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PROBLEMS ASSOCIATED WITH BEAVER IN STREAM OR FLOODWAY MANAGEMENT

WENDY S.FITZGERALD, Levee Management Specialist, Flood Control Project Branch, Division of Flood Management,
California Department of Water Resources, 1416 - 9th Street, Sacramento, California 95814.

RONALD A. THOMPSON, State Director, Animal and Plant Health Inspection Service, California Animal Damage Con-
trol, U. 8. Department of Agriculiure, 2800 Cottage Way, Sacramento, California 95825.

ABSTRACT: In California, beaver (Caslor canadensis) were first recognized for their value as a furbearer. Additionally,
in many areas, beaver are considered desirable if not essential components of stream and wetland ecosystems. Where bea-
ver and human activity overlap, beaver have become nuisance animals causing direct damage through dam building,
flooding, bank denning, and loss of agricultural crops. Other problems such as the threat of levee failure and subsequent
flooding, increases in undesirable brush growth due to a raised water table, restricted access due to flooding, and an increased
mosquito population resulted in the Department of Water Resources (DWR) developing a beaver management program. In
1984, DWR entered into a long-term agreement with the U. S. Department of Agriculture (USDA) Animal Damage Control
(ADC) program to eliminate a large existing population of beaver and remove subsequent reinvading individuals from a 20-
mile stretich of man-made Cherokee Canal in Butte County, California. In addition, existing dams, lodges, dens, and heavy
brush growth were removed in an attempt to insure the flood safety of the project and modify the existing habitat making
it less suitable for reinvading beavers, Both the costs and results of this program are discussed, as well as the long-term
management strategy for this project.

Proc. Vertebr. Pest Conf. (A.C. Crabb and R.E. Marsh, Eds.),
Printed at Univ. of Calif., Davis. 13:190-195, 1988

HISTORY OF BEAVER IN CALIFORNIA

Native beaver populations in California have undergone
dramatic changes throughout recorded history. Beaver were
once common on most of the strcams in the northemn, central,
and southeastern parts of the State (Tappe 1942). During the
early 19th century, traders and fur trappers began to exten-
sively harvest the wealth of furbearing mammals in Califor-
nia. High demand for beaver pelts atiracted large fur compa-
nies which systematically trapped large numbers of animals
throughout the State. In 1839, a governmental export tax on
beaver pelts combined with dwindling beaver populations
resulted in fewer animals being taken (Hensley 1946). A few
trappers chose to pursuc remaining beaver populations by
trapping increasingly inaccessible areas until 1911 when
State legislation was passed prohibiting their take.

Beaver populations increased dramatically as a result of
the 1911 protective legislation, to the point that farmers were
experiencing damage and fearful of the potential damage
recovering beaver populations mightdo. In 1917, the law was
amended to allow the take of depredating animals and again
in 1925 to allow the take of any beaver for its fur, Large-scale
rapping once again threatened the population and its contin-
ued existence in California and resulted in the beaver season
being closed from 1932 - 1937 (Seymour 1979). During this
time, private individuals, the U. §. Forest Service, and the
California Division of Fish and Game began live trapping,
transporting and rcleasing beaver in an attempt to increase
their populations and expand their currcent range (Tappe
1942). As a rcsult, beaver populations have increased and
expanded to fill most of their historical range.

BEAVER AS A RESOURCE

Beaver were first recognized for their fur quality and
value as furbearers. The high demand for their fursin the early
10 mid-1800s combined with a competitive fur price and a
large accessible population resulted in the extensive harvest
of this resource. While average pelt prices have increased
slightly over the [ast 45 years (see Table 1), the value of other
furbearer pelts has increased more significantly (DFG 1986).
Considering the recent rates of inflation, beaver pelt prices
provide less than optimal incentive to commercial trappers.
This, combined with a high investment in time to set and
check trap sets and 1o skin successful catches, has resulted in
adecreasing interestinbeaver asa commercial furbearer (see
Figure 1).
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Fig.1. Number of beaver commercially trapped in Califomnia.
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Table 1. Number of beaver commercially rapped and aver-
age beaver peit price.

NO. OF BEAVER AVERAGE
YEAR COMMERCIALLY TRAPFED PELTPRICE ($)

1548 843 17.42
1949 -0- -0-
1950 1,511 9.18
1951 690 14.19
1952 1,642 679
1953 690 5.87
1954 947 4.88
1955 1,006 7.66
1956 1,467 6.92
1957 2,247 545
1958 1,755 5.75
1959 1838 5.69
1960 1,703 1.59
1961 2,002 1.16
1962 1,366 7.17
1963 1,606 7.58
1964 1,651 810
1965 1,679 7.31
1966 1,686 8.06
1967 1,384 8.92
1968 1,184 9.30
1969 1,542 11.41
1970 1,301 8.71
1971 539 4.90
1972 817 979
1973 1,709 10.44
1974 1,053 6.95
1975 855 7.00
1976 856 15.00
1977 1210 10.00
1978 1,474 8.50
1979 902 1431
1980 2,639 21.29
1981 1,680 13.69
1982 1,090 9.44
1983 682 7.87
1584 739 9.16
1985 o904 9.53
1986 1,019 7.82

While the beaver’s value as a fur resource has decreased,
the understanding ol ils imporance as a component of
wetland ecosyslems continues to grow. As early as the 1930)s,
Scheffler (1938) described the value of the beaver meadow
complex later defined by lves (1942). He describes early
successful effons (o initiate and create this phenomenon
through the controlled live Lrapping and release of beaver by
the Soil Conservalion Service and the Washington State
Game Depanment on several streams in the State of Wash-
ingion, The beaver meadow complex recognizes that beaver

dams dissipaie erosional velocities of walter by creating a
broader stairstep, rilfle-pool peofile which slows water and
traps sediment. Over time, the water table is increased,
beaver ponds sill in, and a succession of vegelalion results
{Scheffer 1938). Addilionatly, beaver play an important role
in nutrient cycling. Beaver consume less than one-fourth of
the (otal wood they cut (Duncan 1984) . This surplus wood
plus digestive wastes slowly decompose crealing an anaero-
bic environment. This results in a slower cycling of nutrienis,
an increase inthe growih of bacteriaand algae and subsequent
impact on Lhe rest of the [ood chain (Bergstrom 1985).

More recently, land and waler use managers have suc-
cessfully imroduced beaver into damaged streambeds with
the intent of reversing stream degradation and restoring
valuable riparian habitat (Apple et al. 1985). It has been well
documented that riparian zones provide valuable nesting,
feeding, and loafing areas for a proportionately high number
of venebrale species.

Beaver impact on [isheries differs greatly depending on
specific circumstances, In restoring damaged [isheries,
Mueller (1973) discusses the need for the use of specific
structural improvements and subsequent removal of existing
beaver dams. Research on the study area on Beaver Creck in
northeastern Wyoming indicates that thesc small beaver
dams across an already shallow degraded suream profile
resulted in an increase in water temperawres. These higher
temperatures were lethal 1o the survival and growth of brook
trout. Conversely, on healthy streams, Mueller (1973) recog-
nizes the value of beaver dams, which contribute (o Lthe value
and success of the iishery. Bergstrom (1985) also identifies
the value of beaver activity on healthy streams, Nutrient
cycling in beaver pools can result in [aster growing fish and
an increased juvenile survival rate. Beaver dams increase
water surfacearea, improve water storage during droughtand
result in fess damage from [lgods.

BEAVER - HUMAN CONFLICT

Legislalive protection, a scarcity of natural predators,
and an aclive transplanting program probably all contributed
1o beaver renurning to their historical ranges in Califormia. In
Canada, despile the loss of habitai and record fur rapping,
beaver populations have increased (Ingle-Sidorowicz 1982).
In the Uniled Siates, beaver populations began Lo increase in
the 1900s (Milter 1983). Wheiher as a result of expanding
beaver populations or simply an increase in man/beaver
conflict as a result of mare intensive land use, the number of
beaver taken in California under animal damage control
depredation permiis is increasing (USDA 1986). In the last
ten years, the number of beaver laken in California under
depredation permits has incteased over 500 percent with the
majority of the increase occurring in the years 1983 through
1986 (see Figure 2).

Where human aclivily and beaver aclivity overlap,
conflict is likely to result. Much of the damage caused by
beaver is a result of dam building, bank denning, tree cutting,
and flooding (Miller 1983). These are some of the very same
activities which can be viewed as desirable in wildemess
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areas or where certain habitat or streambed restoration is
desired. Inurban or residential areas, beaver damage includes
cutting or girdling of shade and ornamental trees and shrubs,
burrowing which can undermine yards and struclures and
flooding of walks, roadways, parks, and golf courses. Inrural
areas, flooding and feeding activilies sometimes cause exien-
sive damage 1o row crops, orchards, and timber (Wade and
Ramsey 1986). Beaver may cause the washout or flooding of
roads, pasture and irrigation ditches and they have been
suspected as primary or contributing factors in scrious levee
failures which have resulted in extensive flooding.

NUMBER OF BEAVER TAKEN
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Fig. 2. Number of beaver taken in Califomia through the Federal Animal
Damage Control program.

In 1980, levee breaks occurred on six islands or tracts in
the Sacramento-San Joaquin Delia in California (DWR
1980). Information collected by visual sightings and surveys
inthe affected areas verify large numbers of beaverliving and
denning in the general vicinity of the levee failures. As an
indication of beaver populations at Lower Jones Tracl, 18
beaver lodges were identified within 200 yards of the levee
break (Magagnini 1980). This confirmed threat 1o delta
levees, along with the presence of other serious problems
such as erosion and subsidence, prompled DWR to conduct
an extensive inspection of all Sacramento-San Joaquin Delta
levees in the fall of 1980. This survey identified an additional
six islands where beaver were considered to be a threat to
levee safety (DWR 1980).

As a result of the six Sacramento-San Joaquin Delta
levee failures, the combined cost of flood fight assistance
provided by both DWR and the U. S. Army Corps of
Engineers in 1980 was approximately 2 million dollars.
Resulting flood damage claims submitted to the Office of
Emergency Services and the Federal Emergency Manage-
ment Agency tolaled in excess of 30 million doMars (DWR
1980).

In California, the USDA’s ADC program is responsible
for the removal of the majority of depredating beaver and
certain other pest animals (USDA 1987). Relatively few
beaver depredation permits are issued 10 private property

owners or managers, most of which are issued for the
protection of agricultural or forest lands (DFG 1985). The
ADC program in California operates on a threc-way cost-
share program with funding being provided by Federal, Staic,
and County agencies. In the last ten years, the economic value
of beaver damage resulting in direct removal of the animal
through the ADC program has increased substantially (see
Figure 3). Some cxamples of reported resource losses caused
by beaver would include apple and other fruit and nut trees,
rice, sugar bects, ornamental plants, timber, injury to live-
stock, irrigation structures, roads, and dikes or waler im-
poundments. The combined value of damage done by beaver
over the last ten years in California, as reported in the ADC
annual reporl, is in excess of one million dollars.
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Fig. 3. Dollar value of beaver damage in Califomia.

DWR BEAVER MANAGEMENT

In the fall of 1984, DWR entered into an ongoing
agreement with the ADC program to climinate a large
existing beaver population and remove subsequent reinvad-
ing individuals from Cherokee Canal in Butte County, Cali-
fornia. The Cherokee Canal is a man-made flood control
channel maintained by DWR. The channel is approximately
450 feet across, 20 miles long, has a relatively shallow
gradient, and is bordered by levees on both sides. It receives
inflow from Cottonwood and Dry Creeks as well as agricul-
tural and storm drainage. Normal maintenance for the chan-
nel includes the periodic removal of brushy species, primar-
ily willows and cottonwoods, on the gverflow areas within
the channel and the removal of drift and debris piles which
might hamper or divent floodflows. Occasional post-flood
repairs are necessary when floodflows have resulied in
scouring or ¢rosion. Normal summer flows are confined to a
single or split main channel. Every atlempt is made to leave
a subclimax riparian fringe of vegetation along the main
channel.

After the 1983-84 flood season, it was felt that several
key arcas in the Cherokec Canal flood channel must be
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cleared to insure the continued sale operation of the flood
control projecL

For several years prior 1o 1984, mechanical clearing and
other heavy equipment operalion had been impossible be-
cause of extensive beaver aclivity and nonseasonal flooding,
The year- round raised water table had resulted in an in-
creased raie of brush growth and an excessive mosquito
nuisance problem. Beaver dams along the length of the
project diverted both ponded water and floodflows away
from the main channel wwards levees, thus increasing the
liketihood of erosion or subsidence. Additionally, drainage
culvens from adjacenl agricviwral areas were repeatedly
plugged by beaver,

During Lhe summer of 1584, three conseculive unsuc-
cessful attempts were made (0 remove the existing beaver
dams and drain the areas needed w be cleared without
dismrbing the beaver population, Each day following the
dam removal resnited in anew dam constructed by beaver the
previous night. At this point, it was decided that removing the
beaver would provide the only effeclive solution to the
problem. An inilial survey of the area by the Butte County
ADC trapper and DWR staffidenlificd abundant beaversigns
including irails, slides, scent mounds, and extensive feeding
aclivily. Eight major dams, five above-ground lodges, and
the likelihood of numercus bank dens were also recorded.
The existing beaver population was estimated beiween 75
and 100 animals.

Implementation of the ADC beaver conirol program was
delayed until late fall of 1984 because of the extensive
recrealional use of the area. Rather than posting the area and
attempting to keep huniers out, it was felt that waiting for high
water would better spit the program. Afier obtaining a
depredalion permit from the California Depariment of Fish
and Game (DFG) and notifying local property owners, the
program was initialed. No. 330 Conibear traps in dam, slide,
and dive sets, and No. 2 snares in slide sels wereused by ADC
personncl, Mason et al (1983) identified No. 330 conibear in
dive sels 1o be superior 10 other conibear sets, all sets of No.
2 snares, and No. 4 Viclors far controlling beaver. Addition-
ally, with authorization from the focal law enforcement
authorily, day shooting and night shooling with aight vision
goggles was also used.

Between November 1984 and January 1986, 60 beaver
were removed from Cherokee Canal (see Table 2). This
required Lhe expendiwre of 272 ADC person hours at a Lotal
estimated cost of $3,265. With the reduction in beaver
pressure, DWR was able to begin draining the area by
removing existing beaver dams in the spring of 1985,
Existing lodges were also destroyed by bulldozing, then
burning Lo prevent future use by reinvading animals. Once
the heavy equipment work had hegun, it was discovered that
there were many more beaver dams, including many secon-
dary dams, than originally thought. In many areas, siltation
was a significant problem necessitaling a complete excava-
lion of the primary channel . Evenafter removing primary and
secondary dams, the area did not drain and dry well creating
treacherous working conditions. Throughout this project it

was necessary to use lwo large caterpillar ractors; the bigger
of the two was used as an anchor while the sccond was
operated from il with a winch and cable, considerably
increasing costs, The total estimated cost for activilies
directly involved with the removal of the existing dams was
$52.000. An addilional $67,000 of clearing of brush species
in the Nood channel was done later in 1985,

Between February 1986 and August 1987, 16 beaver
were laken. It was felt thal most of these animals had simply
evaded the iniiial trapping program bul a few had reinvaded
from adjoining arcas. No beaver dams or lodges required
removal at this ime. An additional $8.000 was spent 10
complete the mechanical clearing initiated in 19835, The
1986-87 MNood season identified two areas in the Cherokee
Canal which would require clearing to insure the continued
safe operalion of the project. However, in California, 1987
was considered a “critical” water year with rainfall totals
throughout the State averaging only 65 percent of nommal.
These very dry weather condilions resulled in the drying of
many small waterways. The abundant food suppiy and
availahle waler in the Cherokee Canal channel resulted in a
tremendous inflow of beaver into the Cherokee Canal area,
As expected, this beaver papulation increase resulted in the
construction of numerous new beaver dams. Unforunatcly,
the 1wo ateas targeted for clearing were also affected by this
non-seasonal floeding prohibiting the use of the heavy equip-
ment necessary o complete the clearing work. In August
1987 the Buue County ADC mapper was alerted (o the
problem. Because of the need to compleie the clearing work
before Lhe 1987-88 flood season and the ADC trappers’ heavy
workload, it was decided thal the two areas needed to be
cleared would beextensively rapped while other populalions
within the channel would be left undisturbed at that Lime. In
the falland winter of 1987, 19 beaver were removed from two
locations within Cherokee Canal. The affected dams were
subsequently removed at a cost of $2,800, and the clearing
was completed at a cost of $18,300,

Over the next three ycars beginning in 1988, approxi-
mately $600,000 has been budgeted for the removal of siltin
a 3-mile streich of the Cherokee Canal channcl. If possible,
this area will be rapped prior 10 the onset of excavation to
minimize the displacement of resident beaver populations
into adjoining arcas. In remaining areas, il is expected that
beaver will conlinue to creale a nuisance probiem. DWR's
agreement with DFG requires the preservation of certain
habilat arcas within the Cherokee Canal channel for the
proteciion of all wildlife species. This transiaies into a
perpelual food supply for beaver. This, combined with the
“preserve”-like quality of the channel and the inability
exclude beaver, will resull in perpelual population of these
animals in this area.

{1 is important 1o clarify that DWR’s goal is nol Lo
eliminate beaver in the Cherokee Canal channel but rather to
insure the safe operation of this flood conirol projecL Since
it would be virtually impossible to eliminale the current
population and prevent any further reinvasion, the key 1o
successful management of this area is the eslablishment of a
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Table 2. Summary of Department of Water Resources beaver control program.

# Beaver Taken Cost of Cost of
Beaver Take Mechanical Work
Date Conibear Shot  Snare Person Hrs. S Dam Removal Related Clearing
11/84-1/85 i3 2 0 91 1,192 0 0

2/85-1/86 32 12 1 181 2,073 $52,000 $67,000
2/86-1/87 0 16 0 66 751 0 $ 8,000
2/87-1/88 9 10 0 104 1,170 $ 2,800 $18,300

Total 54 40 1 442 5,186 $54,800 $93,300

threshold of wlerance. They key points of this management
strategy are as follows:

1. Overall beaver, population levels must be kept low,
low enough so that itis possible to control animals in problem
areas.

2. No dens or lodges will be permitted within 50 feet of
the levee. This is to reduce the likelihood of structural failure
of the levee caused by excavation or prolonged saturation of
the levee section.

3. Any beaver population or family group which is
directly impacting the safe operation of the flood control
channel will be removed. Examples of this would include
damming of inlets or outlets, plugging culverts, or dams
which affect bridge crossings.

4. Whenengineeringevaluations determine thatclearing
or excavation is necessary, any beaver causing swampy
conditions that inhibil necessary vegetation and sediment
contro! will be removed from the area where the work is to be
done, and downstream to the degree necessary to allow the
area to drain.

The use of this sort of management strategy will neces-
sitate an ongoing agreement with the ADC program to keep
beaver populations low and remove animals in trouble spots.
However, it also recognizes beaver as a wildlife resource
which is an asset in cooperating with other agencies such as
DFG and U. S. Fish and Wildlife Service.

CONCLUSIONS

Historically, beaver as a fur resource have had a signifi-
cant impact on California’s economy and development.
Today, beaver still have a limited value as a fur resource but
their most significant economic impact comes from the
damapge theydo in both urban and agricultural areas. As urban
and agricultural areas continue to develop, the number of
beaver/human conflicis will increase.

DWR has been involved in managing beaver in the
Cherokee Canal since 1984. In the last 3-1/2 years, 95 beaver
have been removed from the Cherokee Canal channel at a
costof $5,186. Anadditional $148,100has been expended on

the removal of dams and lodges and other related clearing.

By clearly defining project objectives and establishing a
management strategy, DWR has been able to maintain its
primary objective of safe and effective flood control while
permitting a small population of beaver to remain in the area,
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