule. 
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Type of Eligible Entity (check one) 

 
Public (Government): Municipalities, enterprises, counties, and State of Colorado agencies.  
Federal agencies are encouraged to work with local entities. Federal agencies are eligible, but 
only if they can make a compelling case for why a local partner cannot be the grant recipient. 

 Public (Districts): Authorities, Title 32/special districts (conservancy, conservation, and irrigation 
districts), and water activity enterprises. 

 Private Incorporated: Mutual ditch companies, homeowners associations, corporations. 

 Private Individuals, Partnerships, and Sole Proprietors: Private parties may be eligible for 
funding. 

X Non-governmental organizations (NGO): Organization that is not part of the government and is 
non-profit in nature. 

 Covered Entity: As defined in Section 37-60-126 Colorado Revised Statutes. 
 

Type of Water Project (check all that apply) 

X Study 

 Construction 

 Identified Projects and Processes (IPP) 

 Other 

 

Category of Water Project (check the primary category that applies and include 
relevant tasks) 

  
 

 

Water Storage - Projects that facilitate the development of additional storage, artificial aquifer 
recharge, and dredging existing reservoirs to restore the reservoirs' full decreed capacity and 
Multi-beneficial projects and those projects identified in basin implementation plans to address 
the water supply and demand gap..  
Applicable Exhibit A Task(s): 
 

 

Conservation and Land Use Planning - Activities and projects that implement long-term 
strategies for conservation, land use, and drought planning.   
Applicable Exhibit A Task(s): 
 

 

Engagement & Innovation - Activities and projects that support water education, outreach, and 
innovation efforts. Please fill out the Supplemental Application on the website.  
Applicable Exhibit A Task(s): 
 

 
Agricultural - Projects that provide technical assistance and improve agricultural efficiency.  
Applicable Exhibit A Task(s): 
 

X 

Environmental & Recreation - Projects that promote watershed health, environmental health, and 
recreation.  
Applicable Exhibit A Task(s): 

● Modeling the capacity for beaver dam building activity 
● Mapping current beaver activity 
● Detailed field surveys to document the response of beaver to ongoing restoration 
● Prioritization of beaver restoration sites 
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Applicant & Grantee Information 

Name of Grantee(s): Colorado Open Lands 

Mailing Address: 1546 Cole Blvd. #200, Lakewood, CO 80401 

FEIN: 84-0866211 

Organization Contact: Cheryl Cufre 

Position/Title: Director of Land Stewardship 

Email: ccufre@coloradoopenlands.org 

Phone: 303-988-2373 x219 

Grant Management Contact: Cheryl Cufre 

Position/Title: Director of Land Stewardship 

Email: ccufre@coloradoopenlands.org 

Phone: 303-988-2373 x219 

Name of Applicant 
(if different than grantee) 

Mailing Address 

Position/Title 

Email 

Phone 

Description of Grantee/Applicant 

Provide a brief description of the grantee’s organization (100 words or less). 

 
Colorado Open Lands (COL) is a statewide nonprofit land trust that exists to protect Colorado’s land 
and water resources, primarily through the use of conservation easements. COL has preserved 437 
conservation easements covering over 375,000 acres. COL also works to protect our state’s natural 
heritage through on-the-ground restoration projects across the state. One of our major restoration 
programs is Riparian Reconnect, a comprehensive, large-scale restoration effort initiated in Park 
County to increase stream and wetland function by restoring disconnected and degraded riparian 
areas. This grant will support our restoration efforts in the South Platte Headwaters and Upper 
South Platte watersheds. 
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Colorado Water Conservation Board 
 

Water Plan Grant Application 
 

 

Instructions 
To receive funding for a Water Plan Grant, applicant must demonstrate how the project, activity, or 
process (collectively referred to as “project”) funded by the CWCB will help meet the measurable 
objectives and critical actions in the Water Plan. Grant guidelines are available on the CWCB website. 
 
If you have questions, please contact CWCB at (303) 866-3441 or email the following staff to assist you 
with applications in the following areas: 
 

Water Storage Projects Anna.Mauss@state.co.us 
Conservation, Land Use Planning Kevin.Reidy@state.co.us 
Engagement & Innovation Activities Ben.Wade@state.co.us 
Agricultural Projects Alexander.Funk@state.co.us 
Environmental & Recreation 
Projects 

Chris.Sturm@state.co.us 

 
 
 
FINAL SUBMISSION: Submit all application materials in one email to 
waterplan.grants@state.co.us 
in the original file formats [Application (word); Statement of Work (word); Budget/Schedule 
(excel)]. Please do not combine documents. In the subject line, please include the funding 
category and name of the project. 
    
 

Water Project Summary 

Name of Applicant 
 
Colorado Open Lands 
 

Name of Water Project 

 
Watershed Analysis of Beaver Restoration Potential in Park 
County 
 

CWP Grant Request Amount $ 45,450 

Other Funding Sources:  
                   Park County Land & Water Trust Fund 

$ 78,170 

Other Funding Sources $ 

Other Funding Sources $ 

Applicant Funding Contribution $ 0 

Total Project Cost $123,620 

 
 



created by beaver dams on headwaters systems can support amphibian species that cannot 

survive elsewhere on this landscape.  We predict an increase in habitat suitability for 

amphibians and a positive response in local amphibian populations following treatment at 

restoration sites.  A study of this type would have to be specifically designed by a qualified 

biologist, but it would not necessarily need to be especially detailed or costly.  Basically, the 

study would need to identify critical limiting habitat factors for amphibian species of interest 

and track these parameters spatially on both the restoration and control sites.  These data 

could then be used to test the first hypothesis (increase in habitat).  Actual amphibian sampling 

and population estimates would be necessary to test the second (positive population 

response).   The study also offers the potential to track any other specific parameters of fish or 

wildlife habitat that are expected to change with the introduction of beavers and restoration of 

wetland area.   

Conclusion 

Beaver reintroduction to the drainages on the north side of Thirtynine Mile Mountain is feasible 

and likely to be an effective means of restoring lost wetland function within this watershed.  A 

basic restoration plan defines general considerations for transplanting beavers, possible 

sources for beaver transplants, site preparation, and the importance for avoiding human-

beaver conflicts.  Success of the project can be easily evaluated by tracking beaver activity in 

the host drainages and quantifying wetland restoration in terms of wetland functional units.  

The study would be an excellent natural laboratory, presenting a unique opportunity for a 

controlled BACI study to quantify specific hydrologic, water quality, vegetation, amphibian and 

other wildlife habitat responses to the reestablishment of beavers. 

 

 

 

 

 



reason we recommend the installation of Parshall flumes or V-notch weirs that have known 

rating curves.  Because these creeks are so small, the flumes or weirs would be small enough to 

install by hand at locations where the creeks are already confined, and the installations could 

be temporary.  An estimated cost for three years of hydrograph monitoring for the project is 

about $40,000 including the installation of flumes and gauges, instrumentation, maintenance, 

data collection and analysis to quantify the appropriate metrics.  

Water quality response 

Water temperature is one water quality parameter that would be especially interesting to 

study.  There are conflicting thoughts about the effect of beavers on water temperature.  A 

popular notion is that beaver dams increase water temperature by increasing the surface area 

of water exposed to sunlight.  On the other hand, improved groundwater exchange and 

hyporheic flow could act to decrease water temperatures during critical times in summer, and 

several recent studies actually have documented decreased summer water temperatures on 

reaches immediately downstream from beaver complexes.   A water temperature monitoring 

study would test the hypothesis that restored beaver wetlands have an effect on water 

temperature.  To accomplish this, datalogging water temperature sensors would be placed in 

the stream upstream and downstream from the control and restoration sites.  If the hypothesis 

is true, we would expect to see more difference in temperature between sensors upstream and 

downstream of the restoration site compared to the control site.  The cost of three years of 

temperature monitoring including four temperature loggers, installation, maintenance, data 

collection, and analysis is estimated at $4000.  Other water quality parameters of interest could 

also be monitored.  

Vegetation response 

Restoring the hydrology to the currently dry historic floodplain should have a dramatic effect on 

the riparian vegetation community.  We hypothesize that the vegetation will shift from drought 

tolerant upland species to hydric species as the wetland becomes reestablished and expanded 

on treated sites.  These changes can be documented to test the hypothesis by quantifying plant 

species composition across established cross-valley transects and test plots to calculate specific 

metrics determined by the relative abundance of different vegetation classes (obligate wetland, 

facultative, obligate upland, etc.).   The study design includes two transects and four plots at 

each restoration and control site that would be surveyed annually during the growing season.   

Three years of vegetation monitoring including establishing transects and plots, annual surveys, 

and data analysis to calculate parameters has an estimated cost of $7,000.  

Amphibians and other fish and wildlife response 

One of the many important functions that beavers provide is a dynamic and complex wetland 

habitat that is critical for many native species.  Additionally, the specific aquatic habitat types 



which water table meets certain depth requirements for certain amount of time in the season.  

(e.g. area that has water table depth less than 1.0 ft. for at least 20 days per season).  This 

parameter is also referred to as THD (total hydric days).  Consecutive hydric days (CHD) is 

another metric that is commonly used relating hydrology to wetlands which is the number of 

consecutive days per season that that the water table meets certain depth criteria. 

Approximately 12 dataloggers and water level sensors would be required for this study, and 

commitment to at least three years of study would be necessary to adequately develop trends.  

Three years of water table monitoring including instrumentation, technical labor for 

installation, maintenance, and data collection, plus data analysis to evaluate changes to water 

storage volume would cost approximately $36,000. 

A second hydrologic monitoring approach involves discharge measurements to compare 

changes to the hydrograph following beaver reestablishment including peak flow attenuation 

and base flow maintenance.  The object of these measurements is to develop a hydrograph 

(discharge over time) at locations upstream and downstream from relocation and control sites.  

One could then compare restoration and control sites with respect to the amount of difference 

between the upstream and downstream hydrographs to determine the effects of beavers and 

restored wetlands.  There are two primary hypotheses that would be tested in this experiment:   

1. Peak flow discharge is attenuated by the beaver wetlands.  This hypothesis is tested by 

comparing the difference in discharge between up- and downstream stations at peak 

flow periods.  If that difference is greater (more negative) for the restoration site than it 

is for the control site, then that is evidence in favor of the hypothesis.  That is, the 

magnitude of peak flows in the hydrograph downstream from treatment sites would be 

depressed, or lessened if the effect is positive.  One could also evaluate the length of the 

peak discharge period with respect to this hypothesis.  If the treatment is having an 

attenuating effect on peak flows, the duration of peaks may be longer.  This would be 

evidence that the sites are absorbing water during peak flows. 

2. Beaver wetlands maintain greater base flow.  This hypothesis is tested by comparing the 

difference in discharge between up- and downstream stations during periods of base 

flow.  If that difference is greater (more positive) for the restoration site than it is for the 

control site, then that is evidence in favor of the hypothesis.  If the hypothesis is true, 

we would see greater discharge during base flow periods and/or longer periods with 

more flow.  This is would be evidence that the sites are slowly releasing stored water to 

maintain base flows.    

This study would require the installation of four stream discharge gauge stations, one each 

upstream and downstream of the restoration and control sites.  Developing discharge rating 

curves on a natural stream channel can be a relatively expensive proposition, and for this 



Research Opportunities 

The basic monitoring and evaluation plan we previously described is sufficient for describing 

the effectiveness of this project in meeting its stated general goals of beaver reestablishment 

and wetlands restoration.  Below we offer ideas on studies to further investigate the effects on 

specific watershed functions and values described above.  While there is widespread belief and 

expectation that beaver complexes improve theses specific functions, demonstration of these 

improvements with scientific data would be especially useful.  This project is specifically 

designed so that level three quantitative data can be collected on specific hydrologic, water 

quality, vegetation, and amphibian/wildlife habitat parameters to determine the effectiveness 

of beaver restoration at improving these key functions.  The following discussion describes a 

three year monitoring program with individual studies aimed at addressing each of these key 

factors.  All, some, or none of these studies could be undertaken as part of this project for three 

or more years to test specific hypotheses and to quantify measureable results. 

Hydrologic response 

The expected hydrologic response of beaver activity and wetland restoration in the watershed 

includes increased water retention, peak flow attenuation, delayed release, increased base flow 

discharge, and a more uniform hydrograph.  The combination of these factors is summarized by 

the term "hydrologic resilience" which is the ability of the watershed to maintain a 

characteristic flow regime in the face of environmental stochasticity, disturbance, or change.  

Each of these factors could be monitored as response variables to quantify specific hydrologic 

effects of beaver reintroduction.    

A working hypothesis is that areas with beaver-restored wetlands have increased water 

retention.  Increased water retention is qualitatively evident by the observation of ponds 

(surface water storage) and expanded wetlands (ground water storage), but this study offers an 

opportunity to actually quantify these increased storage volumes by comparing changes to 

water surface elevation (ponds) and water table depths (groundwater) on treated versus 

untreated sites.  Datalogging water level recorders in ponds and monitoring wells would be set 

up on both the restoration and control sites to carefully monitor water level changes through 

time, documenting the response to treatment.  By using arrays of these devices at each site, we 

would be able to map the water table elevation at each location to quantify the volume of 

water stored over time in units of acre-feet, cubic feet, or gallons.   

In addition to quantifying water storage volume, these data could also be used to compare the 

response in terms of lateral extent of saturation, frequency of saturation, and duration of 

consecutive saturation.   The lateral extent of saturation is simply the amount of physical area 

that is saturated to a specific soil depth (e.g. 1.0 ft) typically measured in acres.  Frequency of 

saturation is a similar measure but with an added time component.  It compares the area for 



improved water quality and a more favorable hydrologic regime.  Water quality, particularly 

temperature, could also be improved due to longer retention time and groundwater 

interaction.  Soil saturation and groundwater processes also affect rates of nutrient processing 

and metal and carbon sequestration in the familiar process of "wetland filtration."   

By impounding water in ponds and saturated floodplain wetland areas, beaver systems store 

water during high flow periods (typically summer thunderstorm events in this country) and 

release it slowly to downstream reaches.  This acts to attenuate floods during peak flows and to 

maintain higher base flow between storms and in drought.  In its present degraded condition, 

the study watershed is very flashy because the streams are incised gullies that are efficient at 

water transport but poor at storage.  Presumably, the reconnected floodplains and wetland 

area restored by beaver activity would provide essentially the same hydrologic function as 

artificial reservoirs, which is to store water during high flow events and release it gradually to 

maintain base flows.   

Improved water storage within the riparian system is also the key to habitat improvement 

goals.  In their present state, most of these streams no longer have perennial flow all the way to 

the reservoir.  Lower reaches of these streams are ephemeral or seasonal because the water 

from source springs is not sufficient to keep the existing single-thread and gully stream types 

wet all year long.  By storing storm flows in naturally restored beaver ponds and wetlands 

upstream, we can expect an extended flow season, and perhaps an extension of the range of 

perennial flows.  Dry streams are a potential limiting factor for many important species 

including amphibians, fish, and waterfowl.   Moreover, reestablishing these aquatic and 

wetland areas could also provide potential new habitat for threatened species such as the 

greenback cutthroat trout and the Colorado state-endangered boreal toad, which is also under 

review for federal listing under the Endangered Species Act. 

An improved hydrology and a disturbance regime characteristic of beaver activity is critical for 

recovering and maintaining native vegetation.  Riparian vegetation, particularly deciduous 

woody trees and shrubs, such as willow, cottonwood, birch, and aspen, are important as food 

and cover for many South Park wildlife species.  The health of these communities could be 

bolstered significantly buy reintroduction of beavers.   

Each of these functional categories offers a potential research opportunity for studying the 

effects of beaver restoration on specific ecosystem service benefits.  The Upper South Platte 

Watershed is replete with opportunities for restoring wetlands that had historically been 

maintained by beavers (but are now non-functional due to beaver loss).  A motivation for 

additional research on this project is that if we can document the efficacy of beaver restoration 

in terms of real watershed benefits, these methods will eventually become more widely 

accepted.   



of beaver activity monitoring via this schedule is estimated at $9,000 to cover time and travel 

expenses for biologists, recording data, and analysis.   

Wetland monitoring 

If the reintroduction of beaver is successful, we expect changes in the wetland extent and 

condition to be immediately evident and to be sustained as long as beavers are present.  The 

extent of wetland area is also expected to expand up and down the drainages as the range of 

beavers expand.  Monitoring success at wetland restoration is accomplished by tracking the 

number of wetland functional units (WFUs) in the study area.  This involves delineating the 

wetland boundary (extent) and performing a functional assessment (condition) using FACWet.  

The ultimate goal of the project is to restore wetland functions in the watershed using beavers, 

so the number of increased WFUs is the ultimate measure of project success.   For the purposes 

of appraisal, a rough delineation and level two rapid assessment of FACWet variables is 

sufficient, but any of these variables can be further tested using more robust level three 

techniques if reported success or failure is questioned.  Wetland surveys should be made 

annually during the growing season. 

In the results section of this study, we determined the practical maximum potential values for 

wetland extent, condition, and number of WFUs for the treatment and control sites (Table 7).  

These values can serve as targets for evaluating success.  That is, while any increase in WFUs 

caused by reestablished beavers can be considered a success, the degree of success at specific 

restoration sites can better quantified by the increase in WFU relative to these target values.  

Maximum success at the select sites is would constitute recovery of the full 1.69 and 0.79 WFUs 

at the MP-3 and LP-4 restoration sites, respectively.  We suspect that reaching this maximum 

potential will take at least several years. 

In addition to monitoring wetland restoration on the select sites, it is also important to 

document the recovery of wetland throughout the study area in case beavers move or expand 

their range and start restoring wetland areas outside the selected release sites.  In addition to 

site evaluations of wetland extent and condition, any additional off-site wetland improvements 

can be documented across the Pruden and Cross Creek drainages during beaver monitoring 

trips.  The estimated cost for three years of wetland monitoring using the methods outlined 

above is $6,000 including the field assessments, rough delineation, FACWet assessments, and 

analysis. 

Monitoring watershed services and specific measureable outcomes 

One impetus for this project and subsequent studies is to begin to understand the role of 

beavers in basic headwaters watershed functions and the potential for using beaver relocation 

as a tool for recovering lost ecosystem services.  If this project ultimately succeeds in 

reestablishing beavers and restoring wetlands within this small test watershed, we can expect 



the release sites during 20-day grazing rotations is also recommended to reduce potential 

conflict with livestock and lessees.  Finally, marking beavers with visible tags could also be 

considered as a way to identify individuals released as part of the project.  This way, if there are 

beaver nuisance becomes on a neighboring properties, it can be determined whether the 

individuals came from a release site or not.    

Monitoring, evaluation, and research opportunities 

Evaluating success - Beaver establishment and wetland restoration 

The core goals of this project are to reestablish beavers and to restore wetland.  Success may 

be generally defined by these criteria and a basic monitoring project to evaluate success on 

these two factors is described here.  This represents the minimum amount of monitoring that 

should be completed with implementation of this project.  We assume, however, that 

successful reestablishment of beavers and restoration of wetlands will bring about certain 

specific benefits related to wetland functioning.  More detailed monitoring opportunities aimed 

at testing the response of these assumed benefits and quantifying additional measureable 

outcomes is described later. 

Beaver activity monitoring 

The objective of beaver monitoring is to determine whether beavers are successfully 

reestablished and active in the watershed.  This can be quantified by documenting the amount 

of observable beaver activity at each site.  At the basic level, the simple presence or absence of 

beaver activity can be documented.  Beaver activity is monitored by having trained biologists 

walk the reach to observe and record signs.  Signs that indicate positive presence of beaver 

activity include dam building, lodge building, woody vegetation harvest (chewed stumps, felled 

trees, or caches), slides or tracks, scat, chewed sticks, and the direct observation of beavers.  If 

all of these signs are absent at a site, it is interpreted as a lack of beaver activity.  Monitoring 

should be done along both the restoration and control sites, and also up and down the Pruden 

and Cross Creek drainages where perennial water is present to document the full range of 

beaver activity.  If relocated beavers do not remain at the sites where they are released but do 

establish in the watershed, this represents some level of success that can be documented.  If 

beavers die or leave the study area altogether, then reestablishment has failed.    

Monitoring beaver activity for this project involves reconnaissance missions by a pair of 

qualified beaver biologists to cover the entire perennial reaches of Pruden and Cross Creeks 

three times per year for at least three years.  The reconnaissance trips should be spaced 

through the season, specifically targeting spring, summer, and fall.  The type and location of 

beaver sign should be documented in field notes and mapped.  Ideally each observation should 

also be photographed and identified with a GPS point where possible.  The cost for three years 



Physical escape cover - In addition to aquatic cover, we recommend providing physical cover at 

the release sites in the form of temporary artificial lodges.  Artificial lodges may be constructed 

using native materials such as logs, rocks, and woody debris to provide an enclosure large 

enough to house several adult beavers and a small opening that is accessible from the water.  

Additional overhead cover spanning aquatic cover may be provided in the form of overhanging 

or floating woody debris, logs, etc.   

Supplemental feeding – Fresh willow and aspen cuttings should be brought to the site on the 

day when beavers are released to provide a readily available choice food source, even when 

native food supplies are abundant.  The purpose is to maximize chances that beavers will 

remain at the relocation site, and the reasoning is that if there is preferred food available close 

to aquatic escape cover, then the released beavers will be less likely to wander away from the 

site in the early days after relocation.  This makes them less susceptible to predation and more 

likely to settle at the selected site for the long term.   Beyond the initial placement of fresh 

aspen or willow cuttings, supplemental feeding should not be necessary at the relocation sites 

since native sources of select woody and herbaceous vegetation are abundant. 

Minimizing beaver-human conflict  

The major impediment to using beavers as a restoration tool, is the pervasive public perception 

that beavers are pests.  This project is particularly sensitive to the issue.  While it is clear that 

that beaver activity in the natural setting is both valuable and necessary for maintaining 

streams, wetlands and riparian habitats; in areas where beavers interfere with human 

infrastructure problems may arise that require difficult and sometimes costly management 

solutions.  Beaver conflicts should be minimal on this project due to the fact that there is little 

human infrastructure and generally compatible land uses in place.  The study area was selected 

to be remote and relatively isolated on public land with little risk of future beaver-human 

conflicts.  Moreover, this restoration approach also has the potential for addressing the 

problem of nuisance beaver in other nearby areas.  By creating a demand for beaver and a 

program for trapping and relocating them, the project opens up an opportunity where beavers 

could be removed from areas where there are conflicts.  The Methow Beaver Restoration 

Program provides an example of how successful this approach can be.  In about six years, they 

captured 181 "nuisance" beavers from 54 locations and released 163 beavers to 35 restoration 

sites.  The effects are positive on both ends2.  

While the potential for conflicts in this watershed are probably about as low as they could be 

anywhere, some issues could still arise and ought to be planned for.  Impacts to roads can be 

anticipated and treated, if necessary, with simple mechanical solutions such as fencing and 

beaver deceivers to prevent flooding and blocked culverts.  Temporary cattle fencing around 

                                                           
2
 See (http://www.rco.wa.gov/documents/SalmonConference/presentations/WednesdayAMWoodruffMeyer.pdf). 



Site preparation needs 

Prior to the arrival of the beaver, site preparations will be necessary at the relocation sites 

selected for this project to create adequate aquatic escape cover and supplemental food.   

Aquatic escape cover - The construction of temporary brush dams or other types of BDAs are 

recommended to create pools that 

provide aquatic escape cover for 

beavers by impounding water 

along these tiny creeks.  BDAs 

should be constructed to produce 

at least 500 sq. ft of standing 

water at least 1.0 ft deep.  At the 

selected sites on Pruden Creek, a 

series of two or three BDAs will be 

necessary to create an adequate 

area of standing water.   Multiple 

BDAs also gives the beavers 

options while allowing them to 

move about the site with more 

comfort and safety from 

predators.  The structures should 

be located to create situations 

where impounded water exists 

under overhanging vegetation, 

and as close as possible to food 

sources.   

We recommend using brush dams 

(Figure 4) as the select BDA 

structure where possible since 

they are simple and easy to 

construct using small diameter 

wood, rock, and sod mats that are 

available on site.  They are also low impact, temporary, and generally passable by most aquatic 

organisms including fish.  Relict beaver dams are present at both of the recommended release 

sites, and an ideal strategy would be to utilize these existing dams by simply plugging the areas 

that are breached with constructed brush dams.  Brush dams about five feet wide and one to 

two feet tall will be sufficient at most locations for this purpose.    

Figure 4: Example brush dam beaver dam analogs on Tarryall Creek .   



Further consultation with Sherri Tippie of Wildlife 2000, Trish Neekin of Latah Soil and Water 

Conservation District of Idaho, Janet Hohle of Idaho Office of Species Conservation, and our 

local Colorado Parks and Wildlife (CPW) representatives corroborated these recommendations. 

Possible sources for beavers 

We researched the local availability and process of obtaining candidate beavers for relocation 

and found there to be several possible avenues.  A commonly utilized local source is Wildlife 

2000; a non-profit organization in Denver operated by Sherri Tippie (pers. comm.).  She begins 

trapping around July and continues into September depending on fall conditions, and 

commonly has beavers available during that time.   We described this project to Mrs. Tippie, 

and she expressed an interest and willingness to provide beavers.  A second potential source is 

the local CPW.  Nuisance beaver are regularly reported to CPW, and they have staff may be 

available to trap these beavers for use in this project.  The CPW source may be less predictable, 

however, because CPW does not routinely trap nuisance beavers or maintain a facility for 

holding them.  A third option would be to utilize an alternative private source.  EcoMetrics is 

available and willing to take on the role of trapping, holding, and releasing beavers for this 

project.  The cost for trapping and relocating beaver will vary depending on the source.  

Because of permitting issues and costs associated with private trappers, the CPW source will 

probably be the most cost effective alternative if they are willing and able to assist.   Wildlife 

2000 was unable to provide a specific cost estimate, but given their experience and 

dependability, this is likely the most practical option.  EcoMetrics could likely provide the 

service for a similar cost, but we lack the experience and dependability of Wildlife 2000.   

Regardless of the source, every effort should be made to assure that beavers are released to 

the sites as intact compatible groups (male-female pairs or family units).  While there is no 

complete assurance that any group of beavers released will cohabitate and ultimately form a 

healthy breeding pair or family, certain measures should be taken to provide the best possible 

chances for success.  Activities such as sexing the animals prior to release, observing them in a 

holding facility for two to three weeks prior to release to assure good health, and allowing them 

to self select their mates will help to achieve the best results.  If all of these conditions cannot 

be met then beaver translocation may still proceed, but we should expect a greatly reduced 

rate of success.    

  



 Release of beavers to the site should probably be made no later than mid-August to 

allow enough time for the relocated beavers to prepare for winter and to minimize 

disturbance from hunters.  This is particularly important in South Park where winter 

starts early and lasts well into April.   

 Limiting predation early on is a very important consideration.  Newly released beavers 

are very vulnerable to predation, and all beaver restoration projects have noted the 

impact of predation in this vulnerable stage.  Post-release mortality can be significantly 

reduced by providing adequate escape cover in the form of deep water and physical 

structure. 

o Aquatic cover - Constructing brush dams or other beaver dam analogs (BDAs) to 

create pools with water depth exceeding 1.0 ft is critical for release sites on 

small streams.  These temporary structures would be necessary on any of the 

sites within this project since there is virtually no water deeper than 1.0 ft and 

little structural cover.   Small temporary structures are preferred due to the ease 

of construction, minimal impact, and lack of permitting requirements. 

o Artificial lodges - Constructing one or more temporary artificial lodges at release 

sites is a low cost method that assures appropriate physical escape cover is 

present.  Physical structure of this sort provides newly released beavers with a 

much-needed feeling of security at the release site where they can hide and 

gradually venture out.  The Methow group reports that the use of artificial 

lodges tends to be heavy for the first few days or more after release, as beavers 

frequently return after venturing out.  Artificial lodges appear function mostly by 

supplying temporary cover while the beavers get used to their new 

surroundings.  In one case, released beavers adopted the artificial structure as 

their permanent lodge, but in most cases they tend to build a new habitation on 

their own.   

o Additional structural cover - Other simple ways to reduce predation and to 

provide security for released beavers with structural escape cover is to build 

pools or select sites such that there is plenty of area where vegetation or stream 

banks overhang over deep water.   

 Providing supplemental food at the time of release can improve success in keeping 

beaver at the drop site. 

 Avoid potential human conflicts by selecting sites in secluded areas or where there is full 

disclosure and willingly participating landowners.  The potential for costly management 

efforts may be avoided by choosing beaver restoration sites that are not near 

infrastructure that could be impacted by flooding or stream alteration such as roads, 

culverts, buildings, diversions, etc. or by planning for the management of these 

structures ahead of time.   



Trapping and transport 

 While live-trapping beaver is not an especially difficult or complicated procedure, 

working with an experienced and reputable trapper could provide a more dependable 

source of beaver.  Using an experienced trapper would expedite the process and reduce 

or streamline permitting obligations related to trapping and transport of wildlife. 

 Trapping should occur after the young are born and are moving around out of the den.  

This is to ensure a mating pair is not captured and moved without dependent young. 

 The logistics of transporting the beaver from the holding site to the relocation site 

should be well planned.  Considerations should include the general comfort of the 

animal to minimize stress with a specific focus on temperature. 

Release 

 Beavers should be released in groups that contain compatible male and female pairs, 

and the optimal situation is releasing compatible two-year old sub-adults.  This is 

especially important in this project since the relocation sites are geographically isolated 

from any other beaver populations. 

o Trapping and relocating beaver families together is one strategy for meeting the 

requirement of a compatible male-female pair, but capturing family groups 

together may be difficult in practice.  Wildlife 2000, a private beaver relocation 

service in run by Sherrie Tippie in Denver, primarily uses this strategy and may 

have special ways of assuring that beavers are trapped as family units.   

o Another strategy is to hold captured beavers in a facility for several weeks to let 

them sort themselves out into compatible groups.  The Methow project uses this 

approach.  Their facilities contain several artificial lodge options for the held 

beavers, and individuals tend to group together by electing to sleep together in a 

one lodge even when other lodges are available.  Beavers paired this way tend to 

bond within several days, and presumably any pairs that were bonded prior to 

capture (any families trapped together) reconnect in the facility.   

o A third strategy is to simply capture and release as many beavers to a site as 

possible, and hope that compatible pairs will unite and bond at the release site.  

This is the least efficient and therefore least preferable option  

 Accurately sexing beavers after capture and prior to release is important for assuring 

that males-female pairs are released.  Sexing beavers is a difficult technique that has 

historically involved DNA testing.  The Methow project recently developed field 

techniques based on the observation of oil gland secretions.  Training and application of 

these techniques will help assure appropriate pairs are released in the field.   



The remainder of this report describes a restoration plan that is initially focused on these 

priority reaches.  The plan is a general outline for how to implement the project; including 

practical considerations for obtaining and translocating beavers, site preparation to assure 

survivability of transplants, site protection needs, and monitoring.  This project presents an 

excellent opportunity for studying the effects of wetland restoration and the importance of 

beavers on small headwaters watersheds.  The proposed restoration plan therefore includes a 

detailed monitoring plan and a study design that could be used to track the effectiveness of the 

project and to support basic scientific research.  We recommend targeting the Pruden Creek 

watershed for restoration, and using Cross creek as a control.  This approach allows us to focus 

restoration efforts in one area initially, while providing the opportunity for a BACI (Before-After 

Control-Impact) study design.   

Restoration plan 
It would be ideal to implement all monitoring prior to the relocation of beavers to any of the 

sites.  If this is possible, quantitative pre-project data can be collected to establish base line 

conditions.  However, we realize that the timeline of the project may have to be flexible to 

accommodate the availability and condition of the beaver that are being relocated.  If 

monitoring is not completely established prior to the arrival of beaver, it should be 

implemented as soon as possible after the beaver are relocated to facilitate the BACI design.  

The two sites on Pruden Creek (MP-3, LP-4) will be the beaver family translocation sites.  The 

first site to receive beavers will be MP-3; the second will be LP-4.   MP-3 is selected as the first 

site because it offers the most wetland improvement potential and is more easily accessible.  It 

is desirable to keep both relocation sites in the same drainage to improve the chances that the 

populations will eventually be able to interact and potentially cross breed.  Cross Creek was 

selected as the control site because the site conditions closely resemble the relocation sites.  

Additionally, CC-3 is just downstream of a road crossing which may lead to conflict if beavers 

are relocated there first.   

General considerations for transplanting beavers 

We consulted with Kent Woodruff, leader of the Methow Beaver Project, and his team of 

beaver biologists and made a visit to the Methow Valley to witness their beaver trapping and 

transportation methods, see their holding facilities, and to observe both successful and 

unsuccessful release sites.  The following recommendations came from our discussions with 

him and his team:   

Site Assessment 

 Careful assessment of potential release sites is critical to verify habitat suitability.  Site 

assessment was carefully planned in this study.  



Discussion 

Feasibility Summary 

The conclusion of our reconnaissance is that wetland restoration via beaver reintroduction is 

feasible on specific reaches of Pruden and Cross Creek.  There appears to be little or no 

opportunity, however, on Union, Sims, or Balm of Gideon Creek.  The Union and Sims Creek 

drainages probably do not have adequate perennial hydrology to support beaver-mediated 

wetlands; and while Balm of Gilead Creek could probably support occasional beavers and 

beaver dams, the stream is so altered by channelization and entrenchment that only a small 

amount of wetland area is reasonably recoverable.    

Pruden and Cross Creeks offer good potential for restoration of wetland functions by 

reintroducing beavers.  About 8900 ft of the Pruden Creek drainage and 4500 ft on Cross Creek 

have good or excellent habitat suitability for beavers.  From these suitable reaches, we 

identified two priority sites on Pruden Creek (about 1900 ft) and one site on Cross Creek (about 

700 ft) where beaver reintroduction is predicted to result in the restoration of about 2.5 and 

0.9 acres worth of wetland functional units, respectively. (These are the blue segments in 

Figure 1).  Figure 3 is a photo of the selected Middle Pruden Creek restoration site taken in 

September of 2014.   

 

Figure 3: The single thread channel of Pruden Creek is visible on the right side of the image running through a historically 
active floodplain.  Relic beaver dams are identified by the dashed lines. 

If beavers are successfully transplanted on these priority reaches, we anticipate them to spread 

up and down the drainages and eventually reoccupy suitable habitat within the project area.  A 

long term goal for the project is the recovery of lost wetlands and improvement of hydrological 

conditions throughout the watershed. 



Table 8: Summary of FACWet scoring for existing wetland condition and predicted condition following beaver restoration at 
the three priority sites. 

 

The most important result of beaver loss on these sites has been has been a decrease in 

wetland area, much more than a decrease in condition.  The hydrologic impairment is severe 

enough that most of the historic natural wetland area has been converted to upland.  In other 

words, the problem is not so much that the condition of wetland has suffered, but rather that 

wetland area has been lost altogether.  Looking back at Table 7, the combined wetland area for 

both sites on Pruden Creek is estimated to be about 0.12 acres which is about 3% of its 

estimated historic potential of 3.44 acres.  The 0.1 acres of existing wetland on the site at Cross 

Creek is less than 1% of the potential 1.14 acres at that site.  Regaining wetland function in 

these watersheds is largely a matter of recovering this area that has been lost.   

We predict a lift of about 2.5 WFU on the combined Pruden Creek sites and about 0.9 WFU on 

Cross creek based on the restoration of these priority sites to the expected level of B (87) or B+ 

(88).  A rating in the high B category for restored wetland area may seem optimistic, but these 

predicted values follow directly from the primary and secondary effects of beaver presence.  

Moreover, these reaches are excellent candidates for restoration because, apart from beaver 

loss, they are otherwise minimally impacted.  The sites have excellent buffers and no major 

harmful land use practices.  They also have an unimpaired water source, excellent water 

quality, and reasonably intact vegetation structure.   Restoring wetland area to these sites may 

be as simple as replacing the natural components, such as beavers, that are currently missing 

from the system.  Unlike most restoration scenarios, success does not require any artificial or 

engineered solutions.  Be this what it may, even if the condition of restored wetland is more 

marginal (lower FACWet scores) the gains in wetland function would still be great since there is 

so much potential to increase wetland acreage.     

Existing Prognosis Existing Prognosis Existing Prognosis

V1 - Habitat Connectivity 82 (B) 82 (B) 82 (B) 82 (B) 86 (B) 86 (B)

V2 - Contributing Area 95 (A) 95 (A) 95 (A) 95 (A) 95 (A) 95 (A)

V3 - Water Source 88 (B+) 88 (B+) 88 (B+) 88 (B+) 94 (A) 94 (A)

V4 - Water Distribution 58 (F+) 85 (B) 58 (F+) 85 (B) 62 (D) 85 (B)

V5 - Water Outflow 58 (F+) 85 (B) 58 (F+) 85 (B) 62 (D) 85 (B)

V6 - Geomorphology 75 (C) 85 (B) 75 (C) 85 (B) 75 (C) 85 (B)

V7 - Chemical Environment 87 (B) 89 (B+) 87 (B) 89 (B+) 87 (B) 89 (B+)

V8 - Vegetation 77 (C) 85 (B) 81 (B-) 85 (B) 77 (C) 86 (B)

Cond. 75 (C) 87 (B) 75 (C) 87 (B) 77 (C) 88 (B+)

FCI 0.50 0.74 0.50 0.74 0.54 0.76

State Variables
MP-3 LP-4 CC-3

39-Mile Mountain FACWet Scores



In this section of the report, we describe the existing extent and condition of wetland on the 

three priority reaches.   For each reach, we also provide a prediction of the future extent and 

condition assuming the full recovery of sustainable beaver populations to calculate the 

potential for ecological lift in terms of wetland functional units (WFU).   

Existing (pre-project) wetland area was 

estimated for each of the three priority 

reaches.  On all three sites, wetlands are 

presently limited to a narrow strip along the 

active channel.  Existing values are 0.08 

acres at MP-3, 0.04 acres LP-4, and 0.01 

acres at CC-3.   Predicted maximum (post-

project) wetland extent is estimated to be 

2.34, 1.10, and 1.14 acres for the MP-3, LP-4, 

and CC-3, respectively.  Pre-project FACWet 

condition scores are 75 (C)1 for the two 

reaches on Pruden Creek, and 77 (C) for CC-

4, and predicted scores are 87 (B) for the 

Pruden reaches and 88 (B+) for the reach on 

Cross Creek.  All of these values are 

compiled in Table 7 which calculates the potential ecological lift in terms of wetland functional 

units.     

Table 8 shows FACWet scores for the assessed reaches.  The sites are similar, differing slightly in 

scores for habitat connectivity, hydrology variables, and vegetation.  Water distribution and 

outflow are the most impaired variables in all cases.  The native condition is one in which 

beaver dams, ponds and channels would naturally retain water and spread out laterally, 

maintaining a high water table with water storage in ponds and a saturated alluvial aquifer.  In 

the absence of beaver dams, however, flows in the drainage are rapidly transmitted through 

the system.  The prognosis scores are based on the effects of a restored water distribution 

system that that would result from the successful reintroduction of beaver and the construction 

of beaver dams on the sites.  We set the target score for water distribution at 85 (B) which is 

lower than reference condition due to the effects of channel incision and enlargement which 

may not be fully overcome by beaver activity for a long time.  Improvements to other variables 

such as chemical environment and vegetation are secondary effects of restored hydrology and 

a disturbance regime that is characteristic of beaver-mediated streams.     

                                                           
1
 FACWet scores correspond to letter grades according to the academic grading scale: A = 90-100, B = 80-89, C = 

70-79, D = 60 - 69, F = 50-59.  50 is the lowest numerical score in FACWet, indicating complete impairment or 
conversion to upland. In this report, the numerical score is followed by the letter grade in parentheses.  

Table 7: Calculation of wetland functional units and the 
potential lift for each of the selected reaches. 

MP-3 LP-4 CC-3

Wetland area (ac) 0.08 0.04 0.01

Condition 75 (C) 75 (C) 77 (C)

FCI 0.50 0.50 0.54

WFU (fctn. ac) 0.040 0.020 0.005

Wetland area (ac) 2.34 1.10 1.14

Condition 87 (B) 87 (B) 88 (B+)

FCI 0.74 0.74 0.76

WFU (fctn. ac) 1.73 0.81 0.87

1.69 0.79 0.86

0.86Combined

39-Mile Mountain Predicted Lift

Reach

Predicted lift (Δ WFU)

2.49
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Figure 2:  On artificially channelized reaches, the stream is entrenched and dissociated from its historic floodplain.  Deeply 
entrenched segments such as this have limited wetland restoration potential as bank heights exceed the height of typical 
stable beaver dams. 

Wetland Functional Condition 

The overarching goal of this project is to increase wetland function, and the means to this end 

is re-establishment of beavers.  The ultimate measure of success is, therefore, a demonstrable 

increase in wetland functions, which is expressed by the combined effect of expanded wetland 

area and improved wetland condition.  In a project of this sort, improvements are made 

gradually.  If beavers are successfully relocated on priority sites, we expect benefits will be 

detectable locally on the relocation reaches within a few years.  If the populations are 

sustainable and expanding, we expect the benefits to spread further throughout the watershed 

as beavers expand their range.  Expansion of beavers and the wetland benefits beyond the 

initial release sites may take years to decades.  In this study, we focused our assessment on the 

priority reaches, and while our discussion of the potential for ecological lift is therefore limited 

to the target reaches, it should be understood that if the project is successful then wetland 

benefits will spread through the watersheds over time.  Expansion to other reaches and overall 

watershed benefits could be tracked by future monitoring efforts.   



Site selection 

Our initial site selection is made by identifying reaches 

that maximize the probability of success by making sure 

that we would be relocating beavers to areas that will be 

immediately suitable and capable of sustaining 

expanding populations.  We used the combined results 

from the beaver habitat suitability tools to guide our 

appraisal of each reach for this purpose and to select 

priority sites for restoration, with sites scoring greater 

than 75 on the Methow scorecard rated excellent 

candidates for reintroduction (see Table 6).  These 

methods identify four high priority reaches, including 

three on Pruden Creek (MP-3, LP-2, and LP-4) and one 

on Cross Creek (CC-3).   

The LP-2 reach apparently has good potential, but the 

stream is deeply incised on this reach.  Some of the 

historic beaver dams on this reach are, in fact, now 

perched 5-10 feet above the present elevation of the 

creek.   Some more recent relic dams were observed 

along the creek at its present elevation within the 

entrenched channel, which is a strong indication that 

beavers could gain a foothold on this site and succeed in 

building dams.  Nevertheless, the depth of 

entrenchment would probably severely limit the 

potential for expanding wetland area laterally, since 

hydrologic effects of the dams would be confined within 

the entrenched channel (see Figure 2).   

Therefore, while the LP-2 reach does offer potential 

beaver habitat, it is given a lower priority than the other 

three potential reaches.  The three highest priority 

restoration reaches are MP-3 and LP-4 on Pruden Creek 

and CC-3 on Cross Creek.   
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Table 6: Summary of site suitability 
incorporating the BRAT and Methow models.



Table 5: Results of the Methow Beaver Project Release Site Scorecard. 

 

  

Woody Herbs Access Fire Conflict Cover Owner

CC-1 N/A

CC-2 3 4 5 27 3 2 5 0 5 0 0 0 5 0 5 64

CC-3 1 5 5 27 3 5 5 10 5 0 5 0 0 5 5 81

CC-4 N/A

UP-1 N/A

UP-2 3 3 5 27 3 0 5 0 0 0 0 0 5 0 5 56

MP-1 5 4 5 18 3 2 5 0 0 0 0 0 5 0 5 52

MP-2 3 4 5 18 3 2 5 0 0 0 5 0 5 0 5 55

MP-3 5 4 5 27 3 5 5 10 5 0 5 0 5 5 5 89

MP-4 3 4 5 27 3 2 5 0 5 0 5 0 5 0 5 69

MP-5 3 4 5 18 3 2 5 0 0 0 5 0 0 0 5 50

LP-1 5 5 5 18 3 2 5 0 0 0 5 0 0 0 5 53

LP-2 5 5 5 27 3 2 5 10 5 0 0 0 5 0 5 77

LP-3 3 5 5 18 3 2 5 0 5 0 0 0 5 0 5 56

LP-4 3 5 5 27 3 5 5 10 5 0 0 0 5 0 5 78

LP-5 N/A

UC-1 N/A

UC-2 N/A

UC-3 N/A

UC-4 N/A

UC-5 N/A

BG-1 N/A

BG-2 N/A

BG-3 N/A

BG-4 1 3 5 6 3 0 5 10 0 0 0 0 5 0 5 43

BG-5 5 3 5 9 3 0 5 0 -10 0 0 0 5 0 5 30

BG-6 3 3 5 3 3 0 5 0 0 0 0 0 5 0 5 32

BG-7 3 3 5 8 3 0 5 0 0 0 0 0 5 0 5 37

SC-1 N/A

SC-2 N/A

39-Mile Mountain Methow Scorecard Results
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The BRAT model output can also be used to estimate 

the number of potential beaver dams that each reach 

and drainage can support.  To make this rough 

estimate, we used the mid-point dam frequency value 

in the range given by BRAT for each category.  This 

value, multiplied by the length of each reach (in km) 

provides an estimated capacity for the number of 

dams.  These data are shown in Table 4.  The model 

predicts a capacity of 34 dams on Cross creek, 46 dams 

on Pruden, six on Balm of Gilead, and none on Union or 

Sims.  

Methow Scorecard results 

The Methow Beaver Project Release Site Scorecard is a 

much more in-depth site-scale look at beaver habitat 

suitability, specifically for the purpose of supporting 

transplanted beavers.  Like BRAT, the Methow tool 

heavily weights the primary beaver habitat 

requirements of water and wood, with the availability 

of woody vegetation being the most important factor 

determining the quality of the site.  The Methow tool 

takes into account additional factors including 

additional physical and biological habitat factors plus 

practical aspects related to potential for successful 

beaver release.  The output is a numerical score that 

can be used to compare potential release sites to each 

other.  We used our survey data to complete the 

scorecard on the 16 reaches for which there was 

evidence of perennial water (See Appendix A).  Scores 

ranged from 30 to 89.  Four reaches scored greater 

than or equal to 75, eight scored between 50 and 75, 

and four scored less than 50.  All four of the reaches 

scoring less than 50 are on Balm of Gilead Creek.  The 

reaches scoring 50 or greater are on Cross and Pruden 

Creeks.   
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39-Mile Mountain BRAT Beaver Dam Capacity Estimates
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Table 4: Capacity estimates for number of 
beaver dams per km based on the BRAT model. 



 

Figure 1: Results of the BRAT model, by reach. 

Cross Creek 

Pruden Creek 

Union Creek 

Simms Creek 

Balm of Gilead Creek 

Results of BRAT model rating for reaches in 

the study area 

0 (none) 

  1, 2 (occasional, rare) 

  3 (frequent) 

  4 (pervasive) 

 Selected Reaches for control 

and reintroduction 



Table 3: Results of the BRAT (Beaver Restoration Assessment Tool). 

 

CC-1 0 2 1 1 1 0 None

CC-2 1 4 1 1 1 4 Pervasive

CC-3 1 4 1 1 1 4 Pervasive

CC-4 0 4 1 1 1 0 None

UP-1 0 2 1 1 1 0 None

UP-2 1 4 1 1 1 4 Pervasive

MP-1 1 3 1 1 1 3 Frequent

MP-2 1 3 1 1 1 3 Frequent

MP-3 1 4 1 1 1 4 Pervasive

MP-4 1 4 1 1 1 4 Pervasive

MP-5 1 3 1 1 1 3 Frequent

LP-1 1 2 1 1 1 2 Occasional

LP-2 1 4 1 1 1 4 Pervasive

LP-3 1 2 1 1 1 2 Occasional

LP-4 1 4 1 1 1 4 Pervasive

LP-5 0 0 1 1 1 0 None

UC-1 0 0 1 1 1 0 None

UC-2 0 1 1 1 1 0 None

UC-3 0 4 1 1 1 0 None

UC-4 0 3 1 1 1 0 None

UC-5 0 0 1 1 1 0 None

BG-1 0 1 1 1 1 0 None

BG-2 0 2 1 1 1 0 None

BG-3 0 2 1 1 1 0 None

BG-4 1 2 1 1 1 2 Occasional

BG-5 1 2 1 1 1 2 Occasional

BG-6 1 1 1 1 1 1 Rare

BG-7 1 3 1 1 1 3 Frequent

SC-1 0 2 1 1 1 0 None

SC-2 0 2 1 1 1 0 None

39-Mile Mountain BRAT Results
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have good cover habitat for beavers because there are no areas where surface water regularly 

exceeds one foot depth.   

BRAT Results 

The BRAT tool works essentially as a set of filters that separate suitable from unsuitable habitat 

according to set criteria.  The first filter is evidence of perennial water.  Of 30 reaches we 

assessed, 16 of them passed this filter, and 14 sites were eliminated.  All of the Union and Sims 

Creek reaches were eliminated due to the lack of perennial flow.  Reaches near the upper and 

lower ends of Cross and Pruden Creek and at the upper end of Balm of Gilead Creek were also 

eliminated on this basis.  The next filter is evidence for required vegetation to support dam 

building and expansion.  Vegetation is rated on a categorical scale from 0 (none) to 4 

(abundant, unlimited).  The reaches in this study spanned the entire range of vegetation 

condition, but most of the sites with poor vegetation corresponded with the lack of perennial 

water.  All of the 16 sites with perennial water had some level of woody vegetation, but 

vegetation scores ranged from 1 (barely capable of supporting dam building and no more than 

an occasional dispersing beaver) to 4 (enough to support extensive dam complexes and many 

colonies).  The other three filters are related to stream power and valley slope.  All of the 

reaches in this study fell within the range of suitability for these criteria, so the additional filters 

did not change results based on the first two lines of evidence.   

The output of the BRAT model is a categorical rating for each reach that indicates the frequency 

or density of beaver dams it could support.  Both Cross Creek and Pruden Creek have reaches 

that rate in the "pervasive" (16-40 dams/km) and "frequent" (5-15 dams/km) categories.  The 

model predicts no capacity for beaver dams on Union and Sims Creek and only "occasional" (2-4 

dams/km) or "rare" (1-2 dams/km) on most of Balm of Gilead Creek, though the lower reach of 

Balm of Gilead may be able to support frequent dams.  The suitability rating is derived directly 

from the overall score, which is simply the product of individual parameter scores.   A map 

showing the results of the BRAT model evaluation is provided as Figure 1. 

 



Other stream flow factors important for beavers are related to stream power.  Beavers are 

physically unable to build cross-channel dams on streams that have very high power at base 

flow, and if power is too high during seasonal peaks, then dams cannot persist.  The small 

creeks in this study are nowhere near either of these stream power thresholds, and therefore 

suitable for persistent dams by these criteria.   

Besides water, the other primary habitat need for beavers is wood.  Wood is the beaver's main 

food source and the building material for their dams and lodges.  On these streams, the native 

wood supply is aspen trees on the upland hillslopes and riparian shrubs such as willows and 

alders.  On some sites, these native vegetation types are still prevalent.  On other sites, the type 

and amount of woody vegetation has dramatically changed.  On much of the uplands, conifer 

have encroached on areas that used to be dominated by aspens due to the lack of disturbance 

such as fire.   On many riparian areas, willows and alders have become replaced by cinquefoil 

and currents due to drying (caused by channelization, entrenchment, and beaver loss) and 

grazing pressure.  Aspen, willows and alder are the preferred food source for beaver.  Conifers, 

cinquefoil, and currents, on the other hand, are not suitable food but can be used as building 

material.   

The assessment of beaver habitat suitability with respect to woody vegetation is largely a 

matter of determining the extent to which the preferred native woody species (aspen, willows, 

and alder) have been lost or replaced by unusable species.  Results of our surveys for woody 

vegetation are presented as short narrative descriptions in Table 2 along with an assessment of 

the availability of building materials.  Suitability related to woody vegetation is assessed in 

more detail in the scoring of variables within the BRAT and Methow tools, where quantitative 

ratings are given based on the type, amount, and proximity of vegetation.  Cross Creek and 

Pruden Creek both have areas where aspen, willows, and alder are plentiful.   

While the beaver's preferred food for most of the year is wood, herbaceous vegetation such as 

hydric grasses and sedges can be an important part of their diet during certain seasons.  

Herbaceous vegetation was not found to be limiting on any of the sites that would otherwise be 

viable for beavers.  It would only be limiting on sites that were already eliminated due to 

inadequate hydrology or valley width.  Preferred herbaceous vegetation is abundant on most of 

the reaches of Cross Creek and Pruden Creek. 

In addition to the beaver habitat suitability survey, we also rated several practical factors 

related to the difficulty for introducing and monitoring beavers.  Site accessibility was assessed 

by considering the amount of time it takes to travel to the site on off-highway roads plus the 

distance of required off-road travel on foot.  Cross creek and Pruden Creek generally have easy 

access on account of the proximity of the main forest roads, but the lower end of Pruden Creek 

does require a significant hike and access is rated as moderate.  None of the sites presently 



All of the reaches where we found good evidence of past beaver activity have valley bottom 

widths that are or were greater than 100 ft.  On Union Creek and Balm of Gilead Creek (UC-3 

and BG-4) we found beaver evidence on reaches that historically had wide valley bottoms but 

have since become deeply incised due to artificial channelization and entrenchment.  Valley 

width on these sites is now less than 40 ft, and the historic beaver dams are on abandoned 

terraces that are now perched up to ten feet above the level of the creek.  Even though beavers 

clearly inhabited these reaches in the past, the impacts caused by channelization and 

entrenchment have severely limited their suitability today.    

Hydrology and stream geomorphology on these drainages is interesting.  The upper portions of 

the drainages contain no wetland or stream components.  We did not assess these portions of 

the drainages because there is no aquatic habitat.  Further down, the drainages tend to be fed 

by groundwater.  These portions of the study area tend to be wet meadow habitat without a 

discernible stream channel and intermittent surface water.  A noticeable stream channel, with a 

bed and banks, is present in all the drainages starting some distance downstream from the 

headwaters.   

Once present, these stream traces tend to remain present in all of the drainages as they make 

their way through the study area.  Downstream of the Forest boundary, some of these 

drainages lose their discernible stream component, and become wet meadows or uplands, 

while others maintain their identifiable bed and banks all the way to Elevenmile Reservoir.   In 

all cases, the streams tend to lose hydrology as they reach the Forest Boundary and before they 

reach Elevenmile Reservoir.  At the Forest boundary, which is the lowest point of the study 

area, none of the streams except Balm of Gilead show evidence of perennial flow.  Even Balm of 

Gilead Creek apparently becomes ephemeral within a short distance downstream from Forest 

lands.   

These drainages go through a pattern of having an increasing duration of surface flow as water 

accumulates and moves down-drainage.  Once the drainages reach a certain point downstream, 

near the Forest boundary, another pattern of decreasing surface flow continues on to BLM and 

private land.  The region with the most persistent flow is in the center portions of Pruden, 

Cross, and Balm of Gilead Creeks.  On Union and Sims Creek, there is no evidence of perennial 

flow throughout the drainages.  These drainages appear to be wholly ephemeral or intermittent 

and therefore unsuitable for beaver habitation; however, it is evident that beavers used to 

inhabit Union Creek when there historically was more water with a perennial flow.  On the 

other hand, the drainages of Cross, Pruden, and Balm of Gilead Creeks have significant lengths 

of the drainages where there is evidence of the perennial flow regime that is needed for 

beavers to be able to persist.   



Table 2: Summary of beaver habitat suitability factors, by reach.  
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Table 1: An outline of FACWet attributes, state variables, and subvariables.  The right column indicates the weight that each 
variable has in calculating the overall functional condition score and FCI. 

Attribute 
Variable 
Number 

State Variable Name 
 
Sub-Variable Name 

Total Weight of 
Variable in 
Composite FCI 
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V1 Habitat Connectivity 

SV 1.1 – Neighboring Wetland and 
Riparian Habitat Loss 

0.04 
SV 1.2 – Barriers to Migration and 
Dispersal 

V2 Contributing Area  

SV 2.1 – Buffer Condition 

0.11 
SV 2.2 – Buffer Extent 

SV 2.3 – Buffer Width 

SV 2.4 – Surrounding Land Use 

H
yd

ro
lo

gy
 V3 Water Source 

No sub-variables 

0.13 

V4 Water Distribution 0.17 

V5 Water  Outflow 0.17 
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c 
&
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c 

 

H
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V6 Geomorphology  No sub-variables 0.15 

V7 Chemical Environment 

SV 7.1 – Nutrient Enrichment 

0.07 

SV 7.2 – Sedimentation/turbidity 

SV 7.3 – Toxic Contamination 

SV 7.4 – Temperature 

SV 7.5 – Soil Chemistry and Redox 

V8 
Vegetation Structure 
and Complexity 

SV 8.1 – Tree Stratum 

0.16 
SV 8.2 – Shrub Stratum 

SV 8.3 – Herb Stratum 

SV 8.4 – Aquatic Stratum 

Results 

Beaver Habitat Suitability 

The study area was divided into 30 assessment reaches.  A summary of results for the beaver 

habitat suitability factors for each reach is provided in Table 2.  These drainages vary in gradient 

from about 2% to 9%, and valley width varies from less than 20 ft to more than 200 ft.  In 

general, the lower-gradient reaches in wider valleys have evidence of past or present wetlands 

and beavers.  Steeper and narrowly confined valleys naturally support fewer beavers and much 

less functional wetland area.  Our results generally follow this trend.  We found good evidence 

of historic beaver activity on six reaches in the form of old dams and stumps of trees that were 

felled by beaver.  None of the beaver evidence is recent, and the signs we observed appear to 

be at least 100 years old.  



impairment were identified and described.  A weighted average of variable scores is then used 

to calculate an overall condition score and FCI according to the weightings provided in Table 1.   

FACWet assessments were limited in this study to EPA level II (rapid field assessment) data, but 

the variable scores could be further tested and adjusted using quantitative level III methods in 

the future.  Landscape variables were scored using Google Earth aerial imagery.  Other variables 

were scored in the field.   

Potential functional condition was predicted for selected restoration and control sites by 

adjusting FACWet variable scores to reflect future condition based on the assumption of 

successful beaver reestablishment at the site and sustainable beaver maintenance of the 

habitat.  The prognosticated variable scores, therefore, reflect restoration target values or 

quantitative objectives, which can be used as success criteria for monitoring project 

effectiveness in the future.  Predicted post-project variable scores are used to calculate a 

potential post-project condition score and FCI within FACWet via the same weighted average 

used to score existing condition.  Thus, the change in condition predicted by the project is a 

direct reflection of practical expectations for individual state variable improvements. 

  



Sheep Creek Reach 1 — 2016
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Sheep Creek Reach 1 — 2013
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Twelvemile Ranch — 2017
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2000 ft



Beaver dynamics summary (by riparian area)
Results can also be expressed as a percentage of beaver pond acres per acres 
of riparian zone to account for variable riparian zone width.  Activity has been 
relatively consistent at 10-12% over the ranch as a whole since 1999.  Peak 
values at the reach scale are about 24%.

Beaver dynamics summary (by riparian area)
Patterns of activity are similar when analyzed by riparian area except that levels on 
Sheep 3 and Cave 3 appear higher relative to other reaches.  On Sheep 3, this is 
because the riparian zone is substantially narrowed by the hay meadow there.  On 
Cave Creek, it may be a factor of how the riparian zone was delineated from 
Twelvemile in the confluence area where the two creeks share the same valley bottom. 

Twelvemile Ranch: Beaver stream dynamics study — Summary



Beaver dynamics summary (by stream mile)
Beaver activity, measured as pond are per stream valley mile, has been 
consistent over the ranch as a whole since 1999 at about 6 pond acres per mile, 
but variability within and among reaches is great.  Peak values around 14-16 
acres/mile on several reaches suggest a carrying capacity near that level.

Beaver dynamics summary (by stream mile)
Sheep 1 and Twelvemile 1 and 2 all reached peak values at 14-16 acres/mile, 
but they vary in the degree of fluctuation.  Sheep 2 and 3, and both the Cave 
Creek reaches were consistently below 6 acres/mile.  All of the reaches except 
Sheep 1 and Twelvemile 1 had years with less than 2 acres/mile.

Twelvemile Ranch: Beaver stream dynamics study — Summary



Twelvemile Ranch: Beaver stream dynamics study — Introduction

Twelvemile Creek 2

Beaver dynamics importance
The main stressor affecting stream and riparian health on Twelvemile 
Ranch is inconsistent patterns of beaver activity.  Our hypothesis is that 
beaver colonies have become unnaturally susceptible to population 
crashes.  And when populations do crash, they are slow to recover due to 
habitat loss and fragmentation at the landscape scale.    

Beaver dynamics study
In this study, we documented 19 years of beaver activity on Twelvemile Ranch by mapping pond area on historical 
aerial photos from 1999 to 2017.  Results are summarized by reach and over the whole ranch on the next two 
sheets.  The maps are provided in the sheets that follow.  Paging through these sheets in full-screen view will give 
you an animated picture of how pond area and beaver activity has fluctuated spatially and temporally on the ranch.

This study is part of a larger effort to understand beaver population dynamics, carrying capacity, and patterns of 
activity in Colorado headwaters streams.  



Riparian Reconnect restoration plan and timeline for Twelvemile Ranch

Beaver maintenance (conflict management)
Goal
• Manage beaver behavior to maintain ranch infrastructure 

while maximizing habitat and ecosystem benefits
Objectives
• Provide for continued beaver activity near roads, 

diversions, ditches, hay meadows, and other 
infrastructure 

• Reduce risk of road flooding and road damage
• Maintain flow to diversion points so irrigation water 

rights can be efficiently exercised
• Prevent out-of-priority diversions caused by flooding into 

ditches
• Reduce negative impacts of roads and infrastructure on 

stream and riparian health 
• Reduce maintenance burden
Strategy and timeline
• Develop partnership (spring 2019)

• Meet with landowners and ranch managers
• Present and develop beaver maintenance concepts

• Secure funding (spring 2019)
• Allocate existing funds as available
• Identify funding needs
• Pursue additional grant funds and landowner cost-

share as needed
• Prepare detailed design and budget (spring 2019)

• Sheep Creek road crossing and diversion ditch
• Twelvemile Creek road crossing 
• Upper ranch road crossing
• Twelvemile diversion and irrigation ditch
• Other areas

• Implement treatments (summer 2019)
• Construction and oversight by Riparian Reconnect 

technical team
• Construction support and assistance from 

Twelvemile Ranch manager
• Monitoring and maintenance (ongoing)

• Routine inspections and maintenance can likely be 
handled by ranch manager

• Riparian Reconnect partners can be available for 
technical assistance 

Stream and riparian restoration
Goal
• Improve stream and riparian function and habitat benefits by restoring 

natural processes typical of healthy small beaver streams
Objectives
• Promote long-term sustainable beaver activity by continuing passive 

management and riparian protection  
• Restore hydrological and ecological functions typical of beaver activity in 

places where beavers are absent by repairing and rebuilding beaver dams
• Increase beaver activity and consistency by restoring  favorable habitat 

conditions (pond area, deep water, and cover) 
Strategy and timeline
• Develop partnership (spring/summer 2019)

• Meet with landowners and ranch managers
• Present and develop restoration concepts
• Field trip with full Riparian Reconnect team to prioritize restoration 

efforts and scope
• Secure funding (summer/fall 2019)

• Allocate existing funds as available
• Identify funding needs
• Pursue additional grant funds and landowner cost-share as needed
• Quantify existing functional conditions and habitat, and identify 

potential gains for funding proposals
• Prepare detailed design and budget (fall/winter 2019)

• Cave Creek – beaver dam repair/rebuild project
• Twelvemile and Sheep Creek spot treatments

• Implement treatments (Summer 2020)
• Construction and oversight by Riparian Reconnect technical team
• Construction support and assistance from Twelvemile Ranch 

manager
• Monitoring and maintenance (ongoing)

• Restoration monitoring by EcoMetrics (2020-2022)
• Routine inspections and maintenance can likely be handled by 

ranch manager
• Riparian Reconnect partners can be available for ongoing technical 

assistance 

Research , education, and outreach
This partnership and projects will provide excellent opportunities to 
pursue scientific research studies and for education and outreach to 
improve understanding and awareness of the importance of 
healthy headwaters systems for watershed-scale hydrologic 
benefits, ecosystem services, and fish and wildlife habitat.  

Riparian Reconnect



Management concepts: Upper ranch road crossing

Management concepts: Twelvemile diversion

1

2

3

Twelvemile diversion maintenance
For the diversion to function, some portion of flow must follow path 1 to the head gate and 
ditch (path 2).  A beaver dam that failed in 2018 greatly increases the risk of this path drying 
up, as flows preferentially direct towards path 3.  Repairing this dam would mitigate this risk 
to the water right.  Flow devices could also be considered if necessary.

Upper ranch road crossing
Depending on beaver activity upstream, a portion of Twelvemile Creek flows follow the flow 
path shown, flooding the road as it was in 2018.  A culvert and possibly a flow device could 
help manage this situation.  

Head gate



Twelvemile Creek road maintenance
Road flooding and road damage are common where the road crosses Twelvemile Creek.  
Notes:
• Twelvemile Creek flows are intended to cross the road via flow paths 1 and 2, through the culverts. 
• Keeping the culvert open requires constant manual maintenance.
• Beavers frequently divert the creek so it flows over the road via path 3. This was the case when we visited in 2018.     
• The road is also at high risk of flooding at via flow path 4.

Maintenance strategy
Develop a plan in collaboration with ranch 
managers and owners, and implement it 
using Riparian Reconnect expertise and 
cost share from grants.

Concepts:
• Flow devices at points A and B would 

help protect the road by keeping 
flows directed towards the culverts 
via flow paths 2 and 3 rather that over 
the road (paths 4 and 5). 

• A flow device at the existing culverts 
(point C) would reduce maintenance 
burden to keep them open.

• Additional culverts across the road at 
points D and E (with or without flow 
devices) would:
• (1) provide redundancy, 
• (2) allow flows to activate the 

floodplain area downstream 
from the road, and 

• (3) restore hydrology to the 
dried wetland area 
downstream of the road.
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7

6

Culvert
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Management concepts: Twelvemile Creek road crossing



Culvert

Culvert

Culvert

Head gate
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Sheep Creek road and ditch maintenance
The main road into Twelvemile Ranch must be maintained year-round as it 
is the only access to the Ranch.  There is also a diversion with a flume and 
head gate on Sheep Creek just upstream of the road to divert flow int an 
irrigation ditch.  Flow into the ditch must be regulated according to the 
adjudicated water right.   

Notes:
• There are 3 culverts where the road crosses Sheep Creek.  
• Sheep Creek crosses the road through the two west culverts.
• Historically, the main channel was the western one, following flow path 

1, with flow into path 2 likely occurring during high flows.    
• That pattern is currently reversed.  Now most flow follows flow path 2.  

The main western branch on path 1 is dry during normal summer flow.
• Flow into the ditch (flow path 4) is regulated at the head gate.
• Daily maintenance at the head gate is necessary to prevent beavers 

from flooding the head gate and diverting water into the ditch via flow 
paths 3 and 4.

A

E

B

D

C

Maintenance strategy
Develop a plan in collaboration with ranch managers and 
owners, and implement it using Riparian Reconnect 
expertise and cost share from grants.

Concepts:
• A series of flow devices on the ponds on the west 

branches of Sheep Creek (point A) and at the head gate 
(point B) may help alleviate the daily maintenance 
burden ranch managers currently expend to: 
• (1) manage ditch flows,
• (2) prevent flows entering ditch via path 3, and
• (3) maintain perennial flow through both 

branches of Sheep Creek.
• Additional flow devices at the stream culverts (points C 

and D) may alleviate the need for daily maintenance 
to:
• (1) prevent road flooding and erosion, and
• (2) maintain perennial flow on Sheep Creek.

• Continue maintaining the ditch culver (point E) 
manually while the ditch is flowing.

Ponds near the head gate require daily  
maintenance to regulate ditch flows and 
prevent flooding

Flow devices
Flow devices have been used extensively in the Eastern US and Canada to ease maintenance burdens and allow 
coexistence of beaver habitat with human infrastructure, solving thousands of potential problems similar to those on 
Twelvemile Ranch.  Riparian Reconnect is bringing this technology to Colorado in collaboration with Beaver Solutions™ 
and the Beaver Institute.  Please see their websites for examples of Beaver management using flow devices. 

Management concepts: Sheep Creek road crossing and diversion

https://www.beaversolutions.com/
https://www.beaverinstitute.org/


Repairing or reconstructing beaver dams in places where beavers have been inactive is a good way to ensure
continued function and habitat benefits during periods of prolonged beaver absence. Repaired dams also
create deep water and cover that attracts dispersing beavers and entices them to recolonize an area. These
treatments are highly recommended on Cave Creek, and could also be employed a spot treatments along Sheep
and Twelvemile Creeks.

1.0 to 2.0 Ft

Structure length varies: Typical is 5-10 Ft

4-12 Ft

4-7 Ft

1-3 Ft

Brush core

Brush core 
keyed into 
bank

Design specs
The diagrams above and left show specifications
for repairing cross-channel dams. These
structures are designed to persist through normal
runoff events, but are not permanent. They are
constructed of native materials that assimilate
into the streamscape over time.

↑Repairing breached beaver dams with coir logs and sod. ↓ Before and after.

Heavy equipment can greatly improve the quality
and efficiency of beaver dam repair and
construction, especially on larger creeks

Restoration concepts: Beaver dam repair and rebuilding



Stream health – Functional assessment of small beaver streams
Stream health and function of small beaver streams depends, to a large degree, on whether 
beavers are active.  
• Active beaver complexes like Sheep 1, and Twelvemile 1, correspond to Stage 0 in the Stream 

Evolution model (lower left diagram), which has the most habitat and ecological benefits 
(upper left chart).  

• Temporarily and partially inactive beaver complexes like Sheep 2 & 3 and Twelvemile 2 & 3, 
still fall into the Stage 0 category but have decreased habitat and ecological benefits.  

• Inactive beaver complexes like Cave 2 & 3 have shifted to Stage 1 with even fewer habitat 
and ecological benefits.

• Streams that incise go through advanced stages with extreme loss of function.  The streams 
on Twelvemile Ranch are at low risk of further incision.

The diagram below describes the shift from Stage 0 to Stage 1 as a threshold of beaver activity.  

SEM Stage & Classification
Relative Habitat and
Ecosystem Benefits

Sheep 1,
Twelvemile 1

Sheep 2 & 3,
Twelvemile 2 & 3

Cave 2 & 3

Twelvemile Reaches

← The Stream Evolution Model (Cluer and Thorne 2014) describes how natural, highly functional floodplain-connected 
streams can degrade and erode further into deep gullies. The level of stream function, and hydrologic, habitat, and 
ecosystem benefits depends on the stage in this geomorphic evolution process. 

↑ This diagram (Wohl 2018) describes how the transition from beaver complex (Stage 0) to single-thread 
stream channel (Stage 1) occurs when beaver activity declines below a threshold.  

Stream function and beavers



Functional 

Health 

Grade

Valley 

length 

(Feet)

Riparian 

area 

(acres)

Sheep 1 A 2750 31.9

Sheep 2 A- 2160 16.9

Sheep 3 B- 2010 16.6

12-Mile 1 A 3430 38.2

12-Mile 2 B 1900 23.3

12-Mile 3 B+ 2380 24.3

Cave 2 B- 2640 40.1

Cave 3 B- 1740 9.0
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Stream health and functional assessment summary

Flow regime A

Sediment regime A-

Water quality A

Landscape support A

Floodplain function A

Riparian vegetation A-

Organic material A

Stream morphology A

Stability A

Physical structure A

A-

A

Stream Health Report Card:

Sheep Creek, Reach 1
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Reach condition score

Flow regime A

Sediment regime A-

Water quality A

Landscape support A

Floodplain function A-

Riparian vegetation A-

Organic material A-

Stream morphology B+

Stability A-

Physical structure B+

A-

A-

Stream Health Report Card:

Sheep Creek, Reach 2
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Reach condition score

Flow regime A

Sediment regime A-

Water quality A

Landscape support A

Floodplain function A-

Riparian vegetation A-

Organic material A

Stream morphology A-

Stability A

Physical structure A-

A-

A

Stream Health Report Card:

Twelvemile Creek, Reach 1
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Reach condition score

Flow regime B+

Sediment regime A-

Water quality A

Landscape support A-

Floodplain function B+

Riparian vegetation B+

Organic material B

Stream morphology B

Stability B+

Physical structure B-

B-

B

Stream Health Report Card:

Twelvemile Creek, Reach 2
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Reach condition score

Flow regime A-

Sediment regime A-

Water quality A

Landscape support A

Floodplain function A-

Riparian vegetation B-

Organic material A-

Stream morphology B+

Stability A-

Physical structure B

B

B+

Stream Health Report Card:

Twelvemile Creek, Reach 3
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Reach condition score

Flow regime A-

Sediment regime B+

Water quality A

Landscape support A

Floodplain function B-

Riparian vegetation B-

Organic material B-

Stream morphology B-

Stability B

Physical structure C+

C

B-

Stream Health Report Card:

Cave Creek, Reach 3
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Cave Creek 
Reach 1

Not assessed

Flow regime A-

Sediment regime B+

Water quality A

Landscape support A

Floodplain function B-

Riparian vegetation C+

Organic material B-

Stream morphology C+

Stability B

Physical structure C+

C

B-

Stream Health Report Card:

Cave Creek, Reach 2

W
at

er
sh

ed
R

ip
ar

ia
n

St
re

am

Biotia

Reach condition score

Flow Regime
Amount and timing of water supplied to the reach from the 

contributing watershed.

Sediment 

regime

Amount, timing, and type of sediment supplied to the reach 

from the contributing watershed.

Water 

Quality

Water quality and physicochemical properties inherited to the 

reach from the contributing watershed.

Landscape 

support

Surrounding land use, buffer capacity, and landscape 

connectivity.

Floodplain 

function

Frequency, extent, and duration of floodplain 

activation/saturation on the reach.

Riparian 

vegetation
Condition and structure of the riparian vegetation community. 

Organic 

material
Supply of wood and organic debris to the reach.

Stream 

morphology

Overall form of the reach, including stream evolutionary state, 

and characteristic planform, dimension, and profile. 

Stability & 

resilience

Ability of the reach to maintain characteristic form and structure 

via dynamic equilibrium and resilience to disturbance.

Physical 

structure

Coarse-and fine-scale physical habitat structure including water 

depth, velocity, structural components, and substrate.

Community and trophic structure of the organisms that inhabit 

the reach for all or portions of their life histories.

Overall functional condition of the reach, scored as a weighted 

average from the state variables.

Stream Health Assessment Framework
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Biotic structure

Reach condition

Stream health and function is evaluated by rating 10 critical components
(below). Each is graded by the degree of impairment compared to
natural unimpaired reference reaches according to the table above.

Grade Score Impairment

A 90-100 None

B 80-89 Mild

C 70-79 Significant

D 60-69 Severe

F 50-59 Profound

Results
Twelvemile Ranch 
streams are in good 
condition, with grades 
in the A to B range, due 
to a history of riparian 
protection and gentle 
land use.  The Cave 
Creek reaches and 
Twelvemile Reach 2 
could be improved with 
restoration.

Flow regime B

Sediment regime A-

Water quality A

Landscape support A-

Floodplain function C

Riparian vegetation B-

Organic material A-

Stream morphology B

Stability B

Physical structure B

B-

B-Reach condition score

Stream Health Report Card:

Sheep Creek, Reach 3
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Stream functional assessment reaches

Assessment Reaches
Streams and riparian areas were divided 

into eight reaches, as shown here.
Each reach is evaluated independently.   



Watershed
Sheep 

Creek

12-Mile 

Creek

Cave 

Creek

Drainage area (square miles) 8.2 9.5 5.0

2-year max flood (CFS) 42 49 30

10-year max flood (CFS) 83 96 58

100-year max flood (CFS) 129 148 91

7-day 2-year max flood (CFS) 29 33 19

7-day 10-year max flood (CFS) 52 58 34

7-day 50-year max flood (CFS) 76 86 50

7-day 2-year minimum (CFS) 0.6 0.7 0.3

7-day 10-year minimum (CFS) 0.2 0.3 0.1

7-day 50-year minimum (CFS) 0.2 0.2 0.1

10% duration (CFS) 11.5 13.1 7.4

25% duration (CFS) 3.3 3.8 2.0

50% duration (CFS) 1.4 1.6 0.9

75% duration (CFS) 0.8 0.9 0.5

90% duration (CFS) 0.4 0.5 0.2

Cave
12-Mile

Sheep

Watersheds
Sheep, Twelvemile, and Cave Creek watersheds are 8.2, 9.5, and 5.0 square miles, respectively. 

Hydrological statistics
Flow statistics for Sheep, Twelvemile, and Cave Creek as predicted 
using USGS regression equations for the Mountain region, basin 
characteristics and estimated 20 inches annual precipitation.  All 
three are small first-order perennial streams.  Typical low flows tend 
to be 1-2 CFS with annual peaks of 20-40 CFS on Sheep and 
Twelvemile Creeks.  Values for Cave Creek are roughly half that.   

Watersheds and hydrology

Twelvemile Ranch sits on the eastern flanks of the south end of the Mosquito Range at just below 
10,000 ft.  Streamflows have typical snowmelt-dominated flow regimes with peak flows in June 
and base flows in late summer thorough fall, winter, and spring.  These are tiny headwaters 
creeks that normally flow less than one CFS in summer.  

← Looking 
upstream  on 
Twelvemile 
Creek.  Most of 
the 9.5-square-
mile  contributing 
watershed is in 
the alpine and 
subalpine terrain 
in the 
background.



Beaver stream function

Beaver stream habitat
Small beaver streams are dynamic. Where beavers are present, their dams slow flows and create
ponds that trap sediment and spread water laterally to maintain wide contiguous wetland. The
habitat that beaver create along small headwaters streams is critical to a host of aquatic and
terrestrial species. Nearly all fish and wildlife depend on riparian habitat provided by beavers
during some portion of their lives. Without the deep ponds, adult trout could not survive harsh
winters or droughts. Shallow water and wetland is habitat for waterfowl, and complex shrub
canopies are ideal for game and birds.

But populations fluctuate and beaver colonies move. Where they are absent for more than a few
years, their dams begin to fail, resulting in a more channelized stream form. As ponds dry out, the
exposed sediment that they trapped is colonized by pioneer riparian species like sedges and
willows, driving plant community succession. The dynamic cycles of dam-building and failure are
important for maintaining physical habitat complexity and species diversity.

But when beavers are absent for a long time, the depressed water table stresses riparian plants
and shrinks the wetland area. If riparian vegetation becomes to dried out and degraded, beavers
are less and less apt to recolonize an area and the stream evolves towards a more permanent
entrenched channel with less aquatic habitat, poor diversity, and less wetland. Ultimately that
means less habitat for native species, and fewer fish and wildlife.

Beaver stream health
On small beaver streams, health and
function is tied closely to the level of
beaver activity. While fluctuating beaver
activity is normal, prolonged inactivity is a
problem. Many factors affect beaver
colony survival and reproduction
including habitat limitations (usually deep
water or cover), food (usually woody
deciduous shrubs and trees), predation,
and disease. When areas become
vacated or when populations crash, the
amount of time it takes for them to be
recolonized depends on the proximity to
other beaver populations, migration
barriers, and attractiveness of the site to
dispersing beavers.

Beaver activity is the most important
factor in evaluating health and function of
the streams on Twelvemile Ranch. This
report includes a study of beaver activity
that tracks pond area, by reach, from
1999 to 2017.



Ecosystem services and conservation value

Ecosystem services and conservation value
In addition to the local benefits of aesthetics and recreation, and also in addition to obvious regional benefits as habitat for fish, wildlife, and native biota,
intact headwaters riparian systems like these are a critical component of watershed health.

The beaver-mediated riparian complexes on Sheep, Twelvemile, and Cave Creeks provide a myriad of functions that support health of the South Platte
Watershed at large and especially the South Fork of the South Platte just downstream. When functioning, these riparian areas work like great sponges that
store runoff in ponds, floodplain wetland, and alluvial aquifers that discharge it slowly to keep streams flowing year-round. In this way, they buffer the effects
of extreme weather, like floods and drought, which is increasingly important for climate change resilience.

They also provide resilience to fire. Perhaps the greatest damage from forest fire is caused by the ensuing period of erosion and sedimentation to streams.
Streams with well-connected riparian areas and beave ponds are sediment sinks. Rather than flushing through to larger rivers downstream, the sediment
trapped in these headwaters systems is composted with accumulating organic material like wood, detritus, and ash into rich floodplain soil.

The ponds and complex channel networks typical of these small beaver streams have maximum groundwater connection which means they also function like
filters. Water flows through these systems slowly, not just as surface flow, but also through saturated ground to mediate temperature fluctuation. naturally
through soil biogeochemical processes through these systems. Water quality is enhanced by saturation and long retention times that give soil
biogeochemical processes time to assimilate nutrients and solutes.

CNHP Biodiversity and wildlife functions CNHP Water quality functions CNHP Water quantity functions

CNHP wetland functions evaluation
The maps below show the importance of Twelvemile Ranch wetland for biodiversity and wildlife functions (left), water quality functions (middle), and water quantity functions (right). The entire riparian zones
on Sheep, Twelvemile, and Cave Creeks are highlighted for each of the three ecosystem services categories. Please consult the CNHP Watershed Toolbox Mapper website to see how these areas plot out with
respect to individual functions in each of these functional categories.

http://csurams.maps.arcgis.com/apps/webappviewer/index.html?id=0e2d5ffb9f1745fbbe4f92806a7048eb


Twelvemile Ranch: 
A reconnaissance assessment of stream and 
riparian condition for the Riparian Reconnect
project with recommendations for 
restoration and management

Introduction to Twelvemile Ranch
Twelvemile Ranch is an 840-acre property in Park County Colorado with a conservation easement held by Colorado Open Lands. Three first-
order perennial headwaters streams (Sheep Creek, Twelvemile Creek, and Cave Creek) flow through it, with a combined valley length of about
3.6 miles that support more than 260 acres of acres of riparian and wetland habitat.

The primary use of the property is natural open space that provides passive recreation for the landowners, a club formed in the 1940s limited to
about 20 families. The current members greatly appreciate the natural condition of the ranch, it’s natural beauty, and the fish and wildlife
benefits provided by its relatively unimpacted natural habitat. They especially appreciate the importance of beavers, since both trout and
waterfowl would be scarce or nonexistent on these tiny creeks were it not for the aquatic habitat beavers create and maintain.

The property also has a small ranching component with about 40 acres of irrigated hay meadow, a small herd of cattle, and a ranch
headquarters. The other use is residential, with a network of unimproved roads connecting the 20 or so cabins and small home sites.

These factors make Twelvemile Ranch an ideal setting for conservation and stewardship to promote natural land values and ecosystem services.

Purpose and scope
This assessment was conducted to determine the
potential for preserving or improving resource value on
Twelvemile Ranch through the Riparian Reconnect
program. Riparian Reconnect is a collaborative program
managed by Colorado Open Lands stewardship program
focused on protecting and restoring natural healthy
streams and riparian areas in Colorado mountain
headwaters systems to maximize ecosystem services,
habitat, and benefits to landowners.

EcoMetrics scientists evaluated Twelvemile Ranch over
several site visits in fall 2018, during which we toured the
streams and riparian areas with landowners who have
been observing the property for more than 40 years.
Their knowledge of the property is an invaluable source
of information. We also relied heavily on historical aerial
photography dating back to 1955, USGS hydrological
models, existing datasets, CNHP reports and recently
updated riparian/wetland maps, a county-wide inventory
of streams and wetlands, and our own local knowledge
gained over 20 years working as stream and wetland
scientists in the South Platte Headwaters.

These analyses were integrated into reach-scale stream
health assessments that provide an overview of how well
these systems are functioning compared to the natural
reference condition. We then considered what types of
actions Riparian Reconnect could take to protect or
restore functionality of these important headwaters
systems on Twelvemile Ranch. Actions that benefit both
the resource and landowner needs are win-win
opportunities that make for ideal projects.

The report concludes with a set of recommendations for
future work and next steps that can serve as the basis for
discussion between Twelvemile Ranch owners and
Riparian Reconnect as partners in stewardship.



Twelvemile Ranch: 
A reconnaissance assessment of stream and riparian condition for the Riparian Reconnect project with recommendations for restoration and management
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Twelvemile Creek Reach 3 — 2006
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Twelvemile Ranch: Historical perspectives

Historical research
Historical context is critical to effective conservation and restoration.  Based on the history of South Park, Twelvemile Ranch was likely homesteaded in the mid- to late 1800s, but ranching was apparently not 
developed to the industrial scale that many of the other valley-bottom properties in South Park were.  Except for about 40 acres of managed hay meadow, the riparian areas remain largely intact.  We studied 
historical aerial photos dating back to 1953 and talked with long-time residents to gain perspective on land use and history of the ranch over the past 65 years.  Clipped sections of the aerial photos 
corresponding to stream and riparian reaches can be seen on the sheets that follow.  

Historical perspectives — beaver activity
• Coexistence with beaver activity has been a priority of ranch management since the 1940s, 

reflecting the value landowners place on the fish and wildlife habitat benefits they provide.
• 1953 aerials show a high level of beaver activity at that time, with beaver pond area likely 

exceeding the amounts we’ve measured since 1999.
• Beaver activity in 1983 appears to have been very low.  
• Concerns over beaver decline in the 1980s prompted ranch owners to relocate beavers to the 

ranch.  Beavers were released to the ranch in two separate efforts.  One brought beavers from the 
Arkansas basin and the other beavers from the Lower South Platte.  

Historical perspectives — land use
• Land use has been consistent since the 1950s, with low-intensity cattle grazing and about 40 acres 

of irrigated meadow used to cultivate hay.
• Primary land use since the 1940s has been as open space for the Twelvemile Fishing Club.
• Several home and cabin sites have been developed over the past 65 years, but the road network is 

largely unchanged.
• The three reservoirs on the property were built prior to 1953.
• The creeks and reservoirs are home to brook, brown, cutthroat, and rainbow trout, as well as 

native fish.  A history of the fishery and stocking could provide greater insight.
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Twelvemile Creek Reach 3 — 2017
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Twelvemile Ranch: Cave Creek Reach 2
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Twelvemile Ranch: Cave Creek Reach 1 (Most of this reach is not on Twelvemile Ranch)




