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B « Water resources and
eaV er = riparian habitat manager
Introduction

Beaver can bean asset or aliability, depending on their compatibility with human
interestsand activitiesin aparticular situation. Management of beaverscannot beeither
total protection or reduction, but adiscretionary harvest where conflict occursor
protection where habitat enhancement for multiple usesisneeded (Hine 1962).

Thispublication describesthe beneficial aspectsof beaver asatool to enhance
water resourcesand riparian habitat through proper management techniques, andit
provides management guidelinesto minimi ze damage problemswhere conflictswith
human interestsand activities occur. Beaver management practices preserveexisting
land useswhile maintaining benefits provided by enhanced water qudity, wildlife habitat,
livestock grazing, recreation, and aesthetic val ues.

Natural resource managers, farmers, ranchers, private conservation organizations,
landowners, and othersinterested in public and private land management havelong
recognized theimportance of maintaining healthy riparian habitat, especiadly inthearid
West. Proper management of riparian habitat and other aguatic ecosystemsimproves
water quality and quantity, enhanceswildlife habitat, increasesforage production and
quality for livestock, increases aesthetic val ues, and provides opportunitiesfor recre-
ation.

Beaversplay animportant and cost-effective rolein maintaining and enhancing
riparian and aguatic ecosystemsfor multiple uses (Stuebner 1994). The benefitsfrom
beaver activity inan aguatic ecosystem, primarily through dam construction, include;

1. elevation of water tablesthat enhance riparian vegetation development to trap
eroded silt from adjacent lands,

2. reduction of streamwater velocity and increase of sediment depositionto
reduce streambank and channel erosion,

3. improvement of water quality asriparian vegetation intercepts nutrient and
chemica contaminationinrunoff water,

4. improvement of water storage and stabilization of stream flowsthroughout the
summer and droughts,
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5. protection of downstream croplands and urban devel opmentsfrom floods by
upstream storage structures,

6. enhancement of fish habitat in streamsby increasing water depth and produc-
tion of agquaticinvertebrates,

7.improvement of habitat for waterfowl, big game, game and nongamebirds, and
other wildlifethrough vegetative devel opment, and,

8. increaseinforage production, shelter, and water for domestic livestock.

Inaddition, theresulting diversity and production of riparian vegetationimproves
aesthetic valuesand providesareasfor consumptive and non-consumptive uses of
wildliferesources (Munther 1981; Wood River Resource Conservation and Devel op-
ment District 1989; Collins 1993; Boddicker undated).

However, beavers can be anuisanceto agriculture and urban devel opment inthe
lower reaches of watersheds. Conflicts between beavers and humans often occur on
private property where beaver dams can do seriousdamage by flooding roads, hay
meadows, pastures, and croplands. Damming of culvertsand irrigation ditchesimpairs
agricultural operations. Beaver cutting of ornamental treesand shrubsonresidential
property iscostly (Hine 1962; Clements 1991; Collins 1993).

Sometimes, beaversover use preferred woody species such as aspen and cotton-
wood treesalong streamsand cause the decrease of tree diversity (Yeager and Ruther-
ford 1957). Human health can also be at risk because beaversare amplification hosts of
Giardia duodenalis and contaminate surface waters downstream from their dams by
shedding Giardia cyststhroughout theyear (Monzingo and Hibler 1987).

Historical Background

Early exploration of western North Americawaslargely dueto the search for
beaversby trappers. Size estimates of pre-European beaver populationsin North
Americawere 60 to 400 million animalsor theequivalent of 10to 60 animalsper mile
of stream and river (Naiman et al. 1986). During the early 1800s, beaver peltsfor hats
and garments brought many trappersto wildernessareas. Beaver populationsduring
thisperiod were nearly eliminated by thefur trade, and the subsequent quantity and
quality of riparian habitat declined (Parker et a. 1985).

Inthe 1900s many western statesimplemented protective lawsto enhance beaver
populations (Grasse and Putnam 1955; Rue 1964). Restocking acrossNorthAmerica
beganintheearly 1900sby live-trapping and rel ocating problem animal sto stream
headwaters (Grasse and Putnam 1955). Today, popul ation Size estimatesare six to 12
million animals, afraction of theorigina numbers(Naiman et . 1986).

InWyoming, early settlement and economic development began with thefirst fur
trappersaround 1820. By 1860, the beaver was nearly extinct dueto intensive
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trapping. Legidative protection from 1899 to 1919 and reintroduction by the G& F
promoted therecovery of beaver (Collins1993).

Thebeaver was classified asaprotected animal inWyoming until 1958 whenthe
G& Freclassified it asafurbearer. Today, beaversoccupy only onethird of their origina
rangein Wyoming. Yet, between 5,000 and 10,000 beaver are harvested annually and
provide morethan $250,000in revenueto the state from license sales, trapper expendi-
tures, and other costs (Collins 1993). Undoubtedly, beaver trapping providessignificant
economic gainsand recreationin \WWyoming.

Biology and Life History

Thebeaver isNorth America slargest rodent. Adultsweigh morethan 50 pounds
and exceed 40 inchesfrom thetip of the snout to thetip of thetail. Beaversin excess of
100 pounds have been reported (Grasse and Putnam 1955). The beaver ranges
throughout North Americaexcept on the peninsulaof Florida, ontheArctic tundra, and
insouthwestern deserts (Allen 1983).

Figure 1. Beaver are common herbivores in aquatic ecosystems of North America
(Photo by Thomas Coallins).
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BODY STRUCTURE

Beaversare aguatic animals capabl e of staying under water for aslong as15to 20
minutes. Their broad, flat tailsserve asrudders and propellers, and their webbed hind
feet are specialized for swimming (Grasseand Putnam 1955). Theearsaresmall, but
the beaver hasakeen senseof hearing. Their earsarevavular and close under water
(Grasseand Putnam 1955). The nostrilsalso close under water.

Theteeth of the beaver grow constantly throughout itslife. The chisel-shaped
incisorsare kept sharp by the constant wearing action (Grasse and Putnam 1955).

Thebeaver’stoolsarevery smple: four incisorsand two front feet (Richard
1983). Thebeaver digswithitsfront feet and throwsdirt withitshind legs. It can carry
mudwithitsfront feet and legswhilewaking onthehindlegs.

Thevery soft and dense underfur of the beaver isprotected by long, coarse guard
hairs. Oil isapplied and rubbed into thefur all over thebody to makeit water repel lent.
Theoil isobtained from two sacs, one on each side of the uro-genital opening.

COLONIES

Beaversliveinfamily groupscalled colonies(Busher et d. 1983; Buech 1985). A
family of beaversor colony occupiesapond or stretch of streamincommon, usesa
common food supply, and maintainsacommon dam or dams (Bradt 1938). A colony
often consstsof an adult pair, the young of theyear (kits), and the young of the previous
year (yearlings) (Hodgdon and Lancia1983). Typical familiescomprise 19to 64
percent of the colonies (Bradt 1938; Hodgdon 1978). However, thistypical familyis
one of many possible combinations (Buech 1985; Busher 1987).

Theaverage number of beaversin acolony isabout fiveto six but can be 12 or
higher (Hodgdon 1978; Svendsen 1980a). Thetypical rangeisfour to eight animals
(Buech 1985; Hodgdon 1978; Busher et a. 1983).

The colony isorganized around the adult female. Sheisthe alphamember of the
family indominance encounters. She emergesfrom thelodgefirst (93 percent of time),
and sheleadsthe colony inlodge maintenance, food cache building, and dam mainte-
nance (Hodgdon and Larson 1973; Hodgdon and Lancia 1983).

The maximum known age of beaversis 16.5 years(Novak 1977). Mortality is
highinthefirst few yearsof life; only 9 percent of the population may exceed 4.5 years
(Novak 1977). An annua mortality of about 30 percent iscommon among 2Y2-year-old
and older beaver (Bergerud and Miller 1977).

DIET

Thebeaver isstrictly herbivorous (vegetarian). Itisbest known for cutting and
eating the bark of trees, but itsdiet ismorevaried (Buech 1985). During summer, the
beaver eatsthebark of deciduoustreesand shrubsand substantial amountsof non-
woody material, such asaquatic plants, grasses, sedges, rushes, and water lilies (Grasse
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and Putnam 1955; Northcott 1971; Svendsen 1980b; Belovsky 1984). Forbsand
grasses can comprise 50 percent of the summer diet (Collins 1976a).

IntheArctic, leavesand growing tipsof willowsarethe main food during July and
August. Food sourcesduring the other 10 monthsarewillow bark (76 percent), poplar
(14 percent), and alder (10 percent) (Aleksiuk 1970a). Thisdiet isprobably similar to
thediet of beaversin high mountain areas of WWyoming. At lower elevations, beaversin
Wyoming probably consumemoreforbsand grasses.

Thefood habitsof the beaver suggest that theanimal isafastidiousgeneralist
(Jenkinsand Busher 1979; Buech 1985). In order of preference, the beaver eats
aspen, willow, cottonwood, a der, and red osier dogwood most frequently (Hall 1960;
Easter-Pilcher 1987; Allen 1983; Masdlich et a. 1988), but the diet of beaversde-
pendson availablefoods. Tamarisk isused asfood a ong the Colorado River inArizona
(Hend ey and Fox 1948) and is probably animportant food in\WWyoming wheretama-
risk hasinvaded river bottoms.

CACHES

Beaver cachesare stored, submerged food pilesfor winter (Swensonand
Knapp 1980). Infall, coloniesbuild food caches of tree and shrub branches. Aspen,
cottonwood, willow, or combinationsof these plantsare usualy used in\Wyoming
(Grasseand Putnam 1955).

Willow ispreferred, but the beaver substitutes other food wherewillow isnot
available. Along the Tongue River in Montana, willow composes 50 to 90 percent of
thefood in caches, cottonwood i s second, and boxel der iscommon (Swenson and
Knapp 1980). Tree cutting and food-cache construction peak infall (Bown 1980;
DeByle 1985). Food caches are placed near thelodge and in the deepest possible
water (Grasseand Putnam 1955). Food isdragged into apile and additional material is
stacked on top. Asthe material becomes soaked, the whole masssinks. At freeze-up,
only afew twigsmay extend abovethe surface of thewater. Slough (1978) stated that
beaver first form araft and then place other material under theraft. Theraft gradually
becomeswaterlogged and sinks beneath the surface. Mostly cuttings of aspenand
willow but a so low-preferencefood itemsare used.

Therelative size and number of food cachesareindicesof colony size (Grasse
and Putnam 1955; Easter-Pilcher 1987; Osmundson 1990). An adult beaver requires
1% to 4 pounds of bark and twigsdaily (Grasse and Putnam 1955; DeByle 1985).

During summer, food isabundant and beaversgrow rapidly. But during winter,
foodislimited to cached supplies, and the beaver growslittleor not at all (Aleksiuk and
Cowan 1969). Aleksiuk (1970b) reported that beaver tailsfunction asafat storage
areafor useduring winter. Beaverslower their metabolic expendituresduring winter to
conservefat.

Colonies on streams that do not become ice covered may not cache, so cache
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countson lower elevation streamsin WWyoming are not accurate estimates of beaver
abundance. Collins (19764) found that 30 percent of coloniesthat were not i ce bound
during thewinter did not cachefood in northwestern Wyoming.

BEHAVIOR

Beaversspend daylight hoursin the seclusion of their lodgesor dens. They are
activeat night and during dawn and dusk (Grasse and Putnam 1955; Hodgdon and
Lancial983).

Tall dappingisaprimary warning sgna to colony membersonlandorin
shallow water to moveto deep water (Hodgdon and Lancia 1983). Vocal communica-
tion among beaversislimited (Hodgdon and Lancia1983). Kitsaremost vocal, but
vocalization seemsto havelittlesurvival vauefor beavers (Novakowski 1969).

BREEDING

Thebeaver breeds once each winter; breeding season lastsfrom late January to
early March and peaksin mid-February (Hodgdon and Hunt 1966; Bergerud and
Miller 1977; Buech 1985). Only the adult pair in acolony reproduces. Mostly 2%2-
year-old and older females breed, but no more than onefemal e per colony breeds
(Novak 1977).

Couplesmatein thewater under theicein midwinter (Grasse and Putnam
1955) and are believed to be monogamousfor life (Svendsen 1980a; Buech 1985).
Busher (1987) found that femalesdo not havelittersevery year, and nonbreeding
femal esmay attach themselvesto acolony (Novak 1977).

YOUNG

Anuncommontrait of other large mammal sisthe beaver’slong parentd care
(Buech 1985). Youngsters' period of devel opment and associ ation with their parents
and other kinistypically twoyears.

Gestation isapproximately 107 days (Wilsson 1971; Buech 1985). Littersof
oneto eight kitsareborninlate spring, May and June (Grasse and Putnam 1955;
Hodgdon and Hunt 1966; Bergerud and Miller 1977). Thetypical litter sizeistwoto
four kits (Leege and Williams 1967; Hodgdon 1978; Svendsen 1980a; Buech 1985;
Busher 1987; Kafcas 1987). The average number of kitsat thetime of emergencefrom
thelodgeis2.3 (Busher 1987).

Litter szevarieswith theageand weight of thefemale, quantity and quality of
food, and severity of winter (Yeager and Rutherford 1957; Pearson 1960; Rutherford
1964; Hodgdon and Hunt 1966; Henry and Bookhout 1969; Boyce 1974; Buech
1985). Productivity of kitsishighest for femalesof fiveto 13 yearsold. Reproductionis
density dependent with aninverserelation between litter szeand colony size (Payne
1984). Because the number of kitsincreases asharvest ratesincrease (Kafcas 1987),
reproductiveratesare greatest among highly exploited populations.
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At birth, akit weighs about one pound (Buech 1985). Kitsarefully furred with
open eyes, and their incisorsare erupted. All family membersparticipatein the care of
kits (Svendsen 1980a). Within two weeks, kitsbegin to eat herbaceous vegetation
brought to thelodge by the adults (Wilsson 1971; Buech 1985). At two months, near
theend of July and early August, kitsare weaned and leavethelodgeto forage on their
own. By fall, they rangeamost asfar fromthelodge asolder family members (Buech
1985). By thetimeof iceformation, kitsweigh 10 to 16 pounds (Buech 1985).

However, kitsseldom venture on land or participatein lodge maintenance or
congtruction of food caches (Hodgdon 1978). Second-year offspring (yearlings)
participatein construction (Buech 1985). Reproduction by yearlingsisdensity depen-
dent (Payne 1984). Few, if any, yearlings produce young when greater than 40 percent
of potentia colony Sitesare occupied.

DISPERSAL

Two-year-old beaversleavethe colony inlate spring in search of mates (Leege
andWilliams 1967; Leege 1968). They depart shortly beforeanew litter of kitsarrives
(Grasseand Putnam 1955). During dispersal, they moveasmany as 1.4 milesper day
(Hodgdon 1978; Buech 1985). Most dispersal isby water, but someisover land.
Dispersal coincideswith increased runoff from snowmelt or spring rains (Allen 1983).

Dispersing two-year-old beaversusually movefiveto ten milesand sometimes
farther (Hebbard 1958; L eege 1968). Moves of more than 100 miles have been
reported (Grasse and Putnam 1955; Hebbard 1958; Allen 1983).

During dispersal, ayoung beaver attemptsto locate amate who may bean
unpaired adult, an unrelated 2-year-old, or in some casesasibling (Buech 1985). Itis
generdly assumed that mortality of 2-year-oldsduring dispersa issubstantial (Buech
1985). The causesaretrapping, predation, and disease. Dispersal seemsto control
population sizesof the beaver (Payne 1984).

A common migration patternismovement from high-elevation publicland to
private holdings downstream where beaver structures can flood crops, pastures, and
roadsand interrupt irrigation and stock-watering systems (L eege 1968).

TERRITORIALITY
Beaversof acolony arehighly territorial. Colonieshavedistinct,

nonoverlappingterritories (Allen 1983). A colony delineatesitsterritory and prevents
further colonization of an areawith scent (castoreum) mounds (Aleksiuk 1969;
Svendsen 1980a; Hodgdon and L ancia1983). Both sexesrel ease castoreum from two
castor glandsintheanal area. Occasionally acolony constructsalarge mound where
scent isdeposited, but most often scent isdeposited on small pilesof mud carried from
stream bottomsto territorial boundaries.

Scent moundsat thewaters edge consist of mud, grass, and other debris (Beuch
1985). Moundsare placed most frequently at the perimeter of territoriesand near
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activity centers. Beaversurinate on the mounds and deposit castoreum in the process.
Castoreum deposition isnot dways on mounds; sometimes deposition Sitesare bare
ground totally unmanipul ated by beavers(Collins1976a).

All family membersolder than 1 year scent mound (Hodgdon 1978). Scent
mounding isstrongest in spring (Hodgdon 1978; Svendsen 1980a). Scent mounds
deter trang ent beaversfrom establishing themsel vesin established territories (Muller-
Schwarze and Hickman 1980) and communi cate among beaversfrom adjacent
coloniesand floating popul ations. Ma esdo more scent marking than females
(Hodgdon and Lancia1983). Collins (19764) observed that the magnitude of mark-
ing territorial boundariesrelated to the extent of encountersby beaverswith individu-
asfrom neighboring coloniesor transients.

Thelength of theterritory of abeaver colony can exceed onemile but gener-
ally extendsabout one-quarter mile above and below aprimary pond (Buech 1985).
Thiscorrespondsto ahomerange of about one-half mile (Allen 1983).

DENSITIES

Thedensity of beaversisregulated by territories (Payne 1984), and the
density of territoriesislimited by energy (food). Beaver coloniesmay changeterrito-
riesover years, particularly if food becomeslimiting (Buech 1985). A beaver colony
maly establish several lodgesor bank densin oneterritory.

Densities of beaversaverage oneto two colonies per mileon streamswith
suitable habitat (Smith 1950; Nordstrom 1972; Boyce 1974; Bergerud and Miller
1977; Busher 1987; Bown 1988; Allen 1983), but they can bereduced by intense
harvest (Kafcas 1987).

Habitat

“Beaver may be exceeded only by manintheir abilitiesto ater the environment”
(Clements1991). Most beaver coloniesin the mounta nous\West are on streamsthat
flow through or are adjacent to aspen or willow (DeByle 1985). The abundance of
beaver coloniesisdetermined by the quality of the habitat. Usually, the maintenance
of abeaver colony requiresaminimum of one-half mileof stream channdl.

FOOD AND CONSTRUCTION MATERIAL

The construction of damsand canalsearnsthe beaver thetitleof “ Nature's
Number One Engineer” (Grasseand Putnam 1955), but itsmost distinctive activity is
the cutting of treesand shrubs. One beaver can cut 200 to 300 trees per year. About
200 aspens support one beaver for oneyear (DeByle 1985). Approximately 90
percent of al cutting of woody material iswithin 100 feet of water (Allen 1983,
Belovsky 1984), but cutting can extend to within 600 feet of water (DeByle 1985).
Anadequate and accessible supply of food must be present for the establishment
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Figure 2. Characteristics of good beaver habitat include adegquate water, accessible foods, such
as aspen and willow, and a wide valley with low channel gradient. This relatively recent beaver
pond and lodge was built in high-quality habitat (Photo by Wayne Hubert).

of abeaver colony (Allen 1983). Severa studiesreveal that the presence of hardwood
vegetation on shorelinesispositively correlated with the presence of beavers. Aspen
areparticularly important in mountain areas (Slough and Sadlier 1977). Suitablefood
should bewithin 100 feet of thewater (Belovsky 1984; Liedholt et al. 1989).

Beaverscan over usetheir food resource which leadsto population decline
(Bergerud and Miller 1977). Aspen abundanceisthe most significant factor of beaver
dengity inmany areas of the Rocky Mountains. Beaver populationsmust beregulatedin
many areasto preserve asgpen communities. Preservation of aspenisimportant to
numerouswildlife speciesincluding deer, moose, ek, porcupine, and woodland birds
(Slough and Sadlier 1977).

At newly occupied ponds, beaver preferentially fell aspensof lessthan 3inchesin
diameter (Hall 1960; Basey et al. 1988). A compound inthe bark of larger aspentrees
andin sproutsdeterstheir use by beavers (Basey et al. 1990).

WATER

Beaversrequireapermanent, relatively constant water flow (Grasseand
Putnam 1955; Allen 1983; Buech 1985). A stream flow of one-half cubic feet per
second seemsto be near the minimum (Muchmore 1975). They may attempt to colo-
nizeintermittent
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streams but abandon them when flows becomeinadequate.

VALLEY WIDTH

Narrow canyonswith littleor no riparian vegetation and steep channel dopes
arenot considered suitable habitat for beaver. Valley widths of greater than 150 feet are
most suitable (Allen 1983), but the animalsseemto prefer small watershedsin the
Rocky Mountains (Retzer et a. 1956).

A flat floodplain allowsconstruction of shallow laterd canalsleading tofood
supplies. Canalslonger than 450 feet have been observed, but most are shorter than 75
feet. Canalsservethe same purpose as secondary dams; they facilitate the transport of
food and construction material and extend the swimming range of beaver. They aredug
towherewinter food isto be cut (Grasse and Putnam 1955).

CHANNEL GRADIENT

Channelswith gradientsof greater than 15 percent are seldom occupied; the
optimum stream gradientsarelessthan 3 percent (Smith 1950; Retzer 1955; Retzer et
al. 1956; Hodgdon and Hunt 1966; Shelton 1966). In astudy in Colorado, 68 percent
of the colonieswerein valleyswith lessthan 6 percent channel Sope, 28 percentin7to
12 percent, 4 percent in 13 to 14 percent, and none was at greater than 15 percent
(Allen 1983). Beaver can build damson stegp segments of side channels, but many
such damswash out during highwater in spring (Smith 1950).

ELEVATION
Beaversarenot limited by atitude. In Colorado, they occur ashigh astimber-
lineinriparian areas supporting willow (Retzer et a. 1956).

CYCLES

Beaver populationsaong any stretch of stream arenot stable. They movein,
establish aseriesof damsand lodges, harvest aspen and willow within thereach of
inundated areas, and depart when suppliesare exhausted (DeByle 1985). Treere-
growthisnot fast enough to sustain populations.

Beaversoften moveinto adrainage and use aspens 200 to 300 feet from the
stream, depending on dope. Ultimately theanimasdiminatetheir food and building
material and leave. Subsequently, sedimentation of ponds causesatransition to marsh-
meadow habitat. During the absence of beavers, aspensregenerateand eventually
provide suitablefood and building materia for beavers.

Becausethey sprout after cutting and grow rapidly, willowsaremoretol erant of
beaversand are better than aspensfor sustaining stable popul ations along low-gradient
stream reaches (Hall 1960). Use of aspenisnot believed to beon asustainedyield
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basis, beaversconsumelocal aspensand move on (Hall 1960). Call (1966) stated that
aspen-supported beaversin southeastern Wyoming approximated a 30-year cycle, but
many of the pondsthat he studied still have stablewater levelsand have not filled with
sediment. However, Smith (1980a, 1980b) stated that some aspen-supported beaver
complexes may not have boom-and-bust cyclesor that cyclesof 75to 150 years may
occur in southwestern Wyoming. Collins (1976a) found sitesoccupied by beaversin
northwestern Wyoming that have been used continuously for morethan S0 years.

DAMS

Thesight and sound of flowing water rel easesdam-building behavior inthe
beaver. Suitablelocationsfor damsarelimited by channel gradient, channel erosion,
and the magnitude of variation in stream flows. Beaversbuild damsof whatever mate-
ria isavailableincluding tree branches, sagebrush, rocks, bottles, and tin cans. Anything
that can bedragged, floated, or rolled may be used (Grasse and Putnam 1955; Richard
1983).

In the mountai nous West, aspens and willows are used for food and dam con-
struction (DeByle 1985). On high-gradient streams, aspensare better than willowsfor
the construction of dams.

Beaver damsareof every conceivable shapeand size. Dam sizesvary grestly with
amaximum height of four to six feet (Call 1960). Usually, onedamisbuilt toimpound
water around alodge and to cover afood cache. Thisiscalled the primary pond
(Grasse and Putnam 1955; Richard 1983). The primary dam and pond are built
downstream from afood supply so that food and construction material canbecarried
downstream with the current. Many secondary damsmay bebuilt. They functionto
improvetransportation and extend the swimming range of the beaver (Grasseand
Putnam 1955). When dams are washed out by high water in spring, beaversrebuild
dams; thefirst dam reconstructed isfor thelodge or primary pond (Smith 1950).

When building ponds, beaver drag branches by thethick end and prunethem
to prevent entanglement (Richard 1983). They roll logsand placethem at aright angle
to streams.

Thereisadefinite sequence and seasondity to construction (Buech 1985). If a
colony moves, it doesso either beforekitsareborninApril or May or after kitsare
somewhat independent in August or September (Buech 1985). Beaverswithout young
may move any time between April and September (Buech 1985). If lodgesand dams
aready existinanew location, beaversrefurbish existing structures (Buech 1985).
Otherwise, beaversbuild damsand lodges. Damrepair iscrucia behavior released by
the sound or sight of running water (Wilsson 1971; Hartman 1975; Buech 1985).

Themost important features of beaver habitat arethe damsand resulting ponds
with associated canals. Because pondsand canalsarethe primary refugesfrom preda-
tors, beaversusually remain closeto ponds. Beaversuse pondsand canasto
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trangport food and building materialsfrom wherethey are availableto wherefood isto
be stored or to where the material isused for construction. Beavers construct food
cachesinpondsduringfall.

LODGES AND DENS

Beaver dwellingsare of two types: lodges and bank dens. L odgesand bank
densprovide escape, aplacefor resting, thermal cover, and cover for young (Allen
1983). Lodges have higher air temperaturesthan the outside environment (Buech et d.
1989). Theair temperatureinlodges may be abovefreezing whenitisbelow zero
outside. Thisenablesbeaversto use environmentsthat would otherwise be physiologi-
cally unsuitable. Beaver lodgesalso serveasabarrier to predators.

When aprimary damiscomplete, beaversstart constructing alodge (Buech
1985). Lodgesarebuilt of debarked sticksand mud. Theremoved bark is eaten.
Beaversprefer lodge sites surrounded by water. Thefloor of thelodgeisabout 4 inches
abovewater level. Lodgesarein the deep portion of the channel of aprimary pond
wherewater doesnot freezeto the bottom. Lodgesare built with several underwater
entrances.

If astreamistoo largefor beaver to dam, they will construct bank densor lodges
along thebanks. Along largerivers, such asthe Snake, Green, and Colorado, beavers
areforced to build densor lodges on the bank (Hendley and Fox 1948; Collins 19764,
Brazell and Workman 1977). Rocky substrates or highly erosive banks can limit bank-
dwelling beaver.

Densinthebanksof large streamsand riversare built aong deep channelswith
steep banks. Thereisoneentranceat or dightly below water level. Thetunnel extends
several feet into the bank and upward to an expanded chamber abovewater level.
Small holesserveasair vents. Bank densare constructed on sunny banksthat face east
or south. Thediameter of most openingsisabout 18 inches; openingsareimmediately
abovethefal water level. Most bank dens have two or more underwater entrances
(Dieter and M cCabe 1989). Most densare submerged by high water (Brazell and
Workman 1977). Thereisevidence that some col onies build two bank dens, one
accessibleat normal water levelsand one higher up the bank for use during high water
(Dieter and McCabe 1989). Beavers prefer ungrazed banksfor den sites becausethe
vegetative cover reduces exposureto predators (Dieter and M cCabe 1989). Bank
densdo not provide thewarmth of lodges (Buech et al. 1989).

Beaversareabsent from sizable portionsof riversin Wyoming because of swift
water and an absence of suitableden sitesduring high and low water (Collins 1976b).
Colonies abandon siteswhen water levelsdrop or risetoo much. InWyoming, lack of
suitablehabitat for winter dwellingsaong larger streamsisamagjor factor limiting beaver
populationsize.,
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Influence on Water Quality
and Riparian Systems

Beaver damsadter hydrol ogy, channel morphology, biochemical pathways, and
the productivity of astream system (Naiman et a. 1986). On headwater streams of
Wyoming, beaversare beneficia . Ponds store substantial volumes of water which
percolatesthrough soil into riparian areasand streams.

Beaver ponds benefit riparian and aguati c ecosystemsin many wayshby:

1. creating and expanding wetlands,

2. devating water tablesand improving vegetation devel opment with subirrigation,

3. augmenting forage and cover for livestock and wildlife,

4.improving watershed stability,

5. reducing high flowsand downstream flooding,

6. providing more constant summer flowsthrough water storage,

7. retaining sediment and organic matter,

8. boosting aguatic invertebrate production,

9.increasing total aguatic productivity, and

10. enhancing recreation such asfishing, hunting, and wildlifewatching
(Retzer et al. 1956; Smith 1980a).

WATER QUALITY

“Beaver dam complexesclearly improvethequdity of water flowing throughthem
... (Parker 1986). Sediment storageisthe primary means by which beaver ponds
alter water quality of streams.

I n southwestern Wyoming, beaver damsaffect movement of sediment and nuitri-
entswithin streamsintwo ways. (1) trapping of sediment above dams causes settling of
particles, and (2) areduction of maximum water velocity decreasesbank erosion and
contribution of nutrients (Parker et a. 1985). Thereestablishment of beaversin Current
Creek reduced sediment transport from 33 to four tonsper day (Brayton 1984; Parker
1986).

M ost young ponds have sand and gravel bottoms (Rasmussen 1940), but sedi-
ment accumul ates over time. Silt and organic debrisin ponds can befrom afew inches
to morethan 6 feet thick (Rasmussen 1940; Call 1966). Naiman et d. (1986) found
that 17 damsper mileretained 7,000 cubic yards of sediment per dam.

Sediment accumulation asoinfluencesthe biochemica carbon cyclinginstream
systems (Ford and Naiman 1988) and can |ead to methane production. Energy entering
beaver pondsintheform of leavesand branchesfromterrestrial plantsismuch greater
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Figure 3. Beaver ponds improve water quality by storing sediment. This drained pond
illustrates the magnitude of sediment deposition (Photo by Wayne Hubert).

|

than energy produced from al gae and aquatic plantswithin the ponds (Hodkinson
1975). Morethan 50 percent of the energy contributed to beaver pondsmay be
assimilated into the sediment (Hodkinson 1975).

Beaver pondsretain organic matter in the stream systems and thereby allow the
matter to be processed into fine sizefractionsin headwater tributaries (Bilby and
Likens1980; Naiman et al. 1986; Bilby 1981).

Thereisdefinitewarming of streamsduring thesummer aswater passesthrough
either large pondsor aseriesof ponds (Evans 1948; Adams 1953; Hale 1966). The
activity of bacteriaon organic matter in beaver ponds can consume oxygen aswater
passesthrough, thereby reducing dissolved oxygen levels. A loss of dissolved oxygen
has been measured in streams duetoincreased bacterid activity and higher water
temperaturesthat hold lessdissolved oxygen (Adams 1953; Smith et al. 1991).

Therearea so changesin nitrogen and phosphoruslevel swithin stream systems
that contain beaver ponds. Since nitrogen and phosphorusadsorb to clay, trapping of
sediment in beaver pondsreduces nitrogen and phosphoruslevelswithin streams
(Maret 1985; Maret et a. 1987). Subsequently, beaver ponds serve assinksfor
nutrientsthat contributeto eutrophication (Franciset al. 1985).

14
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Wherelow nitrogenlevelslimit biologica productionin high-elevation streams,
beaver ponds can enhance nitrogen conversion and cycling toimprovebiologica
production (Naiman and Mdlillo 1984). In oneareaof previoudy low nitrogenlevels,
stream sectionsaccumul ated 1,000 timesmore nitrogen after modification by beaver
ponds. In streamswith beaver ponds, more nitrogen isfixed by sediment-dwelling
organisms(Franciset a. 1985), and long-term stable cyclesin nitrogen storageand
releaseare enhanced. Overall, beaver pondsenhance biological productivity of head-
water areas.

Parker (1986) reported that stream water bel ow beaver pond complexes con-
tained 50 to 75 percent less suspended solids, 20 to 65 percent lesstotal phosphorus
and Kjeldahl nitrogen, and 20 to 25 percent less nitrate nitrogen. Beaver pondscan
alsolead to higher pH and reduced acidic conditions (Driscoll et a. 1987; Smith et al.
1991). Thishasapositive effect on streamswhere highly acidic runoff from adjacent
forested landsisaproblem.

Concentrations of dissolved metalsin stream water can be altered by beaver
ponds. Iron and manganese are el evated, whereas a uminum declinesaswater flows
through beaver ponds (Smith et a. 1991).

Skinner et al. (1984) found that stream-water quality in grazed systemswas
influenced by beaversin\Wyoming. Beaver pondstrap coliform bacteriaand influence
concentrations of bacteriain water.

A parasite of warm-blooded mammalscalled Giardia occursin beaversand
can betransferred to humansin pond and stream water (von Oettingen 1982). Inthe
Rocky Mountain region, Giardia can be present in beaver coloniesthroughout the year
and can contaminate downstream waterswith cysts (Monzingo and Hibler 1987).
Beaversshed cystsin their feces, can becomeinfected askits, and remaininfected.
Waterborne outbreaks of giardiasis have been seenin Aspen, Colorado, and other
locationsin the Rocky Mountains (von Oettingen 1982), and beavershave been
implicated in severd of these outbreaks.

RIPARIAN HABITAT

Beavershave beenthesinglemost influentia factor affectingtheoverall state of
riparian landscapesin some areas (Parker 1986). Beaver pondsincreasethe surface
areaof water several hundred times(Naiman et a. 1986) and thereby enhancethe
overdl aguatic and riparian system.

Beaver pondsstorewater that subsequently isstored in the bank and floodplain.
Bank storageisthe percolation of water into thefloodplain. Thisincreasesthewater
table, enhances summer flows, adds cold water during summer, and stabilizes stream
flow throughout the year (Knudsen 1962; Parker et al. 1985).

The storage of water in beaver ponds during spring runoff and after summer
stormsreduces downstream flooding and the damage from rapid increasesin stream
flows (Parker et a. 1985).
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Figure 4. Beaver play a dominant rold in the development of riparian habitat by increasing
the surface area of water (Photo by Wayne Hubert).

Figure 5. Beaver ponds enhance vefetation grohby increasing the amount of ground-
water for use by riparian plants (Photo byu Rich Olsen).
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Beaver pondsd so reduce the channel gradient, thereby lessening bank erosion.
Reduction of the channel gradient in Current Creek, Wyoming, reduced bank erosion
during high flows (spring runoff), which wasthe primary contribution of sediment into
thestream (Maret et al. 1987; Parker 1991). “ Beaver dams can bethought of as
continua ly-renewed, erosionally-resistant substrates’ becausethey reducewater
velocity, decreasing potential erosion (Parker 1986, 1991).

Raising water tables enhancesthe growth of riparian vegetation and stabilization
of banks (Parker 1986). Heavy dependence by beaverson willowsin someareascan
resultintheremova of willow from theriparian community and canimpair the stability
of beaver populations (Aleksiuk 1969).

Interactions with Wildlife

Dam building crestes habitatsthat areimportant for numerouswildlife species,
particularly fishes, waterfowl, and browsing animals (Jenkinsand Busher 1979). Itis
estimated that 75 percent of all wildlife speciesin the sagebrush steppe of Wyoming
aredependent on riparian habitat that isenhanced by beavers (Smith 1982).

FISH
Ingenera, beaver pondsare beneficial to trout (Rasmussen 1940), dtering
stream habitat in severa ways.
bottom substrate changesfrom gravel and rubbleto silt,
water velocitiesdecrease,
iceconditionsbecomelesssevere,
agquatic habitat increasesand providesmoreliving spaceand
cover for trout, and
5. water temperature extremeslessen (Gard 1961).

Overall trout biomass (standing stock) isgreater and theaveragesizeof trout is
greater in stream sectionswith ponds (Patterson 1951; Hale 1966).

Beaver pondsareindispensablefor maintaining trout habitat in rocky, short,
high-gradient streams (Salyer 1935). Beaverscreate trout habitat where nonewould
exis insmal streams. An exampleof thisisthe Pole Mountain RecreationAreain
southeastern WWyoming wherethe brook trout fishery depends on the continued
existence of beaver ponds(McDowell 1975). However, suitable spawning areas
seemto limit natural reproduction of brook trout in many ponds (McDowell 1975;
Johnson et a. 1992).

Inthe Rocky Mountains, spreading and dowing of icy water in high-gradient
streamstendsto warm waters and thereby increasesfood production and growth of
trout (Knudsen 1962; Duncan 1984). Beaver pondsa so produceagreater standing
stock of benthic organismsthan adjacent streams (Rabe 1970; Call 1970). Beaver
dams

AwbdhpRE
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Figure 6. Brook trout tend to be abundant in activ beaver ponds (Poto by Richard Grost),

stabilize and maintain flowsand create uncommon habitat in streams, especially deep
poolsthat provide val uable overwintering areasand refugesduring very low flows
(Liedholt et a. 1989).

Brook and cutthroat trout tend to be most abundant fish speciesin streamswith
active beaver pondsbut are generally absent in streamswith only abandoned ponds
(Neff 1957). The presence of suitable spawning habitat intheform of rifflesinan
inflowing stream or springwith gravel inthepondisthe primary influenceonthesize
structure of brook trout in \Wyoming beaver ponds (Johnson et a 1992; Rabe 1970).
Pond surface areaisthe primary influence on standing stock (Winkleet a. 1990); as
surface areaincreases standing stock decreases.

Itisgeneraly believed that beaver damsarebarriersto trout movement (Salyer
1935; Reid 1952; Rupp 1954; Hale 1966). However, some studiesindicate that trout
not only can passover damsduring high water (Adams 1953) but aso can cross
upstream and downstream through most beaver damsduring all seasons(Gard 1961).

Beaver damsgeneraly cause no significant changesin water qudity that would
adversdly affect trout in the Rocky Mountain region (Gard 1961). Although dissolved
oxygen levelscan bereduced in beaver ponds (Salyer 1935; Rasmussen 1940; Rupp
1954), inthe Rocky Mountain regionit isusually not reduced enough to affect trout.
Beaver pondsal so raise water temperatures by slowing and spreading thewater and by
theremoval of shade (Salyer 1935; Patterson 1950, 1951; Rupp 1954), but water
temperatures downstream from beaver dams seldom exceed thetolerable high tem-
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peraturefor trout in the Rocky Mountains (Rasmussen 1940; Gard 1961).

Beaver pondsalter thewinter habitat for trout in streams. Beaver pondsare
typically capped with severd inchesof iceand overlaid with snow during thewinter;
therefore anchor ice does not formin these ponds. In portions of streamswithout
beaver ponds, streams can freeze almost solid on cold nights. Ice can build up behind
damsformed by ice, and substrate can be substantially disturbed by theice. Thiscan
lead to drastic changesin water vel ocitiesasice damsmelt during theday and release
impounded water (Gard 1961). Furthermore, no supercooling of water occursduring
winter in beaver ponds (Gard 1961), but temperatures below the freezing point of water
can occur in stream reacheswithout beaver dams. Beaver ponds al so produce deep
poolsthat areimportant aswinter habitat for trout (Rasmussen 1940; Chisholm 1985).

The presence of beaver pondsin headwater streams affectsfish habitat by
gresatly increasing thevolume of water, providing deep poolsduring low or intermittent
stream flow, and increasing the variety of fish habitat (Hanson and Campbell 1963). The
effectson warm-water fishes can be an increased variety and abundance of speciesand
agreatly increased standing stock (Rupp 1954; Hanson and Campbel| 1963).

BIRDS

Densitiesand speciesof birdsincrease because of beaver activities. Beaver-
pond ecosystems provideimportant habitatsfor nongame breeding birds. Shrub biom-
ass, shrub height, and shrub canopy cover are higher at beaver pond sites. These
features, in addition to pond water, enhance habitat for birds (Medin and Clary 1990).
Total bird density in beaver-pond habitat can bethreetimesgreater than in adjacent
riparian habitat without beaver ponds. Speciesrichnessand diversity areaso higher.

Ponds provide nesting and brooding habitat for ducksand geese (Neff 1957;
Call 1966). In Wisconsin, 333 ponds produced 115 duck broods and 764 ducklings
(2.3 ducklings per pond per year; average pond sizewas 3.5 acres). Birdsalso use
pondsfor feeding and resting during spring and fall migrations (Knudsen 1962). Trum-
peter swans, sandhill cranes, and Canadageese have been observed nesting on beaver
pondsinthe Jackson Holeareaof northwestern \Wyoming.

FURBEARERS AND NONGAME MAMMALS

Muskrats are attracted to beaver ponds, especially old pondsthat are till
occupied by beavers (Grasse and Putnam 1955; Neff 1957; Call 1966). Muskrats used
80 percent of beaver ponds assessed in Wisconsin (Knudsen 1962).

Minksarea so attracted to beaver ponds, preying on muskratsand trout
(Grasse and Putnam 1955). Minksused 58 percent of the ponds studied in Wisconsin
(Knudsen 1962).
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Figure 7. Beaver ponds create nesting and brooding habitat for waterfowl (Photo by Rich
Olson).

Ottersuse abandoned ponds. Ottersused 31 percent of the pondsinWisconsin
(Knudsen 1962).

A study inldaho revealed threetimes more small mammalsin beaver-pond
habitat than in adjacent riparian habitat (Medin and Clary 1991). Thedenseand
structurally more complex vegetation of the beaver-pond ecosystem producesfood
and cover that support higher populationsof small mammals.

BIG GAME

Big gamebenefit from enhanced forage production and cover inriparian zones
dueto the subirrigation and stabilized stream flow from beaver ponds (Grasse and
Putnam 1955).

In someareas, beaver cut aspen and other browse speciesthat might other-
wise be used by big game (Grasse and Putnam 1955). For example, moosefeedin
and around beaver ponds, but beaver can compete with moosefor food (Collins
1976a; Shelton and Peterson 1983).

InWisconsin, 86 percent of assessed beaver pondswere used by deer for bed
areasand browse, and 10 percent were used by black bears, which consumed tender
vegetation (Knudsen 1962).
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Interactions with Livestock

Inmany areasof WWyoming, overgrazing by domestic livestock and big game
animalsinriparian areasdegrades habitat conditionsfor beaver. Introduction of beavers
into these areas canimprove habitat conditionsfor livestock and wildlife. However,
extensively damaged riparian areesmust first have astabilized stream channel and
established riparian vegetation before they can become suitablefor theintroduction of
beavers(Collins1993).

Ontheother hand, proper livestock grazing management in riparian pasturescan
improve plant vigor and permit more desirabl e plant speciesto compete effectively with
undesirabl e species, thusenhancing beaver habitat. Lower livestock stocking rates,
shorter grazing periods, and morerest between grazing periods are examplesof man-
agement to enhanceriparian wildlife habitat (Chaney et a. 1990).

BENEFICIAL ASPECTS OF BEAVERS

Beaversimproveriparian habitat for livestock by enhancing subirrigation of
adjacent land through elevated water tables and creating and expanding wetland areas
(Collins1993). Elevated water tablesfrom beaver dam constructionincresseforage
productionfor livestock grazing, enhance growth of woody vegetation that provides

------

- "

"E‘ " 'J_.- . | = '.:{.-' . __ 7 - s e '“I . Y ..__:h; Jm_
Figure 8. Beaver ponds attract livestock by providing forage, shelter, and water sources (Photo
by Wayne Hubert).

21



BEAVER

shelter for livestock, and create additional direct water sourcesfor livestock (Apple
1985; Steubner 1992; Stabler 1985; Boddicker undated; Collins 1993).

Water stored in beaver-pond complexes delaysthe discharge of spring runoff for a
longer time during the growing season and thus extendsthetime of availablewater for
direct useby livestock (Stabler 1985). Additional sourcesof water for livestock also
improvethegrazing distribution and reduce | ocalized grazing pressure across pastures,
thusimproving range conditionsand enhancing efficient use of availableforage
(Boddicker undated).

In somesituations, beavers stimul ate production of understory herbaceousvegeta-
tion by opening overstory canopy cover. Thisisachieved when deciduoustreesare cut
downfor lodge and dam construction and for food supplies (Munther 1981). When
canopy cover isremoved by beavers, additional sunlight reachesthe ground surfaceand
stimulates greater production of herbaceousforagefor livestock. Collins(1993) re-
ported that livestock graze new aspen suckersthat appeared after beavers cut mature
aspens. Under these circumstances, livestock are attracted to these areas, and grazing
distribution can besignificantly atered by beaver activity.

Somedeciduousshrubs, such aswillows, arevulnerableto livestock grazing
during certain periodsof thegrazing season. Inlatefall, when herbaceous vegetation
becomesdormant, livestock areattracted to lush riparian forage. Beaver pondscan
then createpartial or complete barriersto livestock and thusprotect vulnerableriparian
plant speciesfrom heavy grazing. In such cases, aplant species, such aswillow, contin-
uesto prosper in aplant community exposed to heavy grazing because of beaver-
created isolation from livestock with flooding. If beaversareeliminated and water levels
recede, these plantsare once again vulnerableto livestock grazing (Munther 1981).

EFFECTS OF HEAVY LIVESTOCK GRAZING

Livestock are attracted to riparian areas because of succulent forage, easy acces-
shility, shade, agenerdly reliablewater supply, and amorefavorable microclimatethan
that of surrounding terrain (Skovlin 1984). In some cases, heavy livestock grazingis
responsiblefor deteriorated riparian habitat. When herbaceous vegetation in adjacent
upland areasisdepleted, livestock tend to concentratein riparian areas. Deteriorated
riparian areasare extremely sensitivetoimproper livestock grazing. Evenriparian areas
ingood condition are susceptibleto damage by concentrations of livestock whenthe
season of use, duration, and intensity of grazing areimproper (Chaney et al. 1990).

Improper livestock grazing inriparian areas can decrease water quality, reduce
herbaceous and woody vegetation, increase soil compaction, accel erate erosion, and
cause physical stream-bank damage (Thomaset a. 1979). Excessive herbageremoval
rai ses stream temperatures, increases eros on and sedimentation, and rai seswater
evaporation rates, which harm fisheries and riparian resources. Soil compaction de-
creaseswater infiltration rates, increaseserosion from higher runoff velocities, and
reducesvegetative production. Physical damage to banksfrom excessive hoof impact

22



WATER RESOURCES AND RIPARIAN HABITAT MANAGER

canincrease erosion and sedimentation, accel erate channel widening, and decrease
stream depths. Woodly riparian vegetation may suffer from the rubbing effects, tram-
pling, and browsing of excessivelivestock densities.

Onriparian siteswhere extensive tree-cutting occurs dueto high beaver popula
tions, added grazing pressurefrom heavy livestock use may prevent aspen regeneration.
Thiscombination of high populationsof beaversand heavy livestock grazing may
prevent or retard the reestablishment of aspen and other woody vegetation necessary
for future beaver occupancy.

RECOMMENDATIONSFOR LIVESTOCK MANAGEMENT

If livestock grazing causesthe deterioration of riparian habitat, management
steps should betaken to assist beaversinimproving habitat. Grazing management
shouldincludethefollowing gods: (1) retain asufficient herbaceous stubble height of
between 4 to 6 inchesto maintain plant vigor; (2) avoid late-season grazing shiftsto
woody riparian plants; (3) provide stream-bank protection; and (4) maintain sufficient
plant cover to aid in trapping sediment from runoff.

Grazing and habitat management that improveriparian habitat must be commen-
suratewith the unique conditions of each site, including watershed and stream condi-
tions, riparian and upland vegetation, terrain, classand kind of livestock, and manage-
ment capability of livestock operators (Chaney et al. 1990). These circumstances occur
innuMmerousvariationsin riparian areasthroughout VWWyoming. No singlegrazing-man-
agement or habitat-improvement planwill suital stes.

Thefollowing grazing regimeand habitat improvement optionsshould be consid-
ered for improvement of deteriorated riparian areasdueto livestock grazing (Chaney et
a. 1990):

1. Designate pastureswith riparian areasas separ ateunitswith

individual management obj ectivesand strategies. Pastureswith riparian

areasmay beintegrated with adjacent pasturesin arest rotation, two- or three-
pasture deferred rotation, or asimple deferred grazing planto provide adequate
rest and protection from overuse by livestock. Such agrazing regimeallows
different periods of extended rest that suit the condition of theriparian areain
the pasture. Alternate seasons of grazing also can beincorporated in specific
management of riparian areas. Each riparian areaisunique and requires specific
management.

2. Usefencesor herdingto keep livestock out of riparian areas

until vegetation and stream banksrecover. Wherewater isrequired for

livestock, water gaps can be constructed to limit livestock accesstoriparian
areas. Herding helpslivestock acquirelearned behavior to select nonriparian
sitesfor resting, feeding, bedding, etc. In some cases, livestock operators select
livestock breedsthat prefer grazing on uplandsto grazing inriparian Sites.
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3. Control thetiming of grazing to keep livestock off stream bankswhen
they aremost vulner ableto damage and coincidewith the physiological needs
of tar get plant species. Allow livestock to graze only whenriparian soilsaredry to
avoid soil compaction and to minimize damageto stream banks.

4. Add morerest tograzing cyclestoincrease plant vigor, allow stream
banksto heal, and encour age mor edesir able plant speciescomposition. In
riparian pastures, more rest between grazing periodswill improve plant vigor and permit
more desirable plant speciesto compete effectively with undesirable speciesthat are
favored by intense heavy grazing.

5. Limit grazingintensity tolevelsthat maintain desir ed speciescomposi-
tion and vigor. Lower stocking ratesand shorter grazing periodsimprove plant vigor
and provide acompetitive edgeto desirable plant species.

6. Changethetypeof livestock to obtain better animal distribution
through her ding. When herded, sheep tend to cover moreground during grazing
activitiescompared to cattle. Changing from cattleto sheep improvesthegrazing
distribution when herded and thusreduces grazing pressure on riparian aress.

7. Initiaterangeimprovement practiceson adjacent upland areastodraw
livestock off riparian areas. Salting, placing of mineral blocks, developing water
resources, prescribed burning, providing shadetrees, fertilizing, “ rotobeating,” thinning
sagebrush with tebuthiuron, and using ahost of other treatmentsto upland plant commu-
nitiesattract livestock to these areasand away from riparian zones.

8. Permanently excludelivestock from riparian areasin poor condition
that have poor recovery potential when thereisno practical way to protect
them whilegrazing adj acent uplands. Deteriorated riparian areasare more sensitive
toimproper livestock grazing than areasin good condition. Damagefrom grazing-
deteriorated-riparian areas can be severe, long lasting and, in some cases, irreversible.

The condition of riparian habitat in\Wyoming variesfrom siteto Sitedepending on
anumber of physicd (draining/diverting water, filling, excavating, etc.), chemica (runoff
fromfertilizers, herbicides, pesticides, etc.), and biological (grazing, exotic plant intro-
ductions, etc.) factorsthat influence these systems. Beavers can enhance these ecosys-
tems. However, they also can be detrimental at high population levels. Any recovery
planfor riparian areas must address both the management of livestock and the control
of beaver populationsto prevent thereturn of degraded conditions (Collins 1993).
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Management with Beavers

WATERSHED RESTORATION

Riparian habitat on publiclandsin the arid West has become scarce. In southwest-
ern Wyoming, 80 percent of riparian habitats have beenlost dueto accel erated stream-
bank erosion and lowered water tables.

In southwestern Wyoming, beaverswerereintroduced in agully-cut stream system
to restore eroded stream banks, enhanceriparian areas, and improve water quality
(Smith 1981, 1982, 1983; Brayton 1984; Randall 1985; Maret 1985; Parker 1986;
Maret et a. 1987). Willows had been extirpated and stream-bank erosion was exten-
sve. The creeks contributed aheavy st load to the Flaming Gorge Reservoir.

Beaverswerereintroduced to the watershed and aspen were planted because
large building material for stabledamswas not present. Damsthat were subsequently
constructed trapped sediment, reduced stream vel ocity, €l evated thewater table, and
reduced the effects of seasonal fluctuationsinthewater table. Damsencouraged the
growth of willowsand riparian plants, stabilized banks, and improved riparian and
aquatic habitats, and they reduced sediment transport by 90 percent in some sections of
thestreams.

Land use practicesaong streamsinfluenced the effect beavershad on the system.
For example, Current Creek carried 34 ounces of sediment in each 100 cubic feet of
water from publicland. After flowing five milesthrough privateland with well developed
riparian habitat and beaver dams, the solids|oad was reduced 90 percent (Smith 1981).
However, solidsincreased 110 percent when the stream flowed through half amile of
highly grazed pasturewith poor riparian features. Concentrationsof suspended solids
increased even further to 112 ounces per 100 cubic feet over the next two mileson
publicland with poor riparian conditions.

During high flows (spring runoff), suspended solids, phosphorus, and nitrogen
werereduced in water flowing through beaver pondsthereby improving water quality.
Suspended sedimentsin beaver pondstrapped phosphorusand nitrogen and signifi-
cantly improved water quality (Maret 1985; Maret et al. 1987). The beaver pondshad
lesseffect in summer because of lower flows, but sediment transport and erosionwere
subgtantialy lessduring summer. Downstream from the complex of dams, bank and
channel erosion persisted and suspended solids, phosphorus, and nitrogen levelsinthe
streamincreased.

TRANSPLANTING STRATEGIES

Trapping and transplanting beaversto suitable, unoccupied habitat isaviable
option for enhancing water resources and riparian habitat. In margina habitat, beavers
can provideimmediate benefitsto riparian areas. However, occupation of marginal
habitat isoften short-lived because beavers commonly disperseto more suitable areas
(Callins1993). Theided situation for successful transplantingisto
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relocate beaversin areaswhere beaverswereremoved by trappers (Wood River
Resource Conservation and Development District 1989).

Severa factorsmust be considered for asuccessful transplant. The habitat must
beevauated for its potential support of beavers. Rel ocated beavers cut and use many
treesfor dam construction during thefirst two yearsafter thetransplant. Inmarginal
habitat, structurally sound treesmay betransported to therelease sitefor use by bea-
vers. However, providing young treesfor food and building material srequires consider-
ableeffort (Wood River Resource Conservation and Devel opment District 1989). This
approach can be successful in marginal habitat when conducted smultaneoudy with
vegetation treatment to improve willow and aspen densitiesthroughout the drainage
(Collins1993).

Aspensof 4to5inchesin diameter and 4 to 8feet inlength areideal for beavers.
Transported tree branches with these specifications shoul d be placed next to streams.
Beaversgenerally will cut woody material within 100 feet of apond edge, but they will
travel up to 600 feet to obtain building material (Wood River Resource Conservation
and Development Digtrict 1989).

Anevaluation of potential areasfor transplanted beavers must address nuisance
problems of adjacent landownersin the event theanimasmoveto other sites. Beavers
do not dwaysremainwherethey arereleased, evenif thesite providesoptimum habitat.
Two-year-old beaverscommonly disperseto other areas causing damage problemsthat
requirecontrol efforts.

I nforming upstream and downstream landownersof targeted sitesfor transplant of
beaversisrecommended. Ownersof adjacent land and local wildliferesource managers
must work together for asuccessful transplant. A cooperative eval uation of habitat
quality and potentia adverseeffectsof beaversisimportant for planning transplants
(Wood River Resource Conservation and Devel opment District 1989; Collins1993).

Trapping and transpl anting should be performed by an experienced trapper in
cooperationwith local G& F personnel. Captured beavers should bewel ghed, sexed,
and aged (adult, yearling, kit) to ascertain the composition of the transplanted assem-
blage. To assuretheidentification of released animals, all captured beaver should be
ear-tagged. Thisinformation helpsmonitor thefuture successor failure of transplants
(Collins1993).

Optimumtimesfor transplanting beaversare during the principa dam-building
period, late summer or early fall (August- October). Beaversthat are transplanted
duringthistimearelesslikely to desert the area(Wood River Resource Conservation
and Development District 1989). Yearlingsand adult mal es can successfully betrans-
planted between 1 May and 30 September. However, after 30 September at higher
elevationswinter may arrive beforetransplanted beavers have an opportunity to con-
struct damsand cachefood supplies (Collins 1993).

Thebest strategy isto transplant threeto five beaversfrom the same colony that
includesabreeding pair (Wood River Resource Conservation and Devel opment
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______

Figure 9. Trapping and transplanting of beaver to unoccupied areas can be used to enhance
water resources and riparian habitat (Photo by Thomas Collins).

District 1989). Adult or yearling beavers should betransplanted in mae-femalepairs. If
all malesor all femaesaretransplanted, they will probably disperseto other areasin
search of mates. Adult females should not be transplanted until after kitsareweaned
(August) or kitsshould betransplanted with females (Collins 1993).

Anima sshould betransplanted to asite at asufficient distancefromtheir home
colony to reducethe chancesof returning dueto hominginstincts. Thisproblemis
especialy significant when adult pairsare separated (Collins 1993).

MANAGEMENT OF TRANSPLANTS

In new colonies, beavers should not be harvested for at |east three yearsif food
isadequate. Thisalowssufficient timefor the establishment of aviable population
(Wood River Resource Conservation and Devel opment District 1989).

Onsiteswith margina habitat, livestock grazing should beavoided for oneto
two years. Thisdeferral alowsriparian plant communitiesto adjust to beavers. When
livestock grazing on beaver-transplant sitesisresumed, arest-rotation or deferred
grazing system that benefitsriparian vegetation must beimplemented (Wood River
Resource Conservation and Development District 1989). Thegrazing management
practicesand habitat improvement options suggested by Chaney et al. (1990) should be
followed.
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Longevity of abeaver colony dependson habitat quality, size of acolony’shome
range, and carrying capacity of the habitat. When acolony establishesalarge home
rangein optimum habitat, the site may be occupied for many years(Collins 1993).

Management of atransplanted beaver colony must beimplemented to avoid
habitat degradation and eventual abandonment of the areaby beavers. A population that
exceedsthe carrying capacity depletesresourcesand isforced to disperseto other
areas. Abandoned ponds eventudly fill with silt and becomewet meadows. Under
natural conditionsand over time, treesand shrubs establish themselvesand makethe
Steagain suitablefor beaver colonization. Thelength of thisoccupancy-abandonment-
succession cycleishighly variableand rangesfrom afew yearsto severa decades
(Callins 1993).

Unregulated livestock grazing of wet meadowsthat become established after
beaversabandon an areacan delay beaver recolonization. If grazing issevere, preferred
treesand shrubs may not reestablish themselves and restoration of beaver habitat does
not occur (Collins1993).

Where multiple beaver coloniesoccupy the samedrainage, previoudy aban-
doned sitesmay be recol onized before sufficient timefor reyuvenation has passed.
Accumulated habitat degradation inthisinstance can result in abandonment of entire
drainages(Collins 1993).

Population management should extend over an entire drai nage because beavers
rapidly occupy al suitable habitats. Management after transplant should focuson
controlling beaver popul ations so that some habitat in the drainage remainsunoccupied
(Collins1993).

Managing Beaver Damage

DESCRIPTION OF THE PROBLEM

Most of the damage by beaversisfrom dam building, bank burrowing, and tree
cutting, or flooding. Beaverscommonly usemud, rocks, sticks, fence posts, treelimbs,
corn stalks, and other types of vegetation to build dams. These same materidscan plug
drain pipes, irrigation gates, culverts, canas, ditches, bridges, and other structuresin
water impoundments (Miller 1983; Wade and Ramsey undated).

Inurban areas, beavers cause damage by cutting or girdling ornamental treesor
shrubs, burrowinginto yards or walkways adjacent to streamsor rivers, and flooding
roadways and walkways. Shade treesand ornamental treesin parks, golf courses, and
urban greenbelts often are severely damaged when beaver populationsare high. On
urban lakes and ponds, the burrowing by beavers often destroys Styrofoam and other
flotation material sthat support docksand boat houses.

Inrural areas, beaversoften cause flooding of roads, pastures, croplands, and
timberlands by damming drainage ditchesand cand's, plugging drain pipes, and building
damson small streams. Livestock watering ponds often attract beaverswhere
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livestock, and aesthetic values (Photo by Thomas Coallins).

burrowinginto the banks or earthen damsfrequently causeswashoutsthat can destroy
the ponds. Fields of sorghum, corn, soybeans, and other agricultural cropsadjacent to
streamsand ponds are often used extensively asfood sources by beaver (Wadeand
Ramsey undated).

Beaver pondsand areasflooded by beaver damsprovide optimum conditionsfor
mosquito production. In urban areas, this situation reducesthe effectiveness of mosquito
control. Inrural aress, additional mosquito production may significantly harm livestock
and humans (Wade and Ramsey undated).

Onanationwide scale, aconservative estimate of costsfrom beaver damageis
about $75 million per year (Miller 1983). Thisincludesdamageto crops, forests, roads,
pastures, and rural and urban properties.

Beaver damage can beintensive, such asoneor two beaversdamming aculvert or
drain pipe causing flooding of roadsor crops, or extensive, where several beaver
coloniesinaflatland areacauseflooding over several hundred acres. The extent of
damage depends on when the property owner or land manager recognizesaproblem
and startsadamage-control effort. Damage control should begin as soon asaproblem
develops. When beaver coloniesarewell established over alarge contiguousares,
management becomesdifficult and costly.

Extremely difficult damage control ariseswhen aneighbor of alandowner with
damagefrom beaversrefusesto cooperate with management of the beaver populations.
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Inthiscase, damage control
ontheaffected lands be-
comesdifficult because of
periodicreinvasion by
beaversfrom the adjacent
land (Miller 1983).

| dentifying beaver
damageisusudly not
difficult. Thepresenceof
dams, dammed culverts,
bridges, or drain pipesthat
flood lands, forests, roads,
or cropsindicatethework
of beavers. Cut-down or
girdled treesand burrowsin
pond or reservoir levees
also confirm damage by
beavers. Sometimesthe
removal of sticks, logs, mud,
and debrisfrom dammed
culvertsor drain pipesto
reducewater levelsfor
trappingisvery difficult
(Miller 1983).

Damrepairisa
compellingforcein beavers
becausethey perceiveany
water flowing througha
structure asaleak that must
befixed. Thesight or sound of escaping water stimulatesrepair behavior. Any water-
level control structurethat (1) producesasound of running water, (2) producesthe
appearance of escaping water, (3) producesthefeel of escaping water, and (4) is
accessibleto beaver will dicit repair (Buech 1985).

Before damage control isimplemented, the degree of damage and cost of
control should be eval uated against the benefitsfrom the presence of beavers.
Examplesof such benefitsincludefur vaues, recreational trapping, water storagein
beaver ponds, and habitat for waterfowl and other wildlife (Wade and Ramsey
undated). If damage control isnecessary, several possible approaches can be
considered. Non-lethal techniquesare preferred over lethal methodsto reduce or
eliminate problem beavers.
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Figure 11. Obvious beaver damage of a unique form
(Photo by Rich Olsen).
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LEGAL STATUS

InWyoming, the beaver isclassified asafurbearer, and licensed trappersmay trap
beaversduring established seasons. However, beaversthat flood meadows, dam
irrigation systems, or construct damsor pondsthat are dangerousto livestock on
privately owned landsor on statelands may bekilled immediately by landowners,
lessees of statelands, or employees of thelandowner or lessee or an agent of the
landowner or lessee (G& F 1989).

DAMAGE PREVENTIONAND CONTROL TECHNIQUES

Exclusion Methods

Ornamentd treesand shrubsare often damaged by beavers, especially when
yardsare near streams, rivers, or ponds. Beavers cut down or feed on treesin urban or
rura yardsat night. A singletree or shrub can be protected from damage by fencing or
wrapping with hardware cloth or asimilar stiff materia. Chickenwireisusudly toolight
unlesswell staked. Hardware cloth must be at least 30 incheshigh and haveno larger
than two-inch mesh.

Thistechniqueisfeasiblefor afew treesor shrubsin privateyards, small parks,
and golf coursesin suburban areas. But itistoo costly and impractical inlargeareasor
shelterbelts, especidly
wherebeaver damageis
extensve(Collins1993;
Saskatchewan Parksand
Renewable Resources
undated; Wade and
Ramsey undated).

Culvertsare
especidly susceptibleto
beaver problemsbe-
causethey producethe
sound, sight, and fed! of
escaping water, and are ‘

accessibleto beavers.
Damming of culvertsby
beaversmay becurtailed
using variousmethods.

A wire-mesh
protector can be made
from concretereinforce-
mentwirethat is Figure 12. Siff hardware cloth can be used to protect a single

tree or shrub from beaver damage (lllustration courtesy of

Saskatchewan Environment, Wildlife, and Resource Management
Branch).
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rolled together and fastened to
extend at |east 12 feet fromthe

end of theculvert. Thecylin- gt
dricl wiremeshshouldbe . = ‘ AT 1 it
placed over theend of the il '“?f e
culvert and not insideto oL T "f-_u;;-:“_-."a;ﬁf,-'e';;;| '11 i
prevent beaversfromflattening |2 ¢ I 1” :-,_.'t i ,"}','l-'."r,?ﬁ-i
thisend. Light rodsshould be i

welded at two positionsinside
thecylinder (at threefeet and
ninefeet) to further holdthe
protector inacylindrica
shape. Theend of thewire
protectorinapondiswired [
closed to prevent entry of L m\'ﬁ 2
beavers. Four metal stakes |||} "-,! f' il
holdthisdeviceinplaceina |1k
pond. Periodic maintenanceis ",j“il_r"ﬂ,'l- 'a:.'u'.l.Lf.-r
required, however, to keep the

protector effective. If the Fi 13 Awi Ivert protector i method of

o ; igure 13. A wire-mesh culvert protector isone od 0
pr_otect(_)rfreez&sln iceduring reducing damming by beavers(lllustration courtesy of
winter, itmay co!lapseunder Saskatchewan Environment, Wildlife, and Resource
thepressuresof icebreakup ~ Management Branch).

thefollowing spring
(Saskatchewan Parksand
Renewable Resourcesun-
dated).

Another devicethat
protects culvertsfrom dam-
ming istheculvert protector-
cleaner. Thisdevicecanbe
built for most sizesof culverts
andrequireslittiemaintenance.
Itisconstructed by welding
rodsof three-quarter-inch
rebar acrossalooped chain.
Rods are spaced approxi-
mately four inchesapart. This

Figure 14. The culvert protector-cleaner prevents
protector should extend at damming by beavers and is easily cleaned by attaching
least six feet fromthebottom  the tail chain to a vehicle bumper and pulling it up to the
of theculvert onthestream road (lllustration courtesy of Saskatchewan Environment,
Wildlife, and Resource Management Branch).
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bed and have atail chain or cable attached to the lower end. The upper endisheld
against the culvert by abolt that i s placed through thetop of the culvert. Theculvert
must be cut on an angleto allow thedeviceto lieonasope. Theend of thetail chainis
looped back and attached to astake at the side of the road grade. When beaverspile
mud and stickson this protector, they can be easily removed by attaching thetail chain
to avehiclebumper and pulling it up onto theroad. Thisdeviceisbest used on road-
waysthat cross major streamswhere beaversfrequently travel (Saskatchewan Parks
and Renewabl e Resources undated).

To reducethe sound, sight, and fedl of escaping water from culverts, ashort
elbow can be attached on theintake end of the culvert and oriented to face down and
have agrate over the opening for cleaning. Theimmediate areaof the elbow should be
dug out with abackhoe or other heavy equipment to create adeep holedirectly below
theintake end of theelbow. An dternativeto agrateisthe complete enclosure of the
intake end with wiremesh, staking material, or apileof rocks. However, beaversmay
start repairing the outlet end of the pipe by plugging the pipedirectly, extending thedam
toincludetheoutlet pipe, or building anew dam below theoutlet. Inthiscase, the
outlet pipe can beelbowed similarly to theintake end, extended, grated, or fenced.

Another techniqueto reduce damming of culvertsisto cover theintake end of the
culvert with asheet of plywood so that the lower edgeisjust below thewater surface.
Thiseliminatesthe appearance of escaping water from the upstream side, althoughthe
water isdtill flowing fredly through the culvert underneath thewater surface. This
techniquereducestheflow rate of water through the culvert, createstoo small ahole
for beaversto enter the culvert, reducesthe sound of water running out the culvert, and
eliminatesvisua cueson the pond surfacethat water isescaping. However, thisap-
proach requires periodic checking and adjustment when water levelsincrease or
decrease (Buech 1985).

Cleaning plugged culvertsistime consuming. Laramie (1963) described amethod
using avehicle-mounted winch to pull ashort log through the culvert to removethe
plug. Inthisexample, aconcrete reinforcement rod isused to thread aropethrough the
plug. Theropeisthen attached to the winch cableand pulled back through the plug. A
log dightly smaller thanthe culvert diameter isattached to the cable at its center, then
winched through the culvert outl et to pull the plug and 1 og through the culvert and clear
the opening. Thisprocess can be repeated asnecessary to removetheentireplug. If a
mud plug remains, asmall diameter tree can bewinched throughtheculvert likea
cleaning brush. Another techniqueto remove plugged culvertsisthe use of aportable,
gasoline-powered water pump to hydraulically remove plugsfrom culverts (Buech
1985).

CULTURAL METHODS
Techniquesthat discourage establishment of coloniesor encourage beaversto
abandon existing habitat are commonly referred to as* cultural methods.” These
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methodsare generally not effective because beaversusudly ater or modify their aquatic
habitat extensvely over time. With the possible exception of eiminating food sources
and aguatic habitat, most cultural practiceshave no significant effect on beavers. How-
ever, severd techniquescan betried (Miller 1983).

Clearing land to removefood sourceshasmet with only limited success. If building
materia sarein short supply, completeremoval of remaining woody vegetation can be
effectiveaong ditches, cands, streams, ponds, and reservoirsin sparsely forested
areas. |n some cases, shorelines can be densely planted with conifersto shade out
competing hardwood vegetation (Buech 1985). Another aternative approachisclearing
woody vegetation from shorelinesand planting agricultural cropsno closer than 100
yardsfrom streamsand ponds (Wade and Ramsey undated). However, thistechnique
may result in severeriparian habitat degradation and detrimental impactsto aquatic
resourcesif applied toriparian areaswith unstable soils. Thisapproachisalsoin oppo-
Sition to nonpoint-source-pollution control philosophy.

Themost widdly used but |east effective method of atering aguatic habitat is
removing damsor lodges (Buech 1985). Typicaly, dams, lodges, or both areremoved
or partidly destroyed either manually or with dynamite. Beaversrespond by repairing a
damor lodgeby thefollowing day. Removal ismost successful during theinitid building
periodif damsand lodgesare destroyed s multaneoudy. Remova of building materias
far enough from the siteto discourage further reuse of previous materialscan beeffec-
tive. Daily destruction of damsor lodgesin margina habitat may persuade beaversto
abandon an area. However, thismay causeacolony or individual beaversto moveto
another sitewhere they may become moretroublesome (Miller 1983). If beaversare
abundant, they continually reinvade suitable habitat despite dam and lodge destruction.

In some cases, beaversare needed to maintain water supplies, but their pond
szemust beregulated to prevent excessiveflooding. Instaling drains cantemporarily
maintain water levelsat tolerablelimitsand reducethe sound and sight that trigger dam
repair in beavers. Several drain designsreducewater levelsin beaver pondsdespitethe
presenceof theanimals.

Onetechnique, awater-level-control pipe, issimpleto build and can be used
for many yearswith little maintenance. To construct awater-level -control pipe, oneend
of apolyethylene pipel8feet long and 8 inchesin diameter isplugged with afitted piece
of wood. Thesection of pipeinthebeaver pondisperforated by drilling severd 1-inch
diameter holesin aseriesaong 8 feet of the pipe. The pipeisplaced through abeaver
dam at an appropriate vertical position to drain excesswater fromthe pond. The
perforated end of the pipe should extend well into the deep water of the pond. A 4- to
6-foot extension of the pipe beyond the dam on thedownstream sideisusually ad-
equateto prevent beaver repair. Extensionsmay be added to thedownstream sideif
necessary. Thisdeviceismost suitablefor small ponds (Saskatchewan Parksand
Renewable Resourcesundated).
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Athree-logdrain = = .
system can beeffective |
and constructed i nexpen-
svely withthreelogsand
sheet metd (Buech 1985).
Square wooden pipeswith
solid topsand sideswith
datted bottomsor a
perforated PV C pipe 16 to
24 feetlongwithacapon
theinlet end canbeusedin
placeof logs(Laramie P,
1963). Thethreelogsare |

held togdher withsheet l|:i ur; 15 Thi; Water-l-evel -control pipe rn;.l ntains W;er
meta and placed through g ' PP

. levels at tolerable limits to prevent excessive flooding
th.e dam so that one e'j‘d IS (lllustration courtesy of Saskatchewan Environment,
laidontheupstream side Wi dlife, and Resource Management Branch).

of the dam at the bottom of

the pond and the other end extends beyond the dam on the downstream side. The outlet
end of the pipe should extend far enough beyond the dam on the downstream sideto
discourage beaversfrom extending their damsto cover the outlet end. The height of the
outlet end determinesthewater level in abeaver pond.

Even these drains can be plugged by beaverswhere beaver populationsare high.
Guenther (1956) described afencing arrangement called a* beaver baffler,” which
consistsof two parallel lines of woven wirefence about threefeet apart that extend 15
to 20 feet bel ow the dam, through the dam, and to adistance of 30 to 40 feet upstream
in 1to 3feet of water. Wovenwire cross sectionsareinstalled insidethefenced laneto
block beaversentering thelanefrom beneath the fence. Postsare placed along the
wovenwirefenceto holdit to the bottom of the pond.

Other water-control structures such as spillways, adjustable overflow structures,
drop tubes, and whistletubes produce stimuli that trigger dam repair in beavers (Buech
1985). These can be modified to reduce beaver dam repair.

Spillwayswith or without an apron produce the sound, sight, and feel of escaping
water and stimul ate beaversto build adam acrossthe spillway entrance. Adjustable
overflow structurescontrol water level sthrough placement boards, called stop-logs,
placed in achanneled framework insidethe dam. These stimulate beaversto plug the
overflow with sticksand mud at full pool and at drawdown (Buech 1985). Both of
these structures can be modified to reducethe stimuli of escapingwater by ingtalinga
vertical baffle off theleading edge of the overflow or spillway so that escaping water
would beinvisiblefrom thewater surface on the upstream side. Baffle height and length
should be sufficient to prevent aview of the escaping water and accessby beavers
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to the spillway or overflow. Also, agradual declinefrom the spillway or overflow edge
tothe pool rather than avertical drop over the edge reducesthe noise of escaping
water. Beaver accessto the spillway or overflow edge can berestricted by staking or
fencing theareain front of the bafflefar enough away so that water cannot befelt
passing through the barrier (Buech 1985).

Drop-tubesaretypically L-shaped and the horizontal segment isbeneath thedam
and avertical segment isattached at or near theintake end of the horizontal portion.
Constructed with culvert sectionsor concrete, water dropsdown thevertical segment
and itsheight controlsthewater level. Drop-tubesproduceall thestimuli that trigger
repair. Onesolutionto eliminate beaver from plugging theintakeand outlet ends of a
drop-tubeisto add two successive 90-degree el bowsto theintake, thereby creating
aninverted“J’ pattern. Theintake end under thewater surface can be covered witha
removablegrate. Reynoldsand L ewis(1976) reported that thismodification eliminated
the appearance of escaping water and thus somewhat discouraged beavers. If the
sound of escaping water still attractsbeavers, alength of pipe can beinstalled between
the 90-degree elbowsto movetheintakefar enough from thevertical tubeto reduce
the association between thetwo tubes. If problemsstill persist, beaver accesscan be
restricted by fencing, staking, caging, or enclosing theintakeinsideapileof rocks
(Buech 1985).

Whistletubes resemble drop-tubes except that the vertical segment doesnot
function asadrop-tube outlet but holds removabl e boards or stop-logsof varying
lengthto regulatewater level . Water flowsfrom the bottom of abeaver pond into the
horizontal segment to thetop of the stop-log in the whistle tube and then down the
other half of thevertical tubeto the outlet. Thevertical tubeisplacedin an earthen dam
to provide accessfor the placement of stop-logsof varying lengths. Thiswater-level
regulator isfairly successful at reducing beaver problemsat full pool. However, at
drawdown thewhistletube actslikeastraight culvert and elicitsbeaver repair. Thiscan
bemodified by ingtalling an elbow at theintake end of thewnhistletube and fencing or
enclosing theend in apileof rocks (Buech 1985).

Any of the described water-level regul ating methods has an added advantage
of encouraging nativewetland plant devel opment on exposed mudflats, whichimproves
habitat conditionsfor waterfowl and other aquatic wildlife. In somesituations, exposed
mudflats can be seeded to Japanese millet, barnyard grass, or avariety of other
beneficia plant speciesthat providefood and cover for waterfowl and other wildlife
(Wade and Ramsey undated)

REPELLENTS

No chemical repellentsare specifically registered for use on beavers. However,
severa researchersin past yearstested promising repellents. Most were either non-
effective, not registered for use on beavers, environmentally unsafe, or not practicd . Of
thoserepdl lents, somewere marginally successful (Miller 1983; Collins1993; Wade
and Ramsey undated).
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Huey (1956) found that 10 percent trinitrobenzene-anilinein acetoneand
arochlorsreduced damageto val uable ornamental treesand shrubs. The deer repel -
lent“Magic Circle” was somewhat promising athough further testing wasnot con-
ducted. Buech (1985) mentionsthat arepellent called “ Ropel,” which hasan active
ingredient of denatonium saccharide, has been advertised as curtailing the cutting or
feeding on vegetation by beavers.

Other repellentssuch aslight and noise deviceshavelittleor nolasting effect on
beaver repair behavior (Guenther 1956; Collins1993). Buech (1985) had little
successwithwind-activated wolf silhouettesand wolf fecesto prevent beaversfrom
plugging culverts. However, Guenther (1956) reported temporary successby hanging
burlap bags covered with scent from natural predators (bear, cougar) on beaver
dams. Inthiscase, beaverstemporarily avoided theareauntil the scent dissipated.

Johnson et al. (1976) tried el ectrically charged wires across dam breaks, but
the system was easily shorted out and subsequently unsuccessful. Othersreported
some successwith el ectric fenceswhen the charged, noninsulated fencewirewas
attached to aframe on floats (Buech 1985). This system stopped beaversat all
structures, but damage continued when the el ectric fence wasremoved.

Peterson (1979) suggested creating and maintaining artificial scent moundsat
vacant problem sitesto fal sely adverti se occupation. Thistechnique may beeffective
but iscostly in materialsand labor.

TOXICANTSAND FUMIGANTS

No toxicantsor fumigantsare currently registered by the EPA for useon
beavers (Miller 1983; Buech 1985). There has been someresearch to develop
effectivetoxicants on captive beavers. However, none of these chemicalshasbeen
tested inthefield to insure environmental safenessor practicality (Buech 1985).
Research reveded that somefumigantskill captive beaversin burrows, and some
baitskill captive beavers. Thereisadefinite need to devel op toxic baitsthat are
selective, readily acceptableto beavers, and easy to use (Wade and Ramsey un-
dated).

TRAPPING

A variety of trapsaresuitablefor capturing beavers. Theseincludethe
Hancock and Bailey livetraps, leg-hold traps, “ conibear-type” traps, and wire-cable
snares. Inmany situations, trapping isthemost effective, practical, and environmen-
tally safemethod of control. Trapping effectiveness dependson atrapper’sknowl-
edge of beaver habits, the ability to read beaver sign, the use of proper trapsfor each
situation, and correct trap placement. Where beaver are common and not exposed
to previoustrapping, thistechnique can be successful. With additional experienceand
expertise, atrapper can become proficient in removing problem beavers
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Livetrapping iseasy when only afew problem beaversexist. Beforelivetrapping,
acceptablerelease stesmust have been identified wheretransplanted beaverswill not
cause additional damage. Also, beaverswill not remaininareasunlesstherearesuitable
materialsfor food and dam building and an adequate water supply. Relocating beavers
into areaswith existing popul ations causesintenseintraspecific competition and migra-
tionto other areas (Wade and Ramsey undated).

o ; T L T T R, R i
Figure 16. Livetrapping is an alternative to remove problem beavers (Photo by Thomas
Coallins.)

TheHancock and Bailey livetraps are expensive, cumbersome, bulky, and hard to
concedl. TheBailey livetrapisused exclusively for underwater setsin lessthan afoot of
water. The Hancock trap iscommonly set on steep banksfacing thewater. Thistrap
has powerful springsthat may pose adanger to peopleand domestic animals. However,
both trapsarereadily visibledueto their sizeand |location of the set. Because many
peopl e are opposed to trapping, strong local support for beaver control isnecessary
beforelivetrapping can beeffective. In many cases, livetrapping and transplanting
beaversmay not be areasonable economic or biological damage control method
(Wade and Ramsey undated).

Leg-hold traps capture beavers, but their userequiresknowledge and skill. The
sizeand jaw spread of thesetraps should not be smaller than anumber 4 long-spring or
coil-spring trap and should bein good mechanica condition. Leg-hold trapsrequirethe
useof aweight and didelock wireor other mechanism to ensurerapid drowning of
trapped beavers.
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Placement of leg-hold trapsisimportant for trapping success. Thesetrapsare
usually placed dightly under water at the shorelineand the pan, jaws, and springsare
lightly covered with leavesor mud. Theremust beacavity under thepanto alow
release of thejawswhen abeaver stepsinto thetrap. Traps should be placed dightly
off-center onthe beaver trail or run to ensure capture by the hind foot. When leg-hold
trapswithout drowning setsare used, beavers commonly escape.

Leg-hold trapsin bank densor feeding burrows are especialy effectivefor trap-
ping young beavers. Thisset can be placed under water at the edge of holeswhere
beaversturn upward to enter their burrows. Castoreum scent or freshly cut cotton-
wood, ash, or willow can be used asbait to attract beaversto leg-hold sets. Scent or
bait isespecialy helpful around scent moundsand on didesdown the bank or dam. To
increase trapping success, several setscan bemadein didesand runsnear damsand
feeding areas (Wade and Ramsey undated).

Oneof the most effectivetrapsisthesize 330 “ conibear” trap (Miller 1983; Wade
and Ramsey undated). Designed primarily for underwater use, thistrapiscommonly
used by professiona beaver trappers. “ Conibear” trapskill abeaver ingtantly. They are
equaly effectivein deegp and shdlow water. Thesize, effectiveness, mobility, and
capability tokill beaversquickly makethese an effective management tool. Only one
trap per sitegenerally isnecessary and thusreducesthe need for extratraps. When
tripped, they exert tremendous pressure and impact. Care must be taken when setting
and placing thesetrapsto avoid persond injury.

A variety of setscan bemadewith “conibear” trapssuch asdam, dide, lodge,
bank-den, runor trail, under-log/dive, pole, under-the-ice, deep water, drain pipe, and
others sets depending on atrapper’ singenuity. In most ponds, beaversaretrapped
easily with setson damsor inlodges or bank dens, and inruns, dives, or dideswhere
animalsenter thewater from feeding areas. In shallow ponds, beaverscommonly swim
along pond bottomsinareascalled runs. Theserunsareused for traveling from lodges
or densto dam sites or feeding areas. The bottoms of these runsare good | ocationsfor
Setting “ conibear” traps.

Underwater runs can belocated by wading the pond and using agood stake or
walking staff to locate deep areas. In older beaver ponds, runsand lodgesor den
entrances are commonly scoured to adepth of 2 to 3 feet in the pond bottom.

Another effectivetechnique of using* conibear” trapsisto break out aportion of
thedam during themorning, allow water levelsto lower al day through the break, and
set thetraps near the break during that evening. Beaversusually repair abreak inadam
during the evening hoursafter sunset. Trapsthat are set when the damisbreached often
end up abovethewater level by evening or aretripped or blocked by debrisflowing
through the break. The best setsat abroken dam aretrapslocated 12 to 18 inchesin
front of the dam in moving water with stakesand debris placed on both sides of thetrap
to guidebeaversintothetrap jaws.

Riedel (1988) reported that wire-cable snares set in South Dakotaare very
effectivefor taking beavers.
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Snaresareversatile, quick to set up, easy to use, and do not scare or spook
beavers. Thistechniqueiseffectivewhere beaver didesenter thewater, at denen-
trances, infeeding areas, onland or water trails, or where beaversdive under logsor
other obstructions (Wade and Ramsey undated).

Disadvantages of using snaresinclude unnecessary suffering of animalsandthe
potential probability of capturing non-targeted wildlife species. Snaresmay not be
advisablewherethreatened and endangered wildlife speciesor other protected species,
such astheriver otter, may occur.

SHOOTING

Generaly, thetime spent trying to shoot problem beaversisbetter spent on
trapping. Shooting rarely eliminates problem beavers (Miller 1983; Buech 1985).
Because beaversrapidly becomewary when hunted with firearms, thistechnique usualy
isonly partidly successful. Their nocturnal habitsandthedifficulty in hitting swimming
beaversareadditional factorsthat make shooting amarginaly successful control tech-
nique (Buech 1985).

However, the most common technique used to shoot beaversistosit quietly ina
hiding spot next to apond and shoot individual swimming animalsduring early morning
and evening. Beaversare most activefrom late afternoon to shortly after daybreak,
depending onthetime of year. During the day, beaversretireto their lodges or bank
densuntil |ate afternoon (Wade and Ramsey undated).

Another common shooting techniqueisto lower pond-water levelsand shoot
beaversasthey leave den entrances. When beaver damsareremoved, water levels
drop and leave den entrances exposed (Wade and Ramsey undated). In some cases,
trained dogs are used to flush beaversfrom bank densand lodgeswhere they are shot
upon emerging (Buech 1985). Depending ontherange, either ahigh-poweredrifleor a
shotgunwith large shot iseffective. Shotgun shellscontaining small bird shot or rifles
firing .22-caliber bulletsare not adequatefor killing beavers.

OTHER TECHNIQUES

Frightening techniques are seldom successful because beaversarewary of humans
and restrict their activitiesto nighttime hourswhen harassed. Inamost all cases, these
methods do not force beaversto leave aready established habitat and do not prevent
future damage (Wade and Ramsey undated).

Somechemicalsinhibit reproduction in captive beavers. However, thereisno
known method to administer areproductiveinhibitor inwild beavers. Extensiveresearch
and testingisrequired to devel op methodsto apply chemical reproductiveinhibitorsto
wild populations. An additiona problemisto get chemical reproductiveinhibitorsfor
this purposeregistered by the EPA (Wade and Ramsey undated).

In some cases of extensive and repeated damage, almost every kind of imaginable
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method has been tried. Theseinclude dynamiting lodges during midday to using snag-
typefish hooksinfront of dams, road culverts, and drain pipes(Miller 1983). Although
they may kill afew beavers, suchtechniquesrardly eiminate damage. In many cases,
nontarget wildlifespeciesarekilledin the process.

Beaver damage can be severe and cause extensive economic lossesin some
Stuations. However, landownerswith beaver problems often overestimate the number
of beaversinapond and thedifficulty of control (Collins1993). Beaver colonies, like
other populationsof wildlife, buildto acertainlevel abovethecarrying capacity of the
habitat before colony members col onize adjacent suitable habitat. Beaversareterrito-
rial. Morethan eight to 13 beaversin any particular pond arerare, and most often the
numbersrangefrom four to eight. Older and larger pondswith adequate food supplies
aremorelikely to support higher beaver numbers(Miller 1983).

Likewise, agood trapper with about adozen traps can successfully trap all the
beaversinaparticular pondinoneweek. Whereitislegal to set trapsinlodgesand
bank dens, agood trapper can remove every beaver from apond if damsare kept
broken and water continualy flowsfrom thepond onanightly basis.

Aswith any animal damage management situation, nonlethal methodsshould be
triedfirst to aleviate damage. If these are unsuccessful and economic lossesby beavers
arehigh, thenlethal methods of control can beconsidered asalast dternative.

Summary and Recommendations

Beaversplay akey roleinriparian habitat management by increasing and improv-
ingwater quality and quantity, fish and wildlife habitat, forage quantity and quality for
livestock grazing, recreationa opportunities, and aesthetic valuesfor nonconsumptive
resource use. Where conflictswith human interestsoccur, beaverscan bealiability.
Each site occupied by beaverscalsfor different management with amultitude of
physical, chemical, biological, and social congtraints. Therefore, management hasto be
specificfor each stewherebeaversprevail.

Unlimited beaver populations can be detrimental to riparian habitats. Likewise,
removing beaverscompletely from an areacan eliminate anatural component of an
ecosystem that isimportant to many speciesof animalsand plants. Management cannot
embracetotal protection or reduction of beaver populations, but discretionary manage-
ment that promotes adequate harvest where conflict occursor protection where habitat
enhancement isneeded for other multipleuses.

Proper beaver management isan emotional and difficult issuefor natural resource managers,
farmers, ranchers, and others who are interested in the aesthetic values of riparian habitats. Beaver
management should be used to enhance water resources and riparian habitat according to site-specific
management objectives. Landowners should consult local representatives of the UW CES and G& F for
assistance in devel oping management plans for beavers on their land.
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