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1.0 INTRODUCTION 
Although no formal beaver population estimate exists, there have been an increasing 
number of inquiries to King County Water and Land Resources Division regarding beaver-
related activities over the past decade. There has also been an increasing concern among 
jurisdictions and agencies regarding the impacts of beavers on human activities and water-
related infrastructure. With a reduction in recreational beaver harvest (trapping) since the 
laws around body-gripping traps changed in 2001, and with an increase in stream and 
riparian restoration projects in the region, it is assumed beaver populations will continue 
to increase. Removing beavers via trapping or other means is a temporary solution as long 
as a food source remains present, because more beavers will move back into the area 
eventually, anywhere from a few days to several months later.  
 
Beaver activity may conflict with human interests in some locations, but beaver 
populations provide many ecological benefits. Increases in both beaver and human 
populations suggest that there is growing need to find ways to co-exist with them, that is, to 
have beaver populations present while maintaining human use and functionality of an area. 
 
Beginning in 2017, King County began a beaver management and planning program with a 
dual purpose: (1) to help ensure King County staff who regularly deal with complaints and 
other beaver-related issues do so in a consistent manner and with the same set of science-
based solutions, and have those tools be the most effective, and (2) to go beyond the 
current best available science and forge new solutions to apparent problems, so that 
humans and beavers can exist to the benefit of both people and the environment. 
 
This literature review on available beaver management techniques is part of a series of 
technical papers being produced by the Science and Technical Support Section of King 
County Water and Land Resources Division. It provides an overview of the tools and 
techniques that have been used to address beaver impacts. It forms part of the scientific 
foundation that will help guide decisions in addressing beaver related issues faced by King 
County staff. The primary audience is King County staff, and much of the document is 
written with that audience in mind – that is, usefulness to technical County staff. This paper 
will likely also be useful to other local government agencies, non-profits, Tribes, and 
individual landowners in their efforts to manage beaver-human interactions as well. Other 
summaries of beaver management tools have been written, but this one presents the 
original literature on each of the topics in order to reduce any chances for 
misinterpretation of findings.  
 
This paper is the first technical product to be produced by King County’s beaver 
management program. In the first few years of the program, it is anticipated that the 
following technical products will be produced, made available, and published online: 

• Beaver Management Technical Paper #1, Beaver Management Tools Literature 
Review (December 2017, this paper), and accompanying materials: 

o Summary matrix with permit and general cost information 
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o Common Management Questions – primary purpose is to answer common 
questions of land owners and land managers when beaver issues arise 

o Decision flow chart – What to do when a problem arises 
• Beaver Management Technical Paper #2, Summary of Current Regulations, Policies, 

and Procedures Relevant to Beaver Management (“Technical Paper #2”) 
• Beaver Management Technical Paper #3, Beaver Life History and Impacts Literature 

Review (“Technical Paper #3”), and accompanying materials: 
o Life history summary with most important points to support beaver 

management decisions 
o Common Beaver Ecology Questions – primary purpose is to answer 

questions about beavers and impacts of beavers 
• Beaver Management Technical Paper #4, Beaver Habitat Suitability Literature 

Review (“Technical Paper #4”) 
• Beaver Management Case Studies – examples of beaver management in different 

types of situations in King County 
• Beaver and Beaver Management Terminology Glossary 

 
All of these papers and information sheets are necessarily “living” documents – they are 
produced to aid in the management of beavers as well as facilitate the development of new, 
innovative solutions. As new information becomes available, these documents will be 
updated accordingly. 
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2.0 MANAGEMENT TOOLS 
Beaver management solutions and tools range from passive to very active, from free to 
expensive, and from effective to untested. The suite of currently extant tools is described in 
this technical paper with original literature citations as well as examples from King County 
when applicable. Also included are potential studies to advance our knowledge and 
therefore potentially increase the size and effectiveness of the tool box.  
 
This literature review is intended to be the technical foundation for decisions made by King 
County staff in beaver management. Accompanying this literature review is a matrix 
summary of the tools included in this literature review (what tools are appropriate when) 
plus information on permit requirements and costs associated with the tools. Other 
accompanying materials include a sheet on “Common Beaver Management Questions” and 
a decision flow chart for what to do when a beaver problem arises. 

2.1 Acceptance 
One technique that Newbill and Parkhurst (2009) lists for controlling beavers is 
“tolerance.” The idea is simply to appreciate the beavers for all the benefits they provide, 
and leave them alone if they are not causing problems. As “tolerance” has begrudging 
connotations (suggesting that beaver activity is a nuisance or negative for the ecosystem), 
active acceptance may be a better term. If beavers are not causing flooding or cutting down 
highly valued trees, then there is no immediate reason to take action, and modification of 
their existing dams in this situation may have unintended consequences. Acceptance may 
be thought of as the no-action alternative. If beavers are causing flooding of personal 
property or infrastructure, part of acceptance is understanding that beavers will likely 
remain a part of the landscape, and solutions to living with them must be found. Many of 
the potential solutions – the management tools – for addressing various beaver impacts 
comprise the remainder of this chapter. 

2.2 Tree protection 
Beavers are experts at removing trees and other vegetation, which they use as a food 
source and for dam and lodge building materials. They remove trees, shrubs, and other 
vegetation close to their ponds, and because so many restoration projects involve planting 
trees and shrubs near water, they are often removing vegetation that King County intended 
to serve other purposes (stream shading, for example). Private landowners may face 
similar problems when beavers move into an area and begin taking out valuable 
ornamental, legacy, and fruit trees. This section examines different ways to protect 
vegetation from beavers. 

2.2.1 Barriers (Terrestrial Exclusionary Fencing)  
Barriers protect individual trees or groups of trees by using fencing or other materials to 
prevent beavers from foraging and dam building materials. Individual plants may be 
wrapped using light gauge wire mesh (chicken wire), and larger vegetated areas can be 
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isolated from beavers using metal fence posts supporting galvanized wire mesh (Figure 1). 
King County staff have had varying levels of success with fencing. The most common 
problem occurs when beavers tunnel under area fencing and damage trees in the 
enclosure. 
 

 
Figure 1. Lower Stensland Creek terrestrial exclusionary fencing: area fencing (L), individual 

fencing (R). 
 
Different barrier strategies can be employed depending on the age group of the trees – 
whether the trees are large trees versus newly planted. For young or narrow-diameter 
trees (e.g., 2-3” diameter), corrugated plastic drainpipe can be cut down the long axis and 
attached around the base of the trunks (Washington Department of Fish and Wildlife, 
WDFW 2004). If the trees will be exposed to full sun, wider diameter pipe or pipe with 
holes may prevent potential overheating problems associated with dark-colored pipe. This 
method is effective for a few years only, as the pipes around trees will require eventual 
removal as the trees grow. Pipe removal or replacement would also need to be accounted 
for in maintenance costs. 
 
Fenwick (2003) provides guidance on protecting individual trees: “Individual trees can be 
protected by constructing an exclosure of heavy wire mesh, hardware cloth, or galvanized 
metal around the bottom 1 meter (3.3 ft) of the tree. A few stakes or rocks should be used 
to anchor the bottom of the exclosure to the ground so that beavers cannot push it over or 
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squeeze underneath, which can be a common problem. The ends of the material should be 
fastened together1 rather than nailed to the tree. Leave a few inches of room between the 
protective material and the trunk to allow for tree growth if the structure is to remain in 
place for several seasons.” Wisconsin Bureau of Wildlife Management (2005) suggests that 
mesh size should be less than 1 inch in order to be effective. This method is suitable for 
areas with sparsely planted trees but is not appropriate for high-density planting sites such 
as restoration plantings, which may have 1500-4500 trees per acre. 
 
Beavers: Wetlands and Wildlife2 offers directions on construction of cylindrical cages to 
use for protecting individual trees. They suggest making cages out of sturdy 2 x 4 inch 
welded wire fencing, about 4 ft (1.2 m) high. In areas without snow, such as King County, 
3 ft (0.9 m) is adequate. The trunk should be encircled with a space of 6 inches or more 
between the tree and the fence. Maintenance will be required to ensure the tree is not 
becoming girdled. Every other horizontal wire may be cut to leave a long prong that may be 
bent into hooks to attach with the other end. Cages should be anchored to the ground with 
stakes. 
 
Small groups of trees may be surrounded with 3-foot high barriers made of galvanized, 
welded wire fencing or other sturdy material (chicken wire should be avoided, as it is not 
sturdy enough). The fencing should be staked to prevent beavers from pushing them to the 
side or entering from underneath. An electric fence with two hot wires suspended 8 and 12 
inches (20 and 30 cm) off the ground is also effective at protecting groups of plants (WDFW 
2004). However, electric fence is not suitable for use on public lands, because members of 
the public may accidentally be shocked. 
 
Large areas of vegetation may be protected by installing 4-foot high field fencing (WDFW 
2004). Field fencing is a galvanized steel, woven wire fencing that may be purchased in 
rolls. The bottom of the fence should be kept flush to the ground to prevent beavers from 
entering underneath. Alternatively, an 18-inch (46 cm) wide skirt could be installed on the 
beaver side of the fence (WDFW 2004). 
 
Another idea from a King County landowner is to put fence along long sections of pond 
shoreline. The idea is the beavers do not want to walk all the way around the fence. And to 
keep them from digging beneath the fence, two different options were suggested: (1) bury 
the fence, though that would be extremely time and labor intensive, or (2) simply angle the 
bottom of the fence in an L-shape, with the bottom pointing in the direction of the pond. 
Even though it seems beavers could dig under option 2, landowners have reported that 
beavers have not. 
 
Finally, outfitting fences with noise-makers such as cans with rocks inside has proven 
successful by King County Parks staff (Pers. Comm., Don Harig, King County Parks).  

                                                        
1 Fenwick (2003) did not specify what material to use to fasten the ends of the mesh together. Because 
beavers can chew through plastic, metal fasteners such as wire or hog rings are recommended. 
2 http://www.beaversww.org/; Beavers: Wetlands & Wildlife is a tax-exempt educational nonprofit based out 
of New York State with members in the U.S., Canada and overseas. 

http://www.beaversww.org/
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2.2.2 Plant Species Selection 
The purpose of selecting plant species less preferred by beavers is to prevent or minimize 
beaver damage and deter beavers from using installed vegetation for dam construction. 
Beavers generally prefer willow species, cottonwood, alder, vine maple, and aspen 
(Scheffer 1941; Northcott 1964; Pers. Comm., Cindy Young, Josh Kahan, King County WLR). 
WDFW (2004) recommends planting areas with Sitka spruce, elderberry, cascara, osoberry 
(Indian plum), ninebark, and twinberry, because they are not preferred food plants of 
beavers. DuBow (2000) concluded that cascara is a good candidate for survival when 
planted in areas of beaver activity, because the beavers so strongly avoided the species in a 
test of forage preference. The same study suggested Sitka spruce and vine maple is also 
avoided by beavers. Tran (2014) reported a strong avoidance of salmonberry, and DuBow 
(2000) found that salmonberry was a common species at sites uninhabited by beavers.  
 
WDFW (2004) recommends densely planting cottonwood, willow, and red-twig dogwood, 
because once their roots are well established, the upper parts of the plants often re-sprout 
after being eaten. WDFW (2004) includes Spirea/hardhack in their list of species to plant 
densely, but because this species frequently becomes a monoculture, which is undesirable 
in terms of biodiversity, planting it is generally not recommended in King County. WDFW 
(2004) also recommends densely planting aspen, but although this species is native to the 
Pacific Northwest, it is uncommon in King County and may spread rapidly and also form 
monocultures. Based on best professional judgment, King County staff produced the 
observations shown in Table 1.  
 
Table 1. Beaver forage and dam-building species preference levels.  

High: 
• Willow species (Sitka, Pacific, Hooker’s, Scouler’s) 
• Black cottonwood  
• Red alder 
• Vine maple 

Medium: 
• Bigleaf maple  
• Western redcedar 
• Douglas-fir 

Low:  
• Sitka spruce 
• Bitter cherry 
• Red twig dogwood 
• Oregon ash  
• Cascara 
• Salmonberry 

 
• Twinberry 
• Ninebark 
• Western crabapple 
• Douglas hawthorn 
• Nootka rose 
• Spirea (Hardhack) 

 
Beavers are one of several planting considerations: plant selection must also reflect the 
goals of the project and be well-suited to site conditions. 
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One tactic for tree planting where beavers are likely to be present may be to plant extra 
trees. This topic may warrant additional study; please refer to Section 2.9.1, “Anticipating 
Beavers.” 

2.2.3 Tailoring Tree Protection Strategies Based on Beaver 
Travel Distance from Water  

Any time beavers leave their pond to cut down trees, they are vulnerable to predators. How 
far they will travel varies across different studies from 100 ft (30 m) (Belovsky 1984; Hall 
1960) to over 600 ft (183 m) (Northcott 1964). In Whatcom County, Washington, DuBow 
(2000) found that in areas with beaver activity, the percentages of woody vegetation 
present within each 5-m transect segment perpendicular to the water were roughly similar 
(0-5 m: 28.22%; 5-10 m: 22.10%; 10-15 m: 22.43%; 15-20 m: 27.24%). The percentage of 
beaver utilization decreased with increasing distance from the water (0-5 m: 27%; 5-10 m: 
15.77%; 10-15 m: 9.38%; 15-20 m: 7.97%). This information could be used in combination 
with other methods of tree protection (repellents, barriers, and planting undesirable 
species) in a targeted area or within a specified radius from the lodge or den. This method 
may also be coupled with “Acceptance” to help establish expectations for beaver damage. In 
other words, if landowners can anticipate where beaver damage may occur, it might make 
tree loss more palatable. 

2.2.4 Applying repellents to trees and shrubs 
Decreasing the palatability of trees with the use of repellents may reduce their likelihood of 
being damaged or removed by beavers. Hunger and the availability of other more palatable 
foods are two other factors that dictate the potential effectiveness of using repellents to 
deter beaver from cutting down trees and shrubs. In other words, if beavers are hungry 
enough, repellents are likely to be ineffective. Many of these techniques require frequent 
monitoring and replacement, especially during wet weather. 

2.2.4.1 Non-commercial Repellents  

Non-chemical repellents include flavor, texture, and odor repellents, which are applied to 
trees to minimize their appeal to beavers and reduce direct damage to treated trees. 
 
Paint-sand mix. Using exterior latex paint with sand mixed in and applied around the base 
of the tree to a height of about 4 ft (1.2 m) may be used to deter beavers from chewing. The 
paint color may be matched to the trunk of the tree for aesthetics. The educational 
nonprofit group Beavers: Wetlands & Wildlife3 recommends using 8 ounces (1 cup) of fine 
sand (30 mil, 70 mil, or masonry sand) to one quart of paint. This method is not suitable for 
new plantings: they recommend avoiding painting young trees less than 6 ft (1.8 m) tall, as 
the paint may harm them. King County Department of Transportation (DOT) has used this 
method with a mixture of paint and sand (2/3 cup of masonry grade sand per 1 quart of 
latex paint), and have found the results to be “somewhat effective” (Pers. Comm., Grant 
Smith, King County DOT). 
                                                        
3 http://www.beaversww.org/solving-problems/trees-and-plantings/  

http://www.beaversww.org/solving-problems/trees-and-plantings/
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Predator smells. Foragers such as beaver can apparently learn and respond to elevations 
in predation risk (Severud 2011; Laundré et al. 2010), so predator odors may be a useful 
management tool for preventing beaver damage (Baker and Hill 2003). In an experiment 
by Engelhart and Muller-Schwarze (1995) using extracts of predator feces painted on 
aspen sticks (their preferred species at the study locations), beavers exhibited a strong 
avoidance of coyote, lynx, and river otter odors.  
 
In the study, one beaver population in summer used 17.0 percent of sticks with predator 
odors compared to 27.0 percent of the control sticks, and in autumn 48.4 percent and 60.0 
percent, respectively. A second beaver population in summer used 3.15 percent of predator 
odor sticks versus 11.0 percent of controls. Rosell and Czech (2000) found that all tested 
predator odors (red fox Vulpes vulpes, river otter Lutra lutra, lynx Lynx lynx, wolf, and 
brown bear Ursus arctos), except those from human and dog, significantly decreased 
foraging during summer. In autumn, river otter, lynx, human and red fox odors had a 
significantly stronger effect than the three controls. Severud (2011) in Minnesota found a 
95 percent reduction in beaver numbers at camera stations containing wolf (predator) 
urine. He concluded that “Decreased use and time spent at urine-treated camera stations 
suggests wolf urine is an effective deterrent to beaver activity, and that beavers use 
olfaction to assess predation risk.” Their study suggests that using predator urine may be 
effective at deterring beaver from an area; however, it is not clear if beavers would become 
desensitized over time (see Lima and Bednekoff 1999).  
 
Several elements of using predator repellents are unknown: (1) application of predator 
odors may have only short-term efficacy deterring beavers from selected foraging areas 
(Severud 2011); (2) optimal frequency of urine application is unknown; and (3) the 
findings of Rosell and Czech (2000) suggest that different predator species would have 
different levels of effectiveness depending on the season. 

2.2.4.2 Commercial Repellents  

Vile or putrid scents may be applied to trees to minimize their appeal to beavers and 
reduce direct damage to treated trees. Ropel® Animal & Rodent Repellent4 (Burlington 
Scientific Corp., Farmingdale, New York; EPA no. 45735-2) claims to combine “the most 
bitter and vile tasting substance ever discovered” with a solvent system to allow it to 
adhere to the surfaces of many different objects, including trees. It is applied full strength 
and has no unpleasant odor. The active ingredient in this repellent is denatonium 
saccharide5. Ropel® would be most effective when used at the first indication of beaver 
presence or in areas where beavers are most actively feeding. As is true with many other 
repellents, frequent reapplication may be required to maintain best results (Newbill and 
Parkhurst 2009). One gallon of Ropel will treat 1,000 to 4,000 ft2 (305 to 1,219 m2) 
depending on application method and texture of the surface treated. 
 

                                                        
4 http://www.nixalite.com/ropel.aspx  
5 http://pubchem.ncbi.nlm.nih.gov/compound/Denatonium_saccharide#section=Top  

http://www.nixalite.com/ropel.aspx
http://pubchem.ncbi.nlm.nih.gov/compound/Denatonium_saccharide#section=Top
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Miller Hot Sauce® animal repellent (Miller Chemical and Fertilizer Corp., Hanover, 
Pennsylvania; EPA no.72-574) uses capsaicin, which stimulates the trigeminal pain 
receptors in the mucus membranes of the eyes, nose, mouth, and intestinal tract. It is 
marketed to repel “deer, elk, rabbits, voles, squirrels and other nuisance animals which 
feed on agricultural crops and horticulture plants,” and no mention is made of beaver or 
woody plants. Wagner and Nolte (2000) examined the effectiveness of using hot sauce 
repellent to impact beaver foraging. They found that beavers were not repelled 
consistently by Hot Sauce® in multiple-choice tests of 0.06, 0.62, and 6.2 percent solutions. 
Wagner and Nolte (2000) suggest that because of the expense, this repellent is not a cost 
effective means of repelling beavers. 
 
In Olympia, Washington, DuBow (2000) conducted tests to find an herbivore repellent for 
use with beaver. Seven repellents were tested, including Miller Hot Sauce®, NIMBY (DMX 
Industries, St. Louis, Missouri; EPA no. 68477-1), and Hinder (Pace International LP, 
Kirkland, Washington; EPA no. 64864-35), Ropel®, Big Game Repellent (BGR) liquid and 
powder (Intagra, Inc., Minneapolis, Minnesota; EPA no. 4866-10), and Plantskydd®. Ropel®, 
Deer Stopper, NIMBY, Hot Sauce®, and Hinder did not inhibit foraging. BGR and 
Plantskydd® were the more effective repellents, and further tests demonstrated Big Game 
Repellent Powder to be the most effective. When presented with willow and cascara, 
treated with Big Game Repellent Powder and untreated, the order of preference in 
descending order was untreated willow, treated willow, untreated cascara, and treated 
cascara.  
 
In subsequent field trials, cascara and willow, both treated and untreated with Big Game 
Repellent, were planted in areas of beaver activity. Untreated willow was utilized most 
frequently, followed by treated willow and treated cascara. Beaver utilized untreated 
cascara the least often. DuBow (2000) concluded that application of Big Game Repellent 
Powder to preferred tree species could provide protection for specific periods of time and 
at specific locations. 
 
Another example of a repellent marketed to repel beavers is Bonide Shot-gun Repels-all6, 
which contains putrescent whole egg solids, dried blood, and garlic oil. No studies testing 
the effectiveness of this product were found.  
 
Although not marketed as beaver repellents, WDFW (2004) remarks that two products that 
have shown some success are Deer Away Big Game Repellent® and Plantskydd® (Tree 
World, Buffalo, New York). The active ingredient in Plantskyyd is dried blood (porcine 
and/or bovine), and it is available in either soluble powder, pre-mix or granular 
formulation, and intended to repel deer, elk, moose, rabbits, and opossum.7 Deer Away has 
an active ingredient of putrescent egg solids (which may make it unsuitable for use in some 
parks). A quick Internet search reveals that both products may have been discontinued. 
 

                                                        
6 http://www.bonide.com/products/product.php?category_id=237  
7 http://www.plantskydd.com/Plantskydd-Deer-Repellent.html?gclid=CNuz6onBtMMCFQhafgodkiYAhQ  

http://www.bonide.com/products/product.php?category_id=237
http://www.plantskydd.com/Plantskydd-Deer-Repellent.html?gclid=CNuz6onBtMMCFQhafgodkiYAhQ
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WDFW (2004) cautions that these commercial repellents provide mixed results, possibly 
because they need to be reapplied often, particularly in moist weather (when rain washes 
them off the trees). WDFW (2004) reports that these taste and odor repellents are most 
effective when applied at the first sign of damage, when other food is available, and during 
the dry season. 
 
Wisconsin Bureau of Wildlife Management (2005) points out that because some repellents 
are very smelly, they may not be practical for use near residences. The same is true for use 
on public lands such as parks. 
 
Additional repellents that do not appear to be in use are described in Appendix A. 

2.3 Devices to Manage Beaver Impacts 
Because dam removal and beaver removal are almost always only temporary solutions, 
whenever possible finding a solution that allows co-existing with beavers is optimal. There 
are a wide variety of “engineered solutions” available for resolving impacts of beavers in 
different scenarios. One note of precaution from Taylor and Singleton (2014): “Given 
beavers’ propensity for moving their dam building activities, and potentially moving 
damage to another landowner’s property, land managers should monitor upstream and 
downstream after installing flow devices.” Examining and addressing inadvertent impacts 
to other areas should always be a consideration when implementing any engineered 
solution. 

2.3.1 Devices to Prevent Obstruction of Culverts  
Various devices are available to prevent beavers from damming at culvert inlets or 
interiors. Washington Game Department appears to be the first to test the “Beaver Baffler” 
(Guenther 1956). The Beaver Baffler was a long, narrow fence installed upstream of the 
culvert that worked by making dam-building too extensive for the beaver to undertake. 
Guenther (1956) stated: “A persistent beaver can dig under the fence, but its work is halted 
when the fenced lane has several cross sections of woven wire located near the beavers’ 
accustomed working area. This prevents the beaver from carrying material inside the lane.”  
 
In 1983, Fisher (1986) tested four methods of culvert protection in Michigan, including the 
Beaver Baffler, as well as perforated pipes, perforated culverts (see Roblee 1984), and 
culverts cut to a 90-degree angle pointing down. Of these earlier methods, only perforated 
pipes are still in use regularly as a component of other flow-control devices such as flexible 
levelers and the Clemson Pond Leveler, described in Section 2.3.2. Frequently, culvert 
protection is used in conjunction with pond levelers (discussed in Section 2.3.2). 

2.3.1.1 Culvert Fencing 

A simple and effective fence system to protect road culverts from beaver damming was 
invented in the 1990s in Maine and dubbed the Beaver Deceiver™ by its inventor, Skip Lisle 
(Lisle 1996). The original Beaver Deceiver™ is a sturdy wood-framed mesh fence intended 
to exclude beavers from their preferred dam building locations – typically in culverts. They 
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are designed to fit a given site (Lisle 2003), though the most common shape is trapezoidal 
(Figure 2). Designs have evolved since invention, and these devices are now frequently 
made of metal framing (Figure 3). Other designs may be V-shaped, semi-circular, and even 
long rectangles. 

 
Figure 2. Culvert fencing, trapezoidal in shape, is installed on the upstream side of a culvert. 
 

 
Figure 3. King County example: trapezoidal aquatic exclusionary fencing on box culvert inlet at 

Lower Stensland Creek. 
 
Typical culvert fencing is either a rectangular fence that protects the upstream opening of a 
culvert or trapezoidal fence that is narrow at the culvert and widens upstream. The fence 
creates a long perimeter [(typically over 40 ft (12 m)] that the beavers would have to dam 
against. If the topography of the stream allows for water to surround the entire fence 
perimeter, the trapezoidal shape is best because if the beavers start damming at the 
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culvert, the fence forces them to get further and further away from the culvert, and flow 
remains unrestricted into the culvert. The widening of the water inlet also reduces the 
water constriction and therefore the sound of rushing water, which beavers instinctively 
respond to and try to block (Hartman 1975; for further discussion on beaver’s responses to 
the sounds of rushing water, see Technical Paper #2). 
 
Some design considerations and concerns include: 

• Upstream fencing must extend far enough from the preferred dam location to 
exclude beaver access to areas where they sense water movement and from 
constrictions and shallow waters where they would normally begin dam 
construction.  

• Fencing must extend sufficiently deep into the substrate to prevent beaver 
tunneling into the excluded area. 

• The deeper the water, the more likely it is for the culvert fencing to work because it 
is more difficult it is for the beavers to pile up enough materials to restrict water 
flow (Nolte et al. 2005). 

• Designs that fence off an area 10 to 20 ft (3 to 6 m) on each side of the culvert have 
been found to be effective (Nolte et al. 2005). The fence should block access to the 
culvert from all sides, including from shore.  

• Openings in the fence mesh must be large enough to accommodate passage of all 
species and life stages of anadromous and resident fish using the aquatic resource.   

• Maintenance is required. Large floating debris can lead to structural failure if 
allowed to accumulate against the fencing, so structures need to be checked on a 
site-appropriate schedule.  

• Fencing downstream may be necessary to prevent beaver access to the culvert 
interior from the outlet (Figure 4). 
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Figure 4. Flat outlet fencing at Lower Stensland Creek. 
 
WDFW provides design instructions for a trapezoidal beaver deceiver at this website: 
http://wdfw.wa.gov/living/species/graphics/beaver8.jpg. 

2.3.1.2 Modifications to Culvert Fencing for use in Shallow Water 

Shallow water may present unique challenges. A device can be installed that allows water 
to flow into the fenced area around the culvert in the event the beavers dam around the 
fence (Figure 5). An additional fenced area is established farther from the culvert, often in 
deeper water, and is connected to the first fence by laying pipe between the two fenced 
areas. The second fenced area built farther out can serve as the intake point if necessary 
and also serves as a pond leveler (see “Pond Levelers” below).  
 

http://wdfw.wa.gov/living/species/graphics/beaver8.jpg
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Figure 5. King County example: modified culvert fencing and pipe to a second intake device in 

shallow water. 
 
A four-sided metal cage is another version of culvert fencing used to exclude beavers from 
preferred dam building locations at culvert inlets in streams where waters are shallow or a 
uniform depth for an extended distance (Figures 6 and 7). The structure creates a large 
surface area that is intended to discourage beaver activity (it makes damming the entire 
surface area very unappealing), and the four sides prevent beavers from tunneling into or 
accessing the culvert interior from adjacent streambanks. The four sides also create a 
robust structure that can resist collapse even if loaded by debris or dam. Like the example 
above, the pipe and second fenced area function as a pond leveler. 
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Figure 6. Five Mile Lake Outlet Stream, view looking upstream. Pond leveler installed in deeper 

water. 
 

 
Figure 7. Culvert fencing at Five Mile Lake Outlet Stream, view looking downstream. 
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2.3.1.3 Wire-mesh Culvert Extensions 

Wire-mesh culvert extensions are cylindrical fencing that makes plugging the culvert 
virtually impossible (Figure 8). A wire-mesh culvert extension effectively extends the 
length of the culvert using materials the beavers cannot plug. Olson and Hubert (1994) 
describe a simple wire-mesh protector that can be made from concrete reinforcement wire 
rolled together and fastened to extend at least 12 ft (3.7 m) from the end of the culvert: 

The cylindrical wire mesh should be placed over the end of the culvert and 
not inside to prevent beavers from flattening this end. Light rods should be 
welded at two positions inside the cylinder (at 3 ft and 9 ft) to further hold 
the protector in a cylindrical shape. The end of the wire protector in the pond 
is wired closed to prevent entry of beavers. Four metal stakes hold this 
device in place in the pond. Periodic maintenance is required, however, to 
keep the protector effective. 
 

 
Figure 8. A simple variation of a wire-mesh culvert extension. Other models use two different 

size mesh wire coupled together and reinforced. Drawing courtesy of Beaver 
Solutions. 

 
Beaver Stop® is a patented device that is a modified and reinforced type of wire-mesh 
culvert protector and extension. It looks like two wire-mesh culvert extensions, one inside 
the other. It is made of wire mesh fencing and reinforcing metal bars that prevent the 
obstruction of the culvert inlet and allow water to flow freely through the pipe and not 
impede fish passage. With Beaver Stop®, all areas of the culvert are protected, including the 
outlet, inlet, and the middle. This device is suspended in the water (not sitting on bottom) 
to allow water to pass freely through the culvert without impeding the passage of fish or 
harming the beavers. Once installed, the company claims it is “virtually maintenance free.” 
 
Nolte et al. (2005) describe and recommend another method that appears to have some of 
the same characteristics as Beaver Stop®. This device is made by fastening several lengths 
of rolled wire mesh together so the full length is at least 24 ft (7 m). They propose using 6-
gauge concrete reinforcing mesh panels [8 ft (2.4 m) long] covered with galvanized welded 
wire mesh (14 gauge with a 1x2 inch mesh), which is rolled into a cylinder held in place 
with number 3 hog rings. Hog rings also attach the wire mesh to the larger reinforcing 
mesh. 

http://www.canadaculvert.com/product/beaver-stop/
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2.3.1.4 Culvert Protector-Cleaners 

Culvert protector-cleaners come in different forms and are used to prevent beavers from 
building dams inside culverts. The devices should be built on the upstream-end of the 
culvert. Also as the name implies, they are used to facilitate cleaning debris from culverts. 
These devices can be built for most sizes of culverts and require little structural 
maintenance (Olson and Hubert 1994). They require regular maintenance to remove 
woody debris, and debris removal likely requires one or more permits (a Hydraulic Project 
Approval from WDFW and potentially a King County Clearing and Grading permit).  
 
One type of culvert protector-cleaner is constructed by welding rods of three-quarter-inch 
rebar across a looped chain (Figure 9). Olson and Hubert (1994) describe the protector as 
extending at least 6 ft (1.8 m) from the bottom of the culvert on the stream bed with a tail 
chain or cable attached to the lower end. The end of the tail chain is looped back and 
attached to a stake at the side of the road grade. The rods are spaced approximately 4 in 
(cm) apart. The upper end is held against the culvert by a bolt that is placed through the 
top of the culvert. The culvert must be cut on an angle to allow the device to lie on a slope 
(King County DOT standards are now to have all newly installed culverts cut at an angle, or 
“beveled”). When beavers pile mud and sticks on this protector, they can be removed by 
attaching the tail chain to a vehicle bumper and pulling it up onto the road. Debris would 
then need to be disposed of. 

 
Figure 9. Culvert protector-cleaner. From Olson and Hubert (1994) 
 
Another style of protector-cleaner is formed from metal bars inserted through a permanent 
metal frame (Figure 10). The Wisconsin Bureau of Wildlife Management (2005) refers to 
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this gate as a “beaver baffle” (see “Glossary of Device Terminology” below), and Nolte 
(2005) refers to it simply as a culvert guard or grill. The individual bars can be removed to 
assist in dam removal. The device is designed so that beavers will build a dam against the 
posts but when the majority of the dam material is removed and the posts are pulled the 
dam should wash out. A bend or hook on top of the pull posts will make it easier to lift out 
the posts using some type of pulley. To prevent theft of the pull posts, devising an anti-theft 
bar for the baffle may be advisable (Nolte 2005). 

 
Figure 10. Culvert grill or “beaver baffle” From Wisconsin Bureau of Wildlife Management (2005). 

2.3.2 Pond Levelers  
Pond levelers are used to control the height of water behind a beaver dam to prevent 
flooding. Pond levelers are typically used with free-standing dams not associated with a 
culvert though they can be used in combination. Some pond levelers have been trade-
marked, but the designs are simple enough to be replicated, and variations are somewhat 
limitless. Levelers are designed to transport water through a dam in such a way that the 
beaver does not detect the flow of water through the dam and therefore does not 
instinctively do all it can to block the flow. Flows from storm events flow over the top of the 
dam, so the pipes do not need to be sized like road culverts, and after the storm, water 
levels return to normal via the pond leveler.  
 
Pond levelers are generally installed in ponded locations where water depth is sufficient to 
submerge the upstream end of the pipe along the pond bottom beyond the depth of most 
normal beaver activity. The pipe is run through the dam to a downstream outlet location. 
Before installing the pipe, the amount of flow is in the creek must be determined and 
compared to the conveyance capacity of the available pipes so the device may be sized 
accordingly. King County typically uses a single 12” diameter or 18” diameter pipe or two 
12” diameter pipes, all 40 ft (12 m) long.  
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Some design, installation, and maintenance considerations are important no matter which 
type of leveler is used: 

• Water depth downstream of the structure must be sufficiently deep to allow fish to 
clear the dam.  

• Installation of the structure should never result in the dewatering of a channel..  
• If fencing is used, openings must be large enough to accommodate adult salmonids 

(e.g., 4” x 6” or 6” x 6”).   
• Non-buoyant pipe materials should be used, or buoyancy in corrugated 

polyethylene pipe (CPEP) culvert material may be relieved by cutting the outer wall 
of the corrugations. Use of buoyant materials places unnecessary stress on the 
anchors. 

• Monitoring and maintenance is required at least quarterly over the life of the leveler 
and is especially important during storm season. Blockage of the inlet or 
accumulation of debris on the fencing can result in collapse of the structure.  

• The outlet should be placed far enough downstream so that any scour caused by the 
outlet does not undermine the beaver dam and result in dam failure.  

Beaver Solutions LLC provides additional useful installation advice8: 

When installing a pipe system it is very important to lower a pond only 
enough to protect human interests. The more a pond is lowered the more 
likely it is beavers will build a new dam downstream to render the pipe 
ineffective. Lowering a beaver pond by up to one vertical foot is generally not 
a problem. 
 
Whenever a pond must be lowered by 2 feet or more, a single round of 
trapping may be necessary prior to the pipe installation. When new beavers 
without the memory of the higher water level relocate to this area they are 
more likely to tolerate the smaller pond so repeat trapping will not be 
needed.  

 
King County installed a pond leveler with culvert fencing in 2000 at Peterson Pond. The 
device continues to function properly with very little maintenance (Pers. Comm., Brian 
Sleight, King County WLR). This link9 provides a chronicle of the installation. 

2.3.2.1 Fish Passability  

Beavers and salmon co-evolved and have co-existed in the Pacific Northwest over the past 
12,000 years or so. Salmon are known to be able to pass beaver dams and go on to spawn 
(Bryant 1984; Grette Associates 2006), and juvenile coho use beaver ponds for rearing 
(Bryant 1984; Murphy et al. 1989; Pollock et al. 2004). Human activities over the past 150 

                                                        
8 From their webpage:  
http://www.beaversolutions.com/beaver-deceiver-products/flexible-beaver-pond-leveler-kit/  
9 https://kingcounty.gov/~/media/environment/animalsAndPlants/beavers/Building_a_Beaver_Deceiver  

https://kingcounty.gov/%7E/media/environment/animalsAndPlants/beavers/Building_a_Beaver_Deceiver.ashx?la=en
http://www.beaversolutions.com/beaver-deceiver-products/flexible-beaver-pond-leveler-kit/
https://kingcounty.gov/%7E/media/environment/animalsAndPlants/beavers/Building_a_Beaver_Deceiver
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years have altered natural conditions and resulted in channelized streams, installation of 
thousands of culverts, and altered aquatic ecosystems in ways that challenge salmon and 
other wildlife. In King County and much of the Pacific Northwest, allowing salmon to access 
their native spawning and rearing grounds is not only a concern, it is often mandated 
because several salmon species (Chinook/Bull Trout/Steelhead) are listed under the 
Federal Endangered Species Act. Although fish may jump dams when flows come up after 
rains, relying on them to jump dams may not be enough. Beaver management strategies, 
including devices, must also often be capable of allowing fish to pass. 
 
Different types of pond levelers are described below. Note that the Clemson Pond Leveler is 
not fish passable if designed to specifications; however, modifications may be made to 
allow passage of salmonids (Close 2003). The Flexible Pond Leveler can be designed to be 
fish passable, and King County designs these devices so they are able to pass salmonids. 
One design that explicitly provides for fish passage is a design Snohomish County 
pioneered called the Snohomish County Leveler. Another design concept for fish passage is 
the Telkwa design, named for the Telkwa River in northern British Columbia, where the 
design has been used on small spring-fed tributaries (Finnigan and Marshall 1997).  

2.3.2.2 Clemson Leveler 

The Clemson Beaver Pond Leveler, developed at Clemson University, is a type of pond 
leveler with holes drilled into the upstream end of the intake component, which is 
suspended in the center of wire mesh (Figure 11). The intake device is placed on the 
bottom of the pond or stream upstream from the dam and consists of a 10-ft (3-m) long 
piece of 10-inch (25-cm) diameter PVC pipe with about 160 2-inch holes drilled along its 
length. The PVC pipe is suspended in the center of 30-inch (76-cm) diameter woven wire 
tube (the wire keeps beavers away from the pipe and therefore the source of the leak in 
their dam). The intake device is connected with a reducer to a section of smaller diameter 
PVC pipe that runs through the dam. Attached to this pipe is flexible PVC pipe that carries 
water below the dam [they recommend at least 20 ft (6 m)]. 
 

 
Figure 11. A Clemson Beaver Pond Leveler. Notice the perforated pipe at the upstream end. 
 

2.3.2.3 Flexible Pond Leveler 

The Flexible Pond LevelerTM has such a simple design that it is commonly replicated. The 
general design of the flexible leveler involves inserting a large diameter flexible plastic pipe 
through the dam (Figure 12) to drain the pond to a desirable level. The intake end (within 
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the pond) should be contained within a basket of large wire mesh to defeat any attempts by 
beaver to plug or bury it. The height of the pipe in the dam determines the pond level. If a pond 
is on the upstream side of a road culvert, a flexible leveler may be used in combination with 
a beaver deceiver.  
 
 

 
Figure 12. Schematic diagram of a flexible leveler.  
 
The flow device can be constructed from plastic pipe measuring 12-18 inches (30-40 cm) in 
diameter, 40 ft (12 m) long, and using 1 or 2 pipes, depending on the volume of water in the 
stream. Variations of the flexible leveler are frequently used by King County. WDFW 
provides design instructions for a flexible leveler at this website: 
http://wdfw.wa.gov/living/species/graphics/beaver9.jpg.  

2.3.2.4 The Telkwa Design 

The Telkwa design is intended for use where culverts are not present, although the concept 
can be used with culverts as well. This design is a larger undertaking than the other pond 
levelers described above, as it involves earth-moving equipment and a restructuring of the 
stream channel. As with other engineered solutions, the intention is to retain the 
hydrologic needs of the beaver, prevent increases in pond levels past a predetermined 
level, and provide for the two-way movement of fish. 
 
The basic design is as follows. In areas where ponds may freeze in winter, a large track 
excavator digs deep holes in the beaver pond to create salmon refuge (Figure 13). In King 
County freezing is not a concern, so excavations could vary to suit site conditions. The 
granular material from the excavations is side-cast onto the top and the outside sloping 
face of the beaver dam to enlarge the dam, minimize leaks, and prevent overtopping. A 
meandering channel, approximately 100 m in length, is excavated to accommodate the 

http://wdfw.wa.gov/living/species/graphics/beaver9.jpg


Beaver Management Technical Paper #1: Beaver Management Tools Literature Review and Guidance 

King County Science and Technical Support Section  22 December 2017 – Revised April 2018 

outflow from the pond. A 2-meter-deep, 5-meter-wide and 30-meter-long section of 
channel is excavated to connect the meandering outlet channel to the pond. Because of its 
length relative to its rise in elevation, the channel provides an access route with a low 
gradient (less than 2 percent) so the juvenile salmonids are able to enter the pond from 
larger tributaries and mainstem rivers.  
 
A wire-mesh fence is erected along both banks of the connecting channel and the upstream 
reach of the meandering channel, for a total of approximately 40 meters. A large barrier log 
is anchored to span the channel about 30 meters downstream of the pond, and the 
connecting channel is filled with large floating woody debris. The barrier log keeps the 
large wood from floating downstream. The combination of the fence and the floating debris 
makes it difficult for beavers to access the top riffle of the meandering channel to renew 
dam-building activities. The meandering channel is also provided with woody debris and 
other materials to add to the salmonid rearing habitat.  
 
This innovative idea may not be as useful in King County, where heavy streamflows in 
winter might carry away the floating woody debris. The technique is included in this 
review in the event there are suitable locations where it might work. It is also possible 
some elements of this design may be borrowed and used in other applications. Adapting 
these concepts to a culvert involves using fencing and floating woody debris to keep the 
beavers from damming the culvert (see Finnigan and Marshall 1997). 
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Figure 13. The Telkwa design (from Finnigan and Marshall 1997). 

2.3.2.5 Snohomish Pond Leveler 

In 2013 a team from Snohomish County partnered with Mike Callahan from Beaver 
Solutions to install an innovative flow device prototype designed to allow adult coho 
salmon to easily migrate upstream past two beaver dams. They dubbed the fish-friendly 
flow device the Snohomish Pond Leveler. Video of the leveler in action may be found 
here: https://youtu.be/S21LnKz-wqg. The idea is to get the fish to use the leveler pipe to 
go through the dam (versus over the dam at higher flows). A large wooden box is attached 
to the downstream end of the pipe, and a slot is made in the box for water to flow out; it is 
this outflow that attracts the fish. Once inside the box, the fish then moves into the pipe. 
Fish successfully passed upstream at their test location. The device has not been widely 
tested in a variety of flow conditions and stream gradients and is currently in limited use.  

2.3.3 Glossary of Confusing Device Terminology 
Different papers use beaver device terminology interchangeably, sometimes incorrectly. In 
this paper we have used general descriptions and not trade-marked names as often as 

https://youtu.be/S21LnKz-wqg
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possible, though trade-marked names are used when appropriate. This glossary provides 
examples of some of the muddy waters of beaver device terminology.  
 
Beaver Baffle – Vermont Fish and Wildlife Department (2004) defines a beaver baffle as a 
culvert pipe with a wire mesh cage at the upstream end. They equate beaver baffles to 
Clemson Pond Levelers; however, what they label as Clemson Pond Levelers in their 2004 
document (corrected in Vermont FWD 2014), is actually a modified flexible leveler. 
Wisconsin Bureau of Wildlife Management (2005) uses this term to mean a gate placed in 
front of a culvert on the upstream side that may be removed to clean out beaver dam and 
debris – what Nolte (2005) refers to as a culvert guard.  
 
Beaver Baffler – Guenther (1956) uses this term to mean a narrow lane of woven wire 
constructed around the head of a culvert or through a dam and extended out into the 
stream or pond 30-40 ft (9-12 m) above the culvert, 2.5-3 ft (0.8-0.9 m) wide and 3 ft 
(0.9 m) tall. Brown et al. (undated) use this term to mean a wire-mesh culvert extension 
(what is trade-marked as Beaver Stop). Finnigan and Slaney (2002) use the term to refer to 
a wood frame contraption made from logs. 
 
Beaver Deceiver – a type of culvert fence. Beaver Deceiver is a trade-marked name 
originally coined by Skip Lisle in Maine (Lisle 1996) to refer to wood-frame culvert fences 
that are molded to match individual sites and are highly effective in keeping beavers from 
plugging culverts. 
 
Culvert protector-cleaner – called a culvert protector-cleaner by Olson and Hubert (1994), 
this metal grill placed at the upstream end of a culvert is also called the culvert guard or 
culvert grill by Nolte (2005).  
 
Wire-mesh culvert extensions – Rolls of wire mesh attached to the upstream end of a 
culvert to extend the length of the culvert and make it very difficult to plug. Also patented 
as Beaver Stop. Sometimes called “culvert roll” (Vermont Fish and Wildlife Department 
2004). 

2.4 Dam Notching and Dam Removal  
Notching or removing a beaver dam with no other remedial actions will almost never cause 
beavers to leave the area. An active beaver pond is typically home for two to several 
beavers and they depend on it for food, shelter, and protection from predators (see 
Technical Paper #2). Because their survival depends on it, beavers will work immediately 
to repair or replace dams that are harmed or destroyed (Fenwick 2003). By repeatedly 
having parts of their dam removed, the beavers may also become more sensitive to 
disturbance and more efficient at repairing any alterations (Pers. Comm., Ben Dittbrenner, 
Beavers Northwest). Furthermore, they will take down new trees to do so. 
 
A permit called a Hydraulic Project Approval (HPA), issued by Washington Department of 
Fish and Wildlife (WDFW), is required to remove or notch a beaver dam (see Technical 
Paper #3). If machinery is used to remove or notch a beaver dam, or if the modification of 

http://wdfw.wa.gov/licensing/hpa/


Beaver Management Technical Paper #1: Beaver Management Tools Literature Review and Guidance 

King County Science and Technical Support Section  25 December 2017 – Revised April 2018 

the dam may create detrimental impacts to wetland or stream hydrology, a King County 
Grading Permit is required. If the dam removal or notching is done by hand with hand tools 
with no impacts to wetland or stream hydrology, a King County permit may not be 
required. Finally, if dam removal is to take place, it should be timed to avoid the release of 
pond sediment when it could harm salmonids.  
 
If removing a beaver dam to eliminate a pond or reduce flooding is the preferred solution 
in a given circumstance, it should be a part of a larger strategy that includes removal of all 
beavers in the pond (see sections on trapping below). This strategy may be necessary in 
some agricultural areas, which tend to be very flat. When a flat area such as a farm field has 
a dam built in some part of it, large areas tend to be flooded in order for the beaver to 
achieve the desired pond depth. Flooding of such large areas is generally untenable for the 
farmers. Until new engineered solutions are achieved in flat areas such as ag lands, 
trapping and removal/relocation may be the best approach for many farmers. 

2.5 Land Conservation/Acquisition 
There may be some instances when the best option for alleviating potential beaver-human 
conflicts on private land is to bring the lands into public ownership. Land conservation via 
in-fee acquisition is an option for King County or other municipalities if beaver-related 
flooding is an on-going issue and the affected landowners are willing sellers. Depending on 
the situation, it is possible that such an approach could also provide additional benefits to 
the region, such as passive recreation and habitat enhancement. In King County, such 
acquisitions could be coordinated with the Lands Conservation Initiative or with other 
open space acquisition programs. 

2.6 Live Trapping and Relocation 
Trapping may be appropriate when beaver activity cannot be tolerated, particularly in 
certain agricultural, residential, and recreational situations. In these circumstances, 
trapping must occur on a regular basis as new beavers re-inhabit the system, because as 
long as a food supply remains at the site, one-time trapping is rarely a permanent solution. 
The other instance trapping may be desirable is if the beavers inhabiting an area have 
become habituated to dam levels of a height that is unacceptable to the landowners and 
have found ways to render pond levelers ineffective. When trapping in situations such as 
this, trapping is used in tandem with engineered solutions to ideally effect a long-term 
solution that does not require subsequent on-going trapping. 
 
Trapping is most effective where beavers have not been exposed to previous trapping 
(Olson and Hubert 1994). When beavers have encountered traps and avoided them or 
escaped from them, they will be much more wary, and trapping will be less successful.  
 
Note that if beavers are successfully removed from an area and landcover is changed in 
such a way that beavers would not return (all trees removed, for instance), dams that were 
previously maintained daily may quickly fall into disrepair and potentially become less 
stable. If beavers are trapped out of an area successfully, the dam should be examined by 

http://www.kingcounty.gov/depts/permitting-environmental-review/info/PermitTypes/landuse/ClearingGrading.aspx
http://www.kingcounty.gov/depts/permitting-environmental-review/info/PermitTypes/landuse/ClearingGrading.aspx
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an engineer to determine if a catastrophic failure/flood event could occur in the event of a 
large rainfall event. If so, the dam should be removed (with appropriate timing for 
salmonid survival) to the extent necessary to reduce risk to human health and safety while 
leaving as much pond as possible for wildlife habitat.  
 
The rest of this section and subsections are focused on live trapping for purposes of 
relocation. Kill trapping is discussed below in section 2.7, Lethal Removal of Beavers. 
 
Some property owners may state a preference for live trapping and relocation as an 
alternative to lethal trapping/euthanasia. A recent law change allows beaver to be 
relocated between points within western Washington; however, authorization via a 
Washington Department of Fish and Wildlife (WDFW) permit is required to relocate 
beavers to an area different from the property of capture. The holder of a WDFW permit 
may live trap and relocate damage-causing beavers between sites in Western Washington, 
with approval by both property owners. Release sites will be evaluated by the permit 
holder and must be unoccupied by other beavers and meet specific habitat criteria. Beaver 
relocations potentially can have beneficial effects by assisting with habitat restoration or 
climate change adaptation (by improving water storage/hydrology; see Technical Paper 
#2).  
 
Success of beaver relocations may be measured in three ways: (1) relocated beavers 
survive the relocation, (2) relocated beavers remain at and colonize the relocation site, and 
(3) new beavers do not recolonize the original site. Mortality rates have varied in different 
studies and as relocation methods have evolved (see Section 2.6.2 and Appendix B for more 
information). Mortality may result from increased predation resulting from unfamiliarity 
with the new habitat, stress-related loss of fitness from capture and handling McKinstry 
and Anderson (2002), and possibly disease (Nolet et al. 1997). Bergerud and Miller (1977) 
and numerous others have found that when beavers are removed from an area of suitable 
habitat, others quickly replace them, especially if beavers are common in the area. 
Therefore, if the habitat is generally unaltered (that is, trees are not removed for logging or 
development), removing beavers should be considered a temporary solution, and the 
landowner should anticipate the return of beavers within the next few months to years.  

2.6.1 Types of Live Traps 
The Hancock-style and Bailey live traps are the two commonly used types of live traps. 
They are both expensive and cumbersome, although the Bailey trap may be carried using 
custom shoulder straps. The Bailey live trap (Figures 14 and 15) is used exclusively for sets 
in less than a foot of water. It does not use bait and is set underwater in the travel paths of 
the target beavers. Because these traps hold the beaver in the water, they can result in 
beavers becoming hypothermic in colder temperatures (Buech 1983). The Hancock trap is 
more commonly used in King County. It is set on banks facing the water or on the top of a 
deliberately damaged beaver dam (the damage will draw them in to inspect and repair). 
This style of trap may pose a danger to non-target animals. The Tulalip Beaver Project only 
uses Hancock live traps, and they fix transmitters to the traps so that as soon as a trap 
closes, the transmitter sends a text message so the beavers may be retrieved immediately. 
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Traps may be baited with fresh leaves and twigs or with castoreum. These traps are 
typically set by trapping professionals.  
 

 
Figure 14. A Hancock live trap. 
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Figure 15. Beaver caught in a Hancock-style live trap. Photo courtesy of Tulalip Indian Tribe. 

2.6.2 Lessons Learned from Past Relocation Efforts  
When beavers are trapped and relocated immediately with no site preparation, it is called a 
“hard release.” When some type of site preparation occurs to help the relocated beavers 
survive and become established, it is called a soft release. The types of releases have 
evolved through the history of relocation efforts, and with it, so have the levels of success.  
 
A 1942 conservation bulletin by the U.S. Fish and Wildlife Service (Couch 1942) is intended 
to help facilitate successful transplants and includes methods of soft release. The bulletin, 
entitled “Trapping and Transplanting Live Beavers,” provides “detailed descriptions of 
live–beaver traps and discusses trapping operations, holding pens, means and methods of 
transporting and transplanting trapped beavers, and the selection of proper planting sites.” 
The bulletin provides extensive directions (including a materials list) for building live 
traps, includes suggestions for holding pens and testing compatibility of pairs prior to 
release, and contains recommendations for constructing dams at release sites (all soft 
release techniques).  
 
With improved and refined techniques, over time there have been fewer mortalities 
associated with beaver relocation, and improvements have been made in terms of the 
beavers remaining at their target sites. Figure 16 shows average distances traveled of 
beavers from their relocation sites in various studies. The only study in Figure 16 that had 
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a soft release was Harris and Aldous (1946). More information about these studies is 
presented in Appendix B. 
 

 
Figure 16. Average distance traveled of beavers from release sites in various relocation studies. 
 
An extensive History of Beaver Relocation may be found in Appendix B, which also includes 
a summary of the many recent relocation studies in Washington. 

2.6.3 Relocation as a Management Technique 
Relocation presents several challenges for it to be successfully used as a management 
technique by a public agency:  

• Adherence to WDFW policies and procedures for beaver relocation, procurement of 
the necessary relocation permit or coordination with a permit holder, and timely 
reporting of relocation activities. 

• Need for permanent staff (“beaver technicians”) to feed and care for the beavers 
during transition from their original pond to their new location – during the “soft 
release.” 

• Need for holding facility (fish hatcheries are ideally suited) to temporarily house 
beavers during transition from their original pond to their new location. A WDFW 
beaver relocation permit will also require inspection and approval for any beaver 
husbandry facility. 

• Labor intensity of above steps in addition to those of building a temporary lodge at 
the new location and transporting beavers to the release site. 

• Need for catalog of release sites, which would likely require computer modeling and 
ground-truthing to determine locations.  

• Owner permission for ground-truthing as well as release of beavers. 
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If trapping and relocation are used by King County, it may be most cost effective and 
successful10 if a consultant or other outside expert certified to relocate beaver by WDFW is 
hired to do the work, especially if they already have release sites available. Currently the 
only group actively doing trapping with soft releases in King County is the Tulalip Indian 
Tribe’s Beaver Project. 

2.7 Lethal Removal of Beavers 
When beavers are removed from an area of suitable habitat, they will almost always be 
replaced by others relatively quickly (Bergerud and Miller 1977). Trying to remove beavers 
lethally should be considered a last resort, but if it is employed, it should be planned in 
tandem with other management techniques. Humane, lethal removal of beavers is 
challenging and generally limited to lethal trapping or live-trapping followed by 
euthanasia. 

2.7.1 Lethal Trapping 
Lethal trapping is used to remove nuisance beavers from an area and is generally 
accomplished in one of two ways: using a kill trap or using a live trap followed by 
euthanasia via gunshot or CO2 chamber. (For more information on live trapping, see “Live 
Trapping and Relocation” above.) There are two schools of thought as to which approach is 
more humane. 
 
One long-time trapper in the King County area believes that because kill-traps, such as a 
Conibear-type trap, kill instantaneously, they cause the animal much less stress than live-
trapping, but the use of this type of trap is limited by law. Beavers caught in live traps may 
remain in the trap for several hours before they can be euthanized by the trapper (Pers. 
Comm., Fred Lawrence). Euthanasia of a trapped animal by gunshot is considered humane 
by WDFW but may not be feasible in urban settings. Although some trappers may view the 
drowning of a live-trapped animal as a viable killing technique, the American Veterinary 
Medical Association does not consider drowning humane, and WDFW therefore does not 
endorse this method to dispatch wildlife caught in traps. One exception allowed under 
Washington trapping regulations is when a live trap is set to trap and hold the beaver 
under water, thus drowning it.   
 
The owner, the owner’s immediate family, an employee, or a tenant of property may kill or 
trap a beaver on their property at any time of year if an immediate threat to personal 
property exists (RCW 77.36.030). In those instances, live traps may be used (those 
described above in section 2.6.1) without a permit from WDFW. Body-gripping traps 
(primarily Conibear traps) were historically the primary trap used to lethally trap beavers 
in Washington (and still are in many parts of the country). They are relatively easy to 
transport and set. In Washington, a trap that grips any part of an animal’s body is illegal 
unless they are authorized with a WDFW Special Trapping Permit11 (RCW 77.15.192, 

                                                        
10 Success defined as beavers surviving the relocation and establishing a colony at the release site. 
11 See https://wdfw.wa.gov/licensing/trapping/  

https://wdfw.wa.gov/licensing/trapping/
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77.15.194; WAC 220-440-070). There are no exceptions for emergencies and no provisions 
for verbal approval. 
 
One type of live trap that can be placed underwater (thereby turning it into a kill trap) is 
the Comstock Trap (Figure 17). The Comstock Trap can be set in a frequently used path or 
set near a bait station so the animal swims into the trap as it is heading towards the bait. 
The beaver is unable to escape the trap and drowns. 

 
Figure 17. Comstock trap. 
 
Though a property owner may undertake the task of trapping and killing beaver causing 
damage to their property, they may prefer to hire a wildlife professional known as a 
Wildlife Control Operator (WCO). A WCO is a private citizen and professional trapper who 
is certified by WDFW to assist property owners with mitigating damage caused by certain 
wildlife species and charge a fee. A property owner may search by county for certified 
WCOs willing to work in their area by visiting the WDFW damage control website12.  

2.7.2 Shooting 
As a landowner, King County does not use shooting as one of the tools in the beaver 
management tool box, nor is this a method recommended by WDFW for control of damage 
caused by beavers. As mentioned above, a trapper may use a firearm to dispatch a trapped 
beaver. Otherwise, beavers are classified as a furbearer in Washington and can be trapped 
but not hunted during the recreational trapping season. It is only mentioned here for 
informational purposes, because other landowners may use it. Shooting beaver requires 
skilled marksmanship. For safety considerations, shooting is generally limited to rural 
situations and is considered too hazardous in more populated areas, even if legal (WDFW 
2004). It may also be dangerous if shot from a shotgun ricochets off the surface of the 
water and hits unintended targets. Individuals should verify the legality of discharging 
firearms in their local jurisdictions. Revised Code of Washington (RCW) 77.36.030 allows 
for the property owner, the owner's immediate family member, the owner's documented 
employee, or a tenant of real property may trap, consistent with RCW 77.15.194, or kill 

                                                        
12 https://wdfw.wa.gov/living/nuisance/damage_control.html 

https://wdfw.wa.gov/living/nuisance/damage_control.html
https://wdfw.wa.gov/living/nuisance/damage_control.html
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wildlife that is threatening human safety or causing property damage on that property (see 
Technical Paper #3 for more information on trapping regulations).  
 
Because beavers are nocturnal animals and hitting a swimming animal can be difficult, 
shooting is generally ineffective (Woodward et al. 1976; Hicks 1977). Olson and Hubert 
(1994) state that if lethal control is desired, the time spent trying to shoot problem beavers 
is better spent on trapping. If shooting is undertaken, the most common technique used is 
to sit quietly in a hiding spot next to the pond and use a shotgun to shoot individual 
swimming animals during early morning and evening, when they are most active (Olson 
and Hubert 1994). Buech (1985) mentions shooting may be effective in fall, when beavers 
are more active during twilight hours. Van Hoey (1980) suggests shooting may be effective 
if the landowner is patient, then suggests notching the dam and waiting at night for the 
beavers to come out to repair the damage. 

2.8 Ineffective or Infeasible Tools 
Included in this section is mention of tools that have been tried to no avail or are 
considered ineffective or infeasible (possibly illegal). They are included here to ensure King 
County does not waste resources pursuing them and to inform other readers of this 
document. 

2.8.1 Conditioned Food Aversion 
Harper et al. (2005) assessed the potential for training beavers to avoid a known preferred 
food, such as a specific type of vegetation that land managers do not want damaged. They 
concluded aversive conditioning is probably not a feasible approach to reduce beaver 
foraging of preferred foods. 

2.8.2 Poisoning  
Hill (1976) conducted experiments with beaver sticks painted with strychnine alkaloid. 
Captive and wild beavers alike took the sticks and consumed the bark, and beavers were 
subsequently found dead (three of the four penned beavers were killed, and two beavers of 
an unknown colony size were found dead). Sodium monofluoroacetate (Compound 1080) 
was also found to kill beavers when they were injected with dosages greater than 0.202 
mg/kg. Poisons present the potential to harm or kill non-target animals. The use of sodium 
monofluoroacetate/Compound 1080 is illegal for use in poisoning animals in Washington 
State (RCW 77.15.196). Additionally, because strychnine alkaloid and sodium 
monofluoroacetate are not registered for use as a beaver control agent, their use for this 
purpose is illegal.  

2.9 Study Ideas: Tools in Need of Experimentation 
This paper will be revised over time as more information becomes available and new tools 
are developed and tested. This section identifies some ideas and solutions that have been 
proposed but not tried or only tested in limited circumstances. They all represent potential 
avenues of study that may lead to improved methods of beaver management. It is also 
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anticipated that completely new approaches to co-existing with beavers will be conceived 
of and tested in the coming years, including new methods and variations on existing 
methods as part of King County’s beaver management program. 

2.9.1 Anticipating Beavers 
In almost any wetland or riparian restoration project in King County where trees are 
planted, the likelihood of beavers showing up is high. Anytime beavers can be anticipated 
and planned for in advance will save time and money once they do arrive.  
 
Little research has been done on these topics. The two primary types of impacts to be 
planned for are tree impacts and potential flooding. Studies that result in planting guidance 
in terms of what species to plant, where to plant in relation to the water source, and 
planting densities could be very useful. Schemes or guidelines could be established to 
facilitate calculating flood risk that would anticipate areas that could be flooded in 
situations ranging from best case to worst case.  

2.9.2 Tree Species Masking 
Tree species masking means hiding, or masking, its scent. In feeding experiments in New 
York State, beaver avoided aspen (their preferred species there) that had been painted 
with an extract of red maple, a species beavers tend to avoid (Muller-Schwarze et al. 1994). 
Beavers preferred aspen most, followed by aspen painted with red maple, and lastly red 
maple. Basey (1999) successfully used extracts from a non-preferred forage species (Jeffrey 
pine [Pinus jeffreyi]) to inhibit feeding on a preferred species (quaking aspen [Populus 
tremuloides]). They also observed that the greatest potential repellent extracts were from 
long-lived leaves from slow-growing trees, or bark from species specifically avoided by 
beavers. 
 
These results suggest that painting trees to be preserved with the extract of species 
beavers avoid in the Pacific Northwest, such as bitter cherry or red-twig dogwood, may 
help protect those trees. No information exists in this part of the country for feasibility or 
effectiveness. Experiments could be conducted that mirror the Muller-Schwarze et al. 1994 
studies. 

2.9.3 Dam-building Deterrent 
The following three methods may help deter beavers from establishing a colony at a site or 
deter them from remaining in a location. 

2.9.3.1 Artificial Light 

Staff with King County Department of Transportation (KCDOT) have been experimenting 
with using light at night to dissuade nocturnal beaver activities by within a specific, small 
area. Portable low light fixtures (e.g., amber construction flashers, LED bulb) are fixed to 
culvert inlets or adjacent to the problem area. Battery-powered units or semi-permanent 
installations powered by a solar panel or from existing power lines may be used. Light 
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fixtures are easy to install and do not require in-water work (no permits needed). If this 
method proves to be effective, there will be no accumulation of beaver-derived debris and 
no damage to adjacent vegetation. Preliminary results appear to indicate that beavers will 
not be deterred if the particular dam location is critical to submerging the entrance to an 
established beaver lodge.  
 
Some disadvantages of light fixtures include the necessarily frequent monitoring and 
replacement of batteries and the potential attractiveness to vandals. WDFW also has 
concerns about the effect of evening light sources and their potential to attract fish to 
shallow waters where they could be subject to increased predation (Pers. Comm., Grant 
Smith, KCDOT). Specific design considerations may be employed to help with these 
concerns. For example, placement of light directly over water should be minimized or 
avoided when possible, and lights should be installed in a manner to prevent them from 
being visible from the roadway or nearby residences. Avenues for further experimentation 
may including altering types and colors of lighting, especially light colors that fish do not 
detect. 

2.9.3.2 The Use of Castoreum  

A largely untested method of keeping beavers from using an area involves the use of the 
castoreum, the paste found in the paired castor sacs of both sexes in beavers. Castoreum is 
used to mark scent mounds (Müller-Schwarze 1992), which beavers use to mark 
territories. It is also sometimes used as bait in traps.  
 
Müller-Schwarze and Heckman (1980) found that scent marks near vacant lodges decrease 
the probability that a lodge will be visited. They suggest that it may be possible to fake high 
population density and therefore keep new beavers from moving into an area by applying 
artificial scent marks (castoreum) near vacant lodges and beaver trails during the critical 
months of May through July. Other beavers moving through the area would keep on going. 
Welsh and Müller-Schwarze (1989) treated 50 sites with experimental scent mounds, over 
two seasons and found they significantly reduced the probability of colonization by beaver. 
The results of an experiment conducted by Sun and Müller-Schwarze (1998) suggest that 
when a beaver is deciding whether to invade a new territory, the presence of a scent alone 
is not a deterrent and that the potential invader must meet the resident beaver to 
determine if the invader could win a fight and take over the territory.  
 
This potential deterrent could be tested in King County. If a study were to be designed, 
useful information regarding the timing of scent marking and the density of scent mounds 
may be found in the life history literature review (see section 3.4.1 in Technical Paper #2). 

2.9.3.3 Predator Scents  

Staff at Pierce County Road Maintenance have been using pieces of bear hide (from a road 
kill) mounted to a fence post to discourage beaver activity, and in the first approximately 7 
months of their efforts, the beavers appeared to be staying away from nearby dams (Pers. 
Comm., Jeff Rudolph, Pierce County). Sometimes the hide has disappeared, but in the places 
where the hide has remained in place, it seems to have deterred any beaver activity. They 



Beaver Management Technical Paper #1: Beaver Management Tools Literature Review and Guidance 

King County Science and Technical Support Section  35 December 2017 – Revised April 2018 

are not currently conducting formal studies, but this is an area that could benefit from 
research. And if further experiments are conducted, coyote hide may also be worth trying 
out, as it is likely more readily available than bear hide (although any hide may be 
challenging to obtain and store). It is possible the beavers could become desensitized over 
time, but if used at times of highest migration, it may prove to be effective.   
 
An attempt was made by a staff member in King County’s Water and Land Resources to 
deter tree loss by using wicks dipped in wolf urine and attached to willow. There were no 
behavioral changes with the beaver observed (Pers. Comm., Cindy Young, King County 
WLR).  

2.9.4 Population Control – Sterilization  
Brooks et al. (1980) found sterilization of males to be very effective and significantly 
reduce reproduction in a colony. Their use of tubal ligation or castration required surgery 
of the male adults in the colonies. Trapping and performing surgery on adult male beavers 
from every family unit in the entire region is not feasible. In a limited geographic area, this 
tool may be tried as an experiment to see if it helps reduce invasion and potentially keep 
population numbers lower over the medium-term. Some behavioral and physical 
abnormalities13 were subsequently observed in at least one of the castrated males (Brooks 
et al. 1980), so this type of approach may not be without other implications related to 
colony integrity and animal health. 
 
Gordon and Arner (1977) used chemosterilants to successfully reduce spermatogenesis, 
ovulation, and pregnancy in beaver. As with surgery, effective methods of treating beavers 
in the wild must be developed for this approach to have practical application. 
  

                                                        
13 One male performed dam and lodge maintenance behaviors characteristic of adult females according to a 
study by Hodgdon and Larson (1973), and he also lost all of his guard hairs for one season. 
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3.0 RESOURCES –  
QUICK REFERENCE GUIDE 

3.1 Washington Hunting and Trapping  
Washington Department of Fish and Wildlife (WDFW) Small Game & Trapping information, 
including links to seasons and rules: http://wdfw.wa.gov/hunting/smallgame_trapping/  
 
WDFW list of Nuisance Wildlife Control Operators in Washington: 
http://wdfw.wa.gov/living/nuisance/nwco.php 
 
WDFW information on hiring a Wildlife Control Operator: 
http://wdfw.wa.gov/living/nuisance/damage_control.html 

3.2 Permits 
WDFW Hydraulic Project Approval (HPA): http://wdfw.wa.gov/licensing/hpa/  
 
King County Clearing and Grading Permits: http://www.kingcounty.gov/depts/permitting-
environmental-review/info/PermitTypes/landuse/ClearingGrading.aspx  
 
WDFW beaver relocation permit process: In Development 

3.3 Beaver Management Devices 
Beavers Northwest, includes assistance with installing devices: 
http://www.beaversnw.org/  
 
WDFW Living with Beavers, includes designs for Beaver Deceivers and pond levelers: 
http://wdfw.wa.gov/living/beavers.html  
 
Beaver Stop®: http://www.canadaculvert.com/product/beaver-stop/ 
 
Beaver Solutions flexible leveler kit: http://www.beaversolutions.com/beaver-deceiver-
products/flexible-beaver-pond-leveler-kit/  
 
Clemson Pond Leveler: 
http://files.dnr.state.mn.us/assistance/backyard/privatelandhabitat/clemson_beaver_pon
d_leveler.pdf  

3.4 King County  
King County Wildlife: Beavers: kingcounty.gov/beavers  

http://wdfw.wa.gov/hunting/smallgame_trapping/
http://wdfw.wa.gov/living/nuisance/nwco.php
http://wdfw.wa.gov/living/nuisance/damage_control.html
http://wdfw.wa.gov/licensing/hpa/
http://www.kingcounty.gov/depts/permitting-environmental-review/info/PermitTypes/landuse/ClearingGrading.aspx
http://www.kingcounty.gov/depts/permitting-environmental-review/info/PermitTypes/landuse/ClearingGrading.aspx
http://www.beaversnw.org/
http://wdfw.wa.gov/living/beavers.html
http://www.canadaculvert.com/product/beaver-stop/
http://www.beaversolutions.com/beaver-deceiver-products/flexible-beaver-pond-leveler-kit/
http://www.beaversolutions.com/beaver-deceiver-products/flexible-beaver-pond-leveler-kit/
http://files.dnr.state.mn.us/assistance/backyard/privatelandhabitat/clemson_beaver_pond_leveler.pdf
http://files.dnr.state.mn.us/assistance/backyard/privatelandhabitat/clemson_beaver_pond_leveler.pdf
http://www.kingcounty.gov/beavers
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Appendix A. More Commercial Repellants 
The literature search for Section 2.2.3.2 revealed a few other commercial repellents, but 
these are no longer available or generally not feasible. They are included here for 
informational purposes. 
 
Fenwick (2003) addressed the topic of using deer repellants successfully with beavers with 
confidence: “Commercial deer repellents have also been used successfully to protect trees 
from beaver. The American Tree Farmer (October 1983) reported that full strength use of 
Magic Circle consistently repelled beavers. A diluted concentration (1:50) applied to 
damaged trees along the shoreline also repelled beavers. Rags saturated in full-strength 
repellent and hung from a cord above the beaver dam repelled beavers for three years, 
while the same treatment using diluted repellent (25% concentration) remained effective 
for only three months.”  
 
Magic Circle Deer Repellent is no longer manufactured. Magic Circle was bone oil, and its 
manufacture was discontinued in 1993 for lack of profit. Several sources online14,15 refer to 
a Federal Register page in which the Ehrlich company allowed the registration to be 
canceled: “The J C Ehrlich Company plans to allow the registration of their product, Magic 
Circle Deer Repellent (bone oil), to be canceled as of 11/23/93.…According to the J C 
Ehrlich Co., the cost of reregistration does not justify continued registration of this product. 
The registrant will be allowed to sell and distribute this product for 1-year following its 
cancellation; existing stocks in the hands of users and retailers may be used and sold until 
exhausted.” They all cite the initial source as Federal Register 58(163):44826, but this 
source could not be confirmed.  
 
Another very similar (if not identical) product is Dippel’s Oil, which Wikipedia16 reports as 
“a nitrogenous by-product of the destructive distillation of bones. It is dark, viscous, tar-like 
liquid with an unpleasant smell which is named after its inventor, Johann Conrad Dippel. 
The oil consists mostly of aliphatic chains, with nitrogen functionalities and includes 
species such as pyrroles, pyridines and nitriles, as well as other nitrogenous compounds.” 
This product also no longer appears available. A product is online called “Cattle bone oil 
(Dippel’s oil),”17 which might be very similar, but this product is from Egypt and ships by 
the ton. 
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16 http://en.wikipedia.org/wiki/Dippel%27s_oil  
17 http://www.alibaba.com/product-detail/Cattle-bone-oil-Dippel-s-oil-_119798841.html  
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Appendix B. History of Beaver Relocation 
This appendix summarizes a literature search of beaver relocation efforts in the past, with 
focus on Washington State. It is not an exhaustive history, but it highlights the history of 
relocation activity and lessons learned along the way. The earliest relocations took place 
either to bring back a natural resource for fur trapping or because land managers 
recognized the environmental degradation that was occurring in the absence of beavers. 
 
After beavers were nearly made extinct in the 1800s, the earliest mention found of 
transplanting beavers to bring back populations was in Pennsylvania in 1917. Couch 
(1942) reports that Pennsylvania “had no beavers for approximately 70 years prior to 
1917 and in that year liberated a pair imported from Wisconsin. From 1917 to 1924, 
inclusive, 94 beavers were imported and set free in certain sections of the State….The 
animals increased so rapidly that it soon became necessary to transfer some of them to 
other sections.”  
 
Washington State was not far behind in relocating beavers: in 1920, the state Department 
of Agriculture began trapping beavers from around Walla Walla, where they were being 
reported as nuisances, and transporting them to Mount Rainier National Park (Washington 
State Department of Agriculture 1920). A “few” beaver were caught and transported in 
1920, and the report indicated they would trap and release “a much larger number” in 
1921. Also in Washington, Scheffer (1938) reported the relocation of 12 beavers to the 
Cashmere area of Washington from 20 miles away to help control soil and water losses. In 
1936 10 beavers were relocated from the lower Yakima Valley orchard district to Ahtanum 
Creek, 60 miles away, to help with water storage in the area. Encouraged by their success, 
in 1937, another 22 beavers were relocated from Cle Elum to the same area in Ahtanum 
Creek. The Soil Conservation Service was very happy with the results: It is estimated that 
within 10 years of the program the beavers will have constructed enough ponds to have a 
total water-storage capacity of 500 acre feet; at a program cost of $500, which amounted to 
$1 per acre foot of storage. 
 
Other early transplanting records come from Missouri and Michigan. In Michigan, although 
sites were not prepped, some research regarding the suitability of habitat was conducted in 
advance (Ruhl and Lovejoy 1930): 

During the summer of 1928 field officers of the State Department of 
Conservation were asked to show on maps the reaches of our northern 
streams which were plentifully stocked, fairly well stocked, suitable for 
beaver but unstocked, and unsuited for beaver; also locations where beaver 
had become a nuisance, and places where the planting of beaver would be 
desirable….Beginning about August 1 and continuing into November of 1928, 
shipments of beaver which were live-trapped in places where they were 
doing damage were made to six different state game refuges in the Lower 
Peninsula where there were no beaver, where reasonable protection could 
be expected, and where they could be kept under observation. 
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Their narrative description of the transplants indicate the beavers typically moved away 
from their release site but generally successfully survived the transplanting process. 
Because beavers were still present in some parts of Michigan in 1928 but were thought to 
be all but extinct in Missouri, the Missouri Game Department transplanted 2 pairs of 
Michigan beavers to a tributary of the Meramec River near its headwaters in the Ozark 
portion of Missouri in 1928 and another 4 pairs in 1929 (Atwood 1938). By 1935 they 
estimated the population had grown to 70 animals. 
 
Between 1934 and 1938, 187 colonies were relocated in seven Eastern Oregon national 
forests by state and federal agencies (Scheffer 1941). The fates of the colonies were tracked 
to learn some of the causes for success and failure of those transplanted beavers. Twenty-
two percent of their relocated colonies remained in place, and 39 percent disappeared 
entirely. The remaining 39 percent moved nearby. Scheffer (1941) reported reasons for the 
beavers not staying where they had been put included lack of shelter, no place in the water 
for a deep pond, elevation was too high, water was too swift, lack of preferred palatable 
species, capture by predators, removal by poachers, and finally, improper handling prior to 
release. Unfortunately, they did not report their methodology for performing the 
relocations, but a hard release is assumed (see Section 2.6.2 in the main body of this 
report). 
 
An experimental beaver and transplanting program was carried out in Utah during the 
summer of 1940 (Rasmussen and West 1943). Their goals appear to be to establish the best 
methods for trapping and relocating beavers. Different types of traps were used to 
determine which worked best (defined as which damaged the fewest teeth), pens were 
designed for holding to attempt to release beavers in pairs, crates were specially designed 
for transport, and various styles of tags were tested for recovery experimentation. 
 
The first mention of implementing site preparation (part of a soft release) is from Harris 
and Aldous (1946). They describe their method of preparing a dam on a stream 
(downstream of food supply), building a temporary bank lodge, and digging a trench 
between the two. They report that from 1936 to 1944, 136 beaver were planted at 34 
artificially prepared new sites in the Northern Black Hills of South Dakota. Beaver 
established themselves at all but 3 sites where they were released. In contrast, 259 beaver 
were live-trapped and released in the same area but without artificial site preparation. 
Harris and Aldous (1946) did not provide numbers but said, “Very few of the latter beaver 
stayed at the points of release. Many established themselves at self-chosen sites, but a few 
moved around and some returned to their home locations.” One of the primary issues 
associated with beaver relocation is the beavers not remaining at their target release sites 
(see table below). 
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Dispersal distances from some early relocation studies. Note: Harris and Aldous (1946) are the 
only researchers who did site preparation. 

Study & location Number of beavers in study dispersal distance 
Harris and Aldous 1946, 
South Dakota 

14 re-trapped beavers out of 100 
ear-tagged beavers: 
2 re-trapped beavers w/site prep;  
12 re-trapped beaver no site prep. 

No site prep: 
     Range: 3 - 48 km (2 - 30 mi) 
     Average: 15.4 km (9.6 mi) 
With site prep: 
     Range: 0 - 4 km(0 - 2.5 mi) 
     Average: 2 km (1.25 mi) 

Haseltine 1950, 
Maine 

5 re-trapped out of 13 tagged and 
transplanted 

Range: 0.4 - 2.4 km (0.25* - 1.5 mi) 
Average: 2 km (1.2 mi) 

Denny 1952, 
Colorado 

26 Average: 16.7 km (10.4 mi); 
Maximum: 48.3 km (30 mi) 

Hibbard 1958, 
North Dakota 

18 re-trapped beavers out of 155 
tagged beavers 

Stream miles traveled: 
     Range: 0.8 - 238 km (0.5 - 148 mi) 
     Average: 14.6 km (9 mi) 
     Median: 11.7 km (7.3 mi) 

Berghofer 1961, 
New Mexico 

27 re-trapped beavers out of 397 
ear-tagged beavers 

Average overland distance**: 
     males: km (16 mi) 
     females: km (9 mi) 
Greatest overland distance: 
     males: km (32 mi) 
     females: km (18 mi) 
Average downstream distance: 
     males: km (8 mi) 
     females: km (6 mi) 

Knudsen and Hale 1965, 
Wisconsin 

2200 beavers captured and 
tagged, some released at streams, 
some at lakes or potholes:  
272 re-captured beavers out of 
lakes or potholes.  
200 re-captured from streams. 

Lake/pothole releases: 
     Average: straight-line distance: 
       3.2 km (2 mi) 
     90 remained at release site. 
Stream releases: 
     Average: straight-line distance: 
       7.4 km (4.6 mi) 
     24 remained at release site. 

Hodgdon and Hunt 1966, 
Maine 

12 Average: 11 km (6.8 mi) 
Range: 1.6 - 25.7 km (1-16 mi) 

Courcelles and Nault 1983, 
Quebec, Canada 

18 re-trapped beavers out of 170 
relocated, tagged beavers. 2 of the 
18 did not leave release site. 

Average: 18 km (11 mi) 
Maximum straight-line distance:  
     66 km (41 mi) 

*the female beaver who only traveled 0.25 mi. before she was hit by a car and killed. Three of the other 4 
beavers traveled 1.5 mi. and the 5th beaver traveled 1.4 mi. 
**approximately 55 percent of recaptured beavers had moved overland versus downstream. 
 
In 1950 beaver relocation methods were getting creative, as Idaho Fish and Game air-
dropped them using parachute boxes (Heter 1950). In the fall of 1948, 76 live beavers were 
dropped with only one casualty relating to the air-dropping. Heter (1950) reported that by 
late 1949, all 75 beavers were thriving. They did not report any of their methodologies or 
analyses, and their lack of evidence makes the conclusion highly suspect. 
 
Courcelles and Nault (1983) drew several conclusions from their study. They used hard 
releases, although they did attempt to relocate entire family groups, which they observed 
to subsequently go their separate ways after release. They concluded that, “In general it 
seems that when they are moved, beaver rarely remain where they have been released, 
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family groups separate and individuals sometimes travel long distances, and individuals 
may die due to stress or predation.” 
 
In a more recent study, from 1994 to 1999, McKinstry and Anderson (2002) captured 277 
beavers at 22 restoration sites in Wyoming and eventually transplanted 234 beavers using 
a hard release at 14 sites. Of the other 43 beavers, 15 were lactating females that were 
released after capture and therefore not transported. The remaining 28 beavers did not 
survive the initial trapping or transporting process. Of the 234 relocated beavers, 114 were 
outfitted with transmitters. Of those 114, 34 (30 percent) died within 180 days of release, 
and another 7 died prior to the failure of the transmitters. Twenty-four percent died of 
undetermined causes, but the other 76 percent died from predation. Within 180 days of 
relocation, 58 beavers (51 percent) had emigrated more than 10 km from the release site 
and were not found again or had faulty transmitters and weren’t able to be tracked. Of the 
mortalities, 8 beavers died within a week of release, and the overall average survival time 
was 86 days from time of release. All beavers except one died within 0.5 km of the release 
site. Only 19 percent (23 beavers) lived more than 180 days and built dams and lodges in 
the drainages where they were released. It is of note that over time they released an 
average of 17 beavers per release site, and 13 of the 14 release sites were still occupied as 
of September 2001. They released so many beavers per site because they continued to 
release until a site was successfully occupied. As a result of their experience, they 
recommend not attempting relocation for restoration purposes unless the resources are 
available to relocate as many beavers as needed to establish a site. They recommend 
relocating beavers over 2 years of age because mortality and emigration of their younger 
beavers was 100 percent. 
 
Thirty-seven beavers were released at 13 sites in the North Umpqua and South Umpqua 
river systems in Southern Oregon in 2009 (as reported in Coe et al. 2016). More than 50 
percent suffered mortality from the following reasons: predation (9), accidental deaths 
(roadkill, drowning, waterfall) (5); natural causes (1); unknown (5); and capture-related 
(1). The remaining beavers varied in their responses to release: some stayed put, others 
traveled. It is assumed all relocations were hard releases. 
 
In 2012, Oregon Department of Fish and Wildlife (ODFW) produced “Guidelines for 
Relocating Beaver in Oregon” (ODFW 2012). The guide contains habitat parameters for 
release sites, the best timing for relocations, monitoring and reporting requirements, and 
various data forms. The guidelines are relatively thorough but assumes all releases will be 
hard releases because the guidelines are for individual landowners who would not have 
resources available for soft releases. 
 
From September through December 2011, Petro et al. (2015) trapped nuisance beavers 
and relocated them using the ODFW (2012) guidelines. During the same timeframe, 
beavers were released into 9 unoccupied sites. When 3 recolonizations were unsuccessful, 
beavers from 3 more colonies were released into those sites. In total, 38 beavers 
representing 12 colonies had been trapped and relocated. Of those 31 were outfitted with 
transmitters, but one died within 48 hours, reportedly of “capture myopathy.” All 
remaining radio-tagged beavers moved from their initial release sites, and the distance 
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moved ranged from 0.2 km to 29.2 km, with an average of 3.3 km. Of the 30 radio-tagged 
beavers, 8 (27 percent) died within 30 days, and an additional 4 (13 percent) died within 
90 days of release. Seven of these mortalities were from predation, four from disease, and 
one from poaching. It is worth noting that all releases were hard releases. The authors 
provide this final conclusion: “The risk of relocated individuals dispersing out of target 
stream restoration areas and into locations where their foraging and damming activities 
may cause damage to another landowner’s property should also be considered” when 
conducting relocation. 
 
Rosen (2017) summarized an interview with the lead author of the previous study, Vanessa 
Petro as follows:  

Scientists have more to learn about how beavers select their homes, and 
what induces them to build dams. Her team verified that the sites had 
adequate food, adequate stream flow, and suitable bank and bed 
characteristics for dam construction, but the beavers all eventually 
established themselves at least two miles from the release sites, and most 
simply built lodges in the creekbank without dams. This is sensible because 
building and maintaining dams is arduous, so the beavers might naturally 
choose to live in a place that does not require dam construction. In 
watersheds with established resident beaver populations, there are entire 
tributaries that are free of beavers. Beavers relocated into the tributary 
migrate out into other streams. They see, smell, or sense something that 
science has not yet identified. 

 
In Washington State, relocation has been used commonly in recent years and techniques 
are continually being refined to increase success of relocation. One of the primary 
innovations that has led to greater success in the establishment of relocated colonies is the 
soft release: they use a holding facility to not only transition the beavers from their old 
homes to their new ones, but also to test whether the new male-female pairs get along. 
Then, once a pair is established (they are seen to be sleeping in the same cinder-block 
“den”), they are transported to their release site, where a temporary den has been 
constructed by project ecologists. The den is made of small logs and sticks and is built so 
the beavers have to chew their way out of it through a window of small sticks. The idea is to 
keep them there long enough so they may understand it provides protection from 
predators while they get to work dam building. The Methow Beaver Project uses these 
methods, and since 2008, they have released 274 beavers to 61 locations, and beavers 
established themselves at 45 of those locations for some period of time (Woodruff 2016). A 
summary of the many recent relocation studies in Washington is presented below. 
 
Eastern Washington: 

• Methow Valley Beaver Relocation Project (relocations in Methow Watershed): 
Started in 2008, as of 2015, they have released 274 beavers at 61 locations. As of 
October 2015, 30 sites were active, and over the study period, 45 sites had been 
occupied for some period of time. See Woodruff (2016). 
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• Yakima Beaver Project18 (sites in the Yakima Basin): Started in 2011. Between 2011 
and 2015, 161 beavers relocated to headwater tributaries. Successfully established 
16 (out of 45) beaver colonies between 2011 and 2014. See Babik and Meyer 
(2015). 

• Lands Council in Eastern WA19 (relocations mostly in Colville National Forest & 
some private property): 2009-2017 accomplishments: 23 relocation sites, 122 
beavers total. 40 percent of sites were active soon after the release, and most are 
currently active. Approximately 30 percent of relocations (total beavers moved) 
were successful staying put and building dams at the release site vicinity. (Pers. 
Comm., Joe Cannon, Lands Council) 

 
Western Washington: 

• Tulalip Beaver Project in Snohomish County (relocations on USFS land in the Mount 
Baker-Snoqualmie National Forest): They began trapping and relocating in summer 
2014 and have relocated 73 beavers to 13 different sites in the Skykomish 
Watershed. (Pers. Comm., Molly Alves, Tulalip Beaver Project) 
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Appendix C. Early Versions of Flow Devices 
 
The earliest record of using pipes to control pond levels is from Bailey (1922). They used 4-
7 inch iron pipes with wire mesh around the upstream end. They explained that a larger 
pipe or several pipes may be necessary to convey the flow.  
 
Bailey (1922) also described the use of three logs bundled together to pass water through a 
dam (Figure A-1). These “log pipes” or 3-log drains work by lashing together 3 full-length 
logs, and inserting them through the dam in the same manner as the other pond levelers. 
Because water flows through the crevices in the logs, this device cannot handle much water 
volume. Nor would it allow fish to pass through the pipe itself. 
 

 
Figure A-1. Schematic of 3-log drain (from Newbill and Parkhurst 2000). 

New Hampshire Fish and Game Department began experimenting with perforated wood or 
fiber pipes in beaver dams to control flooding in 1948 (Leighton and Lee 1952). Continued 
experimentation across the state in different situations allowed them to continue to 
improve on their designs. They focused their ongoing improvements on the correct size 
and number of pipes and the adequate number of perforations. Laramie (1963) reported 
on the continued attempts to improve the design using wood pipes (Figure A-2). Roblee 
(1984) appears to be the first to use plastic pipes in dams instead of wood pipes. Roblee 
(1987) also designed a T-culvert protector and found this technique successful in New York 
under certain streamflow and substrate conditions, plus both ends of the T-culvert needed 
to be resting in calm water that was 4-6 ft (1.2-1.8 m) deep. 



Beaver Management Technical Paper #1: Beaver Management Tools Literature Review and Guidance 

King County Science and Technical Support Section  C-2 December 2017 – Revised April 2018 

 
Figure A-2. Wooden beaver pipes in New Hampshire (Laramie 1963). 
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