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1.0 INTRODUCTION
In 2017, King County formed the King County Beaver Working Group (BWG) to help ensure
King County staff who regularly respond to surface water complaints and other beaver-related
issues do so in a consistent manner and with the same set of evidence-based solutions and use
the most effective tools and resources. Part of the foundational work of the BWG is to assemble
the best technical information available to inform such responses and decisions. This paper
provides information on biology and life history of the beaver, including its engineering activities.
The paper attempts to describe what beavers do and why, so that actions taken by County staff
may result in more predictable outcomes.
The primary audience of this paper is King County staff, and the document is written with
usefulness to that audience in mind. This paper will likely also be useful to other local
government agencies, nonprofits, Tribes, and individual landowners in their efforts to manage
beaver-human interactions. Other literature reviews of beaver life history and ecology have
been written, but this one presents the original literature and observations on each of the topics
in order to reduce any chances for misinterpretation of findings. The only time another literature
review is cited is if they also present original information or ideas.
The resources cited in this document span over 200 years. The oldest reference is from 1795,
and the newest references are from 2020. The vast majority of references are from the past 100
years. Most of the papers cited in this document represent studies conducted using standard
scientific methods, but some resources are books that represent years and sometimes decades
of beaver observations. Beavers have been of interest to people in general and science in
particular for a long time, as evidenced by the large number of scientific papers cited in this
document. And most recently, there is a large and growing interest in partnering with beavers in
climate change adaptation and mitigation, so new and exciting research is coming out every
year.
This literature review represents the best science currently available on beaver life history and
ecology, with a particular focus on Western Washington. This paper is the third technical paper
in a series being produced by the Science and Technical Support Section of King County Water
and Land Resources Division. The following technical products are currently available and
published online:
•

Beaver Management Technical Paper #1, Beaver Management Tools Literature Review
and Guidance (“Technical Paper #1,” King County 2018a; available online), and
accompanying materials:
o

•

•

Summary matrix with permit and general cost information (online)

o

Decision flow chart – What to do when a problem arises (online)

o

Short summary document (online)

Beaver Management Technical Paper #2, Summary of Current Laws, Policies, and
Practices (“Technical Paper #2,” King County 2018b; online), and accompanying
materials:
Beaver Management Technical Paper #3, Beaver Life History and Ecology Best Science
Review (this paper; available online).
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Future papers anticipated to be released include:
•

Beaver Life History and Ecology “Easy Guide,” based on Technical Paper #3, with
important points summarized. 2020 release date.

•

Planning for Beavers Manual – To help project planners and landowners anticipate
beaver activity that occurs as a result of project construction and plan proactively.
Includes two case studies in appendices. 2020 release date.

•

Beaver Effects and Impacts Best Science Review and “Easy Guide.”

In addition, other useful information is available on our website (www.kingcounty.gov/beavers),
including a set of FAQs whose primary purpose is to answer common beaver-related questions
of land owners and land managers.
All of these papers, information sheets, webpages, and other materials are necessarily living
documents to be revised in the future—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 BEAVER POPULATIONS
This chapter examines current and potential beaver population sizes in King County. In order to
provide context, the history of beaver populations including trapping and reintroduction efforts
are presented first.

2.1

History

This section on historic beaver populations, their removal by trapping, and eventual intentional
reintroduction is included to provide historical and ecological context and perspective.
No animal has figured more prominently in the affairs of any nation than has the
Beaver in the early history of the New World. — Dr. C.H. Merriam (1884)

2.1.1

Historic populations and trapping

Conservative calculations place the pre-European contact population estimates of beavers in
North America at 60,000,000 (Seton 1929). Estimates that are not as conservative but still
feasible place potential population numbers as high as 400,000,000 (Seton 1929). Despite this
abundance, most beaver populations in North America were decimated by fur trappers by the
1700s and 1800s to primarily support European demand for high-quality felt hats (MullerSchwarze 2011; Obbard et al. 1987; Innis 1956).
In some parts of the West, such as the Columbia Basin, politics also fueled the wholesale
decimation of beaver populations. The Hudson’s Bay Company (British-owned) wanted to make
the region devoid of valuable resources for Americans who might want to settle there (Ott 1997,
2003; Innis 1956). Ott (2003) describes the beginning of the “fur desert policy”: During a visit to
the Columbia District to determine its usefulness to the Hudson’s Bay Company, George
Simpson wrote in an 1824 journal entry: “If properly managed no question exists that it would
yield handsome profits as we have convincing proof that the country is a rich preserve of Beaver
and which for political reasons we should endeavor to destroy as fast as possible” (Ott 2003).
Between 1826 and 1830, during the peak of harvesting in the Northwest, the company took in
more than 51,700 beaver pelts at its Columbia River Basin posts alone. Between 1841 and
1845, the number was about half as many, about 26,500 (uncited source in Harrison 2008).
By the late 1800s Roderick MacFarlane, chief factor for the Hudson’s Bay Company and collector
for the Smithsonian (as cited in Dugmore 1914) wrote, “Unless further action speedily intervenes
in the premises, however, the ultimate extermination of the Canadian beaver is merely a question
of time. It has already disappeared for good from many sections in which it was formerly present.
It is becoming very scarce in certain localities where it should receive immediate protection in the
way of several legally-assured years of rest and full exemption from disturbance by hunters.”
Richard Lydekker, English naturalist, geologist, and author of numerous books on natural history,
predicted in 1894 that “both the European and American beaver are doomed to extinction as wild
animals at no very distant date” (cited in Dugmore 1914).
By 1845, pioneers were settling in the area that would become Washington State in 1889. By
1900, beaver populations in the United States were largely extirpated (Seton 1929). About this
time the remaining beavers were being afforded some protection so they (and their fur) would
King County Science and Technical Support Section
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not be lost entirely: “Then came the awakening, which took the practical form of protective laws,
sanctuaries, and implantations” (Seton 1929).
In 1901 Washington State established County game wardens as well as its first game code
(Mahan 1903). Beavers were added to the game code in 1909 (Ballinger and Remington 1910),
when an act for the protection of beaver in Washington State was approved (Nichols 1909). It
specified fines between $50 and $100 1 per beaver found in anyone’s possession in the state
until September 1914. This law was modified in 1913 to remove the end date and change the
punishment (Remington 1914). The new statute read: “No person shall in any manner hunt for,
trap, take, catch or kill any beaver in this state, or have in his possession, alive or dead, any
beaver or any part thereof. Any person who violates the provisions of this section shall be guilty
of a misdemeanor” (Title XXXVIII, Chapter VIII, § 5395-40) 2.
As relatively early as 1914, beavers in some parts of Washington were being reported as
common on some streams, such as Butte Creek in the Blue Mountains (Dice 1919). By 1920, in
several localities they were reportedly so plentiful that numerous complaints have been made by
farmers of damage to their orchards (Washington State Department of Agriculture 1920). The
most complaints were coming from the vicinity of Walla Walla. By 1925, the beaver population in
Washington State’s National Forests was estimated at 11,138 (USDA 1926, as cited in Seton
1929). In 1925, the classification of “fur-bearing animals” was defined by the Washington
legislature and included beavers, but their level of protection remained unchanged (Hinkle
1925). It would not be for another 20 years, in 1945, that an act was passed “relating to beaver;
providing for the regulation and control thereof by the State Game Commission” (Reeves 1945).
It was the first time Washington State laws reflected challenges some landowners were
beginning to face. Forty-thousand dollars was appropriated to carry out the work described in
the statute, and two years later another $60,000 was appropriated (Reeves 1947).

2.1.2

Reintroduction

After beavers were nearly driven to extinction in the 1800s, it wasn’t long before land managers
were promoting their reintroduction to help repair and restore ecological function of stream and
riparian areas (Figure 1). Baker and Hill (2003) summarize:
To supplement natural recovery, during the mid 1900s beaver were livetrapped
and successfully reintroduced into much of their former range, a remarkable
achievement of early wildlife managers. Although the area of pristine beaver
habitat has been much reduced by human land-use practices, beaver have
proved to be highly adaptable and occupy a variety of human-made
habitats….Thus, the present range of beaver is a result of natural recovery and
reintroduction to their original range.
Washington State appears to have been one of the earlier states to transplant beavers to
increase or seed populations. The apparent first documentation of beaver relocation in
Washington occurs in a 1920 report to the Governor: the State Department of Agriculture began
1

$50 to $100 in 1910 equates to about $1,400 to $2,700 in 2020.

In 1919, additional language was added to clarify that the law applied to beavers caught or killed in Washington only
(Title XXXVIII, Chapter VIII, § 5979; Pierce 1919).

2
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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” beavers were caught and transported in 1920. The report indicated they would
trap and release “a much larger number” in 1921, but no documentation of such relocations was
found so it’s unknown if this second round of relocation occurred. Beavers were also being
relocated from Walla Walla all the way to Pennsylvania (see Figure 1; Scheffer 1927) in the
1920s.

Figure 1.

An article from the United States Biological Survey in 1927 provides suggestions for
the successful trapping and release of beavers (from Scheffer 1927).

Around 1933, the U.S. Forest Service in cooperation with the U. S. Biological Survey and the
Oregon State Game Commission initiated a program of transplanting beavers in Washington
and Oregon from the agricultural districts, where they were making a comeback, to the National
Forests (Cliff 1936; Finley 193X).
In other parts of the country where beavers would have been fully removed by trapping earlier,
beaver reintroductions were well underway. In an article titled “The Magnificent Rodent,” for The
Scientific Monthly, Gregg (1948) wrote: “The ground swell of conservation consciousness of the
early 1900s brought attention to the beaver as a vanishing species. Writers, some of them more
enthusiastic than accurate, stimulated widespread interest in the beaver and its way of life. By
World War I, stringent or total protection was provided by law almost everywhere.” The earliest
King County Science and Technical Support Section
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record of beaver reintroduction was from 1905 in the Adirondacks of New York (Radford 1906).
Kirk (1923) talks about using beavers from the Adirondacks of New York to introduce into
Vermont in 1921. The first relocations in California were in 1923 (Tappe 1942). Missouri began
reintroducing beavers in the late 1920s (Twichell 1952). Oregon, South Dakota, and West
Virginia were transplanting beavers in the 1930s (Scheffer 1941; Harris and Aldous 1946;
Swank 1949).
The benefits of releasing beavers in the National Forests were recognized by the 1930s (Cliff
1936):
The dams built by this “master logger” serve as excellent erosion check dams.
They also tend to regulate streamflow by retarding the swift mountain torrents
and by impounding and conserving water. Forage conditions are often improved
through the flooding or subirrigation of meadow areas, resulting in increased
production of willows and succulent grasses. Furthermore, beaver dams on our
cold, fast-flowing mountain streams usually improve fishing conditions by forming
deep backwaters and in some cases increased feed.
In 1942, a conservation bulletin by the U.S. Fish and Wildlife Service recognized that the
beaver’s “dam-building activities are powerful aids in flood control and in the conservation of
water resources” (Couch 1942). A few years later, Dalquest (1948) included a description of the
great value of beavers, thanks to the impounding of water by their dams:
These ponds prevent erosion, raise the water table and so stimulate the growth
of vegetation, insure greater regularity of stream flow, provide suitable water for
trout and muskrats as well as some breeding grounds for waterfowl. On burnedover or logged-off land, the greatest, and often the only, growth of new conifers is
in the vicinity of beaver ponds. In the vicinity of beaver dams, rich growths of
willows and other deciduous vegetation provides food and cover for deer and furbearing mammals.
With the passage of the Federal Aid in Wildlife Restoration Act of 1937 (the “Pittman-Robertson
Act”), a funding source became available to each state for managing wildlife species, with an
early focus on those that were driven to near extinction by market hunting pressure or habitat
degradation from humans. Funds were often used to support beaver trapping and relocation,
which had strong public support in large part because of the desire for the beaver as a viable
commodity. Professional conservationists also recognized the habitat benefits of beavers.
These funds also supported beaver surveys, studies, and management plans. One such
document was Beaver Management and Ecology in Wyoming, by Grasse and Putnam (1950) 3.
A large chapter was dedicated to relocation and begins: “Beaver properly located near the
headwaters of streams are almost always beneficial and contribute much to man's welfare.”
Wyoming had a goal of reintroducing beavers into every stream where they would provide
benefits without causing problems. By 1950, they had transplanted 634 beavers at 130 different
sites. Figure 2 below shows their transportation methods.

Other examples include New Mexico (Huey 1956), Maine (Hodgdon and Hunt 1966), California (Tappe 1942; Shaw
1948), Vermont (Foote 1945), Colorado (Retzer et al. 1956; Rutherford 1964), Minnesota (Longley and Moyle 1963),
and West Virginia (Swank 1949).

3
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Thanks to the Pittman-Robertson Act, by 1950 most states (at least 42) had trapping and
transplanting programs. Twichell (1952) described a questionnaire sent to all U.S. state and
Canadian game departments requesting information on beaver management. Forty-five states
and all provinces responded, and all except Rhode Island reported beaver present 4. Of 48
responses, 38 reported beavers were on the increase, 9 stationary, and 1 in decline. Forty-four
of the game departments recognized that trapping may be a useful tool in mitigating beaver
damage.

Figure 2.

One of the methods of transporting beavers for relocation in Wyoming in the late
1940s, where serious efforts were underway to widely reintroduce beavers (from
Grasse and Putnam 1950).

A more detailed examination of the history of relocation is presented in Technical Paper #1,
Appendix B.

It is unclear if this is a separate but nearly identical study to the one reported on by Denney (1952), who reported 42
states responding, and three states reporting no beavers: Rhode Island, Florida, and South Carolina.

4
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It was not only in recognition of ecological benefits of beaver that the animals were afforded
protections so populations could rebound. With replanting and protections underway by the
1930s and 1940s in much of the west, beavers could once again be trapped for their fur
(Figure 3).

Figure 3.

2.2

Table from Yaeger and Hill (1954) showing numbers of beavers harvested in Western
states as populations began to return.

Current population estimates

A survey of wildlife agencies taken in 1947-1948 put the beaver population in North American at
around 1.1 million total, with 654,000 in the contiguous United States (Denney 1952). Naiman
et al. (1986) states that in the mid-1980s the beaver population in North America was thought to
number between 6 and 12 million; however, they do not say where they came up with that
estimate. Whitfield et al. (2015a) conservatively estimated the beaver population in North
America in the year 2000 was somewhere between 9.6 and 50.4 million 5.
Population estimates in Washington State are no less vague. Denney (1952) Reported that
Washington State’s estimate in 1948 was 100,000. There is nothing to indicate how
Washington’s respondent arrived at that figure, which was by far the highest of the 41 states
that returned data (Alaska reported 200,000, but was not yet a US State). Various newsletterstyle articles (e.g., Abbotts and Williams-Derry 2009) state the current population size is about
400,000, but they also do not cite how this number was calculated.

The range represents the mean plus or minus one standard deviation of the input colony data in each of the high,
medium, and low beaver occurrence categories (C. Westbrook, pers. comm. 2020). See Whitfield et al. 2015 for a
description of their methodology.

5
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2.3

Carrying capacity

Some land managers would like to know what the carrying capacity of beavers is so they can try
to predict if an area has reached it and assume (or hope) no additional beavers will move in. Or,
they want to predict just how many more beavers may move in. Lawrence (1954) reminds us
that carrying capacity “is not a fixed characteristic of the species but varies with capacity of land
to support the animal.”
This topic is challenging because carrying capacity for beavers is dynamic and will vary based
on any of a number of factors including but not limited to habitat types and quality, food
preferences and availability, water supply, presence of predators, and trapping pressure. The
dynamism or plasticity of colony density possible in a given area is based on those factors,
some of which change independently of beaver activity and some of which change in direct
response to beaver activity. These variables render the concept of carrying capacity largely
irrelevant for our purposes. Probably more relevant is colony density, which, although also
dependent on most or all of the same factors, is not constrained by terminology that implies
maximum density in an area is static and definable. Colony density is addressed in Section
4.1.3.

King County Science and Technical Support Section

9

April 2020

Beaver Life History and Ecology Best Science Review

3.0 BIOLOGY
This chapter focuses on those aspects of the beaver’s biology that are most relevant to its
management as well as management of King County’s natural resources that may impact and
be impacted by beavers.

3.1

Size

Beavers have been recorded up to approximately 85 pounds (Grinnell et al. 1937; Washington
State Game Commission 1955) and larger (Bailey 1922), but adult sizes range more typically
from 26 to 50 pounds. In California, 36 adult beavers averaged 41.9 pounds (Grinnell et al.
1937). Size of the adult beaver depends on latitude, climate, quality of available food, and
extent of exploitation (Baker and Hill 2003).
Pearson (1960) reported that both relative growth and growth rates reflected the habitat value.
In other words, the quantity and quality of available food affected the condition of the beaver,
especially in winter when food sources may be more limited.
Hill (1982) concluded that beavers grow until about age 4 or 5 years. Boyce (1974) found that
growth terminated at age 4 in an untrapped population, but terminated by age 3 in a population
that was harvested. Boyce (1974) also reported that populations of undisturbed beavers in
Alaska were larger in size than their hunted (trapped) counterparts: the heavily trapped
population exhibited a smaller average size at maturity (for more information on the impacts of
trapping on beavers, see Section 4.2.4).

3.2

Adaptations

The beaver is equipped with several morphological, physiological, and behavioral adaptations
that help it chew trees, build dams and lodges, escape predators, and keep their kits safe. Their
feet, tail, and teeth all exhibit specialized features.
The front feet of beavers are particularly sensitive and dexterous, which enables them to feel for
and manipulate food and building material in dark, murky water (Wilsson 1971). Beavers are the
only species of all the rodents (order Rodentia) to have five digits on each foot. The digits all
have claws, which are effective digging tools for excavating burrows, digging canals, and
digging nesting chambers. They can grasp branches, mud, rocks, and other objects in their fore
paws by using the fifth digit like an opposable thumb (Wilsson 1971). They can manage
sizeable loads by clutching the materials against their chin or chest while walking on land or
swimming in water (Bailey 1922; Hediger 1966; Schramm 1968; Wilsson 1971). In addition to
their mouths, they are able to carry dam-building and lodge building and repair materials in their
forepaws as they use their rear legs for swimming. If the water is too shallow, they are able to
carry the materials against their chest with their forepaws, walking semi-erect on their hind legs,
sometimes using the tail as a balance or brace (Bailey 1922; Shadle 1956; Wilsson 1971).
An unusual dam built almost entirely of stones was reported in the Yukon (Jung and Staniforth
2010); the larger stones weighed 4-5 kg (9-11 lbs), so adult beavers are capable of transporting
rocks at least this large. They are also able to carry their young kits in their forepaws as they
walk if needed (Shadle 1956; Hediger 1970).
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Beavers have more specializations for swimming than any other rodent (Freye 1954, as cited in
Wilsson 1971). Their relatively huge hind feet are up to 8 in (20 cm) long (Baker and Hill 2003),
are webbed, and are used for swimming (Warren 1927). Nictitating membranes protect the
beaver's eyes underwater (Lancia and Hodgdon 1983). The nostrils automatically constrict and
the ears close when the beaver's nose touches water (Bailey 1922). Fur-lined lips close behind
the incisors underwater (Warren 1927). All these adaptations enable the beaver to cut, chew,
and eat while underwater. They require the adaptation for eating during winter if their pond is
covered in ice. They are also able to chew shrubs and trees in flooded areas.
Beavers are able to commonly remain underwater for 4-5 minutes (Bailey 1922; Irving and Orr
1935), Haseltine (1950) timed three submersions that were between 3 and 7 minutes, and they
have been regularly observed underwater for 8-9 minutes (Dugmore 1914). Bailey (1922) said
they can swim half a mile underwater without coming to the surface. Ryden (1989) witnessed
the adult male of a beaver family remain underwater for approximately 20 minutes while
performing strenuous work dragging and cutting a large tree the entire time.
The tail of the beaver is paddle-shaped, which makes the beaver easily identifiable compared to
muskrat or nutria, both of which have long, round tails. The beaver’s tail is highly utilitarian. The
tail has a fat storage function (Aleksiuk 1970a) as well as thermoregulatory functions (Steen and
Steen 1965). On land, the beaver’s tail serves regularly as a prop for balance when the beaver
sits up on its hind feet to reconnoiter or when at work cutting trees (Grinnell et al. 1937; Rue
1964). In the water, the tail is used as a rudder when swimming (Warren 1927) and may be
used to prevent the animal from swimming in circles when towing tree branches (Grinnell et al.
1937). It is used as a means of communication by slapping the surface of the water to make a
loud sound (Curry-Lindahl 1967; Schramm 1968) 6. In fact, Seton (1910) refers to the tail slap as
the “splash signal.”
Like all rodents, their incisors never stop growing. The outside surfaces are covered by hard,
orange enamel, and the inside is composed of white dentin. Because the dentin is softer, it
wears down at a greater rate than the enamel, and because beavers continuously grind their top
teeth against the lower teeth, the result is the sharp chisel shape (Wilsson 1971; Novak 1987).
Because their teeth grow continuously, beavers must use them regularly to keep them from
growing too long. It is possible some tree cutting or chewing is caused solely by a beaver’s need
to file down its teeth.

3.3

Diet

Beaver are considered to be “picky” or “choosy” generalist herbivores (Jenkins 1975; Busher
1996; Baker and Hill 2003; Gerwing et al. 2012a), preferring certain foods, but willing to eat a
wide variety of other foods. They consume a diet of herbaceous and woody plants, which varies
6

There are several reasons beavers may tail slap, including when alarmed or startled (Brady and
Svendsen 1981; Dugmore 1914; Seton 1929), to drive other animals including humans away (Schramm
1968; Ryden 1989), to warn other beavers of potential danger (Brady and Svendsen 1981; Tevis 1950;
Seton 2010), to elicit more information from the source of stimulus (Hodgdon and Lancia 1983), and for
other types of intraspecific communication that could be play or something else (Green 1936; Vanderhoof
pers. obs.). Beavers do not always tail slap when frightened, however. Sometimes they just swim away
(Schramm 1968), and sometimes they move to deep water (Hodgdon and Lancia 1983; Tevis 1950) and
then may tail slap (Brady and Svendsen 1981).
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considerably by region and season. Understanding the diet of beavers can help predict their
movements, what their impacts on vegetation may be, and how to best plan restoration
plantings. The information in this section is taken from across the range of the North American
beaver and is intended to illustrate patterns in forage behavior that can be directly applied or
translated to beavers in King County.

3.3.1

Types of food consumed

Beavers are well known to eat trees such as cottonwood, aspen, and willows. Beavers eat the
leaves, buds, twigs, non-corky bark, roots, and fruits of deciduous woody plants (Gese and
Shadle 1943; Lawrence 1954; Hill 1982; Grinnell et al. 1937; Svendsen 1980b). But these trees
account for only a portion of their diet.
Deciduous woody plants are generally assumed to be the most important component of the diet
of beaver overall, but this assumption may not be an accurate assessment. Many studies have
emphasized woody plants over herbaceous plants because consumption of the former is more
obvious and easier to measure (Roberts and Arner 1984). Beavers also eat shrubs, ferns,
aquatic plants and grasses (Swank 1949; Svendsen 1980b), and they will eat crops such as
corn and wheat (Swank 1949). They will cut fruit trees (Silver 1924), and are as likely to eat the
apples or other fruit as the bark (Richards 1977; Smith 2014). Beavers may actually prefer
herbaceous vegetation over woody vegetation during all seasons of the year if it is available
(Jenkins 1981; also see Section 3.3.3).
When available, beavers consume the rhizomes of sedges and the rootstocks of mat-forming
shrubs as well as the large, fleshy underground stems of water lilies (Lawrence 1954). In New
Brunswick, Northcott (1971) found two water lily species (Nuphar spp.) to be the major diet
constituent in summer. Jenkins (1981) found the rate of tree cutting adjacent to a pond
dominated by yellow and white water lily (Nymphaea variegatum and N. ororata), which have
thick rhizomes, was low and constant throughout the fall, whereas the rate of tree cutting
adjacent to a pond dominated by water shield (Bassenia schreberi), which lacks thick rhizomes,
increased once the water shield leaves died. These findings suggest sustained consumption of
plants with aquatic rhizomes and seasonal use of the leaves of other aquatic vegetation. Some
authors have observed winter food caches containing large components of water lily rhizomes
instead of predominantly woody plants (Nash 1951; Hakala 1952; Shelton 1966; Ryden 1989).
Conifer trees are occasionally a dietary component of beavers (Svendsen 1980b; Nixon and Ely
1969; Retzer et al. 1956). Beavers have also been observed seasonally opening a wound or
tearing off large strips of bark, leaving the tree standing, and later returning to lick off the pitch
(Nixon and Ely 1969; Svendsen 1980b). Conifers with stripped bark were observed at Chinook
Bend Natural Area in King County; it is possible the beavers were consuming the sap (Figure 4).
Some unexpected food species were noted by Svendsen (1980b) in southeastern Ohio,
including regular feeding on the vegetative stalks of horsetail (Equisetum sp.), the use of shining
sumac (Rhus copallina) in late September and October as the leaves were turning red, and the
use of white pine (Pinus strobus) and red pine (P. resinosa) in spring. Consequently, Jenkins
(1979) in central Massachusetts found these two pine species to be selected for in fall and not
spring. Lawrence (1954) observed beavers eating algae: “On several occasions adults were
observed to skim the long filamentous strands of algae together, squeeze out the water by
forming the mass into a small ball, and then eat it.”
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Figure 4.

3.3.2

Douglas-fir at Chinook Bend Natural Area with its bark stripped and covered in
dripping sap.

Seasonality of food consumed

Beavers adjust to seasonal fluctuations in food availability by shifting what food types they
consume. Woody vegetation may be consumed during any season, although its highest use
occurs when grasses, forbs, and other succulent plants are less available (Roberts and Arner
1984; Collins 1976; Svendsen 1980b; Wilsson 1971; Brenner 1962; Stegeman 1954). In
Western Washington, herbaceous vegetation is less available from late fall through early spring,
so beavers may be expected to rely more heavily on woody plants during this time frame.
During the summer, beavers show a very heavy preference for herbaceous vegetation or the
leaves and twigs of woody vegetation (Svendsen 1980b; Jenkins 1981; Belovsky 1984; Bradt
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1938, 1947; Brenner 1962; Longley and Moyle 1963; Brenner 1967; Aleksiuk 1970b). A variety
of grasses, sedges (Carex), rushes (Scirpus), and cattails (Typha) may be an important dietary
component where it occurs in the west and southwest (Baker and Hill 2003). In Wyoming, forbs
and grasses comprised 50 percent of beavers’ summer diet (Collins 1976).
Roberts and Arner (1984) found that in Mississippi, woody material constituted 86 percent (dry
weight) of beavers’ diet in winter but only 17 percent in summer. In an Ohio study, bark
composed 70-90 percent of December-February feeding, and non-woody vegetation accounted
for about 90 percent of the feeding time during summer (Svendsen 1980b). In that study,
grasses and forbs predominated May through August, and aquatic vegetation was used heavily
from June through October (Svendsen 1980b). The variation across seasons at three sites in
southeastern Ohio is depicted in Figure 5 and illustrates the seasonal variability spent foraging
on different types of vegetation.

Figure 5.

Feeding habits of three beaver colonies in Ohio. (From Svendsen 1980b.)

However, there appears to be more nuance to food selections by beavers across seasons than
simple availability. Beavers appear to shift their seasonal food consumption in a way that
maximizes use of the available food resources (Svendsen 1980b). Even among tree species,
dietary use may be seasonal or even year-to-year and based on the nutritional value of what is
available. Beavers in Massachusetts selected against pine during the fall but not the spring, and
there was a switch in preference from birch during fall one year to oak and witch hazel in fall the
following year (Jenkins 1979). The author speculated that seasonal and year-to-year variations
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in tree species preferences may be related to concentrations of stored nutrients in the bark of
the trees. An example of this theory playing out across seasons is found in Aleksiuk (1970b),
who found that the protein-to-calorie ratio of available forage in the arctic varied seasonally, and
beavers took advantage of high-protein plants when they were available.
Doucet and Fryxell (1993) investigated the effect of nutritional parameters on preference by
beavers. They found that forage preferences were not significantly correlated with any single
nutritional parameter, as some of the studies above might suggest. Instead, the results of their
modeling suggested that beavers “select a diet that maximizes long-term energy intake, subject
to digestive limitations.” In other words, the beaver preferred food species that had a
combination of the most energy and shortest time in their gut (the authors do not discuss the
role coprophagy plays; see Section 3.3.8). Of course, nutritional benefits (and digestive
limitations) of available food items would be weighed against other factors such as distance
from the pond (Section 3.3.6) as it relates to energy expenditure and risk of predation.

3.3.3

Preferred species

What plant species beavers eat the most in a region or season is not necessarily the same as
what they prefer and therefore select when given a choice. Jenkins (1981) describes the
difference: “A food type is selected (preferred, favored) if it constitutes a significantly larger
fraction of the diet than of an unbiased sample of items of the various food types
available…Thus, a food type may be heavily used, but not necessarily favored, if it is
predominant among available foods.” This distinction should be kept in mind when reviewing the
results of different studies, not all of which were designed to test preference. In other words, if a
plant species is not eaten in significant amounts, that does not necessarily mean it isn’t
preferred – it may just mean it wasn’t available in significant quantities. The opposite is also
worth keeping in mind: just because a plant species isn’t preferred, if it is the most abundantly
available, beavers may eat it as well.
Willow is often the most available and the most used woody riparian species in much of the
beaver’s range (Baker and Hill 2003); however, as noted above, frequency of use does not
necessarily indicate preference over other deciduous species (Jenkins 1981). Cottonwoods
were thought to be the preferred food species over willow in one study in northwestern Colorado
but were not as readily available as willow, so they were utilized less (Breck et al. 2003a). In
cases like this, less-preferred foods may constitute a large percentage of the diet over less
available, but more favored species (Jenkins 1981; Breck et al. 2003a). In California, Hall (1960)
found the rate at which beaver cut aspen was correlated directly with the supply, but the rate of
willow showed no correlation with willow supply but was inversely related to aspen supply. He
interpreted aspen as the first choice item, and as it is used up the beavers take more and more
willow (Hall 1960).
Beavers typically prefer hardwood (deciduous) trees over softwood (conifer) trees. In the Pacific
Northwest, hardwood trees that beavers will eat include aspen (a favorite food but uncommon in
Puget Sound), cottonwood, willow, birch (uncommon in the state), red alder, and others (Link
2004; Bressette 2014). In Whatcom County, Washington, beavers were more likely to be found
in areas containing a higher percentage of deciduous trees, specifically willow and cottonwood,
than coniferous trees (DuBow 2000). In the same study, cascara (Rhamnus purshiana) was
avoided by beaver. In Snohomish County, Washington, Tran (2014) observed cascara being
cut, though whether for food or building material was not distinguished (the study did not identify
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what was chosen for food versus building material for any species). Beaver herbivory was also
observed on several shrub species including vine maple, salmonberry, Pacific crabapple, Pacific
willow, Sitka willow, red-osier dogwood, Douglas spirea, red huckleberry, salmonberry, and
English holly (Tran 2014). These species all had chew marks or were fully cut; however, the
study did not identify which ones were chewed but not cut. Chewing but not cutting the tree or
shrub down could indicate the beavers were taste testing but finding the tree undesirable. In
Oregon’s central coast range, Bruner (1989) found beavers appeared to select for vine maple,
red alder, and salmonberry in an area where willows and cottonwood were not found. She
observed very little herbivory of thimbleberry and elderberry.
Bruner (1989) found little to no herbivory of spruce, western hemlock, or Douglas-fir in her
Oregon study. In many areas, especially in their northern and alpine range, substantial use of
conifer trees indicated that more-preferred species were lacking (Novak 1987; Retzer et al.
1956). According to Link (2004), beavers will more often use conifers as dam building material
or even girdle and kill them to encourage the growth of preferred food plants. Beavers are
known to eat the pitch or possibly some other ingredient in the bark/lower trunk of conifers (Hall
1960; Nixon and Ely 1969) (see also Section 3.3.1), so it is unknown if they would remove bark
for no other reason than to kill a tree, as Link (2004) suggests. See Section 5.1.5 for a
discussion of beaver “farming” trees.
At Chinook Bend Natural Area in King County, numerous Douglas-fir trees were cut down along
a beaver pond and had their bark stripped off and branches cut off, a clear sign they were used
as food (Figure 6). Red alder trees were present on site but were largely untouched. (See
Section 5.4 for a detailed discussion on tree cutting for both food and dam/lodge building,
including a discussion on distances they will traverse.) Regarding other common conifers,
beavers have been known to eat young, newly planted western redcedar in King County, but
they have been observed to avoid Sitka spruce (J. Kahan, D. Harig, P. Adler, King County, pers.
comms.). This observation also appears to hold true at Chinook Bend, where large stands of
spruce also remain untouched.
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Figure 6.

Remains of a young Douglas-fir at Chinook Bend Natural Area, King County, WA.

As mentioned in Section 3.3.1, herbaceous vegetation is likely to be a highly preferred food
source throughout the year if it is available (Jenkins 1981) and makes up much of the diet when
available and succulent (actively growing). Water lilies are an important food source where
available (Jenkins 1981; Hearne 1795; Dennington and Johnson 1974), and although no studies
have examined their consumption in Western Washington, it is very possible they are a
preferred species in this region.
Habitat may influence available food and therefore feeding behaviors (Lawrence 1954): beavers
living in faster-moving water such as rivers and some streams may not have access to the
wetland herbaceous plants that beavers in ponds and lakes may, so lake beavers may not rely
on woody vegetation to the degree that stream beavers will.
Section 2.2.2 in Technical Paper #1 (King County 2018a) discusses plant species that may be
selected for restoration plantings in order to attempt to discourage beaver herbivory, or at least
not encourage it. However, behavior of beavers will vary both based on individual preference as
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well as level of desperation. If a beaver is hungry enough, it will likely eat most anything that is
planted as part of a habitat restoration project.

3.3.4

Amount of food

Understanding the energy requirements of beavers can help with estimates of how many trees
they may consume annually and therefore how they may impact existing and new forests
around their ponds. However, making these estimates is difficult and complex. Studies
attempting to quantify food consumption by beavers have difficulties in distinguishing between
total cut versus how much is eaten, how much is used for building, and how much is wasted.
Methods employed to calculate beaver consumption or tree use often vary from study to study.
Lawrence (1954) notes in his summary of food requirement studies that “The results are as
varied as the methods employed.”
How waste is defined or if it is included in calculations at all is one source of variability. Beavers
may cut more than they appear to need. For example, winter caches are often not fully
consumed by summer (Northcott 1971; Slough 1978; Brenner 1962). Some authors have
observed waste from felled trees becoming lodged among other trees and failing to fall within
reach of the beaver (Aldous 1938; Brenner 1962). Aldous (1938) considered larger-diameter
trees as largely being wasted if they were felled and only the upper branches were used but
lower branches and bark were not. Lawrence (1954) observed that substantial numbers of trees
in his study area were wasted, with some felled and not used at all and others only partially
used. He also observed some felled trees lie on the ground for several weeks and counted as
wasted only to be later cut up and hauled away by the beaver (Lawrence 1954). These trees are
cut and therefore might be counted as lost to a land manager focused on reforestation, but such
a type of loss is not easily predictable, and any sort of prediction would be based forest stand
density rather than energy requirements of beavers.
Cutting rates associated with a forage species are generally dependent upon its density, size,
availability, and nutritional quality, as well as availability of other forage species, all relative to
energy expenditures in provisioning, cutting, and consumption times (Fryxell and Doucet 1993;
Fryxell 1999). Climate most certainly plays a role in relative activity and rates of consumption,
as most animals in colder climates not only use more energy to stay warm, but they are typically
larger 7 and therefore require more energy. These factors will impact the amount of energy and
therefore food required by beavers. The rest of this subsection provides a general summary of
food requirements of beavers and how much they consume daily and annually.

3.3.4.1 Caloric requirements
Beavers housed in a microhabitat constructed to simulate winter conditions consumed an
average of 0.5 kg/day of woody forage, representing an estimated gross energy intake of 6547
kJ/day (1,565 kcal/day) (Dyck and MacArthur 1993a). Belovsky (1984) used several
assumptions to estimate that an adult beaver weighing 15 kg (33 pounds) requires 1,213
kcal/day. This estimate calculated the energy required for basal metabolism then doubled it.

A phenomenon described by Carl Bergmann in 1847 and known as “Bergmann’s Rule” states that larger individuals
(which have a greater surface area-to-volume ratio) are better at retaining heat and therefore thrive in colder
environments.

7
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Stephensen (1956) claimed a 26 pound beaver requires 850 kcal daily for basal metabolism,
then multiplied that figure by 5 to get a total daily requirement of 2100 kcals. It is likely that
energy requirements vary widely for individual beavers and probably average somewhere
between 2 and 5 times the basal metabolic requirements, which lie somewhere between 600
and 850 kcal per day.

3.3.4.2 Daily and annual consumption
Estimates of daily forage consumption rates of wet woody biomass for beaver vary from 0.5 kg
(1.1 lb) per day (Dyck and MacArthur 1993a) to 2.3 kg (5.1 lbs) per day (Lawrence 1954).
Lawrence (1954) calculated the amount of aspen beavers consume per day to be between 2.2
and 5.1 pounds; however, “What proportion of these figures represent the amount of food
actually consumed and not wasted in the food cache or lost in lodge and dam construction is
difficult to ascertain.” He believed the lower number, 2.2 pounds, to probably be most reflective
of what is actually eaten. This range is similar to reports by Aldous (1938) of 1.4-2.1 lbs per day.
Brenner (1962) calculated 1 kg (2.19 pounds) of vegetation per day: a third of that weight was
herbaceous material during four spring and summer months, so the remaining woody weight
was 1.46 pounds (0.66 kg) per day.
In an account of a Colorado beaver colony fed by a Forest Service contractor in the 1920s, it
was reported that each beaver “required” about 900 kg (2,000 lbs) of green aspen “boughs”
over the period of one year, which would equate to 5.4 pounds per day (Warren 1940).
However, what the beavers actually consumed versus what was wasted or used as building
materials was not accounted for. Much like the Lawrence (1954) figure, this figure of 5.4
pounds/day is likely a gross overestimate for food consumption. As mentioned above, what
happens with the trees after they are cut may not matter for someone trying to reforest an area,
but loss to waste should probably be accounted for when trying to ensure there are enough
trees to support a beaver colony and accomplish other habitat goals.
Taking waste into account and assuming it is low, and assuming a continued use of herbaceous
material in the spring and summer months, Brenner (1967) calculated how long 1 acre of aspen
would support 10 beavers (2 adults, 4 yearlings, and 4 kits). He concluded they would need
15,259 kcal or 13.2 lb of fresh aspen per day. One acre of aspen in the study produced 5,280 lb
of food and so would maintain the theoretical family for 442 days (Brenner 1967).

3.3.4.3 Preferred stem size
This subsection focuses on preferred stem size of forage trees in order to estimate the annual
food requirements of beavers. For additional general information on stems sizes beavers cut for
food and building materials, see Section 5.4.1, “Tree size preferences.” All the studies reviewed
below involve aspen, which are not prevalent in King County. Studies on black cottonwood and
the willow species native to the Pacific Northwest may reveal different preferences.
Overall, beaver seem to prefer to cut trees and shrubs with stem sizes of 3-4 inches or smaller.
Leaves and twigs of aspen up to 0.5 inch are assumed to be utilized at 100 percent (Aldous
1938; Stegeman 1954). Beavers at Sagehen Creek, California, preferred aspen stems with a 2
inch diameter (5 cm) (Hall 1960). Beavers in that study usually completely stripped bark only
from branches or trunks up to 3 inches in diameter; larger than that, and a portion of the bark
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was wasted (unless the larger tree was felled near the pond, in which case all the bark may be
taken).
In New York, study results by Stegeman (1954) indicate a trend towards higher use of smaller,
less mature trees. He found that the degree of utilization on aspen trees was:
•

98 percent on 1-inch (3-cm) diameter trees

•

92 percent on 2-inch (5 cm) diameter trees

•

89 percent on 3-inch (8-cm) diameter trees

•

75 percent for 4-inch (10-cm) diameter trees

•

use ranged down to 64 percent on trees 8 inches (20 cm) in diameter and larger.

In central Utah, observations by Masslich et al. (1988) did not show the trend seen by
Stegeman (1954). Masslich et al. (1998) found beavers traveled distances greater than 100 m
from the stream to forage on mature aspen trees even though abundant aspen sprouts (5 cm or
less in diameter) were highly available near the stream. The authors theorized the beavers
obtained greater nutritional value from the branches of the mature trees than the saplings, but
given the energy expended to travel, cut the larger trees, and transport them, plus the risk of
predation, it seems possible some other unknown factor was at play in this situation.
In one of the few studies on stem size conducted in the Pacific Northwest, Bruner (1989)
sampled transects at beaver sites in Oregon’s central coast range, a different climate and
ecoregion than the Puget Sound area. After observing 547 cut stems out of 1530 stems
observed, she found beavers seemed to prefer stem sizes greater than 2-3 cm over smaller
stems 8. For vine maple, they selected for the 3-6cm size class, and for red alder they selected
for stems between 3 and 9 cm in diameter. In the Skykomish Watershed in Snohomish County,
Washington, Tran (2014) conducted a study similar to Bruner’s. He sampled transects at three
beaver ponds and observed a total of 569 shrub stems. Of those 569 stems, only 15 percent
(86) had been chewed or cut. This small sample size combined with the variable results and the
narrow spring timeframe of the study reduces the reliable conclusions one can draw, but
beavers in that study seemed to select against Pacific willow, salmonberry, and English holly
smaller than 1cm diameter.
Translating size classes to energy, Stegeman (1954) found that the 1-inch (2.5 cm) diameter
class aspen (which averaged 6.6 years old) in his study produced only 2.85 pounds (1.29 kg) of
food, whereas 10-inch (25-cm) diameter trees produced 223 pounds (101 kg) of beaver food.
However, there were 3,190 1-inch trees per acre compared to only 170 10-inch trees per acre,
and 97.8 percent of 1-inch trees were utilizable versus 64.4 percent of 10-inch trees. The 1-inch
diameter class produced over three times as much beaver food per acre per year of growth as
the 2-inch class and several times as much as any other size class.

3.3.4.4 Trees taken per year
The number of trees taken per year depends on the size of the trees, tree species, density of
the forest stand, other available food sources, how many beavers are present, and what their
Size classes varied by species. For salmonberry, beavers predominantly selected stem sizes 2cm and larger. For
alder and vine maple, they predominantly selected stem sizes 3cm and larger.
8
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ages (and therefore nutritional requirements) are. Whether a site will be able to sustain a beaver
colony for many years depends at least in part on the availability of forage and how quickly it is
able to regrow after cutting (see Section 4.1.4, Colony Longevity).
Bradt (1938) estimated beavers cut an average of 216 trees per year. Assuming 1,500 poplar
trees per acre, he calculated that 1 acre would support one beaver for about 7 years, or 7
beavers for one year. He also suggested that trees spread less densely across a larger area
would support a beaver colony longer than the same amount of trees in a more dense area,
because when spread less densely there would be a greater chance of new growth while the
beavers foraged less intensively.

3.3.5

Re-sprouting species

Willows and cottonwood, woody species preferred by beavers, are well equipped to regrow after
being chewed (Figure 7 and Figure 8). This section examines how beaver herbivory may impact
cottonwoods and willows.
Beaver herbivory in southern Utah impacted the growth form of Fremont’s cottonwoods
(Populus fremontii): the more plants were fed upon by beavers the shrubbier their growth form
became (McGinley and Whitham 1985). Near the river's edge the plants exhibited a shrub-like
growth form, whereas trees away from the river assumed an upright growth form (McGinley and
Whitham 1985). The trees were all the same age, approximately 8-9 years old. Plants adjacent
to the river had 3 times more basal branches and were only about a quarter as tall as plants of
the same age positioned away from the river. For example, the average plant 3.5 m from the
river's edge had 11.1 branches and was 0.96 m tall, whereas the average plant 73 m away from
the river had only 3.7 basal branches and was 3.62 m tall.
McGinley and Whitham (1985) also found that although growth form of cottonwoods was greatly
altered, basal stem diameters (i.e., growth rates) remained relatively constant over the extremes
of distance from the river's edge. At their study site the foraging of beavers did not kill the
plants, but their pruning resulted in the production of a dense hedge. The authors speculated
that near the river, continual pruning by beavers should maintain these cottonwoods in a
perpetual juvenile condition, as they reproduce predominately vegetatively. In contrast, trees
growing away from the river and not suffering herbivory should reach reproductive maturity at a
much earlier age and reproduce sexually rather than asexually or vegetatively.
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Figure 7.

A resprouting cottonwood at Stensland Creek, King County, WA.

At a study site in SE Oregon, beavers harvested an average of 82 percent of available red
willow stems annually (Kindschy 1985). Beaver use typically occurred when growth was
dormant. Regrowth started earlier in the spring and regrown stems were longer on willow
foraged by beaver than on unforaged willow. Willow harvested by beaver had a primary trunk
with an average of approximately 30 secondary stems: “These secondary stems were favored
by beaver for forage. An average of 18.12 cm of secondary stem remained following cutting by
beaver. Each of these stems subsequently produced an average of 7.4 tertiary stems the
following growing season.” Overall, Kindschy (1985) concluded that “Red willows used by
beaver were able to maintain high growth rates and increased in basal diameter similar to the
rates of unused trees.”
Questions not addressed in the studies above include what age the trees were when the
beavers arrived or recommended tree/shrub ages for planting at restoration sites to promote
sustainable use by beavers.
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Figure 8.

3.3.6

Willow trees that have been used over at least two distinct time periods. An old cut is
visible on the left and new cuts are easily visible throughout, while plenty of stems
remain intact.

Distance to forage

One of the first questions restoration practitioners are likely to ask when planning a new project
is how far beavers will travel from water’s edge to forage or cut trees. This topic is addressed in
detail in Section 5.4.2.

3.3.7

Winter food caches

In areas where ponds freeze over in the winter, beavers build a food pile, or cache, that is
stored in the pond under the ice where they can feed on it throughout the winter (Bannon 1922;
Roberts 1937) (Figure 9). It is generally thought that the use of food caches for winter feeding is
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uncommon or absent where beaver inhabit ice-free regions (Baker and Hill 2003), such as
Western Washington. However, Tran (2014) mentioned observing food piles in Snohomish
County, which is immediately north of King County, and other observations of local food caches
have also been reported in Snohomish County (B. Dittbrenner, Pers. comm.). It seems likely
some beaver colonies also cache food in King County. Information is included here because it is
likely at least some local beavers build winter food piles, even though ponds and streams in the
Puget Lowlands do not typically freeze in the winter.

Figure 9.

This beaver lodge near Calgary, Alberta, Canada, has a large visible cache (right side
of lodge in photo). It is unknown if the cache was so large it extended above the
surface of the water or if would eventually be sunk by the beavers using one of the
methods described below. Ice had already begun to form around the periphery of this
pond at the time this photo was taken.

Caches can be constructed in more than one way. One method involves the beavers building a
raft of logs cut into lengths of 3 to 4 ft (~1 m), stripped of all branches and bark, and lashed
together with smaller branches. The cache materials are then placed beneath the floating raft,
and when the logs comprising the raft get waterlogged and sink, the food is kept safely below
the ice (Roberts 1937; Slough 1978). Ice thickness can vary, so even if the raft doesn’t sink,
those top logs still provide some degree of separation between the food material and the
surface of the pond. Another method of forming a cache incorporates the floating vegetation
mats found in some types of wetlands. Beavers using this method may seal or cap the
vegetation with mud and peeled sticks and place their food materials beneath it (Slough 1978).
A third way is for the beavers to jam the bases of branches and trees into the mud at the bottom
of the pond outside their lodge (Ryden 1989).
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One cache is constructed per colony (Hay 1958; Bergerud and Miller 1977), regardless of
colony size (Swenson et al. 1983). Aspen and willow cuttings (unpeeled logs and branches)
were used throughout the caches in Slough’s (1978) study in northern British Columbia, but the
use of alder was usually restricted to the raft. Any alder included in caches was frequently left
unbrowsed by the end of winter. In Newfoundland, where willow and cottonwoods were not
present and aspen was very uncommon, alder was by far the largest component of the winter
food pile, followed by birch (Northcott 1971). Any time conifers were included, they were not
eaten (Northcott 1971). Some alder was left unbrowsed by the end of winter, and any other
hardwood species were generally consumed. Considering that the proportion of alder browse in
two caches was 60 and 70 percent, it is not surprising there would be some alder left over.
Dennington and Johnson (1974) observed two caches composed largely of pond lilies (Nuphar
variegatum), with black spruce (Picea mariana) used for raft material. In their study, pond lily
was found in 38 percent of 84 caches examined in the northern Yukon. Other authors have
observed winter food caches containing large components of water lily rhizomes in Northern
Manitoba (Nash 1951; Ryden 1989), interior Alaska (Hakala 1952), and Isle Royale, Michigan
(Shelton 1966).
In areas where caching occurs, the greatest use of woody species would be expected to occur
when the beavers are cache-building. Beavers build winter caches in the late summer or fall:
•

September in Ohio (Brady and Svendsen 1981)

•

“reaches a peak in autumn” in California (Hall 1960)

•

October and November in Newfoundland (Bergerud and Miller 1977)

In areas where ponds freeze over in winter, caches are made large enough to sustain the entire
family until ice melts in spring. If beavers run out of their winter food stores under the ice, they
may forage for other food under the ice (Taylor 1970). They will also begin to burn their fat
stores in their bodies, including a large fat supply in their tails (Aleksiuk 1970a; Taylor 1970).
Females may also resorb embryos (Taylor 1970).

3.3.8

Reingestion and excrement

Beaver excrement, or scat, typically looks like balls of compacted sawdust (Figure 10). Like
many other herbivorous rodents that practice fecal reingestion, or coprophagy, beavers
frequently reingest partially digested fecal material (Buech 1984) in order to maximize the
calories absorbed (Kenagy and Hoyt 1980). After plants, especially woody material, have been
eaten and digested twice, it is no surprise scat has the appearance of compressed sawdust.
Questions occasionally arise as to whether beavers contribute to fecal coliform in water bodies,
specifically at swimming beaches. Elevated fecal bacteria concentrations have been observed
at the outlets of beaver ponds compared to their inflows but it is not clear if this increase can be
attributed to beavers, other wildlife, or other sources (Miller 2019). For more on diseases, see
Section 4.5.1.
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Figure 10.

Beaver scat, which looks a lot like balls of compacted sawdust.
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4.0 LIFE HISTORY
The life history of an organism is its pattern of survival and reproduction, including
characteristics that affect survival and reproduction (Fox and Messina 2013). Compared to
many other mammals, especially other rodents, beaver populations are characterized by
relatively low mortality of young, prolonged behavioral development, high parental care, and
adult longevity (Hodgdon and Lancia 1983).
Figure 11 is a generalized illustration of a year in the life of a beaver in Western Washington.
The rest of Section 4 provides more detailed life history information for beaver. A range of
information is provided from a suite of studies for each of the topical areas in this section
because beavers “exhibit wide variations in colony composition and demographics over their
broad geographic range,” and “regional population studies are important for sound management
of this species.” Unfortunately, data is not always available from Washington State, but it is
presented whenever possible.
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Figure 11.

Yearly cycle of Western Washington beavers.
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4.1

Colonies / Family Units

Beavers live in family units. Beaver family units are often referred to as colonies (Hodgdon and
Lancia 1983). Svendsen (1980a) cites E.O. Wilson (1975) in pointing out that formal usage of
the term “colony” in sociobiology limits it to a highly integrated society with members serving
specific functions. The beaver social group does not fit this usage; the best descriptive term for
it is an extended family unit (Svendsen 1980a). Nonetheless, because the terminology is so
widespread, the terms are used interchangeably in this document.

4.1.1

Colony composition

Early observers recorded typical family units consisting of adults (often but not always a mated
pair 9), young of the year (“kits,” age 0-12 months), and young of the preceding year (“yearlings,”
age 13-24 months) (Morgan 1868; Bradt 1938). This structure is the most commonly reported
composition of a colony (Svendsen 1980a; Bergerud and Miller, 1977; Tevis 1950; Grasse and
Putnam 1950; Schramm 1968). However, data from Bradt’s (1938) study illustrates the
variability that may occur among colonies (Table 1).
Sex and age composition of the 42 beaver colonies in a study where the beavers were
fully removed by trapping. From Bradt 1938.
Composition

No. colonies

1 female

1

1 female and kits 10

7

1 female and yearlings

2

2 females and 4 kits

1

1 male

6

1 male and 1 female

6

1 male, 1 female, and kits

9

1 male, 1 female, and yearlings

2

1 male, 1 female, yearlings, and kits

8

total:

42

At any one time, colony types can be generalized to fall into three categories: singles, pairs, and
families (Table 2). Colonies consisting of only a single beaver have been reported by numerous

The beaver is one of the few species of mammals (only 3 percent of all mammalian species) in which
the adult pair exhibits mating exclusivity with a pair bond that may last for many years (Kleiman 1977;
Taylor 1970; Svendsen 1980a).
9

Seven colonies with kits and a female but no male seems unusual, and causes of these losses of the adult male
would have been worthy of examination. However, the author provided no discussion or speculation on this topic.
10
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researchers (Bradt 1938; Gunson 1970; Bergerud and Miller 1977; Payne 1975, 1982; Hodgdon
1978; Weaver 1986). Of course the colony types change as singles find mates then breed.
Results of two studies examining colony composition: Newfoundland (Payne 1982)
and Wisconsin (Peterson 1979).
Location

# Colonies

Single

Pair

Family Colonies

Newfoundland

46

15

24

61

Wisconsin

56

14.3

19.6

66.1

In Newfoundland, Bergerud and Miller (1977) showed a very wide array of family unit
composition – so much variety that it may lead one to ask whether their aging techniques may
have been faulty 11. On the other hand, Svendsen (1980a), who defined the age groups as
young of the year = kits (<12 months old) and young of the preceding year = yearlings (12-24
months old), studied a total of 6 sites in SE Ohio for a cumulative 23 years (meaning, 6 sites for
2-5 years each for a combined total of 23 study years). In 22 of 23 years, each site had at least
1 male and 1 female. In two cases the adult male died and was replaced prior to the next
breeding season.
In the same study, the number of yearlings and kits varied from year to year, as would be
expected, but in any single year, colonies had both yearlings and kits in 12 of the 23 years, and
they had at least kits or yearlings in 21 of 23 years (Svendsen 1980a). The number of kits born
each year is discussed in detail in Section 4.2.3.
In a study in Wisconsin and Minnesota, 49 percent of colonies (44 out of 90) had more than one
adult female; however, there was only one adult breeding female (Smith 1997). In the same
study, 29 percent (26) of colonies had more than one adult male. Twenty-three percent of
colonies (21) lacked an adult male, and 11 percent (10) lacked an adult female. No colonies
lacked adults of both sexes (Smith 1997).
Bergerud and Miller (1977) proposed that the basic unit of each colony in their study was one
productive female. Researchers have typically found no more than a single breeding female per
colony (Novak 1977; Taylor 1970; Svendsen 1980a; Cook 1943; Bradt 1938). An exception was
recorded in 1991 in southern Manitoba (Wheatley 1993), where two pregnant females were
trapped from what was assumed to be the same lodge. Subsequently, Fischer et al. (2010)
reported on two bank dens, both with multiple lactating females (3 in one, and 2 in the other) in
Arizona.
In general, the 2-year olds leave the colony sometime between mid-spring and early summer
(Bradt 1938; Wilsson 1971) in search of suitable habitat to found new colonies, though
sometimes they may remain with the colony as subadults (>24 months old) for an extra year or
Grasse and Putnam (1950) assert their discovery that beavers cannot be aged based on weight or other external
measurements, despite many attempts to do just that by other researchers. Smith (1997) used discriminant analysis
of body measurements (mass, total length, zygomatic arch, tail width and length, and hind foot length) to identify 245
(30%) beavers as kits, 187 (23%) as yearlings, and 372 (46%) as adults. He then compared ages of known-aged
animals based on recaptures to their predicted ages based on discriminant analysis. One kit (< 1%) was misclassified
as a yearling. Three (8%) of 40 known-aged yearlings were misclassified – one as a kit and two as adults. Nine (15%)
of 61 known-aged adults were misclassified as yearlings.
11
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two (Sun et al. 2000). Dispersing young beavers may leave prior to or around the time the kits
are born (Bradt 1938; Cook 1943; Svendsen 1980a). For a much more in-depth examination of
dispersal, see Section 4.3.
It is worth noting that available data on age structure of beaver colonies may be difficult to
interpret because lack of information on the environmental features of the study site or
demographic features of the population reported limit our ability to make comparisons (Smith
1997). At the locations Smith (1997) studied, age structures of beaver populations generally
reflected colony density, status of the populations (increasing, stable, decreasing), and habitat
conditions of the site. For example, age structures dominated by younger animals and higher
productivity occurred where aspen was abundant, whereas age structures dominated by older
animals and lower productivity occurred where aspen density was low and habitat saturation
was evident (Smith 1997).
Plasticity in family structure and composition associated with increasing population density may
be more common than has been generally assumed (Busher et al. 1983). For example, the
presence of adult offspring (3-year-olds) is more common in colonies occurring in high-density
populations than those in low-density populations (Busher et al. 1983; Muller-Schwarze and
Schulte 1999). Usually, beavers leave their natal colonies at 2 years of age, so the presence of
3-year-olds means the beavers are waiting longer to disperse from their natal colonies (see
Section 4.3, Dispersal). Smith (1997) witnessed dispersal of only 14 of 33 beavers by age 3 in
his study area with a relatively dense population of 1.7 beaver colonies/km2 (4.4 colonies/mi2).
Ryden (1989) observed a beaver family for 4 years and tracked individuals. During the spring at
the end of her study, the recently “widowed” patriarch unexpectedly left the pond. A pair of 3year-olds who had stayed on longer than the average of 2 years also departed along with one of
the 2-year-olds. Remaining members were assorted offspring: one 2-year-old as heir apparent,
a pair of kits from the previous season, and one recently returned offspring from 4 years earlier,
who was apparently recognized and welcomed back into the family.

4.1.2

Colony size

After looking at 36 studies on the North American beaver, Rosell and Parker (1995) calculated
an overall mean value for colony size of 5.2. They included studies where beavers were
completely trapped out, trapped but not fully trapped out, where estimates were calculated by
formulas instead of counted, and where other assumptions were made that were likely
inaccurate. Several of the studies they referenced with the most direct, transparent methods for
estimating colony size are discussed below.

4.1.2.1 Determining colony size
Generally, the most reliable way to determine how many beavers are present in a colony is to
trap them all and count them. However, that is not always practical, and studies attempting to
trap all beavers in a colony frequently have the disclaimer that not all the kits would be
represented and would therefore underestimate colony size. Courcelles and Nault (1983)
reported on trapped-out lodges (meaning, all beavers trapped from a lodge or colony), but said
not all the lodges were fully trapped out (meaning, some beavers were missed). Their estimate
was 3.4 beavers per lodge after trapping 527 active lodges (they do not clarify if they observed
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and therefore trapped only 1 active lodge per colony, or if they trapped multiple lodges per
colony but treated them each as a separate colony).
Methods other than trapping out colonies have been used to attempt to calculate the number of
beavers present in a colony. Night-vision surveys conducted by McTaggart and Nelson (2003)
underestimated the size of colonies, accounting for only 55 percent of the beavers present. The
number and size of beaver dams afforded little indication of the number of beavers present
(Bradt 1947) and therefore is not recommended to try to estimate colony size. The number of
lodges was not a good indicator of population size (Tevis 1950; Hay 1958). Hodgdon and Hunt
(1966) reported on an extensive survey of over 1,000 stream miles where the researchers
examined 647 lodges and used external features such as the size of the lodge and the size of
bite marks on sticks to make a determination of 4.3 beavers per colony in Maine. However, size
of lodge has not been shown to be indicative of colony size. Further, it is unclear how they
would determine lodge size from bank lodges, and bank burrows possibly went entirely
undetected (see Section 5.4 for descriptions of lodge types).
Number of caches has sometimes been successful as a method for determining colony size
(Easter-Pilcher 1990), but it has also been shown to not be a good indicator of number of
beavers present in a colony or in changes in colony size (Swenson et al. 1983). Courcelles and
Nault (1983) used aerial surveys looking for lodges and other sign, including food caches, and
missed 29 percent of lodges compared to foot surveys. Payne (1981) compared two different
styles of aerial surveys of caches and found they missed 30 percent of colonies overall.
Because the use of food caches is thought to be uncommon or absent where beaver inhabit icefree regions (Baker and Hill 2003), this method would presumably not be helpful in Western
Washington.

4.1.2.2 Colony size in different geographic regions
From 19 trapped out colonies in interior Alaska, Boyce (1974) found an average of 4.32 beavers
per colony but said that it is possible not all the kits had been trapped from each colony. In
Wisconsin, Peterson and Payne (1986) reported an average of 3.7 beavers per colony from 42
fully trapped out colonies in a heavily trapped area with a large proportion of young beavers
establishing new colonies. They did not capture all kits so this number would be an
underestimate.
In Newfoundland, Bergerud and Miller (1977) calculated a range of 3.8 to 4.6 kits per colony
inside their study area and 5.1 outside of it. In central Massachusetts, Hodgdon (1978) livetrapped and found an average of 5.5 beavers per colony across a large study area that included
an “interior” portion (6.2 beavers per colony) and a “shore” area along a reservoir (3.9 beavers
per colony).
In Michigan, Bradt (1938) calculated the average number of beavers per colony to be 5.1 using
57 fully trapped out colonies. In central Illinois, the average beaver colony had 5.6 beavers in 28
fully trapped out colonies (McTaggart and Nelson 2003). In southeast Ohio over a multi-year
study, Svendsen (1980a) live-trapped beavers from 6 colonies and found the average family
unit size prior to dispersal was 5.85, between dispersal and birth of kits was 4.09, and after the
birth of kits was 6.04. These last figures from Ohio would embody the stereotypical beaver
family consisting of an adult mated pair, 2 yearlings, and 2 kits annually.
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4.1.3

Colony density

Beavers are a territorial species with each family unit, commonly referred to as a colony (Bradt
1938), occupying a discrete, individual site, or territory (Bergerud and Miller 1977; Fryxell 2001;
Hodgdon and Lancia 1983). Intraspecific competition, or territoriality, is an important mechanism
that helps to regulate beaver population density (Aleksiuk 1968). This subsection addresses
colony density; territoriality, or the defense of their territories, is addressed in Section 5.1.
Little to no territory overlap has been observed even at high densities by many authors (Bradt
1938; Bergerud and Miller 1977; Bloomquist et al. 2012; Davis et al. 1994; Herr and Rosell
2004), although Hay (1958) did observe overlap 12 in Colorado’s Rocky Mountains. Unoccupied
areas may sometimes exist between territories that could function as territory buffers (Busher
et al. 1983; Northcott 1964; Townsend 1953), though in some studies colonies are mapped
directly adjacent to one another (e.g., Campbell et al. 2005). It is worth keeping in mind that all
studies cited herein take place under conditions altered from historic conditions, and frequently
they are conducted in areas where trapping occurs. It is possible that prior to Euro-American
settlement, beaver colonies in areas of very high density overlapped one another occasionally
(Hay 1958) and could again under the right conditions.
Colony density is influenced largely by habitat quality (Boyce 1980; Collen and Gibson 2001;
Northcott 1964). When Eurasian beavers (Castor fiber) were sequentially released into a
previously unoccupied area in the Netherlands, they successively settled in good habitat, and
then poor habitat, and then became floaters, which moved about with no settled territory (Nolet
and Rosell 1994). Bergerud and Miller (1977) concluded that territorial behavior spaces colonies
and disperses the populations within the limits dictated by availability of food and water
resources. Other factors that may contribute to variation in density of beaver colonies include
prevalence of predators, trapping, water quality, habitat quantity, area available for new
colonization, length of habitation time relative to available resources, epizootic diseases, and
local predation events (Baker and Hill 2003).
There are two ways to measure beaver colony density: in number of colonies per stream km or
mile (linear), or number of colonies per square km or mile (area). Because beavers more
typically come into conflict with humans along streams, where dam-building activities cause
changes in water levels, linear measurement is likely most relevant for landowners and
managers in King County. The remaining discussion on colony density focuses primarily on
linear density, but other forms of measurement, including area density, are also mentioned.
Some linear beaver colony densities reported in the literature are as follows:
•

Yellowstone National Park, Montana, 1 colony/0.8 km, 1.3 colonies/km (Scrafford et al.
2018)

•

Central Illinois, 1 colony/2.5 km , or 0.4 colonies/km (Cox and Nelson 2009)

•

Interior Alaska, 1 colony/1.6 km, or 0.6 colony/km (Boyce 1980)

Hay (1958) described multi-colony sites where ponds were used by more than one colony, and “The dams
supporting these ponds were kept in good repair through the co-operative efforts of both colonies. This fact was
substantiated by the origin and position of food paths surrounding such neutral waters and by actual observation of
the animals using the routes and ponds.”
12
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•

California, 1 colony/1.2 km, or 0.9 colony/km (Busher et al. 1983)

•

Nevada, 1 colony/0.9 km, or 1.2 colonies/km (Busher et al. 1983)

In interior Alaska, Boyce (1980) found the mean distance between beaver colonies was 1.6 km
(1 mile), and the shortest distance to the nearest neighbor was 0.5 km (0.3 mile), which he
theorizes is a result of territoriality in saturated habitat.
Few studies have measured overland distance between colonies. In a Newfoundland study,
distance to nearest overland colony ranged from 0 miles (0 km) to 0.30 mile (0.48 km) with a
mean of 0.12 mile (0.2 km) (Bergerud and Miller 1977). In the same study, mean territory length
was 0.62 mile (1 km), and distance to nearest instream colony ranged from 0.11 to 0.70 mile
(0.17 to 1.12 km), with a mean of 0.37 miles (0.6 km; Bergerud and Miller 1977).
In ponds, Payne (1989) reported oval-shaped ponds less than 0.9 mile (1.5 km) long contained
only 1 colony and suggested longer ponds might contain 2 colonies, usually widely dispersed,
especially if the pond is irregularly shaped or separated by a bend in the pond with activity areas
in opposite directions.
Colony densities reported in area instead of linear stream distance are most useful in showing
trends over time after some event, such as reintroduction or change in trapping patterns, or
when used in comparisons of different conditions, such a food availability. In 1987 and 1989 in
the Apostle Islands of northern Wisconsin, population densities were 0.5 and 0.4 active
colonies/km2, respectively (Smith et al. 1994). In a complete survey of beaver colonies in all of
Voyageurs National Park in northern Minnesota in 1984, Smith (1997) found a colony density of
0.9 colonies/km2. He also specifically examined the Kabetogama Peninsula, a portion of the
park beavers have continuously occupied for more than 50 years. Population density was higher
on the peninsula than the park overall: 1.7 beaver colonies/km2 in 1991-1994. About half the
study area supported 1.2 colonies/km2 and the other half supported 2.3 colonies/km2. Smith
(1997) attributed the different beaver colony densities between the Apostle Islands and
Voyageurs National Park to the differing amount of aspen available for food 13.
When conditions allow, the population density of beavers can increase quickly. Parker and
Rosell (2014) provide evidence that when hunting ceases, a population will rapidly rebound (see
also Section 4.2, Reproduction and productivity). In a separate study of the Eurasian beaver, in
south-central Sweden at the “expansion front” of reintroduced beavers after historic
extermination, the population density experienced a large increase over just 8 years. Density
started very low at 1 colony/7.6 km of stream in 1987 and by 1995 reached 1 colony/1.7 km of
stream (Hartman 1997).
Density of beaver populations that occupy particular sites may also vary as a function of the
length of time sites have been occupied (Baker and Hill 2003) and their consequential impacts
on the available habitat. After beaver returned to the Prescott Peninsula in Massachusetts
following an absence of more than 200 years, the population showed slow growth the first 15
years, then 15 years of very rapid growth, and then a rapid decline in numbers until it stabilized
13 From Smith (1997): “Average number of aspen stems per ha per colony was 3.9 in the Apostles (N = 16, SD = 6.2)
but 101.6 in Voyageurs (N = 29, SD = 127.0). Ten of 16 colonies in the Apostles had no aspen, while 8 of 29 in
Voyageurs had no aspen. For colonies in Voyageurs in 1991-1993, aspen density was significantly correlated with kit
numbers.”
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at 23 percent of its peak (Busher and Lyons 1999). The authors speculate that the expanding
population used all available habitats, including the marginal ones. When the marginal habitats
were depleted of food materials, they were evacuated and not recolonized. It is possible that the
45-year duration of the study was not long enough to capture repeated cycles of the same
behavior. Busher and Lyons (1999) characterize populations in Sagehen Creek, California, as
following a similar pattern of slow growth, then rapid growth, then rapid decline to a level of
relative stability; however, it is possible populations expand and contract with available food
sources or water reliability. In other words, population densities are probably never static in the
medium or long term, as they shift to respond to available resources.

4.1.4

Colony longevity

In untrapped beaver populations, beaver pond use may be cyclical (Lawrence 1952). Beavers
may occupy, abandon, and reoccupy a site at varying intervals (Warren 1932). How long a
colony remains at a particular location may vary widely from a few years (Svendsen 1980a) to
over a decade (Howard and Larson 1985) to many decades (Butler 2012). Beavers may
abandon an area if they have eaten all the food available, then return later when it has grown
back (Lawrence 1952):
The time interval between abandonment and subsequent reoccupation depends
chiefly on food conditions and varies from a few years to 20 years or more. This
alternation of use and disuse of certain pond-sites is the result of vegetational
changes both within the boundaries of the former flowage and on the surrounding
upland. When aspen or other preferred food species become abundant about the
abandoned pond-site, beaver again move back into the area. After the food
supply is exhausted the beaver move elsewhere.
An 18-year-long study in the boreal forest of Finland found that the mean colony duration length
was 2.6 years, and that old sites were recolonized an average of 9 years after abandonment
(Hyvönen and Nummi 2008). Boreal habitat is very different from the beaver habitat found in the
Puget Sound Lowlands. However, despite the vast quantity of studies on beavers, little work has
explicitly looked at cycles of recolonization.
At Sagehen Creek, California, Hall (1960) observed beaver colonies “gradually shift the site of
their operations up or down stream as willow in the original colony area is overbrowsed.” In
other words, they did not abandon an area, but moved around within a larger area while
previously depleted willows recovered. During one 17-year study in Central Oregon, Demmer
and Beschta (2008) noted episodic colony abandonment after depletion of riparian vegetation,
followed by a regrowth of woody plants.
Howard and Larson (1985) observed that of 19 beaver sites that were colonized in their study
area between 1952 and 1969, 17 were occupied longer than 10 years, and the remaining 2 sites
were occupied 8 and 9 years. Colony sites that were established 2 years after this 17-year
period in 1971 were occupied for only 1 or 2 years and then abandoned. The authors
speculated that the best sites for longevity were occupied first. They went on to speculate that it
was possible some of the short-term occupancies were because those beavers were waiting for
the longer-term sites to recover.
Given the right geomorphic conditions, ponds may eventually fill with sediment and become wet
meadows. Ruedemann and Schoonmaker (1938) wrote that “So long as the beavers occupy the
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ponds no beaver meadows are formed…. When the rodents abandon the pond, however, a
meadow may be formed in a very short time.” These “beaver meadows” will be discussed in
greater detail in an upcoming King County technical paper on impacts and effects of beavers.

4.2

Reproduction and productivity

Overall, in a stable, untrapped area, population density will be higher (more of the available
habitat will be occupied), and productivity will be lower presumably because there is nowhere
for new young beavers to disperse to. In areas with a lot of available habitat, existing colonies
produce more young. But several factors in addition to population density influence the
productivity of beaver populations, and many of these factors are interrelated. Factors include
age of first breeding, age of last breeding, age at time of breeding, weight of adult females, size
of litters, quality of habitat available, type of habitat, elevation 14, population density, and whether
the beaver population is being trapped.

4.2.1

Beaver longevity

Adult beavers may be expected to live to 10 to 12 years (Bradt 1947; Larson 1967; Henry and
Bookhout 1969) or more in the wild and over 23 years in captivity (Weigl 2005; Marcuzzi
1986 15). In interior Alaska, Boyce (1974) reported a population with individuals up to 15 years of
age. In North Bay, Ontario, Novak (1977) documented a maximum age of 16.5 years. In New
Brunswick, Nordstrom (1972) documented male beavers up to 18 years and females to 17
years. In western Maryland, most beavers in one study were between 1 and 13 years of age,
but one beaver was aged at 21 years (Larson 1967).

4.2.2

Breeding age

Brady and Svendsen (1981) speculate that “some form of social inhibition occurs to prevent
reproduction” by sexually mature offspring while still in their natal colony. In other words, as long
as the offspring from a colony’s mated pair remain at their natal colony, they will not reproduce.
The exception to this rule could occur if a mated adult died and was replaced by one of its
offspring. Typically, beavers start breeding at approximately age 2.5 when they have
established their own colony, and they continue to reproduce until they die. In areas with low
population density, yearlings may leave their natal colony and begin breeding at age 1.5 (see
Section 4.2.2.1). According to data collected by Henry and Bookhout (1969) in northeast Ohio,
age of maximum productivity is not reached before age 3.5-4 years, and they found that mean
ovulation rate, conception rate, and placental scar count increased up to age 5.5-6 years.

4.2.2.1 Youngest age at sexual maturity and breeding
Beavers are sexually mature by 15 months at the latest (Henry and Bookhout 1969) and
apparently earlier. Nordstrom (1972) observed evidence of kit ovulation but not of pregnancy.
Grasse and Putnam (1950) reported a 1-year-old female giving birth to one kit in their Wyoming
Yeager and Rutherford (1957) found that productivity varies with the height above sea level in their Colorado study:
beavers were more productive below 5,000 ft than above 5,000 ft.

14

Marcuzzi (1986) says beavers are relatively long-lived, from 12-15 to 18-22 years in the wild, and 35-50 years in
zoos, but he does not describe data sources or provide any details.
15
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study. In Idaho, Leege and Williams (1967) found 40.9 percent of female beavers 1 year old and
older were breeding, but they do not specify how many of the 1-year-olds that included. An 8month-old beaver in captivity gave birth to a single beaver kit (Richards 1977).
Beavers reach the age at which breeding typically results in the first litter at 1.5 to 3 years of age
(McTaggart and Nelson 2003; Gunson 1970; Wigley et al. 1983). Larson (1967) found some
western Maryland beavers bred at 1.5 to 2 years of age. Novak (1977) provided evidence of
yearlings breeding, and Henry and Bookhout (1969) found embryos in beavers 1.5 to 2 years
old. In east-central Illinois, McTaggart and Nelson (2003) trapped 239 beavers and found 7
percent of yearlings were pregnant.
Benson (1936) in Michigan reported 61.7 percent of female beavers 2 years old and older were
breeding, and none of the females they judged to be yearlings were breeding. In Pennsylvania,
Brenner (1964) reported 80 percent of female beavers 2 years old and older were breeding, and
none younger than 2 years old.
Woodward (1977) found no evidence of females younger than 2.5-3 years breeding in the
Piedmont region of South Carolina. In a study in central Massachusetts of 21 family units,
Hodgdon (1978) found no females younger than 36 months gave birth.
In Washington State, Provost (1958) concluded that most female beavers are not
physiologically capable of breeding until they reach a body weight of between 30 and 35
pounds, which in that study equated to the third season following birth, when they are
approximately 2.5 years old.
In New Brunswick, Nordstrom (1972) found evidence of yearlings from trapped populations
breeding, but yearlings from untrapped populations were not yet breeding. In New York,
Parsons and Brown (1979) found females between 1.5 and 2 years were reproducing, but only
when beavers were occupying less than 40 percent of potential colony sites available. In other
words, as more habitat was available for colonization, the greater percentage of females were
reproducing to fill those spaces. Parsons and Brown (1979) suggested, therefore, that
population density may influence age at first breeding. Another way of interpreting their
observations would be that habitat availability may influence age at first breeding.
In Washington State, trapping has declined significantly since 2001. It is unknown what
percentage of potential colony sites are available in different areas, but it is possible that in
some areas it is low enough that yearling females are reproducing.

4.2.2.2 Oldest age at breeding
Nordstrom (1972) saw indications that sexually mature beavers never ceased breeding. The
oldest reproductively active female beavers taken in the New Brunswick study were 16.5-17
years of age, and the oldest reproductively active males taken were 17.5-18 years (Nordstrom
1972). The oldest females examined in northeastern Ohio by Henry and Bookhout (1969), were
12 and still ovulating.

4.2.3

Litter size

Litter sizes range from 1 to 5 or 6 and may be as high as 8 (Grasse and Putnam 1950; Hodgdon
and Hunt 1966; Bergerud and Miller 1977; Osborn 1953). Typical litter size is 2 to 4 kits (Leege
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and Williams 1967; Svendsen 1980a; Busher 1987). Litter sizes vary regionally in North
America somewhat, but not substantially (Novak 1987). In western North America, Novak
(1987) calculated an average of 3.2 kits per litter based on a number of studies.
Different studies have used a variety of methods to determine productivity (Table 3). 16 Each of
the types of methods are used in the same way: they all relied on examining carcasses of
trapped beavers to count how many fetuses or embryos were present or how many placental
scars, which would reflect the previous season’s litter size. These figure are for pregnant
females and do not account for adult females who were found to be “barren,” having no
indication of pregnancy.
Productivity reported from various studies. Methods vary, and similar methods are
grouped and shaded the same. However, these different methods are conceptually the
same and given large sample sizes and low infant mortality, should be good indicators
of productivity for those locations under conditions present at the time.
Study

Location

Productivity, per pregnant female

Hammond (1943)

North Dakota

4.2 embryos

Grasse and Putnam (1950)

Wyoming

3.8 embryos

Bradt (1938)

Michigan

3.7 embryos

Rutherford (1964)

Colorado

3.0 embryos

Huey (1956)

New Mexico

2.7 embryos

Provost (1958)

Washington State

3.2 fetuses

Leege and Williams (1967)

Idaho

3.4 fetuses and 3.1 placental scars

Osborn (1953)

Wyoming

2.9 fetuses and 3.4 placental scars

Hodgdon (1949)

Maine

4 placental scars

Fetus counts were obtained from 115 animals in a study in Washington State (Provost 1958).
Litter sizes numbered from 1 to 8 with an average of 3.6 and a mode of 4. Most young females
breeding for the first time apparently experience estrus later in the season than mature females.
These animals also produce smaller litters the first year or two of their reproductive life than they
do when fully mature. Hodgdon (1978) also found that first-time breeding beavers produced
smaller litters than second and subsequent matings.
Habitat type and location may play a role in productivity. In the Huey (1956) study in New
Mexico, the number of embryos per pregnant female depended on habitat type and ranged from
2.06 to 4.2. Beavers in aspen habitat were the most productive followed by cottonwood, and the
lowest productivity was in willow habitat. In the Rutherford (1964) study in Colorado, the higher
the elevation was, the lower the productivity: in mountainous areas above 6,000 ft (1,800 m)

16 Placental scars, which persist for only one year, can be examined to determine how many young were produced
the previous breeding season (Hodgdon 1949). If all fetuses survive to birth, in areas of low infant mortality, placental
scars should be a relatively accurate index of productivity when obtained in sufficient quantity. Studies have used
embryo and fetus counts in a similar manner.
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elevation, number of embryos per pregnant female was 2.3 - 2.7, but in riverbottom habitat
below 5,000 ft (1524 m) elevation, the average was 4.4.
Some authors concluded that litter size varies with the age and weight of the female (Yeager
and Rutherford 1957; Pearson 1960). Boyce (1974) found no correlation between age of
breeding female and number of kits, but body size was positively correlated with litter size. Litter
size may also vary depending on quantity and quality of food (Yeager and Rutherford 1957;
Pearson 1960; Rutherford 1964).

4.2.4

Density dependence and impacts of harvest

Beaver productivity has been demonstrated to be density-dependent (Pearson 1960; Gunson
1970; Boyce 1974; Parsons and Brown 1979), and fewer beavers are produced at higher
population densities (Payne 1989). As harvest rates increase, the number of kits produced per
litter increases (Kafcas 1987; Nordstrom 1972; Parsons and Brown 1978b); therefore,
reproductive rates are assumed to be greatest among highly trapped populations.
In New Brunswick, results from a study by Nordstrom (1972) illustrate the density-dependent
nature of beaver productivity as well as how not all females breed every year:
•

34.3 percent of females 1.5-2 years and older in untrapped populations had conceived
and 64.2 percent in trapped populations had conceived.

•

50 percent of female beavers 2.5-3 years old and older in untrapped populations and
17.9 percent in trapped populations were barren,

•

when the 5.5-6 years old and older subset was examined, 35.3 percent (untrapped) to
8.6 percent (trapped) were barren. These data.

In Newfoundland, Payne (1975) used traplines to document pregnancy rates of 25 percent for
yearlings, 32 percent for 2.5-year-olds, 58 percent for 3.5-year-olds, and 89 percent for beavers
older than 3.5 years.
When a colony is newly reintroduced into an area, there may be a period of expansion then
stabilization, possibly followed by decline and subsequent secondary expansion related to
depletion of food supplies (Busher 1987). Similar patterns may exist when a population goes
from trapped to untrapped. In New York a population that went from trapped to untrapped grew
from 45 to 184 colonies in 4 years (Parsons and Brown 1978b), and the growth rate then slowed
after 30 percent of potential colony sites were occupied (Parsons and Brown 1979).
Data from trapped and untrapped beaver populations in New Brunswick were compared by
Nordstrom (1972), and compared to trapped populations, untrapped populations had:
•

more active colonies per stream mile;

•

a larger proportion of adults and a smaller proportion of yearlings;

•

a delay of about one year in sexual maturity for both sexes;

•

fewer young per pregnancy;

•

an older average age;

•

a higher incidence of barrenness, especially in the older females;

•

more beavers per colony;
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•

beavers past the age of 2 present in colonies that already contained kits, yearlings, and
adults.

In western New York, Muller-Schwarze and Schulte (1999) found many similarities in trapped
versus untrapped populations, but they found the following features in untrapped populations
differed from trapped populations:
•

colonization was occurring on steeper stream slopes (considered less optimal habitat);

•

a larger percentage of beavers past the age of 2 remained with the natal colony;

•

preferred tree species became depleted and beavers fed on less palatable species;

•

trails were longer to more distant foraging areas (they were traveling further from the
water).

4.2.5

Timing of breeding, parturition, and emergence

Grinnell et al. 1937 reported a gestation period of “about three months” for beavers in California.
In Newfoundland, Bergerud and Miller (1977) reported that their breeding and parturition data
gave a gestation period of about 100 days, which agrees with the view of Hodgdon and Hunt
(1966) in Maine, also of about 100 days. Observations of the North American beaver living in
the Zurich Zoo by Hediger (1970) revealed a range of 104 to 111 days for gestation.
In Wyoming, Grasse and Putnam (1950) observed the first sign of breeding in February. They
did not report the range of breeding timing they observed. They did, however, report kits being
born typically in June but as late as September. Their observed first dates of pregnancy in one
female was February 22 and first female observed to have given birth just prior to capture was
June 3. These were different animals, but if they are good indications of the earliest timing,
gestation periods would be closer to 120 days.
Kits are born from mid-March through June, depending on location. In California, kits may be
born as early as mid-March through late May, with the majority born in April (Grinnell et al.
1937). Kits are born in May and June in many parts of North America (e.g., Maine: Hodgdon
and Hunt 1966; Wisconsin: Grange 1947; Newfoundland: Bergerud and Miller 1977). In West
Virginia, they are born in May (Swank 1949), and in Wyoming, they are more likely to be born in
May with a range from April through June in another study (Osborn 1953). In Western
Washington, they are typically born late April through early May (B. Dittbrenner, pers. comm.).
Kits may spend 3 weeks to 2 months in the lodge after birth before emerging for the first time
(Hodgdon 1978; Muller-Schwarze 2011). In southern Illinois, Brady and Svendsen (1981) first
detected kits whining in the lodge on June 9, and kits were first observed outside the lodge on
July 6, presumably at approximately 1 month of age. In Western Washington, they appear to
spend about 1 month in the lodge before emerging (B. Dittbrenner, pers. comm.) and so are
moving in and out of the lodge by early June.

4.3

Dispersal

After a review of literature (cited extensively in the following subsections), dispersal of beavers
appears to generally include the following types of movements: (1) relocation of the entire
colony between ponds within a territory; (2) exploratory movement of young beavers prior to
leaving the natal colony permanently; (3) dispersal of beaver, often at age 2, to establish new
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colonies; (4) relocation of adults following loss of a mate; (5) relocation of entire colonies to new
territories. This section focuses on dispersal type #2, dispersal of young beavers from their natal
colony. Most dispersal data collected focuses on this type of dispersal, or at least does not
indicate when other types of dispersal may be occurring. The lack of information about entire
colonies dispersing is a data gap that would be helpful to fill. Additional challenges with
understanding dispersal from available data is discussed in Section 4.3.1.
Beavers who have dispersed from their natal colonies have sometimes been observed to return
after a period of time (DeStefano et al. 2006; Ryden 1989), so not all dispersal is permanent.

4.3.1

Challenges with learning about beaver dispersal

A few notes of caution are useful to keep in mind when reviewing dispersal data reported in
various studies. Many studies examining dispersal have been conducted using mark-recapture
methods: capturing, tagging, and releasing beavers, then recapturing them and recording the
new location information. Van Deelen and Pletscher (1996) point out that mark-recapture
studies are “limited by recapture success. Mark-recapture studies also provide little information
on the timing of dispersal and settlement, or movement during the dispersal-settlement interval.”
In many studies, hundreds of beavers may be tagged initially, but only a small portion, maybe
less than 5 percent are recovered, and it is from those low numbers that study conclusions are
drawn. Recording dispersal data in a mark-recapture study requires that tagged beavers are
recovered – typically after a trapper has caught them and turned in the tag and location data. It
is assumed and possible that recovered tagged beavers are generally representative of all the
beavers in an area, but there is no way to control for randomness in that sort of study. It is
entirely possible the study methods result in skewed data. Harris and Aldous (1946) suggest
that “Trapping returns on ear-tagged animals are low because new sites are seldom trapped
earlier than two years after their establishment.”
Studies using radio telemetry to track beaver movements may be able to provide the most
reliable data about beaver movements. However, the number of implanted transmitters is
typically much smaller than the number of beavers tagged in mark-recapture studies, and if any
of the beavers cannot be located after being radio-tagged, the relative percent of the sample
size can be dramatically reduced (e.g., Davis 1984).
Different types of distance measurements are used in different studies, and the authors
sometimes do not make it clear how their distances are measured. For example, some authors
use stream distance: a beaver is trapped x miles upstream or downstream from where it was
originally tagged and released. But if more than one stream or tributary is involved, the author
will sometimes assume in-stream travel when it is possible the beaver traveled overland, and
vice versa. Some authors report both numbers, which is helpful, but there is simply no way to
know which route the beavers actually took.
Some beavers are trapped, tagged, and released at the same location, and some are relocated
and released in a different location, depending on the study. Each individual beaver in the latter
type of study is much more likely to move, as opposed to tagged members of an established
colony, of which only some beavers would be expected to leave to establish their own colony.
Unless otherwise stated, data reported in this Dispersal section is only from studies where
beaver movements were tracked from their home colonies and not as part of a relocation effort,

King County Science and Technical Support Section

41

April 2020

Beaver Life History and Ecology Best Science Review

which is addressed in Section 2.1.2 as well as in Technical Paper 1, Section 2.6.2 (King County
2018a).
Finally, as described above, there are different types of dispersal. If authors combine dispersal
data from different age groups, it is possible they are combining data on different types of
dispersal.

4.3.2

Age at dispersal from the natal colony

The most common type of dispersal is that of the young beavers, who leave their natal colony
around the time new kits are born and go in search of suitable habitat and mates to found new
colonies (Bradt 1938; Cook 1943; Leege 1968; Svendsen 1980a). These young emigrants are
considered to be typically 2 years old (Svendsen 1989; Leege 1968; Bradt 1938; Hodgdon and
Lancia 1983; Gunson 1970; Townsend 1953; Bergerud and Miller 1977; Svendsen 1980a).
Brady and Svendsen (1981) speculate that yearlings and 2-year-olds probably remain
associated with the adult pair until their second spring because of the protection, food
resources, and experience they acquire in the established home area of the adults. Some
researchers have taken it as “common knowledge” that the 2-year-olds are forced out (Bradt
1947; Grasse and Putnam 1955). Leege (1968) observed three 2-year-olds leave a colony while
a kit remained behind after the adults had been removed by trapping, and he took that as
evidence of an innate tendency to emigrate around that age.
Because of the prevalent belief that the age at dispersal is 2, some studies have only tracked 2year-olds for their dispersal rates and ignored other age classes. Dispersal rate of 2-year-olds
was reported as 45 percent from a study of 22 radio-tagged 2-year-olds in Montana (Van
Deelen and Pletscher 1996) and 53 percent from a study of 17 beavers radio-tagged as
yearlings in Mississippi (Weaver 1986).
As with reproductive rates, dispersal rates appear to be density dependent (Sun et al. 2000;
Molini et al. 1980; Bergerud and Miller 1977; Van Deelen and Pletscher 1996; Novakowski
1965). Molini et al. (1980) considered dispersal rates of subadults from their natal colonies to be
density dependent: as population density increased, the rate of dispersal decreased. In
situations such as a recovering population or very low density, yearlings may disperse to start
new colonies (Beer 1955). In southeastern Idaho, 11 yearlings were tagged as kits and
recaptured as yearlings; 2 of those beavers, both males, had moved 2.5 to 3.0 miles (4 to 4.8
km; Leege 1968). In other situations, such as high population densities, dispersal may be
delayed such that beavers are dispersing at age 3 or later (Sun et al. 2000; Smith 1997; Lyons
1979) (see Section 4.3.3.3, “Delayed dispersal,” below).
In New York, Sun et al. (2000) observed yearlings, 2-year-olds, and 3-year-olds dispersing. In
northern Minnesota, Smith (1997) trapped, aged, and radio-tagged yearling beavers from 30
colonies in 1992 and 1993 and tracked them through their third year (fall 1995). He observed no
yearling dispersal, and only 33 percent of 2-year-olds dispersed. Three beavers (9 percent)
dispersed at age 3, leaving 19 “philopatric” beavers – beavers that did not leave their family unit.
Two philopatric beavers were killed by wolves (Canis lupus), so a total of 17 beavers (51
percent) had not dispersed but remained alive by fall 1995.
In southern Illinois, McNew and Woolf (2005) observed a 55 percent dispersal rate for beavers
he defined as yearlings (13-24 months of age) and a 73 percent dispersal rate for subadults (25-
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36 months). The yearling dispersal rates ranged from 33 percent at one site to 63 percent at the
second site. Their definition of yearling may include what some other researchers identify as
both 1- and 2-year-olds. At a study location in south-central Sweden, Hartman (1997) found
ages at dispersal were evenly distributed between 11 and 23 months. Five of the 9 beavers in
the sample dispersed as yearlings, and at least one of them obviously gave birth at the age of 2
years.

4.3.3

Timing of dispersal

In areas where ponds freeze over in the winter, dispersal of the young beavers does not occur
until after the ice melts in the spring (Smith 1997; Sun et al. 2000). Beavers may be highly
mobile throughout the year in areas such as lowland Western Washington, where ponds do not
freeze in winter and impede movement. Here, dispersal may coincide with swollen streams
resulting from increased runoff from snowmelt or spring rains (Svendsen 1980a; Van Deelen
1991). In Western Washington, streamflow regimes may impact the timing of dispersal from
natal colonies because of the likelihood of successfully establishing a new dam/pond, or the
increased amount of water may provide more protection from predation – or both.
McNew and Woolf (2005) studied two colonies over a 2-year period and found that beavers in
southern Illinois dispersed substantially earlier than those documented in northern regions.
Juveniles (yearlings and subadults) initiated dispersal around 16 February (range: 28 January to
20 March) and settled around 18 April, with juveniles remaining transient from late January
through late June. These researchers observed a bimodal distribution of dispersal dates at one
of their sites: 9 juveniles dispersed between October 31 and December 16, and 4 juveniles
dispersed between February 5 and March 15; this strange occurrence was presumably caused
by intracolony strife brought on by management-induced autumn flooding of wetlands for
waterfowl17. The beavers in this study were at two different types of habitat: pothole versus
stream. The majority of the dispersers in the stream habitat left early, presumably because of
the flooding. The mean duration of remaining “normal” dispersal from both types of habitat was
77 days; these 8 beavers all took between 45 and 140 days to settle, with one exception: one
beaver settled 0.5 miles (0.8 km) away after 8 days.
Timing of dispersal will vary depending on the type of dispersal. The 2-year olds typically leave
the colony around the time the new litter of kits arrives (Grasse and Putnam 1950; Leege 1968),
which also coincides with spring runoff and higher water levels. However, dispersal of these
young beavers may be delayed a year or more in saturated populations (see Section 4.3.3.3
below). In New York, Sun et al. (2000) observed 2-year-old beavers dispersing in April and early
May; none were seen dispersing after mid-May. Hodgdon (1978) in central Massachusetts
found 90 percent of dispersers had left between mid-March and mid-April.
In a Montana study of 2-year-old beavers, dispersal date was highly variable (mean: 17 May).
The range was 7 April - 20 August; however, 8 of the 10 beavers dispersed in April through
June. Dispersal dates generally coincided with the 10 April - 29 June high water period in 1990
(Van Deelen 1991). Settlement date (mean: 24 July; range: 9 April - 12 November) and the

McNew and Woolf (2005): Ten of 12 active colonies were flooded out of their primary lodges and beavers were
forced to occupy smaller auxiliary bank dens within their territories. Their data supports the conclusion that subadult
beavers likely were forced away from the family unit because of resource limitations caused by this disturbance.
17
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length of the dispersal-settlement interval (mean: 68 days; range: 2-181 days) were also highly
variable (Van Deelen and Pletscher 1996).

4.3.3.1 Exploratory behavior
Young beavers are known to conduct exploratory movements, defined as movements outside
the natal territory before it is left permanently (Hartman 1997; Van Deelen 1991; Hodgdon 1978;
Weaver 1986). Eventually exploratory movements outside the natal territory can result in
successful dispersal (Hartman 1997).

4.3.3.2 Dispersal duration and settlement
Dispersing beavers may find a location to establish a new colony quickly, or they may remain
transient for an extended period of time. Four 2-year-old beavers in Van Deelen’s (1991) westcentral Montana study showed dispersal with rapid settlement (within 16 days), and 6 showed
dispersal with delayed settlement (35 to 181) days. Their mean settlement date was 24 July and
ranged from 9 April to 12 November.
Late summer settlement and variation in settlement times among dispersers result in a summer
sub-population of transient juvenile beavers (Townsend 1953; Aleksiuk 1968) that Van Deelen
and Pletscher (1996) speculate is probably linked to pair formation. Individual dispersing
beavers of both sexes, referred to as floaters or transients, remain transient until they settle with
an unpaired beaver or they build dams or lodges, which may help attract a mate (Baker and Hill
2003). Svendsen (1989) found that pair formation among dispersing Ohio beavers occurred
throughout year but peaked during September, October, and November as transients either
paired with other transients that recently settled at suitable sites, or were incorporated into
existing family groups where the same-sex adult was missing.

4.3.3.3 Delayed dispersal
Delayed dispersal occurs when 2-year-old beavers wait an additional year or two to disperse
(Brooks et al. 1980; Peterson and Payne 1986). High beaver population density may result in
delayed dispersal (Sun et al. 2000; Novakowski 1965; Taylor 1970; Nordstrom 1972; Schulte
1993). (High beaver population density may also result in reduced litter sizes; see Section
4.2.4.)
Delayed dispersal was common in Smith’s (1997) study in northern Minnesota, where most 2year-olds did not disperse. In that study, population density was very high throughout the study
area, but beavers were more likely to disperse when an inactive pond was located nearby. He
speculates that delayed dispersal by beavers probably results from a combination of factors
including habitat saturation and relative territory quality, and which hypothesis is operative for
beaver dispersal probably depends on whether or not beavers are in a colonizing or saturation
phase of a population cycle.
McTaggart and Nelson (2003) found no evidence that the presence of older offspring in a colony
allowed parents to raise more kits. In fact, the presence of older offspring would indicate higher
population densities, which is also correlated with adults having fewer kits (Section 4.2.3 and
4.2.4).
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4.3.3.4 Yearling dispersal
Beavers in poor-quality habitat or where trapping has reduced populations below carrying
capacity may disperse at a higher rate than those in good-quality saturated habitat (Gunson
1970). In the words of Hartman (1997): “Not only can high densities cause delayed dispersal,
but low densities will work the other way and induce yearling dispersal.”

4.3.4

Direction of dispersal

Although water routes are the easiest, safest, and most common corridor for beavers (Knudsen
and Hale 1965; Van Deelen 1991), over-land travel does occur (Bradt 1938; Smith 1997). In
southern Illinois, beavers dispersed farther from natal colonies with free-flowing water access
(mean: 3.7 miles, 5.9 km) than those landlocked (mean: 1.1 miles, 1.7 km) (McNew and Woolf
2005).
Within water routes, direction of dispersal can be either upstream or downstream (Van Deelen
and Pletscher 1996). In central Massachusetts, beavers showed little preference between
moving upstream or downstream after departure from their natal colony (Hodgdon 1978).
Thirteen of 19 beavers traveled only downstream in southeastern Idaho (Leege 1968). In a
study of 46 dispersing beaver in New York State, 74 percent initiated dispersal downstream, but
then half of them turned around and headed upstream (Sun et al. 2000). In the same study, 35
percent moved to neighboring sites. Van Deelen (1991) tracked beavers as they moved long
distances upstream, then back downstream, then upstream again before finally settling.
Leege (1968) reported short overland movements of 0.5 miles (0.8 km) in a mark-recapture
study of tagged beavers released at their trap sites in southeastern Idaho. In New Mexico,
Berghofer (1961) reported on tagged beavers that were retrapped long distances from their
release sites. In this study, all beavers were released as part of relocation efforts; they are
described here to illustrate that beavers are able to traverse harsh overland conditions if
necessary. Berghofer (1961) documented one beaver traveling 32 miles (51 km) overland,
another beaver that traveled 22 miles (35 km) overland and had to cross a 12,000-foot divide, a
third beaver that traveled 15 miles (24 km) and crossed 4 watersheds, and finally, a fourth
beaver that traveled 18 miles (29 km), 14 of which were without any source of water.

4.3.5

Dispersal distance

Distance of natural dispersal appears to vary greatly, sometimes depending on whether the
beaver is traveling overland or through a stream (see Section 4.3.5 and Section 4.3.4), as well
as depending on the location of suitable and unoccupied habitat.
The information presented in the rest of this section provides a general idea of how far beavers
are likely to travel and how far they are capable of traveling.

4.3.5.1 Typical dispersal distances
Dispersing 2-year-old beavers may move a total of 5 to 10 miles (8 to 16 km) and sometimes
farther (Leege 1968; McNew and Woolf 2005; Hodgdon and Hunt 1966; Van Deelen and
Pletscher 1996; Sun et al. 2000). Van Deelen and Pletscher (1996) used radio telemetry in
west-central Montana to track movements and dispersal. However, they only radio tagged 2year-olds and may have consequently limited their study (a) by potentially mischaracterizing age
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(see footnote 4 in Section 4.1.1), and (b) more importantly by assuming that only beavers aged
2 will disperse (see Section 4.3.1). They used the shortest possible stream distance and saw no
evidence of overland travel. Dispersal distance ranged from 2.9 to 22.2 km and was not
correlated with dispersal date or the length of the dispersal-settlement interval (Van Deelen and
Pletscher 1996). At least three non-dispersers and one disperser exhibited large (>1.6 miles,
2.5 km) exploratory movements away from the natal colony (Van Deelen and Pletscher 1996).
In Maine, Hodgdon and Hunt (1966) observed beavers that were tagged and released at their
natal colonies travel between 0.5 and 29 water miles (0.8 and 47 km). Eight of those beavers
were tagged as kits, and 5 were tagged as yearlings; none of the 10 tagged adults released at
their home colony left their colony (that is, they were all recaptured in the same location). In the
same study, 4 yearlings and 8 adults were transplanted, and all traveled some distance (range:
1 to 16 miles, 1.6 to 25.7 km).
During dispersal, beavers in central Massachusetts were observed moving as many as 1.4
miles (2.3 km) per night and averaging just over 0.6 miles (1 km) per day (Hodgdon 1978). In a
different Massachusetts study, the average dispersal distance for 2- and 3-year-olds leaving
their natal colony was 2.8 miles (4.5 km) along streams or rivers, or 2.2 miles (3.5 km) straightline point-to-point (DeStefano et al. 2006). The one adult who dispersed in that study traveled
only 0.4 miles (0.7 km).
In southeastern Idaho, 19 of 87 beavers tagged on National Forest land then captured later by
fur trappers moved an average of 5.6 miles (9 km) away from the home site, and not more than
11 miles (18 km) (Leege 1968). Leege (1968) calculated straight-line miles traveled and
considered distances of under 1 mile (1.6 km) insignificant so did not include those movements
in the calculations. It is quite possible some beavers dispersed shorter distances than 1 mile
(1.6 km) and useful data were missed.
Dispersal distances do appear to be longer when streams are present as dispersal routes. At
the McNew and Woolf (2005) study site that contained a network of streams, mean dispersal
distance was 3.7 miles (5.9 km). Mean distance was much shorter (1.1 miles; 1.7 km) at the
study area that was composed of ponds and not connected by streams. They report calculating
linear distances, which is likely an underestimate of actual distance traveled as animals travel
stream corridors or navigate overland from one pond to another.
It is unclear whether male and female beavers have different dispersal distances. McNew and
Woolf (2005) using linear distances found that males moved more frequently and traveled
greater distances per individual move in southern Illinois than did females, though overall
dispersal distances were similar between sexes. Sun et al. (2000) measured straight-line
distances using lodges as endpoints and found the dispersal distance of females (mean = 10.15
km; median = 6.06 km; n = 18; range = 0.66 to 31.68 km) was significantly larger than that of
male beavers (mean = 3.49 km; median = 1.99 km; n = 26; range = 0.29 to 16.56 km). Leege
(1969) found that males of all age groups were more likely to migrate than females, but
distances did not appear to vary depending on sex.
The average distance moved between first and final locations for all dispersing beavers in a
Mississippi study was 2.17 miles (3.50 km) straight-line and 4.52 miles (7.27 km) waterway
(Weaver 1986). The longest straight-line distance moved in the same study between the first
and final locations was 6.50 miles (10.46 km) by a male beaver; the waterway distance of this
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move was 20.46 miles (32.93 km). The longest straight-line movement by a female was 3.61
miles (5. 81 km), for a waterway distance of 6.40 miles (10.46 km).
In New York, the distribution of dispersal distance was skewed such that most dispersers
moved only a short distance, whereas only a few moved a long-distance (>12 miles, 20 km),
and the long-distance dispersal was more common for females than for males (Sun et al. 2000).

4.3.5.2 Long-distance travel
Long-distance moves have been reported. In Hibbard’s (1958) study in North Dakota, one
beaver was recaptured 67 straight-line miles (238 km) from its release point. Assuming this
animal navigated through waterways instead of traveling overland, its travel distance was
actually 148 stream miles (238 km) and would have required the navigation of multiple
drainages and tributaries and one river. One beaver in Alaska moved at least 150 miles (240
km) and probably over 200 miles (320 km) (Libby 1957). Gunson (1970) reported two yearlings
that traveled 50 and 75 miles (80 and 120 km) in Saskatchewan's northern forest.
In a Minnesota study, of 18 beavers that dispersed, 5 had traveled 29 miles (47 km) or more
(Beer 1955). The distances these 5 beavers had moved when trapped were: 29, 36, 39, 41, and
51 miles (47, 58, 63, 66, and 82 km). None of the others studies reviewed had such a high
proportion of long-distance migrants.
In west-central Montana, Van Deelen (1991) reports a beaver moving 5.7 miles (9.12 km) over a
2-day dispersal period. The data appears to suggest that one 8.88-km movement upstream was
made over a single night 18.

4.4

Home range and territory

Home range is the area over which an animal normally travels in search of food, whereas
territory is the protected part of the home range (Burt 1943). For beavers, home range can be
defined as the total area used by beavers for forage and tree-cutting and includes but does not
fully comprise the area defended as territory.
In the Northwest Territories, Canada, Aleksiuk (1968) interpreted the territory of beaver to be
where activity was greatest in the immediate vicinity of the lodge, extending to a distance of
about 0.25 mile (0.4 km) out from the lodge. Where activity extended beyond the territory for
about another 0.25 mile (0.4 km) or slightly more for forage and tree-cutting but was less
intensively used, he interpreted as the home range. In interior Alaska, Boyce (1980) suggested
that colonies were likely not defended beyond a distance of 1 km. The rest of this section
specifically focuses on territoriality and how territories are defended by beavers.

4.4.1

Scent mounds

Scent mounds are well-established in the literature to be territory markers (Houlihan 1989;
Muller-Schwarze and Heckman 1980; Schulte 1998; Welsh and Muller-Schwarze 1989;

Van Deelen, surprisingly, does not remark on what appears to be a remarkable feat by this beaver. Van Deelen
reports this as a 2-day interval from April 7 to April 9 in Table 6, but on page he 30 states the shortest dispersal
duration was 4 days.
18
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Aleksiuk 1968; Rosell and Nolet 1997; Hay 1958; Townsend 1953) and are the only known
means of territory marking by beavers. A scent mound is typically a pile of mud sourced from
the adjacent waterbody with secretions added to the top (Aleksiuk 1968; Müller-Schwarze and
Heckman 1980; Schulte 1998). Castoreum from beavers’ castor glands is the main substance
used to mark scent mounds (Rosell and Sundsdal 2001; Sun and Müller-Schwarze 1998),
though anal gland secretions have also been documented as present on scent mounds (Sun
and Müller-Schwarze 1999; Aleksiuk 1968; Svendsen 1978; Hodgdon 1978; Svendsen
1980c) 19. Scent mounds may also be constructed using twigs, leaves, grass, or aquatic plants.
Scent mounds can be as small as a barely perceptible "mud pie" to piles of mud 2 ft (0.6 m) in
height (Figures 12 and 13). Beavers create scent mounds by secreting castoreum from their
castor glands onto piles of mud and debris they deposit at key locations within and around a
territory (Brady and Svendsen 1981).

Figure 12.

Small scent mound, approximately 4 inches high.

19 Some caveats regarding anal gland secretions may be warranted: it is deposited much less often than castoreum
(Rosell and Sundsdal 2001), its deposition may not be purposeful (Rosell and Sundsdal 2001), the mechanics of its
deposition are different from that of castor glands (Svendsen 1978), a territorial function has not been directly
documented, and it is suspected to have other primary functions like pelt lubrication, kin recognition (Müller-Schwarze
and Sun 2003; Sun 1996), or communications between sexes (Schulte 1998).
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Figure 13.

Two scent mounds. The left one is ~2 ft (0.6 m) high, and the right one is ~1.5 ft
(0.5 m) tall.

Scent mounds have been found to discourage attempts at colonization by dispersing beavers
and are thought to play a role at reducing chances of aggressive encounters (Muller-Schwarze
and Heckman 1980; Sun and Muller-Schwarze 1998). Aleksiuk (1968) hypothesized that:
…the scent-mound system functions as a means of communication among
beaver from adjacent colonies and between established colonies and the floating
population, thus delineating occupied territory and preventing further colonization
of an area already being utilized. The system appears to be a mechanism of selfregulation that limits the population before food becomes a major limiting factor.
It may be one of the many important factors that set an upper limit to population
density in a given area.
In studies specifically looking at whether human-constructed artificial scent mounds deter
transient beavers from re-colonizing abandoned sites, scent mounds were found to reduce
transient beaver colonization compared to unscented control sites (Müller-Schwarze and
Heckman 1980; Welsh and Müller-Schwarze 1989).
If scent marking is intended as a communication tool to transient beavers, or “floaters,” the peak
amount of scent marking should correspond with the timing of greatest probability of floaters
moving through an area. Indeed, scent mound creation is usually observed to be most intense
during the dispersal period in spring when 2-3 year old beavers leave their natal colony to
establish a new colony (Figure 14) (Butler and Butler 1979; Houlihan 1989; Müller-Schwarze
and Heckman 1980; Muller-Schwarze and Houlihan 1991; Rosell et al. 1998; Rosell 2001;
Svendsen 1980c). In Washington, dispersal of the 2-3 year-old beavers occurs in April and May
(for more information, see Section 4.3.3).
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Figure 14.

From Svendsen (1980c): “A model relating scent-mounding activity….with major
events in the population dynamics of beaver.”

Timing of peak scent mound building varies geographically and likely for other reasons as well:
•

April to mid-May in one study in Maine (Butler and Butler 1979).

•

May through June with no re-scenting after mid-July in another study in Maine (MüllerSchwarze and Heckman 1980).

•

Primarily from June through September with a peak in July in Montana (Townsend 1952).

In South Carolina, Davis et al. (1994) observed a peak in scent mound building in the fall,
different timing than other studies. Although the peak did not align well with dispersal, this
example of mound building still suggests a territorial function, as the timing did correspond with
increased intra-colony interactions resulting from competition for woody plants in an area of high
beaver colony density.
Two hypotheses have been forwarded to attempt to explain how scent mounds function in the
territoriality of beavers. In the “scent fence hypothesis,” the scent mounds function as an
invisible fence that discourages non-resident beavers. The majority of studies support the scent
fence hypothesis (Aleksiuk 1968; Davis et al. 1994; Hodgdon 1978; Muller-Schwarze and
Heckman 1980; Townsend 1953; Welsh and Muller-Schwarze 1989). Hodgdon (1978), for
example, observed transient beavers traveled more quickly through occupied areas than
unoccupied areas, without seeking out residents or disturbing resident mounds. The second, the
“scent match hypothesis,” requires that resident beavers are present and visible to would-be
intruders—the scent mounds alone were not sufficient (Sun and Muller-Schwarze 1998).
Beavers have been shown to distinguish between castoreum of family members, neighbors, and
non-neighbor adult males with beavers reacting more strongly to scents from strangers (Rosell
and Bjørkøyli 2002; Schulte 1998). Beavers in established territories have shown strong
responses to foreign scents mounds including hissing, destroying the foreign mound, and
marking over it (Hodgdon 1978; Muller-Schwarze et al. 1983; Rosell and Bjørkøyli 2002; Sun
and Muller-Schwarze 1998).
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The mounds are constructed by adult males and females, who gather material in their forepaws
by scratching and shoveling it onshore or carrying it to scent mounds bipedally (Brady and
Svendsen 1981) (Figure 15). Adult males are thought to be the most active at building and
marking (Hodgdon 1978; Rosell and Thomsen 2006; Schulte 1998), although all beavers visit
scent mounds (Aleksiuk 1968). Hodgdon (1978) recorded kits depositing scent, but without
building mounds or adding materials, although several studies did not observe kits participating
in mound building or marking (Muller-Schwarze and Houlihan 1991; Schulte 1998).

Figure 15.

1

2

3

4

Scent-mound building captured by a trail camera adjacent to a lodge in Lake
Sammamish, Washington. The water’s edge is outlined in blue in Photo 1, taken
before new mud was added. Photo 2 is just after some new mud was added, outlined
in orange. Photo 3 shows a beaver bringing another delivery of mud, which is outlined
in yellow in Photos 3 and 4. If it is difficult to distinguish the new mud, compare the
sticks and grass in Photo 1 that are no longer visible in Photo 4.
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Scent mounds are constructed along the water often in areas of high activity, such as near
lodges and dams (Aleksiuk 1968) and at likely access points of transient beavers to the territory,
such as trails (Aleksiuk 1968; Butler and Butler 1979; Muller-Schwarze and Heckman 1980). In
Maine, colonies with a high probability of encountering transient conspecifics construct
significantly more mounds (Butler and Butler 1979), and colonies with close neighbors also
construct more scent mounds than isolated colonies (Muller-Schwarze and Heckman 1980). A
study on Eurasian beavers also found that beaver colonies with close neighbors have more
scent mounds, and they refreshed their scent mound markings more often than did beavers in
isolated colonies (Rosell and Nolet 1997).
The number of mounds built per colony differs, and some ranges are noted in the literature.
•

At their study site at Acadia National Park, Maine, Muller-Schwarze and Heckman
(1980) found a range of 1 to 24 scent mounds.

•

At Moosehorn National Wildlife Refuge, Maine, a range of 4 to 27 scent mounds was
observed (Muller-Schwarze and Heckman 1980).

•

In the Mackenzie Delta, Northwest Territories, Canada, scent mounds numbered from 2
to 7 or more per colony (Aleksiuk 1968).

•

In a Colorado study, one colony of 3 beavers built 29 mounds while another colony of 3
beavers built only 2 mounds (Hay 1958).

The number of scent mounds created has been seen to increase with increasing density of
beaver colonies in an area (Butler and Butler 1979; Davis et al. 1994; Houlihan 1989; MüllerSchwarze and Heckman 1980; Rosell and Nolet 1997; Schulte 1998).

4.4.2

Agonistic behavior

In addition to building and marking scent mounds, beavers engage in other forms of
communication that can let extra-familial beavers know a site is occupied. For example,
Aleksiuk (1968) observed an adult beaver hissing loudly for an extended period of time after
detecting castoreum that was artificially placed by the researcher on top of one of its scent
mounds. This hissing would be considered agonistic behavior, which is defined here to mean
any social behavior related to fighting including threats, displays, retreats, placation, and
conciliation.
Another potential method of territory defense was recorded by Thomsen et al. (2007) during
their study of Eurasian beavers. In the “Stick Display,” a beaver picks up an object (a stick if
available), rises up on its hind legs, and moves its upper body rapidly up and down while
holding the object with mouth and forepaws. Because the beaver may be in shallow water while
doing this display, the movement of the stick also creates splashing of the surrounding water.
The authors suggest that the display is used in agonistic encounters, mainly in a territorial
context.
The author of this technical paper, in a canoe, followed a beaver after it emerged from its den
along the Sammamish River in King County. The beaver ate water lilies in the river for a short
while then began what appeared to be a nightly tour of either its territory or home range. A
second beaver swam towards it from up-river, presumably from one of the other colonies along
this stretch of the river. When the two beavers met, they engaged in a series of tail-slapping,
submerging, re-emerging, then swimming at one another again and repeating the sequence.
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Eventually they swam away in opposite directions. This observation is included to highlight that
beavers likely engage in numerous forms of communication that do not escalate to physical
harm.
Some researchers have attempted to discern if beavers engage in intraspecific fighting to
defend territories. In New York at Allegany State Park, Muller-Schwartz and Schulte (1999)
reported a relatively high percentage of tail scars, which were notches along the edge of the tail.
The researchers studied a population of beavers over a 10-year period that were not trapped
and were at a high density considered to be saturated. They assumed the scars came primarily
from fighting, in part to defend their territories. They reported 63 percent of adult males and 37
percent of adult females had tail scars.
Beavers in a study by Aleksiuk (1968) appeared to rarely aggressively defend their territories,
based on any outward signs of injury. He examined 150 individual beavers over 3 summers and
only 1 had an obvious wound. Aleksiuk (1968) concluded “that transient beavers and members
of neighboring colonies avoid areas already occupied.” Although the author believed the study
area harbored a “relatively dense beaver population,” the colonies in this study were spaced
fairly far apart relative to some other colonies (see Section 4.1.3) at about 1 colony/mi2 (0.4
colonies/km2, or 1 colony/2.5 km2).
Townsend (1953) observed colony sites to have “fringe” areas outside them where transient
beavers were restricted, and that transient beavers avoided entering an established colony’s
territory. It is also possible that inter-colony movements are more common than is realized.
Busher et al. (1983) observed inter-colony movements in California in both 2-year-olds and
adults, which were captured in more than one colony in a year, sometimes over more than one
year. Weaver (1986) also suspected inter-colony movement was occurring in his study in
Mississippi.
All of these observations generally suggest that fighting among beavers is done as a last resort,
and is probably much more likely to occur under very dense population conditions.

4.5

Illness and Death

This section begins with diseases and parasites whose effects range from seemingly not having
any effect on the health of beavers to being lethal potentially at a population scale. Factors of
mortality are covered, starting with predators. Finally, mortality rates are discussed.

4.5.1

Diseases and parasites

Diseases related to beavers are important for two reasons: their potential impacts on beaver
populations and their potential impacts on human health.

4.5.1.1 Bacterial diseases
Beavers are susceptible to a host of bacterial infections, but this section focuses primarily on
diseases that can reach epidemic levels in beaver populations as well as those bacterial
infections also known to infect humans. Tularemia (Francisella tularensis) and Yersiniosis
(Yersinia pseudotuberculosis) are diseases from bacteria that can impact both beavers and
humans.
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Tularemia is a disease that has been documented in rodents since 1911 (McCoy 1911) and is
now considered a concern for its potential use in bioterrorism (CDC 2018b), yet there is still a
great deal not known about it 20. This disease invades cells in the liver, spleen, lungs, and lymph
nodes in beavers, muskrats (Ondatra zibethicus), and other species. Over 250 species of wild
animals have been documented with infections, though rodents and lagomorphs (rabbits and
hares) are typically considered the most commonly infected (Friend 2006). The pathology varies
between species depending on susceptibility and other factors but is generally assumed to be
fatal in highly sensitive species such as beavers (Fyvie 1969; Mörner 1992; Pilo 2018; Spickler
2017).
Under certain conditions tularemia can significantly reduce beaver populations; outbreaks have
occurred in locations including Montana, Michigan, Wyoming, and Canadian provinces Alberta
and Ontario (Jellison et al. 1942; Shelton 1966; Fowle et al. 1954; Banfield 1954). There are no
reports of significant outbreaks of tularemia in Washington State. Additionally, there are no
reports of outbreaks in beavers in the extreme north or the extreme south in North America, nor
is it understood why such major outbreaks occur (Novak 1987).
It is a rare disease in humans (CDC 2018c), who can get tularemia by direct contact with
infected animals, inhaling the bacteria, eating contaminated food, drinking contaminated water,
or from the bite of an infected insect (Feldman 2003). The symptoms may include sudden fever,
diarrhea, muscle aches, joint pain, dry cough, progressive weakness, headaches, chills,
vomiting, skin lesions, swollen glands, swollen and painful eyes, and a sore throat (CDC 2018c).
Wearing gloves while working around beavers or their structures can reduce the chances of
contracting tularemia (Feldman 2003), and hands should be washed thoroughly after handling
carcasses (CDC 2018c). Once diagnosed, infected humans are typically treated with antibiotics
(Spickler 2017).
Another type of bacterial infection that beavers are susceptible is known as yersiniosis, caused
by Yersinia pseudotuberculosis. On San Juan Island, Washington, Gaydos (2009) reported the
occurrence of yersiniosis in a dead beaver found in 2007. Approximately 25 percent of juvenile
beaver deaths in a study in southern Illinois were caused by yersiniosis (McNew and Woolf
2005). Yersiniosis has been reported in beavers from Ontario, Canada (Hacking and Sileo
1974), Minnesota (Green and Shillinger 1936), Wisconsin (Honess and Winter 1956), and
Montana and Washington (Hubbert 1972). Increased prevalence of yersiniosis in animal
populations may be caused by resource limitations and associated stressors, which may both
result from higher population densities (McNew and Woolf 2005). Humans contract this disease
by eating raw or undercooked pork (CDC 2016), so there should be little risk to humans of
contracting yersiniosis from beavers unless they are consuming them without cooking them
adequately.

This passage from Pilo (2018) does a nice job summarizing the complexity and state of knowledge of Tularemia:
“This microorganism can infect a plethora of animal species and its ecology is particularly complex. Much research
was performed to understand its biology but many questions are still open, especially concerning the life cycle of this
bacterium in the environment related to physical and biological parameters. Numerous animals are major hosts of F.
tularensis but precise reservoir species are not yet well defined. Moreover, the exact range of species susceptible to
tularemia is not clear and is complicated by the differences in virulence and ecology observed among the subspecies
of F. tularensis.
20
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4.5.1.2 Viruses
Rabies is a viral disease spread through the bite of an infected (rabid) animal. Depending on the
year, 90 to 93 percent of rabies cases in the US are from wild animals, the vast majority of
which are raccoons, skunks, bats, and foxes (for example, Ma et al. 2020; Birhane et al. 2017;
Blanton et al. 2012). Beavers, like any mammal, may contract rabies if bitten from a rabid
animal, and a few cases of rabid beavers have been reported over the past 30 years (Childs
et al. 1997; annual “Rabies Surveillance in the United States” reports 21). A small number of
rabid beavers attacking humans have also been reported, all located in the Northeast and the
Mid-Atlantic States and one case in Florida (for example, Morgan et al. 2014; Belcuore et al.
2002). These attacks, most of which were on swimmers or kayakers, likely make local news
because of how unusual they are. In the Pacific Northwest no beaver has ever been found to
have rabies, so there is almost no likelihood that a local swimmer or kayaker would be attacked
by a rabid beaver in this area.

4.5.1.3 Fungus
Blastomycosis is an infection caused by a fungus called Blastomyces, which lives in moist soil
and in decomposing matter such as wood and leaves. Blastomyces mainly lives in areas of the
United States and Canada surrounding the Ohio and Mississippi river valleys and the Great
Lakes (CDC 2018a), so there is little risk to people in Western Washington working around
beaver dams of getting this disease. It is contracted by humans by inhaling airborne spores after
contaminated soil is disturbed by activities such as excavation, construction, digging, or wood
clearing (CDC 2018a). It is only mentioned here because it has been cultivated from mud
samples taken in Wisconsin from beaver dams and lodges (Bradsher 1987), although this
fungus is not generally associated with beaver dams or lodges.

4.5.1.4 Parasites
Internal parasite species (endoparasites) to the beaver are relatively few in number 22 (Erickson
1944) and do not appear to control beaver numbers or cause obvious mortality (Lawrence and
Graham 1955; Wilkinson 1962). One reason that may account for the low degree of presumed
impacts of internal parasites on beavers is that the beaver is strictly an herbivore (Lawrence
1954). Another reason may be the general lack of parasitological examinations (Lawrence
1954).
An illness that may be contracted by humans is giardiasis, caused by the microscopic parasite
Giardia. Giardia is passed in the feces of an infected person or animal. The beaver is a potential
source of Giardia contamination of lakes, reservoirs, and streams (e.g., Tsui et al. 2018; IsaacRenton et al. 1987), which is why Giardiasis is sometimes referred to as “beaver fever.” People
become infected by swallowing water carrying Giardia cysts and can carry the parasite in their
bodies from a few weeks to a few months. To prevent contracting the illness, avoid drinking
21 See Center for Disease Control’s website for links to annual reports:
https://www.cdc.gov/rabies/resources/publications/index.html#surveillance.

Erickson (1944) documented six species of helminths and wrote “For an animal that spends so much of its time in
the water where infection by helminths, especially trematodes, occurs readily, six species of helminths make a
surprisingly short list.”

22
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stream or pond water, wash hands immediately after exposure to stream or pond water, and
avoid touching food prior to washing hands (CDC 2015).
Some external parasites (ectoparasites) occur on beavers, though they are host-specific and
should not impact humans working near beaver ponds. Several species of fur-mites
(Schizocarpus spp.) are known to be found on beavers and each species typically occupies
specific areas on the host (Fain et al. 1984; Whitaker et al. 1989). Some ticks, such as the
highly host-specific Ixodes banksi, are found only on beavers (Gibson 1957). Leeches
(Hacrobdslla decora) were found on beavers by Gibson (1957), in Ontario. Two species of
beaver beetle, Platypsyllus castoris and Leptinillus validus (Ferris 1918; Riley 1889), feed on
“epidermal materials” (skin of the beaver) and “skin products” and are generally not considered
harmful to their host (Wood 1964). L validus lives in the floor of the lodge or in the beaver’s fur,
depending on the life stage (Wood 1964). P. castoris is a “permanent, obligate parasite upon
beavers in both its larval and adult condition,” (Ferris 1918), and Peck (2006) stated that P.
castoris “is probably to be expected to occur on beavers throughout [the beaver’s] distributional
range.”

4.5.2

Predation

Predation is the most commonly studied form of beaver mortality. Non-human 23 predators of
beavers include wolves, cougars, coyote, bobcats, bears, and dogs (Engelhart and MullerSchwarze 1995; Gable et al. 2018a, 2018b; Hakala 1952; Ingles 1965; Mech 1966, 2015; Mills
1913; Murie 1944, 1945; Packard 1940; Sidorovich et al. 2017; Smith et al. 1994; Voigt et al.
1976; Boyce 1974). Lynx, owls, hawks, fishers, martens, eagles, wolverines, river otters,
bobcats, and foxes are also infrequent predators of beaver (Litvaitis et al. 1986; Long 2000;
Nelson 1887; Payne and Finlay 1975; Rausch and Pearson 1972; Reid 1984; Shelton 1966).
Swank (1949) reports instances where mink, a predator weighing 1.5 pounds (female) to 3
pounds (male), appeared to have predated beaver kits. The larger predators, including wolves,
cougars, coyotes, bears, and dogs, are the main threat to adult beavers where they occur,
whereas the other species likely only pose a threat to kits or juvenile beavers (Swank 1949;
Mills 1913).
Most beaver predation information is gained from scat analysis, carcass examination, or other
indirect inference, as beaver-predator interactions are not frequently observed (Fuller 1989;
Gable et al. 2016; Litvaitis et al. 1986; Packard 1940; Reid 1984; Voigt et al. 1976). For
example, after reviewing the literature, Mech et al. (2015) found no first-hand descriptions of
wolves hunting beavers, and instead predation mechanics were inferred from tracks in the
snow. Gable et al. (2018a) describe in detail a video recording of a wolf killing a beaver in
Quebec. Not only does the video provide possibly the first recorded evidence, but perhaps even
more interesting is their confirmation that “wolves do hunt and kill beavers by surprising and
ambushing them, which demonstrates that wolves have a unique ability to switch between
cursorial and ambush hunting strategies depending on the prey.” In 2018, a photographer
captured a lynx hunting and attacking a beaver in Yukon, Canada, with a wolf also eating some
of the carcass (Tukker 2018). Interestingly, the wolf was present before the lynx, but the lynx
killed the beaver.

23

For more on trapping, see Section 4.5.3 as well as Section 2.1.
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The first wolf pack in Western Washington in many decades was recorded in late 2018 (WDFW
et al. 2019) in Skagit County, which is north of King County. It is likely only a matter of time
before wolves return to King County. Beavers were likely a relatively common prey item for
wolves in Western Washington historically (and they may be again in the future). Beavers
continue to be regular prey items in areas with wolf populations: beavers have been well
documented to be a primary or secondary prey of wolves, with evidence of impacts on beaver
populations from wolf predation (Gable et al. 2018b; Gable and Windels 2018). However,
predation pressure on beaver often shifts seasonally and yearly as a function of environmental
factors and availability and behavior of other wolf prey such as deer and elk (Gable et al. 2016;
Fuller 1989; Latham et al. 2013; Mech 1966; Ripple and Beschta 2004; Theberge and Theberge
2004; Voigt et al. 1976).
It is thought that beavers generally try to maximize energy returns from their food while
minimizing risk of predation (Basey and Jenkins 1995). In so doing, beavers forage relatively
close to shore to avoid predators (Boyce 1974). Jenkins (1980) wrote:
Mortality risks associated with foraging….may influence strategies of food
selection. For beavers, there is probably a greater risk of predation at greater
distances from the pond, not only because more time must be spent travelling
back and forth, but also because there is a greater chance that a predator can
come between beaver and pond, and thus block the beaver's return to safety.
On one island in Lake Superior with black bears, uncut aspen was present within 100 ft (30 m)
of the pond’s edge at 3 of 5 ponds, and shrub cutting was more intense and located within 15 ft
(5 m) of the water (Smith et al. 1994). By contrast, beavers on an island without bears foraged
for aspen greater than 330 ft (100 m) from water (up to 780 ft, 240 m) at 5 of 11 ponds, and
shrubs were taken only sporadically (Smith et al. 1994).
Both North American and Eurasian beavers have been shown to respond to the presence of
predator scents by reduced or altered foraging (Engelhart and Muller-Schwarze 1995; Rosell
and Czech 2000; Salandre et al. 2017; Smith et al. 1994), area avoidance (Sevrund et al. 2001),
and changes in territorial behavior (Rosell and Sanda 2006).

4.5.3

Other causes of mortality

In addition to illness and predation, other causes of mortality for beavers may include falling
trees (Figure 16) (Ellarson and Hickey 1952; Hakala 1952; Hitchcock 1954; Kubo pers. obs.
2018).
Water fluctuations and floods, such as caused by sudden snowmelt, have also been reported as
a cause of mortality (Hakala 1952). In areas with colder winters than those in Western
Washington, starvation in winter can be an important cause of mortality (Bergerud and Miller
1977). Food caches may end up frozen into the ice and inaccessible (Boyce 1974; Halaka
1952). If beavers dig out of their ponds in such circumstances, they may be vulnerable to
freezing to death, predation, or they may still starve to death during their attempts to find more
food (Boyce 1974). Packard (1940) describes a beaver mortality by coyote in Colorado that was
at least in part a result of the beaver not being able to find a good way back under the ice and
into the safety of the water after it had been out foraging. Two or three coyotes extracted the
beaver from a dead-end burrow, where it had apparently gone in its attempts to find a route into
the water or hide from the coyotes (Packard 1940).
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Figure 16.

A beaver (center of photo) who was in the wrong place at the wrong time. As soon as
a tree begins to fall, beavers run. It is possible the tree was felled by this beaver or
another beaver, as the beaver-chewed base was approximately 20 ft (6 m) away. Photo
by Josh Kubo, King County.

Complete freezing of ponds is another cause of winter mortality in very cold climates (Tyurnin
1983). It is unknown how prevalent this cause of mortality is or could be in King County, though
it is possible at higher elevations, especially under drought conditions. These examples are
provided to illustrate the interplay between weather and predators. Nelson (1887) describes a
series of events in Alaska involving both the extreme weather and a predator:
During one winter in particular the snow melted suddenly in midwinter, and,
flooding the low ground and raising the streams, drowned large numbers of them
in their houses or under the ice. Then the wolverines dug into the tops of some of
their houses and killed some, and during the succeeding cold weather the water
froze in their house and filled them so full of ice that the Beavers were made
prisoners and starved, or were shut out from their shelter and food supply.
The year immediately following such a winter shows a very marked falling off in
the yield of beaver skins, according to the fur traders.
Intraspecific strife (fighting among beavers) has been observed or assumed by some
researchers to be a mortality factor in beavers (Wilkinson 1962), although many observations of
intraspecific fighting appears more likely to cause non-lethal wounds, leading to scarring, than
mortality (Grinnell et al. 1937; Kennelly and Lyons 1983; Muller-Schwartz and Schulte 1999).
Very few papers definitively document mortality by intraspecific fighting in beavers, and most of
what documentation does exist is from beavers in captivity (Wilkinson 1962; Hediger 1970),
which may not accurately represent behavior under more natural conditions. Shaw (1948)
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reported a male in “dying condition” at a colony site where a new male had arrived; the author
made the assumption there had been a fight to take over the leading male role, but no fight had
been witnessed, and no autopsy was performed to determine cause of death. This single
questionable report does not provide strong evidence for intraspecific fighting as a mortality
factor. 24
Trapping is likely the largest source of mortality for beavers in Washington, where there is a
long history of hunting and trapping beavers (see Section 2.1). Beavers are also killed
gratuitously, sometimes shot “just for fun” or killed because they are believed to be pests
(Hakala 1952; Swank 1949). They are also killed by cars when crossing roads (Swank 1949).
Some mortalities may occur as a result of interactions with humans doing studies. For example,
two mortalities related to implanting transmitters were reported by Davis (1984). Problems with
traps resulted in accidental mortality in Taylor’s (1970) study.

4.5.4

Mortality rates

Beavers are vulnerable to different types of natural mortality depending on their age and
associated behaviors. Payne (1984a) used teeth provided by trappers to calculate an average
annual adult (2.5 years and older) mortality of 32 percent. Bergerud and Miller (1977) reported
only 12 percent mortality of adult beavers. From a review of the literature, it becomes apparent
that determining mortality rates is fraught with challenges, and different authors build in different
assumptions and different methods for overcoming the challenges. The result is that almost all
estimates of mortality are only estimates at best and may be incorrect. From a northeastern
Ohio study of 220 trapped animals adult (2.5+ years) mortality rate, based on life tables,
averaged 40 percent (Henry 1967), including a range of 21 percent when young-adult 4-yearolds just established their colonies to 100 percent for all 13-year-olds.
An age group with reports ranging from very high to very low mortality is newborn kits.
McTaggart and Nelson (2003) estimated that up to 57 percent of kits in their Illinois study died
during the first 8 months of life. Their estimate was based on the ages of the breeding females
and age-specific fetal rates. Other authors suggest that mortality is very low among kits. Bradt
(1947) gathered information on number of embryos from trapped, pregnant females and
compared those figures to number of kits he counted in the field, and on seeing similar average
numbers decided that mortality rate of very young kits is low. He also reported that for every one
of 46 beavers he marked as a kit, he recaptured as a yearling, with zero loss. Shelton (1966)
interpreted that the average number of kits (39 +/-9 percent of total colony size) in his study was
not that much higher than the average number of yearlings (28 +/-7 percent), the stated
implication being low mortality of kits. His methods of capture varied from year to year, so his
conclusions on this topic are questionable. Besides which, if the data were reliable, that
decrease in number from kits to yearlings would represent a 30 percent mortality rate, which is
not exactly low. Nordstrom (1972) compared the number of uterine scars from trapped out
beavers to the number of kits present and calculated a 30 percent mortality of kits. He

24 Rosell and Nolet (1997) cite a paper by Piechocki (1977) regarding a dense population of Eurasian beavers along
the Elbe River in Germany that had bite wounds from conspecifics and stated the wounds were the “most important
cause of death in adult beaver, occurring mostly in May at the time new territories are established.” Unfortunately, the
Piechocki paper is written in German and only available in Germany, so this case could not be looked into further.
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speculated that predation by bobcats probably contributed to some mortality of kits, and other
“unknown factors” possibly including less healthy kits or environmental disturbances could be
causes for the mortality he observed in kits.
Young beaver remain in the lodge for about 4-6 weeks after birth (Tevis 1950), do not stray far
from the lodge during the first summer, and may not venture on land to get their own food until
late summer (Tevis 1950). It therefore seems reasonable to assume that in the presence of
parents and older siblings for protection and in the absence of disease, trapping, and large
predator numbers, beaver kits should have a relatively high survival rate (low mortality).
Some of the highest mortality rates may occur with 1.5- to 2.5-year-olds, for whom it is assumed
that mortality can be substantial as they leave their natal colonies in search of a new colony site
(Nordstrom 1972). Such increases in mortality could reflect increased exposure to predators,
unfamiliarity of new areas, and the general inexperience of juveniles. Van Deelen (1991)
reported mortality rates of 31 to 38 percent for 2-year-old beavers in Montana, though this study
had small sample sizes (16 and 14, respectively) and was only 2 years in duration. Gunson
(1970) also observed higher mortality dispersal-aged beavers.
Shelton (1966) speculated that dispersing beavers are difficult to trap, and lower numbers of
trapped 3-year-olds may be misinterpreted as mortality. Additionally, any concomitant decrease
in number of 3-year-olds (because of dispersal mortality as 2-year-olds) is hard to accurately
detect because unless the beavers were tagged earlier at a known age, that age group is not
distinguishable from other young adults. Therefore, mortality in dispersers may not be as high
as some assume. Nordstrom (1972) advances this theory independently with additional
explanation that the transitory beavers may remain nomadic for up to 1-2 years and may occupy
unusual habitats during that time when they’d be less likely to have been trapped (and therefore
counted).
In a southern Illinois study with a low sample size, 8 of 20 (40 percent) known-fate dispersing
juveniles died during dispersal (McNew and Woolf 2005). Mortality during dispersal in this study
was lower (20 percent) for beavers emigrating from lodges on a less densely populated, landlocked pot-hole landscape location than for those dispersing from stream habitat in an area of
higher population densities (57 percent) (McNew and Woolf 2005). McNew and Woolf (2005),
however, did not always observe higher mortality in juveniles that were dispersing, though they
did see similarly high levels of mortality in both dispersing and non-dispersing juveniles.
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5.0 ENGINEERING
Beavers are called “ecosystem engineers” because they physically change their environments
and affect other species by creating new habitats (Jones et al. 1994). The effects may last
hundreds of years or even millennia (Polvi and Wohl 2012; Johnston 2015; Ives 1942). Beavers
change their environment in several ways, including tree cutting and dam building. Tree cutting
for food and building materials results in changing vegetation communities, and dam building
leads to a cascade of changes, succinctly summarized by Naiman et al. (1988):
Initially beaver modify stream morphology and hydrology by cutting wood and
building dams. These activities retain sediment and organic matter in the
channel, create and maintain wetlands, modify nutrient cycling and
decomposition dynamics, modify the structure and dynamics of the riparian zone,
influence the character of water and materials transported downstream, and
ultimately influence plant and animal community composition and diversity
(Naiman and Melillo 1984, Naiman et al. 1986).
This chapter covers all the ways that beavers cut and build, the engineering behaviors of
beavers such as dam, lodge, and canal building, as well as the tree-cutting associated with their
construction activities. It covers what beavers do, whereas the future Technical Paper 5 will
discuss the impacts and effects of all these activities.
Beavers are well-equipped with the motor skills to do a lot of different types of work. Wilsson
(1971) identified motor patterns of beavers used in building to include dragging, carrying,
pushing, lifting, upright carrying, swimming, pushing with the nose, pushing with the hands, and
dredging. These skills are in addition to their wood-cutting prowess. Furthermore, beavers do
not hibernate, which means they remain active year-round without cessation. In areas where
ponds freeze over, their activities are typically limited to occurring under the ice and in the
lodge. In areas such as the Puget Lowlands of King County, it means they are active above
surface year-round.

5.1

Tree cutting for food and construction material

Beavers need trees for food and construction (dam and lodge building). It is possible that dam
site selection may be driven in large part by construction materials over food availability (Barnes
and Mallik 1997; for more information, see subsection 5.3.1). In a Michigan study, Bradt (1938)
calculated that one beaver can cut an average of 216 trees per year; beavers in that study cut
up to 300 trees per beaver per year. When talking about such large numbers of trees,
regardless of why the animals are taking the vegetation, it is helpful to understand more about
their tree preferences and what they are most likely to take.
This section first discusses stem sizes of trees and shrubs that beavers prefer, then reports on
the distances that beavers will travel from water’s edge to cut food and building materials. Next,
the relationship between size and distance is examined. Finally, tree waste is briefly addressed.

5.1.1

Tree size preferences

Most studies that have examined what stem sizes beavers typically cut show a significant
predominance of 1-3 inch diameter stems (Table 4). However, they regularly cut a larger size
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range, not uncommonly to 16-17 inches (40-43 cm) (Muller-Schwarz 1979; Buckley 1950;
Shadle et al. 1943) and occasionally 18-24 inches (Bailey 1927). A larger tree may take several
nights to fell, “and when down will provide work for the whole family or colony for a week or
more in cutting, trimming, and carrying the sections of branches and upper trunk to the water”
(Bailey 1927). That said, many large trees are felled and left in place. Presumably when larger
trees are felled and left in place, the smaller branches of the canopy become accessible and are
utilized. The largest record of a tree felled by beavers appears to be a balsam poplar in
Montana felled that was 46 inches across the stump (Bailey 1937).
Examples from various studies of stem sizes beavers typically cut.
Study

Location

Stem size

Barnes and Mallik (1997)

Northern Ontario

0.6 - 1.7 in (1.5 - 4.4 cm)

Bradt (1938)

Michigan

2.1 in (5.3 cm)

Buckley (1950)

Adirondacks, New York

0.4 - 3 in (1 - 8 cm)

Hall (1960)

California

2 in (5 cm)

Hodgdon and Hunt (1966)

Maine

1 - 2 in (2.5 - 5 cm)

Lawrence (1954)

Michigan

1 - 3 in (2.5 - 7.6 cm)

Nixon and Ely (1969)

Southeast Ohio

0.1 - 2.0 in (0.3 - 5 cm)

Northcott (1964)

Newfoundland

1 - 3 in (2.5 - 7.6 cm)

Shadle (1954)

Allegany State Park, New York

2.25 - 3.75 in (5.7 - 9.5 cm)

Larger branches and trunks may be cut into smaller pieces (Wilsson 1971; Bailey 1927). Bailey
(1927) described how a beaver may cut a tree with a 3 - 4 inch (8-10 cm) diameter and cut it
into sections of 4 - 8 ft (1.2 - 2.5 m), to be able to drag it to the water. However, beavers have
been observed handling relatively long pieces of wood. For example, Shadle (1954) observed
beavers handing pieces of wood up to 20 ft (6.3 m) long.

5.1.2

Distances traversed for trees

The distance that beavers have been observed to travel from water’s edge to cut trees varies
widely across studies and geographic locations (Table 5).
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Summary of study results from varying geographic locations.
Study

Location

Distance from water of majority of forage

Barnes and Mallik (2001)

Northern Ontario

Almost all cutting within 66 ft (20 m)

Belovsky (1984)

Isle Royale, Michigan

90 percent of all cutting of woody material within
100 ft (30 m)

Boyce (1974)

Interior Alaska

200 ft (60 m) for cache material

Breck et al. (2003a)

NW Colorado

260 ft (80 m)

Bradt (1947)

Michigan

200 ft (60 m); max of 650 ft (200 m)

DeByle (1985)

Utah

100-650 ft (30 to 200 m)

Donkor and Fryxell 1999

Algonquin Provincial
Park, Ontario

130 ft (40 m)

Hodgdon and Hunt
(1966)

Maine

Within 300 ft (90 m) consistently, regardless of
terrain, roads, or railroads. One rare instance of
467 ft (142 m).

Marshall (2003)

Adirondack region of
New York

Typically within 330 ft (100 m). Max distance of
364 ft (111 m).

Northcott (1964)

Newfoundland

Typically within 150 ft (46 m). Max of 652 ft (199
m), and over rough terrain, to get preferred
species

In Whatcom County, Washington, DuBow (2000) found that in areas of similar woody
vegetation, the percentage of beaver usage decreased with increasing distance from the water
(0-5 m: 27 percent; 5-10 m: 15.77 percent; 10-15 m: 9.38 percent; 15-20 m: 7.97 percent). The
furthest extent of the transects from the water was 20 m, so it is not known what the levels of
use were past that distance. Many studies are conducted within pre-determined plots and so are
not actually measuring the maximum or total distances. The summary in Table 5 attempts to
show studies that were as inclusive as possible, and not show studies with plots of predefined
sizes. Results in Table 5 are from all over North America, and the distances vary enough that
they are not able to reliably inform likely behavior in Western Washington. A typical rule of
thumb may be 300 ft (90 m) or less, but it is likely beavers throughout Western Washington will
exhibit a high level of variability as well.
In general, beavers will remain as close as possible to the water: they will maximize the payoff
gained from the trees versus energy spent getting the trees and weighed against threat of
predation (Basey and Jenkins 1995; Fryxell 1992). In some locations, “as close as possible”
may still be quite far. In Pennsylvania, Brenner (1967) reported that the greatest distance they
measured beavers traveling for food was 2,500 ft (760 m) from the edge of the pond, but they
stopped measuring at that point, so they did not know the maximum distance. In fact, how
distance is measured in different studies matters. (Consequently, no other studies reported
distances anywhere near those distances reported by Brenner 1967.)
In an Illinois study, Havens et al. (2013) provided evidence that “larger home ranges may be
associated with poorer quality habitat, particularly when related to food resources.” Beavers that
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occupy areas with lower quality, less preferred, or reduced quantity trees and shrubs near their
lodges or other central place must travel further for their resources by default.
Beaver typically cut woody vegetation from terrestrial locations for food or construction material
and bring it back to a central place, such as a pond, cache, aquatic feeding station, lodge,
burrow, or dam. “Central place theory” predicts that animals will forage more selectively farther
from the central place (Schoener 1979), meaning that the farther they venture, the more picky
they will be, and there will presumably be a good reason for venturing farther out. Indeed, most
studies that have tested this theory have shown that beavers will modify their behavior to
concentrate foraging near their central place and increase their selectivity for size and species
away from the central place (Breck et al. 2003a; Fryxell 1992; Marshall 2003; McGinley and
Whitman 1985; Raffel et al. 2009).
Every place beavers inhabit will vary in tree species, density, and sizes, beaver colony density,
terrain, and other factors. Variations in distance traveled appear to have most to do with quality
of forage, energy expenditure, and risk of predation. Indeed, Basey and Jenkins (1995)
concluded that beavers in their study “were trading off maximization of profitability against
minimization of predation risk.” In other words, energy expenditure and risk of predation is
minimized to the extent possible given forage quality and availability.
Examples from the literature illustrate how beavers balance energy pay-offs and risk of
predation. In some instances, if the costs associated with searching for and harvesting lesspreferred foods are lower than the costs associated with more preferred foods, the cutting rate
of the more preferred foods will be lowered by the greater availability of the less-preferred food
(Breck et al. 2003a). In this example, beavers are not altering travel distances; they are eating
what is available close by, regardless of preference level.
In Sagehen Creek, Nevada, Hall (1960) showed that despite a clear preference for aspen over
willow, beavers continued to use willow where aspen was abundant. Hall suggests that because
willow grows at water’s edge, it may be easier to get at when the beavers first emerge from their
lodge in the evening before it is completely dark. During this twilight period, it is not dark enough
for the beavers to safely venture far from the water to procure their more preferred food (aspen
in this case). This theory might suggest that because of their diurnal cycle, beavers may take
some plants close to the water, regardless of species preference level. The theory has not been
explicitly tested, but it is possible this “twilight effect” may be more pronounced in areas with
higher rates of predation.
All other things being equal, beavers may prefer to live in locations with excellent food quality
growing in abundance near the water. But site conditions will vary, plus as populations increase
and optimal sites are already occupied, more and more sites with lower quality forage will be
utilized, and those beavers will travel further overall to obtain nutrition. Of course distance
between the water and any given tree may fluctuate, as flooding will affect distance and
therefore probability of trees being cut (Breck et al. 2003a). Beavers will increase dam heights
to raise water levels, because the new water levels will increase access to vegetation by
reducing the distance from water while simultaneously decreasing predation risk and the time
and energy costs of foraging (Breck et al. 2003a). It’s one of the reasons beavers make beaver
ponds (see Section 5.3).
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5.1.3

Size-distance relationship

The two previous subsections examined tree size preference and distance traveled from water
separately. Size and distances are invariably interconnected, because both play a role in energy
expenditure versus payoff. Some authors have attempted to examine the relationship between
size (diameter) of forage and distance traveled from water.
Several studies have reported a decrease in mean stem size cut and greater selectivity for size
and species with increasing distance from the water's edge (e.g., Jenkins 1980; Pinkowski
1983). In central Massachusetts, Jenkins (1980) found that beavers cut relatively more small
trees and fewer large trees at greater distances from water’s edge and a higher number of trees
closer to shore with an overall larger mean diameter. In North Dakota, Pinkowski (1983) had
similar findings: among all beaver-cut trees, diameter decreased with increasing distance from
the pond, despite the fact that among sampled uncut trees, diameter increased with increasing
distance from the pond. These beavers were selecting smaller trees as distance from the pond
increased. Pinkowski (1983) speculated on the reasons:
Results of this study are in general agreement with those of Jenkins (1980), who
considered all cut trees as food for beavers and found a negative correlation
between diameter and distance for several hardwoods (other than aspen and
ash) that beavers cut in Massachusetts….Although smaller trees are more likely
to be taken at greater distances, large aspen, which are used for both food and
construction, are more likely to be cut at a given distance than large ash trees,
which are used primarily for construction. Presumably this occurs because a
species used for both food and construction will yield more benefits per unit cost.
Variations in size-distance relationships have also been reported. Marshall (2003) reported high
numbers of small trees cut at all distances and low numbers of large trees cut at all distances
within her limited-range study (she observed beaver cuttings up to 364 ft (111 m) from shore but
study transects extended to only 260 ft (80 m)). In southern Utah in a forest of even-aged trees,
McGinley and Whitman (1985) found that large branches were favored at all distances, and at
further distances, small branches were eliminated from their diet.
Although combining distance and diameter may help provide a more accurate representation of
tree selection than examining each factor separately, additional factors will affect what trees
beavers cut down. Tree species availability, tree size, tree species preference, density of trees
(which can vary at the micro scale), and individual preference will play a role to varying degrees.
To compound the uncertainty, tree availability at any given site is dynamic, and beavers will
respond accordingly. These factors all contribute to a complexity of food choices that may
function on a scale humans are less than willing to manage. Jenkins (1980) wrote:
My results suggest that there may be different size-distance relationships for
different tree genera. For example, larger oaks than maples were cut close to
shore at [Blue Heron Cove, BHC]…, and larger cherries than maples at 10-20 m
from shore, but not 0-10 m from shore, at [Tamplin Road Pond, TRP]…. An
intriguing correlate of these differences is that the trunks of large oaks and
cherries left lying where they had been cut were more often stripped of their bark
than were the trunks of large maples (40% of such oaks at BHC and 88% of such
cherries at TRP were substantially stripped, but only 14% of such maples at BHC
and 31% of such maples at TRP were so utilized).
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In other words, it is possible to overthink these things. This observation from Nash (1951)
reveals the ultimate unpredictability of beaver foraging behavior:
Beaver frequently by-pass poplar [aspen] standing within easy reach of the water
and cut and with great labor drag to the water, a tree double the distance away;
beaver will, for no apparent reason, leave many poplar standing in a cutting area
and abandon the site only to build a new house half a mile away; beaver will
girdle a tree and leave it to die; beaver will fell a tree and leave it untouched;
beaver will assiduously hunt out poplar from among the encroaching spruce and
ignore a fine dense stand of poplar a few yards distant; in short beaver take
poplar where they please with little or no apparent regard for plan, pattern or the
ecologist's convenience.
To be fair, there may be very good reasons for why the beavers Nash was observing made the
choices they made. But we may never know them. So to summarize, trees are not completely
safe from beaver herbivory until they are completely outside the range a given beaver is willing
to travel.

5.1.4

Raft construction

Cache-building behavior is covered in Section 3.3.7. There is engineering involved in the
building of caches. Most noteworthy is the construction of rafts above the cache material that
helps sink the food to the bottom to best avoid being frozen into ice at the surface during winter
freeze. For more information on caches and these rafts, see Section 3.3.7.

5.1.5

Tree waste

It is frequently observed that not all trees cut by beavers are fully utilized, as sometimes only
bark and branches of larger felled trees are taken. In Michigan, Lawrence (1954) examined a
sample of 1,214 beaver-cut aspen and found that the degree to which a tree was underutilized
was related to size of the tree: beavers prefer “non-corky” bark, and the percentage of corkiness
increases with tree size. This factor may play a large role in why beavers prefer trees of smaller
stems (see subsection 5.2.1).
Sometimes, however, trees are cut down and not used at all. About 7 percent of the trees
observed by Lawrence (1954) were totally wasted. Such “waste” may occur when a tree falls
and becomes lodged among other trees before making it to the ground 25. Different authors who
have examined tree waste by beavers have reported widely varying results: Nixon and Ely
(1969) observed less than 1 percent of stems cut were wasted, whereas Aldous (1938)
documented 29 percent of aspens cut were totally wasted.

Hodgdon and Hunt (1966) point out that “Lodged trees are common and indicate that the beaver has no control of
where the tree goes when it is cut.” And Shadle (1956) provided a humorous anecdote in which he “once found a tree
that the Beavers had cut off twice. It had stood so straight that when it was cut off the first time, the lower end simply
slipped off the stump, dropped straight down about fifteen inches and stuck in the ground. Leaning against the trees
behind it, it stood there almost as straight as it had originally. The beavers cut it through a second time, but once
more it dropped straight down and leaned against the other trees. That was enough; the Beavers gave up the job and
left it still standing there supported by its neighbors.”

25
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Some large-diameter trees were completely utilized in Lawrence’s (1954) study because a
number of large aspens growing along the water's edge fell directly into the pond, and despite
their size and the condition of their bark, the beavers cut the trees into useable pieces and
floated them away. He also witnessed the exact opposite (“under unusual circumstance”) in a
different location where 100 percent of large trees cut were wasted:
This was observed in one cutting area located in an overmature stand of aspen
with a brushy understory. The trees in this stand averaged 20 inches DBH and
had heights between 50 and 60 ft. Nearly 40 trees were cut from the stand and
not one was used. No feeding was observed on the corky and plated bark of the
trunks, and it appeared that the beavers were unable to find the crowns located
in the brush at a distance from the stumps.
Size of the tree and the surrounding forest structure will play a role in determining if cut trees
become lodged or crash through to the ground. Lawrence (1954) saw a decline in the proportion
of wasted trees above 6 inches in diameter because those larger aspens were able to crash
down through the crowns of the surrounding trees. Aldous (1938) similarly reported the largest
waste was of trees between 4 and 6 inches in diameter because stands of those sizes were
denser and more of the cut trees became lodged.
Bradt (1938) provides speculation that may help predict the longevity of different stands of trees
near beaver colonies:
A stand of large trees would probably be exhausted sooner, since there is usually
more waste from lodging and also more waste from coarse bark uneaten. Stands
of seedlings, very close together, might last longer, since they are eaten
completely, and there is almost no waste due to lodging or uneaten material.

5.1.6

Beavers as farmers

Beavers in King County have been known to snip in half newly planted redcedar seedlings for
what appears to be the sole purpose of killing them. That is, they have bit multiple seedlings at
restoration sites in half without eating any of the plant (Figure 17). It seems feasible beavers
that do this are engaging in farming practices, trying to keep species from growing that they
don’t care for while allowing more room for their preferred species.
According to Link (2004), beavers will more often use conifers as dam building material or even
girdle and kill them to encourage the growth of preferred food plants. Beavers are known to eat
the pitch or possibly some other ingredient in the bark/lower trunk of conifers (Hall 1960; Nixon
and Ely 1969) (see also Section 3.3.1), so it is unknown if they would remove bark for no other
reason than to kill a tree. That said, even if not intentionally planned, when beavers chew down
conifers, those trees do not regrow like willows or cottonwoods (see Section 3.3.5). Therefore,
even if the beaver isn’t intentionally farming for particular species, the end result may be similar
if the space cleared by a downed conifer tree makes room for willow or cottonwoods.
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Figure 17.

5.2

One of several Western redcedar seedlings by the White River at the Countyline
restoration site that was snipped in half by a beaver. The top half of the seedling was
left lying next to the rooted half.

Beaver ponds

Beavers are semi-aquatic mammals that require a body of water to live in. Some beavers live in
large lakes and rivers, but in order to take advantage of smaller stream systems, they are able
to create their own ponds by building dams, which are examined in depth in Section 5.3.
Because beaver ponds and beaver dams are two sides of the same coins, the majority of
information relating to ponds and dams is found in Section 5.3 for the sake of simplicity. The
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rest of this section summarizes why beavers need ponds, other benefits ponds provide, and
what may eventually happen to beaver ponds if they persist long enough.
Beavers evolved to use water as protection from predators. The entrances to their lodges and
dens are constructed to remain underwater (Grinnell et al. 1937) (see Section 5.6), a strategy
that is very successful at keeping predators out of their lodges (for more on predators, see
subsection 4.4.2). Water levels, therefore, need to be maintained at least deep enough so the
lodge entrance remains submerged. Beavers also use water as cover during tree harvest
activities: they can bring sticks and branches back to the water to eat and spend as little time as
possible on land exposed to predation (Boyce 1974 26). Beyond cover for tree harvest activities,
they use the water as general protection from predators, as there are no predators that can
catch a healthy swimming adult beaver (for more on predation, see Section 4.5.2).
Beaver ponds are also well documented to provide habitat for a large array of insects and
wildlife. They store sediment and filter out pollutants. They store large amounts of water, some
of which recharges aquifers below and can help keep streams flowing year-round that would
otherwise go dry in summer. All these benefits and more will be covered in detail in a future
publication, Technical Paper 5 (see Introduction).
Given enough time and if allowed to persist, beaver ponds slowly fill with sediment (Ruedemann
and Schoonmaker 1938; Rutten 1967). Once a pond is filled with sediment and is abandoned by
beavers, “beaver meadows” may form (Ives 1942). Beaver meadows and beavers as agents of
geomorphic and geologic change will also be covered more thoroughly in Technical Paper 5.
What beaver pond succession looks like in King County would currently be a matter of
speculation; at present, no one has documented these processes or their biological or physical
attributes for this region.

5.3

Dams

As has been discussed in Section 5.2, beavers need water deep enough to maintain entrances
to their lodgings underwater. In streams, they use sticks, mud, and stone to build dams to
impound water and create that depth. Baker and Hill (2003) summarize the variability seen in
dams:
The size and number of dams in a colony and the surface area and volume of
water in ponds vary greatly depending on duration of occupancy, topography,
substrate, flow levels, available vegetation, and other factors. As water spreads
from primary dams within main channels, beaver often build small dams on the
surface of the floodplain to further spread and direct water. Thus, individual dams
and ponds can be very large or very small, with area inundated generally
increasing through the first few years of beaver occupancy.
Dispersing young beavers will begin dam-building when they have found a suitable location
after they have left their natal colony (see Section 4.3.3). This timing could range from early
spring through summer. At established colonies, major repairs on existing dams as well as

The maximum distance from the cache that Boyce (1974) observed beavers travel to cut food material was
approximately 0.5 mile (800 m) upstream, 1,000 ft (300 m) downstream, and 2,000 ft (600 m) on sloughs or lakes.
And yet the maximum distance on land from water’s edge they would travel to cut cache material was 200 ft (60 m).
26
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construction of new dams occur in mid to late summer into early fall (Seton 1929; Townsend
1952).
The rest of this section covers where beavers build dams, how they build and repair them, how
large they may be built, and how densely they may be spaced.

5.3.1

Dam site selection

Land owners and land managers often want to predict where beavers may build dams to
construct ponds. This is a question that can be first addressed at the macro level (what streams
or tributaries are likely) as well as at the micro-habitat level (where in a given stream). At the
macro level, Hartman (pers. comm., as cited in Collen and Gibson 2001) suggests that dam
building behavior for the Eurasian beaver is suppressed if the flowing water in a stream or river
is deeper than 3 ft (1 m), and he observed that 80-90 percent of the dams in his studies were
built in places where the initial stream depth was less than 2 ft (0.6 m). Seton (1929) similarly
observed that our North American beavers will probably not dam a stream site deeper than 2 ft
(0.6 m) at its lowest flow, and in the Adirondacks, Johnson (1927) observed they will not build
dams in water deeper than 2.5 - 3 ft (0.8 - 0.9 m). Beavers are also unlikely to build dams at
sites with rock or cobble substrate (Seton 1929; McComb et al. 1990).
These water depths are related in part to stream order 27. In Quebec, Naiman et al. (1986)
observed that beaver dams are rarely built in streams greater than fourth order. In the Central
Oregon Coast Range, dams were built on first through third order streams 98 percent of the
time (Suzuki and McComb 1998). Dams built on fifth and higher order streams are often
destroyed during periods of high flow, such as spring floods (Naiman et al. 1986).
A lot of work has been done to characterize the range of optimal criteria for dam-building
locations (for example, Allen 1983; Dittbrenner et al. 2018; Macfarlane and Wheaton 2013b;
Barnes and Mallik 1997). The most useful data, which also happens to be local, is from
Dittbrenner et al. (2018), which can be distilled into three criteria. Optimal criteria for where
beavers are most likely to build dams can be summarized as:

In the Strahler stream order, each segment of a stream or river within a river network is treated as a node in a tree,
with the next segment downstream as its parent. When two first-order streams come together, they form a secondorder stream. When two second-order streams come together, they form a third-order stream, etc.

27
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•

Stream width less than 23 ft (7 m); and

•

Valley width greater than 100 ft (30 m); and

•

Stream gradients less than 4 percent, and ideally less than 2 percent.

Once the general stream criteria are met, there are micro-scale factors that influence specific
dam-site selection. Locations that may be more attractive for a beaver to start a dam include:
•

Pinch-points in streams. These are narrower places in a stream and may include where
logs, tree roots, or rocks span part or all of the channel. As Grinnell et al. (1937) put it,
“Beavers are quick to take advantage of any natural obstruction lying in the channel of a
stream. Obstructions such as rocks, stumps, trees, clumps of bushes, grassy islets, or
gravel bars, anyone of which will afford a natural support, are often used as starting
points in building dams”

•

Where road culverts are in streams, because a culvert is a small hole in an otherwise
perfectly good dam.

•

The downstream end (tail-outs) of pools and shallow ponds (Conroy, S., Tualatin Soil
and Water Conservation District, pers. comm.).

In King County, beavers may be expected to build dams in the following general locations:
•

At salmon-related restoration sites, for the following reasons:
o

Beavers prefer shrubs and trees with stem diameters of 1-3 inches, and a great
place to find these sizes is where they were planted within approximately 5
years.

o

Frequently, large wood is installed in streams at restoration sites, and the large
wood is attractive for the beavers for dam-building sites (Figure 18).

•

In the agricultural areas of river floodplains where small streams, irrigation ditches, and
wetlands are the first places beavers encounter as they leave the Snoqualmie River in
search of a new colony site.

•

In engineered log jams (“ELJs”). At least one ELJ in the Upper Green River, in King
County, had a lodge built inside it among the large logs (N. Novotny, pers. comm.).

•

Pretty much anywhere else in a stream not already covered above in areas ranging from
dense forest to open areas with just enough shrubs to get by on.

Dams do not seem necessary in larger ponds and lakes that seemingly maintain adequate
depth, though beavers may sometimes build dams at the marshy outlets anyway, perhaps to
better control water level fluctuations.
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Figure 18.

5.3.2

Beaver dam at Big Spring Creek. Large wood on the upper left (left of the staff gage)
partially blocks the stream prior to dam building. The pond level is at approximately
3.5 ft on the staff gage. The edge of the stream is on the right side of the photo but
hard to differentiate from the thick riparian vegetation.

Dam building and repair

Dams are constructed from the edges of a creek and working towards the middle, or
construction may begin in the middle if there is some object there to build on, like boulders,
sand bar, tree stump, or bunch of grass (Grinnell et al. 1937). Generally, construction begins
with the beavers laying down small logs or trees parallel to the current, then they begin piling
mud over the upstream end of the wood (Seton 1929). They add rocks and more pieces of
wood, always adding mud on the upstream side and pushing wood over the top of the dam so
that it crisscrosses on the downstream side and eventually ends up buttressing the dam (Bailey
1927; Wilsson 1971) (Figures 19 and 20). Mud is brought up from the bottom of the pond on the
upstream side, often near the dam, so that the maximum pond depth is just before the dam
(Seton 1929; Richard 1967). The mud used throughout construction serves to make the dams
watertight (Wilsson 1971).
The tops of dams often form well-watered beds for willow and cottonwoods to take root (Grinnell
et al. 1937). Shrubs and trees may grow atop beaver dams. When they do, “their roots
penetrate and strengthen the structure, which in time becomes a solid earthen embankment
bound together with interlacing fibrous rootlets” (Grinnell et al. 1937).
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Figure 19.

Diagram of the cross-section of a beaver dam, from Grinnell et al. 1937.

Figure 20.

Beaver dam at one of King County’s salmon restoration sites.
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Generally only one dam, the “primary dam,” is built to impound the water needed to protect the
house and food cache, but many secondary dams may also be built (Grasse and Putnam 1950).
The function of secondary dams is likely to improve transportation of materials and extend
swimming range. Grinnell et al. (1937) wrote that the principal function of a series of secondary
dams is “to provide a chain of connected ponds, which together constitute a through highway for
the beavers, making accessible a greater area.” Secondary dams may also be in place to help
control leaks in the primary dam. Ives (1942) described this function in the Rocky Mountain
region, where he said it was quite common.
Dam maintenance appears to occur throughout the year, though some authors suggest no
repair occurs in the spring when freshets may blow out dams (Seton 1929; Demmer and
Beschta 2008; Leidholt-Bruner et al. 1992). It can generally be expected that if a dam is
breached, notched, or otherwise damaged, beavers are quick to repair them. They typically
make repairs overnight immediately after the damage occurred. Brady and Svendsen (1981)
describe observing the adult male of a colony swimming the perimeter of the pond at the start of
each activity period (doing its “home area inspection”). The authors postulated the inspections
are to maintain their territorial integrity; however, these nightly inspections would also alert the
beaver to any necessary dam repairs. Some authors (for example, Ryden 1989) have observed
beavers ignore dam leaks during the summer as long as water levels remained adequate, then
suddenly as if by some invisible cue, go to work immediately repairing all leaks in a single night.
It is therefore conceivable there are situations or times of year when dam notches may not be
immediately repaired; however, because adequate water level is of primary importance, any
human-made notches, which are generally made to lower water levels significantly, seem likely
to trigger a quick response.
Some studies have indicated it is the sound of running water that beavers key in on for leaks.
For example, Wilsson conducted extensive experiments (1971) showing that acoustic stimuli
from water running over the dam triggered dam building activity. Beavers in Wilsson’s (1971)
studies attempted to dam a loudspeaker nightly for over 15 nights in a row because it played the
sound of running water.
Grinnell et al. (1937) describes a beaver climbing atop a dam, sitting motionless for several
seconds, then going into the water on the upstream side and swimming out a few feet before
coming back with mud to apply to a couple apparently leaky spots. The author interpreted the
observation as the beaver listening intently for leaks while atop the dam. Upon detecting leaks,
it went to work to repair them.
It is possible the beaver Grinnell et al. (1937) observed swam out into the water to feel for the
exact location of the leaks. Observations by Richard (1967) showed that the sound of running
water tips beavers off to a breach, but they feel by using their noses (sense of touch) to identify
the exact spot where the water is escaping. He theorized that beavers rely less on visual cues
because so much of their work is done in the dark, and their eyesight is not that strong.
However, Wilsson (1971) showed that in addition to auditory cures, visual detection of breaks in
the crest of a dam also triggers repair activity.
One may question if water spilling around the edges of some dams triggers additional building,
even if pond depth is otherwise adequate. Seton (1929) wrote that beavers at a colony will work
ceaselessly on their primary dam – repairing leaks, breaks, and even just perceived leaks, such
that the size of some dams may be ever-increasing. To the contrary, other authors and
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researchers have reported spillways intentionally fashioned over dams (Grinnell et al. 1937),
spillways that maybe weren’t intentional but that were allowed to flow (A. Ronnquist and C.
Westbrook, pers. comm), and even known leaks that were ignored for relatively long periods of
time (Ryden 1989) when water levels were adequate. At least some beavers seem to
understand that water cannot or does not need to be indefinitely stopped and stored, and as
long as their needs are met, they go about other activities unconcerned about excess water
flow.

5.3.3

Dam size

As discussed above, the primary functions of water for beavers is (a) to protect them from
predators, in part by ensuring their lodge entrances are underwater, and (b) by providing access
to and transportation of foraging and building materials. Dam size, therefore, is largely dictated
by preferred water depth (safety) and breadth (access). Other factors that may influence
pond/dam size includes duration of occupancy, topography, substrate, flow levels, and available
vegetation (Baker and Hill 2003).
Grinnell et al. (1937) noted beaver dams in California are smaller (average height of 30 inches)
relative to their more northern counterparts because they do not have to maintain ponds deep
enough in winter to retain some unfrozen portion below the ice. Local practitioners who install
pond levelers report that pond depth should not be less than 3 ft (1 m) or the beavers are much
more likely to abandon the pond (E. Kerr, B. Dittbrenner, pers. comms.). Therefore, dams that
are built to create a primary pond would need to be tall enough to form a pond at least 1 meter
deep. Because ponds in the lowlands of Western Washington typically do not freeze over in
winter, dam heights may similarly not need to be as high as at higher elevations or more
northern climates. However, beavers may increase dam size to increase pond size to allow
easier access to food and construction materials, as resources close to the edge of the pond
are depleted.
Qualitative observations of some dams in King County indicate larger dams in this area have
heights of around 4 to 5 ft (1.2 to 1.5 m; Figure 21), but dams can be as tall as 8 – 10 ft (2.4 –
3 m). Topography plays a role in height and width. For example, a steeper stream gradient
means the base of the dam to the crest will be taller than it would be for a relatively flat stream.
A dam may be tall but not that long if it is built in a narrow valley. Conversely, in wide valleys,
dams can be shorter but several hundred feet wide.
The largest known beaver dam is 2,790 ft (850 m) in length and is located on the southern edge
of Wood Buffalo National Park in northern Alberta. It was discovered via satellite imagery in
2007 28. It is estimated to have been under construction beginning in the mid-1970s. In 2014,
one Rob Mark spent a week slogging through wet terrain hiking to it to become the first human
to witness it. He reported that the dam itself is so covered in vegetation that it doesn’t look like a
dam.
No literature was found on maximum heights of beaver dams. It is possible beavers instinctively
stop building their dams higher when the risk threshold for dam failure resulting from increases
in water pressure is reached, but it appears no one has looked into this question.

28

http://www.geostrategis.com/p_beavers-longestdam.htm
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In agricultural areas such as the large, flat Snoqualmie Valley, beavers frequently dam
channelized water courses. These dams are not large but can sometimes have a large impact,
because water tables are already near the surface and nearby fields can easily flood. It is not
clear if these beavers are trying to form ponds to live in, or if they are trying to use the irrigation
ditches like canals. If the latter, they may be constructing the dams to ensure that water remains
present year-round. More study is needed to understand the purpose of these dams.

Figure 21.

5.3.4

Dams of approximately 4 to 5 ft in height are considered large dams in King County.
This photo also illustrates how sticks are angled against the flow of water.

Multiple dams per colony

Beavers in a single colony may built multiple dams (Figure 22), and there is more than one
reason they may do so. The primary reason they may build a series of dams is to assist with the
access to and transportation of building materials, such as cut trees, as mentioned above. They
may build dams downstream of the primary dam as part of water management, such as
controlling leakage from the primary dam or spreading the upstream water pressure across
more than one structure. A secondary dam built below a primary dam that backs up water
against the primary dam will “push back” on the primary dam, thereby countering the upstream
pressure. Over time if sediment builds up and the pond’s depth becomes too shallow, they may
build another dam nearby. Similarly, if a pond-leveling device is installed to reduce flooding, but
the resultant water depth is less than acceptable to the resident beavers, they might choose to
move upstream or downstream to try again.
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Figure 22.

Oblique view of four dams upstream of a road bed, which together form 5 ponds, the
uppermost of which contains at least two beaver lodges.

A large number of studies have included information on beaver dam density. Gibson (2013)
summarizes dam density data from 34 studies, which use such a variety of methods for
calculation that they are not comparable. Figure 23 is an aerial photo from King County. Using
the photo alone and not field checking to see if additional, less visible dams are also present, it
appears that there are 13 dams spread across a reach of stream 0.4 mile (0.7 km) in length.
That would equate to a density of 32 dams/mile (18 dams/km) within the colony. Scheffer (1938)
reported a density of 59.1 dams/mile (36.7 dams/km), but this observation was of a single
beaver complex with 22 dams over a distance of 2,040 ft (622 meters). In a stream flowing just
below Longs Peak in Colorado during 1922, Warren (1926) described an area of stream about
0.8 miles (1.3 km) long with approximately 50 ponds of various sizes. That density equates to
62 dams/mile (38.5 dams/km) and may be the highest density on record. Some of the ponds
were no bigger than “puddles,” but dams formed them nonetheless.
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Figure 23.

5.4

Series of beaver dams, indicated by yellow lines, in the Upper Cedar River Watershed,
King County, Washington. These 13 dams spanned a stream reach of approximately
0.3 mile (0.7 km). Aerial photo from 2017.

Lodges

The lodge is the dwelling of the beaver. It is where they rest, take cover, sleep, and give birth.
During winter if their ponds ice over, they spend most of their time in the lodge. Some people
confuse the lodge with the dam; lodges are separate and distinct structures that are not built to
impound water like dams (Section 5.3). However, like dams, lodges are built by beavers using
similar types of construction materials (predominantly sticks and mud).

5.4.1

Island lodges

Beaver lodges may be free-standing in the middle of a pond (sometimes called hut or island
lodges; Figure 24) or they may be built along the shoreline (bank lodges, or sometimes called
bank dens) (Figure 25). The Island lodge represents the iconic image of a beaver lodge. It
typically appears as a rounded mass of sticks, approximately 20 to 30 ft (6 to 9 m) on average
across at the base, and 3 to 6 ft (0.9 to 1.8 m) above water level with walls 2 to 3 ft (0.6 to 0.9
m) thick (Bailey 1927; Seton 1929). There are typically two entrances to a lodge, always
opening underwater on the outside (Bailey 1927; Seton 1929). When more spaces is needed,
inner chambers are enlarged from within (Bailey 1927).
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Figure 24.

A free-standing “hut” lodge, surrounded by water.

Figure 25.

Bank lodge as seen from above.
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Lodges range in size, in part depending on age and number of occupants. Based on
measurements taken from aerial photos of known free-standing lodges in King County, 20 ft
(6 m) in diameter is a common size. But they may be much larger: two lodges in Lake Union in
Seattle each measure approximately 55 ft (17 m) in diameter.
Lodges are typically built with mud and wood, though the ratio of each as well as type of wood
will vary from site to site, depending on available materials. Figures 26-28 illustrate lodges
constructed of different proportion of mud to wood as well as different sizes and species of
wood.

Figure 26.

This lodge has a very heavy mud component. When temperatures drop below zero,
the mud will freeze and provide good insulation.
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Figure 27.

This lodge was built with a lot of relatively large wood, including conifers.

Figure 28.

This lodge was built with smaller-diameter wood from shrubs and tree limbs.
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There can be and often are more than one lodge per family (Hodgdon 1978; Bergerud and
Miller 1977; Tevis 1950; Ryden 1989) (Figure 29). In Newfoundland, Bergerud and Miller (1977)
found an average of 4.9 lodges per colony with a range of 1-10. These may include both active
and inactive lodges (Tevis 1950; Hay 1958). Tevis (1950) observed beavers applying additions
of mud, sticks, and aquatic vegetation to both an occupied and an unoccupied lodge throughout
the summer. Ryden (1989) observed different family members of the same colony using at least
three different lodge dwellings. She does not speculate why, except that during this time frame
there was not a mated pair in the family.

Lodge

Waterway
Lodge

Figure 29.

5.4.2

Two lodges are readily apparent from this aerial photo of a pond in rural King County.
Canals, or waterways, are also visible and indicate the routine movements of the
inhabitants (for more on canals, see Section 5.5).

Bank lodges

Beavers will not attempt to build dams across rivers because the water flow is too high, but they
are still able to live in rivers and other larger bodies of water by building bank lodges (Dieter and
McCabe 1989; Havens et al. 2013; Hodgdon 1978; Parish 2016). Fish biologists conducting
night snorkel surveys in King County’s large rivers (e.g., Snoqualmie, Cedar) encountered
beavers nightly as they surveyed for juvenile salmonids.
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The construction of bank lodges is possible when the bank beside a lake, pond, stream, or river
rises to an adequate height above water level to allow for the creation of a living chamber. Site
selection for lodges built along the edge of a pond or river frequently includes the roots of trees
or shrubs (Shadle 1956; Vanderhoof pers. obs.) (Figure 25 and 30), though it does not have to
(Jackson 2017). Bank lodges in rivers may be constructed close to logjams (Havens et al.
2013), as logjams may provide escape cover and possibly slow the current near the den,
making the den easier to access. These factors would help not only adults, but may be critical to
the survival of young kits being raised in a river. In the Smith River of California, Parish (2016)
found that the presence of a hydraulic control feature had a significant positive influence on
beaver bank lodge site selection. These obstructing points of land, such as bedrock or a
vegetated bank, deflect the current or stabilize the river bank and create eddies or slow
water. The reduced velocity area provides protection from fast currents, especially during
high winter flows.
Like island lodges, bank lodges also vary in size and composition. When first constructed, they
are made by digging a burrow out of a bank and creating a breathing hole at the top that is
covered by wood, like an island lodge (Hodgdon 1978; Wilsson 1971). Over time, more and
more of the lodge is made of wood, as the earth is slowly replaced when the interior chambers
are enlarged. Eventually a bank lodge may resemble an island lodge built along the bank
(Figure 30).

Figure 30.

Large bank lodge. The base extends well below the water. If not for the tree growing
up through the middle, it might have been constructed as an island lodge. It is likely
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this lodge started out as a small burrow into the mud at the base of the trees along
water’s edge and was built upon over many years.

Along the Big Sioux River in eastern South Dakota, slope of the riverbank was the most
important physical factor influencing site selection for bank lodges (Dieter and McCabe 1989).
River bank slope was significantly greater at lodge sites than random sites. “Because lodges
generally have two or more underwater entrances, steep banks provide sufficient depth to
conceal more than one entrance to the lodge and allow the construction of large chambers
above water level” (Dieter and McCabe 1989). Additionally, they found evidence that some
beaver colonies built two lodges in close proximity: one accessible at normal water levels, and
an adjacent lodge built higher up the bank that was probably used when the river was at flood
stage.
An above-water entrance to a bank den or lodge was documented in the Dallas-Fort Worth area
alongside Trinity River (Jackson 2017). As has been described, lodge entrances are maintained
below water levels for protection from predators. This observation in Texas is an exception to
the rule. The bank was nearly vertical, which presumably made access by predators difficult. So
although it has happened, above-water entrances remain very much the exception to the rule.
Beavers in both King and Pierce counties have been observed to build lodges in engineered log
jams (ELJs), which are pieces of large wood/logs installed by humans, typically as a part of
salmon restoration. It is possible that beavers historically built lodges in large rivers commonly
using fallen trees and logs as their anchors.

5.5

Canals
In the excavation of artificial canals as a means for transporting their wood by
water to their lodges, we discover, as it seems to me, the highest act of
intelligence and knowledge performed by beavers.
-- Lewis Henry Morgan, The American Beaver and His Works (1868)

In addition to building dams and lodges, beavers also dig canals, and they build them through
both wetland as well as upland areas (Grudzinski et al. 2019; Morgan 1868; Mills 1913;
Dugmore 1914). Canals are defined here as channels dug out of earth, which can range from
wet to relatively dry. Canals may be dug between a water body and source of food, building
materials, or to another water body (Grudzinski et al. 2019; Figure 31). Beavers also cut
waterways through aquatic vegetation. Waterways are defined to mean channels cut through
vegetation such as water lilies that would otherwise be too heavily matted for the beavers to
swim and transport materials through easily (Figure 31). The rest of this section is focused on
canals only.
Canals are typically built to provide access to a source of food or building materials away from
the main body of their pond and subsequently transport the woody materials back to the pond
(Abbott et al. 2013; Hodgdon 1978; Mills 1913; Dugmore 1914; Berry 1923; Bailey 1927).
Canals function somewhat like secondary dams by extending the beaver’s range and facilitating
the transportation of materials, including to where winter food is to be cut (Grasse and Putnam
1955; Richards 1977). Additional reasons beavers dig canals are to access bank dens (Butler
and Malanson 1994), for safer traveling than going overland (Warren 1927), to maintain access
to their food cache during drought (Hood and Bayley 2008a), and to divert water into their ponds
(Mills 1913; Cowell 1984).
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Lodge
Waterway

Figure 31.

Aerial view of a beaver canal and some waterways in a wetland complex in the
Snoqualmie Valley (photo from 2017). The lodge is also indicated. Older aerial photos
appear to indicate a lodge has been in this area since at least 2000 and possibly
longer, but the canal was not constructed until approximately 2008.

Beavers dig underwater canals where the deeper water turns shallow approaching lodges and
bank dens (Butler and Malanson 1994; Dugmore 1914), and they may follow the same routes
as waterways (Figure 32). Hodgdon (1978) reported that all ponds in his study had at least one
channel on the bottom. Such clearing creates enough space and depth for them to be able to
swim and transport woody materials to their lodge or food cache. Underwater canals may be
visible in leaf-off aerial photos (Figure 32).
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Lodge

Figure 32.

Waterways cut through lake vegetation in summer (a) align with underwater canals,
visible from aerial photos taken in winter (b).
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Seton (1929) writes a succinct and praising summary of the creation and function of beaver
canals:
…these canals are among the most wonderful of all the Beaver’s wonderful
undertakings. They are plainly the result of a plan adhered to from the beginning.
They are made at a cost of enormous labour extending over years, and are kept
in repair only by unremitting attention and toil.
They are unquestionably made for the convenience of reaching the feeding
ground without a dangerous overland journey; and to assist in the transportation
of the heavier sticks used when storing winter food. That is to say, the canals are
made for precisely the same reason as those made by man—for the easy
transport of passengers and freight.

5.5.1

Canal engineering

It is the construction of dams and canals that has “earned the beaver the title of nature’s
Number One engineer” (Grasse and Putnam 1955). Dugmore’s (1914) sentiment is in
agreement:
Of all the work done by beaver nothing can compare for cleverness with the
canals they construct. These canals, I venture to say, are a demonstration of the
highest skill to be found in the work of any animal below man. It is even doubtful
whether man in his lowest form does such extraordinary constructive work, and
with such remarkable success.
Beaver canals are frequently reported as being around 2-3 ft (0.6-0.9 m) wide and 1 to 2 ft (0.3
to 0.6 m) deep or larger (Mills 1913; Dugmore 1914; Berry 1923; Bailey 1927; Grudzinski et al.
2019). Some sources report dimensions of 3 ft (0.9 m) wide and 3 ft (0.9 m) deep (Morgan
1868; Richards 1977). Abbott et al. (2013) mapped a total of 3 miles (4,834 m) of beaver canals
at 8 colonies in the Indianapolis area. Canals averaged approximately 3.5 ft (1 m) wide and 11
inches (28 cm) deep. Morgan (1868) measured some widths greater than 4 ft (1.2 m), and as
wide as 5 ft (1.5 m). Townsend (1953) observed canals as wide as 10 ft (3 m).
Canals can range from just a few feet in length (Butler and Malanson 1994) (Figure 33) to over
a 1,000 ft (300 m) (Richards 1977). Berry (1923) reported one canal 745 ft (227 m) long. In
Alberta, Anderson et al. (2015) reported canals commonly over 650 ft (200 m) in length. In
Ontario, Gibson (1957) reported two canals, one 200 ft (60 m) in length and the second
radiating from the same pond was 820 ft (250 m) long. Seton (1929) records a beaver canal in
the Adirondacks, 654 ft (200 m) long and 4 ft (1.2 m) wide. Mills (1913) described a canal in
Colorado 750 ft (230 m) long, 3 ft (0.9 m) deep throughout and 5 ft (1.5 m) wide in places. There
were numerous other canals at this site, but that one was the largest. Longer canals may be
equipped with subsidiary dams and “locks” (Mills 1913; Ives 1942; Richards 1977). In the
Adirondacks of New York, Richards (1977) observed beavers construct a canal 1,000 ft (300 m)
long, complete with burrows and several small dams, presumably used as locks:
It led out through the swamp on the north side of the pond, above the dam,
around a knoll and back into the creek below the dam without lowering the water
level of the pond. Three small dams in the canal in just the right places controlled
the water level. The canal made a semicircle which extended beyond the swamp
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and through high ground. The trees the beavers were after grew at the curve
farthest from the pond.
The canal averaged three feet in width and three feet in depth. Where the banks
were high enough, burrows were dug for retreats in case of danger. In other
places, entrance holes with tunnels connecting with the canal were dug in low
ground, affording access to the canal in locations where the beavers might be
disturbed while they cut trees.
The whole project was an engineering feat beyond the capacity of the average
person to envision or execute. The beavers knew the trees were there, planned
to reach them, and made provisions for their own safety while they worked.
Some of the way was dug through swamp, but much of it went through solid
earth and clay.
Building burrows in canals has also been reported by Morgan (1868), Mills (1913), and
Dugmore (1914). Morgan (1868) observed many of the burrows were built under trees along the
bank, much like their other burrows and dens (see Section 5.4).

Figure 33.

Canal dug beneath a fence. This small canal functions more like a burrow beneath the
fence, but the principles are the same: removal of earth to provide access to a desired
tree species. Note the small tree stumps on both sides of the channel: the trees were
completely removed via the canal under the fence.
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During canal construction, trees and tree roots are cut and removed (Morgan 1868), sometimes
by being eaten (Hodgdon 1978). Canals are typically built in relatively flat areas where the soil is
soft enough to be excavated by beavers (Ives 1942). If boulders are encountered, they are
moved if possible, built around, or bypassed by widening the canal (Dugmore 1914; Hodgdon
1978; Mills 1913). When canals are built on slopes, locks or check dams are constructed to
control water levels within the canals (Mills 1913; Dugmore 1914; Warren 1927). These small
dams are sturdy enough to withstand the transportation of wood over them repeatedly
(Dugmore 1914).
Water supply for canals may include springs (Morgan 1868; Mills 1913; Warren 1927),
“swampy” groundwater (Warren 1927), the connecting pond or lake (Morgan 1868; Cowell
1984), or streams (Warren 1927).

5.5.2

Extreme examples of ingenuity

Examples of beavers’ extraordinary skills at canal engineering, which requires foresight,
reasoning, and planning, are not uncommon in the literature. Some observations seem
especially remarkable, even for these animals. A few instances are reported here to provide an
idea for just how capably beavers are able to address challenges.
Cowell (1984) describes what may be a somewhat unique instance of a pond slowly draining
through sinkholes that developed over a karst landscape. As their pond was going dry, the
beavers constructed a canal to a nearby pond to divert water from it to their pond. Unfortunately,
their engineering prowess could not stop the sinkhole from ultimately draining the water, even
after they dug a second canal to a nearby lake. Any water diverted from the lake also went into
the sinkholes. They were forced to abandon their lodge and winter food pile. 29
Morgan (1868) described one canal whose water supply in much of its length was supplied by
the attached pond, but at its far end the ground rose up higher than the pond level such that the
canal in that area would have been dry without additional engineering. In order to keep water in
the canal all the way to the stand of hardwoods the beavers were accessing, they built a series
of three dams constructed in such a way to collect rain water and surface drainage from the
surrounding land in order to fill the canal. The first dam, at a rise in ground elevation of 1 ft (0.9
m), spanned little more than the canal itself, but the other two dams were much larger at 102 ft
(31 m) and 142 ft (43 m) in length, respectively, and built in semi-circles pointing upslope. The
second dam accompanied another 1-ft (0.3-m) increase in ground elevation, and the third dam
was a full 3 ft (0.9m) higher in elevation than the previous. These dams were not built to pond
water and protect lodge entrances like beaver dams are typically; rather, their sole purpose was
to collect water to keep the canal full.
Another example of extraordinary engineering is described by Berry (1923). Beavers under his
observation had a particular challenge that they solved by banking both sides of their canal:
“…when the work was new, the levees so constructed were very conspicuous, and sufficiently
high to enable the beaver to fill the canal to a level appreciably higher than that of much of the
immediately adjacent terrain.”

29

By their actions, the beavers became agents of “karsification” by providing more water for underground capture.
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Mills (1913) monitored the construction of a canal that was higher than its pond and remained
dry. The beavers continued to build the dry canal until its completion, at which time they dug a
small ditch to a nearby spring, which filled the canal. Dugmore (1914) reported a similar
scenario where a narrow ditch only a few inches wide was dug between a finished canal and a
tiny nearby stream, whose water was sufficient to enable use of the canal.

5.5.3

Beaver canals in King County

A relatively large amount of detail is provided in the previous subsections, including examples of
beaver engineering in karst, which we do not have in King County. That information was
included to illustrate not just canal engineering by beavers but also the degree to which beavers
are adaptable problem solvers. Attempts by humans to predict their behavior can be equally
challenging.
Predicting how far beavers will travel from a pond to cut trees may be complicated by the
possibility of canals. “Because canals allow beavers to extend their foraging range from a
central location, they influence the area over which beaver foraging can impact vegetation
composition and structure” (Eaton et al. 2013). Abbott et al. (2013) recommend “that studies of
optimal foraging in beavers take canals into account, where applicable, when relating foraging
to distance from the ‘central place.’”
It is not known how extensively beaver dig canals in King County. It is quite possible that over
time, as populations continue to increase and sub-optimal habitats are occupied, that the
construction of canals may become more commonly seen.
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