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 Institutional Obstacles to Beaver

 Recolonization and Potential Climate

 Change Adaptation in Oregon, USA
 Jeff Baldwin

 ionoma state university

 ABSTRACT

 Across the American West, stream flows are becoming more seasonal.
 Climate models predict that this trend will intensify for the foreseeable
 future. As a result, moist habitats and human water sources are likely to

 be diminished in dry seasons while flows will intensify in wet seasons.

 Through their dam/pond systems, beaver have been shown to increase
 water storage in ponds and surrounding floodplains, thus slowing winter
 flows, increasing riparian and meadow water availability, and extending

 stream flow up to six weeks into dry summer seasons. Thus, allowing an

 increase in historically low beaver populations could provide a low-cost
 means of addressing both habitat and seasonality concerns. Yet, in Oregon,

 beaver are absent from the official discourses on adapting human systems

 and habitats to climate change. Through forty key informant interviews

 and an analysis of official policy and publications, this study identifies and
 critically examines five institutional blockages to beaver recolonization.
 That analysis clarifies the imprint of political pragmatism and institutional

 sub-cultures upon beaver presence in Oregon today.

 Keywords: beaver reintroduction, climate adaptation, institutional cultures,

 Oregon.

 Over the past decade in the Western United States, several nongovern
 ment groups and individuals within government agencies have become
 interested in assisting beaver recolonization. These agents are motivated

 primarily by concerns with habitat restoration. Research in Oregon and
 Washington shows that beaver dam/pond systems can significantly enhance
 habitat for salmonids (Pollock with various co-authors: 2007, 2004, 2003;

 Burnett et al. 2007) and for fifty of the 115 species identified for special
 treatment by the Oregon Department of Fish and Wildlife (2006b; see also
 Müller-Schwarze and Sun 2003). Other actors are also interested in the abil
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 ity of beaver to create wetland habitat as a way to moderate the predicted

 landscape-scale drying associated with climate change in the Western United
 States (Pollock et al. 2012; DeVries et al. 2012; Wild 2011; Bird et al. 2011).

 Several studies indicate that the observed shift from winter snow toward

 rain regimes in the Wests highlands will strengthen in the coming decades

 (Westerling 2016; Mote and Salathé 2010; Nolin and Daly 2006). Related
 studies forecast that currently increasing winter and decreasing summer
 stream flows will become ever more pronounced (Chang and Jung 2010;
 Chang and Jones 2010). Beaver could potentially mitigate against that sea
 sonality in a number of ways (Baldwin 2015). In appropriate conditions,
 beaver can build up to ten dams per channel kilometer (Warren 1926;
 Baker and Hill 2003), and in low gradient environments with wide valley
 bottoms, each dam can bank up to 7,400 cubic meters of water in associ
 ated ponds and through local aquifer recharge (Westbrook, Cooper, and
 Baker 2006). One policy conservation specialist (Vickerman 2011) referred

 to beaver recolonization as "low hanging fruit"—an inexpensive program
 with tangible benefits.

 Yet, in the official discourse of habitat restoration and climate change ad

 aptation in Oregon, beaver are nearly absent; and across Oregon landscapes,
 there is little evidence of increased beaver presence. This study asks, "Why?"

 In an effort to understand these policy and practical absences, this study

 examines and characterizes the culture of land and wildlife management
 professionals and policy makers in Oregon. Through forty key informant
 interviews and a critical review of literature published by state wildlife man

 agement and climate change institutions, the study identifies and critically

 analyzes five institutional obstacles to beaver recolonization and/or réin
 troduction. The first two of these are legislative: (1) the need for "political

 neutrality" in climate change adaptation documents and recommendations

 published by the state, and (2) the statutory listing and treatment of beaver

 as predators. The latter three pertain to positions shared by many wildlife

 management specialists that: (3) beaver currently occupy all appropriate
 habitat, (4) trapping does not affect populations or recolonization, and (5)
 beaver reintroduction is ineffective.

 Historical Background
 Our knowledge of current and historic beaver populations and presence in
 Oregon and in the West generally is incomplete (see Lanman et al. 2013 for

 review of pre-historic populations in California). Because beaver are not
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 game animals, the Oregon Department of Fish and Wildlife (ODFW) has
 not conducted censuses of them.

 Because most beaver populations were significantly reduced through
 commercial trapping prior to 1840, well before the General Land Office
 Surveys of the West, there is little historical record of beaver presence or

 effect on Oregon landscapes. Trapping company records give some indica
 tion of beaver populations and depredation. For example, between 1831
 and 1834, Fort Vancouver received 405,472 pelts primarily from what is
 now northwestern Oregon and southwestern Washington (Kebbe 1960).
 Journals of early explorers and trappers describe how now-channelized and

 arid valley floors across the American West were once difficult to traverse

 due to multiple channels and broad riparian flood plains covered by dense

 vegetation. These were landscapes created and maintained in part by beaver

 (Ogden 1950; Pattie 1831; Work 1945; Seton 1929). On a continental scale,
 pre-trapping beaver populations are estimated to have been between sixty
 million and three hundred million (Butler and Malanson 2005; Naiman et al

 1988). Today that population is estimated at three to six million, with most
 of them in Canada and Alaska (ibid.). Anecdotal evidence indicates that

 beaver populations in Oregon are significantly below pre-Euro-American
 contact levels. The state does not census beaver and no estimate of current

 populations is available.
 Over the past 115 years, state and federal governments have vacillated

 between promoting and killing beaver. In 1899, the Oregon legislature em
 powered the Game Commission to enforce a new ban on trapping. Beaver
 populations increased as a result (Kebbe 1960). In 1918, the trapping ban was
 lifted and populations again declined. In 1932, the state re-instituted a ban
 on killing beaver on lands outside the agriculturally important Willamette
 Valley. At the same time, the United States Forest Service (USFS), Bureau of

 Biological Survey and the Oregon State Game Commissioner cooperated in
 live-trapping beaver where plentiful and reintroduced 962 beaver to areas

 where humans had extirpated beaver. From 1939 through 1945, the state
 reintroduced more than three thousand beaver, and populations increased

 notably (ibid., 4). In 1945 the program enlisted 590 primarily Willamette

 Valley landowners interested in hosting beaver on their property. By 1950 the

 number of participants had increased to 1,500. As an increasing number of
 farmers were learning to work with beaver, others advocated for increased ef

 forts at extirpation. During the same period, the annual number of nuisance

 removals increased from 3,000 to 6,000 (ibid.). Unable to satisfy all requests
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 for nuisance removals by live-trapping, the state again opened agricultural
 lands to limited trapping in 1951.

 In the 1970s the idea that beaver could be useful in restoring ripar
 ian habitat again gained currency among certain public lands managers.
 Federal and state agencies closed several stream reaches to beaver trapping
 (ODFW 2010b). In most cases, those reaches are on lands managed by the
 Bureau of Land Management (BLM) and the USFS. The entire Mt. Hood
 and much of the Ochoco National Forests, for example, were and remain

 closed to licensed beaver trapping. In the 1990s the listing of symbolically
 and economically important salmon species as "endangered" spurred fur
 ther study of beaver-fish interaction (Mitchell and Cunjak 2007). Several
 interviewees in the current study reported that fisheries biologists with the

 ODFW found that in the Oregon Coast Range, the single greatest impedi
 ment to coho salmon restoration was a lack of pools that provide refuge
 from high winter stream flows that flush juveniles to sea prematurely. The

 proposition that reintroduced beaver could again provide that ecosystem
 service is discussed widely among ODFW officers.

 Today in Oregon, the "Beaver State," there is no consensus on beaver
 among the various groups charged with the management of public lands.
 This study finds that groups and individuals who are against increased beaver

 presence largely control public policy and its formation, and through legal
 institutions have made killing beaver largely legal and publicly invisible.
 The analysis then turns to interviews with professionals practically engaged

 with beaver management and identifies three cultural institutions that work

 against support of beaver recolonization in Oregon.

 Methods

 This paper is primarily an analysis of discourse, in the broad sense of the

 term, and includes extant literature, ongoing public discussion, legal, cul

 tural, and political institutions, everyday operations by agents that affect

 beaver, and the understandings that guide management agendas and ac
 tions. The study employs three primary methods to gather information for

 analysis: (1) a review of thirteen state publications on climate change and
 adaptation, (2) the discourse and policy produced through meetings held
 in Oregon in December 2010 and February 2011 by the Oregon Watershed
 Enhancement Board, the Oregon Sustainability Board, and the Oregon
 Global Warming Commission, and (3), forty open-ended interviews with
 thirty-six key informants. Those informants included eight serving officers
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 of the Oregon Department of Fish and Wildlife (biologists specializing
 in fish or in wildlife, stream restoration experts, and regional and agency
 managers). The study also included interviews with representatives of the

 USFS, the BLM, the Oregon State University Agricultural Extension Ser
 vice, and the Oregon Climate Change Initiative. Interviews also included
 representatives from several non-government environmental organizations,

 including the Climate Leadership Initiative, the Beaver Advocacy Commit
 tee, the Defenders of Wildlife, and three watershed councils. Interviewees

 were selected for their roles as wildlife managers generally, and familiarity

 with beaver reintroduction and recolonization specifically. Interviews were

 conducted via telephone and in person from January to August of 2011.

 As an inductive study, interviews were semi-structured. Questions ad
 dressed four themes: (I) informants' understanding of beaver in Oregon
 and their organizations position, (2) the basis of those understandings, (3)
 opinions regarding beaver reintroduction and recolonization, and (4) per
 ceived problems with beaver reintroduction and recolonization. Discussions

 normally followed the informants expertise and extended beyond these
 themes in ways unique to each interviewee.

 I received considerable cooperation from interviewees. Perhaps because

 I have trained very broadly as a geographer of human-environment relations,

 interviewees seemed at ease discussing diverse matters from policy for
 mation to geomorphic stream response and habitat restoration. As a native

 of the area, I could discuss places and issues of concern with a familiarity
 that may have encouraged interviewees to be forthcoming with detail and
 opinion. Respondents are treated confidentially, as information provided
 could affect professional relationships. Officers of the ODFW were espe
 cially generous with their time and candid in their responses—suggesting
 a relatively healthy intra-institutional environment.

 Political Obstacles to Beaver Reintroduction

 Obstacle #1: Political Neutrality
 The publication of reports by the State of Oregon is a political process. In

 order to be published, reports must not raise objections from the legislators

 and lobbyists who approve and fund them. This need for what informants

 called "political neutrality" shapes reports on climate change in important
 ways.
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 Between 2008 and 2017, nine agencies and state-mandated workgroups
 published thirteen studies addressing climate change and wildlife and land
 adaptation (see Table 1). Reports such as these play a central role in state
 policy and practice. And even though the potential benefits of beaver re
 colonization are both acknowledged in peer-reviewed (Hood and Bayley
 2007; Collen and Gibson 2001) and grey literature (Bird et al. 2011; Wild
 2011; Tippie 2010), there is no mention of beaver in any of these reports. This

 study sought to understand this absence through an analysis of the reports
 and the report writing and publication process.

 Publishing Group  Title

 Oregon Climate Change Research Institute  The Third Oregon Climate Assessment Report

 Oregon Department of Fish and Wildlife  Oregon Conservation Strategy

 Department of Land Conservation
 and Development  Strategic Plan 2014-2022

 Oregon Water Resources Department  Oregon's Integrated Water Resource Strategy

 Oregon Global Warming Commission  Report to the Legislature: 2011

 Interim roadmap to 2020

 Oregon Water Resource Commission  Preparing Oregon's watersheds for climate change

 Prioritization framework: Improvement priorities
 at basin and watershed scales (draft)

 Adaptation Framework Work Group  The Oregon climate change adaptation framework

 Oregon Climate Change Research Institute  Oregon climate assessment report

 Department of Land Conservation
 and Development

 Climate ready communities: A strategy for adapting to
 impacts of climate change on the Oregon Coast

 Oregon Climate Change Integration Group  A framework for addressing climate change

 Oregon Department of Fish and Wildlife
 Preparing Oregon's fish, wildlife, and habitats for future

 climate change: A guide for State adaptation efforts

 Publishing Group  Title

 Oregon Climate Change Research Institute  The Third Oregon Climate Assessment Report

 Oregon Department of Fish and Wildlife  Oregon Conservation Strategy

 Department of Land Conservation
 and Development  Strategic Plan 2014-2022

 Oregon Water Resources Department  Oregon's Integrated Water Resource Strategy

 Oregon Global Warming Commission  Report to the Legislature: 2011

 Interim roadmap to 2020

 Oregon Water Resource Commission  Preparing Oregon's watersheds for climate change

 Prioritization framework: Improvement priorities
 at basin and watershed scales (draft)

 Adaptation Framework Work Group  The Oregon climate change adaptation framework

 Oregon Climate Change Research Institute  Oregon climate assessment report

 Department of Land Conservation
 and Development

 Climate ready communities: A strategy for adapting to
 impacts of climate change on the Oregon Coast

 Oregon Climate Change Integration Group  A framework for addressing climate change

 Oregon Department of Fish and Wildlife
 Preparing Oregon's fish, wildlife, and habitats for future

 climate change: A guide for State adaptation efforts

 Table 1.—Recent publications by State of Oregon agencies and workgroups reviewed
 for this section.

 In Oregon's official response to climate change, two work groups are
 prominent. The Oregon Climate Change Research Institute (OCCRI), a
 collaborative group of more than eighty authors, leads efforts to characterize

 ongoing and expected effects of climate change. In its first full report (2010),

 OCCRI identified four key environmental changes: increases in temperature
 of about 0.2-l°F per decade, warmer and drier summers, some evidence of
 increased extreme winter precipitation events, and sea-level rise aggravated
 by greater wave heights during storm events. Each of these projected trends
 is already evident in environmental records.
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 The second group, the Adaptation Framework Work Group (AFWG),
 is charged with creating an institutional framework to guide and enable
 state agencies in their efforts to mitigate and adapt to climate change. The

 AFWG (2010) translated the four primary changes identified in the OC
 CRI report into eleven risks likely to affect Oregon landscapes in significant

 ways. Those risks and their relative probability of occurrence are listed in
 Table 2. Of the risks identified by the AFWG, numbers 2, 3, 5, 7, 8, 9, and

 10 all result from an increased seasonality in hydrologie regimes. All are
 exacerbated by decreasing storage of water in landscapes in the form of
 snow. Though a literature addressing the ability of beaver to help adapt to

 these effects of climate change is newly emerging (see Bird et al. 2011; Wild

 2011), knowledge of the role beaver play in decreasing hydrologie seasonality
 at local scales has circulated for some time (Naiman et al. 1988; Baker and

 Hill 2003). Yet, the in publications listed in Table 1, beaver are completely

 excluded from the texts; though a beaver is prominently pictured on page
 5 of the ODFW s Preparing Oregon's Fish, Wildlife, and Habitats for Future
 Climate Change (2008).

 The absence of any mention of beaver or beaver recolonization is part of

 a wider pattern revealed in an analysis of the reports. Generally, the reports

 avoid calls to make any material changes. Instead they recommend: increas

 ing environmental monitoring, increasing education in public schools,
 identifying new funding sources for related programs, reviewing and de
 veloping state policy, and investing in building state agency capacity. The
 reports also call for increasing capacity for "adaptability" and/or "resilience,"

 though the meanings of these terms are not elaborated, except to suggest
 greater empowerment of local-scale agencies and projects.

 The document that comes closest to specific calls to action is the ODFW's

 Preparing Oregon 's Fish, Wildlife, and Habitatsfor Future Climate Change (2008).

 There, the agency recommends investing in implementation of the Oregon

 Conservation Strategy (2006b), a far-sighted document directing the ODFW

 to address critical issues, including threatened species. My review of that

 document suggests that more beaver ponds could benefit eleven of the sixty

 two birds, two of the five reptiles, seventeen of the eighteen amphibians, and

 twenty of the thirty fish species listed for special treatment (compiled from

 pages 320-349). And even though every ODFW officer interviewed for this

 study had a well-defined opinion regarding beaver, the animal is completely
 excluded from the report.
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 Rank  Risk  Likelihood  Beaver mitigation
 1  Increase in average annual air

 temperature and likelihood of
 extreme heat events

 Very likely

 Changes in hydrology and water
 supply; reduced snowpack and

 water availability in some basins;
 changes in water quality and tim

 ing of water availability

 Very likely  Direct

 Increase in wildfire frequency and
 intensity

 Likely  Indirect

 Increase in ocean temperatures
 with potential for changes in

 ocean chemistry and increased
 ocean acidification

 Likely

 Increased incidence of drought  Likely  Direct

 Increased coastal erosion and risk

 of inundation from increasing
 sea levels and increasing wave
 heights and storm surges

 Likely

 Changes in abundance and geo
 graphical distributions of plant
 species and habitats for aquatic
 and terrestrial wildlife

 Likely  Indirect

 Increase in diseases, invasive spe
 cies and insect, animal and plant
 pests

 Likely  Indirect

 Loss of wetland ecosystems and
 services

 Likely  Direct

 10  Increase incidence and magnitude
 of damaging floods and frequen
 cy of extreme precipitation events
 frequency of extreme precipita
 tion events

 More likely
 than not

 Direct

 11  Increased incidence of landslides  More likely
 than not

 D23

 Risk  Likelihood  Beaver mitigation

 Increase in average annual air
 temperature and likelihood of

 extreme heat events

 Very likely

 Changes in hydrology and water
 supply; reduced snowpack and

 water availability in some basins;
 changes in water quality and tim

 ing of water availability

 Very likely  Direct

 Increase in wildfire frequency and
 intensity

 Likely  Indirect

 Increase in ocean temperatures
 with potential for changes in

 ocean chemistry and increased
 ocean acidification

 Likely

 Increased incidence of drought  Likely  Direct

 Increased coastal erosion and risk

 of inundation from increasing
 sea levels and increasing wave
 heights and storm surges

 Likely

 Changes in abundance and geo
 graphical distributions of plant
 species and habitats for aquatic
 and terrestrial wildlife

 Likely  Indirect

 Increase in diseases, invasive spe
 cies and insect, animal and plant
 pests

 Likely  Indirect

 Loss of wetland ecosystems and
 services

 Likely  Direct

 10  Increase incidence and magnitude
 of damaging floods and frequen
 cy of extreme precipitation events
 frequency of extreme precipita
 tion events

 More likely
 than not

 Direct

 11  Increased incidence of landslides  More likely
 than not

 D23

 Table 2.—Ranked list of likely risks posed by climate change in Oregon (AFWG 2010,5).
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 In order to understand this absence, I attended three state board

 meetings. I interviewed six board members; several of these explained
 independently that report acceptance and publication is a primary goal of
 boards. Several respondents also related that because reports must be ap
 proved by legislative committees, they must not include content that might

 raise objections from variously interested politicians. Informants referred

 to this quality as "political neutrality." Several board members indicated
 that the boards concerned were particularly "risk averse," i.e., concerned

 with continued funding and conscious of the need for political neutrality.
 Interviewees also reported that, as a result, reports are also somewhat "ac
 tion neutral."

 Responses regarding beaver specifically were consistent with this wider

 pattern. At meetings of the Oregon Watershed Enhancement Board and a
 joint meeting of the Oregon Sustainability Board and the Oregon Global
 Warming Commission, two board members and one agency expert inde
 pendently indicated that there has been informal consideration of using
 beaver to mitigate wetland loss. Due to the low cost of beaver recoloniza
 tion, informants characterized it as especially attractive, given the currently

 constrained financial capacity of state agencies. At another meeting, two
 board members commented that representatives from the Department of

 Agriculture (DOAg) have, on several occasions, expressed "strenuous objec
 tion" to including any language suggesting that beaver should be encouraged

 as a strategy to mitigate or adapt to the effects of climate change. Thus,
 beaver are not politically neutral; their inclusion threatens the acceptance
 and publication of agency reports representing weeks and months of effort.

 Obstacle #2: The Statutory Classification of Beaver as Predators
 In Oregon, two bodies of law regulate beaver taking. The ODFW defines
 beaver as fur-bearing animals and regulates trapping accordingly. Under
 that regime, all beaver taking must be licensed. In order to obtain a license,

 the ODFW requires that applicants take a course on allowable practices,
 and at the end of each season, trappers must submit a harvest report card

 in order to obtain a license in subsequent years. Under the ODFW regime,

 property owners are required to file for a damage permit before they may

 legally kill a beaver on their land. Thus, the ODFW has the ability to regulate

 and accurately track human taking of beaver (ODFW 2010b). My analysis
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 Figure 1.—Mapping human prédation regimes in Oregon. Oregon statutes allow
 unregulated beaver prédation on all privateand leased public lands.Trapping is regulated
 by permit only on non-leased public lands. The oval indicates where Ochoco National
 Forest is. Inset map illustrates range fragmentation in terms of prédation regime.

 of data provided by the ODFW indicates that from 1998 to 2010, the mean
 average annual trapping take was 2,971 beaver.

 However, under the advocacy of the Oregon Department of Agriculture
 (DOAg), a second body of law has also been applied to beaver "control."
 Oregon Statute 610.002 defines predatory animals as "feral swine ..., coy
 otes, rabbits, rodents [beaver] and birds that are or may be destructive to
 agricultural crops, products and activities, but excluding game birds and
 other birds determined by the State Fish and Wildlife Commission to be in
 need of protection. [1959]The statute enables land holders to remove such
 animals at their discretion. The ODFW asked the Oregon Department of
 Justice (DOJ) for clarification regarding the two regulatory regimes. The DOJ
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 opinion found no conflict in these two regimes in relation to the Endangered

 Species Act, and so let the statutes stand (Arnold 1984).
 It is important to note that the Oregon DOAg also represents the timber

 industry. Long the center of the Oregon economy, logging companies have

 invested many tens of millions of dollars in extensive road networks with

 thousands of stream contacts. Because beaver may block road culverts or
 otherwise incorporate road grades in their dam projects, beaver activity
 can lead to road failure. Thus, the industry has significant interests in the

 right to "control" beaver on its lands. About forty-five percent of the state

 is privately owned, and so falls under this statute.

 As Figure 1 illustrates, the area under the "beaver as predator" regime

 is significantly expanded by ORS 610.105. That statute states, "Any person

 owning, leasing, occupying, possessing or having charge of or dominion
 over any land, place, building, structure, wharf, pier or dock" may "im
 mediately and continue in good faith to control" any listed predator. About

 thirty percent of Oregon lands are public lands held in lease, primarily by

 grazing and logging operators. Thus, across seventy-five percent of Oregon

 lands, beaver may be killed without record or regulation.

 Further, the Predator Statute also forbids all state agencies from re
 questing any information regarding killing of listed animals. As a result,

 all evidence of beaver extirpation under the Predator Statute can only be
 anecdotal, and therefore may be dismissed as such.

 Institutional Obstacles within the ODFW

 Through interviews, the officers of the ODFW and several other experts
 expressed considerable difference in their understandings of and opin
 ions about beaver in Oregon. In the following discussion, I identify three
 commonly held positions that work against beaver recolonization and
 reintroduction. After describing each, I critically analyze the discourse
 supporting these positions.

 Obstacle #3: The Position that Human Prédation Does not Decrease

 Populations
 Within the ODFW, officers hold a wide range of positions regarding the
 effect of human prédation on beaver populations. Many interviewees, both

 within and especially from outside the ODFW, believe that human prédation

 inhibits beaver presence and recolonization. Five ODFW officers reported
 that they understood that fisheries specialists in particular felt that beaver
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 taking was problematic. Alternatively, four officers disagreed for a variety
 of reasons.

 Notably, few people trap beaver by permit in Oregon. From 2000 to
 2009, the number of licensed trappers averaged 184. Two interviewees
 indicated that this contingency, though small, had been "very effectively"

 represented in the legislature through the Oregon Trappers Association
 (OTA), and that the OTA maintains close ties with Oregon's still powerful
 logging industry. Two interviewees stated that in early 2011, the ODFW
 was working to rebuild apparently strained relations with the OTA, explic
 itly including the association in trapping policy discussions. Several of the
 interviewees also characterized beaver trappers as good stewards of beaver
 populations, indicating their understanding that beaver populations need
 to be actively checked.

 More importantly, these reported trappings do not reflect "removal"
 under the predator statute, as discussed above. Anecdotal evidence from a

 number of sources indicating that beaver extirpation is ongoing was sup
 ported by a public statement from a JWTR Timber Company spokesperson

 (KWP 2011). Even though JWTR owns 950 square miles of forestland, (ap
 proximately sixteen percent of Klamath County, and much of that county's

 forested area), their spokesman stated that they have had only one nuisance

 beaver on their land (time period was unspecified), they have fewer beaver

 than in surrounding National Forest lands, and that he did not know why
 there were not more. He also stated that people were removing beaver
 without explicit permission of JWTR, thus acknowledging their tacit ap
 proval of the practice. Needham and Morzillo's study provides further
 indirect evidence of beaver killing. It found that twenty-four percent of

 rural respondents indicated that they "do not want beaver on my property

 or on my neighbors' property," and twelve percent have either contracted

 to have beaver killed or done so themselves (2011, 17). Confirming this

 result, residents attending a related workshop in Chiloquin, adjacent to
 JWTR lands, reported frequent encounters with beaver carcasses marked

 by bullet wounds.
 Thus, there are indications that human prédation may significantly

 decrease beaver presence. The Predator Statute prohibits research into the

 scale of non-permitted taking.
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 Obstacle #4: The Position that Current Range is Appropriate and
 Maximal

 Several of the ODFW officers interviewed asserted that beaver already oc

 cupy their appropriate range, and therefore efforts to allow or encourage

 range expansion are inappropriate. Much of what follows in this subsection

 is an analysis of the origins and accuracy of these assertions.
 Interviewees offered several lines of evidence to support this claim. The

 most common argument offered against further efforts to expand beaver

 range—and this was offered in a very matter-of-fact manner, independently

 by three Wildlife Division officers—is that where there have been trapping

 closures, in some areas for up to forty years, beaver populations have not
 increased. The consensus within this subculture is that if the habitat is ap

 propriate, beaver are already there. Several interviewees added that there is

 good connectivity along stream reaches, and that when two-year-old beaver
 leave the family, they often establish new pond systems; thus, populations

 are believed to be diffusing normally. Several interviewees also referred to

 an internal study that concluded that beaver populations were never great
 in Oregon.

 The following discussion identifies four counters to these assertions.
 First, as noted above, the ODFW does not census beaver and has no data on

 populations, so statements regarding populations and range are not drawn
 from quantitative analysis. Second, as an ODFW wildlife biologist who has
 studied beaver relocation in the Cascade Range suggested, it is unknown
 how far beaver will travel to find good habitat, or what constitutes friction

 in that search. He has radio tracked a newly released beaver travelling up to

 eight miles in one night. However, that occurred immediately after a release,
 and travel was downstream, while recolonization is often a more difficult

 upstream journey.

 A third counterpoint echoes the second. In support of the earlier asser

 tion, several interviewees referred to the paucity of beaver in the Ochoco

 National Forest (ONF), even though trapping has been suspended for
 decades. However, as Figure 1 indicates, the ONF is essentially an island
 surrounded by private and leased public lands, where beaver may be killed
 without license or record. Further, while trapping has been suspended, "re

 moval" under the Predator Statute has remained very much in place upon

 any leased land, up to 95.6 percent of the 344,000 ha forest. Additionally, as

 the inset map in Figure 1 illustrates, streams across much of Oregon seldom
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 offer continuous conduits that are safe from human prédation. Risk of animal

 prédation during migration has also increased over the past thirty years as
 predator populations have rebounded (ODFW 2006a). A beaver without a

 den to shelter in during daylight hours is very easy prey for cougar, coyote,

 and bear. Thus, assertions of effective habitat connectivity are problematic.

 A fourth counter regards the understanding that, based upon historic ac

 counts, contemporary beaver populations in Oregon's Coast Range resemble

 pre-contact levels. Without exception, each of the four interviewees who
 made this assertion referred to an internal report by R. E. Rainbolt (1999),

 which concluded that historically "Beavers were common in the Coast Range,

 but not abundant" (ibid., 12, emphasis in original, terms not defined).
 There are several exceptions to the Rainbolt report. First, most of the

 primary sources cited pertain to the estuary of the Columbia River. The
 report notes that there, both Captain Gray in 1792 and Lewis and Clark
 in 1805 (Lewis 1903) wrote that local peoples traded beaver pelts and on
 occasion produced several hundred pelts for trade. Lacking any "record or
 estimate of historic beaver populations in the Coast Range" (ibid,. 3), Rain

 bolt reviewed logs recorded by expeditions dispatched by the Hudson Bay
 Company to the "Coast Range." In fact, the 1826 expedition featured in the
 report did not venture beyond coastal estuaries, "due to channel obstruction

 by woody debris" (Davies in ibid., 5). According to Davies' log, natives along
 the central coast reported that "in the interior there were plenty" (ibid.) of
 beaver, and the expedition reported seeing many "beaver vestiges." Further

 south, on the Rogue River, the same expedition reported signs of beaver on

 every stream.

 In further support of his assertion that beaver were not abundant, Rain

 bolt cites several sources that suggest that in the 1820s, local peoples, even

 in the Columbia estuary, were disinterested in hunting beaver. He concludes

 from this that either the local people were very "indolent" and/or that beaver

 were not plentiful enough to support a native trapping economy (ibid., 7-8).

 However, Rainbolt fails to consider that those native peoples were suf

 fering a demographic collapse as a result of exposures to European diseases.
 Boyd (1999) reports that by 1801 the Chinook, Tillamook, Alsean, Siuslawan,

 Coosan, and Tututni peoples had all suffered at least one smallpox epidemic,

 and in 1824 the groups at the north and south end of this range were known

 to have suffered an additional smallpox/measles epidemic. As a result, a

 pre-contact native coastal population estimated at about 11,300 people was
 reduced to 1,030 individuals at the time of treaty signings between 1853 and
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 1874. This could certainly explain the observed lack of interest in trapping

 among native peoples.
 One additional point bears explication. In a 1988 review of this same

 historic literature, Guthrie and Sedell concluded that beaver -were plentiful

 in the coast range in the first half of the nineteenth century. The authors

 highlight a 1854 account of traversing a slough near the Coquille River on
 the central coast. There, Esther Lockhart reported that boatmen had to stop

 at least every few hundred feet to break a beaver dam to allow the boat to
 pass, and that the dams would be back in place the next day. The authors

 suggest that the Coast Range was not heavily trapped because the mountain

 men of the time eschewed the soaking rains of Oregon's Coast Range.
 Though it may seem a fine distinction, plentiful and common have very

 different meanings. Common implies present, as beaver are today. Plentiful

 connotes so many as to be easily gotten. By attending to Rainbolts inter
 pretation, and dismissing Guthrie and Sedell's, wildlife officers support a

 no-management policy, which is consistent with their institutional capacity.

 The ODFW does not have the financial resources to live-manage beaver.
 Interestingly, the Guthrie and Sedell study has been effectively excluded

 from institutional memory; none of the interviewees mentioned the study.

 Obstacle #5: The Position that Reintroduction Is Ineffective

 A majority of interviewed ODFW officers suggested that beaver réin
 troduction is ineffective—this despite the notable success of the state's
 reintroduction efforts in the 1940s discussed above. Several officers referred

 to a pilot reintroduction effort sponsored in part by the Beaver Workgroup

 (an association of interested parties organized by the ODFW). An ODFW
 field biologist closely involved with the project reported that thirty-four adult

 beaver were live-trapped along the lower reaches of the Umpqua River, fitted

 with radio transmitters, and released at thirteen sites along three reaches
 of tributaries to the Umpqua River. Seventeen of the transplants are known

 to have died: nine by prédation, four by vehicle collision, and four through
 other accidents. Of the remaining, ten transmitters have either fallen off or

 are no longer being tracked. Seven adults were still being tracked at the time

 of the interview. From this, one may reach two very different conclusions: a

 focus on confirmed living beaver yields a survival rate of twenty-one percent,

 while a focus on confirmed dead implies a survival rate of up to fifty-three

 percent. None of the officers referring to the program cited the latter figure.
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 The Beaver Workgroup has made efforts to increase the efficacy of
 beaver reintroduction. The Department has published a protocol for beaver

 reintroduction (2010a), and now maintains a Web page on live management.

 The biologist in charge of the Umpqua relocation project reported that
 much was learned and that subsequent projects could have a better success

 rate. The nongovernmental Beaver Advocacy Committee, led by Stanley
 Petrowski and Leonard and Lois Houston from the South Umpqua River,
 has had better success in relocation efforts in the same watershed, and is

 critical of the slow pace of the Beaver Workgroup. They assert that much
 of the Workgroups research agenda has already been explored and is in the

 literature. In response, one ODFW officer suggested that those studies are

 often not particular to Oregon. Because the ODFW is responsible for any
 problems caused by relocation, caution on their part is understandable.

 And, as one board member explained, historically, rural lawmakers'
 reactions to constituent complaints about beaver damage can be "swift and
 violent."

 Discussion: Where to Go from Here?

 Beaver recolonization faces a number of obstacles. Very real environmental
 obstacles inhibit beaver recolonization and reintroduction in Oregon. Several
 interviewees indicated that habitat conditions across much of their former

 range are unsuitable, following decades of vegetative denudation, stream
 channelization, and removal of large woody debris—all leading to more
 rapid drainage and dam-destroying increases in stream power. Interviewees
 indicated that the cost of preparing a site for successful reintroduction can

 be quite high.
 The institutional obstacles identified here also pose obstacles to beaver

 recolonization and reintroduction. However, as discursive constructs, these

 may be moderated through education. The need for political neutrality in

 committee reports might be blunted by changing the public's perception of
 beaver. Needham and Morzillo's (2011) study—published by ODFW—found

 that fifty-seven percent of rural landowners surveyed expressed interest
 in having beaver live on or near their property. The study also found that
 twenty-four percent of rural respondents did not want beaver nearby. Pro

 beaver activists, such as Heidi Perryman of Worth a Dam in Martinez,
 California, have found success in changing anti-beaver attitudes through
 public education, particularly with children. Whether timber-land manag
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 ers and others at risk of damage from beaver will be willing to voluntarily

 engage in damage mediation measures also seems questionable.
 Nearly all interviewees who mentioned the statutory classification of

 beaver as predators also stated their belief that the designation has dimin

 ished beaver populations. Those interested in increasing beaver presence felt

 that de-listing beaver as predators would lead to significantly higher beaver

 populations. Although the ODFW could appeal the original DOJ opinion,
 consistent with ORS 610.002, the department might also move administra
 tively to define beaver as "in need of protection," thus effectively de-listing

 them. Before any of these alternatives can be effective, the state will have to

 build institutional capacity to manage beaver populations and limit dam
 age to roads. Oregon State University's Agricultural Extension Service, for

 example, is charged generally with educating rural landowners; however, that

 agency has only one wildlife specialist for the entire state (Sanchez 2011).
 Several ODFW officers similarly stated that the department does not cur

 rently have the human resources to respond to beaver nuisance complaints.

 Reintroduction poses its own problems. Though many of the particulars

 of keeping beaver alive through the trapping and transportation process
 have been addressed (e.g., Tippie 2010; ODFW 2011), release site selection
 remains an issue. Wildlife managers have promoted the use of habitat suit

 ability indices (or models) to identify optimum release sites (see Buckley
 et al. 2011; Wild 2011). However, those models are problematic in their as
 sumption that beaver presence and absence are reliable indicators of habitat

 quality (Baldwin 2013). In so doing, they overlook the role of human préda
 tion in creating absence and so may mischaracterize habitat preferences and
 suitability (Carpenedo 2011).

 Conclusions

 While the policies and practices of wildlife- and land-managing institutions

 are, to an extent, science-based, they are also socially and culturally influ

 enced. In an effort to understand the ways various institutions in Oregon
 have either failed to promote and/or have actively worked to inhibit beaver

 recolonization and reintroduction, inductive interviews with relevant experts

 and other agents provide certain insights. This study identifies specific cul

 tural forms among wildlife and lands managers that work against allowing
 beaver recolonization and support the dismissal of possibility, and several
 of these beliefs are not well-founded. From a political economy perspec
 tive, powerful agricultural interests drive the need for political neutrality
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 among state agencies and have worked to make beaver killing very possible
 and nearly invisible.

 Evidence suggests that beaver could help human and non-human com

 munities adapt to ongoing and projected effects of climate change in the
 Pacific West (see Baldwin 2015), and do so at relatively low cost. Whole
 critical literatures address why enlisting non-human beings is philosophi
 cally difficult (e.g., Plumwood 2002; and Baldwin 2016,2006). Pragmatically,

 as keystone species, beaver produce their own spatial architectures that may

 conflict with land-owners' and -managers' intentions. On the other hand,

 beaver can also be managed in nonlethal ways to work cooperatively with
 land managers interested in cultivating a moister, and so a livelier, landscape

 in the face of anthropogenic climate change (Lundquist and Doleman 2016;
 Pollock et al. 2007; OWIC 1993).
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Abstract
Davee, Rachael; Gosnell, Hannah; Charnley, Susan. 2019. Using beaver dam 

analogues for fish and wildlife recovery on public and private rangelands in 
eastern Oregon. Res. Pap. PNW-RP-612. Portland, OR: U.S. Department of 
Agriculture, Forest Service, Pacific Northwest Research Station. 29 p.

This case study was developed as part of a larger, interdisciplinary research project 
to assess the social, hydrological, and ecological effects of beaver-related water-
shed restoration approaches in rangeland streams of the Western United States. 
It is one of five case studies being undertaken to investigate the social context of 
beaver- (Castor canadensis) related restoration in western rangelands. Research in 
the Bridge Creek watershed of the John Day River basin has found that beaver dam 
analogues (BDAs) improved habitat for fish listed under the Endangered Species 
Act, garnering interest from private landowners and public land managers seeking 
to mitigate anthropogenic habitat loss for sensitive and threatened species such as 
salmonids (Oncorhynchus spp.), greater sage grouse (Centrocercus urophasianus), 
and Columbia spotted frogs (Rana luteiventris). Researchers who published the 
studies on BDAs in Bridge Creek are providing technical advice to stakehold-
ers through workshops and guidance documents. Regulating BDAs is a complex 
process because permitting rules are not well defined, and dams carry a stigma 
owing to a long history of water diversion for irrigation and cattle that can impede 
fish passage and alter water delivery. Soil and water conservation districts and 
watershed councils now act as intermediaries to help landowners navigate the BDA 
permitting and installation process. Funding agencies that support restoration work 
are beginning to grant financial support to BDA projects, citing results from the 
ongoing Bridge Creek research. Some ranchers are interested in the ability of BDAs 
to restore incised streams and prolong streamflow, and are starting to use BDAs to 
improve the health of riparian areas. Beaver population recovery may occur fol-
lowing the installation of BDAs on agricultural lands, and the idea of intentionally 
encouraging beavers to return is met with skepticism by some landowners. Under-
standing and addressing ranchers’ concerns can help pave the way for this tool to be 
more widely implemented in rangeland ecosystems. 

Keywords: Bridge Creek, beaver dam analogue, BDA, ranchers, watershed 
restoration. 
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Using Beaver Dam Analogues for Fish and Wildlife Recovery on Public and Private Rangelands in Eastern Oregon

1

Introduction
Among watershed restoration professionals, Bridge Creek, a tributary to the John 
Day River in central Oregon (see Project Facts), has become synonymous with the 
use of stream restoration techniques that follow the form and functions of dams 
built by beavers (Castor canadensis). These include structures called beaver dam 
analogues (BDAs) (Bouwes et al. 2016a; Pollock et al. 2012, 2014) that use a series 
of channel-spanning, semiporous, wooden post structures woven with vegetation 
to mimic the effects of beaver dams (fig. 1). In 2003, scientists affiliated with the 
National Oceanic and Atmospheric Administration’s Northwest Fisheries Science 
Center (NOAA Fisheries) and Oregon State University initiated research on Bridge 
Creek to assess how beaver dams and BDAs restore habitat for the local population 
of threatened salmonids, Columbia River steelhead (Oncorhynchus mykiss) (Pol-
lock et al. 2007, USDC NOAA 2008). Their work was inspired by the long-term 
efforts of the U.S. Bureau of Land Management (BLM) to protect and monitor the 
beaver populations in Bridge Creek (summarized in Demmer and Beschta 2008). 
Additional collaborators from Utah State University and two consulting firms, 
Eco Logical Research, Inc. and South Fork Research, Inc., were soon brought in, 
and a long-term restoration and monitoring project was developed (Pollock 2016). 
Many years later, these researchers, armed with evidence of success derived from 
the long-term monitoring program (Bouwes et al. 2016b, Weber et al. 2017), have 
spearheaded the expansion of this approach to other parts of Oregon and states 
across the West, implementing 24 beaver-related restoration projects as of 2017 (see 
appendix). County- and watershed-level conservation specialists are playing an 
important role in bringing technical expertise about these restoration innovations to 
rural landowners.

Beaver-related watershed restoration is gaining popularity for its potential to 
promote floodplain connectivity and enhance ecological resilience in degraded 
waterways (Pollock et al. 2017). Most beaver-related restoration techniques are 
compatible with multiple-use objectives, making this type of restoration appropriate 
for use on active BLM and U.S. Forest Service grazing allotments and many private 
forests and rangelands. Bridge Creek scientists are placing a high priority on dis-
seminating lessons learned to landowners and conservation professionals through 
training workshops such as those sponsored by Portland State University’s Environ-
mental Professional Program in 2015–2016. Beaver dam analogues, in combination 
with other beaver-related restoration approaches, demonstrate a feasible and cost-
effective solution to restoration on the scale at which incised streams occur (Pollock 
et al. 2017), but they are not appropriate everywhere. To better estimate landscape 
capacity to support dam-building beavers, researchers developed a model called 
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Project Facts
Goals: 
1. Improve stream restora-

tion techniques to increase 
populations of Columbia 
River salmonids 

2. Reduce erosion and raise 
the streambed to increase 
floodplain connectivity and 
off-channel fish habitat

Scope:

• 114 structures on U.S. 
Department of the 
Interior Bureau of Land 
Management land

• 35 km of stream affected by 
restoration

Implementing 
Partners

• National Oceanic 
and Atmospheric 
Administration, Northwest 
Fisheries Science Center

• Utah State University
• Eco Logical Research
• Oregon State University
• Bureau of Land Management

Location:
• Bridge Creek watershed, Oregon

Location of the beaver dam analogue project on Bridge Creek, Oregon. 
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the Beaver Restoration Assessment Tool that incorporates human land use as a 
parameter (Macfarlane et al. 2015). 

Research at Bridge Creek is well documented from an ecological perspective 
(Bouwes et al. 2016a, Weber et al. 2017). However, there is very little information 
available about the regulatory context for implementing BDAs as a restoration tool 
on public or private lands, how the research at Bridge Creek has affected the broader 
process and impacts of BDA use within the restoration community, or the impacts of 
BDAs on private landowners residing near the research site. Therefore, the purpose of 
this report is to provide insight into the human dimensions of the Bridge Creek story, 
including (1) the diffusion of BDA use from Bridge Creek to other areas; (2) the insti-
tutionalization of methods used at Bridge Creek through changes in regulations and 
permitting; and (3) the growing use of BDAs and the ways they are affecting restora-
tion, monitoring, funding, and implementation strategies for landowners interested in 
using this approach to watershed restoration. We also document some of the concerns 
held by researchers, landowners, and conservation professionals about BDAs.

Methods
Methods used in this case study included a document analysis of relevant laws 
and policies on ecological restoration and beaver management as they pertain to 

Figure 1—Bridge Creek is an intensively monitored watershed within the John Day River 
basin in eastern Oregon. 
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the work done in the Bridge Creek watershed. We also conducted semistructured 
interviews with Bridge Creek researchers from the BLM, National Oceanic and 
Atmospheric Administration (NOAA), and Eco Logical Research (n = 4) to under-
stand how the permitting and installation process was navigated. In addition, we 
interviewed local landowners (n = 3) to understand their perceptions about beavers 
and BDAs. Additionally, we interviewed staff from soil and water conservation 
districts, NOAA Fisheries, Oregon Department of State Lands, Natural Resources 
Conservation Service, Oregon Department of Fish and Wildlife (ODFW),  
Bonneville Power Administration (BPA), Oregon Watershed Enhancement Board, 
and U.S. Army Corps of Engineers (USACE) (n = 15) to better understand the 
legal environment in which these structures are being regulated. Interviews were 
conducted between December 2016 and July 2017. Interview data from a related 
research project on public lands ranching in the Blue Mountains of northeastern 
Oregon are also referenced in this case study, as many of the interviewees from 
that project had experience with beavers and their impacts on their private land and 
grazing allotments (n = 20). We recorded and transcribed the interviews, or in cases 
where recording was not possible, indepth notes were taken during the conversation 
to capture relevant experiences. The interview data were analyzed along with rel-
evant published and gray literature, and documents from state and federal agencies 
involved in the Bridge Creek project. All of the information contained in this report 
comes from interviews unless otherwise referenced.

Bridge Creek Project Background 
The Bridge Creek project is located within the 710-km2 watershed where the creek 
flows through low-gradient (0.5 to 3 percent) meadow systems typical of private 
rangelands but less common on public land. The elevation in the watershed ranges 
from 780 m at the top of the study site to 500 m at the lower end and is dominated 
by sagebrush (Artemisia spp.) and juniper (Juniperus occidentalis Hook.) steppe 
(Demmer and Beschta 2008, Pollock et al. 2012). The riparian areas are dominated 
by willows (Salix spp.), and additional deciduous riparian trees including thinleaf 
alder (Alnus incana (L.) Moench ssp. tenuifolia (Nutt.) Breitung), redosier dogwood 
(Cornus sericea L.), and quaking aspen (Populus tremuloides Michx.) were planted 
as part of the restoration project. 

 The BLM Prineville District acquired land in this part of the watershed 
between 1988 and 1992 by trading properties with a private landowner through the 
Sutton Mountain Land Exchange. This addition expanded the Prineville District’s 
riparian acreage along Bridge Creek from approximately 1 km to more than 45 km. 
In 1989 and 1990, the Prineville BLM district manager wrote letters to the ODFW, 
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the agency responsible for managing beavers, seeking an emergency closure of 
beaver trapping on BLM land in the Bridge Creek watershed, “to begin managing 
beaver as a necessary ingredient in riparian recovery.” A trapping moratorium was 
granted in 1991 and is still in place. Subsequently, the adjacent Ochoco National 
Forest also requested that the ODFW place a moratorium on beaver trapping within 
national forest boundaries, citing low populations of beaver and the ecological 
benefits they provide. The request was granted in 1992, resulting in a ban on beaver 
trapping on all public lands in the watershed. After the BLM closed the area to trap-
ping, Demmer and Beschta (2008) observed an increase in the number of beaver 
dams, suggesting an increase in the beaver population. Counting dams and food 
cache sites serves as a proxy for beaver populations but is an imprecise method. 
Beaver population numbers are not well documented in Oregon because accurate 
estimation techniques have not yet been established (Swafford et al. 2003). 

Bureau of Land Management scientists in the area echoed the belief expressed 
in the letters to the ODFW in the 1990s that reintroducing beavers would support 
watershed restoration efforts. Beavers had been almost entirely eradicated from the 
watershed in the 19th century as trappers entered the territory employed by large 
fur companies such as the Hudson’s Bay Company (Langston and Cronon 2003, 
McKinstry and Anderson 1999, Ogden et al. 1961). Beaver populations continued to 
be suppressed across many agricultural lands in the 20th century owing to conflict 
with landowners related to flooding of roads and fields, blocked irrigation canals, 
and cut trees (Coe et al. 2016, Morzillo and Needham 2015). 

In 1992, the same year that the beaver trapping moratorium on public lands in 
the Bridge Creek watershed took effect, the BLM began restoring the lower Bridge 
Creek watershed to improve riparian and aquatic habitat for a population of Colum-
bia River steelhead listed as threatened under the Endangered Species Act (ESA) 
(Demmer and Beschta 2008). These efforts included closing the area to beaver 
trapping, riparian tree planting, boulder weir placement, culvert replacement, and 
removing cattle grazing in riparian areas (USDI BLM 1996). Before the BLM 
acquired the land, season-long grazing took place on the property, but after the 
land exchange, shorter grazing seasons were implemented and riparian fences were 
installed to exclude cattle from the creek and improve riparian habitat. Outside of 
the beaver monitoring efforts of Demmer and Beschta (2008), efforts to document 
results of the restoration were sporadic; therefore, the efficacy of these early efforts 
is largely unknown.

As a part of the BLM’s interest in beavers, the agency also undertook a 17-year 
longitudinal study lasting from 1988 to 2004 on beaver populations and ecology 
in Bridge Creek. The findings of this research highlighted the role of beavers in 
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altering geomorphic conditions of the creek in ways that are generally favorable for 
fish habitat (improving riparian vegetation, increasing channel complexity) (Dem-
mer and Beschta 2008). The research also indicated that natural beaver dams in 
the watershed were highly ephemeral. The small-diameter wood that beavers were 
using to construct their dams made them susceptible to failure during high flows, 
which occurred nearly annually in the constrained and incised channels of Bridge 
Creek (Demmer and Beschta 2008). 

In 2006, Bridge Creek was selected to be the site of a long-term research project 
testing the effectiveness of BPA-funded restoration in the Columbia River basin on 
salmonid recovery (USDC NOAA 2008). The BPA sells power generated from four 
dams on the lower Columbia River, four on the lower Snake River, and two on the 
upper Columbia River. Because the dams are a major cause of salmonid population 
decline on the mainstem of the Columbia River, the BPA is required to fund mitiga-
tion measures that promote salmonid recovery in tributaries within the Columbia 
Basin (USDC NOAA 2008). Consistent with the court order, the BPA and NOAA 
Fisheries conduct research in the Columbia River basin to inform stream restora-
tion practices that are intended to assist recovery of salmonid populations in lieu of 
Snake River dam removal. In 2007, after several years of studying the Bridge Creek 
beaver (see Pollock et al. 2007), NOAA Fisheries began designing and installing a 
variety of wooden post structures that would become known as BDAs and part of 
the restoration effort (USDC NOAA 2008). The restoration and monitoring work 
in Bridge Creek became part of a network of 16 intensively monitored watersheds 
(IMWs) in the Pacific Northwest (Bouwes et al. 2016b). The purpose of the IMWs is 
to test the effectiveness of specific inland restoration actions on recovering ESA-
listed salmonid species. In 2009, 85 BDAs were installed in four treatment reaches 
of lower Bridge Creek (totaling about 3.4 km), all of them on BLM land. Following 
this initial installation, more dams were added for maintenance and improved 
function as lessons were learned, for an eventual total of 114 structures in the four 
reaches as of 2015. 

The data collected during the study led to several publications. Pollock et al. 
(2014) used the Bridge Creek data to develop a general theory as to how beaver 
dams and BDAs could be used to accelerate the restoration of incised streams by 
initiating a series of linked geomorphic, hydrologic, and biological feedback loops 
(fig. 2). Bouwes et al. (2016a) described some of the physical changes in the reaches 
of Bridge Creek that were treated and how this led to measurable increases in the 
population of ESA-listed Columbia River steelhead. Weber et al. (2017) found that 
beaver dams and BDAs buffered summer stream temperature extremes and created 
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temperature refugia important for salmonids, increasing thermally suitable 
salmonid stream habitat. Although the focus of the published research is on local 
ecological outcomes, the potential for beaver-related restoration to raise water tables 
and subirrigate pasture in meadows adjacent to streams (Fountain 2014, Millman 
2011, Steubner 1992) has broad implications for thousands of miles of degraded 
riparian and stream habitat located on rangelands across the West. The work in 
Bridge Creek demonstrates the reconnection of a stream channel and floodplain 
across a large spatial extent through the installation of BDAs in four strategic loca-
tions. The scientists who developed this technique are now working to export this 
technology to other places and are providing guidance for installations on public 
and private lands. 

The Legal Landscape: Permitting Beaver Dam 
Analogues on Public and Private Land
Navigating the permitting process for beaver-related restoration, including instream 
structures, is complex and varies widely from state to state. It is further compli-
cated by the large number of regulatory agencies that may become involved in the 
approval process, as it often involves considerations of land use, fish and wildlife 
habitat, and water law. Any restoration project usually involves permits from the 

Figure 2—Beaver dam analogues made from wooden posts driven into the stream bed and woven 
with vegetation are located at four restoration sites along the mainstem of Bridge Creek, with 20 
to 30 structures per site.

N
ic

k 
W

eb
er

, E
co

 L
og

ic
al

 R
es

ea
rc

h



8

RESEARCH PAPER PNW-RP-617

(USACE), a state fish and wildlife agency, an agency that monitors dredging and 
filling of aquatic habitat (in Oregon, the Department of State Lands, a state water 
quality agency), and, if there is an endangered species in the area, either NOAA 
Fisheries, the U.S. Fish and Wildlife Service (USFWS), or both. There may also 
be local county or city permits that need to be obtained. If the project is on federal 
lands, a National Environmental Policy Act (NEPA) analysis may be required. Fur-
ther, state and federal agencies may require archaeological analysis, and American 
Indian tribes may require surveys for cultural artifacts. The permits required also 
differ depending on whether the project is on public or private land. This section 
explores some of the federal laws that apply to every state, and then focuses on laws 
specific to Oregon that influence beaver-related restoration. 

At the state level in Oregon, regulations are being developed to streamline 
permitting for instream structures intended to promote ecological function (ODSL 
2017). Oregon’s regulatory approach to using dams for restoration is in the process 
of being amended through a rules advisory committee that was assembled to 
shepherd a rulemaking process for instream structures such as BDAs. 

Section 7 of the Endangered Species Act
If an ESA-listed species, or designated critical habitat for a listed species, is pres-
ent at a proposed restoration site on federal land, or if federal funds are used on a 
restoration project involving an ESA-listed species, then it is necessary to comply 
with the requirements of section 7 of the ESA. Section 7 states that for federal 
projects—including restoration projects—that occur where a listed species or its 
critical habitat exists, the federal agency involved must consult with the USFWS 
(for terrestrial and freshwater species) or the National Marine Fisheries Service 
(NMFS) (for marine and anadromous species) to determine whether the proposed 
actions will cause jeopardy to the species or adverse modification of its habitat. 
The action agency prepares a biological assessment stating what, if any, effects the 
project will have on the listed species or its habitat. The biological assessment is 
reviewed by USFWS or NMFS, which then issues a biological opinion determin-
ing whether jeopardy or adverse modification is likely and how it can be avoided. 
Section 7 compliance can make new approaches to restoration challenging and time 
consuming to permit because, as a BDA proponent from the USFWS pointed out, 
“current environmental law is meant to be protective rather than permissive.” In 
an attempt to streamline compliance with section 7 of the ESA, the USFWS and 
NMFS often develop programmatic biological opinions, which grant permission for 
specific classes of restoration activity that comply with a generalized set of expecta-
tions (USDC NOAA 2013). 
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When the restoration technique of using BDAs was first used in Bridge Creek, 
it was new and did not fit within the restoration approaches covered by existing 
biological opinions, so the researchers wrote their own biological opinion (USDC 
NOAA 2008). Now the BDA structures at Bridge Creek fit within the guidelines of 
an aquatic restoration biological opinion, a programmatic biological opinion jointly 
developed by the BLM, Forest Service, and Bureau of Indian Affairs. Another 
programmatic biological opinion called “HIP-III” now provides a fast-track ESA 
consultation process for BPA-funded projects implemented within the Columbia 
River basin (USDI FWS 2013). For example, in 2015, a BDA project undertaken by 
the Confederated Tribes of Warm Springs on the Pine Creek Conservation Area, 
also in the John Day basin, used HIP-III to permit the project (Portugal et al. 2015).

Currently, the Natural Resources Conservation Service is developing a pro-
grammatic biological opinion with NOAA Fisheries and USFWS that will cover 
future BDA projects and other riparian restoration projects on private land in 
Oregon and Washington funded by farm-bill conservation programs, such as the 
Environmental Quality Incentives Program (EQIP) and the Regional Conservation 
Partnership Program. These programs prioritize water quality and quantity conser-
vation and wildlife habitat enhancement. As this effort demonstrates, the Natural 
Resources Conservation Service is beginning to recognize the role that BDAs can 
play in private land restoration, especially in the restoration of mesic habitat for 
greater sage grouse recovery. 

The National Environmental Policy Act
The National Environmental Policy Act normally requires an environmental impact 
statement or an environmental assessment (EA) documenting potential effects of 
a project when it is on federal land or uses federal dollars (e.g., BPA mitigation 
funds). Although BDA installation would normally call for an EA, in the case of 
Bridge Creek, a categorical exclusion (allowing federal agencies to exclude certain 
actions from the NEPA requirement to undertake an EA) was granted by the BLM 
because the BDA installation was associated with a research project, and an EA 
was therefore not required (Jordan 2017). Two recent BDA projects on the Malheur 
National Forest in northeastern Oregon did not require site-specific EAs either; 
rather, they were written into the forestwide aquatic restoration environmental 
assessment as an approved aquatic restoration activity to facilitate restoration 
activities for ESA-listed fish and critical habitat recovery across all watersheds 
within the national forest (USDA FS 2012). 
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Section 404 of the Clean Water Act and Section 10 of the Rivers 
and Harbors Act 
The U.S. Army Corps of Engineers is responsible for implementing Section 404 
of the Clean Water Act and Section 10 of the Rivers and Harbors Act. Section 404 
of the Clean Water Act regulates the discharge of dredged or fill material into 
waters of the United States, which includes any nontidal water body. Section 10 of 
the Rivers and Harbors Act regulates the construction of any obstruction within 
navigable, or historically navigable, waters of the United States. BDAs are consid-
ered obstructions requiring fill material within waters of the United States, and thus 
require a USACE 4345 permit when constructed on private land. Beaver-related 
restoration projects on BLM or Forest Service land in Oregon must obtain a USACE 
regional general permit (RGP-04) that covers aquatic habitat restoration on these 
public lands. 

Oregon Department of State Lands Removal-Fill Permits
Oregon’s Removal-Fill Law (ORS 196.795-990) requires projects that will move 
more than 38 m3 of material in a wetland or waterway to obtain a permit from the 
Department of State Lands in addition to the USACE permit. The law applies to 
both private and public lands and was required for the project on Bridge Creek. For 
activities in state-designated essential salmonid habitat, state scenic waterways, 
and compensatory mitigation sites, a permit is required for moving any amount of 
material. These individual permits require a minimum 120 days to process, but may 
take longer if obstacles are identified during the public comment period. Frustration 
with the permitting process for installing artificial beaver dams inspired the cre-
ation of a Rules Advisory Committee in 2015 that is charged with developing a new 
administrative rule to streamline the permitting process with general authorization 
for projects moving up to 76 m3 of material. This change is intended to efficiently 
permit the movement of material for instream structures used as a restoration tool 
“for promoting waterway-floodplain connectivity” (ODSL 2017). If approved, the 
rule will create a statewide general permit for BDA projects. The proposed rule 
was developed by a diverse group of stakeholders representing the NOAA Fisher-
ies, ODFW, Oregon Water Resources Department, conservation groups (Oregon 
Natural Desert Association and WaterWatch of Oregon), the Farm Bureau, Oregon 
Cattlemen’s Association, and several other parties interested in or concerned with 
the expanded use of these restoration tools. 

The draft rule also includes the creation of a pilot program in the Malheur Lake, 
Silver Lake, and Silvies River basins of eastern Oregon to install “restoration check 
dams,” which are low-rise, instream dams made from rock and soil, also intended to 
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restore incised streams (see Davee et al. 2017). These check dams are less dynamic 
than wood-post structures (e.g., BDAs), and there is concern among some biologists 
that they do not provide the same geomorphic changes that benefit fish (Salant et 
al. 2012). Throughout the drafting of the rule, a leading concern from conservation 
groups and the Oregon Water Resources Department was that the instream struc-
tures will impound water, and that the stored water will be used to benefit livestock 
rather than serving solely ecological objectives. For that reason, the proposed rule 
requires that projects are evaluated by the Oregon Water Resources Department to 
ensure that they will not require additional water rights (ODSL 2017). The Oregon 
Water Resources Department is comfortable with the porosity of most BDAs it has 
evaluated and does not think impounding water will be an issue; however, restora-
tion check dams, which are less porous, would need to be evaluated on a case by 
case basis (McCord 2017). 

Oregon Department of Fish and Wildlife Beaver Trapping and 
Fish Passage Laws
In addition to federal and state regulatory frameworks for instream structures, there 
are state regulations for managing beavers, fish species, and fish passage in Oregon, 
all of which are governed by ODFW. Some counties and cities also have require-
ments related to flood planning, and, depending on the location and funding source, 
consultations regarding cultural resources may be required if ground disturbance 
will occur in order to protect artifacts. These requirements are not addressed here.

Currently in Oregon, beavers are categorized as a furbearer, which allows 
seasonal trapping and hunting with a furtaker’s license. Between 2010 and 2014, 
beaver harvesters in Oregon reported an annual average of 2,746 beavers harvested 
recreationally (Broman 2017). The U.S. Department of Agriculture’s Animal Plant 
Health Inspection Service also traps beavers when they are causing damage to 
property. During the same time period, they trapped an average of 506 beavers 
per year (USDA APHIS 2014). On public land in Oregon, beavers can be trapped 
with a furbearer permit in most locations with a few exceptions, most notably the 
entire Ochoco National Forest and the Bridge Creek watershed. Beavers are also 
classified by the Oregon Department of Agriculture as a predatory species and can 
be exterminated on private land without any permits or reporting; therefore, there 
are no data on beavers that may have been exterminated on private land during 
this timeframe. These missing data prevent precise tracking of total annual beaver 
take. ODFW published requirements for trapping and relocating problem beavers 
that allow these activities following the established guidelines (ODFW 2017). The 
survival rate for relocated beavers is less than 50 percent (Petro et al. 2015), but can 



12

RESEARCH PAPER PNW-RP-617

vary based on conditions at the release location. A statewide beaver working group 
meets annually to discuss ways to improve management and relocation programs. 
In the Oregon Conservation Strategy published by ODFW, beavers are acknowl-
edged for their role in creating stream complexity and off-channel habitat (ODFW 
2016), but they are not included as a species that is in need of conservation in the 
state conservation strategy. 

Regarding fish passage, written approval must be obtained from ODFW for 
any work done in streams where fish are present (ORS 509.580-585). In 2017, the 
department created new forms for writing fish passage plans specifically with 
BDAs, which include post-implementation monitoring requirements twice a year 
for three years. 

Funding Sources for Beaver-Related Restoration on 
Public and Private Lands
BDAs can potentially fulfill the restoration objectives of many natural resource 
agencies by taking an ecosystem-based approach to restoration designed to take 
advantage of the interactions of living and nonliving systems, such as altering the 
flow of water through the system and increasing riparian and wetland habitats. 
However, acquiring agency funding for this new restoration tool can be challenging. 
Athough BDAs are lauded for their low implementation cost in comparison to other 
active restoration techniques (Pollock et al. 2017), evidence of their ecological and 
economic outcomes is limited, and there are few models to provide guidance on 
budgeting building material costs, permitting, project engineering, and developing a 
timeline for project execution. Despite these challenges, all BDA projects identified 
through this research (see appendix) were funded through a combination of federal 
and state funds. BPA mitigation funds, and federal dollars generated from energy 
ratepayers and designated for use to restore streams on public and private lands, 
have been the primary sources of funding for the BDAs and associated research 
conducted at Bridge Creek. State funds that support BDA projects in Oregon are 
often administered via Oregon Watershed Enhancement Board (OWEB) grants 
associated with the agency’s open solicitation program. The program provides fund-
ing for landowners, agencies, and nonprofit organizations to implement restoration 
projects on lands designed to improve habitat for salmonid species. OWEB is a 
state agency funded by the Oregon Lottery and federal funds, including the Pacific 
Coastal Salmon Recovery Fund. OWEB funding is given preferentially to private 
landowners, but can be obtained for projects on public land, especially if it is a joint 
application with a private land owner. 
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The Natural Resources Conservation Service, recognizing that outcomes 
associated with BDAs align with the agency’s priority to restore function to eco-
systems on working lands where they overlap with greater sage grouse habitat, is 
amending practice code 643 to include “scenario 40,” which provides funding that 
can cover the costs of building a post line-wicker weave or a BDA structure. When 
this change is finalized, the structures can be funded on private land through EQIP 
(Meastas 2017). Funding for EQIP projects on private land typically requires an 
in-kind match, e.g. a landowner’s contribution of materials or labor, which serves 
as a cost share. The Natural Resources Conservation Service has been working on 
standardizing the costs of BDA installations and providing a design template that 
can be applied in a wide variety of circumstances, and this is leading to expanded 
use of BDAs by OWEB and EQIP grantees. For example, OWEB recently funded 
the Wheeler County Soil and Water Conservation District and NOAA to collaborate 
on a multiday workshop to train landowners, conservation staff from agencies and 
watershed councils, and local contractors to install the structures on an unrestored 
tributary to Bridge Creek, thereby increasing the number of people trained to use 
this tool (OWEB project #217-6044). OWEB staff interviewed indicated that fund-
ing is granted preferentially to projects that target contiguous land ownerships, and 
projects with a recovery trajectory that does not require long-term maintenance.1 
The rationale for funding self-sustaining projects is that once a recovery trajectory 
is set, continued investment of restoration dollars will not be required owing to the 
positive feedback loops that are set in motion. 

The Malheur National Forest is part of a congressionally established ecosystem 
restoration initiative called the Collaborative Forest Landscape Restoration Program 
(https://www.fs.usda.gov/detailfull/malheur/workingtogether/partnerships/?cid=
STELPRDB5244635&width=full). Funds from that program were used to install 
BDAs in the John Day watershed portion of the national forest because of the pres-
ence of ESA-listed Columbia River steelhead, and in the Malheur River watershed 
because of the presence of an ESA-listed bull trout (Salvelinus confluentus). 

Bridge Creek Research Facilitating Beaver Dam 
Analogue Expansion 
Information about BDAs to help people understand how to get started on their own 
projects is spreading through classes and workshops taught by scientists, profession-
als, and practitioners from NOAA Fisheries, USFWS, Forest Service, Portland State 
University, and Utah State University; private consultants, such as Eco Logical 

1 OWEB staff, interviewed March 2017.
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Research and Fiori GeoSciences; and nongovernmental organizations, such as the 
Scott River Watershed Council in California, the Oregon Natural Desert Association, 
and the Nature Conservancy. In June 2017, researchers published the second version 
of the Beaver Restoration Guidebook (Pollock et al. 2017) to provide an accessible 
manual for people interested in beaver-related watershed restoration. According to 
Nick Weber, of Eco Logical Research, these structures are a way to extend the spatial 
extent of restoration for the same amount of money as traditional restoration because, 
“you cut out the middle man because you don’t need engineer’s design specs” (Weber 
2016). This low-cost and low-tech approach is attracting a lot of interest, but it is 
important to the researchers that the tool is not seen as low risk. Lessons about BDA 
design and placement were learned over a decade, and adaptive management tech-
niques were incorporated to achieve targeted restoration goals. With that in mind, the 
researchers are sharing their technical expertise in order to prevent haphazard use of 
the tool, which could undermine the benefits of targeted use. 

Each structure that you build needs to have a purpose and have assigned its 
purpose before you start… You [can’t] just walk along the stream and say 
let’s put one here and here and here. You think about what you want for that 
whole [system].

—Chris Jordan, NOAA Fisheries, Bridge Creek researcher

Researchers lead workshops that often entail multiday gatherings combining 
field trips and classroom training to allow people to see a project site and learn 
about the way beavers and beaver dams function in a healthy ecosystem (fig. 3). 
Workshops have been attended by conservation workers affiliated with state and 
federal agencies, American Indian tribes, soil and water conservation districts, 
watershed councils, nongovernmental organizations, conservation groups such as 
Ducks Unlimited, OWEB, and interested landowners who have heard about the 
benefits beavers may bring to their operations. For example, workshops conducted 
by the Oregon Natural Desert Association, a nonprofit environmental group, take 
groups to restoration sites where they volunteer, making these projects even more 
cost-effective for landowners. Such workshops are effective because participants 
get to see the benefits of BDAs firsthand, they learn the complexities of permitting 
BDA projects, and they exchange tips on what needs to be done to meet state and 
federal regulatory requirements. Hearing about the change in watershed conditions 
that the restoration can achieve from experienced practitioners can be helpful for 
guiding expectations for timelines and outcomes. Herb Winters, a soil and water 
conservation district employee, reflected on the importance of landowners seeing 
the BDAs in action in order to understand what a difference the structures and 
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beavers can make in a short time: “When [people] drive down the road and see the 
transformation that [has] occurred in [a] brief time, it makes others curious to try.”

In Wheeler County (where Bridge Creek is located), the local soil and water 
conservation district expanded this type of peer-to-peer learning through an OWEB 
funded workshop to train interested implementers on the resources required to 
install a BDA project. The workshop covered an introduction to beaver-related 
watershed restoration and familiarized participants with technical tools like the 
Beaver Restoration Assessment Tool for assessing a site’s capacity for beaver habi-
tat, and a monitoring and design iPhone2 application. Workshop participants went 
out to the field and helped install BDAs and tested the application. An August 2017 
workshop in Condon, Oregon, also provided an opportunity for local implement-
ers and state regulators from the Oregon Department of State Lands, ODFW and 
OWEB to discuss coordinating monitoring requirements across agencies to keep 
projects affordable for private landowners. 

The Natural Resources Conservation Service is also consulting with beaver 
restoration experts at Utah State University involved in the Bridge Creek research, 

2 The use of trade or firm names in this publication is for reader information and does not 
imply endorsement by the U.S. Department of Agriculture of any product or service. 

Figure 3—Groups learn about installing beaver dam analogues on workshops and field trips, 
such as this one on Bridge Creek in Oregon.
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sending 30 staff there to learn about how BDAs can be used to improve greater 
sage grouse habitat on private land. A Natural Resources Conservation Service 
staff biologist suggested that incorporating guidelines for BDAs into language and 
documents that staff are accustomed to seeing would make them more likely to 
utilize the tool in their rangeland restoration projects (Santana 2017). The Natural 
Resources Conservation Service is also using its Regional Conservation Partnership 
Program to collaborate with Trout Unlimited to use BDAs as a strategy for improv-
ing habitat where greater sage grouse, red band trout (Oncorhynchus mykiss gaird-
nerii), and Columbia spotted frog populations overlap, in hopes of creating drought 
resiliency on ranches (USDA NRCS 2016a). This type of program creates oppor-
tunities for producers to engage in restoration that will benefit both livestock and 
threatened species while keeping water in streams longer. The Natural Resources 
Conservation Service and soil and water conservation districts provide tools and 
options for altering grazing management in ways that will aid in the recovery 
of woody riparian vegetation and help cattle ranchers use BDAs to contribute to 
agency conservation objectives. 

Benefits and Challenges Associated With Beaver-
Related Restoration 
Benefits
Beaver dam analogues are not just being used as a tool for restoring fish habitat; 
agencies are also hoping they will be useful in restoring riparian and mesic habitat 
that is important for other species of concern, such as the Columbia spotted frog 
(Munger and Lingo 2003) and greater sage grouse (USDA NRCS 2016b). In Bridge 
Creek, the placement of structures was designed to encourage beavers to return to 
the area and continue the work that the restoration project started by maintaining the 
installed dams as stable platforms and encouraging persistent colonization (Pollock 
et al. 2012, USDC 2008). The transition from degraded riparian pastures to thriving 
riparian communities at the Bridge Creek site is proving to be of interest to landown-
ers and managers dealing with degraded rangelands that are being used for cattle 
production. Because the BLM does not permit grazing along Bridge Creek where the 
research took place, we do not know how the presence of cattle would have changed 
the recovery trajectory in that area. However, on an adjacent private ranch, ranch 
managers perceived the elevated water table on Bridge Creek as a benefit of BDAs, 
and installed them on their ranch in 2016 with funds from OWEB.
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It’s been proven that if you can get your water table up, it spreads that 
water out, so you will have more wet spots show up and more green grass... 
everything benefits.

—Private ranch manager, Bridge Creek 

Post-style restoration structures have been in use on rangelands for close to a 
century to control erosional processes and prevent stream incision (Kraebel and 
Pillsbury 1934), but researchers at Bridge Creek are the first to link the design and 
function of these structures to beaver dams. The design of the BDA project by the 
NOAA Fisheries team is beneficial because it is accessible to others in the restora-
tion community with smaller budgets. Restoration costs using traditional methods 
and heavy equipment can exceed $1 million per mile, while BDAs are being 
installed for about $1,000 to $5,000 per structure, including the cost of design and 
permitting (Winters 2017). 

Before the Bear Creek project, I never had to do the permitting and I was 
dreading it. I thought it was going to be a daunting process, but it turned 
out to be pretty painless. 

—Herb Winters, Wheeler County Soil and Water Conservation 
District specialist

Challenges
Not all ranchers are as tolerant of beavers as those carrying out beaver-related res-
toration projects on their property. In interviews with 20 grazing permittees on the 
nearby Umatilla National Forest conducted in 2016, several concerns were voiced: 
three permittees stated that beavers cause problems when they build dams in irriga-
tion systems; four said they disliked the fact that beavers cut down large trees; and 
two reported that beavers create unwanted flooding in pastures. These drawbacks 
challenge efforts to promote beaver-related restoration on rangelands shared by 
ranchers (who typically grow hay). Project implementers caution that BDAs alone 
are not as effective as having beavers present to use them (Weber 2016), and BDA 
projects are often designed with the hope that beavers will move in and take over 
maintenance of the structures. Thus, it is important to communicate the need for 
beaver tolerance where people are interested in BDAs, and to seek ways of mitigat-
ing unwanted beaver behavior.

Several ranchers we interviewed at the Umatilla National Forest and Bridge 
Creek emphasized the importance of being able to control beavers when they are in 
the stream system in order to protect their property from flooding or losing large 
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trees (fig. 4). Control often takes the form of lethal measures to reduce populations 
and remove beavers from areas where they are not wanted. A rancher interviewed 
in the Bridge Creek area for this case study said he worries about losing the ability 
to work in his flooded fields if they are declared wetlands because of the beaver-
dams; he therefore uses heavy equipment to pull dams out of the creek. Even with 
this work to deter beavers, he can point out areas on his property that are being 
converted from grass pasture to willows. 

In 2016, the Malheur National Forest fisheries and watershed program and the 
Collaborative Forest Landscape Restoration Program provided match funding for the 
Confederated Tribes of Warm Springs to do restoration on the Malheur National For-
est that included 70 BDA structures on Camp Creek (USDA FS 2016). The area has 
multiple grazing permittees, and over the next several years, this project will provide 
valuable insight regarding the ways in which the installations affect grazing. 

A survey of 1,512 private landowners from all regions of Oregon, including 
432 from eastern Oregon, indicated that the public is interested in coexisting with 
beavers and that incentive programs that supply materials to reduce beaver damage 
would likely increase tolerance of beavers even when beavers have caused damage 
(Morzillo and Needham 2015). No such incentive programs have been implemented 
to date. 

Figure 4— Beavers cut down large trees that provide shade, which can lower ranchers’ tolerance 
for beavers.
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Other concerns with BDAs surfaced during the Oregon Department of State 
Lands’ rulemaking process to create a general permit for BDAs between 2015 and 
2017. The creation of a general permit is intended to benefit small groups like soil 
and water conservation districts and landowners by expediting the permitting for 
restoration projects. During the public comment period, numerous letters were 
submitted to the Oregon Department of State Lands expressing a range of concerns 
from excessive permissiveness to excessive regulatory burdens (ODSL 2017). 
Gilliam County Soil and Water Conservation District expressed concerns that the 
Oregon Department of State Lands’ proposed requirement to develop a grazing plan 
in order to receive approval for installing BDAs on private land is an overreach of 
the department’s authority. Concerns about the potential for increased stream tem-
peratures with these projects were also expressed; like natural beaver dams, they 
create ponded water with more surface area that may result in stream-temperature 
increases (Majerova et al. 2015). Elevated temperatures are an issue in already 
impaired streams and require more research; however, research from Bridge Creek 
indicates that beaver ponds lower temperatures, presumably by increasing rates of 
exchange or mixing between shallow groundwater and surface water (Weber et al. 
2017). Others writing letters opined that even if elevated temperatures result from 
beaver dams, this elevation may be preferable to the stream going dry seasonally in 
the absence of BDAs or natural beaver dams. Water rights were also on the list of 
concerns from water managers and conservation groups in the public comments. 
According to Oregon Water Resources Department staff involved in drafting the 
Department of State Lands permit, however, there have been no complaints by 
individuals about BDAs affecting their water rights. 

The rapid expansion of BDAs is premised largely on data from the Bridge 
Creek project, a single research site that has been in existence for less than 10 
years. The same technique is now being applied in different landscapes in hopes of 
producing comparable results. This rapid scaling up in the use of BDAs suggests a 
potential risk of misuse owing to their simple design and low implementation cost. 
It is a challenge to regulate them sufficiently to ensure high-quality installations 
while not creating onerous regulations that deter landowners. 

Though the results of the Bridge Creek study demonstrated that both juvenile 
and adult salmonids could pass multiple BDA structures, some fisheries biologists 
still express concerns about the ability of fish to safely pass BDAs. One biologist 
referred to the post structures as “glorified wood check dams” because he believes 
that real beaver dams have a more ephemeral quality than the BDAs and are thus 
more fish friendly. In Oregon, ODFW reviews all BDA installations and must grant 
approval before a structure may be installed. In one case, the design of a BDA 



20

RESEARCH PAPER PNW-RP-617

project was amended to address the ODFW concern that willow branches woven 
too tightly would create a barrier to fish (Porter 2017). Cumulatively, these concerns 
clarify the need to learn more about the effects of BDAs at sites beyond Bridge 
Creek. Data gathered through monitoring would be beneficial for understanding 
how the structures respond in alternative environments.

Conclusions
Research findings from the BDA experiment at Bridge Creek are being used to 
design beaver-related restoration projects on public and private rangelands in 
eastern Oregon and elsewhere in the Western United States. Researchers from the 
Bridge Creek project are involved in expanding the use of BDAs to ensure that the 
functional integrity of this tool is not diminished through inappropriate applica-
tions. Ranchers and other land managers in eastern Oregon report a mix of benefits 
and challenges associated with BDAs and beaver-related restoration more broadly. 
Oregon Department of State Lands is developing a statewide general authoriza-
tion permit for instream structures that promote floodplain connectivity that will 
fast track future applications for BDA permits. Beaver population recovery is an 
important component in achieving restoration on streams where BDAs are used, 
which means understanding and addressing ranchers’ concerns about beavers will 
be necessary for the tool to be widely implemented. Soil and water conservation 
districts and watershed councils are important partners in securing funding as well 
as providing technical expertise to landowners for permitting and installing BDAs. 
The research on Bridge Creek is informing the development of programmatic 
biological opinions that allow BDAs to be used in accordance with the ESA, and 
federal agencies have or are in the process of developing similar enabling program-
matic direction. 

Future Beaver Dam Analogue Applications
Recognizing the scale at which beavers historically engineered the landscape is the 
basis for the argument to mimic their impacts by using BDAs as a model for future 
restoration projects on private and public land (Naiman et al. 1988, Pollock et al. 
2014). In Oregon, many BDA restoration projects on rangelands involve soil and 
water conservation districts and watershed councils, both of which have institu-
tional knowledge about permitting requirements and funding opportunities. These 
intermediary groups could facilitate the adoption of more BDA projects among 
private landowners by helping expedite the permitting process, and by helping 
landowners increase the size of a project by acquiring matching funds through 
federal and state grantors. To scale up this technology, it may be necessary to 
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secure additional funds for BDA monitoring because OWEB large grants currently 
limit monitoring to $2,500 per project. Securing funds through technical assistance 
grants or effectiveness monitoring grants would ensure projects are able to com-
ply with monitoring requirements and contribute to understanding the effects of 
BDAs in different environments. With additional funding, grant writers could also 
consider expanding the scope of a project’s monitoring plan to include economic 
metrics in order to engage more landowners in restoration projects. BDA installa-
tions on public lands will likely become more common as federal agencies continue 
developing more programmatic biological opinions to streamline the paperwork and 
create precedent about this nascent restoration technique. 

We’re going to ramp up and do whole stream systems with hundreds of 
these BDAs. At $1,000 each, you can’t beat it. 

—Herb Winters, Wheeler County Soil and Water Conservation 
District specialist

If Oregon’s administrative rule to create a general authorization covering BDA 
installations statewide is approved as drafted, it will require each project to be 
reported to OWEB upon completion, and OWEB will maintain a database of all 
projects implemented under the rule. This inventory will be important because, 
currently, monitoring of OWEB-funded projects is often limited to photo points and 
a written description of observed responses to the installation, but the records are not 
compiled into a database cataloging all BDAs. The Bridge Creek project demonstrates 
the value of collecting rigorous data on BDA implementation, including long-term 
changes such as vegetation cover and type, water holding capacity of the soil, total 
area of riparian habitat, and fish impacts so that future expansion of this restoration 
tool can occur with confidence that it is promoting environmental benefits. Integrat-
ing a socioeconomic monitoring component into BDA projects to examine their 
impacts on landowners, grazing permittees on federal lands, and their agricultural 
operations would provide valuable information to ensure that BDAs are implemented 
in a manner that also provides social benefits, and mitigates their costs.

The use of BDAs is increasing across the West and the effects these projects 
will have on grazing lands and the ranchers who use them will be more apparent 
after the structures have been in place for several years. Ideally, if beavers take over 
BDA maintenance, the cost-benefit ratio will improve by maintaining a recovery 
trajectory after the financial investment ceases. For the BDAs to achieve desirable 
long-term ecosystem objectives, explicitly incorporating the role of beavers into 
restoration planning may help increase success. 



22

RESEARCH PAPER PNW-RP-617

U.S. Equivalents
When you know: Multiply by:  To find: 

Meters 1.094 Yards
Kilometers (km) .621 Miles
Square kilometers (km2) .386 Square miles
Cubic meters (m3) 35.3 Cubic feet
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Appendix
The following projects were designed in full or in part by the research scientists involved with the Bridge Creek 
intensively monitored watershed (IMW), and initiated based on lessons learned from the Bridge Creek and Aso-
tin Creek IMWs. The projects are directly related to either methods that promote beavers and the construction of 
beaver dam analogues, or methods to increase large woody debris loading to improve hydraulic and geomorphic 
diversity and reconnect floodplains using post-assisted log structures.

Stream State Objective
Bear Creek OR Designed to test the effectiveness of beaver dam analogues (BDAs) in restoring 

perennial flow to 1 km of an intermittent stream channel tributary to Bridge Creek. 
During August of 2017, 20 BDAs installed.

Beech Creek OR The Oregon Department of Fish and Wildlife (ODFW) installed BDAs to increase 
habitat complexity for steelhead. The ODFW designed the project based on the 
BDA work at Bridge Creek.

Nehalem River OR A BDA project was implemented by Upper Nehalam Watershed Council and ODFW 
to demonstrate the utility of BDAs for restoring coho habitat on state forest land. 
Test structures were installed in 2017, full implementation is planned for 2018.

Pine Creek OR Project aims to improve steelhead and riparian habitat in an incised channel with a 
much less competent flow regime than Bridge Creek. Main partners are the Confed-
erated Tribes of Warm Springs and the Oregon Natural Desert Association.

South Fork Crooked River OR The goal is to restore 8 km of stream using BDAs to reconnect the floodplain, re-
cruit riparian vegetation, increase water storage, and create suitable beaver habitat. 
Pilot structures installed in summer 2015, full implementation in 2016–2018.

Alpowa Creek WA 87 post-assisted log structures (PALS) installed in 2014 to improve steelhead 
habitat; also used posts and small trees to improve bank protection on 1.2 km of 
streambank. Work carried out in cooperation with the Public Utility Department, 
Clarkston, Washington.

Asotin Creek WA The goal of this project is to promote a more dynamic and complex creek to 
improve rearing habitat for juvenile steelhead. Created high-density large woody de-
bris using PALS with 4 years of treatment in three streams totaling 12 km and over 
540 structures.

Little Tucannon River WA Proposal with the Salmon Recovery Funding Board to install PALS in the lower 2 
km of the watershed in 2016 to improve steelhead habitat.

Methow River WA Focused on translocating beaver into the upper portions of the watershed in the 
Okanogan-Wenatchee National Forest. Project staff have collaborated in workshops 
and on developing guidance for linking translocation with BDA installation.

North Fork Palouse River WA PALS are being used for bank protection in an effort to stabilize bank erosion. This 
is a prerequisite for getting funds to plant riparian vegetation.

Pataha Creek WA The project aims to restore steelhead habitat in a heavily incised channel. Main part-
ner is the Pomeroy Conservation District, and some local Natural Resources Con-
servation Service and Watershed Councils. Funding secured to install 100 BDAs in 
2016–2017 based on results of the Beaver Restoration Assessment Tool model.
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Stream State Objective
Penawawa Creek WA Proposal with the Salmon Recovery Funding Board to install BDAs and PALS to 

improve steelhead habitat.
South Fork Palouse River WA PALS are being used to help stabilize bank erosion; BDAs are being used to 

improve water retention near intensive riparian planting sites.
Squaw and Rock Creeks WA A BDA and PALS project was planned for implementation in 2018 by the Central 

Klickitat and North Yakima Conservation Districts. Bridge Creek project staff are 
involved in the planning and design of the project.

Triple Creek WA A BDA project was implemented in 2016–2017 by the Okanogan Highlands 
Alliance, U.S. Fish and Wildlife Service (USFWS), and Trout Unlimited. Project 
staff have been involved in the planning and design of the project.

Wenas Creek WA Ten BDAs were installed by the North Yakima Conservation District to reconnect 
the floodplain and improve aquatic and riparian habitat.

Basin Creek UT Thirty pilot structures were installed on 2 km of one stream in 2014; another 40 to 
50 were planned in 2015 on another tributary in the same system. Monitoring is on-
going. This is primarily targeted at improving forage for cattle, instream habitat for 
Yellowstone cutthroat trout, and brood rearing habitat for sage grouse. Partners are 
two ranchers (it is private property) and the Utah Division of Wildlife Resources.

Curtis Creek UT An adaptive beaver management plan for Harware Ranch Wildlife Management 
Area to mitigate impacts to ranch infrastructure and demonstrate “living with 
beaver” strategies. Built in spring 2016.

Grouse Creek UT A large-scale demonstration project planned on 20+ km of streams in Grouse Creek 
drainage with Tanner Family Ranches.

Park City UT An adaptive beaver management plan for the city adopted in 2012; structures have 
been in place since then.

San Rafael River UT A large-scale pilot implementation project planned for 50 BDA structures to restore 
degraded habitat to benefit three listed suckers in a moderately incised stream. 
Partners are the U.S. Bureau of Land Management and Utah Division of Wildlife 
Resources.

Spring Creek UT The project purpose is to mitigate potential flooding and harvest impacts of beavers 
in an urban area, specifically Walmart. Partners are Bear River Watershed Council, 
Walmart, and the City of Logan. Constructed in 2016.

Scott River CA The project goal is to restore critical habitat for Endangered Species Act-listed coho 
salmon. The Scott River Watershed Council installed BDAs with funding from the 
National Fish and Wildlife Foundation and the USFWS.

Birch Creek ID The project is targeted at restoring hydrologic perennial flows and restoring Bonn-
eville cutthroat trout. Beavers were translocated, several BDAs were built, and a 
workshop for Natural Resources Conservation Service staff working on the Sage 
Grouse Initiative was hosted in 2016.

OR = Oregon, WA = Washington, UT = Utah, CA = California, ID= Idaho. 
Source: Chris Jordan. 
National Oceanic and Atmospheric Administration’s Northwest Fisheries Science Center. 
Bridge Creek researcher..





Pacific Northwest Research Station 

Website http://www.fs.fed.us/pnw
Telephone (503) 808-2100
Publication requests (503) 808-2138
FAX  (503) 808-2130
E-mail pnw_pnwpubs@fs.fed.us
Mailing address Publications Distribution 
	 	 Pacific	Northwest	Research	Station 
  P.O. Box 3890 
	 	 Portland,	OR	97208-3890



U.S. Department of Agriculture 
Pacific Northwest Research Station 
1220 SW 3rd Ave., Suite 1400 
P.O. Box 3890 
Portland, OR 97208-3890

Official Business 
Penalty for Private Use, $300



Oregon Beavers Engineer Better Fish
Habitat, More Fish
July 14, 2016

An ecological experiment that employed beavers to restore streams in Central Oregon
found that the streams produced nearly twice as many juvenile steelhead within a few
years after the beavers went to work.
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While beavers' natural engineering abilities are well-known, the project on Oregon's Bridge Creek
is the first to show that their reengineering of streams can yield such pronounced improvements
in fish populations. The results suggest that, under the right conditions, beavers can restore the
health of streams and their fish, faster and likely at lower cost than traditional river restoration that
relies on expensive heavy equipment.

"What was most surprising was how fast we saw changes, and how fast the fish responded," said
Chris Jordan, a fisheries ecologist with NOAA Fisheries' Northwest Fisheries Science Center and
coauthor of the research. "Beavers are themselves agents of change and we can see in this case
how those changes cascade across the landscape."

The results of the research on Bridge Creek, a tributary of the John Day River, were published
in Nature's online journal Scientific Reports  by a team of scientists from Eco Logical Research
Inc., Utah State University, NOAA Fisheries, the Oregon Department of Fish and Wildlife and
South Fork Research. The research was funded by the Bonneville Power Administration and
NOAA Fisheries.

Large numbers of beavers once coexisted with salmon and steelhead across the Northwest until
they were trapped nearly to extinction in many areas. Streams such as Bridge Creek also
deteriorated under pressure from grazing and other activities. Many streams became incised,
cutting trench-like into the ground. The falling water table left streamside vegetation stranded on
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high terraces, where its roots could no longer access water.

Such streams provide poor fish habitat. Beavers also struggled because a lack of large wood left
them to construct dams with small willows easily washed out by high flows.

"We used restoration as a large scale manipulation to a watershed to determine if and how
restoration can improve fish habitat," said Nick Bouwes, owner of Utah-based Eco Logical
Research Inc. and lead author of the study. "We also used a very cheap approach which mainly
relied on beavers doing most of the heavy lifting for us."

In 2009 scientists tested what would happen if beavers got a foothold. The scientists jump-started
the beavers' work by sinking posts (called beaver-dam analogs, or BDAs) into the streambed of
Bridge Creek to help the animals build and anchor their dams against the current. In addition, the
Bureau of Land Management reduced grazing in wetland areas along the creek, and the Oregon
Department of Fish and Wildlife closed the watershed to beaver trapping.

Quickly, beavers began building dams using the BDAs throughout Bridge Creek. By 2013
beavers had built 171 dams with help from the BDAs or naturally, eight times more dams than the
average of the few years before scientists installed the BDAs.

But the real change was in the stream. Beaver dams anchored to the BDAs raised the water
level, creating large pools where sediment was deposited. Soon the trenches began filling in, and
water spread out onto the adjacent floodplain, giving rise to streamside vegetation and creating
side channels and backwaters. Water temperatures slightly cooled in stretches with beaver dams
compared to those without.

"We went from a place where the beavers couldn't even manage to build dams, to a place where
the beavers control the landscape," Jordan said. "We got it started, but the beavers did the work."

The changes improved fish habitat, with a deeper more complex stream channel. Over seven
years the scientists tagged 35,867 fish with tiny electronic tags to track their movements and
survival.

They found that beaver ponds held more juvenile steelhead than adjacent upstream areas. Plus,
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the ponds created more wetland habitat. Overall in Bridge Creek fish density increased and
juvenile steelhead survival jumped 52 percent compared to a control watershed where scientists
had not installed BDAs. Only four years after scientists first installed the first BDAs in Bridge
Creek, they recorded a 175 percent increase in juvenile steelhead production compared to the
control watershed.

While the quality of habitat improved, the quantity of habitat also increased as stream channels
and wetlands expanded into the floodplain, Jordan said.

"It's hard to point to any one thing as the most important change," Jordan said. "It's all of the
changes that makes better quality habitat, and makes more habitat too."

"Because of the large scale nature of the experiment and the intense monitoring, this study
represents one of the few examples of detecting benefits of restoration to a fish population- and
perhaps the first to show beavers as the restoration agent to cause such a response," Bouwes
said.

More ambitious efforts to use beavers as agents of restoration are now underway in other parts
of the Columbia Basin. An interagency team of scientists has also developed the Beaver
Restoration Guidebook to assist landowners and others interested in recruiting beavers as
natural engineers.

Last updated by on August 28, 2019

Oregon Beavers Engineer Better Fish Habitat, More Fish | NOAA Fisheries https://www.fisheries.noaa.gov/feature-story/oregon-beavers-engineer-better-fish-habitat-more-fish

4 of 4 10/26/2022, 11:56 AM


	Contents
	p. 93
	p. 94
	p. 95
	p. 96
	p. 97
	p. 98
	p. 99
	p. 100
	p. 101
	p. 102
	p. 103
	p. 104
	p. 105
	p. 106
	p. 107
	p. 108
	p. 109
	p. 110
	p. 111
	p. 112
	p. 113
	p. 114

	Issue Table of Contents
	YEARBOOK of the Association of Pacific Coast Geographers, Vol. 79 (2017) pp. 1-342
	Front Matter
	EDITORIAL NOTES [pp. 9-13]
	Contributor Biographies [pp. 14-17]
	Geographic Variation Across the Pamir Mountains of Tajikistan [pp. 18-40]
	Painting a Place: A Spatiothematic Analysis of Murals in East Los Angeles [pp. 41-70]
	Navigating Drought in California: Lessons from Down-Under [pp. 71-92]
	Institutional Obstacles to Beaver Recolonization and Potential Climate Change Adaptation in Oregon, USA [pp. 93-114]
	Muscling into Meadows: A Preliminary Dendrochronological Analysis of Recent Conifer Encroachment in Mount Rainier's Subalpine Meadows [pp. 115-133]
	Convenience Stores: A Landscape Perspective [pp. 134-152]
	A Dialogic Approach to Alien Movies [pp. 153-167]
	Entropy-Based Weights for MultiCriteria Spatial Decision-Making [pp. 168-187]
	Being Amerindian Today: Livelihoods, Technology, and Dynamic Indigenous Knowledges [pp. 188-210]
	Recollections of a Mountaineering Sierran Geomorphologist [pp. 211-221]
	Transformed by Antarctica [pp. 222-233]
	The Whithering of Geographers [pp. 234-248]
	Book Review
	Review: untitled [pp. 249-251]

	Movie Review
	Review: untitled [pp. 252-254]

	Game Review
	Review: untitled [pp. 255-259]

	Magazine Review
	Review: untitled [pp. 260-262]

	Concert Review
	Review: untitled [pp. 263-266]

	REPORT OF THE SEVENTY-NINTH ANNUAL MEETING: Portland, Oregon October 5–8, 2016 [pp. 267-269]
	APCG DISTINGUISHED SERVICE AWARD [pp. 270-271]
	2016 APCG STUDENT PAPER AWARDS [pp. 272-274]
	RESOLUTIONS OF THE SEVENTY-NINTH ANNUAL MEETING PORTLAND, OREGON [pp. 275-277]
	Association of Pacific Coast Geographers Annual Meeting October 5–8, 2016 Portland, Oregon: Abstracts for Oral Presentations and Posters [pp. 278-342]
	[Illustration]
	Back Matter


	Abstract
	Contents
	Introduction
	Project Facts
	Methods
	Bridge Creek Project Background
	The Legal Landscape: Permitting Beaver DamAnalogues on Public and Private Land
	Section 7 of the Endangered Species Act
	The National Environmental Policy Act
	Section 404 of the Clean Water Act and Section 10 of the Riversand Harbors Act
	Oregon Department of State Lands Removal-Fill Permits
	Oregon Department of Fish and Wildlife Beaver Trapping andFish Passage Laws

	Funding Sources for Beaver-Related Restoration onPublic and Private Lands
	Bridge Creek Research Facilitating Beaver DamAnalogue Expansion
	Benefits and Challenges Associated With Beaver-Related Restoration
	Benefits
	Challenges

	Conclusions
	Future Beaver Dam Analogue Applications

	U.S. Equivalents
	Acknowledgments
	References
	Appendix

