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BEAVER: RESTORATION LIAISON 

BETWEEN RIPARIAN & UPLAND 
SYSTEMS?



FORGIVE ME… I’M LOST

• I’m really just a fluvial 
geomorphologist….

• I study rivers… not forests



PURPOSE OF TALK

Share a different angle on restoring the west… and 
highlight the role a rodent can play in doing that…

Where exactly 
is that line?

Beaver Dam



ANOTHER EXAMPLE OF BLURRING BOUNDARIES

Beaver Dam

Aspen Forests

Skid Trails

100 m
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I. What Beaver Do

II. State of our Streams & 
Adjoining Uplands
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V. Take Aways…



A HABITAT GENERALIST, 
AND HIGHLY ADAPTABLE

• Lakes

• Rivers and streams

• Abandoned channels 
on floodplains

• Wetlands

Pierre Côtacute

California Academy of Sciences

Slide from John Stella



FROM BOREAL 
FORESTS….

http://www.for.gov.bc.ca/dfn

Fred Hirschmann—Science Faction/Getty Images 

Slide from John Stella



…TO DESERTS

http://www.rv-boondocking-the-good-
life.com/

Slide from John Stella



COMMON HABITAT INGREDIENTS:
WATER + TREES

• Northern tundra 
and treeline
range boundary: 
wood limitation

• Southern desert 
range boundary: 
perennial 
streamflow 
and/or wood 
limitation

Wood 
limitation

Water
and/or 
wood 

limitation

Slide from John Stella



WHAT DO BEAVER EAT?

• Spring/Summer: herbaceous 
plants, incl. aquatic and riparian 
forbs, grasses, grains and row 
crops

• Fall/Winter: tubers, bark and 
cambium of cached woody plants

• Woody plants comprise ~85% of 
winter diet; ~15% of summer diet 

Photo: C. Demers, SUNY-ESF



A CLASSIC ‘CENTRAL PLACE’ FORAGER

• Animals forage to maximize net 
energy intake per unit time 
(Schoener 1979)

• Because provisioning costs 
increase with distance, animals 
should forage more selectively 
farther from their central place 
(i.e., the lodge).

 Food quality;   Foraging time

Nicola Plowes, ASU

Dam

Lodge

Lodge



GENERAL FORAGE PREFERENCES
(BUT HIGH SYSTEM SPECIFICITY)

• Forage preferences depend 
on what is available
– Aspen, willow, cottonwood, 

and alder (Denny 1952)

• Preferred sizes: <10 cm 
diam. allows for multiple 
uses (Pinkowski 1983, Barnes and 
Mallik 1997, Haarberg & Rosell 2006, 
Raffel et al.  2009)

• Increase selectivity with 
increased distance from 
pond (Raffel et al 2009)

Photo: Josh Cousins



Non-preferred:  >10 cm

Opportunistic: <2 and 5-10 cm

Most-preferred:
2-5 cm stems

Harrison & Stella 2010

2-5 CM STEMS MOST PREFERRED 
(harvested farthest from the pond)



TREE BROWSING 
PROMOTES 
SHRUBBY 
GROWTH HABIT

Photos: Anna M. Harrison



BEAVER ARE LIKE ROTATIONAL CROP FARMERS

• They will selectively work an 
area hard for 2-3 years

• Then let it lay fallow and move 
upstream or downstream

1-3 Years of 
Regeneration

2008-2010

2011-2013



SO WHY DO THEY BUILD DAMS?



AQUATIC HABITAT IS CRITICAL TO THEIR 
SUCCESS

• Beaver more agile in 
water than on land; 
maximize time in the 
water

• Ponds provide cover from 
predators and foraging 
pathways

• Lodge includes 
underwater entrance, 
nest area above water

Photo by Anna M. Harrison

Slide from John Stella



DAMS & BUILDING 
MATERIALS

• Dams constructed of wood and available debris 
(e.g., plastic, metal)

• Created to impound 
water around lodge

• Dam location cued 
by running water

Photo by Anna M. Harrison

Slide from John Stella



DAM/POND COMPLEXES

• Multiple dams create safe 
transportation corridors to 
connect large ponds

• Dams complexes grow over 
time, allowing beaver more 
access to food sources

• Canals constructed to float 
materials in…

Photo: G.S. Haulton

Photo by Anna M. Harrison

Slide from John Stella



THE HABITAT THEY MAKE IS GOOD FOR 
OTHERS TOO!



PERCEIVED + IMPACTS OF DAM BUILDING

• Slow snowmelt runoff

• Create ponds, wetlands & critical 
habitat for fish, amphibians, 
small mammals, vegetation

• Increased groundwater 
recharge/ elevated water tables

• Dam complexes increase system 
roughness & resilience

• Increased LWD

• Change timing, delivery and 
storage or water, sediment and 
nutrients

Bird et al. 2011: 
http://www.wildearthguardians.org/site/DocServer/Beaver_and_Climate
_Change_Final.pdf?docID=3482

http://www.wildearthguardians.org/site/DocServer/Beaver_and_Climate_Change_Final.pdf?docID=3482


IN SOME PLACES… THEY ARE A NUISANCE

• In residential areas they can cause 
flooding…

• They often block culverts, which 
can flood roads

• They can chop down our 
ornamental landscape trees

• They can make a mess of irrigation 
diversions
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BIOLOGICAL CONDITION OF STREAMS IN WEST

• Over half of 
streams in west are 
in fair or poor 
condition

• 3.5 Million miles of 
streams and rivers

• 700K miles of 
wadeable, perennial

• 190K are in poor 
condition USEPA, 2006. Wadeable Streams Assessment, Office of Research & 

Development, Office of Water, United States Environmental Protection agency, 
Washington D.C., pp. 113.



IN UTAH… EVEN THOUGH A DRY STATE

• We have over 85,000 miles 
of rivers and streams 

– 81% (65,000 miles) are non-
perennial and/or ditches

– 16,000 miles are perennial

– 1980 estimate that 4,000 miles 
had suitable beaver habitat

• Historically… 

– Beaver were pervasive 
throughout this network

– Much greater proportion 
perennial



EVEN FOR NON-RIPARIAN SPECIES…

• Riparian areas 
associated with 
perennial streams are 
very important & 
intersect huge portions 
of their habitat

• Beaver maintain and 
expand these riparian 
areas!

• Many of these streams 
are degraded
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LETTING BEAVER 
DO RESTORATION 
NOT NEW!!!

• As early as 1930s, 
beaver used as 
conservation tool

• Logic is simple… just 
take nuisance beaver 
and relocate them 
where we want their 
ecosystem engineering 
expertise



POPULARITY GROWING RAPIDLY RECENTLY



INCISED STREAMS ARE UBIQUITOUS

• INCISED STREAMS ARE UBIQUITOUS IN WEST



THE INCISION-
AGGRADATION
CYCLE

Adapted from

Cluer and 

Thorne 2013

Figure from  Pollock et al. 
(Accepted) Bioscience



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

Figure from  Pollock et al. 
(Accepted) Bioscience



USING BEAVER TO RESTORE INCISED STREAMS

Figure from  Pollock et al. 
(Accepted) Bioscience



SO HELP ‘EM OUT… BUY THEM POSTS TIME



FOUR STRUCTURE TYPES



CAN BEAVER DAMS AGGRADE INCISED 
STREAMS TO THE POINT OF FLOODPLAIN 
RECONNECTION AND RECOVERY?

Joe Wheaton
Florie Consolati

Kenny DeMeurichy

Nick Bouwes

Michael Pollock

Chris Jordan

Carol Volk

Nick Webber



• Back to Utah, we 
have a lot of:

WE DON’T HAVE
A MAP OF INCISED 
STREAMS IN WEST



UDWR – BEAVER MANAGEMENT PLAN

• One of most progressive plans in US

• Specifically relies on beaver as a 
restoration tool
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WHERE COULD WE USE BEAVER?

• This is not a very useful 
map… →

• What about in my 
watershed, on my stream?



TRADITIONAL HABITAT SUITABILITY 
MODELS DON’T WORK FOR BEAVER 

• With sufficient water & food, 
beaver can survive almost 
everywhere - deserts to 
alpine meadows
– As such beaver defy traditional 

habitat suitability models. 

– Correlations between suitability 
& beaver occurrence tend to be 
weak or non-existent.  



DAM-BUILDING CAPACITY MODELING

• Beaver dams, not beaver 
themselves, provide the 
positive feedbacks we seek

• While beaver can survive in 
wide range of conditions, 
where they build dams is 
more limited

• Dam building activity varies 
dramatically according to 
flow regime & availability of 
dam building materials



BRAT – BEAVER RESTORATION ASSESSMENT TOOL

http://brat.joewheaton.org

http://brat.joewheaton.org/


LINES OF EVIDENCE TO ESTIMATE BEAVER DAM 
DENSITIES AT FULL CAPACITY 

• Evidence of a perennial water source

• Evidence of riparian vegetation to support dam 
building activity

• Evidence of adjacent vegetation (on 
riparian/upland fringe) that could support 
expansion and establishment of larger colonies

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

• Evidence that a beaver dam is likely to withstand 
typical floods



TEST-BEDS

• Escalante Watershed, Utah*

• Logan River Watershed, 
Utah*

• Greater Yellowstone 
Ecosystem, Wyoming

• Park City, UT

• Lower John Day Watershed, 
Oregon

• Deschutes Watershed, 
Oregon

Figure Wheaton & 
MacFarlane (In Review)



WORKFLOW 

• Get LANDFIRE

• Classify it

• Clip it to streamside 
and riparian/upland 
buffers

• Run it through fuzzy 
inference system

– Takes inputs and 
estimates the maximum 
dam density that can be 
supported based on this

Figure Wheaton & 
MacFarlane (In Review)



COMBINED

1. Veg FIS

2. Baseflow (can 
they build a 
dam?)

3. 2 Year Flood 
(does dam blow 
out)

= Resulting Capacity

Figure from Wheaton & 
MacFarlane (In Review)



WE USE FUZZY INFERENCE SYSTEMS

• Allow 
computing with 
words…

• Explicitly 
represent 
uncertainty due 
to ambiguity

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

R
U
LE
S

INPUTS

Table from Wheaton & 
MacFarlane (In Review)



VERIFICATION

What you look for…

• No beaver dams where 
None predicted

• Low densities in 
‘occasional’ zones

• Stable long-term dam 
complexes in ‘frequent’ 
or ‘pervasive’

• High quality 
(‘frequent’/’pervasive’) 
areas as likely 
locations of new 
colonies

Figure from Wheaton & 
MacFarlane (In Review)



LOGAN-BLACKSMITH VALIDATION



LOGAN-BLACKSMITH VALIDATION

• Actually… 95 more 
dams….

BRAT Segment 

Type:

Stream Length 

(km)

Percentage of 

Drainage Network

Surveyed 

Dams

BRAT Estimated 

Capacity 
(Number of Dams)

Average Surveyed 

Dam Dens ity 
(dams per km )

Average BRAT 

Predicted Capacity 
(dams /km )

Percent of 

Modeled 

Capacity

Electivi ty 

Index

None 43.4 12% 2 0 0.0 0.0 0.0% 0.0

Occasional 215.8 62% 265 573 1.2 2.7 46.2% 0.8

Frequent 68.1 20% 174 850 2.6 12.5 20.5% 1.7

Pervasive 20.9 6% 91 580 4.4 27.7 15.7% 2.8

Total 348.2 532 2003 1.5 5.8 26.6%



NEXT STEPS… RESTORATION POTENTIAL

• Classify the drainage network in terms of ‘where 
could they be’:

– Low-hanging fruit streams

– Quick return streams

– Long-term possibility streams

– Unsuitable, Naturally Limited Streams

– Unsuitable, Anthropogenically Limited Streams



LIMITING FACTORS AFFECTING CAPACITY

• Overgrazing of riparian 
zone

• Trapping or predation 

• Roads/development

• Timber harvesting

• Natural disturbance 
(flooding, fire)



Fuzzy Model Based 
on:
• Slope
• Distance from 

Water
• Vegetation





WHAT WE ARE DOING WITH UDWR…

• Finish decision support elements of BRAT in 
bespoke manner for UDWR

• Take whole state & run BRAT
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TAKE AWAYs

• Dam building activity of benefit 
not just to aquatic and riparian 
species, but upland species too

• Beaver are a disturbance agent 
– sometimes disturbance is key 
ingredient for process-based 
restoration

• The wadeable streams beaver 
can impact intersect many of 
systems you are trying to 
restore

• BRAT mapping can help building 
realistic expectations 

© Cadel Wheaton

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

http://beaver.joewheaton.org/


MAIN PARTNERS… OTHER THAN RODENTS

Nick Bouwes Michael Pollock   Chris Jordan 

Wally MacFarlane

Nate Hough-Snee
Ryan Lokteff

Martha Jensen

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

http://beaver.joewheaton.org/

