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SEMINAR NEXT WEDNESDAY

• Feb 15: 12:30 PM in NR105
• Kendrick Hafen, Water Rights Attorney (Konrad’s 

Dad)
• Talk: “Utah’s Water Regulatory Agencies in the 

Context of the Hydrologic Cycle”



Joe Wheaton
Nick Bouwes

RESTORATION ALTERNATIVES 
WITH BEAVER

© Cadel Wheaton



IN UTAH…

• We have over 85,000 
miles of rivers and 
streams 
– 81% (65,000 miles) 

are non-perennial
– 16,000 miles perennial

• Historically… 
– Beaver were 

everywhere
• Today…

– At least 43% of 
streams are impaired

http://ofmpub.epa.gov/waters10/attains_state.control?p_state=UT


WHY ALWAYS TONKA TOYS?



DYNAMIC STREAMS = HEALTHY ECOSYSTEMS

• To keep varied habitat, we need dynamic streams
• Yet, we’re not very good at restoring dynamism



WHAT IS BROKEN (RIVERSCAPE-CENTRIC)?
• Hydrology

– Flooding
– Water timing /water 

storage
• Floodplain loss/ 

disconnection
• Incised Channels

• Riparian degradation
• Wetland 

loss/degradation

• Impaired Water Quality
• Degraded Habitat

– Homogenized habitats
– Aquatic (in channel, 

fish)
– Riparian (birds, wildlife)
– Upland (game, 

livestock, wildlife 
forage)

• Threatened & 
Endangered Species



WHAT ABOUT SAGE GROUSE?
• Restoring beaver, could 

restore riparian zones, that 
could act as important 
brood rearing habitat

• Fringe between sage brush 
and riparian is critical 

• Kent Sorenson (UDWR)
• Nate Hough-Snee (USU)



WHAT ABOUT PJ – JUNIPER REMOVAL?
• Many upland restoration 

efforts focused on removing 
PJ

• Can we use the juniper 
for posts or fill material?

Mike Kuhns & Darren McAvoy



WHAT ABOUT ASPEN REGENERATION?
• Healthy aspen need disturbance

– Can be fire, can be coppicing, can be disease or…. 



WHAT ABOUT DECLINING SNOWPACK?
• Could we get enough beaver dams back on 

landscape to mitigate this?

• We desperately need research to 
better quantify hydrologic 
impacts of beaver dams and 
how they scale up



EXAMPLE KEY MESSAGES FOR SOUTHWEST

• Reduced 
Snowpack and 
Streamflows

• Increased 
Wildfire

• Larger 
Peakflows

Melillo et al. (2014) DOI: 10.7930/J0Z31WJ2 
http://nca2014.globalchange.gov/

http://nca2014.globalchange.gov/


NOT RIGHT

• The new ‘normal’



BEAVER & CLIMATE CHANGE
• They’ve weathered many 

ups and downs in climate
• They were pushed to brink 

of extinction and 
extirpated and came back

• Their systems have been 
shown to mitigate impacts 
of droughts

• They’ve been shown to 
maintain wetlands through 
droughts



ADAPTATION INCREASINGLY EMPHASIZED

Melillo et al. (2014)
http://nca2014.globalchange.gov/

DOI: 10.7930/J0Z31WJ2 

http://nca2014.globalchange.gov/


POPULARITY GROWING RAPIDLY RECENTLY



ITS NOT NEW

• The example involving 
this rodent is not new…



ACTUALLY WORKED WELL
• Fall 1948, 76 live nuisance beaver from McCall 

parachuted with only one casualty (Heter, 1950)
• Cost per beaver transplant:< $16/beaver

http://boisestatepublicradio.org/post/parachuting-beavers-idahos-wilderness-yes-it-really-happened


BEAVER RESTORATION TOOLBOX
• Prepared by Kirk Malcom @ 

USFS
• Annotated Bibliography and 

links 

Available from: 
http://www.martinezbeavers.org/wordpress/wp-
content/uploads/2013/10/Beaver-Restoration-Toolbox-
Karl-Malcolm-2013.pdf

http://www.martinezbeavers.org/wordpress/wp-content/uploads/2013/10/Beaver-Restoration-Toolbox-Karl-Malcolm-2013.pdf
http://www.martinezbeavers.org/wordpress/wp-content/uploads/2013/10/Beaver-Restoration-Toolbox-Karl-Malcolm-2013.pdf


BEAVER RESTORATION ACROSS BOUNDARIES
• Prepared by Rachelle 

Haddock
• Miistakis Institute
• Synthesis of lessons 

learnt & interviews on 
Beaver Restoration in 
Western States & use as 
a climate change 
adaptation strategy

Available from: 
http://www.rockies.ca/project_info/Beaver%20Re
storation%20Across%20Boundaries_Mar_26_201
5.pdf

http://www.rockies.ca/project_info/Beaver%20Restoration%20Across%20Boundaries_Mar_26_2015.pdf
http://www.rockies.ca/project_info/Beaver%20Restoration%20Across%20Boundaries_Mar_26_2015.pdf


BEAVER: DRIVER OF  THE RIVER DISCONTINUUM



THE BEAVER RESTORATION GUIDEBOOK

http://www.fws.gov/oregonfwo/ToolsForLandowners/RiverScience/Beaver.asp
https://www.researchgate.net/publication/261215514_Using_Beaver_Dams_to_Restore_Incised_Stream_Ecosystems


AT LEAST 6 TYPES OF ‘BEAVER’ 
RESTORATION

1. ‘Allow’ beaver to stay & promote/protect them (i.e. 
living with beaver / conservation)

2. Accidental Beaver Restoration
3. Transplant beaver from one area to an area where they 

are not currently & let them have at it
4. Riparian restoration & land use changes followed by 

transplanting beaver
5. In areas where beaver alone are not enough, help out 

with beaver dam analogues (BDAs), then hope beaver 
take over maintenance

6. Mimic beaver dam impacts with BDAs and artificially 
maintain…



RESTORATION & CONSERVATION WITH BEAVER

I. Underlying Principles
II. Various Alternatives

I. Conservation / Promotion
II. Accidental Restoration
III. Transplant to area that with suitable capacity
IV. Restore riparian -> Followed by Transplant
V. Help beaver out – Beaver Dam Analogues
VI. Mimic Beaver….

III. Call for Adaptations to Recipes
IV. Take Aways



FIND AN AREA 
IN GOOD SHAPE

Wrap it up and put a 
bow on it…
What to look for…
• Area with moderate to 

high densities of dams 
& high capacity to 
support ‘rotations’

• Keep eye on 
conservation measures 
to sustain:
– Grazing management
– Harvest 

management/protection 



LOOKS GOOD…. BUT…
• Part of this is the result of 

a grazing exclosure in 2005
• &  permitee is still grazing



RESTORATION & CONSERVATION WITH BEAVER

I. Underlying Principles
II. Various Alternatives

I. Conservation / Promotion
II. Accidental Restoration
III. Transplant to area that with suitable capacity
IV. Restore riparian -> Followed by Transplant
V. Help beaver out – Beaver Dam Analogues
VI. Mimic Beaver….

III. Call for Adaptations to Recipes
IV. Take Aways



CURTIS CREEK
• Stream was restored in 2004ish using a 

Rosgen Restoration…
• Beaver came along and made it better…



CURTIS CREEK – DELIBERATE VS. 
ACCIDENTAL RESTORATION

From: Majerova et al (In Review): Submitted to 
Ecohydrlogy: DOI: 10.5194/hessd-12-839-2015

http://dx.doi.org/10.5194/hessd-12-839-2015


From: Majerova et al (In Revision): Submitted to 
Ecohydrlogy



SUMMER CHANGES IN FLOW & TEMP

Majerova, M, Neilson, BT, Schmadel, NM, Wheaton, JM and Snow, CJ, 2015. Impacts of 
beaver dams on hydrologic and temperature regimes in a mountain stream. Hydrol. Earth 
Syst. Sci., 19(8): 3541-3556. DOI: 10.5194/hess-19-3541-2015.

http://dx.doi.org/10.5194/hess-19-3541-2015


RESTORATION & CONSERVATION WITH BEAVER

I. Underlying Principles
II. Various Alternatives

I. Conservation / Promotion
II. Accidental Restoration
III.Transplant to area that with suitable capacity
IV. Restore riparian -> Followed by Transplant
V. Help beaver out – Beaver Dam Analogues
VI. Mimic Beaver….

III. Call for Adaptations to Recipes
IV. Take Aways



A FIRST CUT

• Focus on areas 
deemed ‘suitable’ 
for restoration

• How much effort?



WHERE TO PLACE?

• Tailor short term 
expectations to existing 
capacity

• Consider long term 
potential capacity with 
historic capacity and 
riparian recovery 
potential

• Don’t overseed beaver 
relative to capacity…



TRANSLOCATION 
• Find a source population of 

nuisance beaver OR area with 
ample population…

• Relocate to areas with no or 
limited population & high capacity

Kent Sorenson 
(UDWR)

Nuisance beavers being translocated from Henry’s Fork to High Unitah’s (Courtesy of Sorenson)



SOME EVEN BUILD LODGES FOR BEAVER
• Building a starter lodge for 

translocated beaver to settle into 
their new surroundings can increase 
the chances they do work where you 
want them to

Photo courtesy of William Meyer (WDFW)

http://wdfw.wa.gov/living/beavers
.html#preventingconflicts

http://wdfw.wa.gov/living/beavers.html#preventingconflicts


RESTORATION & CONSERVATION WITH BEAVER

I. Underlying Principles
II. Various Alternatives

I. Conservation / Promotion
II. Accidental Restoration
III. Transplant to area that with suitable capacity
IV. Restore riparian -> Followed by Transplant
V. Help beaver out – Beaver Dam Analogues
VI. Mimic Beaver….

III. Call for Adaptations to Recipes
IV. Take Aways



IS THIS GOOD BEAVER HABITAT?



BDAs MAY BE USED PRIOR TO BEAVER 
TO PROMOTE RIPARIAN RECOVERY



RESOURCES AVAILABLE NOW



RESTORATION & CONSERVATION WITH BEAVER

I. Underlying Principles
II. Various Alternatives

I. Conservation / Promotion
II. Accidental Restoration
III. Transplant to area that with suitable capacity
IV. Restore riparian -> Followed by Transplant
V. Help beaver out – Beaver Dam Analogues
VI. Mimic Beaver….

III. Call for Adaptations to Recipes
IV. Take Aways



(5) e.g. INCISED STREAMS ARE UBIQUITOUS



USING BEAVER TO RESTORE INCISED STREAMS

Figure from  Pollock et al. 
(Accepted) Bioscience



THE INCISION-
AGGRADATION
CYCLE

Figure from  Pollock et al. (2014) 
Bioscience. DOI: 10.1093/biosci/biu036



THE INCISION-
AGGRADATION
CYCLE WITH 
BEAVER DAMS & 
BEAVER DAM 
ANALOGUES

Figure from  Pollock et al. 
(Accepted) Bioscience



RESTORATION & CONSERVATION WITH BEAVER

I. Review
II. Underlying Principles
III. Various Alternatives

I. Conservation / Promotion
II. Accidental Restoration
III. Transplant to area that with suitable capacity
IV. Restore riparian -> Followed by Transplant
V. Help beaver out – Beaver Dam Analogues
VI. Mimic Beaver….

IV. Call for Adaptations to Recipes
V. Take Aways



SAME AS BDAs, BUT W/O BEAVER

• Key difference 
is who does 
maintenance

• Resist 
tendency to 
over engineer

• Porosity is 
everything…. 
Think about 
what you want



TAKE AWAYs
• Variety of approaches to ‘use’, 

‘partner with’, or ‘mimic’ beaver 
as restoration and conservation 
tool

• DON’T apply blanket, uniform 
approach across landscape

• Tailor solutions and adapt to 
local constraints/ opportunities

• Results are promising… but not 
full proof

© Cadel Wheaton

For more information, visit: 
http://beaver.joewheaton.org

http://beaver.joewheaton.org/


Joe Wheaton

UTAH’S BEAVER MANAGEMENT PLAN

© Cadel Wheaton



UDWR – BEAVER MANAGEMENT PLAN

• One of most progressive plans in US
• Specifically relies on beaver as a 

restoration tool



UDWR BEAVER MANAGEMENT PLAN

• Awareness of non-traditional options is 
already increasing…

• Non-lethal options are being used 
throughout state



TRANSLOCATION 
• In Utah, translocation is 

already allowed under 
UDWR’s Beaver 
Management Plan

Kent Sorenson 
(UDWR)

Nuisance beavers being translocated from Henry’s Fork to High Unitah’s (Courtesy of Sorenson)



UDWR BEAVER MANAGEMENT PLAN

• Citizen Science can be used to help 
with Outreach & Education 
Objective 1

• Plus, data can help with Population 
Management



BEAVER MONITORING APP!

• Simple enough 2nd

graders can use it
• Sophisticated 

enough that 
researchers get 
useful data streams

• Going to launch 
statewide 
monitoring 
campaign with USU
Extension & DWR



EVEN SECOND GRADERS GET IT
• They use the App
• They build their own 

dams in beaver side 
channels

• They learn how beaver 
modify the landscape

http://extension.usu.edu/waterquality/htm/citizen_monitoring/uww


WHAT WE DID & WHAT WE WANT TO DO

• Ran BRAT for whole state
• Refine decision support elements in BRAT in 

bespoke manner for UDWR



WHAT SORNO & US ARE DOING…

• Two WRI proposed 
projects in Box 
Elder County:
– One is in year 2 –

Basin Creek
– The other is a new 

one in Grouse 
Creek

• Monitoring 
responses & setting 
up as showcase



TWO REPORTS UDWR PAID FOR…

• Both available at: http://brat.joewheaton.org



OUR RECOMMENDATIONS

• Population Management
– Extend Google Earth dam census statewide
– Use beaver monitoring app to track populations
– Replace the ‘baseline map with BRAT outpus

• Harvest Management
– Use BRAT to encourage growth of beaver populations 

in areas with low conflict potential and high capacity
– Balance needs of beaver as fur-bearer and 

recreational resource vs. restoration agent 
– More research needed to ascertain what defines a 

‘sustainable harvest’



OUR RECOMMENDATIONS

• Damage Management
– Adopt a standard response by developing an 

‘Adaptive Beaver Management Plan’
• Statewide Beaver Transplant List

– Update the transplant list and decision support 
elements of BRAT to use ‘Low Hanging Fruit 
Restoration Zone’ and ‘Quick Return Restoration Zone’ 
as candidate streams for transplanting

– Make regional prioritization/ranking more transparent 
or remove



OUR RECOMMENDATIONS

• Watershed Restoration
– Use BRAT to help scope and initially identify ‘suitable 

habitat’ for watershed restoration by beaver
• Live Trapping Protocol

– Implement the COR program to certify trappers
– Develop a simple App & web-reporting system for 

tracking translocation activities
– Replace habitat assessment section with BRAT and its 

logic
– Language surrounding ‘source population 

considerations’ is unnecessarily restrictive



TAKE AWAYs
• Utah is far better positioned 

then many western states with 
its Beaver Management Plan to 
take advantage of beaver as a 
restoration tool

• Some major progress towards 
plan goals has been made

• Some practical hurdles to 
implementing policy exist

• Straight-forward solutions to 
overcome hurdles being 
considered 

© Cadel Wheaton



HOMEOWRK QUESTIONS:
BRAT – BEAVER RESTORATION 
ASSESSMENT TOOL

HOMEWORK
Running BRAT in Matlab



BRAT OUTPUTS IN A NUTSHELL
• Existing & Historic Capacities → Potential Conflict → Management



DAM DENSITY OUTPUT CATEGORIES: 

• None – 0 dams: segments deemed not capable of supporting 
dam building activity

• Rare – 1 dam/km: segments barely capable of supporting 
dam building activity; likely used by dispersing beaver

• Occasional – 2-4 dams/km: segments that are not ideal, but 
can support an occasional dam or even a small colony 

• Frequent – 5-15 dams/km: segments that can support 
multiple colonies and dam complexes, but may be slightly 
resource limited

• Pervasive – 16-40 dams/km: segments that can support 
extensive dam complexes and many colonies



BRAT – THE 
INPUTS…
• Can all be run from 

freely available, 
nationally available 
datasets

• Could be run for 
entire US or logic 
applied locally

• Makes a prediction 
at 250 m long 
reaches 



• d

CACHE VALLEY – HISTORIC VS. EXISTING

• 11,038 historic capacity  vs. 7,402 existing capacity



LOOKING CLOSER AT OUTPUT
• Logan & Blacksmith Fork River

– Max Capacity: 7402 dams
– Currently 1313 dams
– Current average of 1.8 dams/km
– Current capacity of 10.1 dams/km
– Only 18% of Existing Capacity & 12% of Historic

Length of 
Stream

Existing Capacity 
(Density)

Historic Capacity 
(density)

Existing 
Capacity

Historic 
Capacity

Existing 
Count

Existing Dam 
Density

% of Existing 
Capacity

% of Historic 
Capacity

iGeoLength oCC_EX oCC_PT mCC_EX_Ct m_CC_PT_CT e_DamCT

km Total Dams Total Dams Total Dams
Actual Dam 

Density % %

Logan River HUC8 731 10.1 15.1 7,402            11,038          1,313            1.8 18% 12%
∟Logan River HUC10 211 10.2 15.4 2,146            3,255            449               2.1 21% 14%
     ∟ Temple Fork HUC12 14 7.7 11.3 108               158               42                  3.0 39% 27%
     ∟ Beaver Creek HUC12 25 11.2 16.2 281               405               142               5.7 51% 35%
     ∟ Right Hand Fork HUC12 14 7.7 11.3 108               158               42                  3.0 39% 27%
     ∟ Franklin Basin HUC12 32.7 15.5 17.7 506               578               138               4.2 27% 24%
     ∟ Red Banks Logan HUC12 43.2 11.3 13.8 488               596               58                  1.3 12% 10%
∟ Blacksmith Fork HUC 10 205 9.6 13.8 1,968            2,827            437               2.1 22% 15%
    ∟Curtis Creek HUC12 13.5 8.2 13.8 111               186               16                  1.2 14% 9%
    ∟ Rock Creek HUC12 26.4 10.3 14.7 272               388               58                  2.2 21% 15%
City Logan 59 9.0 20.2 533               1,192            4                    0.1 1% 0%

Average Dam Density  (Dams/Km)



HOW ABOUT A LITTLE WATERSHED?

• 186 historic capacity  vs. 111 existing capacity
• 11.3 dams/km historic vs. 7.7 dams/km currently



MORE FOCUSED
VALIDATION…
• Encouraging…
• No dams where 

there shouldn’t be
• Higher densities in 

places that are
• Even some events 

that make sense



PERENNIAL STREAM 
& VEGETATION FIS



MEMBERSHIP FUNCTIONS (*.FIS)

• Simple ascii text file
• Computing w/ words



THE RULE TABLE…
OUTPUT

IF Suitabil ity of Streamside 
Vegetation

Suitabil ity of  
Riparian/Upland 

Vegetation

Dam Density 
Capacity

1 Unsuitable & Unsuitable , then None
2 Barely Suitable & Unsuitable , then Occasional
3 Moderately Suitable & Unsuitable , then Occasional
4 Suitable & Unsuitable , then Occasional
5 Preferred & Unsuitable , then Frequent
6 Unsuitable & Barely Suitable , then Occasional
7 Barely Suitable & Barely Suitable , then Occasional
8 Moderately Suitable & Barely Suitable , then Occasional
9 Suitable & Barely Suitable , then Frequent
10 Preferred & Barely Suitable , then Frequent
11 Unsuitable & Moderately Suitable , then Occasional
12 Barely Suitable & Moderately Suitable , then Occasional
13 Moderately Suitable & Moderately Suitable , then Frequent
14 Suitable & Moderately Suitable , then Frequent
15 Preferred & Moderately Suitable , then Frequent
16 Unsuitable & Suitable , then Occasional
17 Barely Suitable & Suitable , then Occasional
18 Moderately Suitable & Suitable , then Frequent
19 Suitable & Suitable , then Frequent
20 Preferred & Suitable , then Frequent
21 Unsuitable & Preferred , then Occasional
22 Barely Suitable & Preferred , then Frequent
23 Moderately Suitable & Preferred , then Frequent
24 Suitable & Preferred , then Pervasive
25 Preferred & Preferred , then Pervasive

INPUTS

RU
LE

S



VEG MODEL…

1. LANDFIRE 
Vegetation

2. Classify in terms 
of suitability for 
dam building

3. Clip down to 30 
m and 100 m 
stream buffers

4. Run FIS Model to 
transfer raster to 
vector…



RUNNING BRAT IN MATLAB PLAN

I. Understanding both FIS
I. Vegetation Model
II. Combined FIS

II. Running FIS one row at a time
I. Vegetation Model
II. Combined FIS

III. Running whole thing…
IV. Getting it back in GIS



PERENNIAL STREAM 
VEGETATION & STREAM 
POWER FIS



RULE TABLE…
OUTPUT

IF
Vegetative Dam Density 

Capacity (FIS) Baseflow Stream Power
2 Year Flood Stream 

Power
Dam Density 

Capacity
1 None & - & - , then None
2 - & Cannot Build Dam & - , then None
3 Occasional & Can Build Dam & Dam Persists , then Occasional
4 Frequent & Can Build Dam & Dam Persists , then Frequent
5 Pervasive & Can Build Dam & Dam Persists , then Pervasive
6 Occasional & Can Build Dam & Occasional Breach , then Occasional
7 Frequent & Can Build Dam & Occasional Breach , then Frequent
8 Pervasive & Can Build Dam & Occasional Breach , then Frequent
9 Occasional & Can Build Dam & Occasional Blowout , then Occasional
10 Frequent & Can Build Dam & Occasional Blowout , then Occasional
11 Pervasive & Can Build Dam & Occasional Blowout , then Frequent
12 Occasional & Can Build Dam & Blowout , then Occasional
13 Frequent & Can Build Dam & Blowout , then Occasional
14 Pervasive & Can Build Dam & Blowout , then Occasional
15 Occasional & Can Probably Build Dam & Occasional Breach , then Occasional
16 Frequent & Can Probably Build Dam & Occasional Breach , then Frequent
17 Pervasive & Can Probably Build Dam & Occasional Breach , then Frequent
18 Occasional & Can Probably Build Dam & Occasional Blowout , then Occasional
19 Frequent & Can Probably Build Dam & Occasional Blowout , then Occasional
20 Pervasive & Can Probably Build Dam & Occasional Blowout , then Frequent
21 Occasional & Can Probably Build Dam & Blowout , then Occasional
22 Frequent & Can Probably Build Dam & Blowout , then Occasional
23 Pervasive & Can Probably Build Dam & Blowout , then Occasional

RU
LE

S

INPUTS



COMBINED
1. Veg FIS
2. Baseflow (can 

they build a 
dam?)

3. 2 Year Flood 
(does dam blow 
out)

= Resulting Capacity
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