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ABSTRACT

In 1986, a beaver reintroduction program was initiated in the Absaroka-Beartooth
Wilderness (AB), Montana, in an effort to restore this species to the landscape after a
nearly 40 year absence. Since reintroduction, the AB has been inventoried yearly by the
U.S.F.S. Gardiner Ranger District to document the location of active beaver structures.
This study utilized the beaver structure inventory to report habitat characteristics
associated with successful beaver colonies in the AB over a 24 year period.
In meadows along 3rd order streams, colonies beaver established early (1986 1993) were more successful through 2010 than those established later (1994 - 2006),
likely because habitat selected early was of higher quality. Odds of beaver colony
success increased with greater stream sinuosity and depth, less distance to secondary
channels, and less area of point/gravel bars. The amount of willow, although abundant at
all locations, was not significantly different for beaver colony locations with varying
levels of success. The best habitat for beaver colonies in meadows along 3rd order
streams appeared to be on or within close proximity of secondary channels (e.g., sloughs,
tributaries) because these locations were sheltered from destructive main stem flooding
such that colonies and their structures were more permanent. Locations with evidence of
historic use by beaver in meadows along 3rd order streams had less area of point/gravel
bars, greater stream depth, and more willow than locations which had never been used by
beaver. Successful beaver colonies were also found in smaller meadows on 1st and 2nd
order streams although there was less available willow and streams could be intermittent
in flow. After 24 years, the beaver population appears to be at carrying capacity,
although there is no evidence that willow harvest rates are excessive or even negative.
The success of reintroduced beaver populations in the AB is in contrast to
conditions on the nearby northern Yellowstone winter range, where colony density is
lower, likely because riparian woody vegetation shows more evidence of suppression
from ungulate browsing, site potential for willow growth may be less, and negative
anthropogenic effects persist.
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CHAPTER 1

INTRODUCTION

Beaver are often referred to as a keystone species (Naiman et al. 1986; Kay 1994)
and ecosystem engineer (Wright et al. 2002; Jones et al. 1994). A keystone species has a
disproportionally large effect on the functions and processes of ecosystems they reside in
relative to other species (Paine 1969). Beaver fit this definition because of their
substantial impact on water quality, chemistry, stream hydrology, and structure of
riparian vegetation (Rosell et al. 2005) compared to other species that share their
ecosystem. Beaver are an ecosystem engineer because their activities influence the biotic
and abiotic environment for other species (Jones et al. 1994). With damming of streams
beaver create pond habitat and enhance food resources for trout, expand riparian habitat
for wildlife species, and provide ecosystem services to humans such as flood abatement
and sediment storage (Baker and Hill 2003). Since beaver have such a significant effect
on ecosystems and the species that reside there, it is important to characterize habitat that
promotes their success.
Beavers are semi-aquatic rodents that live in colonies, consisting of an adult pair,
yearlings, and two year olds (Bradt 1938; Smith 1997; Busher 1987), located where an
adequate supply of food and a reliable water source is present (Allen 1983). Beaver
successfully colonize lakes, ponds, and streams as long as depth, either naturally present
or artificially created with dams, is sufficient to provide building sites for beaver
structures (Slough and Sadleir 1977). Colony locations must also have adequate
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vegetation for food and building supplies (Allen 1983). Beaver are generalist, but
primarily feed year round on the bark of woody plant species and, during the growing
season, on herbaceous vegetation (e.g., leaves, forbs) (Townsend 1953; Slough 1978).
Woody plants are building materials for beaver structures including lodges, caches, and
dams. Lodges provide protection from predators while caches are created for winter food
storage (Baker and Hill 2003). Dams flood foraging areas and create suitable water
depths for protection from predators and structure establishment (Olson and Hubert 1994;
Rutherford 1964; Grasse and Putnam 1955).
Beaver were once established throughout North America, with population
estimates ranging from 60 – 400 million (Seton 1929; Jenkins and Busher 1979).
Extensive trapping to obtain beaver pelts left populations nearly extinct in North America
by the early 1900’s (Jenkins and Busher 1979). Within the confines of present day
Yellowstone National Park (YNP), trapping was encouraged through the 1870’s but was
banned in 1883. The effects of this trapping is unknown (Schullery and Whittlesey
1992), but it was likely minimal because an abundant population was reported in the
Tower Junction region of YNP on the northern Yellowstone winter range (NYWR) in the
1920’s (Warren 1926).
Beaver populations declined significantly on the NYWR after the 1920’s and
were reported at near extinction through the mid-1990’s (Jonas 1955; Smith et al. 1997).
This decline is primarily the result of a 50% reduction in willow (Salix spp.) cover and a
3-fold decrease in aspen (Populus tremuloides) cover since the early 1900’s (Chadde and
Kay 1991; Soule et al. 2003; Houston 1982). Reasons cited for willow and aspen decline
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include warmer and drier climates, fire suppression, loss of beaver, and browsing of
woody vegetation by a large elk population wintering in the area (YNP 1997). As a
result of wolf extirpation in the 1920’s and YNP’s ―natural regulation‖ policy, elk
populations were as high as ≈ 20,000 individuals on the NYWR between the mid -1900’s
and 1995 (NRC 2002; YNP 1997; Houston 1982). Their browsing has been implicated in
the suppression of tall willow communities which beaver rely on for food and building
materials (Chadde and Kay 1991).
Researchers hypothesized that reintroduction of wolves to YNP in 1995 and 1996
(Bangs and Fritts 1996) would initiate a top down trophic cascade, releasing suppressed
willow cover and height from browsing pressure by wolf mediated changes in elk
density, behavior, or both (Ripple and Larson 2000; Ripple and Beschta 2004). Elk
numbers, as of the winter of 2010/2011, dropped 70% to 4,635 on the NYWR from
16,791 in 1995 (NYCWWG 2011). Although not directly tested, the release of willow
found by researchers at the micro (McColley 2007) and macro scale (Baril 2009) on the
NYWR is potentially related to changes in elk density. Other researchers have been able
to directly associate willow release with changes in elk behavior (Ripple and Beschta
2004, 2005; Beschta and Ripple 2010; Beyer et al. 2007). Potentially as a result of
increased willow cover and height on the NYWR, beaver populations have increased in
some areas (Smith and Tyers 2008) although not to levels witnessed in the 1920’s
(Warren 1926). This is likely because elk are still suppressing a complete recovery of
woody vegetation on the NYWR, although other contributing factors must also be
considered (Kimble et al. 2011; Ripple and Beschta 2006; Bilyeu et al. 2008).
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Beaver have also had a tumultuous past in the Absaroka-Beartooth Wilderness (AB) just
north of YNP. Osborne Russell (1965) mentioned trapping beaver in Slough and
Hellroaring Creeks in 1837, and it is presumed populations were relatively stable until the
mid-1900’s in the area (Smith and Tyers 2008). In the 1940’s, concern grew among land
managers regarding moose overbrowsing of willow stands in Buffalo Fork and in upper
Slough and Hellroaring Creeks (Tyers 2003). Interviews with outfitters, sheep herders,
and Montana Fish, Wildlife & Parks (MTFWP) employee’s familiar with the area and its
history reported that moose browsing in conjunction with drought indirectly reduced
beaver populations by suppressing willow. Direct reductions of beaver populations
through trapping and tularemia were also reported. By the 1950’s, beaver populations in
the AB were near extinction (Smith and Tyers 2008).
In 1985, efforts began to restore beaver to the AB by the United State Forest
Service Gallatin National Forest Gardiner Ranger District (GRD). Forest Service policy
stipulates that a habitat suitability assessment is conducted prior to a species
reintroduction in designated wilderness. As reported, beaver populations might have
been reduced as a result of moose overutilization of willow in the AB, but this resource
returned (Dan Tyers unpublished data) commensurate with moose population declines
following initiation of a hunting season in 1945 and major fires in 1988 that reduced their
winter range (Tyers 2003). This presented the opportunity to compare beaver population
success in two very different but juxtaposed environments: the AB, where ungulate
effects on willow stands are minimal because of reduced moose numbers and isolation
from elk by deep snowpack (Houston 1982; YNP 1997; Tyers 2003), and the NYWR,
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where woody vegetation has been chronically suppressed (Kimble et al. 2011; Ripple and
Beschta 2006; Bilyeu et al. 2008).
A total of 46 beaver were released in the AB from 1986 – 1999 by the GRD.
Nuisance beaver were live trapped from surrounding agricultural and residential areas
and brought to the AB boundary by wheel barrow or truck and into the wilderness by
pack train. Presumably, some reintroduced beaver left the area and some were predated,
whereas others took up residence and quickly built lodges, caches, and dams. Yearly
inventories of active structures started in 1986 with photographic records and progressed
to Global Positioning System (GPS) determined locations by the early 1990’s. Locations
of successful beaver colonies in conjunction with measured field and Geographic
Information System (GIS) habitat characteristics has allowed this study of habitat
associated with successful beaver colony locations in four drainages in the AB.
Specific research objectives of this study were to: 1) describe expansion of beaver
populations after reintroduction; 2) determine physical and vegetative habitat
characteristics that promote successful beaver colonies; 3) describe beaver use and
impact on the willow resource; and 4) compare success of beaver in the AB to beaver on
the NYWR. This information will allow land managers to judge the adequacy of
ecosystems they manage to sustain beaver in the northern Rockies.

6
CHAPTER 2

BACKGROUND

Beaver Ecology

Beaver are the largest rodents in North America, with adults weighing 40 - 50
pounds (Grasse and Putnam 1955; Leege and Williams 1967; Smith 1997). Built for
aquatic environments, beaver have webbed feet and a large broad, flat tail that propels
and steers them through water (Grasse and Putnam 1955). Beaver are monogamous,
breeding in the winter (November - March) and giving birth to a single litter in late spring
(Grasse and Putnam 1955; Baker and Hill 2003). Litter size ranges from 1 - 8 kits
(Grasse and Putnam 1955) although average size is reported at 2 – 4 (Busher 1987; Leege
and Williams 1967; Bergerud and Miller 1976; Collins 1976) with lower fecundity
sometimes linked to poor quality habitat (Rutherford 1964). Beaver live in colonies
defined by Bradt (1938) as ―a group of beavers occupying a pond or stretch of stream in
common, utilizing a common food supply, and maintaining a common dam or dams‖. He
goes on to state that multiple lodges and caches can potentially comprise the same
colony. Beaver colonies consist on average of ≈ 5 individuals (Bradt 1938; Smith 1997),
including the adult pair, yearlings, and two year olds (Busher 1987).

Beaver Structures
At colony locations beaver will construct lodges, bank dens, dams, and caches to
provide shelter, protection from predators, and food storage where adequate building
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materials and water exist (Olson 1994; Rutherford 1964; Baker and Hill 2003; Grasse and
Putnam 1955). Lodges are generally dome shaped and built with sticks held together by
mud (Allen 1983) and are located in the middle of ponds or along streambanks. Bank
dens are dug into the banks of ponds, streams, or rivers. Both structures have underwater
entrances and provide protection from predators (Olson 1994; Rutherford 1964; Baker
and Hill 2003; Rutherford 1964; Grasse and Putnam 1955) and extreme outside
temperatures (Stephenson 1969).
Dams are constructed to flood lodge and bank den entrances, in addition to canals
beaver dig. Flooding increases water accessible vegetation for beaver and enhances
cover (deep and wide ponds) for protection from predators (Olson 1994; Rutherford
1964; Baker and Hill 2003; Rutherford 1964; Grasse and Putnam 1955). Building
materials for dams include ―anything that can be dragged, floated, or rolled by a beaver‖,
but generally includes woody material held together by mud (Grasse and Putnam 1955).
Preferential use of less favorable food items for dam construction (e.g., alder and
conifers) has been reported (Doucet et al. 1994). More preferred food items are often
placed in the cache (Doucet et al. 1994; Slough 1978).
A cache is the main store of food kept by beaver to feed on during winter months.
Caches are uncommon in warmer climates where ponds do not freeze and food resources
are available for utilization year round along streambanks. In the fall, a beaver will drag
preferable food items to a deep part of the pond and pile them there until they become
waterlogged and sink. Throughout the winter beaver will leave their lodge to take sticks
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from the cache, constantly staying under the cover and protection of ice (Olson 1994;
Rutherford 1964; Baker and Hill 2003; Grasse and Putnam 1955).

Beaver Colony Habitat Characteristics
Beaver establish colonies where preferable vegetation for food and building
structures is available. Beaver food preference shifts with time of year. In the summer,
beaver show a strong preference for herbaceous vegetation (Jenkins 1980; Grasse and
Putnam 1955; Hartman 1996; Suzuki and McComb 1998; McComb et al. 1990). In the
winter, beaver feed on the bark of woody vegetation, namely willow and aspen, stored in
their caches (Slough 1978). Use of woody plants for food during the summer is also
common (Grasse and Putnam 1955). Woody plants are used to create beaver structures
including dams, lodges, and caches in the fall (Barnes and Mallik 1997; McComb et al.
1990).
For a beaver to establish a colony there should not only be an adequate amount of
vegetation, but also a reliable water source. Beaver primarily utilize natural lakes, ponds,
or streams as construction sites for lodges, dams, and caches (Slough and Sadleir 1977).
Streams are generally low gradient (Curtis and Jensen 2004; Howard and Larson 1985)
and have large enough contributing watershed area to support reliable stream flow
(Frantisek et al. 2010; Barnes and Mallik 1997). In general, wider streams (> 10m) are
less suitable because they are harder to dam and because they are associated with high
volume flow during runoff or storms, which often destroys dams (McComb et al. 1990;
Suzuki and McComb 1998). On these wider streams, stream sinuosity has proven to be
indicative of good habitat for beaver, as it is associated with greater depth on the outside
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of meanders that beaver do not need to build dams to create (Hartman 1996; Boyce
1983). If streams are too shallow and narrow to provide protection from predators or
provide access to streambanks to browse and forage, beaver will build dams to raise and
flood the surrounding area (McComb et al. 1990; Suzuki and McComb 1998).
Beaver will often preferentially browse close to water. This is primarily because
predation risk increases for beaver the further they are from the cover of water (Smith et
al. 1994; Basey and Jenkins 1995). In addition, energy required to gather food increases
if beaver are forced to travel further overland (Donkor and Fryxell 1999; McGinley and
Whitham 1985). As a result, researchers have reported approximately 90% of beaver
browsing within 30m of the water edge (Belvosky 1984; Hall 1960). This makes the
importance of an adequate food supply close to water an important habitat characteristic
for beaver.

Beaver Movements
Beaver movement differs between sexes and age classes. Non-breeding females
tend to be transient, searching for a mate during summer months (Townsend 1953)
whereas breeding females and kits are confined to the colony vicinity throughout the
year. Bergerud and Miller (1976), studying beaver population dynamics in
Newfoundland, found 90% of females (n = 22) never left their colonies over the course of
four years. If females did move, average distance was 6.4km compared with 15.4km by
adult males. Adult males are also thought to be transient during the summer months,
returning in the fall to prepare shelter and food supplies for the winter (Townsend 1953;
Bradt 1938).
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Two year old offspring are generally forced to leave the family colony and
establish elsewhere after the adult female gives birth in the spring (Townsend 1953;
Bradt 1938; Grasse and Putnam 1955). Two year olds often disperse within close
proximity of the family lodge (Rutherford 1964) but sometimes longer distances are
traveled (Townsend 1953; Bergerud and Miller 1976). In high quality saturated habitat,
it has been suggested that beaver may delay dispersal until suitable habitat becomes
available or they are forced out of their original colony by breeding adults (Boyce 1983;
Baker and Hill 2003; Smith 1997).

Beaver Expansion and Territoriality
Beaver habitat selection changes as populations saturate habitat. When habitat is
not saturated, during early phases of expansion, beaver often disperse into higher quality
habitat first to establish colonies. Once these locations are saturated, beaver are generally
forced to settle into more marginal habitat locations (Frantisek et al. 2010; Nolet and
Rosell 1994). As a result, colony locations established during early phases of expansion
often support more successful long term colonies because they are in prime habitat
(Howard and Larson 1985).
Beaver tend to exhibit strong territoriality, with colonies being distinct and nonoverlapping (Allen 1983; Boyce 1983). Often in between long term colonies a ―noman’s-land‖ exists, where suitable and uncolonized habitat might be available, but
territoriality from colonies immediately up- and downstream of that reach thwart new
establishment attempts by dispersing beaver (Nolet and Rosell 1994).
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Beaver Colony Carrying Capacity
A fairly wide range of beaver colony densities have been reported. Densities
based on area range from 0.1 – 4.6 colonies/km2 (Baker and Hill 2003; Bergerud and
Miller 1976). Densities based on stream distance were reported as 0.83 colonies/km in
Massachusetts, 0.9 colonies/km in Wyoming (Grand Teton National Park), 1.25
colonies/km in New Brunswick, and from 0.08 – 1.4 colonies/km in Kansas (Howard and
Larson 1985; Nordstrom 1972; Collins 1976; Robel et al. 1993).

Beaver as a Keystone Species

Beaver activities have profound effects on the hydrology of streams (SaldiCaromile et al. 2004; FISRWG 1998). Beaver dams impound stream flow creating large
areas of stored standing water (Cunningham et al. 2006; Johnston and Naiman 1990;
McKinstry et al. 2001; Townsend and Butler 1996). Stored water from high flows in the
spring and early summer can supplement late summer and fall flows, sometimes turning
intermittent headwater streams into perennial streams (Gurnell 1998; Grasse 1951; Baker
and Hill 2003). Beaver dams also raise water tables (Maret et al. 1987; Bilyeu et al.
2008; Westbrook et al. 2006). Raised water tables from dams can promote increased
willow height (Bilyeu et al. 2008) and willow cover (McColley 2007). McColley (2007)
found willow canopy cover increased 40% in Eagle Creek, MT on the NYWR between
1990 and 2005 and attributed the expansion to beaver raised water tables and new
recruitment sites.
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Beaver dams also impact stream water quality and soils for riparian vegetation
establishment. Behind beaver dams sediment and nutrients (e.g., phosphorus and
nitrogen) are deposited and stored as a result of dam retention and decreased flow
velocity (Maret et al. 1987; Bigler et al. 2001, Meentemeyer and Butler 1999; Butler and
Malanson 2005; Pollock et al. 2007; Gurnell 1998). Naiman et al. (1986) found that a
beaver dam comprised of 4-18m of wood had the potential to hold back 2000-6500m3 of
sediment. The nutrient rich and moist soil behind dams is then excellent nursery for
seedlings of riparian vegetation (Hall 1960). The subsequent growth of these seedlings
can increase riparian or wetland footprint on the landscape (Cunningham et al. 2006;
Johnston and Naiman 1990; Grasse 1951; McKinstry et al. 2001).
Beaver can impact the biogeochemical cycle of streams. Large woody debris, left
at the bottom of ponds from beaver cutting activities or killed as a result of the flooding
of upland habitat (Naiman et al. 1986), can increase a streams standing stock of carbon
and nitrogen as it decomposes (Naiman et al. 1988). Under some conditions, the high
oxygen demand from the decomposition of large amounts of organic inputs and a tranquil
flow regime create anaerobic conditions in the stream, effectively decreasing stream
metabolism and turnover time (Naiman et al. 1988). In one study, riparian zones altered
by beaver more than doubled their nitrogen content from the combined effects of beaver
browsing, flooding, and reduced metabolism over a 46 year period, acting as landscape
sink for nitrogen (Naiman et al. 1988).
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Beaver as an Ecosystem Engineer

Beaver impact the functioning of ecosystems they reside in as well as the wildlife
species that utilize the ecosystems resources for survival. The expansion of riparian areas
comprising the landscape as a result of beaver activities increases browsing habitat for
ungulates such as moose (Alces americana) and provides cover and specific food
resources for mink (Mustela vison), muskrats (Ondatra zibethica) (Grasse 1951),
raccoons (Procyon rotor), white-tailed deer (Odocoileus virginanus), and otter (Lutra
canadensis) (Townsend and Butler 1996). Beaver ponds and riparian forests increase the
landscape richness and diversity of waterfowl (McKinstry et al. 2001), songbirds (Grover
and Baldassaare 1995), and terrestrial consumers such as spiders (McCaffery 2009).
McKinstry et al. (2001) found that removal of beaver from 2,819 km of Wyoming
streams reduced waterfowl populations by as much as 19,000.
Damming of streams by beaver also replaces many lotic macroinvertebrate groups
with lentic groups, increasing overall macroinvertebrate biomass within streams
(McCaffery 2009; Gard 1961; Rutherford 1964; McDowell and Naiman 1986). Higher
biomass within dammed reaches is explained by greater plant growth (food items) as a
result of silt instead of rock substrates within ponds, slow currents sweeping few
organisms out of the reach, as well as more stable water temperatures (Gard 1961).
Increased biomass of macroinvertebrates positively influences trout population growth
and richness in mountain streams (Gard 1961; Rutherford 1964; Snodgrass and Meffe
1998; Jackober et al. 2000) as well as waterfowl productivity (McKinstry et al. 2001).
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Much has been reported regarding beaver impacts to trout (Salmoninae spp.)
populations (Collen and Gibson 2001). Overall, in high gradient mountain streams,
beaver impounded reaches appear to benefit trout and other fish species by increasing
water depth and cover (aquatic plants), elevating water temperatures by opening
streamside canopies (cold water is a limiting growth factor in high elevation streams),
slowing water velocity, and reducing the detrimental impacts of thick ice accumulation to
fish winter habitat (Rutherford 1964; Gard 1961; Jackober et al. 2000; White 1970). For
these reasons, beaver have been labeled as crucial to maintenance of productive trout
fisheries in mountainous regions (White 1970; Rutherford 1964).
Along the Bitterroot River in western Montana, Jackober et al. (2000) reported the
greatest abundance of cutthroat trout (Oncorhynchus clarkii) and bull trout (Salvelinus
confluentus) within beaver ponds compared to reaches not impounded, with the largest
aggregation of trout occurring in the deepest areas of the ponds with the slowest stream
velocity. Additionally, they reported that 70% of trout surveyed overwintered within
beaver ponds, which comprised only 30% of the study area (Jackober et al. 2000). White
(1970) and Grasse (1951) reported similarly positive effects of beaver activities on trout
winter habitat in Wyoming and parts of the Rocky Mountains. Beaver dams appear to
minimally impede movement of spring spawning trout species such as rainbow and brook
trout because elevated stream level (spring runoff) facilitates movement over dams
(Grasse 1951; Gard 1961; Saldi-Caromile et al. 2004). Fall spawning species, such as
brown trout, do not benefit from flood stage water levels, but nonetheless are fully
capable of moving over or around beaver dams (Gard 1961).
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Beaver on the Northern Yellowstone Winter Range (NYWR)

The northern Yellowstone winter range (NYWR) of Yellowstone National Park
(YNP) is ~ 153,000 ha of grass and forest land lower then 2,400m in elevation within the
Yellowstone, Gardiner, and Lamar River drainages that ungulates use as wintering
ground. Ungulates that graze high elevation areas of YNP and surrounding national
forests during the summer migrate to the NYWR in the winter because of the milder
climate and shallower snowpack associated with its lower elevation (NRC 2002; Houston
1982; Tyers 2003). Approximately 65% of the NYWR is within YNP and 35% is north
of YNP on the Gallatin National Forest (GNF) and private lands (Lemke et al 1998).
Beaver were common on the NYWR through the early 1900’s but then declined.
In YNP, Schullery and Whittlesey (1992) reported beaver abundant in the 1870’s and
1880’s to the point they were considered a nuisance specie by park superintendent
Philetus Norris. Trapping of beaver was encouraged through the 1870’s but was later
prohibited in 1883. Trapping did not appear to significantly impact NYWR beaver
populations (Schullery and Whittlesey 1992). In 1920 and 1921, Warren conducted a
detailed study of beaver populations in the Tower Junction region of the NYWR,
estimating a population of 233 individuals (Warren 1926). Later, Jonas returned to
Warren’s field sites in 1953 and 1954 and found no beaver present in addition to very few
throughout the larger NYWR. He cited a large elk population’s impact on woody
vegetation (namely aspen) as the primary culprit of beaver decline, as well as drought and
the silting in of ponds (Jonas 1955). Through the mid-1990’s beaver continued to be near
extinction on the NYWR (Consolo and Hanson 1990; Smith et al. 1997).
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The decline of beaver has principally been tied to a decline in woody vegetation
(willow and aspen) on the NYWR (Jonas 1955; Wagner 2006). Houston (1982) reported
a 50% reduction in northern range willow cover since the early 1900’s. Researchers have
related willow decline to warmer and drier climates, fire suppression, and the browsing of
large elk populations (YNP 1997). Warmer and drier climates will presumably reduce
runoff and stream flow, lowering water tables relied on by willow species (NRC 2002)
and increasing willow vulnerability to browsing because of high stress levels on the
plants (Houston 1982). Singer et al. (1994) cited a increase in temperature (0.5-1.0◦C)
and decrease in precipitation (1-2mm less rainfall annually) reported by Houston (1982)
from the late 1890’s to 1972 for willow decline on the NYWR. Other reports have tied
drought in the late 1980’s with stress and decline of NYWR riparian areas (YNP 1997).
Other researchers have refuted these reports, stating precipitation has shown no
significant downward trend over the last century (NRC 2002). NRC (2002) went on to
state that localized precipitation has little effect on willow which draws primarily from
water tables. Further, ground water monitoring data over the last several decades on the
NYWR has showed no significant lowering (NRC 2002).
Willow decline on the NYWR has also been attributed to YNP’s suppression of
wildfire since the early 1900’s (Singer et al. 1994; YNP 1997; Houston 1982; Despain et
al. 1986). This argument is based on the thought that burning of willow can increase
sprouting and vigor (Wolff 1978). Houston (1982) and Singer et al. (1994) attributed
suppression of wildfire with increases in conifers and sagebrush, which combined with
drier and warmer climates, potentially altered the hydrology of riparian areas (e.g.,
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increased xeric conditions) reducing suitable habitat for aspen and willow. Wagner
(2006) however was unable to find a direct relationship between willow decline and fire
suppression on the NYWR before or after park establishment.
A largely accepted reason for willow decline on the NYWR is from excessive
browsing by an unnaturally large elk population over the last century (YNP 1997; NRC
2002; Wagner 2006; Chadde and Kay 1991). Willow is generally resilient to utilization
by ungulates. Moderate utilization can promote growth and branching of woody
vegetation by releasing stored carbon from roots (Hobbs 1996). In YNP, Bilyeu et al.
(2008) found willow height increased when browsed by elk, as long as water tables were
kept at sufficient levels. Problems arise when excessive herbivory does not allow time
for adequate regrowth (Zeigenfus et al. 2002; Baker et al. 2005).
Elk populations on the NYWR have fluctuated considerably since the early
1900’s in response to management. Wolves were poisoned in YNP starting in the 1870’s
such that by the 1920’s they were extirpated from YNP (Weaver 1978; Wagner 2006).
Without wolves, hunting outside the park was used as a surrogate for natural predation
from 1920 – 1940, which helped maintain elk populations at around 10,000 individuals
(Wagner 2006; NRC 2002). Starting in the 1930’s, in response to deteriorating range
condition, elk populations were culled by YNP officials such that by 1968, elk
populations were at a low of 3,172. Culling of elk herds ceased in 1969 in response to
YNP’s adoption of natural regulation, a policy which would moderate elk herds by the
natural carrying capacity of the landscape (Houston 1982; Barmore 2003). If elk herds
became too large, their populations would drop because food resources would be
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depleted. Without culling or substantial natural predation, elk herds reached over 20,000
by the early 1990’s (NRC 2002; NYCWWG 2011; YNP 1997).
Researchers have tied large elk populations to decline in willow on the NYWR,
and subsequently to decline of beaver. Kay (1990) analyzed repeat photographs of 44
willow stands on the NYWR from 1893 - 1988 and found decline in cover and height in
41 stands. Kay (1994) found from 1958 – 1988 willow cover and height inside ungulate
exclosures at the Tower Junction and Lamar Valley regions of the NYWR increased
whereas outside they did not. As others have shown and suggested (Jonas 1955; Chadde
and Kay 1991; Baker et al. 2005), a reduction in tall and robust willow and aspen
communities can reduce food and building materials for beaver, which can subsequently
cause their abandonment of areas.
In an effort to restore natural predators of ungulates, in line with the natural
regulation policy, 31 wolves were reintroduced to YNP in 1995 and 1996 (Bangs and
Fritts 1996; Smith et al. 2003; NRC 2002).

At the time of reintroduction, elk numbered

16,791 on the NYWR, but have since dropped 70% to 4,635 in the winter of 2010/2011
(NYCWWG 2011). Researchers tie a large number of factors to the decline of elk,
namely wolves (White and Garrott 2005) but also grizzlies, coyotes, mountain lions,
severe winters (Smith 2003), and late season hunts established by MTFWP (Vucetich et
al. 2005). Although not directly tied to changes in elk behavior or density, increases in
willow cover have been recorded at the site (40% willow increase in Eagle Creek, MT)
(McColley 2007) and landscape scale of the NYWR (140% increase in deciduous woody
vegetation area) (Baril 2009) between 1990 and 2005.
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Other researchers have also found increases in willow cover and height on the
NYWR, and have attempted to tie it to changes in elk behavior. Researchers
hypothesized that elk would lessen use of low lying riparian areas because these areas
hindered their detection of predators (e.g., deep cut banks and thick vegetation). This
would relieve browsing pressure on woody vegetation in lowland riparian areas by
concentrating elk browsing in upland riparian areas where elk predator detection was
greater (Ripple and Beschta 2004). Evidence does support this is occurring in some areas
of the NYWR (Ripple and Beschta 2004, 2006; Beschta and Ripple 2010; Beyer et al.
2007). For example, Ripple and Beschta (2006) found increases in willow height in
lowland riparian areas (Lamar, Slough Creek valleys) when comparing photographs
taken in 1998 and 2004. A positive relationship between willow height and factors that
the authors thought might increase elk predation risk (e.g., reduced viewshed, logs, and
thick brush acting as impedance to escape) were reported. They did not find willow
height increased in upland sites where elk presumably continued to browse (Ripple and
Beschta 2006).
Potentially, as a result of willow growth, beaver have returned to some areas of
the NYWR. Smith and Tyers (2008) reported 6 beaver colonies in the 3rd meadow of
Slough Creek (later referred to as Elk Tongue) and 3 colonies in the Lamar Valley in
2007, both on the NYWR. Field observations in 2009 reported 5 colonies in Slough
Creek’s 3rd meadow. Interestingly, Slough Creek was cited before wolf reintroduction
(1988) by Consolo and Hanson (1990) as having poor willow condition and ephemeral
beaver colonies.
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Other studies have continued to see suppression of woody vegetation by ungulates
even after the reintroduction of wolves, which will likely impact the full recovery of
beaver. Kimball et al. (2011) was unable to find significant recruitment of aspen at the
landscape scale of the NYWR even though elk populations had been reduced. Bilyeu et
al. (2008) found suppression of willow heights by ungulates between 2001 and 2005 and
thought elk can suppress or maintain low willow heights at even low densities. Likely,
more time and continued low density elk populations will be needed to see full recovery
of willow and aspen on the NYWR. Once woody vegetation recovers, beaver might be
able to repopulate the NYWR to levels reported in the 1920’s (Warren 1926).

Beaver in the Absaroka - Beartooth Wilderness

The NYWR of YNP generally does not include areas of the AB (Houston 1982;
NRC 2002). This is because snow depths (≥ 70 – 120cm) exclude ungulate use of the
area in the winter, although levels are not necessarily critical until December or January
of most winters (Tyers 2003; YNP 1997). If the NYWR elk population does use the AB,
it is generally for summer forage (e.g., grasses, forbs) instead of for winter browse (e.g.,
willow, aspen) (Houston 1982). As a result, the AB has been relatively removed from the
recent excessive browsing of woody vegetation that has occurred on the NYWR,
although not completely removed, as moose browsing has impacted the willow resource
(Tyers 2003).
Beaver populations were presumably stable in the AB through the early 1900’s, as
evidenced by trapping stories from Osborne Russell in upper Slough and Hellroaring
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Creeks in the 1800’s (Russell 1965). Populations were reported to decline by the 1940’s
and 1950’s as a result of direct reductions through beaver trapping and tularemia
epidemics. ―Old timers‖ interviewed to determine past beaver population dynamics
actually took part in what they referred to as a fairly ―determined trapping effort‖.
Beaver populations were also reported to decline as a result of the indirect effects of
moose browsing on the willow resource (Smith and Tyers 2008; Tyers 2003).
Moose appeared to have the greatest impact on the willow resource from the
1930’s to 1980’s. In the early 1900’s moose expanded into the YNP region. In the
winter of 1924/1925, 66 moose were reported in upper Hellroaring, Buffalo, and Slough
Creeks. Forest service officials in the winter of 1935/1936 estimated a population of 190
moose in these drainages with over-winter utilization of willow as high as 90%. Moose
counts in upper Hellroaring and Slough Creeks in 1942 placed populations at around 194
individuals (Tyers 2003).
Forest Service officials became concerned with degradation of willow by moose
in the AB in the 1930’s, and by 1945, MTFWP instituted a hunt to control populations.
A total of 55 moose permits/hunting season were issued for districts spanning from Bear
Creek (near Gardiner, MT) to Cooke City, MT. MTFWP officials conducting surveys
from 1947-1949 in the AB thought moose were in a state of decline because of
deteriorating willow condition, as well as from hunting. Based on a GRD wildlife
management plan from the time, it appears managers were also worried that deteriorating
willow condition was impacting beaver populations (Tyers 2003). According to later
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(1980’s) interviews, most people familiar with that region believed moose browsing of
willow aided in the disappearance of beaver from the AB during that time period.
Willow continued to be suppressed through the 1980’s although the only
documented evidence of this is from an exclosure in Frenchy’s meadow in upper Slough
Creek. The GNF and MTFWP established this exclosure in 1961 to monitor willow
growth. From the time it was established to 1986, willow grew robust inside but was
suppressed outside the exclosures, with moose browsing being the primary culprit
(Chadde and Kay 1988).
Willow in Frenchy’s meadow was able to recover in the early 1990’s because
moose populations crashed following the 1988 YNP wildfires (Tyers 2003). Repeat
sampling of the exclosure in Frenchy’s meadow in the 1990’s reported willow outside
exclosures recovered to heights from 2 - 6m as a result of reduced browsing (Dan Tyers
unpublished data). Willow in higher elevation meadows of Hellroaring and Buffalo Fork
Creeks presumably improved in condition before Frenchy’s meadow did, as they were
located at elevations which isolates them from moose browsing much of the winter as a
result of deep snowpack (YMP 1997).
From 1986 - 1999, 46 beaver were reintroduced to the AB by the GRD. In
contrast to populations on the NYWR during this time, these beaver were located in
habitat with fairly robust willow, isolated from the NYWR elk herd and their browsing
by deep snowpack (YNP 1997; Houston 1982) and removed from historic moose
browsing (Tyers 2003).
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CHAPTER 3

METHODS

General Study Area

A general study area map is provided in Figure 1. The study area is completely
within the 80,000 km2 Greater Yellowstone Ecosystem (GYE). The majority of the study
area is in the AB on the GRD, within the larger GNF. A small part of the study was
conducted just outside the wilderness boundary on adjacent drainages of the AB,
although still on the GRD. Another part of the study was conducted in Yellowstone
National Park (YNP) (Table 1). Hellroaring, Buffalo, Slough, and the Stillwater
drainage range west to east in the study area bounded to the west by Gardiner, Montana
and to the east by Cooke City, Montana (Figure 1). All streams are within the
Yellowstone River drainage. The majority of study area is just north of the NYWR
(Figure 1).
A more detailed map of the study area is provided in Figure 2. This study was
conducted in meadows throughout the AB, GRD, and YNP. Meadows are defined as low
gradient sections (< 3% gradient) of high gradient mountain streams (1st – 3rd order)
where broad floodplains form with large willow stands. Twelve of the fourteen study
meadows were within the AB, the Stillwater Basin meadow was immediately south (~
100m) of the AB boundary on the GRD, and one (Elk Tongue) meadow was within YNP
(~ 4km south of the northern YNP boundary and 10km southwest of Frenchy’s meadow
within the Slough Creek drainage). The only study meadow on the NYWR is Elk
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Tongue meadow within the Slough drainage (Figure 2). Hereafter, all meadows located
on the AB and within associated drainages will be referred to as ―AB‖, but this does not
include Elk Tongue meadow which will be discussed separately.

Figure 1. Study area location in relation to GYE, YNP, AB, and NYWR
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Table 1. General characteristics of study meadows in the AB, YNP, and GNF
Meadow
Region
Drainage
Creek
Meadow
Elevation (m)
AB
Hellroaring
Hellroaring
Hellroaring
2162
AB
Hellroaring
Hellroaring
Bull Moose
2209
AB
Hellroaring
Grizzly
Grizzly
2379
AB
Hellroaring
East Fork Hellroaring
East Fork
2223
AB
Hellroaring
Beaver
Beaver
2465
AB
Hellroaring
Elk
Elk
2226
AB
Buffalo
Buffalo
Christenson's
2339
AB
Buffalo
Buffalo
Holeman's
2301
AB
Slough
Slough
Frenchy's
2074
YNP
Slough
Slough
Elk Tongue
2028
AB
Slough
Lake
Hart's
2199
AB
Slough
Lake
Upper Lake Creek
2423
a
AB
Slough
Lake
Lake Abundance
2560
c
b
GNF
Stillwater
Stillwater
Stillwater Basin
2583
a
b
c
Lake Outlet, Headwater Catchment, Located on AB boundary
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Figure 2. Study meadow locations in YNP, GNF, and AB
Meadow elevations range from 2074 – 2583m (Table 1). Average annual
precipitation is 65.5cm with peak precipitation occurring in May and June. Mean
minimum temperature in January is -15.4ºC and mean maximum temperature in July is
23.2 ºC. Climatic data were from the weather station in Cooke City, Montana (~2,500m)
(Western Regional Climate Center 2009).
Upland tree species surrounding study meadows include lodgepole pine (Pinus
contorta), subalpine fir (Abies lasiocarpa), douglas fir (Pseudotsuga menziessi),
Engelmann spruce (Picea engelmannii), whitebark pine (Pinus albicaulis), and quaking
aspen (Populus tremuloides) (Houston 1982). Much of the forest throughout study area
drainages has burned during or since the 1988 YNP wildfires. Meadow vegetation is
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primarily willow (salix. spp) including Geyer (Salix geyeriana), Wolf’s (Salix wolfi),
Drummonds (Salix drummondiana), Barclay’s (Salix barclayi), Eastwood’s (Salix
eastwoodi), Booth’s (Salix bothii), and Farr’s (Salix farriae) (Tyers 2003).
Moose have historically had the greatest impact on willow within study meadows.
Large moose populations in the 1940’s and 1950’s caused willow decline in study
meadows although their populations have since crashed as a result of hunting and the
1988 YNP wildfires (Tyers 2003). Large elk populations on the NYWR are generally
unable to winter in study meadows as a result of prohibitively deep winter snowpack
associated with these high elevations (Houston 1982; YNP 1997). Other ungulate species
that utilize the study area are also reported within YNP, including mule deer (Odocolieus
hemionus) and bison (Bison bison). Major ecosystem wide predators of beaver include
grey wolves (Canis lupus), coyotes (Canus latrans), mountain lions (Felis concolor),
black bears (Ursus americanus) and grizzly bears (Ursus arctos) (NRC 2002).
A total of 46 beaver were reintroduced into four study meadows in the AB from
1986 – 1999. A total of 26 beaver were reintroduced to Christenson’s, 12 into
Hellroaring, 3 into Lake Abundance, and 5 into the Stillwater Basin meadows. From
reintroduction locations, beaver expanded to ten other meadows in the study area and
numerous other stream sections and meadows not included in this study. It is presumed
that beaver reintroduced into Lake Abundance and Stillwater Basin meadows eventually
dispersed to study meadows on Lake and Slough Creeks. Beaver reintroduced into
Hellroaring meadow eventually dispersed to numerous study meadows throughout the
Hellroaring drainage (e.g., Beaver, Elk) (Table 1; Figure 2). The reintroduction effort
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placed another 62 beaver in six other meadows on the GNF. Of these meadows, 14
beaver reintroduced to Charlie White Lake in the early 1990’s could possibly have
reached meadows within the Hellroaring drainage.

Study Meadows
Meadows vary in habitat and landscape characteristics throughout the study area
(Table 2). First and 2nd order streams and their associated meadows generally lack
secondary channels (e.g., sloughs, tributaries), have smaller contributing watershed area
(CWA), have smaller point/gravel bars, less willow as a result of smaller meadow area,
and a lower percentage of transects with willow (patchier willow distribution) compared
to meadows on 3rd order streams. The Stillwater Basin meadow is unique in that it is a 1st
order stream but also has expansive secondary channels. The meadow is a headwater
catchment with large areas of standing water off the main stem where beaver have
historically concentrated activity. Extensive standing water supports a fairly continuous
willow distribution in the Stillwater Basin meadow. The Lake Abundance meadow is
unique in that it is located at the outlet of a lake (Table 2).
Structure Inventory (1986 – 2010)
Every fall from 1986 – 2010 beaver lodges, bank dens, caches, and dams were
inventoried for activity throughout the study area. Fall was chosen because at this time of
year beaver generally commence building structures to provide food and cover for winter,
making identification of activity easier (Baker and Hill 2003; Townsend 1953). The
structure inventory was not done during summer months because beaver are nomadic,
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feeding on herbaceous vegetation, and poorly indicate site selection for winter occupancy
(Townsend 1953; Collins 1976). In addition, beaver colonies that establish in the
summer are often abandoned in the fall if water levels drop below livable levels (Collins
1976). The structure inventory was accomplished by walking meadows and stream

Table 2. General landscape and habitat characteristics of study meadows in the AB, YNP, and GNF
c
d
Area
CWA
Stream Secondary
% of Transects
Willow
P/G Bar
2
2
Meadow
(km )
(km )
Order
Channels
w/Willow
Footprint (m) Size (m)
Hellroaring

0.57

166.86

3

x

96% (n = 827)

19.6

4.58

Bull Moose

0.42

74.58

3

x

91% (n = 322)

16.28

4.69

Grizzly

0.4

27.69

2

45% (n = 402)

8.14

0.9

East Fork

0.02

13.48

1

75% (n = 72)

8.14

0

Beaver

0.02

6.86

1

69% (n = 78)

6.13

0

Elk

0.08

13.93

1

72% (n = 109)

10.5

0

Christenson's

1.61

70.2

3

x

92% (n = 900)

22.3

2

Holeman's

0.83

103.2

3

x

92% (n = 654)

21.3

0.6

Frenchy's

3.37

226.4

3

x

94% (n = 1,236)

18.85

8.84

Elk Tongue

6.45

272.35

3

x

72% (n = 1,612)

6.16

6.53

Hart's
Upper Lake
Creek
Lake
a
Abundance
Stillwater
b
Basin

0.18

28.04

1

50% (n = 144)

2.49

0

0.11

6.62

1

71% (n = 197)

10.48

0

0.04

-

1

91% (n = 47)

19.89

0

1.52

22.6

1

98% (n = 525)

28.46

0.9

a

b

c

x

d

Lake Outlet, Headwater Catchment, Contributing Watershed Area, Point/Gravel

corridors while documenting active and inactive beaver structures with Global
Positioning Systems (GPS), maps, or photos. High gradient stream sections were also
inventoried (Smith and Tyers 2008). The majority of activity was indicated by recently
cut vegetation or fresh mud comprising beaver structures, although beaver paths to and
from water (beaver slides) were also indicative of colony activity. Numerous other

30
researchers have used these methods to indicate whether a beaver site was active (Jonas
1955; Fryxell 2001; Pinto et al. 2009).
Beaver Colony Location and Success (1986 – 2010)

The identification of beaver colony location began by displaying the GPS
locations of structures (lodges, caches, dams, or banks dens) from the structure inventory
in a Geographic Information System (GIS). This allowed identification of groups of
structures, or clusters, centered on frequently active lodges and caches. Colony location
was defined as the center of the group of structures, generally in the area where the lodge
or cache was regularly established. This technique identified 44 discrete colonies in
meadows on the main stem of 3rd order streams, with the number of structures comprising
colonies ranging from 2 – 97 (later referred to as ―structure list‖). In meadows on 1st and
2nd order streams (n = 8), a total of 10 discrete colonies were designated with generally a
single colony throughout an entire meadow. This is because, except for Grizzly and
Stillwater Basin meadows, meadows on 1st and 2nd order streams are too small in area for
multiple colonies.
The structures that comprised the 44 colonies on the main stem of 3rd order stream
and the 10 colonies in meadows on 1st and 2nd order streams were used to calculate
success. Success, in this study, is defined as the proportion of years a colony was active
to how many years it has been established, with the idea that a very successful colony
will have an equal number of years active : years established (e.g., 11 years active and 11
years since establishment = highly successful). Each colony structure list allowed
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identification of the date of colony establishment and what years it was active since
establishment through 2010. As others have done (Fryxell 2001), a colony was counted
as active in a year if an active lodge, bank den, or cache was present in conjunction with
an active dam. If numerous dams were present without a cache or lodge reported as
active in the area, it was assumed cache, lodge, or bank den activity was misinterpreted
by technicians and the colony was counted as active. Jonas (1955) wrote about the
difficulty of interpreting colony activity with lodges and bank dens because of the careful
inspection that was necessary to elucidate use. He went on to say that ―the number and
concentration of workings provide a very definite indication of the relative abundance of
the beaver and where they are concentrating for collecting material for food or
construction‖ (Jonas 1955). In addition, lodges are reused in many environments if food
resources from previous years are still suitable (Slough and Sadleir 1977). A site was not
counted as active if only a single structure was active in a year. Individual colonies and
meadows were finally placed into occupancy timelines (Appendix A), which displays
every year a meadow or colony was active or inactive since it was established.
Occupancy timelines formed much of the basis for analyses in this study.

Objective 1: Describe Expansion of Beaver Populations after Reintroduction

The first objective of this study is to describe expansion of beaver populations
after reintroduction. This objective includes 5 questions:
1) when and how were meadows colonized by beaver (all meadows on 1st – 3rd order
streams);
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2) how have beaver structures increased;
3) what are beaver populations trends in meadows along 3rd order streams;
4) are meadows along 3rd order streams at carrying capacity, and if so, what is
colony density at carrying capacity; and
5) what is the success of beaver colonies established early versus late in expansion in
meadows along 3rd order streams?
All questions for objective 1 were answered by examining occupancy timelines
(Appendix A) and data from the structure inventory mentioned above. Question 1 was
answered by examining occupancy timelines and reporting when beaver were
reintroduced to meadows and when/how they expanded to colonize other meadows.
Question 2 was answered by examining the structure inventory and reporting the increase
in number of active structures (dams, caches, lodges, and bank dens) throughout the
entire study area since reintroduction.
The 3rd, 4th, and 5th questions of the first objective address beaver population
establishment (3 = beaver population trends, 4 = meadow carrying capacity and beaver
colony density, 5 = dispersal and site selection by beaver) specifically within meadows
on 3rd order streams (Hellroaring, Christenson’s, Holeman’s, and Frenchy’s). These
questions did not include Bull Moose meadow as only a single colony was established in
this meadow. Question 3 was answered with occupancy timelines which allowed
summing of the total number of active colonies in each meadow for every year since the
time the meadow was colonized or had beaver directly reintroduced through 2010. This
was then plotted to visualize and report population trends overtime (population increases
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and declines). Question 4 was answered with this same plot to understand when
meadows reached carrying capacity. Carrying capacity was discerned by observing the
rate of increase in number of active beaver colonies every year since reintroduction or
colonization of the meadow. If rate of increase slowed or leveled it was assumed the
meadow was at capacity. These techniques for discerning carrying capacity have been
used by other researchers (Howard and Larson 1985). Density was than calculated if a
meadow was at capacity. Density is calculated as the average number of active colonies
per year from the time the meadow reached capacity through 2010, divided by the length
of stream channel (main stem and secondary channel length) within the meadow.
Question 5 was answered through an inspection of occupancy timelines to
quantify the success of beaver colonies established early versus late in expansion
throughout meadows along 3rd order streams. It was presumed that later site selection,
once early dispersing beaver already colonized and saturated high quality habitat, would
be in marginal habitat locations and as a result less successful. Two beaver colony
establishment time periods were compared for this analysis, early and late, with the
average years of activity and inactivity through 2010 calculated for all colonies
established within the two time periods within meadows. The early time period averaged
the number of active and inactive years for all colonies established up to the time the last
long term colony (≥ 8 years through 2010) was established within each meadow. These
averages were then compared to the average years of activity and inactivity of colonies
established after all long term sites were selected (late). It is assumed that up until the
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last long term colony site is established, beaver will not locate at marginal locations,
which will be evident in higher success rates.
All subsequent objectives are related to the habitat and its use by beaver at colony
locations and throughout study meadows. The methods of quantifying habitat will be
discussed in the next section.

Sampling Methods

Habitat characteristics measured in study meadows, through field work and GIS,
were indicated in the literature as being important for beaver colony establishment and
persistence (Smith 1997; Baker and Hill 2003; Howard and Larson 1985). Vegetation
characteristics measured in the field included willow height, willow cover, and browse
distance. Three stream characteristics were measured in the field including stream depth,
stream width, and point/gravel bar size. Field data were collected from late July to early
October of 2009, and in September and October of 2010. Two stream/landscape
characteristics were measured in GIS including stream sinuosity and distance to
secondary channel. Sinuosity and distance to secondary channel were only measured for
discrete colonies, not at all transects as was done with vegetative and stream
characteristics.
Vegetation and stream habitat characteristics, recorded in the field, were
measured along transects placed perpendicular to the stream channel’s direction at 10m
increments from one end of a study meadow to another on both sides of the stream.
Transects that were intersected before completion by other stream sections or transects
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were adjusted (e.g., shortened or run at different angles from the stream) to avoid
duplicate sampling. Transects that vegetation characteristics were measured along began
at the stream’s high water mark and were run perpendicular to stream direction away
from the stream. High water marks were inferred by the presence of alluvial wash or
debris. If no high water mark was present, transects began at the stream edge. Stream
characteristics were measured at the same transects as vegetation characteristics.

Vegetation Sampling Methods
Willow cover was measured visually as the percent cover of willow out of 34m
(or an adjusted transect length) along a transect.

Percent cover estimated in the field

was converted to willow footprint (willow cover x transect distance / 100) for later
analyses. Willow cover was not used in analysis because the transect length could be
variable (as a result of adjustments). For example, 100% cover of 5m of willow (5m
transect) is not the same amount of willow as 100% cover of 34m of willow (34m
transect). This made willow footprint a more accurate estimation of the amount of
willow along a transect.
The use of 34m transects was supported by other studies that demonstrated beaver
tend to stay close to the water’s edge when browsing for food and building materials. For
example, Hall (1960) and Jenkins (1980) reported a disproportionately high utilization (≈
90%) of streamside vegetation within 30m of the water’s edge. Early field observations
confirmed these reports, with the majority of browse occurring in close proximity (~ 8 –
10m) from the water's edge. Since beaver generally concentrated use of willow close to
shore, the need to sample willow further than 34m (≈ 100’) was deemed unnecessary.
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Willow height and browse distance was recorded at each transect. A single
willow height was measured with a meter stick that represented the average height along
each transect. Line intercept transects were run early in the study that took willow height
measurements at 4m intervals. This effort proved redundant (similar willow heights
along the length of the transect) and time intensive, so the decision was made to instead
take a single willow height measurement. Browse distance was measured in the field as
the total linear distance along a transect that beaver cut willow. Any aged willow cut was
used to indicate browse.

Stream Sampling Methods
Stream width was measured as the surface water width at each transect. Stream
depth was measured 1m into the channel from the start of the vegetation transect. If a
point or gravel bar extended > 1m towards the stream from the start of the vegetation
transect, water depth would be zero. Point/gravel bar size was measured as the distance
to surface water from the vegetative transect’s starting point and not measured if < 1m.

Inundation. Beaver dams were present during data collection which caused some
field measured stream characteristics to be representative of inundation. The goal of this
study was to understand original stream characteristics before beaver colonization. If
inundated stream characteristics were recorded, stream characteristics were used from the
closest noninundated transects either up- or downstream of the inundated reach to
represent their stream characteristics, similar to techniques of other researchers (Howard
and Larson 1985; Curtis and Jensen 2004; McComb et al. 1990; Suzuki and McComb
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1998). Secondary channels (e.g., sloughs, 1st order tributaries) often lacked noninundated
reaches, or were dry stream beds, and so were excluded from any analysis that involved
field measured stream habitat characteristics.

Beaver Colony Location and Their Associated Transects

Beaver colony location was defined as the center point of a group of structures
that were used to calculate its years of activity and inactivity since establishment through
2010 (beaver colony success). Habitat within the colony was comprised of 11 transects
(110m) on the side of the stream the cache or lodge was regularly established, 5 transects
up – and downstream of the colony center. Although researchers have associated beaver
habitat with sampling units ranging from 50m (Pinto et al. 2009; Suzuki and McComb
1998; McComb et al. 1990; Howard and Larson 1985) to over 500m (Boyce 1983; Beier
and Barrett 1987; Allen 1983; Frantisek et al. 2010; Hartman 1996), this study
incorporated transects that comprised only the core area around the colony center.
Attempts to enlarge the colony territory or use both sides of the stream resulted in habitat
that was vastly different from the core area because of the sinuous nature of study
streams and its subsequent effect on stream characteristics. Since multiple transects
within each colony are not independent, all transects were averaged (n = 11) for each
habitat characteristic (e.g., stream depth, willow height) within the extent of the colony
(110m) for further data analyses.
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GIS Methods: Sinuosity and Distance to Secondary Channel

Sinuosity and distance to (closest) secondary channel were measured for beaver
colonies using GIS on the main stem of 3rd order streams. These variables were not
measured at individual transects as those described above. To address the potential
confounding factor of channel migration on sinuosity, aerial photographs downloaded
from Montana Natural Resource Information Systems (NRIS), taken in 1991 and 2009
(1:24,000), were compared to verify if stream location had changed significantly.
Channel migration would have confounded sinuosity measurements because, for
example, if a location was active from 1986 – 2010 and channels moved during that time
periods, multiple sinuosity measurements would be needed to account for movements.
All meadows except Frenchy’s meadow showed little change in channel location over
that time period. The central portion of Frenchy’s meadow showed some channel
movement between 1991 and 2009, but since no colonies were present in that section of
stream it did not confound sinuosity measurements.
Sinuosity was measured using 1:24,000 aerial photographs (2009) downloaded
from Montana NRIS. The main stem of 3rd order streams were digitized to make
measurements of sinuosity more accurate. Points were then marked 50m stream distance
up- and downstream of a beaver colony center, and then a euclidean distance was
measured between the two points. Similar to the methods of Hartman (1996) and
Frantisek et al. (2010), stream distance (always 100m) was divided by euclidean distance
(variable) for the final sinuosity metric.
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Sinuosity was deemed unimportant and confounded for colonies on lower order
streams with smaller meadows (East Fork, Beaver, Elk, Grizzly, Hart’s, Lake
Abundance, Upper Lake Creek) or on secondary channels. This is because sinuosity
measurements in GIS would cover an area larger than most of these meadows. In
addition, stream winding/curving on smaller 1st and 2nd order streams is at such a fine
scale that 1:24,000 photographs caused significant measurement errors.
Distance to (nearest) secondary channel for beaver colonies was also measured in
GIS. A secondary channel is any channel in a meadow other than the main channel. This
can be a tributary that confluences with the main stem or a seep or spring that parallels
the main stem. A secondary channel was only used if it was present in 1991 and 2009,
verified by aerial photographs from NRIS (1:24,000). Secondary channels were digitized
in GIS to make measurements more accurate. A euclidean distance was measured for
this metric from the colony center to the closest secondary channel. Distance to
secondary channel was only deemed important for colonies located on the main stem of
3rd order streams. This is because often there are no secondary channels in meadows on
1st and 2nd order streams.

Objective 2: Determine Physical and Vegetative Habitat
Characteristics that Promote Successful Beaver Colonies

The second objective is to determine physical and vegetative habitat
characteristics that promote successful beaver colonies. This objective includes 3
questions:
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1) what habitat characteristics support colony success in meadows along 3rd order
streams;
2) what habitat characteristics differentiate historically used versus never used
locations by beaver in meadows along 3rd order streams; and
3) what habitat characteristics are important for the success of beaver in smaller
meadows on 1st and 2nd order streams?
The 1st question of the second objective aims to describe habitat that best explains
beaver colony success from 1986 – 2010 in meadows along 3rd order streams. To answer
this question, two separate analyses (models) were required. The first analysis, the ―main
stem success model‖, reports habitat characteristics associated with success of colonies
located in four meadows (Hellroaring, Christenson’s, Holeman’s, and Frenchy’s
meadow) on the main stem of Hellroaring, Buffalo, and Slough Creeks (all 3rd order
streams). These meadows were chosen because 3rd order streams ran through them,
which created comparable stream characteristics. They were also chosen because beaver
were reintroduced or colonized these meadows at about the same time. Bull Moose
meadow was not used because there were no colonies located on the main stem of the
stream. A total of 33 colonies were used for this analysis (Appendix B, colonies in bold
font). For a colony to be included, it had to show evidence of structure creation on the
main stem of the stream. This analysis also included colonies at ―intermediate‖ locations,
or those that utilize both the main stem and secondary channels. Colonies located purely
on secondary channels (> 50m from the main stem, on its floodplain) in meadows on 3rd
order streams were not included because stream characteristics could not be measured as
a result of inundation from beaver dams (Appendix B, colonies not in bold font).
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The second analysis for the 1st question of the second objective, the ―main stem
and secondary channel success model‖, includes colonies on secondary channels (those
excluded from the first analysis because of inundation) (n = 11) in addition to colonies on
the main stem (n = 33) (Appendix B, all colonies) within the four meadows used in the
first analysis, in addition to Bull Moose meadow. Secondary channels generally had
stream characteristics representative of inundation from beaver impoundments when data
were collected, which meant colonies located on these channels could not be accurately
compared with noninundated main stem colonies. To remedy this, a factor was instead
used to represent generalized stream characteristics with ―Main‖ = colony located on the
main stem of a stream (> 50m from a secondary channel), ―Intermediate‖ = colony
located both on the main stem and a secondary channel (must be within ≤ 50m distance
of a secondary channel but generally at a confluence), and ―Secondary Channel‖ = colony
located purely on a secondary channel or slough > 50m from a confluence or the main
stem of the stream. Willow footprint and height were also included because inundation
did not affect their characteristics at the time of sampling. This allowed inclusions of
colonies on the main stem (n = 33) plus colonies located on inundated reaches (n = 11) to
better understand beaver colony success based on general stream and vegetative
characteristics.
The experimental units for both colony success models were beaver colonies. For
the first analysis of objective two (main stem success model) beaver colony success
(response variable) was predicted by explanatory habitat variables including willow
footprint, willow height, stream width, stream depth, stream sinuosity, point/gravel bar
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size, and distance to secondary channel. For the second analysis (main stem and
secondary success model), beaver colony success was predicted by a factor for channel
type (1 = main stem, 2 = intermediate, 3 = secondary channel) and by measured field
variables including willow height and footprint. A logistic regression model for binomial
counts (BC) was chosen for both analyses. The BC response variable (success) is the
binomial proportion (Y/m), where Y is the number of active years and m is the total
number of years the colony was established (active + inactive years) (Ramsey and
Schafer 2002). Colonies are weighted by their binomial denominator (m) (Crawley
2007).
Weighting by the binomial denominator was a key advantage of using the BC
model over ordinary least squares (OLS) regression. Occupancy modeling was
traditionally accomplished with percent occupancy as the response (# years active/total #
years since establishment x 100) in OLS regression. Using percentages as a response has
several drawbacks, most notably it ignores the number of observations that go into
calculating the percentage. For example, a colony established in 2005 that is active every
year through 2010 would have the same occupancy percentage (100%) as a colony
established in 1986 and active continuously through 2010. There is uncertainty in
whether the colony established in 2005 has habitat that is going to support continuous
activity for a long period of time. There is less uncertainty that the colony established in
1986 has habitat that supports longevity because it has already proven successful.
Weighting of the response (success) by the binomial denominator (m) allows the colony
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established in 2005 to be included in the analysis, but does not give it as much weight as
a long lived colony with many observations (Crawley 2007; Ramsey and Schafer 2002).
Both the ―main stem success model‖ and the ―main stem and secondary channel
success model‖ were executed in ―R‖ with the GLM (Generalized Linear Model)
package, the binomial family, and the logit link (Crawley 2007). The logit link corrects
for the binomial distributional errors of the response (Crawley 2007; Ramsey and Schafer
2002; Agresti 2007). BC models have similar normality and variance assumptions as
OLS regression for explanatory variables (Ramsey and Schafer 2002; Agresti 2007). To
satisfy model assumptions, each explanatory variable was tested with the Shapiro-Wilk
test to determine if errors were normally distributed. If a variable was significant with
the Shapiro-Wilk test (p ≤ .05) it did not have normally distributed errors, and was
subsequently log-transformed to correct errors (Ramsey and Schafer 2002).
Methods for creating the ―main stem success model‖ were slightly different then
methods for creating the ―main stem and secondary channel success model‖. The
creation of the ―main stem success model‖ began with a simple bivariate comparison of
each explanatory variable as a function of the response (success (Y/m)). Variables that
were significant in bivariate analysis (P ≤ 0.05) were candidates for the multivariate
―main stem success model‖. As others have done, candidate explanatory variables were
placed in a correlation matrix to identify collinearity (Beire and Barrett 1987; Howard
and Larson 1985; Barnes and Mallik 1997). If two variables appeared correlated, the
variable with the more significant p-value was brought forward for the multivariate
model building process (Ramsey and Schafer 2002).
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Creation of the final multivariate model was based on drop-in-deviance tests.
This test compares the saturated model’s (all candidate variables included) deviance
(equivalent to extra sum of squares in OLS) to the deviance of a model of interest
(Ramsey and Schafer 2003). Saturated models will always have the lowest deviance but
potentially contain variables that do not significantly contribute to increased prediction.
Model creation started with the saturated model and then candidate variables with the
largest p-value were sequentially dropped from the model (backwards stepwise logistic
regression procedures). If deletion of one or more candidate variables did not
significantly reduce the models ability to predict the odds of beaver colony success (χ, P
≥ 0.05), it was assumed they were extraneous. Once deletion of a candidate variable
significantly (χ, P ≤ 0.05) reduced the models ability to predict the odds of beaver colony
success, it was assumed the prior step (with the eliminated variable included) was the
most parsimonious and therefore best model.
The ―main stem and secondary channel success model‖ was created with bivariate
analyses and pairwise comparisons. This model did not go through multivariate model
building as described above. This is because factors, which represent generalized stream
characteristics, cannot be sequentially deleted from a model. A bivariate comparison of
willow height and footprint as a function of the response (binomial proportion) was
completed. Pairwise comparisons, or contrasts, were then completed of each factor (main
stem colony location, intermediate colony location, and secondary channel location)
against all other factors. For example, the success of colonies purely on the main stem
where compared to the success of colonies at intermediate locations and then compared
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to success of colonies location purely on secondary channels. Colonies on secondary
channels were then compared to colonies at intermediate locations.
The 2nd question of objective two aims to differentiate habitat associated with
historically used versus never used stream reaches (locations) by beaver. This analysis
was limited to the main stem of 3rd order streams where all measured habitat
characteristics could be utilized (stream and vegetative habitat characteristics).
Historically used locations are stream reaches that have at one time had active beaver
colonies present. These locations could be active for one or many years from 1986 –
2010, all that mattered was that at one time beaver were established at these locations.
As a result, these historically used beaver locations are comprised of the same habitat of
colonies used in the ―main stem success model‖ (n = 33) (Appendix B, colonies in bold
font). Historically used beaver locations were compared to a sample of twenty locations
never used by beaver from meadows in Hellroaring, Christenson’s, Holeman’s, and
Frenchy’s meadow (n = 80), twenty locations from each meadow. The creation of
locations never used by beaver was based on randomly selecting 20 transects from those
transects not part of historically used locations in each meadow. Transects selected (n =
80) were designated as the center of a location and the average of each habitat variable 5
transects up- and downstream of the location center were used to describe habitat. If a
never used location intersected with another never used location or a historically used
location, another randomly selected location was generated. This analysis used a logistic
regression model for binary response variables with a historically used location = 1 and a
historically never used location = 0. Logistic regression models, unlike OLS and BC
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models, lack assumptions of constant variance and normally distributed errors for
explanatory variables (Crawley 2007; Ramsey and Schafer 2002; Agresti 2007; Anderson
1972). Model creation was identical to methods used for the ―main stem success model‖,
that being a bivariate analysis to determine candidate variables for the multivariate
model, and then sequential deletion of candidate variables with drop-in-deviance tests for
the final parsimonious multivariate model.
The 3rd question of the second objective aims to determine habitat characteristics
that are important for the success of beaver in smaller meadows on 1st and 2nd order
streams. The majority of discussion will focus on satellite meadows, which are defined
here as meadows (n = 6) beaver dispersed to from initial reintroduction locations in Lake
Abundance, Stillwater Basin, and Hellroaring meadows. Occupancy percentages
(number of years a meadow was active / total number of years since it was established x
100) were compared to the habitat characteristics of the meadows. Habitat characteristics
reported for smaller meadows are the average of each habitat characteristic, measured on
transects, in the entire meadow. It is not the average of habitat (transects) within a
discrete colony because generally only a single colony could establish within these
meadows. Willow resource use is also talked about in relation to 1st and 2nd order
meadows but calculations for these metrics will be discussed next.

Objective 3: Describe Beaver Use and Impact on the Willow Resource

The third objective of this study aims to understand beaver use and impact on the
willow resource. This objective includes 2 questions:
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1) how much of the resource are beaver utilizing; and
2) how far are beaver browsing from streams?
The 1st question of the third objective aims to quantify how much of the willow
resource beaver cuts were observed in along transects. This metric is called ―percent of
willow footprint with browse‖ and is calculated as browse distance (total linear distance
of beaver cuts along a transect) / willow footprint x 100). This metric is not willow
utilization as reported by other researchers (Gallant et al. 2004; Hall 1960), where a
percent change in biomass of vegetation is measured before and after utilization. Instead,
this metric reports the percentage of willow close to shore which had evidence of beaver
cuts. This gives a general idea of how much of the available willow resource beaver are
traveling through to acquire food and building materials. This metric is reported as an
average for entire meadows and as an average for colonies active in 2008 (Appendix B,
colonies w/*). The year 2008 was chosen because browse data, which were mostly
collected in the field in 2009, should be more representative of the previous year’s
browsing than the year data were collected. This is because most data in 2009 were
collected before (summer) beaver often commence building activities (fall) for the winter.
The 2nd question of the third objective aims to understand how far beaver are
traveling from shore to browse. This metric is called ―browsing distance‖, and is
calculated as the total linear distance beaver browse (cuts) is observed along a transect.
Browsing distance is reported as an average for transects associated with active colonies
in 2008 (Appendix B, colonies w/*) and for all transects throughout entire meadows on
3rd order streams. A transect which does not have any browse is not given a value of zero
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and averaged with transects browsed by beaver. Instead these values are not incorporated
into the average browsing distance metric because it is only important what distance
beaver are traveling down transects if they went down transects. Other researchers have
reported similar metrics as this study’s browsing distance (Jenkins 1980; McGinley and
Whitham 1985), but they reported it as the exact distance a beaver cut was observed from
water. This study’s browsing metric differs because potentially beaver could browse at
the beginning and end of a transect, but not in the middle. In this example, browsing
distance would be underestimated. Based on field observations, this was not occurring,
which makes using browsing distance and adequate surrogate for browsing distance from
water.

Objective 4: Compare Success of Beaver in the AB to Beaver on the NYWR

The fourth objective of this study aims to compare the success of beaver
populations in the AB to beaver populations on the NYWR. Success of beaver on the AB
will be associated with the quality of habitat found in analysis of objective two. Success
of beaver on the NYWR will be associated with what other researchers have found
related to population levels and habitat quality.
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CHAPTER 4
RESULTS

Expansion of Beaver Populations after Reintroduction
The 1st aim of the first objective was to report when and how meadows were
colonized by beaver. A total of 33 beaver were first reintroduced to Hellroaring,
Christenson’s, Lake Abundance, and Stillwater Basin meadows between 1986 and 1994
(one beaver was also reintroduced into the Stillwater Basin meadow in both 1997 and
1998). In 1998 and 1999, 11 additional beaver were reintroduced to meadows along
Buffalo Fork (Figure 2). Presumably, from directly reintroduced beaver populations in
the Stillwater Basin and Lake Abundance meadow in 1993 and 1994, beaver traveled
down Lake Creek to established within Hart’s and Frenchy’s meadows in 1996, and
Upper Lake Creek meadow in 2001 (Appendix A). Beaver populations were directly
reintroduced to Hellroaring meadow (Rocky Ford) from 1988 - 1991, and from that
location dispersed to five other meadows between 1996 and 2004 within the Hellroaring
Creek watershed. Beaver directly reintroduced to Christenson’s meadow in 1986
dispersed to Holeman’s meadow in 1988 (Figure 2; Appendix A). By 2010, a total of 17
meadows had beaver directly reintroduced or were colonized (14 used in this study), in
addition to numerous other stream sections.
The 2nd aim of the first objective was to quantify beaver structure expansion from
1986 - 2010.

During the time, over 1,400 active beaver structures were recorded. There
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was a gradual increase in the number of active dams from 1991 – 2010 (Figure 3). Since
2000, a yearly average of 70.5/active dams (SD = 20.25) has been recorded.

Active Beaver Dams in the Absaroka-Beartooths
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Figure 3. Number of active beaver dams (1991 - 2009)
Beaver Population Establishment in Meadows along 3rd Order Streams
The 3rd, 4th, and 5th questions of the first objective address beaver population
establishment (beaver population trends, meadow carrying capacity and beaver colony
density, dispersal and site selection by beaver) specifically within meadows on 3rd order
streams (Hellroaring, Christenson’s, Holeman’s, and Frenchy’s meadows).

Beaver Population Trends
Since reintroduction or colonization of meadows, a general increase in the number
of active beaver colonies is apparent. There appears to be a decrease in the number of
active colonies around 1997, but resurgence thereafter among all meadows (Figure 4).
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Meadow Carrying Capacity and Beaver Colony Density
Within meadows along 3rd order streams, it appears carrying capacity was reached
in 2000. This is evident from a leveling in the total number of active beaver colonies
within meadows (black line) (Figure 4). After carrying capacity was reached, average
beaver colony density was 1.33 (SD = 0.48) colonies/stream km throughout major study
meadows along 3rd order streams, with the highest density reported in Hellroaring
meadows (1.99 colonies/km) and lowest within Frenchy’s meadow (0.92 colonies/km)
(Table 3).

Figure 4. Number of active colonies in major study meadows from 1986 – 2010.
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Table 3. Average colony density in major study meadows along 3rd
order streams: 2000 - 2010
Colony Density (average # active
colonies per year 2000 Meadow
2010/stream km)
Hellroaring
1.99
Holeman's
1.04
Christenson's
1.38
Frenchy's
0.92
Average
1.33 (SD = 0.48)

Dispersal and Site Selection by Beaver
In Hellroaring and Christenson’s meadow, the majority of colonies established in
the early phase of expansion were highly successful through 2010 (Table 4). Once sites
that would eventually be long term (≥ 8 years active through 2010) were occupied by
beaver colonies, subsequent sites selected by beaver were less successful through 2010.
This same pattern is evident for early expansion periods in Holeman’s and Frenchy’s
meadows, but not for later expansion periods (Table 4).

Table 4. The success of beaver colonies established before and after colonization of long term sites
Expansion
Year(s) sites
# of colonies
Average years active and years
Meadow
Phase
were colonized
established
inactive of colonies through 2010
Frenchy’s

Early

1996 - 2003

9

7.7/3.7

Late

2007

1

2/2

Hellroaring

Early

1988 - 1993

10

13.9/5.8

Late

1994 - 1998

3

4.66/10.67

Christenson's

Early

1986 - 1993

5

14.6/6.8

Late

1999 - 2006

8

4.12/4.75

Early

1988 – 2002

5

11.2/6.2

Holeman's

Late
2004 - 2006
2
1.5/4.5
Early expansion = up to the time all eventual long term sites (> 8 years active through 2010) are
occupied, Late expansion = after all long term sites are occupied
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Habitat Characteristics of Successful Beaver Colonies
(1986-2010): Meadows along 3rd Order Streams

The second objective was to determine physical and vegetative habitat
characteristics that promote successful beaver colonies. The 1st aim of the second
objective was to understand what habitat characteristics promote colony success between
1986 and 2010 in meadows along 3rd order streams. This was accomplished with two
different habitat models. The ―main stem success model‖ used vegetative and stream
characteristics of colonies (n = 33) in Hellroaring, Holeman’s, Christenson’s, and
Hellroaring meadows on the main stem of Hellroaring, Buffalo, and Slough Creek (all 3rd
order streams). This model does not include any colonies that are >50m from the main
stem and purely on secondary channels, but only includes colonies that utilize the main
stem to some extent (evidenced by beaver structures on the main stem near the colony
center). The second model, the ―main stem and secondary channel success model‖,
included colonies on the main stem from the previous model (n = 33) plus colonies on
secondary channels >50m from the main stem (n = 11) in Hellroaring, Holeman’s,
Christenson’s, Frenchy’s, and Bull Moose meadows. Secondary channels were generally
inundated from beaver dams, and so did not have stream characteristics that could be
compared with noninundated main stem channels. To remedy this, generalized stream
characteristics of colony locations are represented by factors (main, intermediate,
secondary channel) instead of field measured stream characteristics. For a more detailed
explanation, see METHODS.
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Main Stem Success Model
The ―main stem success model‖ is a binomial count logistic regression model,
which requires that explanatory variables have normally distributed errors. Initially, all
explanatory variables were tested for normality with the Shapiro-Wilk test. Variables
including point/gravel bar size, stream width, distance to secondary channel, and
sinuosity lacked normally distributed errors (p-value ≤ 0.05), and were log-transformed.
Transformation corrected the distributional errors of stream width (p-value ≥ 0.05) but
did not for sinuosity, point/gravel bar size, and distance to secondary channel. Since
these variables were highly significant (p-value ≤ 0.0001) in later analyses, it was
assumed that their distributional errors were not impacting significance as might be the
case with borderline p-values.
After accounting for the distributional assumptions of the model, a bivariate
comparison of all variables was completed. This tested the significance of the response
(binomial proportion = success) as a function of each individual explanatory variable.
Significant variables (p-value ≤ 0.05) from bivariate analyses were candidate variables
for the multivariate ―main stem success model‖ reported next. A summary of bivariate
analyses findings is reported in Table 5. Odds of beaver colony success increased
significantly with greater stream sinuosity (OR=7.67; 95% CI: 4.22 - 13.95), less
point/gravel bar size (OR=0.59; 95% CI: 0.48 – 0.73), greater stream depth (OR=6.23;
95% CI: 2.85 – 13.65), and less distance to a secondary channel (OR=0.93; 95% CI: 0.83
– 0.97). Odds of beaver colony success were not significantly associated with willow
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height (OR = 1.45; 95% CI = 0.9 – 2.32), stream width (OR = 0.76; 95% CI = 0.39 –
1.54), or willow footprint (OR = 1.00; 95% CI = 0.98 – 1.03) (Table 5).
Significant variables from bivariate analyses (candidate variables) were placed
into a correlation matrix to discern collinearity. Stream depth and point/gravel bar size
showed collinearity with sinuosity. Since sinuosity had a greater statistical significance,
it was brought forward with distance to secondary channel into the multivariate ―main
stem success model‖.

Table 5. Main stem success model: odds ratios for bivariate analysis of beaver colony
success on the main stem of 3rd order streams: 1986 - 2010 (n = 33 colonies). Odds ratios
indicate the odds of success for every 1-unit change in the variable. Confidence limits that
do not contain 1 are considered statistically significant.
Odds Ratios
Variable
Stream Sinuosity (log)
Point/Gravel Bar Size (m) (log)
Stream Depth (m)
Distance to Secondary Channel (m) (log)
Willow Height (m)
Stream Width (m) (log)
Willow Footprint (m)

p-value
1.69E-11
1.62E-07
6.68E-06
0.005
0.13
0.47
0.72

Estimate
7.67
0.59
6.23
0.93
1.45
0.76
1

Confidence Limits
4.22 - 13.95
0.48 - 0.73
2.85 - 13.65
0.83 - 0.97
0.9 - 2.32
0.39 - 1.54
0.98 - 1.03

The goal of multivariate model building was to select the most parsimonious
model by sequentially deleting candidate variables from the saturated model (a model
with all candidate variables included) with the least statistical significance (backward
stepwise logistic regression) that did not contribute to predictability of beaver colony
success. Once deletion of a candidate variable significantly reduced the models ability to
predict the odds of beaver colony success, it was assumed the prior step (with the
eliminated variable included) was the most parsimonious. The results of stepwise
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procedures are presented in Table 6. The saturated model explained the data significantly
better then the null model (χ22 = 65.38, P < 0.001). Eliminating distance to secondary
channel from the saturated model significantly reduced its ability to explain beaver
colony success (χ21 = 8.67, P = 0.003), and so the model with distance to secondary
channel and stream sinuosity was the most parsimonious (Table 6). The adjusted odds
ratios for the final multivariate model are presented in Table 7. Odds of beaver colony
success maintained a significant relationship with sinuosity (OR = 7.57; 95% CI = 4.22 –
13.57) and with distance to secondary channels (OR = 0.92; 95% CI = 0.87 – 0.97)
(Table 7).

Table 6. Main stem success model : multivariate model of beaver colony success on the main
stem of 3rd order streams: 1986 - 2010 (n = 33 colonies)
Distance to Secondary
Stream
Δ
Drop in Deviance
Model
Channel (m) (log)
Sinuosity (log)
Deviance
Test
1b
-0.12
2.92
65.38a
< 0.001
2
8.67
0.003
a
b
Starting deviance = 170.98 (Intercept = -0.22), ∆ deviance from null model, = most
parsimonious model

Table 7. Adjusted odds ratios for the multivariate model of beaver colony success on the
main stem of 3rd order streams: 1986 - 2010 (n = 33 colonies). Adjusted odds ratios indicate
the odds of success for every 1-unit change in the variable with other variables included in
the model. Confidence limits that do not contain 1 are considered statistically significant.
Adjusted Odds Ratios
Variable
Stream Sinuosity
Distance to Secondary Channel (m)

p-value
1.13E-11
0.003

Estimate
7.57
0.92

Confidence Limits
4.22 - 13.57
0.87 - 0.97
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Main Stem and Secondary Channel Success Model
The second model used to explain beaver colony success from 1986 – 2010, the
―main stem and secondary channel success model‖, is also a binomial count logistic
regression model and similarly assumes normally distributed errors. All explanatory
variables had normally distributed errors (Shapiro-Wilk test, p–value ≥ 0.05). Bivariate
analyses was then carried out to test the significance of the response (binomial proportion
= success) as a function of each explanatory variable. Results of bivariate analyses are
presented in Table 8. The odds of colony success increased significantly with greater
willow height (OR = 1.51; 95% CI = 1.06 – 2.14) but was not significantly associated
with willow footprint (OR = 1.00; 95% CI = 0.97 – 1.02). Pairwise comparisons of
factors are also presented in Table 8. Colonies located purely on secondary channels (>
50m from the main stem) had significantly greater odds of success (OR = 4.48; 95% CI =
2.9 – 6.92) than colony locations purely on the main stem (> 50m from a secondary
channel). Similarly, colonies at intermediate locations (on the main stem but ≤50m from
a secondary channel) had significantly greater odds of success (OR = 2.72; 95% CI =
1.81 – 3.87) then colonies located solely on the main stem. Lastly, colonies purely on
secondary channels had significantly greater odds of success (OR = 1.64; 95% CI = 1.05
– 2.59) than colonies on intermediate sections of stream (Table 8).
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Table 8. Main stem and secondary channel success model: odds ratios for bivariate and
pairwise comparisons of beaver colony success of both main stem and secondary channel
colonies: 1986 - 2010 (n = 44). Odds ratios for categorical variables indicate the odds of
success for one category level relative to another category level (specified with a *). Odds
ratios for continuous variables (willow footprint and height) indicate the odds of success
for every 1-unit change in the variable. Confidence limits that do not contain 1 are
considered statistically significant.
Odds Ratios
Parameter
Willow Height (m)
Willow Footprint (m)
*Main vs. Secondary Channel
*Main vs. Intermediate

p-value
0.02
0.96
1.23E-11
3.19E-08

Estimate
1.51
1
4.48
2.72

Confidence Limits
1.06 - 2.14
0.97 – 1.02
2.9 - 6.92
1.81- 3.87

*Intermediate vs. Secondary Channel

0.03

1.64

1.05 – 2.59

* = contrast

Habitat Characteristics of Historically Used/Never Used Locations
by Beaver (1986 - 2010): Meadows along 3rd Order Streams
The 2nd aim of objective two was to understand habitat characteristics that
differentiate locations historically used versus never used by beaver in meadows (n = 4)
on the main stem of Hellroaring, Buffalo, and Slough Creeks. All colonies from the
―main stem success model‖ were included (n = 33) as ―used‖ locations and compared to
twenty locations never used by beaver from each meadow, for a total of eighty. All
locations, real colonies and never used locations, were located on the main stem of 3rd
order streams. Initially, a bivariate comparison of all explanatory variables as a function
of the binary response (0 = never used, 1 = used) was completed with significant
variables (p-value ≤ 0.05) selected as candidates for the multivariate model. A summary
of bivariate results is displayed in Table 9. The odds of historic beaver use of a location
significantly increased with less point/gravel bar size (OR = 0.79; 95% CI = 0.66 – 0.96),
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larger willow footprint (OR = 1.07; 95% CI = 1.01 – 1.14), and greater stream depth (OR
= 39.25; 95% CI = 4.91 – 313.44). Willow height (OR = 2.41; 95% CI = 0.98 – 5.94),
sinuosity (OR = 1.88; 95% CI = 0.79 – 4.45), distance to secondary channel (OR = 1.00;
95% CI = 0.99 – 1.01), nor stream width (OR = 1.00; 95% CI = 0.87 – 1.15) were
significantly associated with the odds of a location being historically used by beaver
(Table 9). Placement of candidate variables into a correlation matrix showed collinearity
between point/gravel bar size and stream depth. Point/gravel bar size was more
significant when compared with stream depth, and therefore used as a candidate variable
for the final multivariate model.

Table 9. Odds ratios for bivariate analysis of historically used (1) vs. never used locations (0)
by beaver: 1986 - 2010 (n = 33 used colonies, n = 80 never used colonies). Odds ratios
indicate the odds of success for every 1-unit change in the variable. Confidence limits that
do not contain 1 are considered statistically significant.
Odds Ratios
Variable
Point/Gravel Bar Size (m)
Willow Footprint (m)
Stream Depth (m)
Willow Height (m)
Sinuosity
Distance to Secondary Channel (m)
Stream Width (m)

p-value
0.0005
0.007
0.02
0.06
0.15
0.6
0.99

Estimate
0.79
1.07
39.25
2.41
1.88
1
1

Confidence Limits
0.66 - 0.96
1.01 - 1.14
4.91 - 313.44
0.98 - 5.94
0.79 - 4.45
0.99 - 1.01
0.87 - 1.15

Multivariate model creation was based on the same procedures as the ―main stem
success model‖ reported previously. The results of stepwise procedures are displayed in
Table 10. The saturated model explained the data significantly better than the null model
(χ22 = 18.39, P < 0.001). Eliminating point/gravel bar size from the model significantly
reduced its ability to explain historic beaver use of a location (χ21 = 10.04, P = 0.001),
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and so the model with willow footprint and gravel/point bat size was the most
parsimonious (Table 10). The adjusted odds ratios for the final multivariate model are
presented in Table 11. The odds of beaver use of a location significantly increased with
greater willow footprint (OR = 1.06; 95% CI = 1.02 – 1.1) and decreased with greater
point/gravel bar size (OR = 0.81; 95% CI = 0.67 – 0.99) (Table 11).

Table 10. Multivariate model of historically used (1) vs. never used locations (0) by beaver:
1986 - 2010 (n = 33 used, n = 80 never used colonies)
Point/Gravel Bar Size
Drop in
Model
(m)
Willow Footprint (m)
Δ Deviance
Deviance Test
a
1b
-0.21
0.07
18.39
< 0.001
2
10.04
0.001
a
b
Starting deviance = 136.5 (Intercept = -1.95), ∆ deviance from null model, most
parsimonious model

Table 11. Adjusted odds ratios for the final multivariate model of historically used (1) vs.
never used locations (0) by beaver: 1986 - 2010 (n = 33 used, n = 80 never used colonies).
Adjusted odds ratios indicate the odds of success for every 1-unit change in the variable
with other variables included in the model. Confidence limits that do not contain 1 are
considered statistically significant.
Variable
Willow Footprint (m)
Point/Gravel Bar Size (m)
Intercept = 0.14

p-value
0.01
0.03

Adjusted Odds Ratios
Estimate
Confidence Limits
1.06
1.02 - 1.1
0.81
0.67 - 0.99

Habitat Characteristics of Beaver Colonies on 1st and 2nd Order Streams
The 3rd aim of objective two was to understand what habitat characteristics are
important for the success of beaver in smaller meadows on 1st and 2nd order streams. The
majority of discussion will focus on ―satellite meadows‖, which are meadows that beaver
dispersed to from directly reintroduced populations in Lake Abundance, the Stillwater
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Basin meadow, and Hellroaring meadow. On average, satellite meadows were colonized
in 1999 (SD = 2.89 years) and since, on average, have been occupied 68% (SD =
15.79%) of subsequent years through 2010 (Table 12). Willow footprint in satellite
meadows averaged 7.65m (SD = 3.02m) with 63.7% (SD = 12.8%) of transects within
meadows having some willow present. Percent of willow footprint with browse in
satellite meadows averaged 27.5% (SD = 17.8%). The highest percent of willow with
browse was in meadows, Beaver and Hart’s, with the smallest willow footprint among
satellite meadows. Both Beaver and Hart’s meadows also have fairly low occupancy
percentages (57% and 53%, respectively) (Table 12).

Table 12. Habitat characteristics and occupancy of meadows along 1st and 2nd order
streams in the AB
Year
Occ.
#
% Transects with
d
Meadow
Colonized %
colonies WF
WH % WF w/B
Willow
Grizzly*
1997
93
8
8.14 1.8
16.1
45% (n = 402)
East Fork*
2000
73
1
8.14 2.23
11.27
75% (n = 72)
Beaver*
2004
57
2
6.13 1.37
57.24
69% (n = 78)
Elk*
2000
55
2
10.5 2.4
20.76
72% (n = 109)
Hart's*
1996
53
1
2.49 1.23
42.23
50% (n = 144)
Upper Lake
Creek*
2001
77
3
10.48 1.08
17.2
71% (n = 197)
Lake
Abundanceb
1995
50
1
19.89 1.4
6.6
91% (n = 47)
f
Stillwater
100 ,
Basinc
1993
66e
9g, 6a
28.46 1.2
18.4
98% (n = 525)
a
* satellite meadows, colonies located on main stem, b lake outlet, c headwater catchment,
d
Occupancy % (# years active/years since colonization x 100), ecolonies located on main
stem, fcolonies located on secondary channels, gcolonies located on secondary channels,
WF = willow footprint (m), WH = willow height (m), % WF w/B = percent willow footprint
with browse
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Willow Resource Use by Beaver: Meadows and Colonies along 3rd Order Streams
The 3rd objective was to quantify willow resource use in meadow and colonies
along 3rd order streams with metrics including ―percent of willow footprint with browse‖
and ―browsing distance‖. Throughout meadows on 3rd order streams, average percent of
willow with browse was 19.07% (SD = 7.18%) (Table 13). In colonies active in 2008,
average percent of willow with browse was 28.65% (SD = 11.37%) (Appendix B,
colonies with *). Average browsing distance in meadows along 3rd order streams was
4.82m (SD = 1.78m) (Table 13). Average browsing distance in colonies active in 2008
was 8.32m (SD = 6.37m).

Table 13. Percent of willow footprint with browse and browsing distance in meadows
along 3rd order streams
Meadow
Hellroaring
Bull Moose
Christenson's
Holeman's
Frenchy's
2008 Active Colonies*

% Willow Footprint with Browse
23.38
13.37
21.34
23.2
8.39
28.65

* = located along main stem of 3rd order streams

Browsing Distance (m)
6.95
2.39
5.75
5.26
3.73
8.32
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CHAPTER 5

DISCUSSION

Expansion of Beaver Populations after Reintroduction

Documenting the location of active beaver colonies from reintroduction (1986) to
present (2010) allowed quantification of expansion patterns and habitat associated with
successful colony locations over a 24 year period.

Beaver were reintroduced into four

meadows in the AB from 1986 – 1993 by the GRD and have since (1996 - 2004)
expanded to thirteen additional meadows and numerous other stream sections. Over
1,400 active beaver structures have been recorded during inventories throughout AB
streams and lakes since the late 1980’s, indicating substantial beaver presence on the
landscape. Since 2000, a yearly average of 70.5/active dams throughout all study
meadows (n = 14) has been recorded (Figure 3). The large number of dams, as reported
by Hammerson (1994) and Gurnell (1998), can potentially have broad impacts on stream
ecosystems from altering hydrology (e.g., water storage, flow velocity, water tables),
water quality (e.g., sediment and nutrient storage), riparian vegetation communities (e.g.,
richness), and creating wildlife habitat.
Beaver Population Establishment in Meadows along 3rd Order Streams

After reintroduction or colonization, beaver populations steadily increased
throughout meadows along 3rd order streams (Figure 4). Most meadows first had beaver
present as a result of direct reintroduction by the GRD from 1986-1991. Frenchy’s
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meadow was the one meadow which did not have beaver populations directly
reintroduced. Instead, Frenchy’s meadow was presumably colonized in 1996 by
dispersing beaver initially reintroduced to locations in the Stillwater Basin meadow and
Lake Abundance in 1993 and 1994 (Figure 4).
In 1997, the number of active colonies declined, likely the result of a 100-yearflood event causing colony abandonment and destruction (Figure 4). Soon after the
floods, beaver populations rebounded. The rebound was partially the result of beaver
reintroductions in 1998 to the Buffalo Fork drainage to replace colonies destroyed by
flooding. Hellroaring meadow rebounded without the aid of reintroductions. By 2000,
all meadows appeared to reach carrying capacity (Figure 4).

Beaver Colony Density
The range of colony densities exhibited in the study area probably represents
differences in habitat quality and/or the effect of beaver territoriality (Table 3). In
Hellroaring and Christenson’s meadows (density = 1.99 and 1.38 colonies/km,
respectively), habitat could potentially support greater colony densities. New colony
establishment is hindered, though, by the territorial nature of beaver. Along reaches
separating long term colony locations, attempts by dispersing beaver to colonize are
probably thwarted even though adequate habitat exists, because of the territorial effects
of neighboring long term colonies. Similarly, Nolet and Rosell (1994) reported unused
stream reaches, a ―no-man’s-land‖, existed between historically long term colonies
because of beaver territoriality in their study area.
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In Frenchy’s meadow (density = 0.92 colonies/km), large reaches with unsuitable
stream characteristics have presumably dictated colony density more than territoriality.
Collins (1976) reported similar colony densities (0.9 colonies/km) in Wyoming because
large stretches of stream had unsuitable banks (large point bars) for establishing
structures, conditions also found in Frenchy’s meadow. With fewer potential sites for
colony establishment, colony density is lowered. In Frenchy’s meadow, large point bars
could be a result of extensive burning of upper Slough Creek during the 1988 YNP
wildfires, and the resultant high volume and destabilizing spring flows.

Dispersal and Site Selection by Beaver
The dispersal characteristics exhibited by beaver in meadows along 3rd order
streams resembled that reported by other researchers, with a population expanding first
into high quality habitats and then attempting settlement of more marginal locations once
high quality habitat became saturated (Table 4) (Nolet and Rosell 1994; Howard and
Larson 1985; Frantisek et al. 2010). A surrogate for habitat quality is how many years a
colony was active compared to inactive since establishment, with the thought that high
quality habitat will promote success (more active than inactive years). It was found that
during the early years of expansion in meadows, beaver primarily established colonies
that were highly successful through 2010. As a result, it can be assumed that these
locations, established by beaver early in expansion, had high quality habitat that
supported long term success. Once these high quality sites were saturated, beaver in later
years of expansion established at sites that were fairly unsuccessful through 2010, which
can be assumed to have lower habitat quality (Table 4).
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For example, of the 10 sites occupied by beaver in the first 6 years after
reintroduction (1988 - 1993) in Hellroaring meadow, 5 were active 17 years or longer and
4 were active 8 years or longer through 2010 (Appendix A). The remaining location
colonized during that time was active for 4 years and inactive for 17 years. The 3
locations colonized from 1994 – 1998 averaged 4.66 years of activity through 2010 and
10.67 years of inactivity. In Christenson’s meadow, the 5 locations colonized from 1986
– 1993 averaged 14.6 years of activity and 6.8 years of inactivity, and 4 colony locations
established from 1994 – 2000 averaged 5.75 years of activity and 5 years of inactivity
through 2010 (Appendix A; Table 4). Howard and Larson (1985) found similar patterns
on the Prescott Peninsula in Massachusetts, and suggested that site characteristics
important for beaver colony establishment were also important for longevity, a
phenomenon that is also occurring in meadows along 3rd order streams.
These patterns are not as evident in Holeman’s and Frenchy’s meadows (Table 4).
Colonies established early in these meadows were in locations that have been highly
successful through 2010, but the last of these sites were not colonized until ≈ 2002. Late
establishment is because dispersal or colonization at these meadows by beaver did not
occur until later than Hellroaring and Christenson’s meadow. Both meadows had a 2-4
year lull after early expansion finished (2002-2003), and only recently (2004-2007) have
beaver attempted establishment in other locations (Table 4). As a result, it is unclear
whether newly established colonies will be successful in the future compared with those
established during early years of expansion. If these meadows follow similar patterns as
in Hellroaring and Christenson’s, one would expect this later phase of expansion to be
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unsuccessful because quality habitat is saturated, and new locations will be in marginal
locations.

Habitat Characteristics of Successful Beaver Colonies
(1986-2010): Meadows along 3rd Order Streams
The principal drivers of colony longevity and success in meadows along 3rd order
streams were associated with stream characteristics (greater sinuosity, greater depth, less
point/gravel bar size, proximity to secondary channels). Vegetative characteristics
offered minimal explanation of beaver colony success. The first section of this part of the
discussion focuses on stream characteristics important for beaver colony success on the
main stem of 3rd order streams while the second section discusses the importance of
secondary channels for colonies on the main stem and for colonies on secondary
channels. The last section discusses vegetative characteristics of secondary and main
stem colonies.

Stream Characteristics Associated with
Successful Beaver Colonies on the Main
Stem of 3rd Order Streams

Sinuosity and Stream Depth. Greater sinuosity and stream depth were associated
with successful beaver colonies on the main stem of 3rd order streams (Table 5). As
others have reported (Hartman 1996), beaver do not necessarily benefit from sinuosity
itself (e.g., winding and curving channels), but instead benefit from stream characteristics
associated with sinuosity. One stream characteristic associated with sinuosity beneficial
to beaver is stream depth. Many long term and successful colony locations were located
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on the outside streambank of a meander, where naturally created deep pools directly abut
the streambank. The outside bank would often have willow close to or overhanging the
deep pool. While foraging, the deep pool provides beaver cover and escape from
predators. In addition, the deep pool provides good building sites for beaver lodges and
caches (Boyce 1983; Beier and Barrett 1987; Howard and Larson 1985; Hartman 1996).
On the main stem of 3rd order streams, beaver would often build tunnels through the
cutbank at the outside of a meander that served as a safe, underground, and water covered
entrance to a lodge on shore. Very few main stem streambanks on the outside of
meanders were unused by beaver unless they overlapped with the territory of a
neighboring colony or were adjacent to the meadow edge and associated uplands/cliffs,
precluding development of a willow stand essential for beaver survival.
Beaver colonies on straight stream sections were less successful than those on
sinuous stream sections on the main stem of 3rd order streams. The outside of a meander
is the primary (if not only) location where significant depth (> 2m) is created naturally
along the main stem of 3rd order streams. On all other stream sections, namely straight
sections, beaver must build dams to raise water levels. This is because straight stream
sections generally have sand and gravel bars on both sides of the stream, which isolates
the bank (and its willow) from the safety of water beaver require to escape predators.
Dams created by beaver on straight stream sections raise water levels, subsequently
flooding these bars, and connect the main channel to the bank upstream of the dam. This
replicates conditions found on the outside of a meander, creating suitable depth for
foraging along banks and for cache and lodge construction. Beaver establishing on the
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outside of meanders also build dams in the fall to raise local water levels, flooding
foraging areas as they gather materials to build caches for the winter season. Spring
floods, however, often destroy main stem dams in the northern Rockies on larger streams
(Collins 1976; Butler and Malanson 2005; Rutherford 1964). Colonies on meanders can
persist the rest of the spring/summer after dams are destroyed because their lodges are
still on naturally created deep pools. In addition, beaver can still utilize the deep pools to
evade predators while foraging along streambanks for willow or forbs. In contrast,
colonies on straight stream sections are left stranded as they do not have naturally created
deep water to fall back on after their dams are destroyed. Without lodge entrances
flooded for protection, and safe foraging area reduced, beaver may be forced to abandon
colonies on straight stream sections.
Another reason beaver might be more successful on the outside of meanders is
related to winter habitat. Presumably, the depth created on the outside of a meander is
significant enough to prevent ice formed during the winter from freezing solid to the
bottom of beaver ponds and precluding their excursions from lodges to caches during the
winter to acquire food. In contrast, dams were observed on straight sections of stream on
Slough Creek that were no deeper than 0.5m at the deepest point of the ponds. If this
pond froze solid to the bottom over the winter, beaver might be unable to travel to their
caches underwater from lodges for food. If beaver are unable to access caches, they may
be forced to abandon their colonies in the dead of winter to browse along streambanks,
exposing them to lethal cold.
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An interesting engineering feat was observed in the Stillwater Basin meadow by
beaver related to dams and ice depth. Beaver would flood their ponds in the fall with
dams to suitable water levels for cache placement and lodge construction. As
temperatures dropped and a thin ice layer began accumulating over their ponds, beaver
would breach the dam to allow water to exit the ponds and subsequently lower the water
levels. The thin ice layer remained and snow accumulated over the top, but underneath a
cavernous and open aired chamber remained in place of the water. Since no water was
underneath to freeze, the threat of ice freezing to the bottom of the pond was reduced
(Dan Tyers, USFS, personal communication).
Distance to Secondary Channel. On the main stem of 3rd order streams, beaver
colonies were most successful if they were located on the outside of a meander and were
in close proximity of a secondary channel (Table 5). Secondary channels (e.g., dammed
springs, seeps, and 1st order tributaries) often confluence or parallel the main stem near (≤
50m) long term colonies. These channels were probably important for colonies because
they increased the length of streambank, and its willow, within close proximity of the
colony center. The best situation for colonies appeared to be when secondary channels
paralleled the main stem, with a strip of land between the two channels (a ―median‖)
where beaver could forage but always stay close to a water source to escape predators. In
addition, on the main stem of 3rd order streams beaver are often unable to access willow
on the opposite streambank from where their lodges and caches are established. This is
because large point bars are often jutting inward from the willow edge on the other side,
which force beaver to travel long distances overland for browsing. This characteristic of
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3rd order streams makes any increase in streambank length significantly increase
available browse for a colony.
Secondary channels are also generally isolated from the brunt of high volume
spring floods associated with the main stem, which protects structures located on them
from being destroyed. This aspect of enhanced suitability will be talked about in the next
section, as the importance of shelter from spring floods is related to colonies both purely
on secondary channels and at intermediate locations (≤ 50m) off of the main stem.

Importance of Secondary Channels
to Beaver in Meadows along 3rd
Order Streams

Secondary Channels. Colony locations on secondary throughout the floodplain of
the main stem comprise some the best beaver habitat in the AB (Table 8). In Hellroaring
and Frenchy’s meadow, secondary channels account for over 2.2 km of channel isolated
from the main stem, supporting six long term colonies. Small springs and seeps are
presumably the water source for these channels, with water level maintained by a
network of dams which prevent water loss to the main stem. The result is an extensive
inundated floodplain willow forest with large networks of beaver dug canals. In
Holeman’s and Christenson’s meadow, the flow of small tributaries (Cat and Silver
Creek) to Buffalo Fork is diverted by dams from the original channel into a willow forest
before reaching the main stem. Similar to secondary channels in Hellroaring and
Frenchy’s, a network of dams prevent water from escaping back to main Buffalo Fork.
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The damming and subsequent water diversions create a wetland with deep channels and
inundated foraging areas which provide beaver protection from predators.
Colonies associated with secondary channels are more successful than colonies
purely on the main stem because they probably do not flood at the same magnitude as the
main stem, which protects structures beaver build from destruction (Table 8). Of extreme
importance is the ability of dams to inundate year round a colony’s foraging area and its
entrances to lodges for protection from lurking predators. Since secondary channels
infrequently have floods that can destroy dams, this protection is more permanent, and as
a result colonies are more successful. This is especially true for colonies purely on
secondary channels, removed from the main stem by 100’s of meters, and whose primary
water source is springs and seeps which presumably do not flood significantly. To a
lesser extent this is true for colonies ≤ 50m from secondary channels (e.g., confluences),
as flooding of the main stem can potentially destroy these colonies. If monitoring of
these colonies continues into the future, it is probable that those on secondary channels
will continue to be more highly successful than all other locations throughout meadows
on 3rd order streams (Table 8).
Findings by other researchers that greater channel width decreases habitat
suitability for beaver indirectly relates to the importance of secondary channels (which
are generally narrow) (Slough and Sadleir 1977; Barnes and Mallik 1997; McComb et al.
1990; Suzuki and McComb 1998). Decreased habitat suitability for beavers was reported
as stream width increased over 10m because high flows (associated with greater channel
width) destroyed dams and because wider streams made dam construction more difficult
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(McComb et al. 1990; Suzuki and McComb 1998). Destruction of dams will potentially
lead to colony abandonment. Similar results were found in the AB, as colonies on the
main stem of 3rd order streams were less successful and averaged 10.4m (SD = 1.6m)
stream width. Colonies on secondary channels in these meadows were more successful,
and averaged ≈ 2 - 4m stream width.

Secondary Channels as Refugia/Source Habitat. Secondary might also act as
refugia during stochastic events. As reported, the number of beaver colonies declined
after a 100-year-flood event in the spring of 1997 (Figure 4). Colonies that were able to
survive flooding were generally on secondary channels, isolated from the main channel’s
flooding. In the Buffalo drainage, long term colonies on the main stem were mostly
destroyed that year, although colonies on secondary channels (Grassy, Silver, and Cat
Creek) showed scattered evidence of activity the summer/fall of 1997. Similarly, main
stem colonies in Hellroaring meadows were destroyed, but populations on the secondary
channels on the northeast and southwest portions of the meadow still persisted after the
floods.
Potentially, secondary channels in Hellroaring and Buffalo meadows later acted
as a source to repopulate more marginal locations not sheltered from spring floods, or
sinks, after beaver colonies populations dropped. The same network of secondary
channels is present in Frenchy’s meadow, increasing the likelihood of long term
occupation by beaver in the AB if/when another stochastic event occurs. Fryxell (2001)
reported similar source/sink dynamics in his study area.
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Vegetative Characteristics of Successful Beaver
Colonies on the Main Stem and Secondary
Channels of Meadows along 3rd Order Streams

Willow Footprint and Height. Willow footprint was not important in explaining
beaver colony success in meadows along 3rd order streams (Table 5; 8). It would have
seemed logical that successful colonies monopolized sites where willow was abundant,
and that their success was based on the sustainability of a larger willow footprint to
consistent yearly utilization by beaver. Unsuccessful colonies were than relegated to
smaller willow patches, where their failure could be blamed on exhaustion of a smaller
willow resource that would eventually force abandonment. Contrarily, it was found that
colonies, not matter how successful, had fairly similar amounts of willow (24.89m (SD =
6.61m)) available (Appendix B).
The size of willow footprint was probably not important because most colonies
had more willow than was necessary. In 2008, there was evidence of cutting throughout
28.65% (SD = 11.37%) of available willow (average footprint = 24.7m (SD = 5.6m)) in
active colonies, leaving a large portion of available willow free of use (Table 13;
Appendix B). If the average use of willow in 2008 is typical for most years, it suggests
that the availability of willow is not a limiting factor for colony success.
Other researchers have similarly reported the inability of the amount of deciduous
vegetation to explain beaver colony success (Beier and Barrett 1987; Howard and Larson
1985). Howard and Larson (1985) thought that the amount of willow was only important
during early settlement of a site because of the resources needed to build a lodge and
dams for the colony. In the years that follow initial settlement, beaver require a minimal
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amount of resources to build caches and repair structures (Howard and Larson 1985).
Relating this finding to the AB, it is apparent that all colonies in meadows along 3rd order
streams had enough willow to establish as they were around for at least a year. It would
seem probable that the amount of willow currently in colonies is enough to sustain them,
as beaver are utilizing such a small amount of the resource. Since all colonies appear to
have had enough willow, it’s likely that the important and determining habitat
characteristics for success of colonies is the availability of reaches with adequate stream
characteristics (e.g., greater sinuosity, greater depth, secondary channels) instead of the
amount of willow.
We did find taller willow in beaver colonies that were more successful and long
term (Table 8). This could be the result of many factors. Beaver colonies might be more
successful in areas with tall willow because larger building materials make structures
beaver build more resilient to spring floods (Baker and Hill 2003), which could reduce
the potential for colony abandonment. In addition, beaver dams can elevate water tables
which often increases the growth of willow (Johnston et al. 2011; Bilyeu et al. 2008).
Some dams within very successful beaver colony locations have elevated water tables for
the last 24 years, likely supporting willow growth throughout the colony. This growth is
presumably greater than at colonies which are less successful, which have only had active
dams for a few years.
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Habitat Characteristics of Historically Used/Never Used Locations
by Beaver (1986 - 2010): Meadows along 3rd Order Streams

Stream Characteristics of Beaver Colonies
We found the best stream characteristic to predict whether a beaver had
historically established at a location was point/gravel bar size (Table 9; 11). The greater
the point/gravel bar along a 3rd order stream, the more reduced its odds of having ever
been used by a beaver colony. This variable is generally related to access of the
riverbank and its vegetation to beaver. Point bars and lateral gravel bars are present on
3rd order streams on the inside of meanders or along straight steam sections (often on
both sides of the stream), extending from the stream to the willow edge. Small point or
lateral bars can potentially be flooded to connect the channel to the willow edge, but large
bars pose significant barriers for beaver. For example, large bars potentially increase
beaver exposure time to predators while traveling overland to browse as they lack a water
refuge if attacked (Basey et al. 1988). They also cause beaver to travel further for food
which is less energy efficient (Donkor and Fryxell 1999; McGinley and Whitham 1985).
Lastly, bars are poor sites for building lodges and caches because of shallow depths close
to banks where beaver generally anchor structures (Collins 1976).

Vegetative Characteristics of Beaver Colonies
Willow footprint offered more explanation of locations historically used versus
never used by beaver on the main stem of 3rd order streams than it did for predicting
colony success (Table 9). There was significantly more willow at locations where beaver
had historically established compared to where they have never established. This
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indicates that there is a lower limit of willow availability at a location needed for it to
appear suitable to a colonizing beaver, and that locations never used, in general, did not
have enough willow to be suitable. Many researchers have been able to correlate the use
of a location by beaver with greater amounts of woody vegetation compared to locations
never used (Pinto et al. 2010; Curtis and Jensen 2004; Hartman 1996). This most likely
relates to the need of beaver to have large amounts of woody vegetation at initial colony
establishment to create lodges, caches, and dams (Howard and Larson 1985).
Willow Resource Use by Beaver: Meadows and Colonies along 3rd Order Streams

Browsing Distance
This study’s browsing distance metric is the cumulative linear distance that
beaver cutting of willow was evident along a transect. It is not necessarily browsing
distance from shore as reported by other researchers (Jenkins 1980; McGinley and
Whitham 1985). However, in most cases beaver cutting started near shore and did not
jump to some distance farther along the transect. Thus, it is likely that this metric can be
used as a surrogate for browsing distance from the water’s edge, even though all transects
were not of equal length.
In colonies active in 2008, average browsing distance was 8.32m (SD = 6.37m).
Throughout entire meadows, average browsing distance was 4.82m (SD = 1.78m) (Table
13). The distance beaver are browsing is significantly less than the amount of willow that
is actually available. The average willow footprint of colonies that were active in 2008
was 24.7m (SD = 5.6m) (Appendix B) whereas within meadows in general, the average
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willow footprint was 19.7m (SD = 2.3m) (Table 2). This probably means that something
other than the extent of available willow is mediating how far beaver are traveling from
shore.
The shortness of browsing distance could potentially be related to two factors,
predation risk and habitat quality. As others have reported, beaver often stay close to the
cover of water while foraging because of predation risk (Smith et al. 1994; Basey and
Jenkins 1995). This is probably occurring in the AB as a result of abundant predators in
the area. Second, the quality of habitat available (e.g., tall, dense, and robust willow) to
beaver close to shore may be adequate enough to reduce the need to travel long distances
to find adequate building materials and food. For example, Gallant et al. (2004) and
McGinley and Whitham (1985) both found beaver would travel further from water to
access larger woody plants. Presumably, if willow is large and robust enough close to
water, beaver would have no need to forage further from protection.
Continuous willow cover along streambanks, related to habitat quality, can also
impact the distance beaver browse from shore. If willow was patchy in distribution
around colonies, beaver might be forced to forage farther from shore to acquire the
amount of willow needed to build structures and gather food. This is because the nearest
unutilized patch of willow close to shore might be 100s of meters upstream. Moving far
upstream from colony centers to gather willow close to shore is presumably more of a
risk than foraging further onto land near the safety of the lodge. Conversely, in meadows
on 3rd order streams, it was found that 93 % (SD = 1.9%) of transects had at least some
willow present (Table 2). As a result, many colonies had continuous willow along the
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edge of the stream up- and downstream of the colony center. If resources close to shore
were utilized around the cache, beaver could move immediately up- or downstream to
forage on willow that is not heavily utilized close to shore. This keeps beaver close to
shore and their lodges while still getting adequate building and food materials.

% Willow Footprint with Browse
Beaver appeared to concentrate browsing throughout a small portion of the
available willow resource (Table 13). Of the 19.7m (SD = 2.3m) average willow
footprint available to beaver in meadows along 3rd order streams, beaver showed
evidence of cutting in only 19.07% (SD = 7.18%) of the resource. Of the 24.7m (SD =
5.6m) average willow footprint in 2008 active colonies, beaver showed evidence of
cutting in 28.65% (SD = 11.37%) of the resource (Table 2; 13). This metric is not actual
utilization as reported in other studies (Nolet et al. 1994; Hall 1960), where biomass of
woody species is measured before and after utilization to get a percent change. Instead, it
simply reports how much of the available willow resource had evidence of beaver
browsing. It would be presumed that if beaver are browsing throughout a large
percentage of the available resource, they are depleting resources in some areas and need
to expand their browsing area to acquire more materials. There are no other studies to
compare this metric too, but if beaver are only browsing throughout 20-30% of the
available willow resource, willow is unlikely to be heavily depleted within meadows and
colonies.
The sustainability of the willow resource might be enhanced by the continuous
cover of willow in meadows along 3rd order streams and by the resprouting ability of
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willow. Hall (1960) reported that heavy utilization (44% consumed of available willow
biomass 100 ft from shore) caused a beaver to abandon a reach because of resource
depletion. The beaver then simply moved the colony immediately downstream because
the willow resource was fairly continuously distributed along the streambank. He noted
that the resprouting ability of willow after cutting would allow the formerly utilized patch
of willow to recover. Beier and Barrett (1987) have also noted that willow has
resprouting abilities that promote sustainability. From field observations, it was apparent
that few reaches had 40% of available biomass utilized. If that level of utilization does
occur, beaver should be able to move immediately up- or downstream because of the
continuous cover of willow in study meadows, staying within close proximity of reaches
with favorable stream characteristics. This move will then allow former willow patches
to recover and the larger resource to be sustainable into the future.
Habitat Characteristics of Beaver Colonies on 1st and 2nd Order Streams
Beaver were not directly reintroduced into most meadows on 1st and 2nd order
streams but instead have dispersed to them from reintroduction locations. Beaver
reintroduced to the Stillwater Basin and Lake Abundance meadow in 1993 and 1994,
presumably dispersed down Lake Creek to colonize Hart’s meadows in 1996 and Upper
Lake Creek meadow in 2001. Beaver reintroduced to Hellroaring meadow from 1988 1991 presumably dispersed and colonized five smaller meadows (Grizzly, Elk, East Fork,
Beaver, Elk meadows) between 1996 and 2004 (Figure 2).
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Although more marginal habitat in general exists for beaver in meadows on 1st
and 2nd order streams, a result of less available willow and intermittent stream flow,
colonies have been fairly successful. These meadows provide sink habitat for dispersing
beaver from populations in meadows along 3rd order streams, and presumably could act
as a source to other areas in the AB if beaver populations were to succumb to stochastic
loss of beaver.
In addition, these meadows might be ―stepping stones‖ for beaver dispersing from
saturated habitat in meadows along 3rd order streams. When beaver are forced to leave
these meadows where they were raised, they can initially disperse to smaller meadows on
1st and 2nd streams higher in the watershed. If habitat is good in these meadows they
might stay. If habitat does not support continual use, the meadow serves as a stopover
before potentially moving to a new watershed. This aids in the establishment of beaver
throughout a larger area than just the watershed they were reintroduced.

Stream Characteristics of Beaver Colonies
Lower order streams in the study area generally have stream characteristics that
are conducive to long term occupation by beaver. Streams are narrow (≈ 2 – 4m) and
shallow, which as others have found, is easier for dam construction (McComb et al. 1990;
Suzuki and McComb 1998). Beaver do not seek out naturally created depth on smaller
streams as they did on the main stem of 3rd order streams (e.g., meanders), but instead
create suitable depths with inundation from dams. Narrower, lower order streams
generally flood at less destructive levels which makes dams and other structures beaver
build long lived (McComb et al. 1990), reducing the potential for colony abandonment.
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A limiting factor for lower order streams is that flow can be intermittent late in
the summer/fall. As Collins (1976) reported, colonies are forced to abandon reaches
when water levels drop to levels that strand beaver structures. In late fall of 2009, Hart’s
meadow (located on a 1st order stream) had dry streambed present throughout the
meadow except where a small spring confluenced with Lake Creek, providing a colony
downstream enough water to dam the stream and create a pond. Above the confluence,
no colonies were present because there was no water. A similar situation was present in
the Stillwater Basin meadow (located in a headwater catchment), where colonies were
only established at the far ends of the meadow where there was available surface water to
dam. The streambed in between these colonies was dry with no colonies were present for
over a mile.

Vegetative Characteristics of Beaver Colonies
Willow cover along streams in smaller satellite meadows is less continuous
compared to meadows on 3rd order streams. On average, 63.7% (SD = 12.8%) of
transects had willow in satellite meadows compared with 93% (SD = 1.7%) in meadows
along 3rd order streams (Table 2; 12). Since the distribution of willow is less continuous,
or patchy, in satellite meadows, the location of colonies is where patches are large
enough to support colonies.
Patches of willow available to beaver are generally small in satellite meadows
(average willow footprint = 7.65m (SD = 3.02m)). As a result of less available willow,
beaver show evidence of browsing throughout a large amount of the resource (27.5% (SD
= 17.8%)) to acquire enough food and building supplies (Table 13). This is in
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comparison to 19.07% (SD = 7.18%) of willow having evidence of browsing of an
average 19.7m (SD = 2.3m) willow footprint in meadows along 3rd order steams (Table
2). Apparently, beaver need to utilize more of the resource to survive, but this level of
utilization still appears sustainable for on average beaver established in satellite meadows
in 1999 and since have occupied these meadows approximately 3 out of every 4 years
through 2010 (Table 13).
Beaver were browsing throughout larger percentages of available willow in
Beaver and Hart’s meadow, compared to other satellite meadows, which might be why
these meadows were less successful. Beaver meadow has an average willow footprint of
6.13m (willow height = 1.37m) and Hart’s meadow has an average footprint of 2.49m
(willow height = 1.23m). Beaver are browsing throughout 57% of the willow footprint in
Beaver meadow and 42% in Hart’s meadow. Heavy resource use might have caused
some colonies to abandon sites in these meadows, as they have only been active ≈ 55% of
time since they were established (beaver establishment in Hart’s was 1996, establishment
in Beaver was 2004) (Table 13).

Beaver, Ungulates, and Woody Vegetation: NYWR and the AB

The AB is generally isolated from heavy elk browsing that has caused widespread
woody vegetation decline on the NYWR. This is because snow depths in the winter
preclude elk use of the higher elevation AB (YNP 1997; Houston 1982). As a result, this
study offers a comparison of beaver success in the AB, where ungulate pressure on
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woody vegetation in minimal, to success of beaver on the NYWR reported by other
researchers, where ungulate pressure on woody vegetation is high.
The 1986 reintroduction of beaver to the AB has been highly successful. Beaver
have expanded throughout the AB with some colonies active continually from the time
they were reintroduced through 2010. The ability of beaver to be successful is related to
a robustness of willow, their staple food source. From the time beaver were reintroduced
until present day (2010), ungulate pressure on the willow resource has been minimal,
mostly as a result of the crash in moose populations from the 1950’s to 1980’s (Tyers
2003). This has allowed willow to be tall and dense along streambanks, providing a
sustainable food resource for beaver colonies.
The story of beaver success in the AB is in juxtaposition to that of beaver on the
NYWR since the early 1900’s. Many areas that historically supported beaver on the
NYWR are within the same drainages as successful beaver meadows in the AB, but at a
lower elevation which subjects them to a large wintering elk population not seen at higher
elevations. The elk population’s winter browsing has caused widespread decline in
woody vegetation (aspen and willow) since the early 1900’s (Jonas 1955; Chadde and
Kay 1991; Kay 1994; Singer et al. 1994), which has reduced available food and building
materials for beaver, and caused populations to be near extinction on the NYWR well
through the 1990’s (Smith et al. 1997).
Beaver may be returning to portions of the NYWR as a result of resurgence in
growth of willow from the effects of a predator driven trophic cascade. Wolves were
reintroduced in 1995 and 1996 to YNP (Bangs and Fritts 1996), and their effects on the
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density and behavior of elk populations on the NYWR has caused willow in some
locations to increase in height and cover (Ripple and Beschta 2004, 2006; Beschta and
Ripple 2010; Beyer et al. 2007). A landscape wide increase in willow has also been
reported (Baril 2009). Possibly as a result of more robust willow in some locations,
Smith and Tyers (2008) recorded 6 beaver colonies on Slough Creek and 3 colonies in
the Lamar Valley in 2007, both on the NYWR.
In YNP’s Slough Creek meadows on the NYWR, Consolo and Hanson (1990)
suggested that beaver colonies were ephemeral in 1988 because the willow resource they
were trying to utilize was nearly absent or in very poor condition. Since 1999, surveys
have reported numerous beaver colonies in these meadows (Smith et al. 2003; Smith and
Tyers 2008). In 2009, this study found 5 beaver colonies in Elk Tongue meadow on
Slough Creek, located on the NYWR, with tall (1.81m) and robust willow stands along
streambanks. This indicates that the willow resource has rebounded since the 1988 to
levels that support beaver colonies.
Overall though, beaver populations on the NYWR have not recovered to
populations levels reported in the 1920’s (Warren 1926). Though willow has recovered
at the site (Blacktail, Oxbow, Geode, Slough, Lamar, and Soda Butte drainages) (Beyer et
al. 2007) and landscape scale on the NYWR (Baril 2009), ungulate browsing still
suppresses many stands (Ripple and Beschta 2006; Bilyeu et al. 2008). Similarly, aspen,
a crucial food and building material for beaver, has not shown full recovery on the
NYWR (Kimball et al. 2011; McColley 2007). Until willow or other woody vegetation
rebounds to a robustness equivalent to levels demonstrated in the AB, it seems unlikely
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that beaver will fully recover on the NYWR. This will presumably require that elk
populations continue to be suppressed by wolves and other predators, so that willow and
aspen have a chance to recover from extensive historic, and continued, utilization by
ungulates.
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CHAPTER 6

CONCLUSIONS

The 1986 reintroduction of beaver to the AB, and annual monitoring of active
colony locations since (2010), provided a unique opportunity to quantify habitat that
supported successful beaver colonies over a 24 year period. Beaver reintroduced to the
AB in 1986 have since expanded from four reintroduction locations to thirteen additional
meadows and numerous other stream sections. Density of colonies in meadows along 3rd
order streams range from 0.92 - 1.99 colonies/km. Higher colony densities in some
meadows appear to be a function of higher quality habitat. Sites selected by beaver
immediately (1986 - 1993) after reintroduction throughout meadows on 3rd order streams
have supported more successful beaver colonies through 2010 whereas sites selected later
(1994 - 2006) have generally been less successful through 2010.
The habitat that supports successful beaver colonies in meadows along 3rd order
streams appears to be driven primarily by stream rather than vegetative characteristics.
Beaver were most successful on the main stem of 3rd order streams on the outside bend of
a sinuous reach (meander) where naturally created deep pools directly abutted the
streambank. These deep pools provide cover from predators and good building sites for
beaver lodges and caches (Boyce 1983; Beier and Barrett 1987). Straight stream sections
were less successful than sinuous reaches, presumably because beaver are more reliant on
dams to create suitable depth. Flooding in the spring can destroy these dams, leaving
colonies on straight stream sections stranded which might cause abandonment by beaver.

88
Beaver colonies within meadows along 3rd order streams were also more
successful if they were within close proximity to secondary channels. On the main stem
of 3rd order streams, secondary channels close to colony locations increased the amount
of streambank available for browsing by beaver. These colony locations, as well as
colony locations purely on secondary channels removed from the main stem, also
benefitted from being on secondary channels because of isolation from high volume main
stem spring floods. This isolation protects structures beaver build from destruction and
therefore makes colonies more permanent. Secondary channels could also have acted as
refugia for beaver during heavy flooding in the spring of 1997. Later, the colonies that
survived on secondary channels might have helped repopulate the main stem, where most
beaver colonies were destroyed.
Vegetative characteristics offered minimal explanation of the success of beaver
colonies in meadows along 3rd order streams. It was found that both successful and
unsuccessful beaver colonies established where willow was plentiful. This suggests that
the success of colonies was not limited by the amount of willow, but instead by stream
characteristics. Odds of colony success did increase with greater willow height. Taller
willow in colonies that were more successful could be the result of elevated water tables
in these colonies from long term beaver dams.
It was found that locations historically used versus never used by beaver along the
main stem of 3rd order streams could be differentiated using both vegetative and stream
characteristics. Locations historically used by beaver had significantly fewer point and
lateral bars, greater stream depth, and greater amounts of willow. Significant stream
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characteristics indicate that beaver establish where water is deep and close to the
streambank for cover from predators while foraging and for better building sites of
beaver structures. The importance of greater willow footprint indicates that beaver might
require a minimum amount of willow present at a site for it to be suitable for
colonization, and that locations never used generally did not have enough willow present.
The importance of more willow at locations used compared to never used by beaver, as
reported by Howard and Larson (1985), might be related to the large amount of building
materials required when colonies are established to create lodges, caches, and dams.
Unused locations potentially did not have enough willow to build these structures.
In meadows along 3rd order streams, beaver generally browsed close to shore and
showed evidence of browsing in a small portion of the available resource. Beaver are
likely browsing close to shore to increase their likelihood of escaping predators or
because the robustness of willow close to shore satisfies their need for building materials
and food resources. Foraging throughout a small percentage of available willow suggests
that a large portion of the resource is not being utilized by beaver, potentially increasing
its sustainability into the future.
Beaver colonies in meadows on 1st and 2nd order streams have generally been
successful. These meadows were colonized by dispersing beaver from reintroduction
locations in ≈ 1999, and have since been occupied by beaver most years through 2010.
Smaller streams (≈ 2-4m) in these meadows make dam construction easier and floods in
the spring less destructive, which decreases potential colony abandonment. Conversely,
small streams are sometimes intermittent in flow which can cause abandonment. Willow
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footprint is generally smaller and patchier in these meadows, and as a result, beaver
colonies were located where patches of willow were large enough to provide adequate
building materials for beaver structures. As a result of less available willow, there was
more intense use of the resource, which might have caused some meadows to be
abandoned until resources rebounded.
The success of reintroduced beaver in the AB since 1986 is in contrast to the
success of beaver on the NYWR since the early 1900’s. Beaver in the AB were
reintroduced into meadows with robust willow cover and height, recovered from heavy
moose utilization in the 1940’s and 1950’s, and isolated from browsing of woody
vegetation by the NYWR elk population as a result of deep snowpack (YNP 1997;
Houston 1982). Beaver populations have since been highly successful with numerous
long term colonies (> 15 years active through 2010). Beaver populations on the NYWR
were nearly extinct from the 1930’s to mid-1990’s (Consolo and Hanson 1990; Smith et
al. 1997) as a result of heavy elk browsing on the willow and aspen resource (Jonas1955;
YNP 1997; Wagner 2006). Recently beaver have rebounded (Smith and Tyers 2008),
likely as a result of a wolf reintroduction and their impact on elk population density and
behavior, which has fostered willow growth (Ripple and Beschta 2004, 2006; Beschta
and Ripple 2010; Beyer et al. 2007; Bier 2009). Beaver populations have not recovered
to levels reported in the 1920’s (Warren 1926), likely because willow continues to be
suppressed by ungulates and has not fully recovered (Ripple and Beschta 2006; Bilyeu et
al. 2008). More time will presumably be needed to see if lower ungulate pressure on
woody vegetation allows full recovery of beaver populations on the NYWR.
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CHAPTER 7

MANAGEMENT IMPLICATIONS

Since beaver have significant impacts on the functions and processes of
ecosystems, and in turn on the species that reside within these ecosystems (Rosell et al.
2005; Jackober et al. 2000; McKinstry et al. 2001), it is important to understand habitat
that supports beaver success. Land managers and biologist, seeking to reintroduce beaver
to ecosystems for these benefits, can judge adequacy of habitat to support successful
beaver colonies based on the models developed in this study. Models developed in this
study are applicable to mountain watersheds with streams ranging from 1st – 3rd order in
the northern Rockies. More specifically, these results are applicable to low gradient
stream sections (< 3% gradient) flowing through meadows along high gradient streams.
At these locations expansive floodplains form with willow as the dominant deciduous
vegetation. These models were not developed for high gradient stream sections because
there was no evidence of beaver activity found at these locations. Many other researchers
have reported that beaver do not establish colonies in high gradient stream sections
because streamflow is too fast and their associated valleys, which generally lack
deciduous vegetation and expansive floodplains, are not suitable habitat for beaver
occupancy (Allen 1983; Beier and Barrett 1987; Hartman 1996).
Overall, based on this study’s results, meadows along 3rd order streams comprise
the best beaver habitat in mountain watersheds. This is because they are large (can
support many colonies), have expansive floodplains with willow, secondary channels,
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and reliable stream flow. Long term and successful beaver colonies were present in these
meadows, which allowed the meadows to continually act as a source population to
populate the entire watershed with beaver. As a result, it is advisable for a land manager
to first reintroduce beaver to these meadows, with the knowledge that eventually beaver
will disperse to meadows higher in the watershed (meadows on 1st and 2nd order streams).
Since meadows along 3rd order streams are crucial to the establishment of beaver
populations throughout the larger watershed, it is important for land managers to know
how to adequately judge the suitability of their habitat to beaver colony success.
In meadows along 3rd order streams, three metrics, including sinuosity, secondary
channels, and the amount of willow, can be measured using a GIS to judge adequacy of
habitat to beaver success. Using GIS makes initial assessments of suitability for potential
reintroduction locations more cost and time efficient than using exhaustive field surveys.
On the main stem of 3rd order streams, a more sinuous reach represents stream
profiles that are naturally deep on the outside of a meander, and is where this study found
many successful beaver colonies. Sinuosity can be measured with aerial photographs.
Aerial photographs are often freely distributed from state run GIS data clearing houses
(e.g., Montana Natural Resource Information Systems).
Beaver colonies were also more successful in meadows on 3rd order streams if
they were located near secondary channels. Secondary channels near the main stem
increased shoreline length, and associated vegetation, for gathering food and building
supplies by beaver. Secondary channels also provided locations that were isolated from
spring floods, making beaver structures, and subsequently colonies, more permanent.
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Having secondary channels in a reintroduction area can also increase the likelihood of
long term success of beaver populations, as they can be an important source population to
repopulate areas devastated by heavy flooding. Similar to sinuosity, identification of
many secondary channels can be achieved with aerial photographs in a GIS throughout
potential reintroduction locations. Some secondary channels such as seeps and springs
might be hard to identify with aerial photographs compared to 1st order tributaries that
confluence with the main stem, and so might require additional ―ground truthing‖.
The amount of woody vegetation is critical for beaver habitat in meadows along
3rd order streams (as well as throughout entire watersheds) because of a beaver’s need for
food and building supplies. Beavers do not need 100 meters of willow to be successful as
others have reported (Allen 1983), but instead willow should have a footprint of 10-20m
along streambanks with heights from 1.8 – 2.0m. Suitability will be increased
substantially if willow or other deciduous vegetation is distributed continuously along
streams, as colonies can stay in the same general location where stream characteristics are
favorable, but shift up- and downstream to utilize willow if resources around the colony
center are depleted. Cover of willow can be quantified with aerial photographs or
through remote sensing. Willow height can also be quantified through remote sensing or
field surveys.
Aside from meadows along 3rd order streams, it is also important to have smaller
meadows on 1st and 2nd order streams in a reintroduction watershed. Smaller meadows
might overall have more marginal habitat for beaver compared to meadows along 3rd
order streams (less reliable stream flow, less available willow), but it was found that they
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support fairly successful beaver populations. Similar to secondary channels, these
meadows are generally isolated from devastating spring flooding. As a result, they can
act as an isolated source population to repopulate areas (e.g., meadows along 3rd order
streams) that might lose beaver from flooding or other natural disasters. In addition,
meadows higher in the watershed provide stepping stones for expansion of beaver to
other areas or watersheds. If a reintroduction location for beaver is a meadow on a 3rd
order stream, and that habitat becomes saturated, dispersing beaver can sequentially
colonize meadows on lower order streams until they make their way to a new watershed
or find habitat that supports their long term occupation. These meadows should be
identifiable with aerial photographs of the reintroduction watershed.
A beaver habitat suitability model was recently developed for the Big Hole
Watershed in Montana by the Department of Environmental Quality (Carpendo 2011).
To quantify habitat suitability for beaver this model measured woody vegetation cover
with aerial photographs, but did not include sinuosity, whether an area had secondary
channels, or if satellite meadows were available in the watershed. Incorporation of these
metrics would make their suitability model more robust.
Overall, willow was being used by beaver in the study area at sustainable levels.
The sustainability of willow to beaver utilization is likely because the resource is robust
and widespread. In addition, the only mammals utilizing willow appears to be beaver and
a struggling moose population. If land managers were to reintroduce beaver to an area
with a marginal willow resource, or one that is also utilized heavily by ungulates, it
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seems likely that beaver would be less successful and willow more highly utilized than in
the AB.
It is probable that willow has increased in cover throughout the study area as a
result of beaver activities. An increase in willow cover occurred on the northern
Yellowstone winter range when beaver were reintroduced to Eagle Creek, MT in the late
1980’s (McColley 2007). Additional research is needed to understand if an increase in
willow is occurring throughout the AB as a result of beaver.
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1997

-

-

-

1998

x

x

x

1999

x

x

x

2000

x

x

x

2001

x

x

x

2002

x

x

x

x

x

2003

x

x

x

x

x

2004

x

x

x

-

-

x

2005

-

-

-

-

-

x

2006

x

x

-

x

x

x

x

2007

x

x

x

-

x

x

x

2008

x

x

-

-

-

-

x

2009

x

x

-

-

x

-

x

2010

x

x

-

-

-

-

x

Active

8

8

2

10

9

21

Inactive

1

1

5

1
4

13

14

2

Secondary Channel Colony
Main Channel Colony
Intermediate Colony
Not yet colonized
x = active
- = inactive

113
Hellroaring Meadow
Colony ID
1988

H_1

H_2

H_3

H_4

H_5

H_6

H_7

H_8

H_9

1989
1990

x

x

1991

-

x

x

1992

-

x

-

x

1993

x

x

-

x

-

-

x

x

1994

x

x

-

x

-

-

x

x

x

1995

x

x

-

-

-

-

x

x

x

1996

x

x

-

-

-

-

x

x

-

1997

x

x

-

-

x

-

x

x

-

1998

x

x

x

x

x

-

x

x

-

1999

-

x

x

x

-

-

x

x

x

2000

x

x

x

x

x

-

x

x

-

2001

x

x

-

-

x

x

x

x

-

2002

x

x

x

x

x

-

x

x

-

2003

x

x

-

x

x

-

x

-

-

2004

x

x

-

x

x

-

x

x

-

2005

x

x

-

x

x

-

x

x

x

2006

x

x

x

x

x

-

x

x

-

2007
2008

x
x

x
x

-

x
-

-

x
-

x
x

x
x

x
-

2009

x

x

x

-

-

-

x

x

-

2010

x

x

x

-

x

-

x

x

-

Active

17

18

8

11

11

4

20

17

5

Inactive

1

0

13

7

8

17

0

1

12

Secondary Channel Colony
Main Channel Colony
Intermediate Colony
Not yet colonized
x = active
- = inactive

114
Hellroaring Meadow (CONTINUED)
Colony ID
H_10
H_11
H_12
1988
x

H_13

1989

x

1990

x

x

1991

x

x

1992

x

-

1993

x

-

1994

x

x

1995

x

x

1996

-

x

x
-

1997

-

x

-

1998

-

x

x

-

1999

x

x

x

-

2000

-

x

x

x

2001

-

-

x

x

2002

-

-

x

x

2003

x

-

x

x

2004

x

-

x

2005

-

-

x
-

2006

-

x

x

x

2007
2008

x
-

-

x
x

x
-

2009

-

-

x

-

2010

-

-

x

-

5

4

11

9

22
1

11
10

Active
Inactive

Secondary Channel Colony
Main Channel Colony
Intermediate Colony
Not yet colonized
x = active
- = inactive

-

115
Bull Moose Meadow
Colony ID
2003

BM_1
x

2004

x

2005

x

2006

x

2007

x

2008

x

2009

x

2010

x

Active
Inactive

8
0
Secondary Channel Colony
Main Channel Colony

x = active
- = inactive

2000

East Fork Meadow
x

2001

x

2002

x

2003

x

2004

x

2005

x

2006

x

2007

x

2008

-

2009

-

2010

-

Active

8

Inactive

3
Main Channel Colony

x = active
- = inactive

116
Grizzly Meadow
Colony ID
1997

G_1
x

G_2

1998

x

1999

x

x

2000

x

x

2001

x

-

2002

x

-

2003

x

-

2004

x

x

2005

x

x

2006

x

-

2007

-

-

2008

x

x

2009

-

x

2010

x

x

Active

12

7

Inactive

2

5

Main Channel Colony
Intermediate Colony
Not yet colonized
x = active
- = inactive

117
Elk Meadow
2000

x

2001

x

2002

-

2003

-

2004

-

2005

-

2006

x

2007

x

2008

x

2009

x

2010

-

Active

6

Inactive

5
Main Channel Colony

x = active
- = inactive

2004

Beaver Meadow
x

2005

x

2006

x

2007

-

2008

-

2009

x

2010

-

Active

4

Inactive

3
Main Channel Colony

x = active
- = inactive

118
Hart's Meadow
1996

x

1997

-

1998

-

1999

-

2000

x

2001

x

2002

-

2003

x

2004

-

2005

-

2006

x

2007

x

2008

x

2009

x

2010

-

Active

8

Inactive

7
Main Channel Colony

x = active
- = inactive

Upper Lake Creek Meadow
2001

x

2002

x

2003

x

2004

x

2005

x

2006

x

2007

x

2008

-

2009

-

2010

-

Active

7

Inactive

2
Main Channel Colony

x = active
- = inactive

119
Lake Abundance Meadow
1994
x
1995

x

1996

-

1997

x

1998

-

1999

-

2000

-

2001

-

2002

x

2003

-

2004

-

2005

-

2006

x

2007

x

2008

x

2009

x

2010

x

Active

8

Inactive

8
Main Channel Colony

x = active
- = inactive

120
Stillwater Basin Meadow
Colony ID
1993

SW_1
x

SW_2

Colonies on Main Stem

x

x

1994

-

x

x

1995

-

x

x

1996

-

x

-

1997

-

x

-

1998

x

x

-

1999

x

x

-

2000

x

-

x

2001

x

-

-

2002

x

-

x

2003

x

x

x

2004

x

x

x

2005

x

x

x

2006

x

x

x

2007

-

x

x

2008

-

x

-

2009

-

x

x

2010

x

Active
Inactive

11
7

x
15
3

x
12
6

Secondary Channel Colony
Main Channel Colony
x = active
- = inactive

121

APPENDIX B:
COLONY HABITAT CHARACTERISTCS

122
CID

A

I

BM_1

8

0

D (m)

W (m)

D2W
(m)

BD
(m)

%
BD

S

19.38

CH_1

3

4

0.45

15.64

CH_2

5

2

0.35

6.29

CH_3

4

3

0.24

18.53

CH_4*

3

2

0.6

26.01

CH_5

7

16

0.29

28.56

CH_6*

4

7

0.45

25.5

CH_7*

20

3

0.25

30.77

CH_8*

16

2

1.05

28.35

WH
(m)

1.12

1.19

0

15.5

1.6

0.87

0

13.1

1.39

1.74

1.6

14

10.1

38.83

1.45

1.64

5

9.3

1.3

1.95

1.2

8.95

4.6

18.04

1.59

1.79

0

8.2

5.8

18.85

1.33

1.66

0

8.7

13.7

48.32

2.47

1.85

0

7.4

2.41

1.59

0

7.35

6.9

23.46

1.33

2.07

0

7.8

1.27

14.22

1.27

1.66

6.59

8

1.02

1.44

1.18

8

CH_9

9

2

0.49

31.62

13

5

1.03

29.41

CH_11*

6

5

0.19

29.92

CH_12
CH_13

4

8

0.2

18.97

17

8

FR_1*

15

0

0.57

27.37

FR_2

2

10

0.38

24.17

FR_3*

6

5

0.79

31.48

FR_4*

2

10

0.13

12.24

FR_5*

2

2

0.55

19.21

FR_6
FR_7

9

3

0.35

23.8

9

3

29.58

1.49

FR_8

9

0

26.35

1.27

FR_9

7

2

16.66

0.87

FR_10

10

1

25.16

2.43

H_1

17

1

22.1

29.2

18

0

0.76

19.72

H_3

8

13

0.89

33.32

H_4

11

7

0.46

29.41

H_5

11

8

0.39

13.43

2.12

153
162
10
117
248
0

7.6

1.69

2.21

0

17.3

1.03

1.74

1.1

7.65

21.44

1.02

2.29

0

18.24

1.3

25.5

1.07

1.19

4.7

19.1

1.3

10.62

1.1

2.14

0

8.4

1.27

1.86

0

9.8

6.75

27.77

2.76

0
0
0
310
76
44
22
221
215

6.8

34.5

2.2

1.97

0

13

1.35

2.45

0

10.2

1.26

1.75

0

12

1.03

1.08

5.5

8.4

H_6

4

17

0.24

28.22

H_7*

20

0

0.58

21.36

H_8*

17

1

0.47

33.59

H_9

5

12

0.07

19.87

H_10
H_11

5

11

0.2

28.75

4

9

28.39

2.44

H_12

22

1

30.09

2.61

H_13

11

10

30.94

HL_1*

8

1

0.26

16.39

HL_2*

8

1

0.37

22.1

SW (m)

1.99

100
0
0
161
0
195
0
293
451
57
123
90

CH_10*

H_2*

P/G
(m)

1.21

1.91

6.2

12.9

17.5

27.12

2.13

2.23

0

12.4

24.9

35.9

2.06

2.63

0

12

1.1

1.88

1.18

15.18

1.02

2.27

0

11.27

1.94

0
0

7.35

44.85

1.18

1.71

0

8.5

8.9

40.27

1.28

2.1

0

8.5

123
HL_3

2

5

0.54

31.06

HL_4

1

4

0.72

23.12

HL_5

10

13

0.36

20.23

HL_6

9

14

0.53

33.66

98
182
530
560

1.46

2.25

0

10.09

3.17

1.81

0

9.8

1.59

1.83

0

10.5

1.17

2.45

0

11

HL_7
21
2
34
2.45
CID = colony ID, BM = Bull Moose, SW = Stillwater Basin, CH = Christenson's, FR = Frenchy's, H
= Hellroaring, and HL = Holeman's Meadows, *Colony active in 2008 on the main stem of a 3rd
order stream, bold font = colony on main stem of 3rd order stream, D2W= distance to secondary
channel, P/G = point/gravel bar size, WH = willow height, D = stream depth, W = willow footprint,
BD = browsing distance, % BD = percent willow footprint with browse, SW = stream width, S =
sinuosity

