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I. SUMMARY OF WORK COMPLETED THIS SEGMENT ON JOBS IDENTIFIED 

IN ANNUAL WORK PLAN  
OBJECTIVE 1: Conduct a literature review that summarizes existing information about 
boreal wildlife and habitat that is applicable to forest management in Interior Alaska. 

JOB/ACTIVITY 1A: Conduct literature review. 

Literature compilation is completed but synthesis of information is continuing. Hagelin’s 
contributions for non-game species were supported under State Wildlife Grants T-32 and 
32-1, Project# 11.  We requested an extension to FY 2018 for completion of writing. 

OBJECTIVE 2: Design a framework for monitoring and adaptively managing forests 
and wildlife in the Tanana Valley, Alaska. 

JOB/ACTIVITY 2A: Identify habitat gradients that may describe the relationship between 
wildlife species richness metrics and forest structure or composition within timber 
harvest areas of the Tanana Valley. 

Defining gradients in landscape structure based on a patch-mosaic model can inform 
judgement of habitat suitability and selection of monitoring sites for forest-wildlife 
interactions.  Using funding to Hagelin from State Wildlife Grant T-32-1 Project #11, we 
contracted with a University of Alaska-Fairbanks faculty member (Dr. Falk Huettmann) 
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to produce a few simple landscape indices based on the stand-level inventory of forest 
type classes (species, tree size class, canopy closure) from the Tanana Valley using 
FRAGSTATS (McGarigal and Marks 1995).  The inventory polygons were resampled to 
50 m raster cells for calculating indices of landscape structure (e.g., density of type class 
edges, distance of nearest type of same class). Distributions of index classes were 
compared among state forest areas to discern magnitude of differences and examine 
possible cause of differences (e.g., fire history, timber harvest).  Separate moving-
window calculations based on values in adjacent cells produced smoothed rasters to 
discern spatial gradients for indices.  Overlay on polygon boundaries illustrate how 
landscape indices complement stand-level type data at the operational scale of forest 
management activities.      

JOB/ACTIVITY 2 B: Design a pilot study aimed at describing patterns in wildlife 
conditions (e.g., songbird diversity) or effects (e.g., herbivory on trees) at extremes of 
habitat gradients to discern the range of existing conditions or effects correlated to habitat 
patterns in managed forests.  

Based on a FY16 biometric evaluation our proposed pilot study, we would need 2 field 
seasons to detect differences in songbird occupancy.  We did not have the funding to 
conduct 2 field seasons of a pilot study so terminated this job. We will describe the 
sampling implications for study design in the final report. 

II. SIGNIFICANT DEVIATIONS AND/OR ADDITIONAL FEDERAL AID-FUNDED 
WORK NOT DESCRIBED ABOVE THAT WAS ACCOMPLISHED ON THIS 
PROJECT DURING THIS SEGMENT PERIOD  
Paragi participated in a teleconference to the Alaska Board of Forestry when the 
reforestation standards were reviewed, including wildlife habitat recommendations 
developed during the prior two years of participation by Paragi and Hagelin in a scientific 
and technical committee and an implementation group.  The standards were adopted by 
the Board and were approved by the Legislature, and the habitat recommendations will be 
incorporated into training materials for staff and operators that implement timber sales.   

Hagelin and Paragi were invited to contribute to a paper on boreal bird habitat for a 
special issue in the journal Avian Conservation and Ecology.   The paper has Alaskan and 
Canadian authors and focuses on state/provincial and federal government roles in bird 
habitat management and conservation. Aside from general information we contributed a 
case study paragraph that mentioned recommendations for habitat conservation and 
research needs from our recent involvement in the reforestation practices review for the 
Alaska Board of Forestry and the intent of the literature review from project 34.0.  

Paragi, Hagelin, and Brainerd gave a poster “Incorporating forest-wildlife interactions 
into reforestation guidelines for boreal Alaska” at the April 2017 meeting of the Alaska 
Chapter of The Wildlife Society in Fairbanks (see Appendix 1). 

III. PUBLICATIONS  
None this period. 
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IV. RECOMMENDATIONS FOR THIS PROJECT  
In the final year, we will complete the bibliography and EndNote database, with further 
annotation limited to selected citations as time permits. Synthesis of the literature will 
occur to describe forest-wildlife interactions and wildlife response to forest practices 
germane to Interior Alaska.  

We will use the synthesis plus patterns we identified in existing spatial data on forest 
vegetation and disturbance patterns from fire and logging to recommend a framework for 
monitoring and adaptively managing forests and wildlife in areas where trees are 
commercially harvested in the Tanana Valley. Hagelin’s future contributions to this 
project will be funded under State Wildlife Grant T-32-1, Project# 11.0. 

PREPARED BY: Thomas F. Paragi 

DATE: 12 July 2017 
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Appendix 1. Government roles in protecting bird habitats (boreal forest) 
 
Steven M. Matsuoka1, Julie C. Hagelin2, and Amanda L. Sesser3,4, Thomas F. Paragi5 

 
1U. S. Geological Survey, Alaska Science Center 
2Alaska Department of Fish and Game, Threatened, Endangered, and Diversity Program 
3U.S. Fish and Wildlife Service, Northwest Boreal Landscape Conservation Cooperative 
4University of Alaska Fairbanks, Institute of Arctic Biology 
5Alaska Department of Fish and Game, Division of Wildlife Conservation 
 
Alaska 
Federal and state governments play a variety of essential roles in conserving and managing a vast 
landscape of habitats for birds in the boreal region of Alaska (Fig. 1 and 2). The Alaska boreal 
contains expanses of largely remote and intact ecosystems, a unique diversity of birds 
collectively migrating across most of the world’s flyways, and few species listed as threatened or 
endangered (ADFG 2015, Handel and Stenhouse 2017). The potential for change in Alaska’s 
boreal region is notable, given it contains some of the world’s largest untapped deposits of 
metals and coal, is home to 75% of the state’s growing human populations (Handel and 
Stenhouse 2017), and is already undergoing widespread ecosystem alterations from climate-
driven increases in the extent and intensity of permafrost thaw, wetland drying, and forest fires 
and insect outbreaks (Chapin et al. 2006, Wolken et al. 2011). 
 
Managing public lands 
The most prominent role governments play in protecting bird habitats in Alaska is managing the 
88% of the state held in public lands (approximately 64% federal, 24% state; Hull and Leask 
2000, ADNR 2007, Vincent et al. 2017), which divides into roughly equal amounts of land 
managed as protected areas versus for multiple-use (Hull and Leask 2000). Approximately 40% 
of Alaska’s boreal region is managed as protected areas (CEC 2010), including some of the 
largest conservation units and wilderness areas on the continent (Fig. 2). Most of boreal Alaska 
conservation lands were legislatively established as National Parks and Preserves, National 
Wildlife Refuges, and Alaska State Game Refuges and Parks with a primary purpose among 
others to protect or conserve wildlife populations and habitats and natural landscapes from other 
non-compatible land uses (Alaska National Interest Lands Conservation Act, Alaska Statutes 
[AS] 16.20, National Park Organic Act, National Wildlife Refuge Administration Act). Birds are 
therefore afforded a high level of protection by Alaska’s extensive network of conservation 
lands, which is the largest for any state or province in North America (CARTS 2015, National 
Gap Analysis Program 2016).  
 
The other roughly half of public lands in boreal Alaska are managed by the Alaska Department 
of Natural Resources (DNR) or Bureau of Land Management (BLM) for a balance of multiple 
uses, such as ecosystem protection, recreation, economic development (often through resource 
extraction), and settlement (Hull and Leask 2000). These multiple-use lands are extensive, 
remain largely undeveloped, and dominate the matrix of lands between protected areas (Fig. 2, 
Hull and Leask 2000:13–14). Thus, government decisions on how these lands will be used may 
largely determine regional levels of habitat connectivity for birds and other biota in the future 
(see Case study: Northwest Boreal Landscape Conservation Cooperative). Multiple-use lands 
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are administered through area or resource management plans (AS 38.04.065, Federal Land 
Policy and Management Act) that can classify areas for particular purposes such as Wildlife 
Habitat Lands (DNR designation) and Areas of Critical Environmental Concern or Riparian 
Conservation Areas (BLM designations) where the conservation of fish and wildlife habitats may 
be prioritized over other non-compatible uses. For example, the BLM recently prioritized 
protection of riparian areas and subsistence and sensitive species over mineral leasing on 
895,000 ha of multiple-use lands in eastern interior Alaska (Draanjik and Fortymile Planning 
Areas). The sensitive species included (among others) Trumpeter Swan, Bald Eagle, and 
declining Short-eared Owl, Olive-sided Flycatcher, Blackpoll Warbler, and Rusty Blackbird (80 
Federal Register 52; BLM 2016a, b).  
 
The information required to designate these special habitat areas on multiple-use lands is often 
lacking for boreal birds, particularly sensitive or declining species (ADFG 2015). It should 
therefore be a priority to identify key habitats and concentration areas for these birds more 
broadly across boreal Alaska (Audubon Alaska 2016), which could then be (1) nominated as new 
Wildlife Habitat Lands and Areas of Critical Environmental Concern when multiple-use 
management plans are developed or revised on ~20 year cycles, or (2) given special 
consideration when tailoring best management practices to minimize adverse impacts of land use 
practices on birds.  
 
Land use impacts on bird habitats 
Most major land use projects in Alaska, including all federal activities and funded projects 
(National Environmental Policy Act), require a review of their significant environmental impacts 
and alternatives before they can be permitted to proceed. This can bring into play a variety of 
agency regulations to avoid, minimize, or compensate for the adverse environmental impacts of 
projects, some of which apply directly to birds. The U. S. Fish and Wildlife Service (USFWS) 
administers the Bald and Golden Eagle Protection Act, Migratory Bird Treaty Act, and the 
Endangered Species Act (ESA). The former two acts protect birds and their nests and eggs from 
injury, mortality, or harassment (take) from human activities and in doing so may indirectly 
protect bird habitats. For example, USFWS recommends that developers maintain ≥200 m 
buffers between their activities and Bald Eagle nests (50 Code of Federal Regulations [CFR] 
Parts 13 and 22, USFWS 2007), which has protected substantial amounts of forested habitats for 
eagles across Alaska (Hodges 2011). The ESA protects critical habitats for threatened and 
endangered species. At this time, only marine mammals have designated critical habitats on the 
border of the Alaska boreal region (USFWS and NMFS 2014), although habitats necessary for 
other priority or declining boreal birds are often recommended for protection from land 
development during project reviews to prevent future listings. 
 
Among other laws protecting fish and wildlife habitats, the most important to the region’s birds 
to date have been those protecting wetlands. This is because wetlands are ubiquitous, covering 
43% of boreal Alaska (Hall et al. 1994) and are obligate breeding habitats for several declining 
boreal bird species (Greenberg et al. 2011, ADFG 2015, Handel and Stenhouse 2017). Wetlands 
are also often essential habitats for salmon and other fishes with subsistence, commercial, or 
sport fisheries and thus include broad conservation constituencies and effective protective 
regulations (AS 16.05.871 et seq., ADFG et al. 2002, Smith and Speed 2013). Most prominently, 
wetlands have among the strongest habitat protections through section 404 of the Clean Water 
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Act. This authorizes the U.S. Army Corp of Engineers (USACE) and Environmental Protection 
Agency to regulate fill placed in wetlands, and importantly require compensatory mitigation 
when appropriate and practicable for unavoidable wetlands impacts that are permitted to occur. 
There are no equivalent protections for upland bird habitats in the U.S. (Angelo and Cotter 
2005).    
 
Wetland mitigation is often administered through mitigation banks or in-lieu fee programs (33 
CFR 325 and 332, 40 CFR 230) that pool mitigation funds to enhance, restore, or preserve 
wetlands. The Alaska Department of Transportation and Public Facilities alone contributed over 
$8 million to these programs between 2009 and 2015 (Brehmer 2015). USACE has partnered 
with the Conservation Fund, Great Land Trust, and other non-governmental organizations to use 
mitigation funds to preserve nearly 19,000 ha of wetlands and adjacent upland habitats across 
Alaska since 2005 (B. Meikeljohn and D. Mitchell, pers. comm.) as part of conservation 
easements, municipal greenbelts, or additions to existing protected areas (Buxton 2011, McBride 
2014, PBHJV 2015). Mitigation funds are often a nexus for attracting other private donations and 
grants from state, federal, industry, or non-governmental groups—a formula that will likely be 
increasingly used to protect bird habitats in Alaska as land use expands. As only 36% of the 
state’s wetlands are mapped in detail, characterizing wetlands across the boreal region will be 
important for developing a more effective wetland conservation strategy in Alaska (ADEC 
2015).  
 
The Alaska Forest Resources and Practices Act (FRPA, AS 41.17) provides standards for 
commercial timber operations on state, private, trust and municipal lands, which make up 42% of 
boreal Alaska (Fig. 2). FRPA was established to provide for a strong timber and commercial 
fishing industry by protecting riparian habitats and water quality for fish while promoting 
reforestation after timber harvest. Specific guidance under FRPA for terrestrial wildlife habitat is 
limited on much of Alaska’s public lands and voluntary on private lands, because wildlife issues 
are typically addressed through land use planning. However, a recent inter-agency collaboration 
aims to improve land use practices in a manner beneficial for both wildlife and reforestation.   
 
Case Study:  Alaska Department of Fish and Game collaboration with Department of 
Natural Resources 
Alaska Department of Fish and Game (ADFG) recently partnered with Alaska Department of 
Natural Resources (DNR) to review FRPA practices that can best sustain wildlife habitat and 
facilitate reforestation within harvest areas. ADFG recommendations emphasized how both 
wildlife biodiversity and forestry objectives can be simultaneously addressed through retention 
of late-seral forest habitat (Paragi et al. 2015, 2016).  For example, retaining late-seral features in 
harvest areas, such as cavity trees, provides habitat for avian predators that feed on small 
mammals and insects known to damage seedlings and trees (Fayt et al. 2005, Mooney et al. 
2010, Mäntylä et al. 2011). ADFG guidance has been was reviewed by the Alaska Board of 
Forestry and endorsed by a DNR Implementation Committee. The guidance will be put into 
practice through land use planning and training documents for agency staff and operators.  
ADFG is currently reviewing landscape-scale harvest practices as a potential means of 
mimicking natural fire disturbance (Hunter 1993, Delong and Tanner 1996). Larger cut blocks 
that retain late-seral habitat could meet both wildlife population and reforestation objectives in 
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boreal forest, provided they are first proven effective in an adaptive management framework 
(Walters and Holling 1990, Fisher 2002). 
Conservation funding, science, and planning 
Government agencies in Alaska have myriad other roles in avian and fish and wildlife 
conservation, often through multi-agency collaborations that contribute significantly to the 
protection of avian habitats both in boreal Alaska and in the many places boreal birds migrate to 
across the Americas. Federal funding is central in this work, including grants to the state, Alaska 
Native groups, and other partners. For example, the USFWS allocated $1.1 billion to state 
wildlife agencies across the U. S. in 2016 to support fish and wildlife conservation, including 
over $50 million to the Alaska Department of Fish and Game to fund over 200 fish and wildlife 
research and management projects across Alaska, many of which benefit birds (ADFG 2015). 
Competitive grants from USFWS through the North American Wetlands Conservation Act and 
Neotropical Migratory Bird Conservation Act have provided more than $2 billion since 1990 
towards bird conservation projects by partners throughout international flyways (NAWCC 2016, 
USFWS 2016). The Blue Ribbon Panel on Sustaining America’s Diverse Fish and Wildlife 
(2016) concluded that an additional $1.3 billion in annual federal funding is needed to fully 
implement existing State Wildlife Action Plans across the U.S., including Alaska (ADFG 2015). 
The panel also concluded that the required funds could come from existing revenues from energy 
and mineral resource developments on federal lands and waters. 
 
Government programs also conduct a variety of avian studies that help prioritize habitat 
conservation for birds in boreal Alaska. Some of the larger programs include the ADFG 
Waterfowl Research and Management Program and the Threatened, Endangered, and Diversity 
Program (ADFG 2015), the National Park Service Biological Resources Division and Inventory 
and Monitoring Division (MacCluskie and Oakley 2005, Hilderbrand et al. 2013), the USFWS 
Divisions of Migratory Bird Management and National Wildlife Refuges (Woodward and 
Beever 2011), and USGS Alaska Science Center (Holland-Bartels 2007). These government 
programs and others often partner together on studies such as avian inventory and monitoring 
(Smith 1995, Handel et al. 2009, Mizel et al. 2016, Sauer et al. 2017), resource requirements and 
limiting factors (Corcoran et al. 2007, Edmonds et al. 2010, Lewis et al. 2015), responses to 
disturbance (Matsuoka et al. 2001, Lewis et al. 2016a, b, Stralberg et al. 2017), and migratory 
connectivity (McIntyre et al. 2008, Petersen and Savard 2015, Johnson et al. 2012, 2017). 
Studies of migratory connectivity are increasingly important for the many declining boreal 
species whose populations are often most constrained by land use in temperate or tropical 
portions of their non-breeding migratory ranges (Greenberg and Matsuoka 2010, Booms et al. 
2014). 
 
Finally, there are several voluntary multi-agency partnerships at regional, statewide, or 
international scales that greatly benefit habitat conservation for boreal birds in Alaska. This 
includes bird conservation initiatives such as Partners in Flight (Handel and Stenhouse 2017, 
Rosenberg et al. 2016) and the North American Waterfowl Management Plan (NAWMP 
Committee 2012), land and science conservation programs such as the Northwest Boreal LCC 
(Northwest Boreal Landscape Conservation Cooperative 2015), and the Alaska Climate Change 
Executive Roundtable, a forum among agency executives for sharing information and facilitating 
cooperation on adaptation to climate change. 
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Case study: The Northwest Boreal Landscape Conservation Cooperative 
Collaborative conservation that takes a holistic view of ecosystems and society across large 
landscapes is emerging as a 21st century model (Chapin et al. 2010, Bartuszevige et al. 2016). It 
requires the conservation community to work outside of jurisdictions, years of relationship 
building (McKinney and Johnson 2009), and often a bridging entity to bring together traditional 
and non-traditional partners (Jacobson and Robertson 2012). Landscape Conservation 
Cooperatives (LCCs) are a network of 22 bridging entities across North America and the Pacific 
and Caribbean Islands to support collaborative conservation at large scales (LCC 2014). The 
Northwest Boreal (NWB) LCC facilitates landscape-scale conservation among more than 30 
partners, including federal, state, provincial, and territorial agencies; nongovernmental 
organizations; Tribes and First Nations; and research institutes. Spanning boreal Alaska, Yukon, 
northern British Columbia and westernmost Northwest Territories (Fig. 1), the NWB LCC region 
includes a diversity of boreal forests, alpine environments, and wetlands and rivers over an 
altitudinal range from sea level to the highest point in North America (Northwest Boreal 
Landscape Conservation Cooperative 2015). The NWB LCC partnership is committed to being 
proactive to change—identifying what changes may occur and acting now—rather than reacting 
to changes after they have occurred. Two NWB LCC projects focused on the network of 
protected areas across the region have shown early success towards collaborative and proactive 
conservation.   
 
Connecting protected areas in Alaska 
Maintaining landscape connectivity is often a top recommendation for climate adaptation 
planning (Heller and Zavaletta 2009). In the boreal, we have an opportunity to plan for 
connectivity now while we still have intact systems, rather than the expensive alternative of 
restorative connectivity (Schmiegelow et al. 2014). Magness and Sesser (in review) used a land 
facets approach (Brost and Beier 2012) to identify geophysical features that provide potential 
connections for species distribution shift among federal protected areas in Alaska, such as 
linkages among low-elevation waterfowl breeding sites important for declining bird populations 
and fish and wildlife passage. Geophysical features provide a robust method for climate change 
planning because they do not change with climate, unlike the more common approach using 
current vegetation types to model landscape linkages. Land managers at the Bureau of Land 
Management and the U.S. Fish and Wildlife Service are now considering the results from these 
analyses to manage for connectivity among agency lands and thereby safeguard the adaptive 
capacity of Alaska’s vast conservation estate. These models could be modified in the future by 
including or excluding land owners depending on management objectives. 
Supporting adaptive management in the face of climate change  
The NWB LCC is collaborating with the Boreal Ecosystems Analysis for Conservation 
Networks Team (Schmiegelow et al. 2014) to develop an adaptive management framework to 
help land and resource management agencies across this boreal region conserve large-scale 
ecological processes, maintain habitats for important taxa, and measure the effects of active 
management activities. Land managers need to disentangle climate-change impacts from the 
impacts of active management. Therefore, ecological benchmarks are identified by this study to 
secure large-scale ecological processes and serve as reference points for monitoring on intact 
versus actively management landscapes. Current reserves as well as areas outside protected areas 
are evaluated and ecological benchmarks identified and prioritized based on their size and 
intactness, hydrologic connectivity, and how they contribute to regional targets for ecological 
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representation and coverage of focal species habitats. The latter include late-seral forest birds, 
waterfowl, and mammals and salmon important for subsistence (Suarez-Esteban and Lisgo 
2016). This framework therefore seeks to balance biodiversity conservation and sustainable 
resource use to help multiple stakeholders achieve their goals. 
By incorporating principles of landscape and wildlife ecology with the reality of land and 
resource management, the NWB LCC is beginning to demonstrate the effectiveness of proactive 
conservation. More information can be found at nwblcc.org.  
Acknowledgements: 
We thank R. Gronquist, R. Henszey, L. Philips, B. Lance, B. Meikeljohn, D. Mitchell, J. 
Speagon, M. Spindler, and E. Wilt for helping us summarize information about bird habitat 
protections in Alaska. We also thank D. Magness, B. Matheson, F. Schmiegelow, K. Lisgo, A. 
Suarez-Esteban, D. Stralberg, and the rest of the BEACONs team for their work presented in the 
NWB LCC case study. C. Krenz, J. Durst, M. Freeman, J. Pearce, and C. Handel provided useful 
comments on improving a draft of this manuscript. The findings and conclusions in this article 
are those of the authors and do not necessarily represent the views of the U.S. Fish and Wildlife 
Service or the Alaska Department of Fish and Game. 
 
LITERATURE CITED 
ADEC. 2015. Alaska Wetland Program Plan. Alaska Department of Environmental 

Conservation, Anchorage, Alaska, USA. 
ADFG. 2015. Alaska Wildlife Action Plan. Alaska Department of Fish and Game, Juneau, 

Alaska, USA.  [online] URL: http://www.adfg.alaska.gov/index.cfm?adfg=species.wapview 
ADFG, Alaska Department of Natural Resources, and U. S. Fish and Wildlife Service. 2002. 

General recommendations for riparian management zones in interior Alaska. U. S. Fish and 
Wildlife Service, Fairbanks, Alaska, USA. [online] URL: 
https://www.fws.gov/alaska/fisheries/fieldoffice/fairbanks/pdf/1_rmzcover.pdf 

ADNR 2007. Who owns/manages Alaska? Alaska Department of Natural Resources, Division of 
Forestry, Juneau, Alaska, USA. [online] URL: 
http://forestry.alaska.gov/Assets/uploads/DNRPublic/forestry/pdfs/posters/07who_owns_alas
ka_poster.pdf 

Angelo, M. J., and A. J. Cotter. 2005. Redressing the failure of environmental law to protect 
birds and their habitat. Natural Resources and Environment 25:22–27. 

Audubon Alaska. 2016. Alaska’s Important Bird Areas. [online] URL: 
http://ak.audubon.org/important-bird-areas-4 

Bartuszevige, A. M., K. Taylor, A. Daniels, and M. F. Carter. 2016. Landscape design: 
integrating ecological, social, and economic considerations into conservation planning. 
Wildlife Society Bulletin 40:411–422. 

Blue Ribbon Panel on Sustaining America’s Diverse Fish and Wildlife. 2016. The future of 
America’s fish and wildlife: a 21st century vision for investing in and connecting people to 
nature. Association of Fish and Wildlife Agencies, Washington, D. C., USA. 

BLM. 2016a. Draanjik: record of decision and approved resource management plan. U. S. 
Department of Interior, Bureau of Land Management, Alaska, Eastern Interior Field Office, 
Fairbanks, Alaska, USA.  

BLM. 2016b. Fortymile: record of decision and approved resource management plan. U. S. 
Department of Interior, Bureau of Land Management, Alaska, Eastern Interior Field Office, 
Fairbanks, Alaska, USA.  



Paragi, et al. 10 Project 34.0, AKW-5 

 10 

Booms, T. L., G. L. Holroyd, M. A. Gahbauer, H. E. Trefry, D. A. Wiggins, D. W. Holt, J. A. 
Johnson, S. B. Lewis, M. D. Larson, K. L. Keyes, and S. Swengel. 2014. Assessing the status 
and conservation priorities of the Short-eared Owl in North America. Journal of Wildlife 
Management 78:772–778.  

Brehmer, E. 2015. State shifts to 404 primacy to wetlands mitigation options. Alaska Journal of 
Commerce, January (3).  

Brost, B. M., and P. Beier. 2012. Use of land facets to design linkages for climate change. 
Ecological Applications 22:87–103. 

Buxton, M. 2011. Fairbanks land trust shielding sensitive areas from development. Fairbanks 
Daily News-Miner, 4 September. [online] URL: http://www.newsminer.com/fairbanks-land-
trust-shielding-sensitive-areas-from-development/article_04233520-2602-526d-baeb-
9ec233074e25.html 

CARTS. 2015. Report on protected areas in Canada. Conservation Areas Reporting and Tracking 
System. [online] URL: http://www.ccea.org/wp-
content/uploads/2016/02/CARTS_Report_20151231_EN.pdf 

CEC. 2010. Terrestrial protected areas of North America. Commission for Environmental 
Cooperation, Montreal, Quebec, Canada. 

Chapin, F. S. S., III, S. R. Carpenter, G. P. Kofinals, C. Folke, N. Abel, W. C. Clark, P. Olsson, 
D. M. Stafford Smith, B. Walker, O. R. Young, F. Berkes, R. Biggs, J. M. Grove, R. L. 
Naylor, E. Pinkerton, W. Steffen, and F. J. Swanson. 2010. Ecosystem stewardship: 
sustainability strategies for a rapidly changing planet. Trends in Ecology and Evolution 
25:241–149.  

Chapin, F. S., III, M. W. Oswood, K. Van Cleve, L. A. Viereck, and D. L. Verbyla (Eds). 2006 
Alaska’s Changing Boreal Forest. Oxford University Press, New York, New York, USA. 

Corcoran, R. M., J. R. Lovvorn, M. R. Bertram, and M. T. Vivion. 2007. Lesser Scaup nest 
success and duckling survival on the Yukon Flats, Alaska. Journal of Wildlife Management 
71:127–134. 

Delong, S. C., and D. Tanner. 1996. Managing the pattern of forest harvest: lessons from 
wildfire. Biodiversity and Conservation 5:1191–1205. 

Edmonds, S. T., D. C. Evers, D. A. , Cristol, C. Mettke-Hofmann, L. L. Powell, A. J. McGann, J. 
W. Armiger, O. P. Lane, D. F. Tessler, P. Newell, K. Heyden, and N. J. O’Driscoll. 2010. 
Geographic and seasonal variation in mercury exposure of the declining Rusty Blackbird. 
Condor 112:789–799. 

Fayt, P., M. M. Machmer, and C. Steeger. 2005. Regulation of spruce bark beetles by 
woodpeckers—a literature review. Forest Ecology and Management 206:1–14. 

Fisher, J. T. 2002. Adaptive boreal forestry: anticipation and experimentation. Pages 12-1 to 12-
15 in S. J. Song, editor. Ecological Basis for Stand Management: A Synthesis of Ecological 
Responses to Wildfire and Harvesting. Alberta Research Council Inc., Vegreville, Alberta, 
Canada. 

Greenberg, R., D. W. Demarest, S. M. Matsuoka, C. Mettke-Hofmann, M. L. Avery, P. J. 
Blancher, D. Evers, P. B. Hamel, K. A. Hobson, J. Luscier, D. K. Niven, L. L. Powell, and D. 
Shaw. 2011. Understanding declines in Rusty Blackbirds. In boreal birds of North America: a 
hemispheric view of their conservation links and significance (J. V. Wells, Editor). Studies in 
Avian Biology 41:107–125. 

Greenberg, R., and S. M. Matsuoka. 2010. Rusty Blackbird: mysteries of a species in decline. 
Condor 112:770–777. 



Paragi, et al. 11 Project 34.0, AKW-5 

 11 

Hall, J. V., W. E. Frayer, and B. O. Wilen. 1994. Status of Alaska wetlands. U. S. Fish and 
Wildlife Service, Alaska Region, Anchorage, Alaska, USA. 

Handel, C. M., and I. J. Stenhouse, eds. 2016. Alaska Landbird Conservation Plan, version II. 
Boreal Partners in Flight, Anchorage, Alaska, USA. 

Handel, C. M., S. D. Swanson, D. A. Nigro, and S. M. Matsuoka. 2009. Estimation of avian 
population sizes and species richness across a boreal landscape in Alaska. Wilson Journal of 
Ornithology 21:528–547. 

Heller, N. A., and E. S. Zavaletta. 2009. Biodiversity management in the face of climate change: 
a review of 22 years of recommendations. Biological Conservation 142:14–32. 

Hilderbrand, G., K. Joly, S. Rabinowitch, and B. Schults. 2013. Wildlife stewardship in National 
Park Service areas in Alaska. Natural Resource Report NPS/AKSO/NRR—2013/663. 

Hodges, J. I. 2011. Bald eagle population surveys of the North Pacific Ocean 1967–2010. 
Northwestern Naturalist 92:7–12. 

Holland-Bartels, L. E. 2007. Alaska Science Center. USGS Fact Sheet 2007-3019. 
Hull, T., and L. Leask. 2000. Dividing Alaska, 1867–2000: changing land ownership and 

management. Alaska Review of Social and Economic Conditions 32(1):1–14. 
Hunter 1993. Natural fire regimes as spatial models for managing boreal forests. Biological 

Conservation 65:115–120. 
Jacobson, C., and A. L. Robertson. 2012. Landscape Conservation Cooperatives: bridging 

entities to facilitate adaptive co-governance of social-ecological systems. Human Dimensions 
of Wildlife 17:333–343.  

Johnson, J. A., T. L. Booms, L. H. DeCicco, and D. C. Douglas. 2017. Seasonal movements of 
the Short-eared Owl (Asio flammeus) in western North America as revealed by satellite 
telemetry. Journal of Raptor Research: in press. 

Johnson, J. A., S. M. Matsuoka, D. F. Tessler, R. Greenberg, and J. W. Fox. 2012. Tracking 
annual movements by Rusty Blackbirds breeding in south-central Alaska. Wilson Journal of 
Ornithology 124:698–703. 

LCC. 2014. Network strategic plan. Landscape Conservation Cooperatives. [online] URL: 
https://lccnetwork.org/sites/default/files/Resources/LCC_Network_Strategic_Plan.pdf. 

Lewis, T. L., P. J. Heglund, M. S. Lindberg, J. A. Schmutz, J. H. Schmidt, A. J. Dubour, and M. 
R. Bertram. 2016a. Trophic dynamics of shrinking subarctic lakes: naturally eutrophic waters 
impart resilience to rising nutrient and major ion concentrations. Oecologia 181:583–596.  

Lewis, T. L., M. S. Lindberg, J. A. Schmutz, M. R. Bertram, and A. J. Dubour. 2015. Species 
richness and distributions of boreal waterbirds in relation to nesting and brood-rearing 
habitats. Journal of Wildlife Management 79:296–310. 

Lewis, T. L., J. A. Schmutz, C. L. Amundson, and M. S. Lindberg. 2016b. Waterfowl 
populations are resilient to immediate and lagged impacts of wildfires in the boreal forest. 
Journal of Applied Ecology 53:1746–1754. 

MacCluskie, M., and K. Oakley. 2005. Central Alaska Network: vital signs monitoring plan. 
National Park Service, Fairbanks, Alaska, USA. 

Magness, D. R., and A. L. Sesser. In review. Using geodiversity to connect conservation lands in 
the Central Yukon, Alaska: a landscape-scale climate adaptation strategy. PlosOne. 

Mäntylä, E., T. Klemola, and T. Laaksonen. 2011. Birds help plants: a meta-analysis of top-
down trophic cascades caused by avian predators. Oecologia 165:143–151. 



Paragi, et al. 12 Project 34.0, AKW-5 

 12 

Matsuoka, S. M., C. M. Handel, and D. R. Ruthrauff. 2001. Densities of breeding birds and 
changes in vegetation in an Alaska boreal forest following a massive disturbance by spruce 
beetles. Canadian Journal of Zoology 79:1678–1690. 

McBride, R. 2014. Alaska’s land trusts: 25 years of conservation. KTVA News Alaska, 12 
December. [online] URL: http://www.ktva.com/alaskas-land-trusts-25-years-of-conservation-
651. 

McIntyre, C. L., D. C. Douglas, and M. W. Collopy. 2008. Movements of Golden Eagles (Aquila 
chrysaetos) from interior Alaska during their first year of independence. Auk 125:214–224. 

McKinney, M. J., and S. Johnson. 2009. Working across boundaries: people, nature, and regions. 
Lincoln Institute of Land Policy and Center for Natural Resources and Environmental Policy, 
Cambridge, Massachusetts, USA. 

Mizel, J. D., J. H. Schmidt, C. L. McIntyre, and C. A. Roland. 2016. Rapid shifting elevational 
distributions of passerine species parallel vegetation change in the subarctic. Ecosphere 
7(3):e01264. 

Mooney, K. A., D. S. Gruner, N. A. Barber, S. A. Van Bael, S. M. Philpott, and R. Greenberg. 
2010. Interactions among predators and the cascading effects of vertebrate insectivores on 
arthropod communities and plants. Proceedings of National Academy of Sciences 107:7335–
7340. 

National Gap Analysis Program. 2016. Protected areas database of the United States, version 1.1. 
U. S. Geological Survey, Boise, Idaho, USA.  

NAWCC. 2016. North American Wetlands Conservation Act, 2014–2015 progress report. North 
American Wetlands Conservation Council, Leesburg Pike, Mississippi, USA. 

NAWMP Committee. 2012. North American waterfowl management plan 2012: people 
conserving waterfowl and wetlands. U.S. Department of the Interior, Environment Canada, 
and Environment and Natural Resources Mexico, Washington, D.C., USA. [online] URL: 
http://nawmprevision.org/sites/default/files/NAWMP-Plan-EN-may23.pdf 

Northwest Boreal Landscape Conservation Cooperative. 2015. Strategic Plan 2015–2025, 
version 1.0. [online]. URL: http://nwblcc.org/wp-content/uploads/2015/05/NWB-LCC-
Strategic-Plan-V1.pdf 

Paragi, T. P., J. C. Hagelin, and S. M. Brainerd. 2015. Habitat guidelines for boreal forest 
management. The Alaskan Wildlifer, Fall Issue:9–10. [online] URL:  http://wildlife.org/wp-
content/uploads/2015/12/TWS_AK_Newsletter_Fall_2015.pdf 

Paragi, T. P., J. C. Hagelin, and S. M. Brainerd. 2016. Wildlife-reforestation interactions and 
adaptive management. Pages 117-181 in M. Freeman and J. Durst, editors. Forest Resources 
and Practices, Region II-III Reforestation Review, Annotated Bibliography. Department of 
Natural Resources Forestry Science and Technical Committee. [online] URL: 
http://forestry.alaska.gov/Assets/uploads/DNRPublic/forestry/pdfs/forestpractices/S&TC%20
Annotated%20Bibliography%202%20May%202106.pdf 

PBHJV. 2015. Alaska land trusts: 40,000 acres and going strong. Pacific Birds Habitat Joint 
Venture: Partner News and Resources, August. [online] URL: http://us3.campaign-
archive1.com/?u=2a16f2cb93fc74381c9b6f615&id=6e2cd46617 

Petersen, M. R., and J-P. L. Savard. 2015. Variation in migration strategies of North American 
sea ducks. In Ecology and conservation of North American sea ducks (J-P.L. Savard, D.V. 
Derksen, D. Esler, and J.M. Eadie, Editors). Studies in Avian Biology 46:267–304.  

Rosenberg, K. V., J. A. Kennedy, R. Dettmers, R. P. Ford, D. Reynolds, J. D. Alexander, C. J. 
Beardmore, P. J. Blancher, R. E. Bogart, G. S. Butcher, A. F. Camfield, A. Couturier, D. W. 



Paragi, et al. 13 Project 34.0, AKW-5 

 13 

Demarest, W. E. Easton, J. J. Giocomo, R. H. Keller, A. E. Mini, A. O. Panjabi, D. N. 
Pashley, T. D. Rich, J. M. Ruth, H. Stabins, J. Stanton, and T. Will. 2016. Partners in Flight 
Landbird Conservation Plan: 2016 Revision for Canada and Continental United States. 
Partners in Flight Science Committee. 

Sauer, J. R., D. K. Niven, K. L. Pardiek, D. J. Ziolkowski, and W. A. Link. 2017. Expanding the 
North American Breeding Bird Survey analysis to include additional species and regions. 
Journal of Fish and Wildlife Management 8: in press. 

Schmiegelow, F. K. A., S. G. Cumming, K. A. Lisgo, S. J. Leroux, and M. A. Krawchuk. 2014. 
Catalyzing large landscape conservation in Canada’s boreal systems: The BEACONs Project 
experience.  Pages 97–122 in James N. Levitt, editor. Conservation Catalysts.  Lincoln 
Institute of Land Policy, Harvard Press. 

Smith, C., and J. Speed, eds. 2013. Conserving salmon habitat in the Mat-Su Basin: the strategic 
action plan of the Mat-Su Basin Salmon Habitat Partnership, 2013 update. The Nature 
Conservancy, Anchorage, Alaska, USA. 

Smith, G. 1995. A critical review of the aerial and ground surveys of breeding waterfowl in 
North America. National Biological Service, Biological Science Report 5, Washington D. C., 
USA. 

Stralberg, D., S. M. Matsuoka, C. M. Handel, E. M. Bayne, F. K. A. Schmiegelow, and A. 
Hamman. 2017. Biogeography of boreal passerine range dynamics in western North 
America: past, present, and future. Ecography 39: in press. 

Suarez-Esteban, A., and K. Lisgo. 2016. Methods and data for integrating species-level data into 
landscape conservation design in the Northwest Boreal LCC. Unpublished report by Boreal 
Ecosystems Analysis for Conservation Networks, University of Alberta, Edmonton, Alberta, 
Canada. 

USFWS. 2007. National Bald Eagle management guidelines. U. S. Fish and Wildlife Service, 
Migratory Bird Management, Arlington, Virginia, USA. 

USFWS. 2016. Leveraging funds for effective conservation in the Americas: Neotropical 
Migratory Bird Conservation Act. U. S. Fish and Wildlife Service, Division of Habitat 
Conservation, Leesburg Pike, Mississippi, USA. [online] URL: 
https://www.fws.gov/migratorybirds/pdf/grants/neotrop-overview.pdf 

USFWS and NMFS. 2014. Endangered, threatened, proposed, candidate, and delisted species in 
Alaska (updated February 18, 2014). U. S. Fish and Wildlife Service and National Marine 
Fisheries Service, Alaska, USA. [online] URL: 
https://alaskafisheries.noaa.gov/sites/default/files/ak_specieslst.pdf 

U. S. NABCI. 2000. Bird Conservation Region descriptions: a supplement to the North 
American Bird Conservation Initiative Bird Conservation Regions map. U. S. Fish and 
Wildlife Service, Arlington, Virgina, USA. [Online.] URL: 
https://digitalmedia.fws.gov/cdm/ref/collection/document/id/1450 

Vincent, C. H., L. A. Hanson, and C. N. Argueta. 2017. Federal land ownership: overview and 
data. Congressional Research Service Report 7-5700. 

Walters, C. J. and C. S. Holling. 1990. Large-scale management experiments and learning by 
doing. Ecology 71:2060–2068. 

Wolken, J. M., T. N. Hollingsworth, T. S. Rupp, F. S. Chapin, III, S. F. Trainor, R. M. Barrett, P. 
F. Sullivan, A. D. McGuire, E. S. Euskirchen, P. E. Hennon, E. A. Beever, J. S. Conn, L. K. 
Crone, D. V. D’Amore, N. Fresco, T. A. Hanley, K. Kielland, J. J. Kruse, T. Patterson, E. A. 



Paragi, et al. 14 Project 34.0, AKW-5 

 14 

G. Schuur, D. L. Verbyla, and J. Yarie. 2011. Evidence and implications of recent and 
projected climate change in Alaska’s forest ecosystems. Ecosphere 2(11):article 124. 

Woodward, A., and E. A. Beever. 2011. Conceptual ecological models to support detection of 
ecological change on Alaska National Wildlife Refuges. U. S. Geological Survey Open-File 
Report 2011-1085. 



Paragi, et al. 15 Project 34.0, AKW-5 

 15 

 
Figure 1. The northwest boreal forest region of North America makes up the geographic area of 
the Northwest Boreal Landscape Conservation Cooperative (NWB LCC). The LCC includes the 
boreal forests of Alaska, Yukon, northern British Columbia, and western Northwest Territories, 
and the mountains of Alaska and the western Canada. 
Figure 2. Land ownership in Alaska within the Northwest Interior Forest Bird Conservation 
Region (BCR4, U.S. NABCI 2000). Bureau of Land Management (BLM) lands in this region 
include those selected by Alaska Native corporations (1.3% of region) and the State of Alaska 
(4.6%) that are not presently conveyed, thus still managed as BLM land. Other private lands are 
small parcels that total <1% of BCR4 in Alaska. 
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