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April 23, 2021

Objection Reviewing Officer
USDA Forest Service Northern Region 
26 Fort Missoula RD
Missoula, MT 59804 

Dear Objection Reviewing Officer;

Please find attached, n pdf format for our objection to the Bug Creek Integrated Resource
Management Project in the Flathead National Forest,  Swan Lake Ranger District, pursuant
to 36 CFR section 218, to the Draft Decision Notice (DDN) and FONSI  on behalf of the
Alliance for the Wild Rockies and Native Ecosystems Council, collectively, “Alliance.” 

I am mailing via U.S. mail a copy of William Baker's book, Fire ecology in Rocky Mountain
landscapes as an attachment to our objection.

Thank you for your time and consideration.

Sincerely yours,

/s/
Michael Garrity Executive Director (lead objector)
Alliance for the Wild Rockies (AWR), 
PO Box 505
Helena, MT 59624; 
phone 406-459-5936 

And for 
Sara Johnson 
Native Ecosystems Council 
PO Box125 
Willow Creek, MT 59760

mailto:wildrockies@gmail.com
mailto:appeals-northern-regional-office@usda.gov



April 30, 2021 


Via Email  


To: Objection Reviewing Officer  


USDA Forest Service Northern Region  
26 Fort Missoula Road  


Missoula, MT 59804  


Dear Objection Reviewing Officer: 


Thank you for considering our Objection against the Draft 


Decision Notice, FONSI, and Environmental Assessment for the 


Bug Creek Integrated Resource Management Project, Forest 


Service, Flathead National Forest, Swan Lake Ranger District  


Identification of Objectors: Lead Objector:  


Michael Garrity,  







Executive Director,  


Alliance for the Wild Rockies (AWR)  


PO Box 505 Helena, MT 59624;  


Phone 406-459- 5936.  


And for Sara Johnson Native Ecosystems Council 


PO Box125 


Willow Creek, MT 59760.  


Signed for Objectors this 30th day of April 2021  


/s/  


Michael Garrity  


Name of the Responsible Official, National Forest, Ranger 


District where Project is Proposed: The Responsible Official, 


Swan Lake District Ranger Christopher Dowling, has made 


available a Draft Decision Notice (DDN) and Finding of NO 







Significant Impact (FONSI) for the South Plateau Project. The 


South Plateau project area is in the Swan Lake Ranger District 


of the Flathead National Forest (FNF) and covers approximately 


35,675 acres and lies on the east and west sides of Crane 


Mountain, between Flathead Lake and Swan Lake in Lake 


County, MT.  The Bug Creek project area is all within Lake 


County and roughly 2 miles southeast of Bigfork, Montana, one 


mile south of Ferndale Road, east of Flathead Lake, west of 


Highway 83, and northwest of Swan River State Forest. 


Description of those aspects of the proposed project addressed 


by the objection, including specific issues related to the 


proposed project if applicable, how the objector believes the 


environmental analysis, Finding of No Significant Impact, and 


Draft Decision Notice (DDN) specifically violates law, 







regulation, or policy: The EA and DDN are contained in the 


USFS webpage at: https://www.fs.usda.gov/project/?


project=47327. The selected alternative, Alternative B-Proposed 


Action which includes 4,604 acres of vegetation management on 


National Forest System lands, motorized access management, 


and a non-motorized trail system. The DDN calls for 2184 acres 


of commercial logging and 2420 acres of non-commercial 


logging and burning. As a result of the Draft DN, individuals 


and members of the above mentioned groups would be directly 


and significant-ly affected by the logging and associated 


activities. Objectors (hereafter AWR) are conservation 


organizations working to ensure protection of biological 


diversity and ecosystem integrity in the Wild Rockies bioregion 


(including the FNF). The individuals and members use the 


project area for recreation and other forest related activities. The 


selected alternative would also further degrade the water quality, 


wildlife and fish habitat. These activities, if implemented, would 


adversely impact and irreparably harm the natural qualities of 







the Project Area, the surrounding area, and would further 


degrade the watersheds and wildlife habitat.  


1.Objectors names and addresses: 


Lead Objector Mike Garrity 


Executive Director 


Alliance for the Wild Rockies 


P.O. Box 505 


Helena, MT 59624 


Phone 406 459-5936  


And for 


Sara Johnson 


Native Ecosystems Council  


P.O. Box 125 


Willow Creek, MT 59760 


2. Signature of Lead Objector: Signed this 30th day of April 


2021 by Lead Objector,  


/s/ Michael Garrity 







3. Lead Objector:  


Michael Garrity, Alliance for the Wild Rockies 


4. Name of the Proposed Project, Responsible Official, National 


Forest and Ranger District where Project is: Bug Creek 


Integrated Resource Management Project; Swan Lake District 


Ranger Christopher Dowling is the Responsible Official;  


The project is in the Swan Lake Ranger District of the Flathead 


National Forest. Ranger Dowling chose the proposed or selected 


alternative B-Proposed Action which includes 4,604 acres of 


vegetation management on National Forest System lands, 


motorized access management, and a non-motorized trail system 


in the Draft Decision Notice and FONSI.  


NOTICE IS HEREBY GIVEN that AWR objects pursuant to 36 


CFR section 218 to the Responsible Official’s adoption of the 


selected Alternative. As discussed below, thug Creek Project as 







proposed violates the Clean Water Act, the National 


Environmental Policy Act (NEPA), the National Forest 


Management Act (NFMA), the Endangered Species Act (ESA), 


the Gallatin Forest Plan and the Administrative Procedure Act 


(APA).  


Location the Bug Creek project area lies on the east and west 


sides of Crane Mountain, between Flathead Lake and Swan 


Lake in Lake County, MT in the Swan Lake Ranger District of 


the Flathead National Forest in Lake County, MT. The project 


area is approximately is approximately 35,675.  


5. Specific Issues Related to the Proposed Projects, including 


how Objectors believes the Environmental Analysis or Draft 


Record of Decision specifically violates Law, Regulation, or 


Policy: We included this under number 8 below.  







Thank you for the opportunity to object on the Bug Creek 


Project. Please accept this objection from me on behalf of the 


Alliance for the Wild Rockies and Native Ecosystems Council. 


6. Suggested Remedies that would Resolve the Objection: We 


recommend that the “No Action Alternative” be selected. We 


have also made specific recommendations after each problem.  


7. Supporting Reasons for the Reviewing Office to Consider: 


This landscape has very high wildlife values, including for the 


threatened grizzly bear, lynx, big game species, and wildlife 


dependent upon unlogged. The project area will be concentrated 


within some of the best wildlife habitat in this landscape which 


is an important travel corridor for wildlife such as lynx, bull 


trout, grizzly bears, and wolverine. The agency will also be 


exacerbating an ongoing problem of displacing elk to adjacent 


private lands in the hunting season due to a lack of security on 


public lands. The public interest is not being served by this 


project. Suggested Remedies to Resolve the Objection: We 







recommend that the “No Action Alternative” be selected. We 


have also made specific recommendations after each problem. 


Supporting Reasons for the Reviewing Office to Consider This 


landscape has very high wildlife values, including for the 


threatened grizzly bear, and lynx, big game species, and wildlife 


dependent upon mature forest habitat. The project area is 


concentrated within some of the best wildlife habitat in this 


landscape which is an important travel corridor for wildlife such 


as lynx, grizzly bears, and wolverine. The agency will also be 


exacerbating an ongoing problem of displacing elk to adjacent 


private lands in the hunting season due to a lack of security on 


public lands. The public interest is not being served by this 


project. Thank you for the opportunity to object. NOTICE IS 


HEREBY GIVEN that, pursuant to 36 CFR Part 218, AWR 


objects to the Draft Decision Notice (DDN) and Finding of No 


Significant Impact (FONSI) with the legal notice published on 


March 16, 2021, including the Responsible Official’s adoption 


of proposed or selected Alternative. AWR is objecting to this 







project on the grounds that implementation of the Selected 


Alternative is not in accordance with the laws governing 


management of the national forests such as the FLPMA, ESA, 


NEPA, NFMA, the Flathead National Forest Forest Plan and the 


APA, including the implementing regulations of these and other 


laws, and will result in additional degradation in already 


degraded watersheds and mountain slopes, further upsetting the 


wildlife habitat, ecosystem and human communities. Our 


objections are detailed below. If the project is approved as 


proposed, individuals and members of the above-mentioned 


groups would be directly and significantly affected by the 


logging and associated activities. Objectors are conservation 


organizations working to ensure protection of biological 


diversity and ecosystem integrity in the Wild Rockies bioregion 


(including the FNF). The individuals and members use the 


Flathead National Forest and the project area for recreation and 


other forest related activities. The selected alternative would also 


further degrade the water quality, wildlife and fish habitat. These 







activities, if implemented, would adversely impact and 


irreparably harm the natural qualities of the Project Area, the 


surrounding area, and would further degrade the watersheds and 


wildlife habitat.  


Statements that Demonstrates Connection between Prior 


Specific Written Comments on the Particular Proposed Project 


and the Content of the Objection  


ROADS 


We wrote in our comments, 


The EA states that barriers will be installed to prevent 
motorized use on closed roads. What is the effectiveness of 
these barriers, and how many miles of closed roads are 
expected to have illegal motorized use?


The Forest Service responded: 


The 2016 A19 report, Table 8b, shows the results of closure 
device monitoring on the Flathead National Forest from 2006 
through 2015. This table shows from 3-13 percent of the 
barrier devices were found to be ineffective in preventing 







unauthorized use, depending on the year, with an average of 
6.9 percent per year from 2006-2015. Since 2011, the average 
road closure effectiveness has improved, not declined. Since 
2011, the average percentage of ineffective closures improved 
to 5 percent (project file exhibit L-012). 


We wrote in our comments: 


Only the road junctions, and the first 50-300 feet of roads to be 
claimed as "impassable" will be treated, which means that 
most of the road will be suitable for illegal motorized use and 
recreational use. For example, culverts will be maintained. 
Why are these suitable criteria for a road identified as 
“impassable?" 


The Forest Service responded: 


The Forest Service does not agree that treating only the road 
junction and the first 50-300 feet of roads will mean that the 
rest of road will be suitable for authorized motorized use. It is 
the intent that our impassable road treatments described in the 
updated EA and the forest plan will restrict unauthorized 
motorized use. The impassable road treatments are minimal 
treatments. Other treatments may occur (such as more debris 
laid on the surface of the road, more boulders blocking the 
entrance, recontouring portions or all or a portion of the road, 
etc.) if unauthorized use continues.The Forest Plan (USDA 
2018b, p199) definition of Impassable is as follows: A road that 
has been treated in such a manner that the road is blocked and 







there is little resource risk if road maintenance is not 
performed on a regular basis (self-maintaining).These roads 
are not counted in the total motorized route density as long as 
the road (generally the first 50 to 300 feet) has been treated to 
make it inaccessible to wheeled motorized vehicles during the 
non-denning season. Roads may become impassable due to a 
variety of causes, including but not limited to one or more of 
the following: natural vegetation growth, road entrance 
obliteration, scarified ground, fallen trees, boulders, or culvert 
or bridge removal. Impassable roads may remain on the 
inventoried road system if use of the road is anticipated at 
some point in the future. 


How many road closure violations have occurred in the Swan 
Lake Ranger District in the last 5 years? Since road closure 
violations are pervasive throughout the project area and the 
Forest, the FNF is in violation of not only the Forest Plan but 
also the big game security standards. 


It is fair to assume that there are many more violations that 
regularly occur and are not witnessed and reported. It is also fair 
to assume that you have made no effort to request this available 
information from your own law enforcement officers, much less 
incorporate it into your analysis. Considering your own 
admissions that road density is the primary factor that degrades 
elk and grizzly habitat, this is a material and significant 







omission from your analysis– all of your ORD and HE 
calculations are wrong without this information. 


 


The veracity of the FS’s inventory of system and nonsystem 
(“undetermined” or “unauthorized”) roads is at issue here also. 
This is partly because the FS basically turns a blind eye to the 
situation with insufficient commitment to monitoring, and also 
because violations are not always remedied in a timely manner.  


The Bug Creek project would violate the Forest Plan/Access 
standards, a violation of NFMA because of road closure 
violations.  


The EA does not disclose how many years the existing core ares 
have provided the habitat benefits assumed under the Forest 
Plan. As pointed out, some has been lost (due to “private 
infrastructure development”) and we’re not told of other likely 
and forseeable reductions.  


The EA does not take a hard look as road closure violations. It 
also shows the inadequacy of Forest Plan road density metrics.  


Since we are awaiting the results of a lawsuit against the Forest 
Plan, the issuance of the Bug Creek draft DN is premature and 
subverts NEPA, NFMA, the APA and the ESA.  







Have you closed or obliterated all roads that were promised to 
be closed or obliterated in the Travel Plan? Or, are you still 
waiting for funds to close or obliterate those roads? This 
distinction matters because you cannot honestly claim that you 
are meeting road density standards promised by the Travel Plan 
if you have not yet completed the road closures/obliterations 
promised by the Travel Plan. Furthermore, as noted above, you 
have a major problem with recurring, chronic violations of the 
road closures created by the Travel Plan, which means that your 
assumptions in the Travel Plan that all closures would be 
effective has proven false. For this reason, you cannot tier to the 
analysis in the Travel Plan because it is invalid.  


Christensen et al (1993) states: “Any motorized vehicle use on 
roads will reduce habitat effectiveness. Recognize and deal with 
all forms of motorized vehicles and all uses, including 
administrative use.” Please disclose this to the public and stop 
representing that roads closed to the public should not be 
included in habitat effectiveness calculations. The facts that (a) 
you are constructing or reconstructing over 13.3 miles of  new 
system roads and 5.3 miles of temporary roads for this project, 
(b) you have problems with recurring illegal use,  which means 
that your conclusion that this Project will have no effect on open 







road density or habitat effectiveness is implausible to the point 
of being disingenuous. You cannot exclude these roads simply 
because you say they are closed to the public. Every road 
receiving motorized use must be included in the HE calculation. 
You must consider all of this road use in order to take a hard 
look that is fully and fairly informed regarding habitat 
effectiveness. In the very least you must add in all “non-system” 
roads, i.e. illegal roads, as well as recurring illegal road use 
(violations) in your ORD calculations. 


Remedy: Choose the No Action Alternative or you must either 
complete new NEPA analysis for the Travel Plan on this issue or 
provide that new analysis in the NEPA analysis for this Project. 
Either way, you must update your open road density calculations 
to include all roads receiving illegal use. 


GRIZZLY BEARS 


We wrote in our comments:  


Creating barriers on roads to prevent motorized access will not 
affect recreational use, including hiking, hunting, bike riding, 
and berry picking, for example, Where are these impacts to 
grizzly bear displacement and mortality risk addressed?







Response: Cumulative effects to grizzly bears such as existing 
non-motorized activities are addressed in the updated EA 
(p147) and in project file exhibit L-007. While non-motorized 
activities such as hiking or berry picking may impact 
individual bears, these activities have not been determined to 
have population impacts to grizzly bears (NCDE, 2019). With 
the exception of mountain biking, the majority of the 
recreational uses listed such as hiking, hunting or berry 
picking can travel cross-country through the project area 
regardless of a presence a trail or barriered road. 


We wrote in our comments: 
The agency failed to define total road densities at present, what 
these will be during the 5 years of project implementation, and 
what these will be once the project is completed. So the impacts 
to grizzly bear displacement and mortality risk are not 
identified to the public. 


Response: The baseline conditions for Total Motorized Route 
Density (TMRD) are outlined in the updated Bug Creek EA 
grizzly bear section (p137). Additionally, the temporary 
changes in TMRD for the five years of project implementation 
as well as the years post implementation are described for both 
Alternatives in the updated EA (p144). The ten-year running 
average for temporary project increases to TMRD calculated 
for 15 years can be found in the updated EA (p144). The 
impacts of the proposed changes to TMRD to grizzly bears is 
also discussed in the grizzly bear section of the updated EA 
(p135-148). Additional information regarding grizzly bears and 







the proposed project can be found in the project file (exhibit 
L-004). 


The response, the EA and the DDN evaluation of this issue 
was not adequate and violates NEPA, ESA, NFMA, and the 
APA. 


The Analysis of the Management Situation Technical Report 
for Revision of the Kootenai and Idaho Panhandle Forest Plans 
states:  
“Direct mortality (related to access) from trapping, legal 
hunting, and illegal shooting has impacted all wide-ranging 
carnivores (e.g. lynx, wolverine, grizzly and black bears, 
wolves)…”


The analysis is not credible given the FS’s inability to effectively 
prevent motorized traffic behind roads, as discussed in the grizzly bear 
section of this objection. Moreover, it’s not just hunters in season— it’s 
poachers during every season. Also, this ignores the fact that lawful 
hunters find easier travel on newly accessible routes. Although this is 
usually by walking, it is also increasingly by bicycle—even eBikes not 
considered in the Forest Plan EIS. 


The science is clear that motorized access via trail, road, or oversnow 
adversely impact habitat for the elk. Servheen, et al., 1997 indicate that 
motorized trails increase elk vulnerability and reduce habitat 
effectiveness, and provide scientific management recommendations. 


Also, the EA fails to provide a meaningful analysis of cumulative 
impacts of recreational activities on elk. Wintertime is an especially 
critical time for elk, and stress from avoiding motorized activities takes 
its toll on elk and populations. 







The EA doesn’t demonstrate consistency with Forest Plan requirements 
for these medium priority Planning Subunits, probably because of its 
false assumptions noted above. 


Scientific information recognizes the importance of thermal cover, 
including Lyon et al, 1985. Christensen et al., 1993 also emphasize 
“maintenance of security, landscape management of coniferous cover, 
and monitoring elk use...” This USFS Region 1 document also states, 
“management of winter range to improve thermal cover and prevent 
harassment may be as important as anything done to change forage 
quantity or quality.” 


You cannot exclude roads simply because you say they are 
closed to the public. Every road receiving motorized use must be 
included in the HE calculation. You must consider all of this 
road use in order to take a hard look that is fully and fairly 
informed regarding habitat effectiveness. In thevery least you 
must add in all “non-system” roads, i.e. illegal roads, as well as 
recurring illegal road use (violations) in your ORD calculations. 
Also, as a side note, your calculations in Table 12 give the HE of 
the existing condition, not the HE during the project. 


  


As stated above, the  







LYNX 


We wrote in our comments: 


The proposed project will violate the Endangered Species Act 
(ESA), the National Environmental Policy Act (NEPA), the 
Administrative Procedures Act (AP A), and the National Forest 
Management Act (NFMA) in regards to the proposed 
management and analysis of environmental impacts to the 
threatened Canada lynx (hereafter "lynx") and lynx critical 
habitat. 


The Forest Service responded: 


The proposed project alternatives and associated activities are 
consistent with the ESA, NEPA, APA and NFMA for Canada 
lynx and lynx critical habitat. The updated EA discloses that 
consultation with the USFWS for Canada lynx and critical 
habitat will be completed under Section 7 of the Endangered 
Species Act (updated EA p116 and 128). The Environmental 
Effects sections of the updated EA for Canada lynx and critical 
habitat use the best available science and regulatory guidance 
to thoroughly disclose the potential impacts of the project to 
both Canada lynx and critical habitat satisfying NEPA and the 
APA. The project alternatives are consistent with Appendix A 
of the Flathead Forest Plan within includes the Forest Plan 
direction for Canada lynx (project file exhibit L-001 and 
L-003) satisfying NFMA. 







We wrote in our comments: 


The literature cited in the Bug Creek project did not include 
the most recent publication on lynx by Holbrook et al. 2019, 
titled "Management of forests and forest carnivores: relating 
landscape mosaics to habitat quality of Canada lynx at their 
range periphery, published in Forest Ecology and 
Management 437:411-425. 


The Forest Service responded: 


Holbrook et al. (2019) built on the findings of Kosterman et al. 
(2018) and explored the changing nature of forest structural 
classes in home ranges core-use areas within those ranges of 
female lynx. The study evaluated sensitivity of composition and 
arrangement of forest structures within the core-use areas to 
assign a female lynx a probability of producing kittens. 
Holbrook et al. (2019) found that snowshoe hare occupancy 
was greatest in their advanced regeneration and mature 
classes. Female productivity was most sensitive to connected 
mature, multistoried forest (composed of mostly spruce-fir) 
and this was driven primarily at the core-use area scale of a 
home range. Those core-use areas could be one unit or many 
within a home range. Despite this metric, the authors stated, 
“Although more sensitive to MFCI, our analysis further 
indicated that the probability of producing a litter varied 
among female lynx” (Holbrook et al. 2019 p417). Additionally, 
the authors found that abundance recent forest conversion 
(termed “stand initiation” in the study) had less influence on 







litter production than connected mature forest. The study 
concludes with recommendations for silvicultural management 
for forest to meet desired conditions for lynx over the long 
term. 


The findings and recommendations of Holbrook et al. (2019) 
are consistent with the lynx analysis for the Bug Creek project, 
however it is important to note that the forest structural stages 
used for the analysis (directed by the Flathead Forest Plan) 
are different than the habitat classifications in Holbrook et al. 
(2019). This is discussed further in project file exhibit L-003. 
The Bug Creek analysis identifies snowshoe hare habitat for 
lynx as stand initiation (saplings stands similar to “advanced 
regeneration” classified by Holbrook et al. (2019) and mature, 
multistory stands that are dominated by spruce and fir 
(updated EA p117). Both these structural stages had high 
horizontal cover (updated EA p119). The project analysis 
identified the snowshoe hare habitats in the project LAUs. The 
lynx analysis maps the locations of these structural stages 
across the project LAUs, crosswalks and maps other “mature” 
classifications (project file exhibits L-003) in the LAUs to 
examine spatial arrangement of structural stages for lynx. 
Additionally, forest connectivity was evaluated for the project 
area which includes the project LAUs (project file exhibit 
L-009). The project treatments would maintain a diversity of 
forest conditions in the project LAUs including reducing the 
risk of large-scale habitat conversation from wildfire (updated 
EA p120). 







We wrote in our comments: 


The Lynx Amendment has not been updated to require an LAU 
to be the median size of a female lynx's home range. Both 
LAUs in the Bug Creek project exceed the 13,568 acre mean 
home range size by over 4000-5000 acres (Table 49 at updated 
EA p120). 


The Forest Service responded: 


The Northern Rockies Lynx Management Direction (NRLMD) 
or “Lynx Amendment” amended forest plans 2007. The 
Northern Rockies Lynx Management Direction no longer 
applies to Flathead National Forest. In 2018, the Flathead 
Forest revised the forest plan and relevant direction for lynx is 
in Forest Plan Appendix A. The rationale for use of a LAU is 
located discussed in 3.7.5 of the Forest Plan EIS under 
Canada lynx, subsection “Methodology and analysis process.” 
This is also discussed in response to comments on the forest 
plan in Volume 4 of the FEIS (p8-116). 


We wrote in our comments: 


The Lynx Amendment has not undergone any Forest Plan 
amendments to allow the changed definitions of lynx 
structural stages the agency is now using, including those used 
in the Bug Creek analysis. The Lynx Amendment needs to be 
amended to provide the current best science definitions of lynx 
habitat, and include standards for each of these 4 habitat 







categories as defined by the current best science (Holbrook et 
al. 2019).


The Forest Service Responded: 


The Northern Rockies Lynx Management Direction (NRLMD) 
or “Lynx Amendment” amended forest plans 2007. The 
Northern Rockies Lynx Management Direction no longer 
applies to Flathead National Forest. In 2018, the Flathead 
Forest revised the forest plan and relevant direction for lynx is 
in Forest Plan Appendix A. See also Comment Response O-04r 
above regarding Holbrook et al. (2019). The habitat categories 
used in Holbrook et al. (2019) are the same as used in 
Kosterman (2014) and Kosterman et al. (2018).There is 
uncertainty regarding the management application of this new 
science because forest structure characteristics used to define 
habitat relationships in these publications are not the same as 
those used to establish vegetation management standards for 
lynx in the forest plan, which were adopted from the NRLMD 
(USDA FS 2007). Forest Service Region 1 biologists and 
researchers at the Rocky Mountain Research Station are 
working together to better understand these relationships and 
their management application, which may result in improved 
interpretations and analysis methods in the future. The 
Flathead Forest Plan FEIS considered Kosterman’s research 
and provided rationale for not incorporating the findings 
(Forest Plan FEIS 8-124). The estimated existing condition of 
potential lynx habitat by structural stage in the affected lynx 
analysis units is disclosed on page 119 of the updated EA (see 







project file exhibit L-003 for a description of the analysis 
process and additional information). 


We wrote in our comments: 


The measurements of project impacts on lynx habitat do not 
measure fragmentation, which has been identified as a key 
component of lynx habitat (Kosterman et al. 2018, Holbrook et 
al. 2019). 


The Forest Service responded: 


The updated EA analysis considered Kosterman et al. (2018) 
and is consistent with Holbrook et al. (2019). See also 
Comment Response O-04r above. The structural stage forest 
classifications used by Kosterman et al. (2018) are discussed 
further in project file exhibit L-03 including the difference in 


90nomenclature used in the Flathead Forest plan direction for 
lynx. Habitat metrics relative to Kosterman et al. (2018) were 
discussed pre and post project activities in project file exhibit 
L-003. The project lynx analysis discusses connectivity of lynx 
habitat as well as discussing forest connectivity in the project 
area (exhibits L-003 and exhibits L-009). The project would 
not sever forest connectivity in the project area or the LAUs 
(project file exhibit L-009 and updated EA p126).The Bug 
Creek project is consistent with Flathead Forest plan direction 
for lynx (project file exhibit L-001). Flathead Forest plan 
direction also contributes to forest connectivity in the project 







LAUs. This is discussed in the Flathead Forest Plan FEIS in 
the lynx section (3.7.5) as well as in the response to comments 
on the plan (FEIS p8-114). 


We wrote in our comments:


The Lynx Amendment does not measure project impacts on 
snowshoe hare habitat, which is the key prey species for lynx. 
These severe impacts are not measured in the Lynx 
Amendment and were not disclosed in the draft EA for the Bug 
Creek Project. 


Response: Flathead Forest plan direction for Canada lynx 
considered the effects of the programmatic direction to Canada 
lynx in the Forest Plan FEIS (Section 3.7.5). Specific impacts 
to snowshoe hare habitat from proposed activities in the Bug 
Creek project were analyzed in detail in the Canada lynx 
section of the updated EA (p116-128). 


We wrote in our comments: 


The impact of climate change on lynx and lynx critical habitat 
must be addressed in any proposed vegetation management 
project, including the impacts of logging, forest thinning, and 
prescribed fire.  


Response: A detailed analysis of climate change was not 
included in the environmental assessment because the forest 
scale is the most appropriate scale for analyzing these effects. 







Therefore, the project tiers to the detailed analysis for climate 
change in the Forest Plan Final EIS, Alternative B Modified 
(USDA FS 2018a). For more information, please refer to the 
Forest Plan Final EIS, Volume 1, 3.4 Carbon Sequestration 
pages 304-311; and Volume 2, 3.7 Wildlife, 3.7.5 Threatened, 
Endangered, Proposed, and Candidate Wildlife Species: 
Canada Lynx pages 211-213, 215, 219-221; and Canada Lynx 
Critical Habitat pages 242-243 and 248-249. Additional Forest 
climate change strategies may be found in the FEIS, Volume 
4, Appendix 7 – Climate Change Adaptation Strategies. The 
updated EA (p97-115) identifies how the project will move the 
project area towards the desired species composition identified 
in the 2018 Forest Plan. The Forest Plan’s desired conditions 
for vegetation composition, structure, and density, which we 
are addressing with this project, are built upon the concept of 
maintaining and improving the resilience and resistance of the 
Forest, in part to address climate change and improve forest 
adaptability, as analyzed in the FEIS. 


We wrote in our comments: 


The Lynx Amendment has a standard to limit unsuitable 
habitat, or young newly clearcut forests to no more than 15% 
of the lynx habitat in an LAU (VEG S2). This VEG S2 
standard needs to be corrected in the Lynx Amendment. 


Response: Flathead Forest plan direction standard VEG S1 
states, “If more than 30 percent of the lynx habitat in an LAU 
is currently in a stand initiation structural stage that does not 







yet provide winter snowshoe hare habitat, no additional habitat 
may be regenerated by vegetation management 
project” (Flathead Forest Plan Appendix A pA-5). The early 
stand initiation structural stage is a stand initiation structural 
stage that does not provide winter snowshoe habitat. This 
structural stage has also been referred to as “temporarily 
unsuitable” in the past under the 2007 NRLMD. The Bug 
Creek EA discloses that the post-project condition of the 
project LAUs would have 15-17% early stand initiation 
depending on LAU and alternative (updated EA p123). 
Kosterman et al. (2018) found that the “probability of 
producing a litter was highest for females that had core-use 
areas with ~12-20% of small diameter regenerating forest”. 
The “core-use” areas defined by Kosterman et al. (2018) are a 
different spatial scale than LAUs defined by the Flathead 
Forest Plan. The Forest Plan FEIS discusses consideration of 
Kosterman and best available science the FEIS response to 
comments (p8-115 through 127).  


We wrote in our comments: 


North Crane LAU: The proposed project will thus exceed 
documented levels of early stand initiation habitat by over 3 
times in lynx habitat, and at least over 2 times in the overall 
landscape, excluding natural openings that should be 
included. The EA does not identify this adverse impact that 
may be created by the project. 







Response: Both the existing and post project estimated early 
stand initiation structural stage for the project LAUs is 
described in the updated EA (p116-128) as well as in the 
project file (exhibit L-003). The methods used to estimate lynx 
habitat structural stage across the project area is described in 
the project file (exhibit L-003). The project file (exhibit L-003) 
describes the methods used to identify early stand initiation 
structural stage including how natural openings are included 
in that analysis. The impacts of the proposed changes in early 
stand initiation habitats within the project area are described 
in the updated EA (p120-122). 


We wrote in our comments: 


South Crane LAU: Thus the project will increase openings by 
over 3 times the level typical of high quality female lynx 
habitat (4-5%) and by roughly 3 times this level. 


Response: Both the existing and post project estimated early 
stand initiation structural stage for the project LAUs is 
described in the updated EA (p116-128) as well as in the 
project file (exhibit L-003). The methods used to estimate lynx 
habitat structural stage across the project area is described in 
the project file (exhibit L-003). The project file (exhibit L-003) 
describes the methods used to identify early stand initiation 
structural stage including how natural openings are included 
in that analysis. The impacts of the proposed changes in early 
stand initiation habitats within the project area are described 
in the updated EA (p116-128). 







We wrote in our comments: 


Thus the Lynx Amendment allows for no management of large 
portions of lynx critical habitat, which is a violation of the 
ESA as well as the NEPA, because actual impacts of removing 
a productive lynx home range are never assessed. 


Response: The Northern Rockies Lynx Management Direction 
(NRLMD) or “Lynx Amendment” amended forest plans 2007. 
The Northern Rockies Lynx Management Direction no longer 
applies to Flathead National Forest. In 2018, the Flathead 
Forest revised the forest plan and relevant direction for lynx is 
in Forest Plan Appendix A. The updated Bug Creek EA 
discloses the impacts of the proposed project to lynx habitat 
and lynx critical habitat (p116- 135). Although the project 
activities may lead to adverse impacts to lynx critical habitat, 
the project activities are not anticipated to have significant 
effects to the species. Consultation under section 7 of the 
Endangered Species Act will be completed with the USFWS 
before the decision is finalized for the Bug Creek project. 


We wrote in our comments: 
The Bug Creek project is a good example, as it is claimed that 
habitat connectivity will be maintained for lynx, but no 
analysis was ever provided, including maps that show an 
overlay of matrix habitat and proposed treatment units. The 
Lynx Amendment needs to be amended to provide a specific 
criteria for the standard on connectivity, as well as establishing 







a minimum level of connectivity as defined by the current best 
science. Analysis of connectivity needs to include the entire 
LAU landscape, including natural openings. 


Response: The project lynx analysis discusses connectivity of 
lynx habitat as well as discussing forest connectivity in the 
project area (exhibits L-003 and exhibits L-009). The project 
would not sever forest connectivity in the project area or the 
LAUs (project file exhibit L-009 and updated EA p126 and 
p133). The conclusions stated for lynx connectivity in the 
updated EA are supported by analyses detailed in project file 
exhibits L-003 and L-009. Rationale and responses on how the 
Flathead Forest plan direction provides for lynx connectivity is 
discussed in the lynx section of the FEIS (section 3.7.5) as well 
as in response to comments on the forest plan FEIS 
(p8-114-126).Comment (O-04r): The adverse impacts of the 
Bug Creek Project on lynx habitat and lynx critical habitat is 
not correctly identified and disclosed by the agency.Response: 
The updated Bug Creek EA discloses the impact of the propose 
project to lynx habitat and lynx critical habitat (p116-135). 
Additional information regarding lynx habitat and critical 
habitat within the project area can be found in the project file 
(exhibit L -003). 


We wrote in our comments: 


The Lynx Amendment does not require any level of mature 
forest habitat within LAUs. Thus the Lynx Amendment does 
not require maintenance of this key feature for lynx, nor does 







it require disclosure of project impacts on mature forest 
habitat. The project EA did not disclose this adverse impact on 
lynx or critical lynx habitat. 


Response: The updated Bug Creek EA discloses the impacts to 
lynx habitat and lynx critical habitat (p116-135). Impacts to 
multistory mature lynx foraging habitat are summarized by 
LAU and project alternatives in table 54 (updated EA p121). 
Although the project activities may lead to adverse impacts to 
lynx habitat or lynx critical habitat, the project activities are 
not anticipated to have significant effects to the species. 
Consultation under section 7 of the Endangered Species Act 
will be completed with the USFWS before the decision is 
finalized for the Bug Creek project.The Bug Creek project is 
consistent with the lynx direction in Appendix A of the 
Flathead Forest Plan. The Flathead Forest Plan does not 
specify a quantity of mature, multistory lynx forage within a 
LAU. The Forest FEIS discusses lynx science and direction in 
the lynx section (3.7.5) as well as in response to comment on 
the Forest Plan (p8-125-126). The Bug Creek project would 
not impact mature, multistory lynx forage outside of the WUI. 
Project file exhibit L-003 discusses the “mature” habitat 
classification in research by Kosterman et al. (2018) and 
estimates “mature” habitat in the project LAUs. 


We wrote in our comments: 


The Lynx Amendment does not have a standard for the amount 
of stand initiation structural stage in an LAU. NCLAU: The 







project will thus reduce the typical level of advanced 
regeneration habitat from already marginal levels in the NCLAU 
landscape down to only about 7% of the landscape, and 11 % of 
just lynx habitat. The EA does not disclose this adverse impact 
of the project on lynx or lynx critical habitat. SCLAU: The 
agency may reduce this down to 738 acres of advanced 
regeneration, which would be 5% of lynx habitat and 4% of the 
SCLAU landscape. This adverse impact of the project, due to 
conflicts with the current best science, is not disclosed in the 
EA. 


Response: The updated Bug Creek EA discloses the impacts to 
lynx habitat and lynx critical habitat on pages 128-135. The 
estimated pre and post condition of potential lynx habitat by 
structural stage is also found within those pages. Additional 
information regarding the existing structural stages of lynx 
habitat within the project area as well as the estimated post 
project structural stages can be found in the project file 
(exhibit L-003). The Bug Creek project is consistent with the 
lynx direction in Appendix A of the Flathead Forest Plan. The 
Forest FEIS discusses lynx science and direction in the lynx 
section (3.7.5) as well as in response to comment on the Forest 
Plan (p8-125-126).  


A big problem with the Forest Plan and the NRLMD is that it 
allows with few exceptions the same level of industrial forest 
management activities that occurred prior to Canada lynx ESA 
listing. The FS approval and implementation of the NRLMD and 
the revised Flathead National Forest Forest Plan is arbitrary and 







capricious, violates NEPA’s hard look requirement and scientific 
integrity mandate and fails to apply the best available science 
necessary to conserve lynx. The NRLMD or the revised 
Flathead Forest Plan contain no protection or standard for 
conservation of winter lynx habitat (old growth forests).  


The EA doesn’t disclose if the FS conducted lynx occurrence 
surveys of habitat in the LAUs.  


The EA doesn’t disclose if surveys target snowshoe hare 
occurrence data in these stands newly considered unsuitable for 
lynx. Also, the EA doesn’t indicate if the FS surveyed any areas 
(proposed for logging and/or burning or not) thought to not be 
lynx habitat based on mapping or stand data were surveyed to 
confirm unsuitable habitat conditions.  


The EA explains the project area is within Lynx s Critical 
Habitat Unit.  


The current science demonstrates that lynx must travel between 
areas of high hare densities and resist traveling through low 
cover areas in winter. The EA fails to identify the amount of 
non-cover or low-cover areas that will be created from the 
project.  


It appears the FS doesn’t have a coherent strategy for recovering 
lynx from their Threatened status, including linking currently 
populated areas with each other through important linkages such 
as project area LAUs.  







The EA fails to analyze and disclose cumulative impacts of 
recreational activities on lynx, such as snowmobiles. As the 
KNF’s Galton FEIS states, “The temporal occurrence of forest 
uses such ... winter (skiing and snowmobiling) ... may result in a 
temporary displacement of lynx use of that area...”  


The Bug Creek EA also fails to quantify and disclose the 
cumulative effects on Canada lynx due to trapping or from use 
of the road and trail networks in the project area.  


In failing to properly analyze and disclose cumulative effects, 
the EA violates NEPA and the ESA.  


The EA claims that sufficient denning habitat occurs in the 
LAU, but it fails to explain how it arrived at that conclusion. 
Habitat capacity for denning will be impaired by project 
activities.  


The USFWS listed the Canada lynx as a threatened species 
under the Endangered Species Act in 2000 due to “lack of 
guidance for conservation of lynx and snowshoe hare habitat...” 
and subsequent authorization of actions that may cumulatively 
adversely affect the lynx. Relatively little is known about lynx in 
the contiguous United States. Historically, lynx inhabited states 
spanning from Maine to Washington, but it is unknown how 
many lynx remain.  


Lynx are highly mobile and generally move long distances 
[greater than 60 mi. (100 km.)]; they disperse primarily when 
snowshoe hare populations decline; subadult lynx disperse even 
when prey is abundant, presumably to establish new home 
ranges; and lynx also make exploratory movements outside their 
home ranges. 74 Peg. Reg. at 8617. The contiguous United 







States is at the southern edge of the boreal forest range, resulting 
in limited and patchy forests that can support snowshoe hare and 
lynx populations.  


Lynx subsist primarily on a prey base of snowshoe hare, and 
survival is highly dependent upon snowshoe hare habitat, forest 
habitat where young trees and shrubs grow densely. In North 
America, the distribution and range of lynx is nearly 
“coincident” with that of snowshoe hares, and protection of 
snowshoe hares and their habitat is critical in lynx conservation 
strategies.  


Since more often than not when the FS conducts logging 
projects in LAUs surveys of stands for lynx habitat result in less 
suitable habitat than previously assumed, the FS needs to take a 
few steps backward and consider that its range-wide Canada 
lynx suitable habitat estimations were too high.  


Squires et al. (2013) noted that long-term population recovery of 
lynx, as well as other species as the grizzly bear, require 
maintenance of short and long-distance connectivity. The 
importance of maintaining lynx linkage zones is also recognized 
by the FS's Lynx Conservation Assessment and Strategy 
(LCAS), as revised in 2013, which stresses that landscape 
connectivity should be maintained to allow for movement and 
dispersal of lynx.  


Squires et al. (2013) noted in their research report that some 
lynx avoided crossing highways; in their own report, they noted 
that only 12 of 44 radio-tagged lynx with home ranges including 
2- lane highways crossed them.  







The current best science indicates that lynx winter foraging 
habitat is critical to lynx persistence (Squires et al. 2010), and 
that this habitat should be “abundant and well-distributed across 
lynx habitat.” (Squires et al. 2010; Squires 2009.) Existing 
openings such as clearcuts not yet recovered are likely to be 
avoided by lynx in the winter. (Squires et al. 2010; Squires et al. 
2006a.)  


Lynx winter habitat, provided only in older, multi-storied 
forests, is critical for lynx preservation. (Squires et al. 2010.) 
Winter is the most constraining season for lynx in terms of 
resource use; starvation mortality has been found to be the most 
common during winter and early spring. (Squires et al. 2010.) 
Prey availability for lynx is highest in the summer. (Squires et 
al. 2013.)  


Openings, whether small in uneven-aged management, or large 
with clearcutting, remove lynx winter travel habitat on those 
affected acres, since lynx avoid openings in the winter. (Squires 
et al. 2010.)  


Squires et al., 2010 reported that lynx winter habitat should be 
“abundant and spatially well- distributed across the landscape.” 
Those authors also noted that in heavily managed landscapes, 
retention and recruitment of lynx habitat should be a priority.  


The LCAS (Ruediger et al. 2000) recommends, until conclusive 
information is developed concerning lynx management, the 
agencies retain future options; that is, choose to err on the side 
of maintaining and restoring habitat for lynx and their prey. To 
err on the side of caution, the KNF would retain all remaining 
stem exclusion forests for recruitment into lynx winter habitat, 







so that this key habitat would more closely resemble historic 
conditions.  


As early as 2000, the LCAS noted that lynx seem to prefer to 
move through continuous forest (1- 4); lynx have been observed 
to avoid large openings, either natural or created (1-4); opening 
and open forest areas wider than 650 feet may restrict lynx 
movement (2-3); large patches with low stem densities may be 
functionally similar to openings, and therefore lynx movement 
may be disrupted (2-4). Squires et al. 2006a reported that lynx 
tend to avoid sparse, open forests and forest stands dominated 
by small-diameter trees during the winter. Squires et al. 2010 
again reported that lynx avoid crossing clearcuts in the winter; 
they generally avoid forests composed of small diameter 
saplings in the winter; and forests that were thinned as a 
silvicultural treatment were generally avoided in the winter.  


Squires et al. 2010 show that the average width of openings 
crossed by lynx in the winter was 383 feet, while the maximum 
width of crossed openings was 1240 feet.  


Recent scientific findings undermine the Forest Plan/NRLMD 
direction for management of lynx habitat. This creates a 
scientific controversy the FS fails to resolve, and in fact it 
essentially ignores it.  


For one, Kosterman, 2014 found that 50% of lynx habitat must 
be mature undisturbed forest for it to be optimal lynx habitat 
where lynx can have reproductive success and no more than 
15% of lynx habitat should be young clearcuts, i.e. trees under 4 
inched dbh. Young regenerating forest should occur only on 
10-15% of a female lynx home range, i.e. 10-15% of an LAU. 







This renders inadequate the agency’s assumption in the Forest 
Plan/NRLMD that 30% of lynx habitat can be open, and that no 
specific amount of mature forest needs to be conserved. 
Kosterman, 2014 demonstrates that Forest Plan/NRLMD 
standards are not adequate for lynx viability and recovery.  


Also, the Forest Plan essentially assumes that persistent effects 
of vegetation manipulations other than regeneration logging and 
some intermediate treatments are essentially nil. However, 
Holbrook, et al., 2018 “used univariate analyses and hurdle 
regression models to evaluate the spatio-temporal factors 
influencing lynx use of treatments.” Their analyses 
“indicated ...there was a consistent cost in that lynx use was low 
up to ∼10 years after all silvicultural actions.” (Emphasis 
added.) From their conclusions:  


First, we demonstrated that lynx clearly use silviculture 
treatments, but there is a ∼10 year cost of implementing any 
treatment (thinning, selection cut, or regeneration cut) in terms 
of resource use by Canada lynx. This temporal cost is associated 
with lynx preferring advanced regenerating and mature 
structural stages (Squires et al., 2010; Holbrook et al., 2017a) 
and is consistent with previous work demonstrating a negative 
effect of precommercial thinning on snowshoe hare densities for 
∼10 years (Homyack et al., 2007). Second, if a treatment is 
implemented, Canada lynx used thinnings at a faster rate post- 
treatment (e.g.,∼20 years posttreatment to reach 50% lynx use) 
than either selection or regeneration cuts (e.g., ∼34–40 years 
post-treatment to reach 50% lynx use). Lynx appear to use 
regeneration and selection cuts similarly over time suggesting 
the difference in vegetation impact between these treatments 







made little difference concerning the potential impacts to lynx 
(Fig. 4c). Third, Canada lynx tend to avoid silvicultural 
treatments when a preferred structural stage (e.g., mature, multi-
storied forest or advanced regeneration) is abundant in the 
surrounding landscape, which highlights the importance of 
considering landscape-level composition as well as recovery 
time. For instance, in an area with low amounts of mature forest 
in the neighborhood, lynx use of recovering silvicultural 
treatments would be higher versus treatments surrounded by an 
abundance of mature forest (e.g., Fig. 3b). This scenario 
captures the importance of post-treatment recovery for Canada 
lynx when the landscape context is generally composed of lower 
quality habitat. Overall, these three items emphasize that both 
the spatial arrangement and composition as well as recovery 
time are central to balancing silvicultural actions and Canada 
lynx conservation.  


So Holbrook et al., 2018 fully contradict Forest Plan 
assumptions that clearcuts/regeneration can be considered useful 
lynx habitat as early as 20 years post-logging.  


Results of a study by Vanbianchi et al., 2017 also conflict with 
Forest Plan/NRLMD assumptions: “Lynx used burned areas as 
early as 1 year postfire, which is much earlier than the 2–4 
decades postfire previously thought for this predator.” The 
NRLMD erroneously assumes clearcutting/regeneration logging 
have basically the same temporal effects as stand-replacing fire 
as far as lynx re-occupancy.  


Kosterman, 2014, Vanbianchi et al., 2017 and Holbrook, et al., 
2018, Holbrook 2019 demonstrate that Forest Plan direction is 
not adequate for lynx viability and recovery, as the FS assumes. 







Holbrook 2019 such all lynx habitat must be surveyed.  You 
have not done this. 


The Forest Plan/FEIS fail to describe the quantity and quality of 
habitat that is necessary to sustain the viability of the Canada 
lynx.  


Page 13 of the DDN states: 


The biological assessment prepared for the Bug Creek Project 
found that there would be a may affect, likely to adversely 
affect determination for both Canada lynx and Canada lynx 
critical habitat. These determinations were made because the 
majority of project activities are located within the wildland-
urban interface to conduct fuels reduction activities. An 
estimated 1,310 acres of winter lynx foraging habitat would be 
affected by the proposed project. The project would affect 
approximately 11 percent of the potential winter foraging 
habitat in the South Crane LAU and 6 percent in the North 
Crane LAU. Approximately 433 acres of existing lynx 
multistory forage would be negatively affected by vegetation 
management, primarily through the removal of the horizontal 
structure. This acreage would include treatment within the 
wildland urban interface conducted under exemptions to 
standard VEG S6. The project would also include 47 acres of 
daylighting for western white pine outside the WUI in stand 
initiation forage under exceptions for standard VEG S5. The 
proposed action would not result in regeneration of more than 
15% of lynx habitat in an LAU in a 10-year period (FW-STD-
WL-04). 







The WUI exception is arbitrary and capricious and in violation 
of NEPA, NFMA, the APA, and the ESA.  There is no scientific 
evidence that lynx can withstand a loss of 15% of an LAU. 
Remedy: Select the No Action alternative. Alternatively, prepare 
an EIS that addresses the analytical and scientific issues 
identified above.  


Remedy: 


Choose the No Action Alternative or withdraw the DDN and 
write an EIS for the project that fully complies with the law and 
a SEIS for the Forest Plan to reflect the best available science 
and fully complies with the law. 


PURPOSE AND NEED 


We wrote in our comments;  


The stated purpose of the project is wildfire suppression, 
including to reduce ladder fuels in multistoried stands, and 
reduce the stand density in late seral stands, supposedly 
because these types of habitats never occurred historically. 
There is abundant new science that notes that fires are largely 
driven by weather, which is related also to climate change. 
Also, the claim that dense forests never existed historically is a 
direct contradiction to the habitat type criteria. The rationale 
for removing vast amounts of bird habitat is clearly just a 
disguised excuse to log and burn public lands. 


The Forest Service responded: 







The purpose and need for action on the proposed Bug Creek 
project is lined out in the updated EA (p 4-5). 


The EA and the DDN do not demonstrate that the project will 
meet the Purpose and Need in violation of NEPA, ESA, NFMA, 
and the APA. 


Please see the attached paper by Dr. William Baker titled: “Are 
High-Severity Fires Burning at Much Higher Rates Recently 
than Historically in Dry-Forest Landscapes of the Western 
USA?”  


Dr. Baker writes: “Programs to generally reduce fire severity in 
dry forests are not supported and have significant adverse 
ecological impacts, including reducing habitat for native species 
dependent on early-successional burned patches and decreasing 
landscape heterogeneity that confers resilience to climatic 
change.”  


Dr. Baker concluded: “Dry forests were historically renewed, 
and will continue to be renewed, by sudden, dramatic, high-
intensity fires after centuries of stability and lower-intensity 
fires.”  


Based on Dr. Baker’s paper, the proposed action will not meet 
the purpose and need of the project. Baker writes on p. 20:  







“Management issues  


The evidence presented here shows that efforts to generally 
lower fire severity in dry forests for ecological restoration are 
not supported.”  


Dr. Baker’s paper is the best available science. Please explain 
why this project is not following the best availablescience. The 
Draft Decision Notice is in violation of NEPA.  


Remedy, choose the No Action Alternative or write an EIS that 
com- plies with the law.  


In “Fire Ecology in Rocky Mountain Landscapes” by William 
Baker, (which I am sending a copy of via U.S. mail) Dr. Baker 
writes on page 435, “ ...a prescribed fire regime that is too 
frequent can reduce species diversity (Laughlin and Grace 2006) 
and favor invasive species (M.A. Moritz and Odion 2004). Fire 
that is entirely low severity in ecosystems that historically ex- 
perience some high-severity fire may not favor germination of 
fire- dependent species (M.A. Moritiz and Odion 2004) or 
provide habitat key animals (Smucker, Hutto, and Steele 2005).” 
Baker continues on page 436: “Fire rotations equal the average 
mean fire interval across a landscape and are appropriate 
intervals at which individual points or the whole landscape is 
burned. Composite fire intervals underestimate mean fire 







interval and fire rotation (chap 5) and should not be used as 
prescribed burning intervals as this would lead to too much fire 
and would likely lead to adversely affect biological diversity 
(Laughlin and Grace 2006).”  


Please find (Laughlin and Grace 2006) attached.  


Dr. Baker estimates the high severity fire rotation to be 135 - 
280 years for lodgepole pine forests. (See page 162.). Baker 
writes on page 457-458 of Fire Ecology in Rocky Mountain 
Landscapes: 
“Fire rotation has been estimated as about 275 years in the 
Rockies as a whole since 1980 and about 247 years in the 
northern Rockies over the last century, and both figures are near 
the middle between the low (140 years) and high (328 years) 
estimates for fire rotation for the Rockies under the HRV (chap. 
10). These estimates suggest the since EuroAmerican settlement, 
fire control and other activities may have reduced fire somewhat 
in particular places, but a general syndrome of fire exclusion is 
lacking. Fire exclusion also does not accurately characterize the 
effects of land users on fire or match the pattern of change in 
area burned at the state level over the last century (fig 10.9). In 
contrast, fluctuation in drought linked to atmospheric conditions 
appear to match many state-level patterns in burned area over 
the last century. Land uses that also match fluctuations include 







logging, livestock grazing, roads and development, which have 
generally increased flammability and ig- nition at a time when 
the climate is warming and more fire is com- ing.”  


Schoennagel et al (2004) (please find attached) states: “High-
elevation subalpine forests in the Rocky Mountains typify 
ecosystems that experience infrequent, high-severity crown fires 
[]. . . The most extensive subalpine forest types are composed of 
Engelmann spruce (Picea engelmannii), sub- alpine fir (Abies 
lasiocarpa), and lodgepole pine (Pinus contorta), all thin-barked 
trees easily killed by fire. Extensive stand-replacing fires 
occurred historically at long intervals (i.e., one to many 
centuries) in subalpine forests, typically in association with 
infrequent high-pressure blocking systems that promote 
extremely dry regional climate pat-terns.” Please find 
Schoennagel et al (2004) attached.  


Schoennagel et al (2004) states: “it is unlikely that the short 
period of fire exclusion has significantly altered the long fire 
intervals in subalpine forests. Furthermore, large, intense fires 
burning under dry conditions are very difficult, if not 
impossible, to suppress, and such fires account for the majority 
of area burned in subalpine forests.  







Schoennagel et al (2004) states: “Moreover, there is no 
consistent re- lationship between time elapsed since the last fire 
and fuel abun- dance in subalpine forests, further undermining 
the idea that years of fire suppression have caused unnatural fuel 
buildup in this forest  


zone.” 
 
Schoennagel et al (2004) states: “No evidence suggests that 
spruce– fir or lodgepole pine forests have experienced 
substantial shifts in stand structure over recent decades as a 
result of fire suppression. Overall, variation in cli-mate rather 
than in fuels appears to exert the largest influence on the size, 
timing, and se-verity of fires in sub- alpine forests []. We 
conclude that large, infrequent stand replacing fires are ‘business 
as usual’ in this forest type, not an artifact of fire suppression.”.  


Schoennagel et al (2004) states: “Contrary to popular opinion, 
previous fire suppression, which was consistently effective from 
about 1950 through 1972, had only a minimal effect on the large 
fire event in 1988. Reconstruction of historical fires indicates 
that similar large, high-severity fires also occurred in the early 
1700s. Given the historical range of variability of fire regimes in 
high-elevation subalpine forests, fire behavior in Yellowstone 







during 1988, although severe, was neither unusual nor 
surprising.”  


Schoennagel et al. (2004) states: “Mechanical fuel reduction in 
sub-alpine forests would not represent a restoration treatment 
but rather a departure from the natural range of variability in 
stand structure.”  


Schoennagel et al (2004) states: “Given the behavior of fire in 
Yellowstone in 1988, fuel reduction projects probably will not 
substantially reduce the frequency, size, or severity of wildfires 
under ex- treme weather conditions.”  


Schoennagel et al (2004) states: “The Yellow-stone fires in 1988 
revealed that variation in fuel conditions, as measured by stand 
age and density, had only minimal influence on fire behavior. 
Therefore, we expect fuel- reduction treatments in high-
elevation forests to be generally unsuccessful in reducing fire 
frequency, severity, and size, given the overriding importance of 
extreme climate in controlling fire regimes in this zone. 
Thinning also will not re-store subalpine forests, because they 
were dense historically and have not changed significantly in 
response to fire suppression. Thus, fuel- reduction ef- forts in 
most Rocky Mountain subalpine forests probably would not 
effectively mitigate the fire hazard, and these efforts may create 







new ecological problems by moving the forest structure out-side 
the his- toric range of variability.”  


Please find Schoennagel et al (2004) attached.  


The NEPA requires a “hard look” at climate issues, including 
cumulative effects of the “treatments” in the proposed project 
when added to the heat, drought, wind and other impacts 
associated with in- creased climate risk. Regeneration/
Restocking failure following wildfire, prescribed fire and/or 
mechanical tree-killing has not been analyzed or disclosed. 
There is a considerable body of science that suggests that 
regeneration following fire is increasingly problematic.  


NEPA requires disclosure of impact on “the human 
environment.” Climate risk presents important adverse impacts 
on cultural, economic, environmental, and social aspects of the 
human environment. – people, jobs, and the economy – adjacent 
to and near the project area. Challenges in predicting responses 
of individual tree species to climate are a result of species 
competing under a never-before-seen climate regime – one 
forests may not have experienced before either.  


In an uncertain future of rapid change and abrupt, unforeseen 
transitions, adjustments in management approaches will be 
necessary and some actions will fail. However, it is increasingly 







evident that the greatest risk is posed by continuing to 
implement strategies inconsistent with and not informed by 
current understanding of our novel future....  


Achievable future conditions as a framework for guiding forest 
conservation and management, Forest Ecology and Management 
360 (2016) 80–96, S.W. Golladay et al. (Please, find attached)  


Stands are at risk of going from forest to non-forest, even 
without the added risk of “management” as proposed in the 
project area. The project is currently is violation of NEPA, 
NFMA, and the APA.  


REMEDY  


Withdraw the draft Decision Notice and write an EIS that fully 
complies with the law.  


Monarch Butterfly.


Monarch butterflies have been proposed for listing under the 
ESA.  This is new information that was not available when we 
submitted our comments.


The project is in violation of the ESA, NFMA, and the APA for 
not formally consulting with the FWS on the impact of the 
project on the Monarch butterfly.
Remedy







Please formally consult with the FWS on the impact of the 
South Plateau project on the Monarch Butterfly.


Thank you for your time and consideration of our concerns.


Sincerely yours,
Mike Garrity
/s/
(Lead Objector)
Executive Director
Alliance for the Wild Rockies
P.O. Box 505
Helena, MT 59624
406-459-5936


And for 
Sara Johnson
Native Ecosystems Council
P.O. Box 125
Willow Creek, MT 59760
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Tree regeneration following wildfires in the
western US: a review
Camille S. Stevens-Rumann1,2* and Penelope Morgan2


Abstract


Background: Wildfires, like many disturbances, can be catalysts for ecosystem change. Given projected climate
change, tree regeneration declines and ecosystem shifts following severe wildfires are predicted. We reviewed
scientific literature on post-fire tree regeneration to understand where and why no or few trees established. We
wished to distinguish sites that won’t regenerate to trees because of changing climate from sites where trees could
grow post fire if they had a seed source or were planted, thus supporting forest ecosystem services for society and
nature, such as timber supply, habitat, watershed protection, and carbon storage.


Results: Our literature review showed that little to no post-fire tree regeneration was more common in low-
elevation, dry forest types than in high-elevation forest types. However, depending on the region and species,
low tree regeneration was also observed in high elevation, moist forests. Regeneration densities varied by
species and seedling densities were attributed to distances to a seed source, water stress or precipitation,
elevation, slope, aspect, and plant competition. Our findings provide land managers with two primary considerations
to offset low tree regeneration densities. First, we supply a decision support tool of where to plant tree seedling in
large high severity burned patches. Second, we recommend possibilities for mitigating and limiting large high severity
burned patches to increase survival of trees to be sources of seed for natural regeneration.


Conclusions: Few or no tree seedlings are establishing on some areas of the 150+ forest fires sampled across western
US, suggesting that forests may be replaced by shrublands and grasslands, especially where few seed source
trees survived the wildfires. Key information gaps on how species will respond to continued climate change,
repeated disturbances, and other site factors following wildfires currently limit our ability to determine future
trends in forest regeneration. We provide a decision tree to assist managers in prioritizing post-fire reforestation. We
emphasize prioritizing the interior of large burned patches and considering current and future climate in deciding
what, when, and where to plant trees. Finally, managing fires and forests for more seed-source tree survival will reduce
large, non-forested areas following wildfires where post-fire management may be necessary.


Keywords: alternate stable states, climate, distance to seed source, post-fire forest recovery, reforestation, tree
regeneration, tree seedlings, wildfires
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Resumen


Antecedentes: Los incendios, como muchos disturbios, pueden ser catalizadores para cambios en el ecosistema.
Dadas las proyecciones del cambio climático, se predice una declinación en la regeneración de árboles y cambios
en el ecosistema después de incendios severos. Revisamos la literatura científica para entender dónde y por qué
pocos o ningún árbol se establece en la regeneración post-fuego. Deseábamos distinguir sitios que no regeneraban
en árboles debido al cambio climático de aquellos sitios en que los árboles podrían crecer si tenían una fuente de
semillas o fueran plantados en el post-fuego, sustentando la idea de proveer servicios ecosistémicos del bosque
para la sociedad y la naturaleza, como productos forestales, hábitat, protección de cuencas, y almacenamiento de
carbono.


Resultados: Nuestra revisión bibliográfica muestra que la escasa o nula regeneración arbórea post-fuego fue más
común en tipos de bosques secos ubicados a bajas alturas que en bosques ubicados a mayores elevaciones. Sin
embargo, dependiendo de la región y de la especie, una baja regeneración de árboles fue observada en lugares
húmedos y a altas elevaciones. La densidad de la regeneración varió de acuerdo a la especie, y la densidad de
plantines fue atribuida a la distancia de la fuente de semillas, el estrés hídrico o precipitación, la elevación, la
pendiente, la exposición, y la competencia con otras plantas. Nuestros resultados proveen a los gestores de tierras
con dos consideraciones primarias para compensar la baja densidad en la regeneración. Primero, presentamos una
herramienta de ayuda sobre dónde plantar plantines en grandes parches quemados con alta severidad. Segundo,
recomendamos la posibilidad de mitigar y limitar los parches de alta severidad para incrementar la supervivencia
de árboles para que sirvan de fuentes de semilla para su regeneración natural.


Conclusiones: Pocos o ningún plantín se establecen en algunas en las de las áreas de los más de 150 bosques
muestreados a través del oeste de los EEUU, sugiriendo que esos bosques pueden ser reemplazados por arbustales
y pastizales, especialmente donde pocos árboles que actúan como fuentes de semillas sobreviven a los incendios.
Existen vacíos de información que son clave para entender cómo las especies responderán a la continuidad del
cambio climático, la repetición de disturbios y otros factores de sitio subsecuentes a los incendios y que limitan
actualmente nuestra habilidad para determinar tendencias futuras en la regeneración de bosques. Proveemos de
un árbol de decisiones para asistir a los gestores a priorizar la reforestación post-fuego. Enfatizamos la priorización
de los grandes parches en el interior de grandes incendios y la consideración del cambio climático actual y futuro
en la decisión de qué, cuándo y dónde plantar árboles. Finalmente, el manejo del fuego y los bosques para lograr
que más árboles semilleros sobrevivan a los incendios va a reducir las grandes áreas que quedan sin árboles en el
post-fuego, en las cuales el manejo post-fuego puede ser necesario.


Introduction
Continuing climate change, droughts, and extreme wea-
ther (IPCC 2013), coupled with associated changes in
wildfire activity (Westerling et al. 2006, Westerling et al.
2011, Abatzoglou and Williams 2016) are resulting in
landscape ecosystem changes and shifts in community
composition (Stevens-Rumann et al. 2018). Climate
change is altering the mountainous ecosystems of the
western US and affecting the people who depend on
them for ecosystem services and livelihoods. With rapid
biophysical changes already occurring in these forests,
land managers are increasingly seeking to understand
and mitigate the effects of a changing climate. Effective
action depends on understanding regional and local im-
plications of climate science and ecological effects
(Blades et al. 2016), which can directly affect fire extent,
tree mortality, and post-fire ecosystem recovery.
Legacies of prior disturbances and land use history,


in addition to climate, play a prominent role in


disturbance severity and subsequent recovery follow-
ing disturbances (Hessburg et al. 2005, Westerling et
al. 2011). While ecosystem shifts are concerning in
any ecosystem type, the transition from forests to
grasslands and shrublands is often particularly alarm-
ing due to the loss of carbon storage capacity in
forests versus grasslands or shrublands (Liang et al.
2018), habitat loss for many wildlife species (e.g.,
Hobson and Schieck 1999), and the potential eco-
nomic loss in timber industries (Thomas et al. 2017).
In some settings, shifts to grassland or shrubland may
be long-persisting as alternate stable states that do not
transition back to forested ecosystems (e.g., Savage
and Mast 2005). Although some studies forecast a re-
duction of conifer-dominated ecosystems in the com-
ing century due to a combination of climate and
disturbances, these studies also point to locations
where conifer regeneration may be abundant (Baker
2018, Serra-Diaz et al. 2018).
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Forest ecosystem transitions are precipitated by both
mortality of mature trees and reduced recruitment. Ex-
tensive mortality of mature trees due to wildfires, bark
beetles, and drought is of growing concern. Severe wild-
fires contribute to millions of hectares of mature forest
loss in the western US every year (NIFC 2018). While
there is some debate about whether the proportion of
area burned at high severity within large wildfires has in-
creased in recent years (Dillon et al. 2011; Flannigan et
al. 2013, van Mantgem et al. 2013, Parks et al. 2016a),
area burned in large wildfires has increased over the past
30 years in the western US (Dennison et al. 2014). Fur-
ther, mature tree mortality induced by drought stress
and the compounding susceptibility to insects has con-
tributed to reduction of forest cover worldwide (Allen et
al. 2010, Hicke et al. 2012, Anderegg et al. 2015).
Conifer tree species in the western US exhibit many


different life history strategies. Some have traits that aid
in regeneration after high-severity fire, including bradsp-
ory, or serotiny, in which cones only open after heat is
applied, thus protecting seed during a high-intensity fire
and releasing viable seeds immediately following wild-
fires (Lotan 1967). Species like lodgepole pine (Pinus
contorta Douglas ex Loudon) are often identified as se-
rotinous; however, the proportion of serotinous cones
and individuals is highly variable and largely unknown
outside of the greater Yellowstone area (Lotan 1967).
Populations of lodgepole pine outside of the Rocky
Mountains may be primarily non-serotinous, depending
on site and disturbance history (Lotan 1967, Alexander
1974). Most conifers in western North America rely on
other seed dispersal and reproduction mechanisms. For
example, species like whitebark pine (Pinus albicaulis
Engelm.) and limber pine (Pinus flexilus James) can rely
on dispersal by animals (Agee 1993). Many other spe-
cies, including ponderosa pine (Pinus ponderosa Lawson
& C. Lawson) and Douglas-fir (Pseudotsuga menziesii
[Mirb.] Franco), rely on nearby seed trees for wind or
gravity dispersal (Agee 1993). Surviving trees are critical
sources of seed for tree replacement after fires, thus the
severity and extent of mature tree mortality is critical, al-
though less so for serotinous trees. For many species,
living seed trees and the number and viability of their
seeds plays a critical role in tree establishment. Drought
and temperature stress impact the youngest life stages of
many plants (Bell et al. 2014, Dobrowski et al. 2015,
Petrie et al. 2016). Thus, even with available seed, ger-
mination and establishment may be controlled by cli-
matic conditions (Petrie et al. 2016), and temperature
and moisture requirements vary significantly by species
(Petrie et al. 2016, Davis et al. 2018). In many ecosys-
tems, site conditions such as aspect, slope, and microsite
conditions can influence success, with fewer tree seed-
lings often found on harsh sites (e.g., Bonnet et al. 2005).


However, it is unclear how seed source, climate, compe-
tition or facilitation, and micro-climates may interact to
either promote or inhibit successful reestablishment post
fire.
Managers commonly plant trees or plan for natural re-


generation from local seed sources (Johnson et al. 2010).
On federal and state lands in the US, policies require
reforesting after logging and fires within areas that are
actively managed for timber supply (e.g., 16 U.S.C. § 475,
16 U.S.C. § 551; 81 FR 24785). On private lands, refor-
estation is typically required after a disturbance by state
forest practices acts (e.g., Idaho IDAPA 20.02.01, Wash-
ington Title 222 WAC). While some planting may be
contested from a historical fire regime perspective or
when regeneration is expected to be slow and episodic
(e.g., Owen et al. 2017, Baker 2018), managers of many
public and private lands are mandated to regenerate by
law and policy. Thus, there is a need to strategically tar-
get their limited money, personnel, and time where they
will be effective.
In a regional study of the Rocky Mountains of the US,


Stevens-Rumann et al. (2018) found decreases in tree re-
generation in recent decades partly as a result of increas-
ing temperatures and low moisture availability and long
distances to seed sources. They detected a significant
change in post-fire climate for fires that burned after
2000 in comparison to fires that burned between 1984
and 2000. However, Stevens-Rumann et al. (2018) did
not cover a full range of forest types across their study
areas, with only subalpine and upper montane forests
represented in the northern Rockies, and this warranted
an additional analysis of the literature. Here, we built
upon this regional dataset with a literature review to ad-
dress the following questions for all western US forests:


1) To what extent do recent studies of post-fire
tree regeneration indicate patterns of low tree
regeneration densities post fire?


2) What causes are attributed to low tree regeneration
densities post fire?


3) What are the ecological and management
implications for the future throughout the West,
particularly where extensive mature tree mortality
due to fire is coupled with low regeneration
densities?


We conducted a systematic review of recently pub-
lished literature that reported field data on natural tree
regeneration following wildfires in the western US. We
discuss the ecological and management implications for
the future, particularly when a lack of regeneration is
coupled with extensive mature tree mortality. We out-
line key information gaps and scientific uncertainties
that currently limit our ability to determine trends in
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forest regeneration and predict locations of future
climate-induced ecosystem transitions. Finally, we dis-
cuss possible management actions that may offset the ef-
fects of low regeneration densities, and on which sites.


Methods
We conducted a systematic search for published ac-
counts of post-fire tree regeneration using the ISI Web
of Science (https://login.webofknowledge.com) and Goo-
gle Scholar (https://scholar.google.com/). We used dif-
ferent three-word combinations of these key words:
“wildfire” and “forest” or “tree regeneration,” or “seed-
ling” and “failure” or “lack of” or “alternate stable states”
or “transition” in the searches on both ISI Web of Sci-
ence and Google Scholar. In addition, we used Google
Scholar to find more recent publications that had cited
the publications found in our search. To identify poten-
tial explanatory factors for tree seedling density, we add-
itionally searched for terms “distance to seed source,” or
“climate,” or “repeated fire” in conjunction with “wild-
fire.” Only peer-reviewed papers published since 2000
that included field measurements of natural (not
planted) post-fire tree seedling density in the western US
were included in our analysis. Many researchers in-
cluded statistical modeling, and a few had manipulative
experiments or simulation modeling, but such papers
without field observations were excluded because we
wanted to understand observed tree regeneration
patterns.
Data presented here are from studies that focused on


natural regeneration. Additionally, we excluded post-fire
studies that gave densities of seedlings but did not
analyze factors potentially influencing the observed tree
regeneration. We limited our inferences to only those
studies or parts of studies that focused on areas not
treated post fire. Forests worldwide are faced with simi-
lar concerns over low regeneration densities (e.g., Retana
et al. 2002, Pausas et al. 2008, Paritsis et al. 2015,
Morgan et al. 2018); however, we felt the potential influ-
encing factors across the world would be many and thus
were excluded from our review. While we focused pri-
marily on conifer species, all tree species mentioned in
each paper were considered. We focused on papers pub-
lished since the year 2000 for several reasons. First, if re-
generation densities are changing due to climate and
increased area burned, as demonstrated in multiple stud-
ies (e.g., Littell et al. 2009), then we expected these ef-
fects to be evident in more recent literature. However,
multiple wildfires included in studies presented here
burned prior to 2000, with the earliest wildfires in the
review dating from the 1940s. Second, while localized
climate data dates back to 1979, the availability of these
data and use in post-fire studies is only found in the lit-
erature in the last 5 to 10 years. While we included


papers in the discussion that focused on >100-year-old
fires that employed dendrochronological methods for
tree establishment, we intended to focus on patterns of
recent regeneration in our review. Additionally, there
are many potential disturbances that interact with wild-
fires to change post-wildfire recovery, such as wind
events, pathogens, seed predation, human disturbances,
etc. While papers that discussed these topics were in-
cluded, we focused on the other driving factors of regen-
eration for this review as well as on the two most
prevalent repeated disturbances in the literature: re-
peated wildfires and bark beetle-fire interactions.
In our management recommendation, we excluded


discussions of other post-fire and pre-fire management
strategies besides wildfires and planting, as these other
aspects of management were not addressed directly in
this review. We did not incorporate any studies of regen-
eration after prescribed fire or forest treatments and did
not synthesize data on salvage logging, mulching, or
other post-fire management actions. Thus, we did not
provide recommendations around these actions.


Results
We found more than 200 publications in our search.
After those not meeting our criteria were excluded, we
included the remaining 49 in our synthesis. These publi-
cations documented tree seedling presence or density by
species for 1 to 64 years following more than 150 wild-
fires in forests across the western US (Fig. 1).
Post-fire regeneration from 20 conifer tree species


were measured in these studies, the most common being
ponderosa pine, lodgepole pine, Douglas-fir, subalpine
fir (Abies lasiocarpa [Hook.] Nutt.), and Englemann
spruce (Picea engelmanii Parry ex Engelm.). Other coni-
fers found in at least one study were twoneedle pinyon
(Pinus edulis Engelm.), knobcone pine (Pinus attenuata
Lemmon), sugar pine (Pinus lambertiana Douglas), Jeff-
ery pine (Pinus jeffreyi Balf.), whitebark pine, limber
pine, bristlecone pine (Pinus aristata Englem.), grand fir
(Abies grandis [Douglas ex D. Don] Lindl.), white fir
(Abies concolor [Gord. & Glend.] Lindl. ex Hildebr.), red
fir (Abies magnifica A. Murray bis), western larch (Larix
occidentalis Nutt.), incense-cedar (Calocedrus decurrens
[Torr.] Florin), Rocky Mountain juniper (Juniperus sco-
pulorum Sarg.), alligator juniper (Juniperus deppeana
Steud.), and oneseed juniper (Juniperus monosperma
[Engelm.] Sarg.). In addition, non-coniferous species that
generally composed a small proportion of the observed
regeneration except in certain locations included quak-
ing aspen (Populus tremuloides Michx.), Gambel oak
(Quercus gambelii Nutt.), Emory oak (Quercus emoryi
Torr.), California black oak (Quercus kelloggii New-
berry), canyon live oak (Quercus chrysolepis Liebm.), Pa-
cific madrone (Arbutus menziesii Pursh), tanoak


Stevens-Rumann and Morgan Fire Ecology Page 4 of 17          (2019) 15:15 



https://login.webofknowledge.com

https://scholar.google.com/





(Notholithocarpus densiflorus [Hook. & Arn.] P.S.
Manos, C.H. Cannon, & S.H. Oh), and bigleaf maple
(Acer macrophyllum Pursh).
Tree seedling density was highly variable, with some


plots within a given fire having an abundance of seed-
lings and other sites having few to none. The warmest
and driest sites near lower timberline had the highest
probability of none or very few seedlings. Researchers at-
tributed the lack of post-fire tree regeneration success to
multiple factors, including distance to seed source, burn
severity, moisture stress, increased temperatures, re-
peated disturbances, topographic variables, and compet-
ing vegetation.
Areas with high mortality of mature trees had few tree


seedlings. In the studies assessed here, seed availability
was often inferred from either distance to a living tree
seed source or burn severity. In 26 studies, researchers
measured and provided statistical significance for


distance from plots or transects to living trees, although
whether this was to a single living tree or distance to a
low-severity burned or unburned patch with many trees
varied among the studies (Table 1). In 24 of the 26 stud-
ies, tree regeneration density decreased significantly at
distances of 40 to 400 meters from a living mature tree,
regardless of which conifer species was dominant.
Multiple researchers analyzed tree seedling density by


burn-severity class (low, moderate, and high severity) or
some other ground-truthed version of severity (Table 2).
For example, Coop and Schoettle (2009) used “partial
burn” or less than 100% versus “complete burn” or 100%
tree mortality, while Welch et al. (2016) used five severity
classes. Additionally, multiple studies measured both se-
verity and distance to seed source (e.g., Coop et al. 2010,
Rother and Veblen 2016). Proximity to potential seed
source trees is often assessed using burn-severity classes,
and these burn-severity categories and distance to seed


Fig. 1 Fires presented in all selected US studies listed in Additional file 1 that were reviewed as a part of this study. In many cases, a single study
spanned a fairly large geographic range, thus the location of the author’s name and year are centrally located among multiple fires. Some
wildfires were approximated either because a map of wildfires samples was not provided in the original publication or the names of the wildfires
were missing
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source can be highly correlated (Kemp et al. 2016). In sev-
eral studies, tree regeneration was not significantly corre-
lated with burn severity, but tree regeneration did
vary with distance to seed source (Coop and Schoettle
2009; Rother and Veblen 2016). Most studies examined
here found either no relationship between regeneration
and burn severity or a significant decline in regeneration
at high-severity burned sites. In contrast, Coop et al.


(2010) and Shive et al. (2013) found the highest tree re-
generation densities at high-severity burned plots, al-
though distance to a living tree was still important.
Numerous additional studies stated that distance to a


living tree was measured but did not report if this metric
was significant in predicting regeneration. For example,
Ouzts et al. (2015) recorded distance to the nearest seed
source up to 36 m away but no farther, and Harvey et al.


Table 1 The US papers from 2005 to 2018 chosen for our literature review that measured and discussed the effect of distance to
seed source on tree regeneration following wildfires. Papers, region, signficant relationship, and distance are described. A plus sign
(+) indicates a positive relationship between distance to seed source and tree regeneration, a minus sign (−) indicates a negative
relationship, and a zero (0) indicates no relationship. The major findings describe the distance at which tree regeneration begins to
decline, and the distance beyond which no regeneration was detected in parentheses, if identified in individual papers. All distances
are in meters. In some cases, a distance was not specified, although a significant relationship was detected. Additionally in some
cases, different metrics or descriptions were used and are included here


Study US Region Relationship between distance
of seed source to seedling density


Major findings


Bonnet et al. 2005 Black Hills, South Dakota − 50 m


Lentile et al. 2005 Black Hills, South Dakota − 30 m


Shatford et al. 2007 Pacific Northwest 0 No difference detected between 50 m
and 400 m from edge


Tepley et al. 2017 Pacific Northwest − Measured “propagule pressure:”
the proportion of area within a 400 m
radius circle (50 ha) with living trees


Collins and Roller 2013 Pacific Southwest 0 No difference detected


Ritchie and Knapp 2014 Pacific Southwest − 60 m


Welch et al. 2016 Pacific Southwest − 40 m


Haire and McGarigal 2010 Southwest − 150 to 200 m


Owen et al. 2017 Southwest − Distance not specified


Haffey et al. 2018 Southwest − 150 m (225 m)


Coop and Schoettle 2009 Southern Rocky Mountains − Negative relationship but seedlings
present at all sites


Coop et al. 2010 Southern Rocky Mountains − 50 to 100 m


Rother and Veblen 2016 Southern Rocky Mountains − 50


Chambers et al. 2016 Southern Rocky Mountains − 50 to 100 m


Ziegler et al. 2017 Southern Rocky Mountains − Distance not specified


Malone et al. 2018 Southern Rocky Mountains − 30 m


Donato et al. 2016 Northern Rocky Mountains − and + 100 m for dry forests; higher densities
of P. contorta at farther distances


Harvey et al. 2016 Northern Rocky Mountains − 150 to 330 m


Kemp et al. 2016 Northern Rocky Mountains − 95 m


Leirfallom et al. 2015 Northern Rocky Mountains − Negative relationship but seedlings
present at all sites


Urza and Sibold 2017 Northern Rocky Mountains − >100 m


Stevens-Rumann et al. 2015 Northern Rocky Mountains − Distance not specified


Stevens-Rumann and Morgan 2016 Northern Rocky Mountains − Distance not specified


Stevens-Rumann et al. 2018 Northern Rocky Mountains − 200 m


Turner et al. 2004 Northern Rocky Mountains − “Distance to unburned forest was
significant but explained only 3% …
of variation”


Turner et al. 2016 Northern Rocky Mountains 0 No difference detected
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(2013) included distance to seed source in a regression
tree, but neither study reported these results. Donato et
al. (2009) stated the range of distance to seed sources
measured, but did not present analysis on this variable.
Similarly, Savage and Mast (2005), Shive et al. (2013),
and Morgan et al. (2014) stated that patterns of tree re-
generation were influenced by distance to seed source,
but results of analysis on this factor were not presented.
Only six studies explicitly analyzed climate as a factor


in post-fire tree regeneration. The significant climate
metrics included moisture deficit of some kind as the
most common influence on regeneration, followed by ei-
ther annual or seasonal precipitation (Table 3). While all
studies identified here found that water stress influenced
regeneration, one study demonstrated a relationship to
degree days for one species (Urza and Sibold 2017).
Donato et al. (2016), Kemp et al. (2016), and Dodson
and Root (2013) discussed potential site climates
through topographic proxies and metrics like heat load
index, forest type, or elevation-precipitation-temperature
gradients, but did not analyze climate directly.
Repeated disturbances, topography, and competing


vegetation also influenced tree regeneration. In the five


studies that examined tree seedling response to repeated
wildfires, short intervals between wildfires (1 to 30 years)
resulted in a decline in post-fire tree regeneration dens-
ity compared to once-burned areas (Table 4). The four
studies on the effect of bark beetle outbreaks and wild-
fires were less consistent across species and studies.
Topographic factors including elevation, aspect, and
slope, were common predictors in many of the studies
assessed here, as were potential competition of shrubs,
non-native grasses, and resprouting deciduous trees. At
least 27 studies presented in this review found one of
these factors to be significant (Additional file 1).


Discussion
Fires are catalysts for forest change
Several factors dominated in explaining tree regener-
ation patterns post fire. First, seed supply is required for
seedling establishment unless planted; thus, proximity to
living trees was important across many of the tree spe-
cies in the studies presented here, including species that
are serotinous, animal dispersed, and wind or gravity
dispersed. Tree regeneration density decreased at dis-
tances of 40 to 400 meters from a living mature tree,


Table 2 Literature that tested the effect of severity on tree regeneration density. Region, severity at which lower regeneration
density was observed, and the major findings in relation to severity and its relationship to tree regeneration


Study US Region Severity with lower
regeneration


Major findings


Keyser et al. 2008 Black Hills, South Dakota High severity Regeneration at high burn severity sites consistently lower
than low to moderate severity.


Stevens-Rumann et al. 2012 Black Hills, South Dakota >40% tree mortality Only 13 out of 50 plots had any regeneration


Stevens-Rumann et al. 2012 Southwest >60% tree mortality Only 10 out of 60 plots had regeneration across all severities


Shive et al. 2013 Southwest Low severity Pine regeneration was highest in high-severity burned areas


Crotteau et al. 2013 Pacific Southwest High severity 6 to 9 times lower densities in high severity sites. Mean
density of 710 trees ha−1 in high severity sites


Meigs et al. 2009 Pacific Northwest High severity In ponderosa pine forest high burn severity sites, no seedlings
were observed. In mixed conifer forests, mean was below 500
trees ha−1 compared to means above 5000 trees ha−1 in low to
moderate severity sites


Larson and Franklin 2005 Pacific Northwest Low severity Douglas-fir regeneration increased with burn severity but
other species did not vary by severity and seedling abundance
was high across all sites


Coop and Schoettle 2009 Southern Rocky Mountains No effect of severity Compared complete burn (100% canopy mortality) to partial
burn (<100% canopy mortality): regeneration patterns varied
by fire and species, no strong correlation to burn severity


Coop et al. 2010 Southern Rocky Mountains No effect of severity Complete burn (100% canopy mortality) had the most
regeneration but declined at farther distances to high-severity
edge compared partial burns (<100% tree mortality)


Rother and Veblen 2016 Southern Rocky Mountains No effect of severity Low regeneration rates across all severities, no consistent pattern


Harvey et al. 2013 Northern Rocky Mountains High Severity Crown and severe surface fire had a median density of 0 trees ha−1,
while light surface fires had a median of 167 trees ha−1


Welch et al. 2016 Pacific Southwest High severity,
intermediate severity


Seedling density was lowest at high burn severity and highest at
low-moderate and high-moderate severity
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especially for ponderosa pine, Douglas-fir, and true firs
across the western US. However, several studies of often
animal-dispersed species such as whitebark pine and
limber pine also experienced a decline in density at lon-
ger distances from seed trees. Both Coop and Schoettle
(2009) and Leirfallom et al. (2015) found tree seedling
densities declined with increasing distance from mature
trees unaffected by white pine blister rust (Cronartium
ribicola J.C. Fisch), although this decline was more


gradual than for species that only relied on wind or grav-
ity dispersal. Studies that examined the relationship be-
tween lodgepole pine seedling density and distance to a
living lodgepole pine found variable relationships. For
example, Turner et al. (2004) found a small but signifi-
cant negative relationship of seedling density to distance
to live seed source, while Kemp et al. (2016) and Urza
and Sibold (2017) and Turner et al. (2016) found no rela-
tionship. Donato et al. (2016) found a positive relationship


Table 3 Literature that discussed the influence of various climate metrics on tree regeneration following wildfires. Study, region,
significant climate metric evaluated, the time period over which climate was considered, and the relationship of said climate
variable and tree regeneration along with additional information on major findings. A plus sign (+) indicates a positive relationship
between climate metric and tree regeneration, a minus sign (−) indicates a negative relationship, and a zero (0) indicates no
relationship. Specific species-level information is described when individual papers analyzed climate variables against individual
species


Study Region Climate metric Time period of metric Relationship between climate variable
and regeneration


Urza and Sibold 2017 Northern Rocky
Mountains


Growing season precipitation,
degree days


8 years post fire + Larch, Douglas-fir, Englemann spruce
+ for Douglas-fir only


Harvey et al. 2016 Northern Rocky
Mountains


Drought severity 4 years post fire − All species combined
− Englemann spruce, subalpine fir
0 lodgepole pine, Douglas-fir, larch, aspen,
whitebark pine


Stevens-Rumann et al. 2018a Rocky Mountains Post-fire moisture deficit,
average moisture deficit


3 years post fire,
30 year average climate


− pre 2000, 0 post 2000
+ pre 2000, − post 2000


Tepley et al. 2017 Pacific Northwest Mean moisture deficit Post-fire deficit − all species analyzed together


Savage et al. 2013 Southwest Drought Post-fire drought − fire at the end of the drought had more
regeneration than those fires from the
middle of the drought


Welch et al. 2016 Pacific Southwest Precipitation Post-fire annual
precipitation


+ for all forest types and mixed conifer


aIn this one case, the influence of climate was analyzed separately in two different climatic periods and is described instead of individual species influenced


Table 4 Literature that discussed the impact of interacting disturbances on tree regeneration. Studies, forest type, and described
interacting disturbances identified. Fire-fire indicates that a study examined two wildfires that reburned the same area; bark beetle-
fire describes studies that examined bark beetle outbreaks that preceded a wildfire. The influence of disturbances column explains
the differences observed between areas that only experienced a wildfire and those that experienced either a previous bark beetle
outbreak or a previous wildfire


Study Forest type Disturbances Influence of disturbances


Coop et al. 2016 Ponderosa-mixed conifer Fire-fire Higher reburn severity promoted transition to
non-forest cover types


Donato et al. 2009 Mixed conifer Fire-fire No reduction in regeneration


Harvey et al. 2014a Lodgepole Bark beetle-fire No reduction in regeneration


Harvey et al. 2014b Lodgepole Bark beetle-fire No reduction in regeneration


Harvey et al. 2013 Douglas-fir Bark beetle-fire Low tree regeneration in bark beetle and high
severity fire areas


Larson et al. 2013 Dry mixed conifer Fire-fire Repeated fires killed regeneration from the first
fire but restored a more historical species
composition


Lydersen and North 2012 Ponderosa-mixed conifer Fire-fire Shrub cover increased and decreased regeneration


Stevens-Rumann et al. 2015 Dry mixed conifer Bark beetle-fire No reduction in regeneration due to both
disturbances


Stevens-Rumann and Morgan 2016 Dry and moist mixed conifer Fire-fire Tree regeneration reductions in repeated high-
severity fires
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between distance to live seed source and relative abun-
dance of lodgepole pine seedlings. However, this could be
explained by the proximity to nearby burned, serotinous
individuals and lack of other species regenerating at far
distances from living trees, rather than a relationship to
live lodgepole pine trees. To some degree, the lack of
consistency in the importance of proximity of a burned lo-
cation to live lodgepole pines may be due to the propor-
tion of lodgepole pines that are serotinous, which was
demonstrated through the differing predictive factors of
serotinous versus non-serotinous lodgepole pine by
Harvey et al. (2016). In this case, non-serotinous lodge-
pole pine was negatively correlated to distance while se-
rotinous lodgepole pine was not (Harvey et al. 2016).
Additionally, the distance at which regeneration declined
appeared to vary by species, with seedling density declin-
ing at distances around 400 m from seed-source
Douglas-fir trees in the Pacific Northwest (Donato et al.
2009), and as close as 40 to 100 m from seed-source pon-
derosa pines in the Black Hills in South Dakota, the south-
ern Rocky Mountains in Colorado and Wyoming, and the
Pacific Southwest (e.g., Bonnet et al. 2005, Ritchie and
Knapp 2014, Rother and Veblen 2016). To some degree,
regional differences may be driven by different regenerat-
ing species, like patterns of regeneration in ponderosa
pine versus Douglas-fir. However, many studies reported
significance of regeneration across all species, not for indi-
vidual species except for Kemp et al. (2016), Urza and
Sibold (2017), Coop and Schoettle (2009), and Harvey et
al. (2016) (See Additional file 1 for more details). Add-
itionally, several studies only saw one regenerating species;
thus, their findings were specific to only one species, such
as Bonnet et al. (2005) in the Black Hills, which only ob-
served ponderosa pine regeneration.
A burned site’s distance to living trees to living trees is


also simply a proxy for explaining the availability of
seeds. However, the assumption that living nearby trees
equals adequate available seed is not always accurate.
For example, Leirfallom et al. (2015) demonstrated that
it was the proximity to healthy, non-blister-rust affected,
whitebark pine trees that was important, not just prox-
imity to simply living trees. Similarly, ponderosa pine
trees in the southwestern US and in the southern Rocky
Mountains have episodic regeneration events (Savage et
al. 1996). Thus, proximity to a living, mature tree does
not always guarantee seed availability. More research is
needed to identify locations where the lack of tree regen-
eration is due to lack of seed production or seed viability
instead of proximity to trees.
Second, changing climatic conditions are influencing


regeneration densities, as climate has for centuries. With
the increasingly warm springs and summers in recent
decades throughout the western US (IPCC 2013), condi-
tions for seedling survival are changing. On the driest


sites, even a small increase in water deficit could nega-
tively influence tree regeneration (Stevens-Rumann et al.
2018). On colder, more mesic sites, these changing cli-
matic conditions could promote regeneration where previ-
ously limited by cold or snow (Stevens-Rumann et al.
2018). Water deficit, low precipitation, or drought reduced
regeneration success in all studies. The correlation be-
tween increased regeneration and available moisture is
supported by Petrie et al. (2017), who found this to be an
important predictor of seedling success in greenhouse ex-
periments. Additionally, in a multi-century analysis of tree
establishment, Brown and Wu (2005) found strong links
between seedling establishment and moister climatic con-
ditions. However, in the case of Brown and Wu (2005),
the pattern of establishment during cooler and wetter
climatic periods correlated with periods of decreased fire
activity; thus, the growth of individual trees to a
fire-resistant age between wildfires may contribute to the
observed cohort of tree establishment, as others have
found (Meunier et al. 2014). Modeling exercises similarly
found correlations between tree seedling response and
both moisture gradients and temperature following wild-
fires (Hansen et al. 2018). Thus, changes in precipitation
patterns may play a large role in the vulnerability of regen-
erating trees in a warmer climate, and abnormally moist
years following wildfires may allow for germination and
establishment in otherwise non-regenerating sites. The re-
lationship between climate and regeneration is an aspect
of post-fire seedling establishment that warrants extensive
additional research.
Individual tree species respond differently to environ-


mental stressors due to their varying environmental re-
quirements and species characteristics (Dobrowski et al.
2015, Davis et al. 2019). In dry forests dominated by
ponderosa pine and Douglas-fir trees, ponderosa pine
appears to be more susceptible to regeneration failure
(Davis et al. 2018), but current observed patterns could
also be related to the longer seed dispersal distances for
Douglas-fir. However, these studies focus on lower eleva-
tional ranges of these species; thus, it is important to
consider how species ranges may expand as higher ele-
vations and higher latitudes become more favorable to
tree growth (Lenoir et al. 2008). In this review, only
three studies explicitly tested for species shifts following
wildfires (Buma and Wessman 2011, Kulakowski et al.
2013, Donato et al. 2016), and only one examined
potential climate-induced range shifts following wildfires
(Donato et al. 2016). Understanding how species ranges
may expand, in addition to contract, will be critically
important for forest management of burned areas in the
coming decades.
As discussed previously, most studies presented here


combined species for analyses even though it is well
understood that species respond differently to
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environmental and climatic conditions. This is further
demonstrated by climate envelope modeling (e.g.,
Rehfeldt et al. 2014), which suggests that different spe-
cies will have variable responses to climate change.
Rehfeldt et al. (2014) predicted a 50% decline in the
range of ponderosa pine by 2060. Alternatively, in higher
elevation forests, most observed tree regeneration stud-
ies demonstrated consistent and often abundant regener-
ation of lodgepole pine, even where there were few
seedlings of other tree species (e.g., Harvey et al. 2016).
While documented declines in lodgepole pine regener-
ation have not been observed, there is modeling evi-
dence that lodgepole pine may see substantial declines
in the coming decades due to both an increase in fire
frequency (Westerling et al. 2011) and continued
changes in climatic conditions (Coops and Waring
2011). All of this speaks to the large degree of uncer-
tainty around individual species responses to climate
variability following wildfires.
Third, multiple disturbances such as bark beetles and


fire and repeated fire are playing an increasingly important
role in tree establishment. As the extent of wildfires in-
creases, in part due to climate (Westerling et al. 2011;
Dennison et al. 2014), so will the area repeatedly burned
(Prichard et al. 2017). Similarly, interactions between
wildfires, drought, insects, and pathogens are expected to
increase (Hicke et al. 2016). Repeated wildfires or the
combination of bark beetle infestation and wildfire may
influence ecosystem transitions. Repeated high-severity
wildfires in short succession may be precipitating vegeta-
tion changes (Table 4). This change is likely due to the re-
peated disturbances themselves, not increasing distance to
seed source, as at least in several studies, distance to seed
source did not vary between once burned and repeatedly
disturbed areas (e.g., Stevens-Rumann and Morgan 2016).
However, repeated wildfires at low to moderate severity
that result in the survival of at least some overstory trees,
especially in low elevation forests that would have histor-
ically burned at more frequent intervals, may be maintain-
ing more open forests rather than precipitating a
transition to non-forested ecosystems (Larson et al. 2013;
Stevens-Rumann and Morgan 2016, Walker et al. 2018).
In studies of tree seedling response after bark beetle out-
breaks and wildfires, the findings are less consistent and
these two disturbances, in many cases, do not seem to be
decreasing tree regeneration (Harvey et al. 2014a, 2014b;
Stevens-Rumann et al. 2015). Conversely, Harvey et al.
(2013) did find significant declines in tree regeneration
follow bark beetle outbreaks and high-severity wildfires in
Douglas-fir-dominated systems. Given the relatively small
number of studies on repeated disturbances and lack of
agreement among studies, future research is needed, espe-
cially in the face of increasingly common overlap of distur-
bances in both time and space.


Fourth, tree regeneration was less successful post fire
in particular site conditions, with the most common in-
fluences being elevation, slope, aspect, and competing
vegetation. Steeper slopes and more westerly or south-
erly aspects often resulted in lower regeneration density
compared to shallower slopes and northerly and easterly
aspects (Lydersen and North 2012, Kemp et al. 2016;
Ziegler et al. 2017). In some locations, highly competi-
tive and potentially flammable non-forest vegetation
may result in positive feedbacks by burning readily and
thus continuing dominance by non-forest vegetation
(Wilson and Agnew 1992, Donato et al. 2009). In many
locations, forests are being replaced by non-forest vege-
tation, but the replacing vegetation varies. In California,
the primary concern, especially in drier forest sites at
low elevations, is that the chaparral shrubland vegetation
replacing forests is highly flammable (e.g., Collins and
Roller 2013). In the US northern Rocky Mountains, for-
ests are more commonly replaced by grass or shrubs
(e.g., Kemp et al. 2016), while in the southwestern US
and some places in the southern Rocky Mountains, coni-
fers are often being replaced by resprouting trees or
shrubs (e.g., Haire and McGarigal 2010, Roccaforte et al.
2012). All these potential ecosystem transitions to grass-
lands or shrublands should be assessed with an under-
standing of the historical heterogeneity. In some places,
wildfires may be restoring the historical vegetation struc-
ture where tree establishment only occurred as a result
of fire suppression (Hessburg et al. 2005, Nagel and
Taylor 2005). Thus, there is a need to identify where the
lack of regeneration is creating new and novel conditions
on a site versus where little or no regeneration is pro-
moting historical heterogeneity. More research is needed
in this area to promote sound management intervention
in areas of concern.
Understanding the relative importance of the variables


presented here will be critical for adaptive fire manage-
ment in the future. Climate may drive changes in some
forested systems, while the disturbance, topography, or
competing vegetation may drive changes in other forests.
Scientists and managers are implementing experiments to
understand the contributing factors (e.g., Tercero-Bucardo
et al. 2007, Rother et al. 2015, Petrie et al. 2017), but more
analysis of species-specific vulnerabilities is needed to fully
understand responses to climate, landscape settings, and
biological interactions.


Limitations and research needs
Comprehensive understanding of the drivers of natural
regeneration and thus areas where true regeneration
“failures” occur is limited by three prominent limitations
that warrant further research: (1) understanding spatial
variability across burned landscapes, (2) quantifying
temporal variability of regeneration patterns, and (3)
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identifying the controlling mechanisms of regeneration
success. First, while tree seedling density may be low in
many burned areas, it is highly variable spatially and, as
such, researchers should be careful to conclude that
large, high-severity burned patches are not regenerating
at all without sampling larger plots to characterize
spatial variability of fire effects and tree regeneration.
The plots used to sample tree regeneration were small
across most studies (generally less than 600 m2). How-
ever, in studies using plot sizes of 4 ha, tree seedlings
were always detected (Owen et al. 2017). Fully under-
standing spatial and temporal variability of fire effects
and vegetation post fire is important to ecosystem func-
tion, yet we often do not capture this with a smaller plot
size and short periods of study.
Second, time since fire has long been a concern for


making inferences about ecosystem trajectory and recov-
ery. Some long-term studies suggested continued re-
cruitment through decades to even centuries following
wildfires (MacKenzie et al. 2004, Tepley et al. 2013,
Freund et al. 2014). While many of the sites studied here
may continue to see tree regeneration in the coming de-
cades, short-term tree regeneration patterns are often
highly correlated with long-term regeneration patterns
(e.g., Coop et al. 2010). Thus, the patterns of regener-
ation in the first few years post fire will likely influence
the trajectory of that ecosystem (Turner et al. 2016).
Most of the studies only presented data for <10 years
post fire, with some studies as short as 1-2 years post--
fire (e.g., Strom and Fule 2007, Larson et al. 2013), al-
though some studies presented did span a large time
since fire, of 25-64 years post fire (e.g., Passovoy and
Fule 2006, Haire and McGarigal 2010). Further, past re-
generation patterns may be very different from future
patterns given the increasingly unfavorable climate for
tree regeneration, especially at lower elevational ranges.
Thus, discussion of persistent non-forest vegetation
shifts is more prevalent and the level of uncertainty
around continued gradual regeneration through time is
an ongoing concern. That said, some of these vegetation
shifts may be offset by one or several consecutive moist
or cool and moist years that could promote tree
establishment and growth, even in a warmer climate
(Serra-Diaz et al. 2018), thus there is need for additional
research into the mechanisms controlling tree germin-
ation and regeneration.
Finally, the processes driving seedling establishment and


survival in burned areas specifically may vary from un-
burned areas and greenhouse experiments (Petrie et al.
2017). The interaction among all potential influencing
drivers in post-fire environments are complex, and mea-
surements like distance of a site to living trees or fine
resolution climate variables may not adequately explain
the processes involved in germination and survival. Some


alternative explanations for a lack of regeneration that
were not considered here but could be important include
competing vegetation, other pre-fire disturbances not
often described (e.g., Buma and Wessman 2011, Leirfallom
et al. 2015), highly variable cone production, seed viability
that is linked to climate and many other factors (e.g.,
Buechling et al. 2016), and slow regeneration rates that
may be natural for some species and harsh sites. Authors
of studies presented here often attributed slow regener-
ation to changing climate, but there are relatively few
studies on physiology of cones, seeds, and seedlings in
these settings. To truly determine how a lack of regener-
ation in the short term post fire corresponds to long-term
persistence of non-forest communities, further consider-
ations of these mechanistic influences, temporal variabil-
ity, and spatial variability are necessary.


Management in a world of more fires and less tree
regeneration
Multiple management strategies can be employed to
help forests adapt to more fires and more burned area in
a changing climate. Specifically, we propose several man-
agement strategies to promote tree survival during fires
and higher likelihood of tree regeneration success, espe-
cially of tree species that are not serotinous. We gener-
ally break these strategies into two categories that
correspond to two of the dominant drivers of tree regen-
eration presented here: (1) how to adapt post-fire man-
agement strategies, such as planting, to changing
climate, and (2) how to mitigate large high-severity burn
patches and, thus, long distances to living tree seed
sources.


Planting in a changing climate
Strategies for managing landscapes after wildfire must
consider climate suitability now and in the future. The
many factors interacting to influence seedling germin-
ation and establishment warrant consideration prior to
post-fire management. We made a decision tree (Fig. 2)
based on the literature presented here and in consult-
ation with managers. This decision tree framework can
be used to guide planting and other management con-
siderations within wildfire perimeters. We propose that,
along with considerations of the forest plans, site objec-
tives, and funding availability, current and future pre-
cipitation quantity and patterns and temperature are
carefully evaluated along with forest type that can indi-
cate general climatic conditions. While science may sug-
gest that climate consideration or forest type should be
the first factor in decision making, we acknowledge that
management of burned landscapes is often influenced by
more than science; thus, our decision tree begins once
an area has been prioritized for potential reforestation.
In some cases, forest plans and general guidelines for
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site objectives should be refined to incorporate climate
change more effectively, although this is beyond the
scope of our decision tree.
As climate becomes increasingly unfavorable to tree


establishment for many species within portions of their
current distribution, we must identify areas that may be
favorable for target species, given the current and future
climate. As multiple studies presented here demon-
strated, the climate on some sites may not be currently,
or in the near future, compatible with the establishment
and survival of those tree species present pre fire (e.g.,
Davis et al. 2019). Planting trees should be limited to
prime locations for tree regeneration success, now and
in the future climate, that are not expected to regenerate
without management intervention. Thus, promoting
productive and diverse non-forested ecosystems or new,
novel forested ecosystems may be the best course of ac-
tion in some locations. For example, many studies
showed that those areas at the lowest elevations, or often
in the hottest and driest forests were regenerating poorly


(e.g., Dodson and Root 2013, Donato et al. 2016;
Stevens-Rumann et al. 2018), thus it may be beneficial
to identify whether these sites could continue to support
similar species assemblages before planting, and perhaps
prioritize those sites that are slightly cooler and wetter
over the harshest sites. Alternatively, planting diverse
tree species or a single species from a genetically diverse
pool may help overcome some of the site productivity
limitations, especially if current individuals are no longer
suitable but a forest ecosystem is still desired.
Our second broad-scale, science-based consideration is


proximity to a seed source. As the literature presented
here demonstrated, there are multiple locations where tree
regeneration is likely to be abundant, such as within small
high-severity burned patches or within 50 to 100 m of liv-
ing trees; thus, these areas may not need to be replanted.
Conversely, planting may be necessary to reforest in large,
high-severity burned patches with long distances to sur-
viving seed-source trees. Distance to living trees was an
important predictor of post-fire tree seedling density; thus,


Fig. 2 Decision support tool for planting based on literature review of selected US studies from 2005 to 2018. Distances and slopes are approximate
and based on mean values found in many studies, although exact values and locations should be altered by region and management unit and
informed by local experience and monitoring. Aspect indicates the aspect that a hillside is facing: S-W indicates south- through west-facing slopes; N-E
indicates north- through east-facing slopes. The triangle at the top indicates the gradient of forest types and climatic conditions that vary between the
hottest and driest locations and the coolest and wettest, with increasing favorability as one moves to cooler and moister conditions. Dashed lines
indicate a need to assess all locations for more localized important factors listed to the right after more broad scale assessments, prior to planting
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understanding the shape and size of high-severity burned
patches is critical in understanding the potential for tree
regeneration and when management intervention may be
desired (Shive et al. 2018). Mapping high-severity burned
patches through satellite imagery can begin to address
which areas are large enough to warrant concern, and
where competing vegetation may pose a threat to delayed
planting success. In many cases, no planting may be rec-
ommended due to the size and shape of those large
patches, even within large fires. Even in large patches, the
irregular shape and unburned islands leave much burned
area close to surviving trees that can be potential seed
sources. For instance, Kemp et al. (2016) found that, on
21 large fires, >75% of the burned area was within 95 m of
surviving trees. Thus, planting efforts should be focused
on those largest, high-severity burned patches in which
large areas within the patches are more than 100 to 400
m, depending on region and species, from a lesser burned
edge or unburned island of substantive size (North et al.
2019).
We propose not planting trees close to the edge of


high-severity burned patches to avoid areas that will
likely experience high fuel accumulations through time
(e.g., Roccaforte et al. 2012; Eskelson and Monleon
2018) and thus experience higher potential for reburning
(Prichard et al. 2017). Prior fires can limit fire extent or
burn severity for ~5 to 20 years, depending on region,
forest type, and individual fire events (Parks et al. 2015;
Parks et al. 2016b). Thus, providing a buffer and poten-
tial containment area within a high-severity burn perim-
eter will decrease the likelihood of burning planted
seedlings. With the increasing likelihood of reburns,
managers should be conscious of where and how subse-
quent fires may burn and how tree seedlings may con-
tribute to the fuel loading. We propose planting only
within the interior of large, high-severity burned patches
to avoid loss of money and effort invested in planting
tree seedlings.
After these first two broad-scale considerations of cli-


mate and seed source availability, we focus on those
finer-scale topographic or topo-climate variables that are
important for regeneration success across the western US.
Elevation, aspect, and slope all play roles in identifying
suitable locations for planting. We provide general guide-
lines for these different metrics, but local knowledge and
adaptations will be necessary. For example, Kemp et al.
(2016), Donato et al. (2016), and many others demon-
strated that less regeneration was naturally occurring at
the lowest elevation sites on south- to southwest-facing
slopes, thus indicating that these sites may be outside of
their climatic tolerance. Conversely, a south-facing slope
at a high elevation location could promote regeneration at
the upper elevational range of a particular species. Slope
may be more important in combination with soil


properties. Shallow soils on steep slopes may not promote
regeneration establishment, but in deep, rich soils, per-
haps the slope percentage is of less concern.
Finally, multiple studies found local site conditions to


be important and should always be considered prior to
planting. Identifying if and where competing vegetation
may either deter natural regeneration or compete against
planted seedlings may alter planting timelines. For in-
stance, promoting immediate post-fire planting in areas
of fast-growing, resprouting species may be more im-
portant in some areas, while in other areas where com-
peting vegetation is less of a concern, allowing a couple
of years to observe natural regeneration densities may be
warranted before planting. Soil types and soil depths
may influence the density or species planted, and a
plethora of microsite conditions, such as the presence of
nurse structures, may be important considerations
(Haffey et al. 2018). All of these are very site specific
and may even vary across a treatment unit, thus requir-
ing manager discretion, drawing on local experience.


Using fire to promote natural regeneration
Hessburg et al. (2015) outlined seven principles for
managing landscapes strategically. They emphasized the
need for thinking about where to do what treatments,
including doing nothing in some locations. Increasing
landscape-level treatments, including thinning, fuels
treatments, prescribed fire, or managed wildfires, could
curtail the area that burns under extreme conditions,
and thus increase the potential for survival of trees that
could provide seed sources for regeneration. Currently,
multiple researchers and managers are suggesting in-
creasing strategic planning pre fire that focuses on limit-
ing risk to firefighters, managing the very high costs of
fire suppression, and developing a preemptive strategic
plan for managing wildfires (Thompson and Calkin
2011, Schoennagel et al. 2017). Managing fires often in-
cludes aggressive fire suppression that will likely con-
tinue when human values are at risk. However, in places
where risk to human values is low and ecological need is
high, we join others in advocating for less aggressive
suppression actions (Schoennagel et al. 2017, Halofsky
et al. 2018). Likely, this means delaying, herding, and
otherwise managing ongoing fires to foster survival of
seed source trees and desirable patch size distribution
(Hessburg et al. 2015). The National Cohesive Fire Man-
agement Strategy (USDA and USDI 2018), which is sup-
ported by federal, state, and other managers, calls for
fire suppression when possible and desired, as well as
using fire as part of natural resource management. Part
of adapting to a future of more frequent and larger fires
will be appreciating when wildfires are doing “good
work” to further vegetation management goals.
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With respect to post-fire tree regeneration, the broader
goals of these managed wildfires include fostering survival
of more adult trees to rain seed through time, and creating
less severe, patchier fire effects. Both effects are more
likely when fires burn under less extreme conditions—the
very conditions in which fire suppression is most effective.
Increasing the proportion of “fire refugia,” unburned or
low-severity burned sites, could provide more ecological
services (Kolden et al. 2012, Meddens et al. 2018), and
while the promotion of fire refugia is important under any
burning condition, less extreme weather conditions pro-
mote the creation and maintenance of “fire refugia”
(Krawchuk et al. 2016). Some forest openings, especially
when smaller in size, may be ecologically beneficial and
increase the heterogeneity of landscapes.
Ultimately, these approaches blend together for, in


most areas, fires will occur in the future and what we do
post fire will affect the forest conditions prior to the next
fire and how that next fire will burn. Decisions need to
be strategic for, in years of widespread fire, there are
more areas to plant than there are trees, and there are
many sites that will likely not support similar forests to
those found pre fire. All management strategies, includ-
ing no action, have consequences that can be evaluated
to inform management decisions.


Conclusions
Management actions that could offset the effects of low
tree regeneration densities in the first years following a
wildfire on some sites include prescribed burning and
managing fires to burn more area under less extreme
conditions to favor more seed source trees surviving,
and planting post fire in locations where seedlings are
most likely to survive in terms of microsite and site con-
ditions and risk of future fires. Triage among sites is
needed to strategically differentiate those sites for which
management actions are most likely to be worth the ef-
fort and cost. For instance, post-fire tree seedling dens-
ities are high on many mesic sites, and on many sites
close to seed source trees where regeneration may even-
tually occur, while others are so warm and dry that even
with intensive effort, neither planted nor naturally
regenerated trees are likely to survive (Stevens-Rumann
et al. 2018). Baker (2018) aptly points out that some
sites will regenerate slowly without intervention and
management actions may not always be warranted. Fire
suppression has, in many ecosystems across the western
US, increased tree density, forest continuity, and homo-
geneity, and allowed encroachment of many trees into
non-forested ecosystems (e.g., Gruell 2001, Nagel and
Taylor 2005). As a result, some loss of forest area may
restore historical landscape heterogeneity of different
ecosystem types. Thus, while we have focused on the


lack of tree regeneration and possible pathways for re-
storing forest ecosystems, in some cases promoting a
non-forested ecosystem may be recommended even if
the site is climatically suitable for forests.
While reactive treatments will no doubt occur, pro-


active management informed by assessment of forest
vulnerability is sorely needed. Such an approach could
mean that we prescribe more fires and manage more
wildfires to foster future resilience (Schoennagel et al.
2017). However, with the projection for larger fires and
longer fire seasons, vulnerability of forests for which
disturbance-induced tree mortality overlaps with and
contributes to lack of tree regeneration, we will also have
to accept that some forests will be replaced by shrub-
lands, woodlands, and grasslands as we adapt to a future
with more fire.
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The interaction between climate, fuels, and the
frequency and severity of wildfires across Rocky Moun-


tain forests is complex.A comprehensive understanding of the
relative influence of fuels and climate on wildfires across this
heterogeneous region is necessary to predict how fires may re-
spond to a changing climate (Dale et al. 2001) and to define
effective fuel management for controlling wildfires in this 
increasingly populated region (USDA 2002). The annual
area burned by wildfires has apparently increased during the
last few decades across North America, and in the southern
Rocky Mountain region in particular, possibly in response to
recent climate change and the gradual accumulation of fuels
following decades of effective fire suppression (figure 1;
Grissino-Mayer and Swetnam 2000). However, more complete
modern records, and an increase in land under federal 
protection since the 1960s, may also have contributed to this
apparent trend over the last half-century. Nonetheless, the
United States recently experienced a series of big fire years:
According to the National Interagency Fire Center (www.nifc.
gov), wildfires in 1988, 2000, and 2002 burned 3.0 million, 3.4
million, and 2.8 million hectares (ha), respectively, Most of
these fires took place in the western United States, which is
characterized by fire-prone ecosystems.


In an effort to mitigate the risk to life and property from
wildfires and the high cost of fighting fire throughout the 


western United States, fuel reduction has become an impor-
tant forest and fire management tool. In 2002, thinning and
prescribed-fire projects were carried out across 1 million ha
of federal land as part of the US National Fire Plan (www.
fireplan.gov) to reduce the fire hazard and to restore histori-
cal species composition and stand structures. The goals of fire-
hazard reduction and ecological restoration may converge in
some ecosystems, yet they may be incompatible in others
(Veblen 2003).


The idea that decades of fire suppression have promoted
unnatural fuel accumulation and subsequent unprecedent-
edly large, severe wildfires across western forests was devel-
oped primarily from experience in dry ponderosa pine 
(Pinus ponderosa) forests in the US Southwest, the interior
West, and the Sierra Nevada (Covington and Moore 1994,
Caprio and Swetnam 1995, Moore et al. 1999). Historically,
short-interval, low-severity surface fires maintained sparse,
open stands in most dry ponderosa pine forests (Swetnam and
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Understanding the relative influence of fuels and climate on wildfires across the Rocky Mountains is necessary to predict how fires may respond 
to a changing climate and to define effective fuel management approaches to controlling wildfire in this increasingly populated region. The idea
that decades of fire suppression have promoted unnatural fuel accumulation and subsequent unprecedentedly large, severe wildfires across western
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and may produce collateral damage in some places.
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Baisan 1996). With fire suppression, young fire-intolerant
trees can establish during lengthened fire intervals. Denser
stands provide “ladder” fuels at intermediate heights that
carry fire up into continuous canopy fuels, promoting un-
precedentedly large, catastrophic fires. This system has pre-
sented a strong case for thinning to reduce the fire hazard and
to restore historical stand structure.


Ecological restoration and fire mitigation are urgently
needed in dry ponderosa pine forests, where previous re-
search supports this management action. However, we are con-
cerned that the model of historical fire effects and 20th-century
fire suppression in dry ponderosa pine forests is being applied
uncritically across all Rocky Mountain forests, including
places where it is inappropriate (e.g., USDA 2002, White
House 2002). Of particular concern is President Bush’s Healthy
Forests Initiative, which identifies unnatural fuel buildup as
a widespread risk across the West: “Today, the forests and
rangelands of the West have become unnaturally dense, and


ecosystem health has suffered significantly.When coupled with
seasonal droughts, these unhealthy forests, overloaded with
fuels, are vulnerable to unnaturally severe wildfires. Cur-
rently, 190 million acres [77 million ha] of public land are at
increased risk of catastrophic wildfires” (White House 2002,
executive summary). This initiative was recently enacted as HR
1904, the Healthy Forests Restoration Act of 2003.


The relative contribution of fuels and climate to recent fire
activity across forest types throughout the western United
States is hotly debated (e.g., see Conservation Biology, vol. 15
[2001]). It is easy to identify either local situations in which
fire suppression has allowed unusual fuel accumulations or,
by contrast, those in which fuel conditions remain within the 
historical range and the effects and frequency of fire are con-
trolled primarily by weather conditions, not by fuels. What 
is lacking is a broad synthesis of the geographical patterns 
in historical fire regimes, and of 20th-century changes in
these regimes, addressing these key questions:


• Where, in what ecosystem 
types, and to what degree 
have fuels increased with fire 
suppression across the Rocky 
Mountain region (Arizona,
New Mexico, Colorado, Utah,
Wyoming, Montana, and 
Idaho)? 


• Where are forest restoration 
treatments appropriate, and 
how will fire respond to fuel-
reduction treatments in dif-
ferent forest types? 


• Where and when is the influ-
ence of short-term (i.e., sea-
sonal and annual) climatic 
variation expected to override
the effectiveness of fuel treat-
ments?


To address these questions, we
synthesize current understanding of
the different types of fire regimes
(defined by the historical range of
variability in fire size, severity, and
frequency) that occur across the
Rocky Mountain region. The fire
regime is a central concept in fire
ecology and is essential for under-
standing the character, effect, and
variability of disturbance patterns
across regions. Our analysis of dif-
ferent fire regimes is based on the
classic fire triangle of weather,
fuels, and ignition, which identi-
fies the factors controlling com-
bustion. All three factors must be
present in a form conducive to
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Figure 1. Area burned by wildfires in different regions under federal protection across
North America. The apparent increase in the extent of fires over the last century is most
pronounced in the southwestern United States (Arizona and New Mexico), although we
urge caution in interpreting these trends. Source: Grissino-Mayer and Swetnam (2000);
reprinted with permission from The Holocene.
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combustion, or fire will not occur. However, the inherent
variability, and therefore the limiting role, of these three in-
gredients is dramatically different among forest types and geo-
graphic regions. For example, we argue below that fuel types
and amounts are less limiting to fire spread in subalpine
forests than in low-elevation forests, but suitably dry weather
conditions for fire spread in subalpine forests occur infre-
quently. Hence, variability in seasonal and annual climate is
more limiting and has a greater influence on fire extent and
severity in these generally cool, moist ecosystems.


In contrast, periods of several months of warm, dry weather
occur almost annually in most southwestern ponderosa pine
forests, leaving fuels sufficiently desiccated for extensive fires
to occur annually. Given the higher frequency of weather
conditions that desiccate fuels in this ecosystem, factors that
affect fuel type, quantity, and configuration are more limit-
ing than climate in controlling this fire regime. Variations in
local site productivity, and in the time elapsed since the last
fire event, affect fuel accumulation in the dry, low-elevation
ponderosa pine forests. Annual climatic variation affects 
fuels indirectly in these forests both through short periods of
above-average moisture availability, which enhance the pro-
duction of fine fuels (e.g., leaves, grasses, forest litter), and
through fuel-desiccating drought. But overall, climate is more
limiting in subalpine forests, where short-term (i.e., months
to a few years) variability in climate primarily affects fire
severity and spread through fuel desiccation and wind, not fuel
abundance. In contrast, the fire regime in dry ponderosa
pine woodlands is more limited by annual variability in fine
fuel amounts and by ladder-fuels related to the time elapsed
since the last fire. Ignition sources also may be important, at
least locally, but in this study we do not identify spatial pat-
terns in this component of the fire regime. Assuming in-
stead that ignition sources are always available, we evaluate the
relative importance of variability in short-term climatic vari-
ation and in fuel quantity and configuration.


We identify three major types of historical fire regimes (Agee
1998): (1) high severity, (2) low severity, and (3) mixed sever-
ity. In addition to developing a general theoretical framework
for assessing controls on local fire regimes, we summarize the
lessons learned from three recent large wildfires (the 1988 Yel-
lowstone fires and the 2002 Rodeo-Chediski and Hayman
fires). These case studies reveal the potential effectiveness of
fuel reduction under varying climate conditions across a
range of major forest types and historical fire regimes. Finally,
we develop coarse estimates of the spatial extent of the three
major historical fire regimes to broadly quantify hetero-
geneity in fire regimes and responses to fire suppression
across the Rocky Mountain region.


To develop coarse estimates of the proportion and extent
of historical fire regimes across the Rockies, we rely on research
reported in the peer-reviewed literature to group major for-
est types that historically experienced each of the three ma-
jor fire regimes we discuss. Because it is relatively difficult to
define the spatial extents of different fire regimes at this scale,
we rely on two independent maps of forest cover to highlight


general trends and degrees of uncertainty in the relative 
proportion of major fire types across the Rocky Mountain re-
gion. In the first analysis, forest types are based on a map of
Küchler’s potential natural vegetation (PNV) groups (cli-
max vegetation types that are expected, given the occurrence
of natural disturbances such as fire, based on site character-
istics such as soils, climate, and topography), modified by
Schmidt and colleagues (2002). In our reclassification of
these data, we combine eight PNV groups into three main 
forest types: (1) ponderosa pine (pine forest and Great Basin
pine), (2) mixed ponderosa pine (pine–Douglas fir, Douglas
fir, grand fir–Douglas fir, and Southwest mixed conifer [Ari-
zona, New Mexico]), and (3) spruce–fir (spruce–fir and
spruce–fir–Douglas fir). In the second analysis, forest types
are based on a map of current cover types, which Schmidt and
colleagues (2002) developed by combining the Forest and
Range Resource Planning Act map of US forest type groups
with AVHRR (Advanced Very High Resolution Radiometer)
satellite imagery. In our reclassification of these data, we
combine the current cover types into three main forest types,
similar to those obtained by combining the PNV groups: (1)
ponderosa pine, (2) Douglas fir, and (3) spruce–fir–lodgepole
pine.


In this summary, we assume a one-to-one correspondence
between forest types and fire regimes; however, as we em-
phasize throughout the text, this is a considerable over-
simplification. Nonetheless, this summary reveals coarse
levels of heterogeneity in fire regimes across the Rocky Moun-
tain region, unaccounted for in current forest policy debates.
Other endeavors to define fire regimes at this scale include the
work of Schmidt and colleagues (2002), who developed a map
of historical fire regimes and departures from historical con-
ditions throughout the continental United States for strate-
gic fire-planning purposes, but who relied primarily on
managers’expert knowledge rather than on peer-reviewed em-
pirical studies in defining fire regimes. In addition, McKen-
zie and colleagues (2000) developed a regional model of fire
frequency within the interior Columbia River basin, based on
a large fire-history database from the western United States.


Overall, our analysis highlights the heterogeneity of forest
types and fire regimes across the Rocky Mountain region. Fur-
ther, it provides insight into pressing management questions
of when and where various fuel treatments are consistent with
the goal of ecological restoration, and where such treatments
are likely to be successful in reducing the size and severity of
wildfires. We focus on the Rocky Mountain region; however,
the spatial and geographic heterogeneity in fire regimes across
this region is also evident throughout the West (e.g., Agee
1998).


High-severity fire regimes
High-severity or stand-replacing fires are defined by the
death of canopy trees, in contrast to low-severity fires, which
do not kill overstory trees. High-severity fires typically burn
the treetops (crown fires) but may also kill trees through
very hot surface fires, which primarily burn the forest floor.
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High-elevation subalpine forests in the Rocky Mountains
typify ecosystems that experience infrequent, high-severity
crown fires (Peet 2000,Veblen 2000). The forest types that oc-
cur in the subalpine zone range from mesic spruce–fir forests
to drier, dense lodgepole pine stands; and xeric, open wood-
lands of limber and bristlecone pine. The most extensive
subalpine forest types are composed of Engelmann spruce
(Picea engelmannii), subalpine fir (Abies lasiocarpa), and
lodgepole pine (Pinus contorta), all thin-barked trees easily
killed by fire.


Extensive stand-replacing fires occurred historically at
long intervals (i.e., one to many centuries) in subalpine forests
(Romme 1982, Kipfmueller and Baker 2000, Veblen 2000,
Schoennagel et al. 2003), typically in association with infre-
quent high-pressure blocking systems that promote extremely


dry regional climate patterns (Romme and Despain 1989,
Renkin and Despain 1992, Bessie and Johnson 1995, Nash and
Johnson 1996). Persistent high-pressure blocking systems 
affect regional temperature and precipitation patterns
throughout the Rockies and may respond to global climate
anomalies (Baker 2003). Regional synchrony of large, high-
severity fires across subalpine forests corroborates the idea that
high-elevation forest fires respond to broad scale synoptic cli-
mate (Nash and Johnson 1996, Kipfmueller and Baker 2000,
Veblen 2000, Baker 2003). In moist high-elevation forests, suc-
cessive seasons of drought can initiate large, stand-replacing
fires (Balling et al. 1992, Kipfmueller and Swetnam 2000). In
these generally cool subalpine environments, significant
drought events are infrequent, which prevents the frequent
occurrence of large, high-severity fires. Although they occur


infrequently, drought-induced large fire events ac-
count for the greatest percentage of the area burned in
subalpine forests (figure 2; Bessie and Johnson 1995).


Subalpine forests typically experience stand-
replacing crown fires, rather than low-severity 
surface fires, because they lack fine fuels on the forest
floor but have abundant ladder fuels that carry fire into
the treetops. These dense, closed-canopy forests 
typically support sparse understory vegetation, and
the short, stout needles of subalpine trees compact
tightly on the forest floor, creating a poor substrate for
fire spread (Swetnam and Baisan 1996). This is in
stark contrast to the warmer, open-canopied, pro-
ductive forests at lower elevations, which support
abundant, well-aerated fine fuels on the forest floor
(Swetnam and Baisan 1996). Although fine surface
fuels are sparse in subalpine forests, ladder fuels are
abundant. Shade-tolerant fir and spruce trees have
abundant lateral branches, which easily carry fire up
into the canopy. By contrast, shade-intolerant lodge-
pole pines have few lateral branches, but these trees tend
to grow in very dense stands that thin over time, con-
tributing to abundant dead ladder fuels (figure 3).
The abundance of ladder fuels, the proximity of crowns,
and the lack of abundant, spatially continuous fine sur-
face fuels all promote high-severity crown fires that
dominate subalpine forests.


The low abundance of small fuels, and the relatively
high abundance of large dead and live fuels, explains
why fires are infrequent but typically large in subalpine
forests. Fuel moisture levels respond to ambient envi-
ronmental conditions and are critical in determining
fire potential. Small-diameter dead fuels dry quickly; for
example, 1-hour fuels (particles less than 0.6 centime-
ters [cm] in diameter) approach equilibrium with am-
bient relative humidity within an hour. By contrast, dead
branches, logs, or other large, slow-drying materials
(7.6 to 20.3 cm in diameter) are known as 1000-hour
fuels because they require 1000 hours to equilibrate (fig-
ure 4). Live fuels dry even more slowly than dead fuels
and are influenced most strongly by sustained periods
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Figure 2. (a) Histogram of the occurrence of different size classes 
of stand-replacing fires in Yellowstone National Park (1895–1991).
(b) Proportion of the total area burned in each size class for the same
period (1.0 = 100% of total area). Although large stand-replacing fires
(i.e., fires that burn more than 1000 hectares) are infrequent, they are
the dominant influence on subalpine forests. Data are from Balling
and colleagues (1992).
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of drought. Because of the paucity of small
dead fuels such as needles and grasses in
subalpine forests, short-duration drying
episodes generally do not create sufficiently
dry conditions to sustain a fire. However,
prolonged dry weather conditions (about
40 days without precipitation) can suffi-
ciently dry live fuels and larger dead fuels
to carry large, intense fires once they are ig-
nited (figure 5). Conditions necessary for
large fires are infrequent and often coupled
with the occurrence of lightning. This sug-
gests that Native Americans probably did
not have a major influence on fires in the
subalpine forest types, except in some 
localized areas.


The recent period of consistent, effec-
tive fire suppression in remote high-
elevation sites, which has lasted 50 years at
most, represents only a small portion of
typical fire-free intervals in subalpine
forests. Studies of fire history show that
long fire-free periods (as long as, or longer
than, the fire exclusion period during 
the 20th century) characterized the fire
regimes of these forests before Euro-
American settlement (Romme 1982,
Romme and Despain 1989, Kipfmueller
and Baker 2000, Veblen 2000, Schoen-
nagel et al. 2003). Therefore, it is unlikely
that the short period of fire exclusion has
significantly altered the long fire intervals
in subalpine forests (Romme and Despain
1989, Johnson et al. 2001, Veblen 2003).
Furthermore, large, intense fires burning
under dry conditions are very difficult, if
not impossible, to suppress (Wakimoto
1989), and such fires account for the ma-
jority of area burned in subalpine forests
(figure 2; Romme and Despain 1989,
Bessie and Johnson 1995). At lower ele-
vations within its range, lodgepole pine
may also experience occasional small sur-
face fires (Kipfmueller and Baker 2000),
but their spatial extent and frequency are
not well quantified. Suppression of smaller,
less intense fires under moderate climate
conditions probably has had little influence
on the dominant fire regime in subalpine
forests (Johnson et al. 2001, Veblen 2003). Our understand-
ing of the dominant fire regime in these high-elevation, cool
forests leads us to conclude that any recent increases in area
burned in subalpine forests are probably not attributable to
fire suppression. Evidence from the subalpine forests of Yel-
lowstone indicates that fires of comparable size to the 1988
fires occurred in the early 1700s (Romme and Despain 1989).


Moreover, there is no consistent relationship between time
elapsed since the last fire and fuel abundance in subalpine
forests (Brown and Bevins 1986), further undermining the
idea that years of fire suppression have caused unnatural
fuel buildup in this forest zone. For example, lodgepole pine
stands experience high rates of self-thinning that contribute
large dead fuels as stands mature (Kashian 2003). However,
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Figure 3. Typical subalpine forest stand structure, which easily carries fire into the
canopy, promoting high-severity crown fires. (a) Lodgepole pine stand with sparse
understory fuels and high tree densities. (b) Spruce–fir stand with abundant live
ladder fuels throughout the vertical profile. Photographs: Tania Schoennagel.
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the legacy of wood from the prefire stand contributes abun-
dant loads of large fuel to young postfire stands (Romme
1982). Bessie and Johnson (1995) report little variation in to-
tal fuel loads, relative to variation in weather, in subalpine
forests of different ages. No evidence suggests that spruce–fir
or lodgepole pine forests have experienced substantial shifts
in stand structure over recent decades as a result of fire sup-
pression. Overall, variation in climate rather than in fuels ap-
pears to exert the largest influence on the size, timing, and
severity of fires in subalpine forests (Romme and Despain
1989, Bessie and Johnson 1995, Nash and Johnson 1996,
Rollins et al. 2002). We conclude that large, infrequent stand-
replacing fires are “business as usual” in this forest type, not
an artifact of fire suppression.


Case study: The 1988 Yellowstone fires. In 1988, according
to the National Interagency Fire Center, more than 700,000
ha burned in mostly high-elevation subalpine forests through-
out Wyoming, Montana, and Idaho. Yellowstone National
Park was the focus of public attention during these fires.
Some 40% of the park burned, much of it at high severity
(Turner et al. 1994). Drought, which had started years earlier,
extended beyond its immediate region during the summer of
1988. From 1977 to 1989, a strong Pacific North America pat-
tern developed, creating a blocking ridge over the north-
western United States that reduced winter snowpack across
Montana and Wyoming (Baker 2003). Low winter snowpack
in 1988, followed by an unusually dry, hot, and windy sum-
mer, contributed to extreme burning conditions in the park
(Balling et al. 1992). Precipitation in July and August was only
20% of normal levels; relative humidity fell to 6%; and strong,
dry, gusty winds (60 to100 kilometers [km] per hour) spread
multiple fires ignited by humans and lightning.


Variation in daily
area burned was high-
ly correlated with the
moisture content of
100-hour (2.5- to 7.6-
cm diameter) and
1000-hour dead fuels
(Turner et al. 1994).
Once fuels reached
critical moisture lev-
els later in the season,
the spatial pattern of
the large, severe stand-
replacing fires was
controlled by weather
(wind direction and
velocity), not by fuels,
stand age, or fire-
fighting activities (Min-
shall et al. 1989, Waki-
moto 1989, Turner et
al. 1994). Variation in
fuel abundance and


topography (including formidable barriers such as the 
Grand Canyon) had little influence on the severity or direc-
tion of the fire when fuel moistures were critically low (Turner
et al. 1994). Stand-replacing fire affected stands of all ages,
including some as young as 7 years old (Schoennagel et al.
2003).


Contrary to popular opinion, previous fire suppression,
which was consistently effective from about 1950 through
1972, had only a minimal effect on the large fire event in 1988
(Turner et al. 1994). Reconstruction of historical fires indi-
cates that similar large, high-severity fires also occurred in the
early 1700s (Romme and Despain 1989). Given the histori-
cal range of variability of fire regimes in high-elevation sub-
alpine forests, fire behavior in Yellowstone during 1988,
although severe, was neither unusual nor surprising.


Summary: High-severity fire regimes in subalpine forests. 
Subalpine forests that experience infrequent, high-severity fires
cover approximately 32% to 46% of the forested area in the
Rocky Mountain region, which encompasses the three ma-
jor forest types discussed in this article (table 1). The follow-
ing insights are drawn from analyses of historical fire regimes
and contemporary fire behavior in subalpine forests.


• Infrequent, high-severity, stand-replacing fires dominate
the historical and contemporary fire regime in these
forests.


• Climatic variation, through its effects on the moisture
content of live fuels and larger dead fuels, is the pre-
dominant influence on fire frequency and severity.


• Dense trees and abundant ladder fuels are natural in
subalpine forests and do not represent abnormal fuel
accumulations.


666 BioScience  •  July 2004 / Vol. 54 No. 7


Articles


Am
bi


en
t r


el
at


iv
e 


hu
m


id
ity


 (p
er


ce
nt


ag
e)


Fu
el


 m
oi


st
ur


e 
(p


er
ce


nt
ag


e)


Hours
1000-hr fuels100-hr fuels10-hr fuelsAmbient RH


Figure 4. A theoretical example illustrating differences in fuel-moisture time lags for small (10-hour),
intermediate (100-hour), and large (1000-hour) fuels. Small fuels dry out rapidly and respond more
quickly to short-term variability in ambient relative humidity, while large fuels exhibit a more
lagged response, requiring much longer dry periods to reach similar dryness.







• Fire suppression has had minimal influence on the size,
severity, and frequency of high-elevation fires.


• Mechanical fuel reduction in subalpine forests would
not represent a restoration treatment but rather a
departure from the natural range of variability in stand
structure.


• Given the behavior of fire in Yellowstone in 1988, fuel
reduction projects probably will not substantially
reduce the frequency, size, or severity of wildfires under
extreme weather conditions.


Low-severity fire regimes
In marked contrast to the infrequent, high-severity 
fire regimes characteristic of subalpine forests, many low-
elevation ponderosa pine forests historically experienced 
frequent, low-severity fires. A meta-analysis of 63 fire histo-
ries from similar-size southwestern ponderosa pine sites (10
to 100 ha) indicates that surface fires returned at mean in-
tervals of 4 to 36 years (based on fire dates recorded for more
than 10% of the sampled trees; Swetnam and Baisan 1996),
an order of magnitude shorter than the intervals for subalpine
forest stands. Some low-elevation ponderosa pine stands in
Colorado, near the Plains grasslands, show evidence of 8- to


10-year intervals for fire returning to the same small stand or
tree before the 1900s (Veblen et al. 2000). In the Black Hills
of South Dakota, the mean fire interval was 20 to 23 years at
each of four low-elevation ponderosa pine sites (about 100
ha each) for the period from 1388 to 1900 (Brown and Sieg
1996). Although detailed comparison of fire-interval statis-
tics across study sites is problematic because of differences in
the extent of the study area and the intensity of sampling, these
studies clearly indicate a significant difference in fire interval
and severity between low-elevation, dry ponderosa pine
forests and high-elevation, moist subalpine forests.


Frequent, low-severity fire regimes occurred predomi-
nantly in dry, low-elevation ponderosa pine forests that were
formerly open woodlands with abundant, contiguous fine 
fuels in the understory. This surface fuel layer, dominated by
grasses and long cast needles, dries easily and thus promotes
the spread of frequent surface fires. Historically, climate, fine-
fuel abundance, and fire were highly interrelated in dry, low-
elevation ponderosa pine forests. El Niño–Southern
Oscillation (ENSO) patterns correlate tightly with the inci-
dence of synchronous, low-severity fires in dry, low-elevation
forests of the Southwest (Swetnam and Baisan 1996, Grissino-
Mayer and Swetnam 2000, Kitzberger et al. 2001). The ENSO
cycle alternates between El Niño and La Niña conditions at
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Figure 5. Maps of fuel moisture for small (10-hour) and large (1000-hour) fuels, showing responses to (a)
short-term (1- to 2-day) and (b) longer-term (1- to 2-month) drying conditions in the southwestern United
States. Large fuels dry sufficiently to carry fire only under longer drying conditions, while smaller fuels may
dry sufficiently to carry fire under short-term or moderate drying conditions. The maps were developed by 
the National Interagency Fire Center (17 June 2004; www.fs.fed.us/land/wfas/wfas10.html).
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2- to 6-year frequencies. In the southern Rockies, El Niño years
are characterized by wetter-than-average winter and spring
conditions, which enhance the growth of fine fuels (especially
grasses). Drier-than-average La Niña years typically follow,
desiccating abundant fine surface fuels. Time-lag analysis
shows that dry, low-elevation ponderosa pine forests com-
monly experience more extensive fires when wetter conditions
1 to 3 years before a fire are followed by dry conditions dur-
ing the year of the fire. Infrequent or anomalous prolonged
drought conditions are not the primary factor promoting fires
in dry, low-elevation pine forests, as they are in subalpine
forests. Summers in the low-elevation forests are typically dry
enough to promote low fuel moisture levels that would per-
mit ignition, although the abundance and continuity of fine
surface fuel historically were the primary limiting factors
(Swetnam and Baisan 1996, Rollins et al. 2002).


Unlike the historical fire regime in subalpine forests, the fire
regime in dry, low-elevation ponderosa pine forests has been
significantly altered as a result of fire suppression and its ef-
fects on historical fuel structure (Arno and Gruell 1983,
Swetnam and Baisan 1996,Veblen et al. 2000). Before fire sup-
pression, the frequent, low-severity surface fires in these
forests kept dry ponderosa pine stands sparse and open by
killing young, newly established trees. With fire suppression
and livestock grazing (which reduces the amount of grass fuel),
fire intervals have lengthened, and dense stands have devel-
oped in which fine grass fuels are less abundant and dense lad-
der fuels are capable of carrying fire up into the canopy
(figure 6). Consequently, high-severity fires potentially can 
occur in dry ponderosa pine forests, where historically they
were rare because of the sparse ladder fuels and the lack of con-
tiguous tree crowns. This pattern has been well documented


on the basis of fire scars, repeat photography, and stand age
structures, especially for forests in Arizona and New Mexico
(Covington and Moore 1994,Allen et al. 1998, Mast et al. 1999,
Moore et al. 1999), for some sites in the Colorado Front
Range (Veblen and Lorenz 1991, Brown et al. 1999, Kaufmann
et al. 2000), and for portions of the Bitterroot Range in Mon-
tana (Gruell 1983, Arno et al. 1995). As a consequence of fire
suppression, the size and occurrence of high-severity fires has
increased in this forest type. Reduction of ladder fuels through
mechanical thinning and prescribed fire can effectively reduce
the unprecedented occurrence of extensive crown fires and re-
store the historical surface fire regime in dry, low-elevation
ponderosa pine forests (Covington et al. 1997,Allen et al. 2002,
Fule et al. 2002).


Case study: The 2002 Rodeo-Chediski fire complex. The
Rodeo-Chediski fire, which burned 189,095 ha in northern
Arizona from 18 June through 7 July 2002, was the largest Ari-
zona fire in recorded history. The area burned was dominated
by ponderosa pine, with isolated pockets of mixed conifers at
higher elevations along the Mogollon Rim, where the north-
ern half of the fire burned. Fire-history studies conducted be-
fore the fire, in nearby ponderosa pine stands, record frequent
surface fires with mean fire intervals of 7 to 10 years (based
on fires recorded by more than 10% of sampled trees in 10-
to 100-ha study areas; Swetnam and Baisan 1996). In 2002,
high-severity crown fire affected 48% of the Rodeo-Chediski
fire area, an extent of severe burning that is unprecedented in
the low-elevation, dry ponderosa pine forests of this area.


The summer of 2002 marked the fourth year of drought
in the Southwest. That May had been the second driest on
record across Arizona and New Mexico in 108 years. Levels
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Table 1. Two coarse estimates of the extent and proportion of three major forest types across the Rocky Mountain region
(Arizona, New Mexico, Colorado, Utah, Wyoming, Montana, and Idaho). The first estimate is based on a map of Küchler’s
potential natural vegetation groups, modified by Schmidt and colleagues (2002). The second estimate is based on a map of
current cover type developed by Schmidt and colleagues (2002). A different historical fire regime is associated with each of
the three forest types, although the correspondence is not exact.


Area Associated severity of 
Forest type (hectares) Percentage of total historical fire regime


Based on PNV groups
Ponderosa pine (pine forest, Great Basin pine) 8,201,600 17.7 Low 


Mixed ponderosa pine (pine–Douglas fir, Douglas fir,
grand fir–Douglas fir, Southwest mixed conifer) 23,176,200 49.9 Mixed 


Spruce–fir (spruce–fir, spruce–fir–Douglas fir) 15,056,000 32.4 High 


Total 46,433,800 100.0


Based on current cover types


Ponderosa pine 13,009,100 36.7 Low 


Douglas fir 6,176,000 17.4 Mixed


Spruce–fir–lodgepole pine (lodgepole pine, fir–spruce) 16,287,200 45.9 High


Total 35,472,300 100.0


PNV, potential natural vegetation.
Note: Total is the forested area in the Rocky Mountain region defined by the three major forest types listed. Some other forest types, such as piñon-


juniper woodlands, are not included.







of fuel moisture before the fire were
unusually low: 7% in 1000-hour fuels,
as low as 2% in 10-hour (0.6- to 2.4-
cm diameter) and 100-hour fuels, and
below critical thresholds in live pine
and brush fuels (Wilmes et al. 2002).
The Haines index is a measure of
lower-atmosphere stability and dry-
ness correlated with wildfire growth.
Low values (2 or 3) indicate moist,
stable conditions; the highest values (5
or 6) represent dry, unstable condi-
tions that favor moderate to high fire
activity. The Haines index was 6 on
many days during the Rodeo-Chediski
fire.


Prescribed fire, salvage logging in
previously burned stands, and fuel-
reduction treatments (including the
removal of slash, or woody debris,
from branches and treetops) were ef-
fective in reducing fire severity and
spread in the Rodeo-Chediski fire,
even under extreme weather condi-
tions (figure 7; Wilmes et al. 2002), as
predicted by restoration research in
Arizona (Fule et al. 2002). High-sever-
ity crown fires affected 35% of the
stands that had been treated within the
last 15 years, compared with 55% of
the untreated stands. The average
stand density of treated and untreated
stands was 387 and 1108 trees per
hectare, respectively. All prefire fuel
treatments appeared to lower burn
severity except for precommercial treatments, which in-
creased it. In precommercial treatments, slash (branches and
tree tops) was lopped and scattered throughout the stand,
which contributed to higher fuel loads than those in un-
treated stands.Areas that had high forage production and low
tree density experienced less severe burning during the Rodeo-
Chediski fire, suggesting that open stands with abundant
fine surface fuels were more resistant to high-severity canopy
fire (figure 8). Overall, burn severity was positively correlated
with overstory tree density (Wilmes et al. 2002). This outcome,
in clear contrast with the findings from Yellowstone (where
weather rather than fuel type and arrangement influenced fire
behavior), highlights the heterogeneity of forest types and fire
effects across the Rocky Mountain region.


Summary: Low-severity fire regimes in low-elevation pon-
derosa pine forests. Dry, low-elevation ponderosa pine forests
in the Rocky Mountain region, which were historically char-
acterized by frequent low-severity fire regimes, make up an
estimated 19% to 37% of the forested area that encompasses
the three forest types discussed in this article (table 1). Such


historically sparse forests, subject to high-frequency fires,
comprise much of the ponderosa pine forest in Arizona and
New Mexico but only a small fraction of the ponderosa pine
forest in the central and northern Rockies. Regional model-
ing of fire regimes, based on a large fire-history database
from the western United States, similarly predicts decreasing
fire frequency from southern to northern latitudes (McKen-
zie et al. 2000). Important lessons about fire regimes in dry,
low-elevation ponderosa pine forests are listed below.


• The historical fire regime in these forests was character-
ized by frequent, low-severity surface fires.


• Historically, the frequency, size, and severity of fires
were largely controlled by spatial and temporal varia-
tion in fine fuels.


• Fire suppression has significantly increased tree densi-
ties and ladder fuels in low-elevation ponderosa pine
forests.


• As a consequence of this change in stand structure,
unprecedented high-severity fires now occur.
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Figure 6. A comparison of historical and contemporary stand structure of dry pon-
derosa pine stands from the Jemez Mountains of New Mexico, and the relationship of
this change to the frequency of low-severity surface fires. Source: Modified from Allen
et al. 1998.







• Fuel-reduction treatments involving mechanical thin-
ning and prescribed fire are likely to be effective in miti-
gating extreme fire behavior and restoring this forest
type to the historical fire regime.


Mixed-severity fire regimes
Mixed-severity fire regimes are intermediate between the 
infrequent, high-severity fire regimes of high-elevation sub-
alpine forests and the frequent, low-severity fire regimes of
dry, low-elevation ponderosa pine forests. Both high- and 
low-severity fires can occur at varying frequencies in mixed-
severity fire regimes. This fire regime occurs predominantly
at mid elevations, where topographic variation creates a com-
plex moisture gradient resulting in a mosaic of tree species and
densities that is sometimes referred to as mixed conifer 
forest. There is also evidence of mixed-severity fire regimes
that predate fire suppression in some forests dominated by
ponderosa pine, and even in pure or nearly pure ponderosa
pine stands at low to mid elevation (Veblen and Lorenz 1986,
Mast et al. 1998, Kaufmann et al. 2000, Ehle and Baker 2003).


Historically, forests that experienced mixed-severity fire
regimes had variable densities of ponderosa pine, Douglas fir
(Pseudotsuga menziesii), grand fir (Abies grandis), and west-


ern larch (Larix occidentalis), depending
on their location. These forests consti-
tuted a mosaic of even-aged stands re-
sulting from stand-replacing fire,
interspersed with uneven-aged stands
that experienced low-severity surface
fires and episodic tree regeneration
(Arno 1980, Brown et al. 1999, Kauf-
mann et al. 2000). Pre-1900 stand-re-
placing fires in these forest types have
been documented by historic pho-
tographs and by the occurrence of even-
age stand structures whose age
corresponds to that of fire scars on ad-
jacent trees (Gruell 1983, Veblen and
Lorenz 1986, 1991, Arno et al. 1995,
Swetnam and Baisan 1996, Shinneman
and Baker 1997, Mast et al. 1998, Brown
et al. 1999, Kaufmann et al. 2000, Ehle
and Baker 2003). Low-severity fires are
also well documented by historic pho-
tographs, fire scars, and all-age stands
that include centuries-old trees, although
these surface fires usually occurred less
frequently than in the lower-elevation
dry ponderosa pine forests described
above (Arno 1980, Veblen and Lorenz
1991, Swetnam and Baisan 1996, Brown
et al. 1999, Moore et al. 1999, Kaufmann
et al. 2000, Veblen et al. 2000). The rel-
ative importance of surface versus
crown fires and the size of these post-
disturbance patches in shaping forests


of mixed-severity fire regimes remain uncertain and have
probably varied spatially and temporally.


Since the late 19th century, the densities of relatively fire-
intolerant and shade-tolerant species, such as Douglas fir
and grand fir, have increased in response to the suppression
of low-severity fires in areas that historically experienced
mixed-severity fire regimes (Arno et al. 1995, Kaufmann et al.
2000). Increases in density probably have occurred more
commonly at lower elevations, on drier aspects, and adjacent
to grasslands where frequent, low-severity fires were more
dominant historically. Sites that previously supported denser
stands because of favorable topographic and edaphic condi-
tions have probably changed less as a result of fire suppres-
sion; those sites historically experienced stand-replacing fires,
and high stand densities are a normal part of the postfire re-
covery process (Veblen and Lorenz 1986,Arno et al. 1995, Mast
et al. 1998, Kaufmann et al. 2000, Ehle and Baker 2003). With
fire suppression, forests that historically experienced mixed-
severity fire regimes have developed a more homogenous
forest structure across the landscape, resulting in larger areas
of continuously dense forest and perhaps in larger patches of
crown fire than were witnessed historically. In some areas, tree
regeneration following logging of these forests in the late
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Figure 7. Proportion of different prefire fuel treatments burned at different severi-
ties during the Rodeo-Chediski fire in the Apache-Sitgreaves National Forests, Ari-
zona, 2002. Burn severity, defined by the Burned Area Emergency Rehabilitation
team (www.fs.fed.us/r3/asnf/salvage/publications/proj_record/001_rodeo_baer_
report_7-29-02.pdf), ranges from unburned (surface fire with little or no canopy
damage, tree foliage unscorched) through low severity (some tree crowns scorched
but most trees not killed) and moderate severity (variable tree mortality, foliage
scorched but not consumed) to high severity (complete tree mortality, foliage com-
pletely consumed). Fuel treatments are defined as salvage (removal of trees after a
fire), fuels (thinning, chipping, and pile burning), prescribed fire (broadcast burn-
ing), commercial (removal, seed cut, regeneration, harvest, partial removal, final
cut, or thinning), or precommercial (thinning with chipping, lopping, or both; no
slash removal). Data are from Wilmes and colleagues (2002).
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19th and early 20th centuries has contributed to high stand
densities (Veblen and Lorenz 1986, Kaufmann et al. 2000).
Overall, fire suppression has probably significantly affected
only sites within the mixed conifer zone at lower elevations,
on drier aspects, and adjacent to grasslands where fires his-
torically were more frequent. Therefore, current fire regimes
and stand densities in mixed conifer forests are likely to be
within the historical range of variability, or at least are not likely
to be as far outside this range as those in the dry ponderosa
pine forests discussed above (Veblen 2003). However, addi-
tional research is needed on the causes of variability in mixed-
severity fire regimes and the attendant effects of fire
suppression.


In mixed-severity fire regimes, climate and fuels interact
in a complex manner to control the frequency and severity
of fires. Arno (1980) describes this interaction in mixed-
severity fire regimes: “Under severe burning conditions,
especially with strong winds, fires sometimes crowned and
covered sizeable areas. When conditions moderated, fire
would creep along the ground, with occasional flare-ups.
Often the major fires burned at several intensities in reaction
to changes in stand structure, fuel loadings, topography, and
weather. The result was a mosaic of fire effects on the land-
scape” (p. 463). In mixed-severity regimes, in contrast to the
previous two types of fire regime discussed, both climate
and fuels (surface and ladder fuels) vary considerably and are
important drivers of fire frequency and severity. We look to
the example of the Hayman fire to tease apart these interac-
tions in more detail.


Case study: The 2002 Hayman fire. The Hayman fire burned
a 55,915-ha area southwest of Denver, Colorado, where pre-
vious fire history and forest structure studies (Brown et al.
1999, Kaufmann et al. 2000), mechanical fuel treatments,
and burns (wild and prescribed) had occurred. Making use
of this unplanned experiment, researchers assessed the rela-
tive effect of fuels and climate on fire behavior in the area,
which had a historical mixed-severity fire regime (Finney et
al. 2003).


Short-term drought during the 5 years before the fire 
created important antecedent conditions. In particular,
below-normal precipitation and unseasonably dry air masses
had persisted since 1998, when drier-than-average La Niña
conditions began to develop. These conditions persisted in-
termittently through the spring of 2002.As a consequence, the
Colorado Front Range received low snow during the winters
of 2001 and 2002, with snowpack recorded in May 2002 at less
than 50% of normal levels. By spring 2002, measurements of
large-fuel moisture (moisture in 100-hour and 1000-hour 
fuels) in mid- to low-elevation forests of the southern Rock-
ies were among the driest in the previous few decades,
dipping as low as 3% when typically they exceed 12% 
(Graham 2003).


The size and severity of the Hayman fire can largely be 
explained by the extreme fire activity during two separate 
periods associated with sustained, exceptionally dry, forceful
winds. First, on 9 June, the fire grew from 485 to 24,700 ha
(43% of the total fire size); later, on 18 June, it traveled 5 miles
along its southeastern flank (figure 9). During these two 
periods, mean relative humidity dipped below 8%, maxi-
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Figure 8. Proportion of different forage production classes burned at different severities during the
Rodeo-Chedeski fire in relation to forage production classes for Carlisle and Town Tank allotments on
the Lakeside Ranger District, Apache-Sitgreaves National Forest. Data are from Wilmes and colleagues
(2002).







mum wind gusts reached 84 miles (135 km) per hour, and the
Haines index was 6, marking very dry, unstable conditions
conducive to high fire spread. Both periods produced exten-
sive torching, crown fire, and spotting (firebrands thrown in
advance of the fire). These high-activity periods terminated
with the passage of fronts followed by upslope winds that sub-
stantially increased ambient relative humidity (Finney et al.
2003).


During the substantial fire-progression days of 9 and 18
June, most fuel treatments had very little impact on the sever-
ity or direction of the fire (Finney et al. 2003). On 9 June, for
example, the burned area included more than 2400 ha that
had experienced previous prescribed fires or other fuel-
reduction treatments. These treatments, which included 
previous wildfires (in 1963 and 1998), prescribed fires (in 1990,
1992, 1995, and 1998), and numerous stand modifications
with and without subsequent slash removal (table 2), had 
virtually no effect on the Hayman fire. This is in marked
contrast to the behavior of the Rodeo-Chediski fire, whose
severity was affected by previous fuel-reduction treatments
even under extreme climate and weather conditions. In the
Hayman fire, extreme weather conditions overwhelmed the
effectiveness of most fuel treatments. However, the fire stopped


abruptly at the edge of the area that had been burned by two
fires months to weeks before, in fall 2001 (Schoonover fire)
and May 2002 (Polhemus prescribed burn), where very little
fuel had accumulated during a spring of extreme drought 
(figure 9; Finney et al. 2003). Overall, the direction, severity,
and size of the fire on extreme days were mostly explained by
high wind and low relative humidity (table 3), with little 
effect of past fire or thinning activity. The Hayman review team
concluded that “fuel modifications generally had little influ-
ence on the severity of the Hayman Fire during its most 
significant run on June 9th” (Finney et al. 2003) but 
acknowledged that the small size of these treatments con-
tributed to their lack of effectiveness. On days of moderate fire
growth, however, fuel modifications did influence fire spread
and severity; of these modifications, recent wild or prescribed
fires and thinning with slash removal were most effective. In
an example of the interactions between fuels and climate, on
17 June the Hayman fire split into two runs on either side of
the area burned by the Big Turkey fire in 1998 (figure 9); how-
ever, when the weather became more extreme the following
day, this effect on fire shape and extent was obliterated 
(figure 9; compare 17 June and 18 June perimeters).
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Figure 9. Map of the Hayman fire progression during the period 9–18 June 2002. Note the signifi-
cant progress of the fire on 9 June (black line) and 18 June (brown line). Not all days are shown,
because fire perimeters on slow-growth days overlapped previous days. Burn severity classes are
based on the difference-normalized burn ratio from the US Geological Survey’s National Burn
Severity Mapping Project. Gray line represents the Cheesman Reservoir boundary, pink lines 
represent the perimeter of recent burns. Source: Modified from Finney and colleagues (2003).







Summary: Mixed-severity fire regimes in the Rocky Mountain
region. Mixed-severity fire regimes account for an 
estimated 17% to 50% of the forested area in the Rocky
Mountain region that encompasses the three major forest
types discussed in this article (table 1). These forests experi-
ence the most complex type of fire regime and the least un-
derstood. Nonetheless, we have learned several important
lessons about mixed-severity fire regimes in Rocky Mountain
forests.


• The historical fire regime in these forests is complex,
including both low-severity surface fires and infrequent
high-severity crown fires.


• Both fuels and climate have major influences on the 
frequency, severity, and size of fires.


• Fire suppression has had variable effects on fuel 
densities in mixed-severity fire regimes, with the 
greatest impacts on sites that formerly supported 
open woodlands.


• The occurrence of high-severity crown fires is not 
outside the historical range of variability, although 
their size and frequency may be increasing.


• Extreme climate and weather conditions can over-
ride the influence of stand structure and fuels on fire
behavior.


• Fuel-reduction treatments (mechanical thinning and
prescribed burning) may effectively reduce fire severity


under moderate weather conditions, but these treat-
ments may not effectively mitigate fire behavior under
extreme weather conditions and may not restore the
natural complexity of historical stand and landscape
structure.


Implications for fire mitigation and restoration
What does an understanding of the spatial variation in dom-
inant controls on wildfire frequency and severity mean for eco-
logical restoration and for effective fuel treatments to reduce
the threat of large, severe wildfires? The Yellowstone fires in
1988 revealed that variation in fuel conditions, as measured
by stand age and density, had only minimal influence on fire
behavior. Therefore, we expect fuel-reduction treatments in
high-elevation forests to be generally unsuccessful in reduc-
ing fire frequency, severity, and size, given the overriding im-
portance of extreme climate in controlling fire regimes in this
zone. Thinning also will not restore subalpine forests, because
they were dense historically and have not changed significantly
in response to fire suppression. Thus, fuel-reduction efforts
in most Rocky Mountain subalpine forests probably would
not effectively mitigate the fire hazard, and these efforts may
create new ecological problems by moving the forest struc-
ture outside the historic range of variability (Veblen 2003,
Romme et al. 2004).


In contrast, for many low-elevation, dry ponderosa pine
forests, it is both ecologically appropriate and operationally
possible to restore a low-severity fire regime through thinning
and prescribed burning (Covington et al. 1997, Allen et al.
1998, 2002). Fuels rather than climate appear to be the most
significant factor affecting fire spread and severity in these
forests. Fire suppression in dry ponderosa pine forests appears
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Table 2. Distribution of fire severity classes among fuel-modified areas on moderate slopes
(defined as slopes of less than 30%) that burned in the Hayman fire on 9 June 2002.


Fire severity class (percentage)
Level of prefire fuel modification Area (ha) Unburned Low Moderate High 


Unmodified 9128 4 18 8 70


Recent modifications (after 1990)
Wildfires 5 0 0 25 75
Prescribed fires 291 6 20 11 63
Fuel treatment 0 NA NA NA NA
Improvements and treatment 160 0 19 7 74
Improvements, no treatment 253 3 12 9 76
Harvest and treatment 657 5 14 10 71
Harvest, no treatment 236 0 1 33 66
Plantation 55 0 8 5 87


Older modifications (before 1990)
Wildfires Unknown NA NA NA NA
Prescribed fires 34 17 50 8 25
Fuel treatment 2 0 86 14 0
Improvements and treatment 0 NA NA NA NA
Improvements, no treatment 592 1 14 8 77
Harvest and treatment 1 0 16 9 75
Harvest, no treatment 384 3 27 2 68
Plantation 127 0 27 10 63


Source: Finney et al. 2003.







to have contributed to an unprecedented buildup of fuels and
to the occurrence of high-severity fires. Indeed, the objectives
of fire mitigation and forest restoration generally converge in
forests of this type.


Perhaps the most difficult forests to assess are the mid-
elevation forests that historically were characterized by mixed-
severity fire regimes. Because mixed-severity fire regimes are
most complex and least well understood, we must exert cau-
tion in developing simple prescriptions for wildfire mitiga-
tion that may not bring predictable results under extreme
climate conditions. Our analysis reveals that fire regimes,
climate, fuel type and abundance, and stand structure vary 
significantly across the Rocky Mountain region. As a conse-
quence, the heterogeneous forests in this region require very
different approaches to restoration and wildfire manage-
ment (Gutsell et al. 2001). Clearly, policymakers need to 
incorporate ecological heterogeneity into their decisions in 
order to implement sound forest management policy.


In addition to the fuel-management operations described
above, we need new research to clarify the geographic varia-
tion in fire regimes across different forest types in this large,
heterogeneous region. There is great geographical variation
in the distribution of the three broad fire regimes defined here.
In Montana, for example, subalpine forests cover roughly
40% of the forested area, while in Arizona the extent of these
forests is significantly smaller and they are more isolated on
scattered mountaintops. At a regionwide scale, it is difficult
to define the precise extent of these different fire regimes
and their spatial location (and especially to distinguish between
the low-severity and mixed-severity fire regimes), as illustrated
by the variation between the estimates based on PNV groups
and those based on current cover type (table 1). There is
also significant variation in fire regimes within each of the
three broad fire-regime classes in response to local topogra-
phy and landscape position, and there are other important 
vegetation types not covered in this brief article (e.g., piñon-
juniper woodlands; Romme et al. 2003).


A “one size fits all” approach to reducing wildfire hazards
in the Rocky Mountain region is unlikely to be effective 
and may even produce collateral damage in some places. We 


do not advocate delaying action until all of the ecological 
questions have been answered; in many places, there is an ur-
gent need and a solid ecological basis for restoration and
fire-mitigation efforts. In other areas, however, where the
ecological basis for aggressive fuel reduction is inadequate or
lacking, uncritical extrapolation of models from other systems
may cause more harm than good.
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We contend that traditional approaches to forest conservation and management will be inadequate given
the predicted scale of social-economic and biophysical changes in the 21st century. New approaches,
focused on anticipating and guiding ecological responses to change, are urgently needed to ensure the
full value of forest ecosystem services for future generations. These approaches acknowledge that change
is inevitable and sometimes irreversible, and that maintenance of ecosystem services depends in part on
novel ecosystems, i.e., species combinations with no analog in the past. We propose that ecological
responses be evaluated at landscape or regional scales using risk-based approaches to incorporate uncer-
tainty into forest management efforts with subsequent goals for management based on Achievable
Future Conditions (AFC). AFCs defined at a landscape or regional scale incorporate advancements in
ecosystem management, including adaptive approaches, resilience, and desired future conditions into
the context of the Anthropocene. Inherently forward looking, ACFs encompass mitigation and adaptation
options to respond to scenarios of projected future biophysical, social-economic, and policy conditions
which distribute risk and provide diversity of response to uncertainty. The engagement of science-
management-public partnerships is critical to our risk-based approach for defining AFCs. Robust moni-
toring programs of forest management actions are also crucial to address uncertainty regarding species
distributions and ecosystem processes. Development of regional indicators of response will also be essen-
tial to evaluate outcomes of management strategies. Our conceptual framework provides a starting point
to move toward AFCs for forest management, illustrated with examples from fire and water management
in the Southeastern United States. Our model is adaptive, incorporating evaluation and modification as
new information becomes available and as social–ecological dynamics change. It expands on established
principles of ecosystem management and best management practices (BMPs) and incorporates scenarios
of future conditions. It also highlights the potential limits of existing institutional structures for defining
AFCs and achieving them. In an uncertain future of rapid change and abrupt, unforeseen transitions,
adjustments in management approaches will be necessary and some actions will fail. However, it is
increasingly evident that the greatest risk is posed by continuing to implement strategies inconsistent
with current understanding of our novel future.
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1. Introduction


The future is increasingly uncertain due to the rapid and com-
pounded environmental, economic, and social changes that charac-
terize the so-called Anthropocene, the geological epoch dominated
by human modification of the Earth System (Steffen et al., 2007).
High rates of landscape modification and species extinctions are
unprecedented, and few, if any, ecosystems remain beyond the
influence of human activity (e.g., Likens, 2001; Seastedt et al.,
2008; Hobbs et al., 2009). Modern landscapes are social–ecological
matrices of patches ranging from ‘‘natural/wild” to ‘‘intensive
commodities-oriented” to ‘‘urban” (Hobbs et al., 2014). Novel
ecosystems – the product of direct or indirect human activity –
are increasingly prevalent and are often characterized by species
assemblages and biophysical conditions with no analog in the past
(Hobbs et al., 2006). The combined effects of changing climate and
land-use, habitat fragmentation, species loss and introductions,
and altered nutrient and hydrologic cycles at times exceed the abil-
ity of contemporary ecosystems to maintain their structure and
function. Such disruptions can result in rapid unanticipated transi-
tions and irreversible thresholds, which have significant social and
ecological consequences (see Research Alliance Thresholds
Database for examples, http://www.resalliance.org/index.php/
thresholds_database). At the same time, there are societal expecta-
tions that ecosystems can and will be restored or rehabilitated to
functional states, even while climate change, population growth,
water diversion, the proliferation of chemicals and numerous other
environmental changes impose additional burdens in ways that are
not adequately understood (Naiman, 2013). Indeed, a primary goal
of ecosystem management is to sustain ecosystem structure and
function (Christensen et al., 1996). However, we contend that
ongoing changes will in some cases exceed our ability to sustain
existing ecosystems, and in such cases, a shift in focus to mitigation
and adaptation for ecosystem services will be necessary and there-
fore produce ‘‘novel” ecosystems (e.g., Millar et al., 2007; Hobbs
et al., 2014).


The rate and magnitude of environmental and socio-economic
change expected over the next several decades will require
innovative conservation and management perspectives, as these

anthropogenic changes will alter (e.g., increase or decrease) the
ability of ecosystems to provide ecosystem services (Hobbs et al.,
2014, AIBS, http://actionbioscience.org/environment/esa.html).
Ecosystem services are values associated with human well-being
and are comprised of needs (i.e., life sustaining) and desires (i.e.,
quality of life sustaining), with both tightly tied to ecosystem struc-
ture and function. The capacity to maintain or enhance these ser-
vices is a significant concern, as reductions hold negative and in
some cases, potentially dire consequences for human well-being
(e.g., www.millenniumassessment.org).


Although many of the concepts presented in this paper can be
applied to a wide range of ecosystems, our focus is primarily on
forests. Forests are an especially critical component of the modern
landscape, providing diverse services such as wood and fiber, cli-
mate regulation, carbon storage, biodiversity support, and regula-
tion of water yields and quality (FAO and JRC, 2012; Agrawal
et al., 2013; Haddad et al., 2015). Current approaches to forest
management in areas dominated by private land ownership are
generally fragmented and uncoordinated. While management
goals may be intended to ensure productivity, environmental qual-
ity, and conservation of biodiversity, management approaches are
often limited in their ability to protect key ecosystem services
given the rate and scale of biophysical and social-economic
changes. We attribute this deficiency, at least in part, to an out-
dated view of ecosystems and the Earth System as static or inher-
ently stable rather than dynamic (Pickett et al., 1992; Milly et al.,
2008). New approaches focused on anticipating and guiding eco-
logical responses to change are urgently needed to ensure ecosys-
tem services for future generations. This need will likely require
challenging some widely accepted principles of forest management
and restoration, revising and expanding long-held guidelines and
best management practices, and reappraisal of current regulations
and laws. For example, focusing conservation efforts on public
lands, local preserves, protection of rare species assemblages, and
restoration of historic forest ecosystems may prove insufficient.
Change is inevitable and might often be irreversible, so the provi-
sion of ecosystem services will depend, in part, on the
development of novel ecosystems and the emergence of regionally
coordinated forest conservation strategies and management
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approaches that consider both public and private land (Dale et al.,
2000; Seastedt et al., 2008; Hobbs et al., 2013; Rieman et al., 2015).
Managing in the Anthropocene builds on many of the concepts of
ecosystem management (Christensen et al., 1996), but incorpo-
rates long-term risk and uncertainty, and recognizes that future
biophysical and social-economic conditions constrain desired
management outcomes. As a starting point, we propose the follow-
ing tenets:


1.1. Science-management-public partnerships as a foundation for
conservation strategies


It has long been acknowledged that ecological dynamics
operate at scales that are independent of ownership and political
boundaries, so the effectiveness of conservation strategies will
depend on the spatial arrangement of decisions at multiple scales
(Christensen et al., 1996). However, this challenge presented by
ecosystem management has yet to be resolved. Landscape assess-
ments and management planning that cross these boundaries
and incorporate stakeholder concerns and desires may provide
the only means of anticipating the cumulative effects of multiple
drivers operating at various scales. The emergence of novel ecosys-
tems also creates challenges that span traditional management and
technical boundaries (terrestrial, aquatic, game and non-game
wildlife, endangered species, etc.), and a need for integrated
management across these boundaries.


1.2. A risk-based approach is required to assess current conditions and
develop conservation strategies in the face of future uncertainty


It is frequently difficult or impossible to provide rigorously
quantified estimates of future uncertainty for decision-making
(Carpenter et al., 2009). However, there is increasing certainty that

Fig. 1. Framework for conservation management for achievable future conditions, based
engagement is a continuous process, with an expectation of frequent engagement at all
this figure legend, the reader is referred to the web version of this article.)

future biophysical conditions will continue to diverge from the
past. Further, risks can be quantified by using technical informa-
tion to develop possible future scenarios (risk assessment) using
best available information and accounting for uncertainty. Thus,
effective conservation planning and policies must include the
envelopes of potential future social-economic and biophysical con-
ditions. We call these envelopes ‘Achievable Future Conditions’
AFC (see below), and their development moves beyond projections
of future biophysical conditions. The AFCs should be designed
within the boundaries of social acceptance and capacity for
decision-making. AFCs are intended to facilitate social and
ecological adaptive capacity to respond to uncertain, even unfore-
seen, conditions (e.g., Gunderson, 2000; Chapin et al., 2009). Apply-
ing a risk-based framework to alternative future scenarios can help
identify potential problems and limitations, improving the
likelihood that conservation objectives are achievable.

1.3. Achievable future conditions provide the foundation for
prioritizing conservation and management actions


The primary objective of the AFC approach is to identify an
envelope of achievable ecosystem service futures that incorporate
current understanding of projected biophysical constraints,
social-economic demands, and political realities of land ownership
and development. From this foundation, risk management
approaches can be used to consider and prioritize management
actions that can mitigate undesirable conditions or provide adap-
tive responses to reduce adverse consequences of anticipated
change (Yohe and Leichenko, 2010). Mitigation and adaptation
distribute risk and provide diversity of response in the face of
uncertainty. The process is inherently iterative, as new information
becomes available, strategies for mitigation and adaptation can be
revised or reprioritized as needed (Yohe and Leichenko, 2010).

on scenario and risk assessments. The red line and arrows show that stakeholder
stages of conservation management. (For interpretation of the references to color in
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We apply a conceptual approach to conservation and manage-
ment that examines projected environmental changes and ecolog-
ical responses using the southeastern United States as a template.
At the core of our approach is the delineation of AFCs that constrain
outcomes within the boundaries set by future biophysical, social-
economic and political scenarios. The dominance of diverse private
landowners, abundance of forest area and forestry operations, and
the dynamics of land uses make the southeastern U.S. challenging
and illustrative example.

2. Developing conservation strategies


Our conceptual approach emphasizes that human population
growth and development will be rapid, and as a result, biophysical
and social-economic systems will continue to change in ways that
are uncertain and may result in unprecedented or novel conditions.
To ensure that forest ecosystems will continue to provide essential
ecosystem services, planning will need to apply risk-based
scenarios of future conditions. By necessity these strategies will
be forward looking, interdisciplinary, large scale, and include mit-
igative (actions that reduce vulnerability) and adaptive (actions
that cope with consequences) elements. In the following section,
we outline critical elements that guide forest responses to rapid
environmental and social-economic changes, and provide a con-
ceptual model for the process we propose (Fig. 1). We begin by
describing the critical elements required to convert our tenets into
effective strategies, provide scenario-based projections for future
biophysical and social conditions in the southeastern U.S., discuss
the challenges that remain to implement our strategies, and use
natural resource management case studies to demonstrate how
strategies could be applied to anticipate and manage ecological
responses.

2.1. Element 1: Science-management-public partnerships are the foun-
dation for successful conservation strategies


Partnerships between researchers, managers and the public are
foundational to identifying priorities for ecosystem services, where
meaningful changes and/or scarcities of ecosystem services might
arise. Without communication among scientists, managers, and
stakeholders at appropriate spatial and temporal scales, the ability
to understand ecosystem service tradeoffs will be limited. The
ecosystem services that societies depend upon are often not well
aligned with political boundaries, so coordination across jurisdic-
tional borders is imperative. Because they are not traded and are
by-products of management for other services (i.e., classic produc-
tion externalities) most ecosystem services are unlikely to be pro-
duced at socially-optimal rates.


Stakeholder engagement remains an enormous challenge (e.g.,
Reed et al., 2009) especially in mixed ownership settings of the
Southeast, where the autonomy of landowner choices creates diffi-
culties for coordinating management strategies to achieve regional
benefits. Large-scale conservation strategies will be most success-
ful when stakeholders are engaged in developing priorities and
understand how risks could be reduced and outcomes for local
conditions enhanced through coordinated regional management
approaches. Research into the potential benefits and costs of
institutional mechanisms, including regulation, or landowner
incentives, easements, and trading between landowners and
ecosystem service consumers is needed to encourage the coordi-
nated decision-making that can lead to better ecosystem service
outcomes. Existing institutions may need to be modified to support
coordinated activities within and among constituents to focus on
landscape or regional outcomes.

2.2. Element 2: A risk-based approach is required to develop and man-
age conservation strategies in the face of future uncertainty


There is a growing consensus that future forest dynamics will
be altered in ways we will not anticipate, resulting in outcomes
that will challenge our understanding (Lindenmayer and Likens,
2010). Beyond ecological dynamics, our understanding of how to
guide the responses of coupled social–ecological systems to sustain
ecosystem services is a continually evolving area of research
(Carpenter et al., 2009). Management planning and evaluation of
ecosystem services are predominantly based on current and/or his-
toric conditions, and goals are set to sustain the existing ecosystem
structures and functions that support them (Christensen et al.,
1996) However, given the pace of climate and land-use changes,
historical conditions and ecological communities might become
increasingly improbable (e.g., Maes et al., 2012). Current condi-
tions are best viewed as baselines for projecting future scenarios
and developing risk management strategies (Fig. 1), but this
approach is seldom applied to projections for the provision of
ecosystem services at relevant scales (Iverson et al., 2012; Wear
and Greis, 2013). The uncertainty of any specific future projection
may be high, but a scenario-based approach generates an envelope
around the range of possible forest futures (Wear and Greis, 2013)
from which risk can be assessed.


Assessing risk can help define outcomes and guide prioritiza-
tion of potential problems and conservation strategies at large spa-
tial scales. Risk can be described as the product of the frequency of
a ‘‘hazardous” event (e.g., drought, storms, wildfire) and the conse-
quences of the event (IPCC, 2014; Yohe and Leichenko, 2010),
where ‘‘hazardous” is defined as an event whose frequency or
severity is sufficient to cause undesirable outcomes. Characterizing
risk requires consideration of the physical, environmental, and
socioeconomic factors that determine the ability to resist or
recover from a hazardous event, referred to as vulnerability. For
example, high severity events (e.g., catastrophic flooding and land-
slides following extreme rainfall, forest wildfires during droughts)
are always high risk, even when the likelihood of occurrence is low.
Conversely, low severity events (e.g., tree growth reduction due to
short-term drought) generally are low risk, even when the likeli-
hood of occurrence is high. Risk management involves a variety
of mitigative and adaptative options that reduce risk or vulnerabil-
ity to acceptable levels (IPCC, 2007; Yohe and Leichenko, 2010).
Examples using this bivariate approach in the ecological literature
are rare (Iverson et al., 2012); however, implementing a risk-based
framework for management simply requires that assessments are
based on projected frequency and estimated consequences
(Ojima et al., 2012). The utility of risk-based approaches has been
recognized in forest management (e.g., Ojima et al., 2014).


Quantifying risks at fine spatial and temporal scales is likely to
be highly uncertain, and in cases where there is insufficient
knowledge, it may be necessary to apply qualitative rather than
quantitative analyses (e.g., IPCC, 2007; Richter et al., 2011;
Melillo et al., 2014). Both quantitative and qualitative information
can be used to determine vulnerabilities as well as acceptable
levels of risk in response to the changing biophysical and socioeco-
nomic drivers.


2.3. Element 3. Achievable future conditions provide the foundation for
prioritizing conservation and management actions


A cornerstone for conservation planning has been the identifica-
tion of desired future conditions (DFC). Guided by historical end-
points and legal requirements like the Endangered Species Act in
the US, DFCs typically include maintenance or restoration to a his-
torical condition of existing species, communities or ecosystems.
Although the DFC approach has proven useful, it fails to address
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how rapidly changing biophysical and social ecological conditions
could lead to novel conditions at a landscape or regional scale with
unattainable historical endpoints. For example, a DFC for a restored
freshwater wetland in coastal areas subject to sea level rise
and saltwater intrusion is not feasible (Ardón et al., 2013).
Instead, we propose more forward looking DFCs that grant equal
or greater weight to projected future scenarios of biophysical and
social-economic change (Prato, 2008); more appropriately termed
‘‘Achievable Future Conditions” (AFC). Defining AFCs requires a
science-management-public partnership to develop social-
economic needs and ecological possibilities within the risk-based
and scenario building framework. The AFCs along with the identi-
fication of vulnerabilities and thresholds for acceptable risk can be
used to determine the goals for management.


To be successful at large spatial scales, management actions to
achieve AFCs will require widespread acceptance and application.
The best analogy is the current implementation of best manage-
ment practices (BMP) to minimize or mitigate impacts of timber
harvesting and site preparation on water quality and site produc-
tivity (Prud’homme and Greis, 2002; Aust and Blinn, 2004). We
build upon the concept of BMPs, but our discussion extends
beyond the current scope and authority of most water-based
BMP programs in the Southeast. Our suggestion is that the scope
of BMPs should be broadened to include management practices
that guide ecological change to attain AFCs. Broadening also
implies an ongoing need for monitoring of BMPs (discussed below)
for efficacy and the establishment of adaptive mechanisms for
adjusting practices to reflect new and anticipated ecosystem con-
ditions (e.g., Westgate et al., 2013). These new BMPs will need to
include management options that address suites of ecosystem ser-
vices and the potential tradeoffs among them, such as regional
water yields or climate buffering (Bagley et al., 2014). For BMPs
to be effective, they must be consistently implemented at regional
scales. Further, it should be noted that while BMPs can be effective
for guiding management toward AFCs, some problems may be
resolved only through elimination of certain practices altogether,
implying a need to structure compensation for landowners, per-
haps through a payment/trading system within the relevant
landscape.


Determination of BMP effectiveness requires monitoring to
assess if desired outcomes are achieved. Hence, continuous moni-
toring of physical, biological, and social conditions will be critical
to ensure that ecosystem service based management goals are
attained. Monitoring will also allow approaches to be modified as
priorities and evaluations for AFCs shift in response to changing
values and/or updated future forecasts. This evaluation process
will require substantial investment in ‘‘on-the-ground” environ-
mental monitoring (Lindenmayer and Likens, 2010; Fekete et al.,
2015). Remote sensing can serve some monitoring needs
(Hargrove et al., 2009; Famiglietti et al., 2015), but it has limita-
tions in the types of parameters that can be monitored (Kerr and
Ostrovsky, 2003; Pettorelli et al., 2005; Arvor et al., 2013). Existing
and emerging networks (e.g., Long Term Ecological Research
(LTER), Long Term Agroecosystem Research (LTAR), National Eco-
logical Observatory Network (NEON), Global Lake Ecological
Observatory Network (GLEON)), and new remote sensing plat-
forms (e.g., GRACE; Thomas et al., 2014; Reager et al., 2014) may
also be useful in meeting some landscape and continental scale
monitoring needs (Kao et al., 2012; McDowell, 2015; Schimel and
Keller, 2015), but these networks remain largely untested with
regards to detecting large scale changes in response to manage-
ment actions. In addition, emerging networks do not directly
address change in forests, particularly on private land. Although
not focused on detecting responses to specific management
actions, the United Forest Service Forest Inventory and Analysis
Program has provided a critical database for assessing changes in

forest condition (Woodall et al., 2011). The success of programs
such as data on bird populations generated by the Audubon Soci-
ety’s Christmas Bird Count indicate the value of citizen science to
meet some of these data needs (Dickinson et al., 2012). Citizen
science programs also involve and raise awareness among
stakeholders on conservation issues (Aceves-Bueno et al., 2015).

3. The Southeastern template


In this section, we characterize the social and ecological com-
plexity of the Southeastern US and examine future projections
for the region as a guide for developing scenario-based manage-
ment actions. We define the Southeast as the 13 state region
included in the Southern Forest Futures Assessment (Wear and
Greis, 2013), extending from Virginia and Kentucky, south to
Florida and west to Texas and Oklahoma.

3.1. A region of high social and ecological complexity


The Southeastern region is dominated by private land owner-
ship and highly diverse forests, streams, rivers, and wetlands. For-
ests are the dominant land cover type, exceeding 65% in some
states. One third of the private forest lands are under corporate
ownership, and these lands are experiencing a rapid shift from
ownership and management by integrated forest management
companies to real-estate investment trusts (REITs) and timber
investment management organizations (TIMOs). This shift toward
REITs and TIMOs, which can divest rapidly, makes land ownership
and management more difficult to forecast. The remaining two-
thirds of the private forest land is owned by individuals or families,
who typically lack long-term management plans (Butler and Wear,
2013). Developing and implementing management plans is further
challenged by the size of landholdings, with an average family
holding of less than 12 ha and trending smaller as land is passed
down to multiple heirs (Butler and Wear, 2013).


The abundance of small, private landholdings creates a mosaic
of developed areas adjacent to wildlands, with up to 22% of the
Southeastern landscape included in wildland–urban interface
(WUI) (Zhang et al., 2008). The greatest extent of WUI extends
from Virginia to South Carolina, due to development outside
mid-sized cities such as Columbia, SC (Zhang et al., 2008, see
below). Expansion of WUI causes habitat fragmentation, biodiver-
sity loss, and increases wildfire risk (Radeloff et al., 2005; Haddad
et al., 2015).


With an abundance of terrestrial and aquatic habitats, the South-
east is noted for biological richness and high productivity (Burr and
Mayden, 1992; Neves et al., 1997;Wear and Greis, 2013), providing
diverse ecosystem services (www.teebweb.org). The Southeast
leads the nation in timber production, a well-quantified ecosystem
service (Wear and Greis, 2013). Payments for other forest-based
services, including biodiversity (conservation easements and banks,
wildlife viewing, and hunting), carbon offsets, and bundled services
(e.g., Wetland Reserve Program that provides multiple services)
totaled $1.7–$1.9 billion across the US from 2005 to 2007 (Mercer
et al., 2011). The greatest payment rates occurred in the Southeast,
particularly in Georgia, Florida and Louisiana (Mercer et al., 2011).
Incentive programs for water resources are frequently provided to
agricultural landowners, but payments for conservation measures
or water quality trading programs are difficult to estimate on regio-
nal scales (Mercer et al., 2011).


The major river systems in the southeastern U.S. are influenced
by multiple landowners and land uses, across diverse political
jurisdictions, and have varying stakeholder interests. Municipal,
industrial, and power generation are the predominant drivers of
water management programs; however, most drinking water in



http://www.teebweb.org





Table 1
Organizations currently working at landscape scale management coordination in the Southeast. These organizations can be key players in any new efforts in conservation
management; however, a key distinction between existing efforts and the proposed framework is the focus on scenario-based planning, risk assessment, and landscape
monitoring.


Organization � Description
� Goal
� Guiding documents


� Public–pri-
vate
partnerships


� Ownership
focus


� Scenario-based future planning,
risk assessment, or landscape
monitoring?


Landscape Conservation
Cooperatives (LCCs)


� Collaboration among FWS, USGS, state agencies.
� Support integrated landscape conservation.
� Spatially explicit Conservation Blueprint


� Yes
� Primarily
focused on
public land


� Capacity to update conservation
blueprint


Coalition of Prescribed
Fire Councils


� Promotes prescribed fire management, supports landowners. � Yes-
� Primarily
focused on
private land


� No


America’s Longleaf
Initiative


� Federal, state and private industry collaboration across nine Southeastern
states


� Goal to more than double the area of longleaf pine in 15 years


� Yes
� Focused
across
ownerships


� Local implementation teams


Greater Okefenokee
Association of
Landowners (GOAL


� Federal, state and private industry landowners in the Okefenokee region of
GA, FL


� Goal to respond to wildfire and reduce risk.


� Yes � No


Flint Riverkeeper � Stakeholder NGO
� Goal to ‘‘restore and preserve the habitat, water quality and flow of the Flint
River for the benefit of current and future generations and dependent
wildlife”


� Yes � No


ACF Stakeholders � Stakeholder NGO
� Goal to ‘‘achieve equitable water-sharing solutions among stakeholders that
balance economic, ecological and social values, while ensuring sustainabil-
ity for current and future generations”


� Yes � No
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the Southeast U.S. is derived from surface water sources (Caldwell
et al., 2014). Water quality guidelines for large rivers are set
through federal regulation and administered by states (i.e., Clean
Water Act and NPDS permitting). Adjacent land use has a large
effect on patterns of runoff and water quality. Non-point source
runoff is often unregulated on private lands and Best Management
Practices (BMP’s) are voluntary and not always implemented,
particularly for smaller streams (Shortle and Horan, 2013). Thus,
individual landowner management decisions can have a large
effect on runoff into stream reaches crossing the landowner’s
property. Many larger rivers in the Southeast are regulated by
impoundments, whose operating authority and procedures are
under control of the US Army Corps of Engineers or other agencies
(Benke, 1990).


There is very little practical coordination of management
actions at regional scales in the Southeast, despite the objective
of ‘‘all lands” management approaches by some agencies and con-
servation groups (Table 1). Notable exceptions include a relatively
new effort at range-wide restoration of longleaf pine. Current con-
servation and knowledge transfer programs are developed and
implemented by organizations operating at different scales, some-
times with contrasting objectives and guiding principles. For
example, public land management plans emphasize a spectrum
of goals, from a broad complement of multiple uses (e.g., National
Forests, US Forest Service (USFS)) to long-term protection (e.g., US
National Park Service, or Wilderness Areas). Management plans for
large private landowners (e.g., The Nature Conservancy, forest
industry, land trusts, hunting preserves) typically focus on a nar-
rower set of goals specific to institutional objectives. Goals and
objectives may be narrower still for small non-industrial private
forest landowners. Communication and knowledge transfer in
the Southeast derives from a culture of independence and a strong
southeastern legacy of private property rights, therefore, is often
site-specific and based on local experience. This situation suggests
that private landowner participation in coordinated, large-scale
conservation efforts is a key challenge requiring innovative strate-
gies to incentivize engagement (Wear and Greis, 2013).

3.2. Scenarios for the future


Projections for the Southeast indicate a future climate that is
hotter with more variable precipitation (IPCC, 2014). Although pre-
cipitation projections are uncertain, greater evaporative loss from
increased temperatures is expected to increase water stress (Liu
et al., 2013a; Lockaby et al., 2013). The growing human population
will rely on an increasingly urbanized landscape for ecosystem ser-
vices, suggesting the risk of ecosystem service losses or disruptions
is increasing (Wear and Greis, 2013). Climate models project
steady warming across the region, though at varying rates and
with subregional differences (IPCC, 2007; McNulty et al., 2013).
Temperatures are projected to increase between 0.5 and >3.5 �C
over the next 50 years, with greater increases in the western part
of the region. Precipitation projections vary across models, sug-
gesting potentially high uncertainty. As the climate changes, esti-
mates indicate rapid land use-land cover (LULC) changes due to
increasing population, with 12–17 million ha of new development
by 2060 (Wear and Greis, 2013). Projected loss of rural land ranges
from 4 to 9 million ha (6.5–13.1%) for forest, and 2–7 million ha
(6–19%) for agriculture. Development and population growth are
expected to be greatest at the periphery of urban centers, particu-
larly in the Piedmont of the Southern Appalachian Mountains from
Raleigh NC to Atlanta GA, and along the Atlantic and Gulf of Mexico
coastal zones (Fig. 2, Wear and Greis, 2013; Terando et al., 2014).
Scenarios with high economic growth result in more urbanization
spread across a larger area (Fig. 2). Increasing urban populations
are correlated with increasing real incomes; however, the eco-
nomic conditions in depopulating rural areas are likely to decline,
increasing the vulnerability of rural communities to extreme
events and reduction of ecological services (Gaither et al., 2011).
Differences in economic position and general perspectives on land
use (rural-utilitarian vs. urban-esthetic as an example) suggest
both economic and political tensions between stakeholders in con-
trasting segments of the Southeastern landscape.


Projections of forested LULC in the Southeast depend on
population- and income-growth drivers as well as agricultural







Fig. 2. Projection of population change in the Southeastern United States, 2010–2060, assuming the (a) A1B storyline of low population growth, high economic growth, high-
energy use; and (b) B2 storyline of moderate growth and energy use from the 2010 Resources Planning Act (RPA) assessment. Note that counties in crosshatch have forecasted
population losses. Adapted from Wear and Greis (2013).
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and timber prices. Until recently, forest losses associated with
development were offset by afforestation of marginal agricultural
land. Recent projections indicate agricultural LULC will stabilize
or even increase due to strong future agricultural markets (Wear
and Greis, 2013). Forest losses are projected to be greatest from
northern Georgia through North Carolina and into parts of Virginia
(Fig. 3). Other areas of projected concentrated forest loss are the
Atlantic Coast, along the Gulf of Mexico, and outside of Houston,
TX. Forest type is particularly responsive to market conditions,
with projections indicating an increasing trend in planted pines
that began in the 1950s (Wear and Greis, 2013). Planted pines cur-
rently occupy almost 16 million ha, or 19% of the 83 million ha of
forest in the Southeast (Wear and Greis, 2013; Klepzig et al.,
2014). Projections of urbanization and timber prices suggest that

by 2060, planted pines could increase by 11.3–27.3 million ha
(34% of forest area), replacing much of the remaining natural
(non-plantation) pine forest (Wear and Greis, 2013).


Scenarios of future climate and land use suggest forest conser-
vation and management challenges will increase in the Southeast
(Wear and Greis, 2013). The region faces a future of increasing
fragmentation, loss of deciduous forest area in the Piedmont and
Southern Appalachians, and potential conversion of natural forest
to pine plantations in the Coastal Plain. These changes create
uncertainty for important ecosystem services including biodiver-
sity conservation, maintenance of hydrologic function, carbon
sequestration, and climate buffering (Wear and Greis, 2013).
Responding to change will require new thinking and strategies.
For example, future forests may be subject to large-scale severe







Fig. 3. Proportional change in land 1997–2060. (a) Percent change (increase) in urban land use. (b) Percent change (decrease) in forest land use. Adapted fromWear and Greis
(2013).
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wildfires, which have not been a primary concern in the past due to
management including prescribed fire (Melvin, 2012). Predicted
hotter conditions and thus, increased Keetch-Byram Drought Index
(KBDI) seem likely to increase wildfire risk (Liu et al., 2013a, Fig. 4),
causing concerns for the safety and health of an expanding popu-
lation of the WUI and in depopulating rural areas. The confluence
of population growth, urbanization, climate change, and loss/frag-
mentation of forests will also increase the water supply stress
(water demand/water supply) between 10% and 100% throughout
much of the Southeast (Fig. 5).

4. Applying the framework to conservation challenges in the
Southeast US


In the following section, we use case studies focused on wildfire
risk and water scarcity to explore how our framework could be

used to develop and attain AFCs in a real-world setting. Character-
izing current conditions is a logical starting point for the process. In
the examples that follow, regional drought conditions caused
undesirable events (wildfires and exceptionally low stream flows).
These observed events, along with climate, land use, and popula-
tion projections, have created concerns about future risk and
exposed vulnerabilities to both stakeholder and management
communities. We discuss these case studies in the context of our
conceptual model and framework, not to criticize past efforts,
but to show how regional conservation strategies and actions
might be enhanced to address these concerns.

5. Fire management and the Georgia Bay Complex wildfires


The Southeast experiences more wildfire than any other region
of the country, averaging 45,000 fires a year over the six year







Fig. 4. Comparison of annual fire potential for future conditions (2060). Adapted from Stanturf and Goodrick (2013).


Fig. 5. Water supply stress index as identified by the Water Supply Stress Index (WaSSI) and calculated as the ratio of total demand and total water supply. Values represent
change in 2050 from current conditions, based on population projections. Adapted from Wear and Greis (2013).
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period from 1997 to 2003 (Mitchell et al., 2014). Typically, wild-
fires are not severe or large, as many Southeastern ecosystems
are adapted to short fire return intervals that reduce fuel loads

(Liu et al., 2013a). The Southeast also has a strong tradition of
prescribed fire management, implementing more burns than
other regions combined (Melvin, 2012). Prescribed burns have







Fig. 6. Application of conservation framework to fire management in the Okefenokee region of Georgia and Florida. Increasingly quantitative data could be incorporated as it
becomes available.
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historically been implemented for management of fire-dependent
biodiversity, including game species. Despite regular fuels man-
agement, Southeastern wildfires destroy more structures than in
other regions and can lead to substantial timber losses for affected
landowners (Stanturf and Goodrick, 2013). Projections for climate
and land use in the Southeast indicate wildfires will be more fre-
quent, intense, and occur over a fire season that will be extended
by 1–3 months (Liu et al., 2013a, 2013b). These conditions suggest
that wildfires will burn under more extreme conditions and fire
frequency will increase in ecosystems with longer fire return inter-
vals, including wetlands that historically burn only during signifi-
cant droughts (Stanturf and Goodrick, 2013). The risk imposed by
future wildfire will be compounded because of projected expan-
sion of WUI and dispersed rural housing (Gaither et al., 2011; Liu
et al., 2013a; Zhang et al., 2013). As wildfire risk increases, fuel
management will be constrained because fewer days will meet cri-
teria for prescribed fire implementation (Liu et al., 2013a; Mitchell
et al., 2014). Recent wildfires in Georgia and Florida provide useful
guidelines for potential future wildfire in the Southeastern U.S.,
and we use the Greater Okefenokee region as an application of
our risk-based management framework (Fig. 6).


In 2007, the Georgia Bay Complex Fires (including the Sweat
Farm Road Fire, Big Turnaround Fire Complex and the Bugaboo
Scrub Fire) burned 242,800 ha across federal, state and private

lands under severe drought conditions. The fires exhibited novel,
erratic fire behavior, including flame lengths as high as 30 m
(Edwards et al., 2013). Timber losses on private lands were in
excess of $58 million (Mitchell et al., 2014). Smoke from the fires
degraded air quality from Mississippi to North Carolina (Odman
et al., 2007; Mitchell et al., 2014) and caused the temporary closure
of two interstate highways in southern Georgia and northern Flor-
ida (I-10 and I-75) (Edwards et al., 2013). Adjacent communities
were at particularly high risk, as many of them had been identified
as economically vulnerable (Gaither et al., 2011). Only four years
later, the 2011 Honey Prairie Complex Fire became the second lar-
gest in the Okefenokee region’s history (125,129 ha) (http://www.
fws.gov/okefenokee/HoneyPrairieArchive.html). The estimated
historic return interval for such large fires was approximately
150 years (Yin, 1993).


5.1. Science-management-public partnerships as a foundation for
conservation strategies


Collaboration and coordination are particularly critical for fire
management in the Southeast because of fragmented land owner-
ship, high WUI, economically vulnerable rural residents, and valu-
able, fire-sensitive timber resources. The Greater Okefenokee
Association of Landowners (GOAL) was formed between US Fish
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and Wildlife Service, state agencies from Georgia and Florida, and
private landowners to coordinate fire responses, motivated by an
active wildfire season in 1994 (Table 1). While it includes repre-
sentatives from adjacent rural communities, GOAL would need to
expand to facilitate wildfire mitigation for socio-economically
vulnerable rural residents, including renters and their properties,
to mitigate wildfire risk (Gaither et al., 2011). Further, GOAL does
not currently include significant participation from the scientific
research community, which could facilitate estimates of future fire
risk, and move the organization toward more anticipatory
strategies.


5.2. A risk-based approach to assess current conditions and develop
conservation strategies in the face of future uncertainty


Risk assessment and prioritization are key goals of the Steward-
ship and Fireshed Assessment (SFA) process, which is increasingly
implemented on public lands in the West (Bahro et al., 2007). The
SFA uses a collaborative approach incorporating expert opinion,
stakeholder involvement, and simulation modeling of manage-
ment outcomes to prioritize landscape-scale wildfire risk reduction
(Bahro et al., 2007). Landscapes are delineated into firesheds, usu-
ally several times the spatial extent of large, severe wildfires
(Bahro et al., 2007; North et al., 2012). Delineations are based on
historic fire data, fuels, LULC including WUI, expert opinion and
stakeholder involvement. Coordinated strategies for fire and fuels
management are developed and implemented using firesheds as
management units (Bahro et al., 2007; North et al., 2012).


Application of fireshed management concepts in our conserva-
tion and management framework (Fig. 6) begins with a fuels
assessment to establish baseline risk conditions. The Southern
Wildfire Risk Assessment Tool is a potentially important resource
to establish baseline conditions (www.southernwildfirerisk.com)
that the scientific community could add to as a resource for GOAL.
The current map indicates that the Okefenokee fireshed includes
areas of moderate and high severity fire risk, primarily in the
uplands. Established baselines can then be incorporated into future
scenarios to determine the impacts of projected changes in climate
and LULC. For example, the fire season in the Okefenokee region is
expected to extend two months longer into the autumn by 2060
(Liu et al., 2013a), potentially increasing the intensity and thus
severity of fire. This kind of future scenario projection is a key
contribution science partners could provide to GOAL. Even if
detailed assessments of future fire risk were to prove difficult to
project, scenario based planning could use an experimental
approach to test the robustness of management planning. For
example, if fuel moisture were reduced by 10% across the fireshed,
would it be important to consider revisions or shifts in areas at
high risk?


Fire management in forests also will be challenged by increas-
ingly fragmented landscapes with shifting and novel species com-
positions. Given that Jacksonville, FL is a major port and the center
of urban development in the Okefenokee region, commercial trans-
port and fragmentation from development will likely facilitate the
spread of invasive species (Wear, 2013). The expansion of invasive
species will alter fuel dynamics and in turn, fire behavior. Climatic
envelope mapping can inform potential invasive species spread
across regional scales for inclusion in potential fuels mapping
(Sheppard et al., 2014). Using this approach, Bradley et al. (2010)
indicate ongoing range expansion of cogongrass (Imperata cylin-
drica), which is highly flammable. Mapping potential scenarios of
fuels will be a necessary part of fireshed risk mapping. This
mapping could include both continuous updating of invasive
occurrence and abundance from monitoring programs that might
include a citizen science component, as well as more technical
species occurrence projections provided by scientific partners.

5.3. Achievable future conditions provide the foundation for
prioritizing conservation and management actions


In the context of fire management, current strategies that could
be thought of as AFC-based BMPs include ‘‘Fire-wise” community
guidelines (www.firewise.org), which provide recommendations
for landowners to reduce impacts and spread of wildfires, such
as using less flammable landscaping and building materials
(Stephens et al., 2013). Such programs historically emphasized fire
on a short term and case-by-case basis according to the landowner
and community resources. Expanding BMPs to firesheds and incor-
porating preventative approaches that account for future climate
and land use change would broaden protection of human health,
safety, and economic interests across the Southeast, while main-
taining biodiversity in fire-dependent communities (e.g. Gaither
et al., 2011; Stanturf and Goodrick, 2013; Mitchell et al., 2014).


In firesheds where the risk and potential costs of wildfire are
increasing, BMPs could guide the determination of acceptable
levels of risk and effective management responses. Within such
risked-based approaches, high severity crown fire might be accept-
able where human health and safety are not jeopardized, such as
across interior wilderness areas of Okefenokee NWR. This approach
is consistent with fireshed management, where severe wildfires
are allowed to burn in certain parts of the landscape to protect
other areas (e.g., North et al., 2012; Stephens et al., 2013). Prioritiz-
ing areas of risk, including potential fire spread across the land-
scape will require mapping not only future biophysical
conditions (including drought stress and fuel loads) but also
social-economic conditions from futureWUI and economically vul-
nerable areas (e.g. Gaither et al., 2011). Establishing priorities will
require technical guidance from scientists in collaboration with
land managers and owners. In high-risk areas of firesheds such
as WUI areas, recommended BMPs might include physical fire
breaks (Agee et al., 2000) or establishment of novel vegetation
communities with lower fuel loads and flammability. Recommen-
dations might also mean that traditional Southeastern landscaping
with flammable materials, such as pine straw, will need to be ree-
valuated and/or moved away from structures. Landowners who
wish to reduce the risk to timber investments might consider
planting fire-resistant and resilient species such as longleaf pine
(Pinus palustris) in place of loblolly (Pinus taeda) or slash pine (Pinus
elliotti) and designing pine plantations to minimize risks to devel-
oped areas (Mitchell et al., 2014). These types of management
approaches are unlikely to be perfectly aligned with the interests
of landowners – for example, fire breaks may only provide benefits
to adjacent areas – so they probably would not be adopted without
some type of compensatory exchange between landowners and
beneficiaries, or policy intervention, most likely at the state level.


Prescribed fire, along with wildland fire acceptance, or allowing
wildfires in wilderness areas to burn, will continue to be important
BMPs for wildfire and biodiversity management in the Southeast
(Kirkman et al., 2001; Melvin, 2012; Stanturf and Goodrick,
2013; Mitchell et al., 2014). Prescribed fire is often viewed as the
most cost effective and ecologically beneficial fuels management
strategy (Melvin, 2012). However, managers should expect that
opportunities to use fire would occur less frequently under future
conditions, because of altered climate and concerns about smoke
management and air quality (Bhoi et al., 2009; Mitchell et al.,
2014). Public acceptance of prescribed fire will also be necessary,
and outreach from scientists and managers can provide the public
with information as a key part of the decision making process as to
where and when prescribed fire will be acceptable. Further, it will
not be sufficient to reduce fire risk on public land alone. Scientists
and managers can provide private landowners with information
and technical support to implement prescribed burning. Already,
states including Georgia and Florida provide assistance to
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landowners who seek it; however, states might need to move to a
more proactive recruitment process as wildfire risk increases.


Where prescribed fire is not feasible, implementation of fire-
breaks and/or conversion to less flammable vegetation, particularly
in the WUI, will be important BMPs to reduce future wildfire risk
across property boundaries. Even with aggressive management of
fuels, many areas are likely to experience high severity fires that
may substantially alter ecosystem structure and function. During
the Georgia Bay Complex Fires, some recently prescribed burned
(<5 years) stands in the Osceola National Forest experienced high
severity burns due to extremely dry weather and high-risk fire
conditions (Fire Behavior Assessment Team 2007). Further, GOAL
sought to create a wildfire buffer around the Okefenokee (goalpart-
ners.org) following the 2007 fire season; so, the spread of the 2011
fires suggests that management will need adaptive and increas-
ingly aggressive approaches to contain fire under projected war-
mer and drier climatic conditions (Stanturf and Goodrick, 2013).


For the Okefenokee fireshed, determining acceptable levels of
risk for management prioritization will require coordination
among state and federal agencies, GOAL, Prescribed Fire Councils,
and private landowners. Additional collaboration with climate
and fire scientists will be required to provide the technical infor-
mation necessary to support informed risk assessment and deci-
sion making. Risk assessment will most likely include multiple
priorities and therefore tradeoffs across the fireshed. Public agen-
cies will likely prioritize risks to human health and safety, whereas
private landowners might prioritize protecting high-value timber
resources. Such conflicting priorities could increase the overall
fireshed risk. What is needed is an institutional structure to incor-
porate scenario-based forecasts across ownership boundaries
within firesheds, to establish consensus-based goals for managing
fire risk at a landscape scale, and regulatory or compensatory
mechanisms for facilitating private management activities that
support broader social benefits.


6. Water resources in the Flint River Basin


Human population growth, urbanization, and climate change
are increasing regional water demands and depleting water
sources in many areas of the Southeast (Sun et al., 2008; Carlisle
et al., 2011; Rugel et al., 2012; Famiglietti and Rodell, 2013). The
ability of water resources to meet higher demand is limited, as
the Southeast is characterized by small river basins, modest
groundwater resources, and relatively small, shallow storage reser-
voirs that are designed primarily for flood control (Sun et al., 2013).
In areas of high population growth such as the Piedmont, which
includes Atlanta GA, Charlotte NC, and Raleigh-Durham NC, regio-
nal heat-island effects (e.g., www.epa.gov/heatisland/) formed by
the combination of rapid urban/suburban expansion and climate
change may further stress water resources (Terando et al., 2014).
Increased municipal water demands will affect aquatic biodiver-
sity, as the development of water resources is associated with a
decrease in faunal richness and regional homogenization of fauna
(e.g., Moyle and Mount, 2007).


We use the Flint River in Georgia to illustrate how our risk-
based conservation framework could address water resource and
aquatic biodiversity conservation concerns in the region. Draining
over two million ha, the Flint River watershed is approximately
50% forested, 40% agriculture, and 5% urban. Hence, the region is
a matrix of mixed land uses that interact in complex ways. Origi-
nating in the metro Atlanta area, the Flint flows southward across
the Piedmont and Coastal Plain to its confluence with the
Chattahoochee River, forming the Apalachicola River, which flows
from southwestern Georgia to the Florida panhandle. Water is
withdrawn primarily for power generation and municipal supply
in the upper basin near Atlanta, and for agricultural irrigation

(e.g., row crops, pecan orchards) in the lower portions of the basin.
Water use has been expanding rapidly throughout the basin since
the 1970s and growing season stream flows are declining, particu-
larly during droughts (Rugel et al., 2012; Emanuel and Rogers,
2012). During this period, there was no significant trend in annual
or seasonal precipitation (Rugel et al., 2012; Emanuel and Rogers,
2012). Between 2010 and 2050, the population of the upper basin
is expected to increase 63%. In the lower Flint, water demand
increased rapidly with the adoption and expansion of crop irriga-
tion during the 1970s and 80s (Couch et al., 1996). Total water
use in the Flint River Basin is projected to increase from 4.3 mil-
lion m3 per day (Mm3 D) in 2010 to 4.9 Mm3 D in 2050 (Lower
Flint Ochlockonee Watershed Council, 2011; Upper Flint
Watershed Council, 2011). With a future of increasing population,
land use changes, temperatures, and uncertain precipitation, water
resource issues will become more critical. Allocation of water from
the Apalachicola–Chattahoochee–Flint River Basin has been a long-
term source of contention between Georgia, Florida and Alabama
(see acfstakeholders.org). However, the development of water
management guidelines for the Flint River, and many other south-
eastern rivers, is hindered by the lack of systematic assessment of
hydrologic change across mixed land uses. Particularly lacking is
information about changes in water yield or water balance in
watersheds undergoing development or land conversion (e.g.,
Sun et al., 2008). Information concerning biological responses,
essential for developing water management guidelines, is also
not well developed for southeastern rivers. In the following sec-
tions, we explore the use of our conservation framework to address
water resource issues in the Flint basin (Fig. 7).


6.1. Science-management-public partnerships as a foundation for
conservation strategies


Stakeholder concerns about the availability of clean, fresh water
in the Flint River basin led to the formation of the Flint Riverkeeper
(FRK) in 2008 (flintriverkeeper.org). Major stakeholders within the
basin include municipalities, agriculture, canoe liveries, and
anglers. Concern arose from an apparent increase in frequency
and duration of droughts and an increase in the frequency and
duration of extreme low flows. Collectively, those observations
suggested that the ability to meet water demands, recreational
needs, and support instream biota were increasingly uncertain
(Emanuel and Rogers, 2012). There was also recognition that
addressing water resource problems in the Flint River required a
broad integrative approach and coordinated efforts among diverse
stakeholder interests.


6.2. A risk-based approach to assess current conditions and develop
conservation strategies in the face of future uncertainty


Future water resources and aquatic biodiversity depend on sus-
tained streamflow, but this requirement encompasses the magni-
tude, duration, frequency, timing, and rate of change in both
common and uncommon events (i.e., low flows, base flows, and
flood pulses) (Olden and Poff, 2003; Poff et al., 2010). Characteriz-
ing flow alteration is difficult because of the complex nature of the
hydrologic regimes and because information concerning biotic
responses to altered stream flows is site specific and/or often lack-
ing. The Sustainable Boundary Approach (SBA) is a method of
stream flow assessment that simplifies data needs and reduces
complexity. Using a combination of stakeholder consensus,
expert-opinion and evidence, an acceptable range of daily stream
flow is developed based on historical records (Richter, 2009). This
approach incorporates societal values, technical expertise, along
with flow augmentation and reduction, in water management
planning. The SBA approach has been further refined with the
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Fig. 7. Application of conservation framework to the Flint River watershed in Georgia.
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introduction of a ‘presumptive standard’ for environmental flow
protection (Richter et al., 2011). Presumptive standards are
risk-based guidelines using case studies and real world experience
with the SBA template as a conceptual model.


We used the SBA and Presumptive Standard approach to assess
hydrologic alteration and develop AFCs for water resources in the
Flint River (Richter et al., 2011). The main stem of the Flint River
has a number of US Geological Survey (USGS) gauging stations that
provided data (i.e., daily flow) for the SBA analysis. Based on
demographic and land use data, we used 1975 as a breakpoint
for pre- and post-hydrologic alteration (e.g., Rugel et al., 2012;
Emanuel and Rogers, 2012); i.e., data from WY 1940–1974 were
used to estimate ‘pre-alteration’ conditions, and data from 1975
to 2012 represented ‘altered’ flows. We calculated median average
daily flow for each day of the year, and upper and lower boundaries
for SBA were calculated as the median daily flow ±20% (i.e.,
presumptive standard; Richter et al., 2011).


Median daily flow for the altered flow period shows substantial
departure from the pre-alteration period (Fig. 8). From April
through mid-October for WY 1974–2012, median daily flows are
often at or below the lower SBA boundary. Even during winter,
when the WY 1974–2012 flow generally resided within the SBA
band, median daily flow seldom equaled or exceeded the pre-
alteration median value. This analysis suggests that substantial
hydrologic alteration has already occurred in the Flint River and
is reflected in lower flows, particularly during late spring and
summer.

Under climate change scenarios, warmer temperatures, along
with variable rainfall, will result in a continuing trend of hydro-
logic alteration. Human population growth would create additional
stress on water resources, exacerbating climate effects. Reduced
summer stream flow and increased stream temperature have neg-
ative implications for ecological communities in the river, such as
freshwater mussels (Golladay et al., 2004; Emanuel and Rogers,
2012), native crayfish (Sargent et al., 2011), and fish (van den
Avyle and Evans, 1990; Freeman et al., 2012; Emanuel and
Rogers, 2012). In addition to ecological effects, low flows would
reduce the seasonal volume of water available to receive permitted
discharges. Increased discharge concentration, along with ecologi-
cal changes may alter river assimilative capacity and increase
water treatment costs for downstream users.


The range of potential outcomes emerging from this analysis
could be a starting point for developing AFCs for the Flint River.
This scenario building and risk assessment process would provide
an evaluation of whether costs (economic, social, and ecological)
associated with departures from the SBA are acceptable, followed
by the development of achievable strategies for addressing flow
deficits. Sufficient technical information exists to guide manage-
ment responses and a monitoring network is in place to provide
feedback. The challenge lies with developing an institutional
framework for engaging diverse social and economic interests in
a process leading to AFCs defined by environmental stream flows
that could address tradeoffs between ecological structure and
function of the Flint River and the provision of various human







Fig. 8. Calculation of Presumptive Standard using the SBA from Richter et al. (2011). Data obtained from the Carsonville, GA gauge (USGS 02347500). Grey range represents
median daily flow ±20%. Solid red line represents ‘altered’ flow conditions based on median daily flows calculated from WY 1975 to 2012.
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water uses. Key constituents include water utilities, industrial
users, recreational users, and the agricultural sector. The SBA
approach is inherently adaptive, once goals for AFCs are set, data
collection and assessment can proceed and management activities
adjusted based on river- specific knowledge and economic/
ecological interests.


6.3. Achievable future conditions provide the foundation for prioritiz-
ing conservation and management actions


Concerns over future water resources motivate immediate con-
sideration of strategies to address vulnerabilities associated with
extended periods of low flows in the Flint River. Increasing the
availability of storage reservoirs is expensive and may be geologi-
cally challenging (Sun et al., 2013); therefore, efforts at reducing
consumption might be emphasized over the short term. A number
of approaches have been suggested for the Flint River (e.g.,
Emanuel and Rogers, 2012; Emanuel, 2014), such as better early
recognition of drought conditions and faster responses in reducing
per capita water use in response to anticipated shortages. The Flint
River is already part of a National Oceanographic and Atmospheric
Administration (NOAA) test program for regional drought early
warning efforts (www.drought.gov/drought/content/regional-pro-
grams). Inclusion within this program indicates that monitoring
capability is already in place, and water utilities could use NOAA
seasonal outlooks to more aggressively impose water conservation
measures before water storage reaches critical thresholds. Chang-
ing landscaping practices and improving the efficiency of lawn irri-
gation systems can also reduce water demand during seasonal dry
periods. In municipal systems user demand approximately doubles
during the growing season, largely due to landscape watering
(Emanuel and Rogers, 2012). Another approach is improving water
distribution and use efficiency through repair of leaks in distribu-
tion systems and incentives for improving end-user efficiencies.
Several municipalities in the upper Flint have initiated programs

to improve efficiency of distribution and household water use
(e.g., Emanuel and Rogers, 2012). With the exception of infrastruc-
ture repair and improvement, many of the changes described
above require water conservation encouraged either through pub-
lic information campaigns or with progressive water pricing
mechanisms.


Longer term responses to potential water shortage could
involve systematic examination of water yield/balance at basin
scales and adapting BMPs to enhance yields and reduce water loss.
In urban areas, BMPs might include converting storm drain net-
works, which accelerate runoff, to ‘green’ infrastructure, which
encourages water storage and infiltration (e.g. Jaffe, 2011). In rural
areas of the lower Flint River basin, conversion of native forests to
agriculture has accelerated water stress by replacing water conser-
vative vegetation with water demanding crops (Ford et al., 2008;
Brantley unpublished data). Intensive agriculture also requires irri-
gation during periods of low rainfall, putting additional seasonal
stresses on water resources (Perry and Yager, 2011). In the lower
Flint, improvements in agricultural irrigation efficiency are being
adopted to reduce seasonal demand (Perry and Yager, 2011). How-
ever, there are limits to water savings that can be acquired through
improved efficiency. Under some futures, retirement of some agri-
cultural lands might provide the only feasible path to AFCs, sug-
gesting some institutional structure to compensate landowners
for foregone revenue (similar perhaps to the Conservation Reserve
Program, but targeted to important components of this specific
watershed).


At landscape scales, economically viable alternatives to water
intensive irrigated agriculture need to be developed and evaluated.
Adoption could be encouraged through conservation easements
and incentives programs for reforestation. Programs have been
initiated within the southeastern US and include USDA Regional
Conservation Partnership Programs (RCPP, http://www.nrcs.usda.
gov/wps/portal/nrcs/main/national/programs/farmbill/rcpp/) and
the America’s Longleaf Restoration Initiative (ALRI, http://www.
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americaslongleaf.org/). While these programs promote land con-
version, their potential to affect regional water yield/balance and
contribute to restoration of river flows has not been assessed. This
is a critical information need in developing achievable future con-
ditions for water resources in the southeastern US.

7. Summary and conclusions


In the context of using AFCs to guide conservation and manage-
ment strategies, establishing current conditions, developing sce-
narios for the future, and assessing risk is a largely technical
process; while determining AFCs is a collaborative social process
between stakeholders and technical experts. Technical information
can provide insight into future biophysical envelopes; however,
stakeholder involvement is essential for determining social and
policy goals. This process emphasizes the need for strategies or for-
est management actions that are realistic given ecological and
social-economic constraints, have specific timelines for implemen-
tation, and have measurable outcomes to evaluate success (e.g.,
Maxwell et al., 2015). Critical to this process is developing a new
suite of mitigative and adaptive BMP’s that are applied at a regio-
nal scale. Although uncertainty is inherent in projections of future
climate and land use, there is abundant evidence that rapid
changes are altering forest ecosystem function and species distri-
butions, and some of these changes are irreversible, resulting in
novel ecosystems. Management approaches based solely on his-
toric or current conditions are limited in their ability to sustain
ecosystem services critical to an expanding human population.
Understanding of the ecological past and current dynamics is nec-
essary to establish baseline conditions, but not sufficient to guide
decision-making. Instead, these baselines must be applied in
scenario-based forecasting to generate a range of possible futures
that can then be analyzed in a risk-based approach. These futures
should include a diversity of land uses. Strategies for management
must be broadened, as public lands are not sufficient to sustain
ecosystem services for society in regions dominated by private
land, such as the southeastern U.S. The notion of public versus
private management responsibility is particularly untenable for
rivers, which cross large sections of landscape under a variety of
uses. Scientists, managers, policymakers, and stakeholder are
therefore challenged to collaborate across political boundaries
and spatial and temporal scales. New approaches are needed that
anticipate and guide ecosystems in directions that mitigate unde-
sirable outcomes. This process will necessarily be adaptive as base-
line conditions change, future scenario projections are updated,
and societal needs shift with a growing and diversifying popula-
tion. The scientific community is tasked with advancing under-
standing of ecological dynamics and their contribution to
ecosystem services, improving simulation models, and communi-
cating their findings with managers and stakeholders. Together
with scientists, managers will have to design and implement mon-
itoring programs that are crucial to appropriate management
responses. The critical need to provide an early warning of unex-
pected changes suggests that it will be necessary to expand mon-
itoring networks, including approaches such as citizen science
initiatives (Conrad and Hilchey, 2011; Aceves-Bueno et al., 2015).


Our framework provides a starting point to move towards AFCs,
illustrated with examples from forest wildfire and water manage-
ment in the southeastern U.S. It builds on work including the forest
management resistance- resilience- transition framework of Millar
et al. (2007), which could be incorporated as part of the process to
determine ACFs. It is also consistent with environmental flows
methodology, often proposed as an approach for developing water
allocation strategies (Poff and Zimmerman, 2010). We anticipate
that points along the cycle will be updated, and our framework will

be adapted as information becomes available and dynamics
change. In an uncertain future of rapid change and abrupt, unfore-
seen transitions, adjustments in management approaches will be
necessary and some actions will fail. However, it is increasingly
evident that the greatest risk is posed by continuing to implement
strategies inconsistent with and not informed by current under-
standing of our novel future.
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Are High-Severity Fires Burning at Much
Higher Rates Recently than Historically in
Dry-Forest Landscapes of the Western USA?
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Laramie, Wyoming, United States of America


* bakerwl@uwyo.edu


Abstract
Dry forests at low elevations in temperate-zone mountains are commonly hypothesized to


be at risk of exceptional rates of severe fire from climatic change and land-use effects. Their


setting is fire-prone, they have been altered by land-uses, and fire severity may be increas-


ing. However, where fires were excluded, increased fire could also be hypothesized as


restorative of historical fire. These competing hypotheses are not well tested, as reference


data prior to widespread land-use expansion were insufficient. Moreover, fire-climate pro-


jections were lacking for these forests. Here, I used new reference data and records of high-


severity fire from 1984–2012 across all dry forests (25.5 million ha) of the western USA to


test these hypotheses. I also approximated projected effects of climatic change on high-


severity fire in dry forests by applying existing projections. This analysis showed the rate of


recent high-severity fire in dry forests is within the range of historical rates, or is too low,


overall across dry forests and individually in 42 of 43 analysis regions. Significant upward


trends were lacking overall from 1984–2012 for area burned and fraction burned at high


severity. Upward trends in area burned at high severity were found in only 4 of 43 analysis


regions. Projections for A.D. 2046–2065 showed high-severity fire would generally be still


operating at, or have been restored to historical rates, although high projections suggest


high-severity fire rotations that are too short could ensue in 6 of 43 regions. Programs to


generally reduce fire severity in dry forests are not supported and have significant adverse


ecological impacts, including reducing habitat for native species dependent on early-suc-


cessional burned patches and decreasing landscape heterogeneity that confers resilience


to climatic change. Some adverse ecological effects of high-severity fires are concerns.


Managers and communities can improve our ability to live with high-severity fire in dry


forests.
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Introduction
Wildfires have increased since the 1980s in some parts of the world [1], including parts of the
western USA [2–5], but are recent and projected rates of severe fire, that kill most trees, well
above historical rates and a threat to forest landscapes? Some dry forests of the temperate zone,
which are prone to wildfires, are thought to be experiencing exceptionally high rates or sizes of
severe fire relative to historical fires [6]. Earlier springs, warmer temperatures, decreased pre-
cipitation, and increased drought consistent with global warming, are contributing to increased
fire since the 1980s over substantial area [2, 4]. Increased severe fire in dry forests is also attrib-
uted to past land-uses (e.g., logging, livestock grazing), that led to unnatural fuel buildup [7].
However, analysis of fire responses to warming and drying and land-use legacies across multi-
ple regions shows effects can be heterogeneous and even divergent [8–9].


Moreover, upward trends alone do not indicate whether recent rates of severe wildfires are
below, near, or above historical rates. The first hypothesis, stated above, is that fire has already
reached unprecedented rates in dry forests. An alternative hypothesis is that fires were reduced
over the last 1–2 centuries by intentional fire suppression and indirect effects of land uses (e.g.,
reduction in fine fuels that facilitate fire spread). Thus, increased fire now could be restorative
of the rate component of the historical fire process, which is commonly considered an essential
part of restoring western dry forests [10]. Managers are allowing more wildfires to burn under
controlled conditions to restore fire across dry-forest landscapes [11]. If wildfire is operating
within, or being restored to its historical range of variability, then many aspects of the ecology
of affected forest landscapes will likely also be functioning as they did historically [12]. How-
ever, there are some ecological responses to high-severity fire (e.g., post-fire tree recruitment)
that could be hampered by increasing drought and rising temperatures [13]. Whether upward-
trending high-severity fire is hypothesized to be restorative of the rate component of the histor-
ical fire process or leading to too much high-severity fire depends on the frame of reference
and how rates compare. Here I use new evidence from dry forests in the western USA to test
these competing hypotheses. I also approximate rates of future severe fire in these dry forests.


Background on the hypotheses and projected future fire
Support for the hypothesis that rates of recent high-severity fire are exceptionally high relative
to historical rates comes in part from recent trends in high-severity fire, traditionally defined as
severe fire that kills 75% or more of the basal area in a forest stand [14]. A statistically signifi-
cant upward trend in area burned at high severity was found over the last few decades in the
southern Rockies, on the Colorado Plateau, and in mountainous parts of central and southern
Arizona and NewMexico, but not in the northern Rockies or Pacific Northwest [3–4] or in
Yosemite National Park in California [15]. Fraction of fire that burned at high severity also
increased significantly in the southern Rockies, but not elsewhere [3]. These studies, however,
were not specific to dry forests.


In dry forests, a statistically significant upward trend in area burned at high severity was not
found in the Eastern Cascades of Oregon and Washington, but was in the Klamath province
[14]. Upward trends in area burned at high severity and fraction burned at high severity were
initially found for dry forests of the Sierra Nevada, Modoc Plateau, and Southern Cascades [16]
and for fraction burned at high severity in northwestern California [5]. Analysis with a more
complete dataset for the Sierra Nevada found no trend in area burned or fraction burned at
high severity [17]. No significant upward trend was found in fraction burned at high severity in
dry provinces in the Pacific Northwest [14]. However, these studies did not generally aim to
resolve whether trends have led to historically unprecedented high-severity fire.


Recent High-Severity Fire Rates in Dry Forests
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Studies over longer periods appear to support the restorative hypothesis, but do not address
fire severity, and have incomplete evidence. Area-burned data for the 11 western states qualita-
tively suggest the 1980s increase could be restorative and a return to the higher rates of burning
of the 1910s-1930s [18]. Estimates of pre-1900 area burned, derived using an assumption that
composite fire intervals from tree-ring fire histories are equal to fire rotation, suggest so much
historical fire that recent trends would definitely be restorative, as almost an order of magni-
tude more fire would be needed to match historical area burned [19–20]. However, the
assumption that composite fire intervals represent fire rotation is not supported [21]. Charcoal
data over the last 3,000 years suggest fire closely tracked climate until a peak in the middle-
1800s, when a fire deficit began, which may link to landscape fragmentation and fire suppres-
sion, but data for the last few decades are unfortunately unresolved in these records [22].


Reconstructions of historical fire with the needed rate estimates for severe fire are rare. The
key rate parameter is the fire rotation, the expected time for high-severity fire to burn an area
equal to a study area of interest [21]. Most early tree-ring studies assumed severe fire was rare
in dry forests, and did not study it [23]. Some recent tree-ring studies reconstructed fire severity
and found evidence of historical high-severity fire in dry forests [24], but did not estimate fire
rotations. Historical high-severity fire is also documented in dry forests by early maps, photo-
graphs, and records [25], but these, too, have not been used to estimate fire rotations. Data
from early aerial-photographic research [26] have been used [27]. Recently, we used new meth-
ods, based on survey data from the U.S. General Land Office (GLO), to reconstruct historical
fire severity and fire rotation in dry forests across large land areas [28]. These data sources [28–
30] show high-severity fire occurred historically in all studied dry-forest landscapes, and rates
of high-severity fire were modest to low, with fire rotations of centuries (Table 1). These rates
for high-severity fire are corroborated by sedimentary charcoal records [31–38], which


Table 1. Reconstructions of fire rotation (FR) for high-severity fire in historical dry forests of the western USA, with corroborating evidence from
sedimentary charcoal studies.


Author(s) Location Method1 High-severity FR (years) and severe fire-episode
intervals2


DRY PINE FORESTS


Baker [29] E. Cascades, E Oregon GLO tree data 705


DRY MIXED-CONIFER FORESTS


Baker [30] W. Sierra Nevada Mts., W California GLO tree data and line
data


281–354


Long et al. [31] E. Cascades, E Oregon Charcoal in sediment
deposits


3332,3


Odion et al. [27] N. Sierra Nevada Mts., W California Early historical 488


Baker [29] E. Cascades, E Oregon GLO tree data 496


Fitch [32] Jemez Mts., N New Mexico Charcoal in sediment
deposits


500? (400–667)2,4


COMBINED DRY PINE AND MIXED-CONIFER FORESTS


Pierce and Meyer, [33] and Pierce
et al., [34]


Central Idaho Charcoal in sediment
deposits


(154–286)2,5


Williams and Baker, [28] Black Mesa, N Arizona GLO tree data 217


Jenkins et al., [35] Mogollon Plateau, N Arizona Charcoal in sediment
deposits


250 (200–400)2


Williams and Baker, [28] Front Range, E Colorado GLO tree data 271


Odion et al., [27] E Cascades, E Washington Aerial photos 379–505


Baker, [29] E Cascades, E Oregon GLO tree data 435


Bigio, [36] San Juan Mts., SW Colorado Charcoal in sediment
deposits


> 471 (> 667)2,6


(Continued)
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document episodes of high-severity fire at similar rates (Table 1). The charcoal data are from
debris-flow sediments mobilized after heavy precipitation on severe burns.


These sources show evidence of historical high-severity fire across a wide spectrum of bio-
physical settings in dry-forest landscapes, but high-severity fire may have been favored in
particular settings, allowing for at least temporary persistence of some dry forests with only
low-moderate severity fire [e.g., 28]. Recent high-severity fire in the western USA, not spe-
cific to dry forests, often shows preference for higher elevations, steeper topography, and
northerly-facing aspects [39]. Similar topographic effects occurred historically in dry forests,
but with only modest influence, as higher-severity fires (mixed- and high-severity fire)
spanned diverse biophysical settings across 624,000 ha of historical dry forests in the


Table 1. (Continued)


Author(s) Location Method1 High-severity FR (years) and severe fire-
episode intervals2


Colombaroli and Gavin, [37] Siskiyou Mts, SW Oregon Charcoal in sediment
deposits


500 (142)2


Frechette and Meyer, [38] Sacramento Mts., SE New Mexico Charcoal in sediment
deposits


500 (667)2,7


Williams and Baker, [28] Mogollon Plateau and Black Mesa, N
Arizona combined


GLO tree data 522


Williams and Baker, [28] Mogollon Plateau, N Arizona GLO tree data 828


Williams and Baker, [28] Blue Mts., NE Oregon GLO tree data 849


Studies are arranged by length of the fire rotation. Estimates from GLO data, FIA data, and early aerial photographs are shown in bold italics to


emphasize their higher precision, while corroborative, less certain estimates from charcoal records are shown in regular type. The range of estimates in


bold is used as the reference in this study.
1 Methods for reconstruction included using charcoal data from sediment, using early aerial photographs or historical records, using the GLO tree data and


a calibrated model [28]. I did not use the GLO line data’s direct records of entry and exit in burned areas, as these records represent moderate- to high-


severity fires, not exclusively high-severity fires [40].
2 These are intervals between severe fire episodes evident in alluvial deposits, that could approximate high-severity fire rotations, but are uncertain since


area burned is not known and fire severity is more approximately reconstructed than with other methods. I considered data for the last 500 years from


each paleo-environmental study, but also included in parentheses the interval between episodes in the last 2000 years, where this is available.
3 These authors indicate that it is difficult to determine fire severity from their methods, and only identify the recent fire frequency as 3 per 1000 years, but


they indicate that the documented fire episodes were followed by up to 100 years of recovery, which does suggest severe fires, although this is my


interpretation.
4 Fitch [32] suggested that low-severity fire dominated from 870 cal yr BP, but explains the possibility, but uncertainty, of a severe fire around 400 cal yr


BP (p. 40), thus I include this single event, with a question mark, for the 500-year estimate. More certain is evidence of 3–5 severe fires in the last 2000


years (p. 42), but those all preceded 870 cal yr BP.
5 These authors were not focused on counting the number of fire-episodes over the last 2000 years, thus I roughly estimated this from Fig 5B in Pierce


and Meyer [33] as between 7–13, as there are 7 broad peaks in this figure, but they also report 9 major debris flows between about 950 and 1150 AD,


thus the total could reach as many as 13. No severe fires occurred in the last 500 years.
6 This author provided data on the number of watersheds, out of six sampled, that burned in high-severity events [36]. I used these data to approximate a


high-severity fire rotation using the standard formula: period of observation / fraction of area burned. Thus, for the last 550 years, a total of 7 watersheds


burned, thus the fire rotation is 550 / (7/6) = 471 years. And for the last 2000 years, a total of 18 watersheds burned, thus a fire rotation of 667 years.


However, Bigio indicates that sample locations may be high in a watershed, thus it is not known that the whole watershed burned. This leaves these


estimates as minima, which I have indicated by using “>” before the estimate.
7 These authors identify periods of severe-fire activity after c. 1800 cal, yr BP, a peak in 800–500 cal yr BP, and at least one large, severe fire in the last


400 years, thus perhaps 3 episodes in the last 2000 years and one in the last 500 years. However, this is my approximation from their data, as they do not


report recurrence intervals for severe fire.


doi:10.1371/journal.pone.0136147.t001
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Colorado Front Range [40]. Similarly, extensive reconstructions (303,000 ha) of historical
dry forests in the Pacific Northwest suggest open, old-growth forests with low- to moderate-
severity fire were favored at lower elevations, on shallower slopes, and on more southerly-
facing aspects, but even in these settings “were perhaps ephemeral in nature, lasting one or
more centuries at a location, and then switching concordant with regional climate forcing to
non-equilibrium states” [26]. Further research is needed about spatial variation in high-
severity fire in historical dry forests.


Area burned by wildfire is expected to increase with global warming, adding to unprece-
dented rates of severe fire, or, alternatively, enhancing restoration of the historical fire pro-
cess. Global projections showed annual area burned at any severity may reach about 2.8
times current area burned in some regions by A.D. 2100, depending on emissions scenario,
but large areas of fire declines may also occur [8]. In the western United States, McKenzie
et al. [41] projected, using one climate model, that by A.D. 2100, ratios of future to recent
area burned could range from< 1.0 in California and Nevada up to about 1.4–2.5 in Arizona,
Colorado, Idaho, Montana, and Oregon, about 3 in Washington and Wyoming, and near 5
in New Mexico and Utah. The most recent projections for the western United States used a
large ensemble of climate models and a moderate emissions scenario to project fire in A.D.
2046–2065 [42]. They projected ratios of future-to-recent area burned of 1.63–2.24 in the
Southwest, 1.71–2.69 in Rocky Mountain Forests, 1.62–2.00 in the Eastern Rocky Moun-
tains/Great Plains, 1.56 times in the Nevada Mountains/Semi-desert, and 1.24 times in a Cal-
ifornia Coastal Shrub aggregated ecoregion [42]. Models did not agree well for the Pacific
Northwest, but ratios were 1.42–2.54. Ranges represent outcomes from two modeling
approaches.


Methods


Dry forests
Dry forests are the primary mid-elevation forests of the western USA that include dry pine for-
ests and dry mixed-conifer forests. These are roughly sequentially arrayed along an elevation
and moisture gradient extending from just above semi-arid woodlands (e.g., piñon-juniper) to
just below moist mixed-conifer forests that typically occur near the ecotone with subalpine for-
ests [43]. To define the geographical location and extent of historical dry forests, I used Bio-
physical Settings (BpS) maps from Landfire [44], a government program to map vegetation,
fuels, and related data about fire across the United States [45]. The BpS maps have 30-m resolu-
tion pixels from Landsat satellite data, and use biophysical variables to predict vegetation,
defined by NatureServe Ecological Systems [46] before widespread expansion of EuroAmerican
land uses. BpS maps may avoid the problem of a phantom trend in fire from using maps of veg-
etation after the beginning of a trend analysis period [17]. This is a concern I will revisit in the
discussion. However, the BpS maps have accuracy, as do other Landsat-derived maps, of only
about 64–67% for Ecological Systems in forests [47]. A test in Utah found generally lower, but
some higher accuracies [48].


I thus used only two categories, not detailed Ecological Systems, for analysis: dry pine forests
and dry mixed-conifer forests (Table 2). Dry pine forests cover 12.6 million ha (Fig 1, Table 3)
and include nine Ecological Systems (Table 2). Although Pinus ponderosa often dominates, dry
pine forests also include Pinus jeffreyi forests, which in places intermix with, and are similar to
P. ponderosa forests, and Madrean pine-oak forests with a diversity of pines. Dry mixed-conifer
forests cover 12.9 million ha (Fig 2, Table 4) and include eight Ecological Systems (Table 2).
They have the pines with associated firs (Abies, Pseudotsuga). I omitted minor types that did
not fit these categories. Total analysis area is about 25.5 million ha.
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Analysis regions and data on high-severity fire
I modified Bailey’s Ecoregions [49–50] to analyze geographical variation across dry forests. I
clipped the Ecoregion map to the eleven western states, plus the Black Hills, which together
contained 20 provinces and 80 sections. Provinces are based on vegetation types and finer sec-
tions are based on terrain [49]. I combined adjacent sections, with similar physiographic set-
ting, to create “analysis regions” that are generally each> 250,000 ha (Figs 1 and 2), so they
would be several times larger than expected maximum fire sizes. I could not always achieve
this, as a similar adjoining section was not always available. I did this separately for dry pine
forests and dry mixed-conifer forests, as their contiguous areas> 250,000 ha were not
congruent.


Area-burned data are from the Monitoring Trends in Burn Severity (MTBS) program [51],
a government program that compares Landsat satellite data before and after fires, supple-
mented by plot data, to classify and map burn severity [52]. Although fire severity may be spe-
cies-dependent [21], MTBS uses a standard protocol, based on pre-fire and post-fire satellite
data and both the differenced normalized burn ratio (dNBR) and a relativized version of this
ratio (RdNBR), to define fire-severity classes in relation to canopy tree mortality [52]. Burn
severity is mapped as background data (not part of the fire), non-mappable areas (e.g., due to
clouds), increased vegetation response or greenness not likely to indicate fire, plus four burn-
severity classes: 1 = unburned to low severity, 2 = low severity, 3 = moderate severity, 4 = high
severity. Here, I focused on class 4, but used classes 1–3 to analyze fraction of high-severity fire.
I used MTBS data for actual area burned, not just burn perimeters, as perimeters contain


Table 2. Two categories of vegetation used in the analysis and their constituent Landfire biophysical
settings and Ecological Systems.


Landfire Biophysical
Code


Ecological System


Dry Pine Forests


10310 California Montane Jeffrey Pine-(Ponderosa Pine) Woodland


10600 East Cascades Oak-Ponderosa Pine Forest and Woodland


10240 Madrean Lower Montane Pine-Oak Forest and Woodland


10300 Mediterranean California Lower Montane Black Oak-Conifer Forest &
Woodland


11650 Northern Rocky Mountain Foothill Conifer Wooded Steppe


10530–10532 Northern Rocky Mountain Ponderosa Pine Woodland and Savanna


10790–10792 Northwestern Great Plains-Black Hills Ponderosa Pine Woodland and
Savanna


11170–11172 Southern Rocky Mountain Ponderosa Pine Savanna


10540–10542 Southern Rocky Mountain Ponderosa Pine Woodland


Dry Mixed-Conifer Forests


10210 Klamath-Siskiyou Lower Montane Serpentine Mixed Conifer Woodland


10260 Madrean Upper Montane Conifer-Oak Forest and Woodland


10270 Mediterranean California Dry-Mesic Mixed Conifer Forest and Woodland


10450 Northern Rocky Mountain Dry-Mesic Montane Mixed Conifer Forest


10451 Northern Rocky Mountain Dry-Mesic Montane Mixed Conifer Forest-
Ponderosa


10452 Northern Rocky Mountain Dry-Mesic Montane Mixed Conifer Forest-Larch


10453 Northern Rocky Mountain Dry-Mesic Montane Mixed Conifer Forest-Grand fir


10510 Southern Rocky Mountain Dry-Mesic Montane Mixed Conifer Forest &
Woodland


doi:10.1371/journal.pone.0136147.t002
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Fig 1. Dry pine analysis regions and dry pine forest area.


doi:10.1371/journal.pone.0136147.g001
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substantial unburned area [53]. I used MTBS national “burn-severity mosaics,” which are just
maps of all fires in a particular year (30 m resolution), as it was infeasible to process data for
individual fires across 25.5 million ha. The dataset is defined by the April 16, 2014 MTBS data
release, which provides full coverage of the 29 years from 1984–2012. Fires are nearly all


Table 3. Dry pine forests, high-severity fire rotations (FR), trends, and differences between recent or projected high-severity fire rotation and the
range of historical high-severity fire rotations.


Trend in area
burned


Trend in
fraction
burned


Recent
(1984–2012)


Low Projection
(2046–2065)


High Projection
(2046–2065)


Analysis
region


Dry pine
area (ha)


High-
severity
area (ha)


High-
severity
FR (years)


z p1 z p1 Difference
& Trend2


Fire3 Difference
& Trend


Fire3 Difference
& Trend


1 299,559 9,166 948 1.804 0.1509 0.254 0.5177 Too long-N 1.71 In range-N 2.69 In range-N


2 428,511 11,618 1,070 2.010 0.1112 1.585 0.1791 Too long-N 1.56 In range-N - -


3 414,399 3,838 3,131 1.145 0.2520 -0.338 0.5077 Too long-N 1.56 Too long-N - -


4 774,589 12,328 1,822 0.282 0.5109 -0.830 0.8350 Too long-N 1.71 Too long-N 2.69 In range-N


5 986,479 16,779 1,705 2.013 0.1116 0.772 0.4005 Too long-N 1.42 Too long-N 2.54 In range-N


6 446,322 6,591 1,964 2.123 0.1069 -0.117 0.6322 Too long-N 1.63 Too long-N 2.24 Too long-N


7 465,262 25,365 532 1.182 0.2520 1.626 0.1760 In range-N 1.71 In range-N 2.69 Too short-N


8 355,088 4,494 2,292 0.528 0.4537 0.654 0.4240 Too long-N 1.42 Too long-N 2.54 Too long-N


9 418,756 6,655 1,825 1.747 0.1600 0.677 0.4240 Too long-N 1.42 Too long-N 2.54 In range-N


10 968,322 59,773 470 0.807 0.3932 0.094 0.5833 In range-N 1.42 In range-N 2.54 Too short-N


11 463,235 9,834 1,366 2.594 0.0550 ▀ 1.667 0.1690 Too long-N 1.71 In range-N 2.69 In range-N


12 392,914 23,394 487 2.687 0.0503 ▀ 0.021 0.5931 In range-N 1.63 In range-N 2.24 In range-N


13 208,323 10,965 551 0.676 0.7962 -1.042 0.8810 In range-N 1.56 In range-N - -


14 749,365 36,485 596 2.987 0.0411 * 1.981 0.1116 In range-Y 1.62 In range-Y 2.00 In range-Y


15 95,560 0 - - - - - Too long-N - - - -


16 451,768 7,216 1,816 2.332 0.0800 0.542 0.4537 Too long-N 1.71 Too long-N 2.69 In range-N


17 349,208 3,405 2,974 1.163 0.2520 -0.417 0.7469 Too long-N 1.42 Too long-N 2.54 Too long-N


18 223,819 4,519 1,436 3.300 0.0220 * 0.762 0.4005 Too long-Y 1.63 Too long-Y 2.24 In range-Y


19 330,118 4,299 2,227 1.523 0.1817 -0.677 0.7962 Too long-N 1.56 Too long-N - -


20 460,167 9,440 1,414 2.425 0.0704 1.420 0.2133 Too long-N 1.62 Too long-N 2.00 In range-N


21 1,101,877 2,124 15,043 1.424 0.2118 -0.613 0.7962 Too long-N 1.63 Too long-N 2.24 Too long-N


22 469,395 6,021 2,261 1.321 0.2269 1.336 0.2269 Too long-N 1.62 Too long-N 2.00 Too long-N


23 1,855,620 78,455 686 3.264 0.0220 * 1.294 0.2269 In range-Y 1.63 In range-Y 2.24 In range-Y


Total 4 12,603,579 349,959 1,045 2.682 0.0503 ▀ 0.319 0.5077 Too long-N 1.595 In range-N 2.414 In range-N


Analysis regions are in Fig 1. All burn areas are corrected for missing small fires by dividing initial estimates by 0.95.
1 Trends significant at α < 0.05 are starred (*), trends that are close to significant (p < 0.06) have a dark square (▀). The p-values are from the Mann-


Kendall trend test after the Benjamini-Hochberg correction for n = 88 trend tests.
2 Differences between recent or projected high-severity fire rotations and the range of historical high-severity fire rotations are categorized as: (1) In range,


if recent or projected high-severity fire rotation was within the range of available historical estimates, (2) too short, if recent or projected high-severity fire


rotation was outside and shorter than the range of historical estimates, and (3) too long, if recent or projected high-severity fire rotation was outside and


longer than the range of historical estimates. “Y” indicates there was a significant upward trend in area burned at high severity, and “N” indicates there


was not.
3 The ratio of future area burned to recent area burned from the low and high projections by Yue et al. [42]
4 The total excludes 105,077 ha of dry pine forests not in the 23 analysis regions and not included in the analysis
5 This is the mean across the regions for which there is a projection


doi:10.1371/journal.pone.0136147.t003
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Fig 2. Dry mixed-conifer analysis regions and dry mixed-conifer forest area.


doi:10.1371/journal.pone.0136147.g002
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Table 4. Dry mixed-conifer forests, high-severity fire rotations (FR), trends, and differences between recent or projected high-severity fire rotation
and the range of historical high-severity fire rotations.


Trend in area
burned


Trend in
fraction
burned


Recent
(1984–
2012)


Low Projection
(2046–2065)


High Projection
(2046–2065)


Analysis
region


Dry mixed
conifer area
(ha)


High-
severity
area (ha)


High-
severity FR
(yrs)


z p1 z p1 Threat &
Trend2


Fire3 Threat &
Trend


Fire3 Threat &
Trend


1 389,489 11,287 1,001 2.087 0.1112 -0.665 0.7962 Too long-N 1.71 In range-
N


2.69 In range-
N


2 341,577 9,593 1,033 0.324 0.5077 0.025 0.5931 Too long-N 1.62 In range-
N


2.00 In range-
N


3 1,258,666 7,130 5,119 2.002 0.1112 -0.050 0.6184 Too long-N 1.71 Too long-
N


2.69 Too long-
N


4 423,653 23,451 524 1.580 0.1791 -1.136 0.8891 In range-N 1.71 In range-
N


2.69 Too
short-N


5 1,510,344 31,397 1,395 0.302 0.5093 -1.169 0.8891 Too long-N 1.71 In range-
N


2.69 In range-
N


6 374,905 9,802 1,109 2.664 0.0503 ▀ 0.415 0.4890 Too long-N 1.56 In range-
N


- -


7 298,545 40,867 212 1.144 0.2520 1.369 0.2200 Too short-
N


1.24 Too
short-N


- -


8 478,717 8,334 1,666 0.667 0.4240 0.688 0.4240 Too long-N 1.56 Too long-
N


- -


9 799,591 49,730 467 2.201 0.0948 -0.257 0.6869 In range-N 1.42 In range-
N


2.54 Too
short-N


10 845,686 11,313 2,168 0.446 0.4811 -0.109 0.6322 Too long-N 1.71 Too long-
N


2.69 In range-
N


11 430,935 6,246 2,001 0.638 0.4240 -0.573 0.7962 Too long-N 1.56 Too long-
N


- -


12 909,493 70,987 372 0.844 0.3807 1.205 0.2508 In range-N 1.71 In range-
N


2.56 Too
short-N


13 1,204,586 48,025 727 1.678 0.1690 0.374 0.5025 In range-N 1.42 In range-
N


2.54 In range-
N


14 373,118 22,132 489 2.210 0.0948 0.090 0.5833 In range-N 1.71 In range-
N


2.69 Too
short-N


15 419,845 17,881 681 0.629 0.4240 1.552 0.1817 In range-N 1.42 In range-
N


2.54 In range-
N


16 1,356,500 4,974 7,909 0.191 0.5931 -1.713 0.9570 Too long-N 1.71 Too long-
N


2.69 Too long-
N


17 420,709 14,228 858 1.276 0.2302 0.600 0.4306 Too long-N 1.42 In range-
N


2.54 In range-
N


18 509,264 15,943 926 2.878 0.0440* 1.006 0.3070 Too long-Y 1.71 In range-
Y


2.69 In range-
Y


19 270,897 9,328 842 1.538 0.1817 1.664 0.1690 In range-N 1.42 In range-
N


2.54 In range-
N


20 302,471 14,823 592 2.515 0.0587 ▀ 1.304 0.2269 In range-N 1.63 In range-
N


2.24 In range-
N


(Continued)
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wildfires, only about 2% prescribed fires, few of which likely burned at high severity. MTBS
data cover fires greater than about 405 ha, which MTBS suggests account for about 95% of
total burned area [51]. I divided initial area-burned totals by 0.95 to roughly correct for missing
fires< 405 ha in area.


I completed GIS analyses in ArcGIS 10.2, where I projected all maps to NAD 1983, Albers
Conic Equal Area Projection, if they did not have this projection, and to rasters with 30-m res-
olution pixels. I first intersected the map of the two categories of forests with the map of analy-
sis regions. Then, I calculated the area of each analysis region in each category. Next, I used the
area of each category in each region individually as a “mask,” which restricts all analysis and
area reporting to the mask area. Finally, I extracted each year’s MTBS map of area burned
within that category, and reported area burned at high severity.


Statistical analysis
I used the Mann-Kendall non-parametric statistic, widely used to analyze trend in non-normal
time-series data [54], to test the null hypothesis of no upward trend (a one-tailed test) in area
burned at high severity and fraction of total area burned that burned at high severity in each
analysis region, based on α = 0.05. However, there are 88 trend tests, and the probability of
finding at least one to be significant by chance is high, thus the tests must be corrected to avoid
false positives from multiple tests. The false positive is that a trend is found that did not exist,
and the false negative is that a trend is not found that did exist. Bonferroni correction reduces
false positives, but increases false negatives, thus I used Benjamini-Hochberg correction, with
the p.adjust program in R, to control false positives for the 88 trend tests and also control false
negatives [55]. Unlike Bonferroni correction, which adjusts alpha, this method corrects the p-
value for the chosen alpha. Prior to completing the trend analyses I tested the null hypothesis
of no temporal autocorrelation (α = 0.05), for up to 7-year lags, in the 29-year time series for


Table 4. (Continued)


Trend in area
burned


Trend in
fraction
burned


Recent
(1984–
2012)


Low Projection
(2046–2065)


High Projection
(2046–2065)


Analysis
region


Dry mixed
conifer area
(ha)


High-
severity
area (ha)


High-
severity FR
(yrs)


z p1 z p1 Threat &
Trend2


Fire3 Threat &
Trend


Fire3 Threat &
Trend


Total4 12,918,991 427,471 875 1.895 0.1276 0.506 0.4564 In range-N 1.585 In range-
N


2.565 In range-
N


Analysis regions are in Fig 2. All burn areas are corrected for missing small fires by dividing initial estimates by 0.95.
1 Trends significant at α < 0.05 are starred (*), trends that are close to significant (p < 0.06) have a dark square (▀). The p-values are from the Mann-


Kendall trend test after the Benjamini-Hochberg correction for n = 88 trend tests.
2 Differences between recent or projected high-severity fire rotation and the range of historical high-severity fire rotations are categorized as: (1) In range,


if recent or projected high-severity fire rotation was within the range of available historical estimates, (2) Too short, if recent or projected high-severity fire


rotation was outside and shorter than the range of historical estimates, and (3) Too long, if recent or projected high-severity fire rotation was outside and


longer than the range of historical estimates. “Y” indicates there was a significant upward trend in area burned at high severity, and “N” indicates there


was not.
3 The ratio of future area burned to recent area burned from the low and high projections by Yue et al. [42]
4 The total excludes 68,530 ha of dry mixed-conifer forests not in the 20 analysis regions and not included in the analysis
5 This is the mean across the regions for which there is a projection


doi:10.1371/journal.pone.0136147.t004
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each of the 88 cases using Minitab 16.0. None of the series had significant autocorrelation after
Benjamini-Hochberg correction of p-values from the Ljung-Box Q test statistic.


I did two other tests to gain further understanding of fraction burned at high severity. First,
I compared, using two one-sample t-tests, recent mean fraction of high-severity fire to mean
fractions of high severity from GLO and early aerial-photo reconstructions (Table 1), which
showed the percentage of each historical landscape with evidence of low-, mixed- and high-
severity fire evident in the late-1800s from fires that burned in the preceding 100–140 years
[28]. These tested whether the recent fraction of high-severity fire was historically unprece-
dented, was near, or was deficient relative to historical fractions. For dry pine, there is one esti-
mate each from eastern Oregon [29], the Mogollon Plateau [28] and the Coconino Plateau
[56], which are mostly dry pine. For dry mixed conifer, there is one from eastern Oregon [29],
two from the western Sierra Nevada [30], three from Colorado, Arizona, and Oregon [28], and
one from eastern Washington [26]. These have some limited dry pine. I also compared, using a
two-sample t-test, recent mean fractions of total area burned that burned at high severity,
across the 29-year period, between dry pine and dry mixed-conifer forests. This clarified
whether more high-severity fire was occurring recently in dry mixed-conifer than dry pine
forests.


Comparing fire rotations in recent and historical periods
To calculate recent high-severity fire rotation for each analysis region, I summed area burned
at high severity across the 29 years for each forest type in each region. I used the formula for
fire rotation [21]: Period of analysis / fraction of analysis region burned. Fraction of area
burned is area burned (ha) at high severity in the category and region over the 29-year period /
total area in the category in the analysis region (Tables 3 and 4).


To evaluate recent rates of high-severity fire relative to historical rates, I compared recent
high-severity fire rotations to historical rotations. I compiled reconstructions of historical
high-severity fire rotations in dry forests in the study area (Table 1). These provided insuffi-
cient data for region-by-region comparison across the study area. Thus, as a first approxima-
tion, I used the range of available estimates from GLO data, FIA data, and aerial photographs,
which is 217–849 years (Table 1), as the standard to compare with recent rates in each region.
Estimates from charcoal in sediments are provided only as corroborative evidence for historical
rates (Table 1). Charcoal study sites may not be random samples, but likely were selected with-
out bias.


I did not include studies of fire severity from early timber inventories [57–62] in Table 1,
because these inventories have too many limitations. First, timber inventories were done in
areas unrepresentative of larger landscapes [58], primarily where timber sales were likely [63]
and inventory tree data are unrepresentative even within these inventory areas. This is because
tree data were usually only recorded for merchantable forests that typically had large trees at
low density associated with low-severity fires; data were often not recorded for younger, denser
forests or recovering burned areas within an overall inventory area [62, 63]. For example,
about 70% of one inventory area had no recorded tree data [58]. Recent authors [57–61] did
not adjust estimates for these unsampled areas, although adjustments were standard inventory
protocol before 1917 [63]. These published data [57–61] thus do not provide valid statistical
samples of even the overall inventory area, much less the larger surrounding landscape. Second,
inventories typically included written records of fire severity for the section within which
inventory transects occurred [62], including reports of severe fires, but these key records were
not used in past studies [57–61]. When these fire-severity records were found and included in
a new study, abundant high-severity fire was found, with estimated high-severity fire rotations
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congruent with earlier GLO reconstructions over larger areas [62]. Finally, by 1910, understory
fuels and small trees had been reduced by livestock grazing, early miners and herders had set
fires, and logging and other human disturbances had altered forests [64]. Thus, data from early
timber inventories [57–61] are not valid samples of historical forests and studies that omit or
lack records of high-severity fire [57–61] do not provide valid estimates of rates and patterns of
high-severity fire.


GLO-based reconstructions of fire severity, the main historical source of rates of high-sever-
ity fire (Table 1), have been calibrated, validated, and corroborated [27–29, 40, 56, 65], but
some critiques missed this testing. Fulé et al. [66] suggested structure-based models we used to
reconstruct fire severity were not validated or corroborated. However, they missed our meth-
ods section that explains how we calibrated and validated our models with tree-ring recon-
structions [28] and they missed a summary of evidence corroborating our findings with
independent reconstructions and multiple lines of evidence [28, 65]. We added further corrob-
oration of our reconstructions in our reply [65], subsequent studies [29–30, 40, 56], and here
(Table 1). Another example of missing our testing is fromMaxwell et al. [67] and Collins et al.
[58], who said our fire-severity reconstructions used data from bearing trees selected by survey-
ors in a biased manner. Neither set of authors cited our study of surveyor bias and error, done
specifically in the dry forests where our GLO reconstructions were done, in which we found
low levels of bias and error [68]. Finally, several recent studies, using the early timber invento-
ries, discussed above, in areas partially overlapping or near our GLO-reconstruction areas,
found low tree densities and little or no high-severity fire, and suggested this shows that our
GLO reconstructions were in error [57–61]. However, as discussed above, it is timber-inven-
tory studies that omitted fire-severity records [57–61], and that were not validated or corrobo-
rated, that likely are in error.


Using the best available data on historical rates of high-severity fire, which included esti-
mates from GLO reconstructions, analysis of early aerial photography, and FIA data (Table 1),
I classified recent high-severity fire rotations, relative to the range of historical fire rotations,
which is 217–849 years (Table 1). The classes are: (1) within range, if the recent high-severity
fire rotation was within the historical range, (2) too short, if the recent high-severity fire rota-
tion was outside and shorter than the historical range, and (3) too long, if the recent high-
severity fire rotation was outside and longer than the historical range.


To evaluate future projected increases in high-severity fire, I compared projected high-
severity fire rotations to the historical high-severity fire rotations estimated by GLO, aerial
photo, and FIA data, and classified the outcomes as above (e.g., too long). To estimate future
high-severity fire rotations, I separately applied both the low and high regional projections of
Yue et al. [42] reported in the introduction. I used the Yue et al. projections, as others do not
report expected changes in area burned or do not provide detail for the western United States
(e.g., [69–71]). To use Yue et al. by region, I divided recent high-severity fire rotations by the
projected ratio of future area burned to recent area burned at any severity after cross-walking
ecoregions in Yue et al. with my analysis regions. I show later there was no statistically signifi-
cant upward trend in fraction of fire that burned at high severity recently, thus I assumed
future fire will not have an increased fraction of high-severity fire.


Results


Recent versus historical fire rotations
High-severity fire rotations from 1984–2012 were within the historical range or were too long,
relative to historical high-severity fire rotations, overall across the western USA in both dry
pine and mixed-conifer forests and individually in 41 of 42 analysis regions (Fig 3, Tables 3
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and 4). Fire rotation was not calculated in Region 15 in dry pine, as no high-severity fire
occurred (Table 3). Overall, recent high-severity fire rotations of 1,045 years in dry pine and
875 years in dry mixed-conifer forests were a little too long, relative to the range of historical
fire rotations of 217–849 years, meaning too little recent high-severity fire relative to historical
high-severity fire (Tables 1, 3 and 4). In dry pine forests, recent high-severity fire rotations
were within the range of historical fire rotations in 6 of 22 regions and were too long, meaning
a deficiency of high-severity fire, in 16 of 22 regions (Fig 3A, Table 3). In dry mixed-conifer for-
ests, recent high-severity fire rotations were within the range of historical rotations in 8 of 20
regions, were too long in 11 of 20 regions, but too short, producing too much high-severity fire
relative to historical fire, in one region in southern California (Fig 3B, Table 4).


Fig 3. Differences between recent (A.D. 1984–2012) high-severity fire rotation and historical range of high-severity fire rotations, recent trends,
and recent fire rotations for high-severity fire in (a) dry pine forests and (b) dry mixed-conifer forests by analysis region.High-severity fire rotation
(years), from Tables 3 and 4, is printed over each region, and represents the expected time to burn, at high severity, an area equal to the region. Colors
correspond with data in Table 3 for dry pine and Table 4 for dry mixed conifer forests. Differences are: (1) “In range,” if recent high-severity fire rotation was
within the range of historical estimates, (2) “Too short,” if outside and shorter than historical estimates, and (3) “Too long,” if outside and longer than historical
estimates. “Trend” indicates that a statistically significant upward trend in area burned at high severity was found in a region, and “No trend” indicates one
was not found, with data shown in Tables 3 and 4. Regions that lacked a statistically significant upward trend in area burned at high severity (Tables 3, 4)
have lighter shading. Several Bailey sections were merged or split to create the analysis regions.


doi:10.1371/journal.pone.0136147.g003


Recent High-Severity Fire Rates in Dry Forests


PLOS ONE | DOI:10.1371/journal.pone.0136147 September 9, 2015 14 / 26







Recent trends
Statistically significant upward trends were lacking overall for area burned at high severity
from 1984–2012 in both dry pine (z = 2.682, p = 0.0503) and in dry mixed-conifer forests
(z = 1.895, p = 0.1276). The dry-pine trend was very close to significant. Across analysis
regions, statistically significant upward trends in area burned were found in only 3 of 23 dry
pine regions (Fig 3A, Table 3) and1 of 20 dry mixed-conifer regions (Fig 3B, Table 4) in parts
of the Southwest and Rocky Mountains. Two regions were close to significant in dry pine and
two in dry mixed conifer, also in the Southwest and Rocky Mountains (Tables 3 and 4). Inter-
annual fluctuations in area burned closely matched in dry pine and mixed-conifer forests
(r = 0.856, p< 0.001), and area burned was concentrated in known major fire years (A.D.
1994, 1996, 2000, 2002, 2006–2007, 2011–2012), particularly since A.D. 2000 (Fig 4).


Statistically significant upward trends were also lacking overall for fraction of high-severity
fire from 1984–2012 in both dry pine (z = 0.319, p = 0.508) and in dry mixed conifer forests
(z = 0.506, p = 0.456) (Fig 4, Tables 3 and 4). Statistically significant upward trends in fraction
burned at high severity were also lacking in all 23 dry-pine regions and all 20 dry mixed-conifer


Fig 4. Trends between 1984–2012 in area burned at high severity (bottom) and fraction burned at high severity (top). Results are shown for both dry
pine and dry mixed conifer forests.


doi:10.1371/journal.pone.0136147.g004
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regions (Tables 3 and 4). Interannual fluctuations in fraction burned at high severity also sig-
nificantly matched in dry pine and mixed-conifer forests, but not as closely (r = 0.520,
p = 0.004) as for area burned (Fig 4). Fraction burned at high severity was higher in major fire
years, as was area burned, but not more so since A.D. 2000 (Fig 4).


For dry pine, the recent mean fraction of high-severity fire for the whole study area (0.117)
was not significantly (α = 0.05) different from the mean (0.111) of historical reconstructions (t
(2) = -0.15, p = 0.897). However, for dry mixed conifer, the recent mean fraction for the whole
study area (0.194) was significantly lower than the mean (0.356) of the seven reconstructions (t
(6) = 6.18, p = 0.001). Thus, these comparisons suggest that the recent mean fraction of high-
severity fire is not unprecedented, but instead congruent with historical mean fraction of high-
severity fire in dry pine and too low relative to historical mean fraction of high-severity fire in
dry mixed conifer.


A t-test showed a significant difference, in mean fraction of high-severity fire across the 29
years in the analysis period (Fig 4), between dry pine (Mean = 0.117, s.d. = 0.063) and mixed-


Fig 5. Low projection (to A.D. 2046–2065) of differences relative to the historical range of high-severity fire rotations, given 1984–2012 trends, and
projected fire rotations for high-severity fire in (a) dry pine forests and (b) dry mixed-conifer forests by analysis region. See Fig 3 for an explanation
of figure contents.


doi:10.1371/journal.pone.0136147.g005
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conifer forests (Mean = 0.194, s.d. = 0.070); t (55) = -4.51, p< 0.001. This shows that a higher
fraction of high-severity fire (1.66 times) occurred recently in mixed conifer as in pine.


Projections
Low projections [42] in dry-pine regions for 2046–2065 would be restorative of the high-sever-
ity fire process or provide ongoing maintenance of high-severity fire at historical rates, with no
region having a fire rotation too short relative to historical high-severity fire rotations (Fig 5A,
Table 3). Of 22 dry-pine regions (region 15 excluded since no high-severity fire recently), 13
that had high-severity fire rotations that were too long up to 2012 still had rotations too long
by 2046–2065, but were closer to historical high-severity rotations, thus partially restored,
while 3 of the 22 regions changed from too long to within range, indicating restoration of high-
severity fire to historical rates. The remaining six regions that were within range by 2012 stayed
in this category, thus had ongoing maintenance of high-severity fire at historical rates.


Low projections in dry mixed-conifer regions would also be restorative or provide ongoing
maintenance of high-severity fire at historical rates, except in one region (Fig 5B, Table 4). Five
of 20 dry mixed-conifer regions with high-severity fire rotations that were too long up to 2012
would still have fire rotations too long, but would be closer to historical rates, thus would have
high-severity fire rates partially restored. Six of 20 mixed-conifer regions with high-severity fire
rotations that were too long up to 2012 would change to within range, indicating restoration of
high-severity fire to historical rates. Eight of 20 mixed-conifer regions with high-severity fire
rates within range in 2012 would remain within range, indicating maintenance of high-severity
fire at historical rates. One region, however, that already had a too short high-severity fire rota-
tion by 2012, was projected to have an even shorter high-severity fire rotation.


High projections in dry-pine regions still would be predominantly restorative of high-severity
fire or provide ongoing maintenance of high-severity fire at historical rates in 15 regions, but two
regions would have high-severity fire rotations too short, relative to historical high-severity fire
rotations (Fig 6A, Table 3). High projections in dry mixed-conifer regions would also be pre-
dominantly restorative of historical high-severity fire rates or provide ongoing maintenance of
high-severity fire at historical rates in 12 regions, but four regions would have fire rotations too
short relative to historical high-severity fire rotations (Fig 6B, Table 4). High projections are
missing for four of 22 pine regions and four of 20 mixed-conifer regions (Fig 6, Tables 3 and 4),
because fire-climate relationships were not found that allowed projections [42].


Discussion
Comparison of recent and historical high-severity fire rotations shows that high-severity fire is
not occurring in dry forests at rates that are exceptionally high relative to the range of historical
rates. Recent high-severity fire instead is deficient (too long) overall across dry pine and dry
mixed-conifer forests relative to historical rates. Recent high-severity fire rotations are quite
long, averaging 1,045 years in dry pine and 875 years in dry mixed conifer, more than ample
time for forests to recover and reach very old age before the next high-severity fire. High-sever-
ity fire rotations in dry forests are also within the historical range or are too long relative to his-
torical fire rotations in all but one of 43 regions of the western USA up to A.D. 2012. Absence
of significant overall recent upward trends in area burned and in fraction burned at high sever-
ity also suggests high-severity fire is not significantly increasing or becoming more severe. The
trend is quite close to significance for area burned in dry pine forests, which I discuss below.
These findings do not support the hypothesis that high-severity fire is occurring at exception-
ally high rates in dry forests or is generally increasing or becoming more severe [6–7].
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The location of the few regions (4 of 43) with a statistically significant upward trend in area
burned at high severity over the 1984–2012 period, in parts of the Southwest and Rocky Moun-
tains, is consistent with previous studies in broader forest types [3–4]. This consistency sug-
gests stronger climatic than fuel influences [2–4]. A strong climatic role in upward trends is
also supported by the high correlation of interannual fluctuations in area burned at high sever-
ity between dry pine and dry mixed conifer and by concentration of area burned at high sever-
ity in major fire years. However, part of the explanation of trends in these particular regions
and the nearly significant trend overall in dry pine forests may not be climate, but human-set
fires. Two of the dry pine regions with statistically significant upward trends, in central Arizona
(Fig 3A), experienced very large human-set fires, the 2002 Rodeo-Chediski fire and the 2011
Wallow fire. In contrast, the upward trend in dry pine forests in eastern Montana is likely not
related to human-set fires, but instead to three exceptional lightning-ignited fires (Ash Creek,
Rosebud Creek, Chalky) in 2012 as well as earlier natural fires. Disentangling the contributions


Fig 6. High projection (to A.D. 2046–2065) of differences relative to the historical range of high-severity fire rotations, given 1984–2012 trends, and
projected fire rotations for high-severity fire in (a) dry pine forests and (b) dry mixed-conifer forests by analysis region. Several analysis regions are
omitted, because the high projections by Yue et al. [42] were not possible for those areas. See Fig 3 for an explanation of figure contents.


doi:10.1371/journal.pone.0136147.g006
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of human-set fires and climatic change to trends is beyond the scope of this study, but is
needed.


Projections to 2046–2065 suggest high-severity fire would be predominantly restorative of
the high-severity fire process or provide ongoing maintenance of high-severity fire at historical
rates, except in a few regions. Low projections indicate fire rotations too short only in one
region of 42 total, and that region already had a fire rotation too short by 2012. Thus, dry for-
ests generally have the capacity to absorb up to 1.71 times as much high-severity fire (the maxi-
mum increase in the low projections), beyond what was occurring up to 2012, without
exceeding historical rates. The six regions, under the high projections, that would have fire
rotations too short by 2046–2065, would not be able to absorb 2.54–2.69 times as much high-
severity fire as in 1984–2012, but 19 other regions that received this level of increase were not
pushed beyond historical rates. This suggests most dry-forest landscapes have the capacity to
absorb substantial increased high-severity fire, but if high-severity fire increases above about 2
1/2 to 3 times as much as in 1984–2012, that capacity will begin to be reached. Thus, it may be
at least several decades before dry-forest landscapes may generally begin to be affected by
exceptional high-severity fire rates because of projected climatic change. Projections based on
Yue et al. [42] could also be tempered by lack of actual trend in regions up to 2012, which is
35–46% of the duration from 1984 to 2046–2065. Perhaps the projection will not fully emerge
and the high projections, with the greatest increase in future fire, may be less concerning. Of
course, lack of recent trend does not clearly mean the Yue et al. [42] projections will not even-
tually occur.


If high-severity fire rotations that are too short do begin to appear, entire landscapes will
not be affected at once, but instead effects will be lagged and heterogeneous, likely requiring
centuries after onset to fully affect dry-forest landscapes. Long delays occur because fire effects
accrue over time from separate ignition and spread events. If a historical fire rotation of 400
years experiences a doubling of annual area burned, and the new rotation is 200 years, then on
average it will be 200 years before landscapes are fully affected by this change [72]. Lagged
responses of landscapes, to changes in fire, affect both increased fire that is restorative or that
leads to too-short fire rotations. The heterogeneity and lagged effects of fire contrast with those
of droughts and insect outbreaks, which can alter large land areas nearly synchronously with-
out the long delays inherent with fire. This is supported by a study that showed that major pro-
jected changes in vegetation in western North America with global warming occur mainly
from direct climate effects (e.g., drought), with< 1% from wildfire [73].


Limitations
These trend analyses and fire rotations have some inherent limitations. The Landfire Biophysi-
cal Settings maps aim to predict historical vegetation predating the trend analyses, but could
still exclude non-forested area that was burned in dry forests at high-severity early in the 1984–
2012 period, leading to false upward trends [17]. Fully reliable trend analysis across large land
areas requires a nationally consistent and detailed vegetation map based on imagery that pre-
dates MTBS data coverage in 1984. Because I cannot definitely exclude a possible false upward
trend, the four significant upward trends, and other trends close to significant, are particularly
clouded by this uncertainty.


The MTBS program has provided a remarkable dataset, but 29 years is still a limitation. Esti-
mated fire rotations are hundreds of years, and nearly a full fire rotation of data is needed to
accurately estimate the rotation [72]. Trends over the 29-year period hinge on the timing and
magnitude of only a few major fire peaks (Fig 4). Thus, estimated rotations are valid for the
29-year period, but subject to change as more data accrue. Data from 25.7 million ha temper
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this concern, but fire can be synchronized over large land areas by teleconnections with
periods> 29 years [74], thus 29 years are also insufficient from the standpoint of potential cli-
mate cycles. Also, high-severity fire rotations may not be homogeneous across landscapes;
high-severity fire could be favored in certain biophysical settings and dis-favored in others
(e.g., 5, 39). Thus, recent fire-rotation estimates in this study represent averages for analysis
regions that warrant use with caution in smaller subareas of these regions.


MTBS data, which are for fires generally> 400 ha in area, may or may not contain 95% of
total burned area, as estimated by the MTBS program. One estimate for part of the Sierra
Nevada was 92.8% [17]. If the actual percentage was not 95%, then fire rotations could be
somewhat too low or too high. Some caution is thus warranted from this standpoint in the use
of estimates, although this concern is buffered by the use of a large historical range for
comparison.


The GLO-based reconstructions may be one of the few available ways to reconstruct histori-
cal severe fires in the spatially extensive manner that is needed to provide data about fire rota-
tion, patch size, and other attributes. These reconstructions are calibrated, validated, and
corroborated [27–29, 40, 56, 65], but would benefit from additional calibration and validation
to improve the linkage of forest structure with fire severity and to help estimate the precision of
estimates of fire rotation. Precision is not known very well, except that there is calibration and
validation with tree-ring reconstructions, there is corroboration by early historical records and
maps, and there is congruence between the findings of GLO-based, aerial-photo-based, and
paleo-fire based methods (Table 1). GLO-based methods are typically based on 100–140 year
periods before the surveys, thus less than a full historical fire rotation. These methods also can-
not provide fine detail about high-severity fire patterns, since they are based on data pooled
across 259–1,036-ha areas. It would be beneficial to combine GLO-based methods with tree-
ring reconstructions and compare paleo-fire and GLO-based reconstructions in the same
areas. More landscape-scale fire history is needed and may lead to further refinements in
understanding of rates and patterns of historical high-severity fire.


The projections are first approximations. The Yue et al. [42] projections are not specific to
dry forests or high-severity fires, are not based on dynamic vegetation models, and use only a
moderate emissions scenario. Potential vegetation changes may be large [73], particularly for
P. ponderosa in the Rocky Mountains and Southwest [75]. Although the projections here may
appear simplistic, the Yue et al. projections are sophisticated. It is just that their direct transfer
here to dry forests provides only first approximations and context for thinking about future
fire in dry forests until projections specific to dry forests appear. The projections also assume
similar continuing fire management and no non-linear responses. For example, a landscape
trap [76] could arise if high-severity fire created more fire-prone landscapes that then burn
increasingly at high severity, possibly increasing area burned at high severity beyond
projections.


Management issues
The evidence presented here shows that efforts to generally lower fire severity in dry forests for
ecological restoration are not supported. Reducing fire severity in dry forests is a goal of the
2003 Healthy Forests Restoration Act (HFRA), the Collaborative Forest Landscape Restoration
Program (CFLRP) of the 2009 Omnibus Public Land Management Act, and other government
policies and programs. These laws, policies, and programs were developed before sufficient
quantitative analysis of rates of recent high-severity fire was available, and with very limited
information about rates of historical high-severity fire. Historical evidence, now available from
multiple sources across large land areas (Table 1), combined with comprehensive recent fire-
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severity data, together show that high-severity fire is generally operating at or below historical
rates. Thus, reducing fire-severity is fire suppression rather than restoration, as was commonly
thought before these new data and analysis were available. Fire suppression is incompatible
with laws and programs that mandate or encourage restoration of historical fire regimes and
forest structure (e.g., Collaborative Forest Landscape Restoration Program).


In dry forests, suppressing high-severity fire that is operating at or below historical rates
also has adverse ecological impacts. These adverse impacts include: (1) declining and poten-
tially threatened native animals dependent on severely burned patches [77–78], (2) loss of bio-
logically diverse early-successional habitat [79–80], reduction in fire-stimulated native shrubs
and trees that were historically abundant [30, 64], and simplification of the landscape heteroge-
neity that is key to landscape resilience to future climate-change effects [81]. High-severity
fires, for example, produce patches of younger forest that are less vulnerable to mortality in
insect outbreaks and droughts [82]. Removing or reducing small trees in dry forests to reduce
fire severity may significantly reduce the resilience of these forests to insect outbreaks and
droughts by reducing advance recruitment that enables recovery [82].


Some potentially important ecological concerns have been expressed about high-severity
fires even though these fires are not generally occurring at exceptional rates. First, many scien-
tists worry that the size of high-severity fire patches in dry forests is currently exceptional rela-
tive to historical patch sizes, possibly hampering post-fire tree recruitment and other processes
(e.g., 6). However, large comparisons of historical and modern patch sizes in dry forests, from
GLO-based reconstructions in the Colorado Front Range [40] and western Sierra [30] show
that high-severity patch sizes in both historical and modern fires ranged up to 8,000–9,400 ha,
and recent and historical patch-size distributions had only minor differences.


Second, increasing drought and higher temperatures can alter the ecological effects of high-
severity fires and modify recovery processes after these fires. Higher temperatures and drought
stress may increase tree mortality after fire, effectively increasing fire severity, independent of
fire intensity [83], although here I show that these forests have the capacity to absorb some
increased fire severity. Historical and recent high-severity fire rotations are generally long
enough to allow post-fire tree recruitment and natural recovery of dry forests between fires, but
recruitment that may have historically been poor and episodic [84], could possibly worsen
because of increased drought and high temperatures, so that forests have more difficulty recov-
ering after fires [85].


Finally, local analysis might uncover ecologically valuable sites where high-severity fire has
recently occurred at apparently exceptional rates [86–87], even though it is not in the larger
region. For example, in the Big Oak Flats area of Yosemite National Park, tree-ring [87] and
GLO reconstructions [30] both showed low- to mixed-severity fire occurred historically, with
no high-severity fire over the preceding few hundred years, and reconstructions also agreed on
low historical tree densities [30], yet the 2013 Rim Fire burned 24% of tree-ring plots at high
severity [87]. Harris and Taylor viewed the 24% high-severity component of the Rim fire in Big
Oak Flats as historically anomalous due to buildup of fuel from fire exclusion [87]. However,
high-severity fire is fully expected after more than 400 years of predominantly low- to mixed-
severity fire, given the historical high-severity fire rotation of 412 years reconstructed for south-
ern Sierran mixed conifer [30]. High-severity fires in dry forests with moderate to long histori-
cal rotations are always locally surprising, occurring suddenly after centuries of stability [14].
Other studies have suggested old dry forests with long periods of low-severity fire are expected
to suddenly burn at high severity [26]. Better evidence of concern in the Sierran mixed conifer
forest is the recent high-severity fire rotation of 212 years in the analysis region (Fig 3B), but
this region is dominated by more coastal forests where human-set fires may explain this fire
rotation. A study specifically in the lower montane of the western Sierra found a recent fire
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rotation of 461 years [17], somewhat longer than the 412 year historical rotation, suggesting
high-severity fire is not occurring at historically unprecedented rates, but needs updating to
include the 2013 Rim fire and other recent fires. Regional scales, not the Big Oak Flat scale, are
the scales that are essential to detect significant departures from historical rates of high-severity
fires [14]. Nonetheless, high local ecological values, such as special species [86] could trump
regional trends and warrant specific local management actions.


High-severity fires are infrequent powerful events, not unlike volcanic eruptions, tornadoes,
or large floods that are almost beyond control or management. Yet, the ecological importance
of large, infrequent, and often severe natural disturbances in structuring historical landscapes
and maintaining their biological diversity is well established (e.g., [21, 77–80, 88–89]). Increas-
ing appreciation of the role of large, seemingly destructive floods in maintaining the geomor-
phology and habitat diversity of rivers, suggests people may decide to accept and even restore
infrequent large, severe natural disturbances in ecosystems for ecological reasons [90]. The best
approach for high-severity fire is likely through wildland fire use [11], which is now wildland
fire for resource benefit, managed by professional fire personnel, with restoration and mainte-
nance of high-severity fire within historical rates and patterns as a goal. Land managers and
the public can reduce fire risk near housing, infrastructure, and valuable resources to maximize
area available for wildland fire use across adjoining lands. Communities can also facilitate wild-
land fire use by adopting growth boundaries to limit community expansion into dry forests
and by rearranging land uses to favor fire-resistant land uses on their outskirts [21].


Recent rates of high-severity fire, although they are not generally exceeding historical rates,
are leading to some intense fires burning into communities and damaging infrastructure. Pro-
jected increases in severe fire from climate change shown here could become even more serious
for people. Fortunately, the inherently lagged response of landscapes to changes in fire does
typically allow some time to prepare further. Based on the findings of this study, the public
should be informed that infrequent high-severity fires in dry forests are not a consequence of
poor forest management over the last century that can be fixed. Dry forests were historically
renewed, and will continue to be renewed, by sudden, dramatic, high-intensity fires after centu-
ries of stability and lower-intensity fires. Living in or near dry forests is inherently very danger-
ous, not unlike living beside a volcano or on a fault line with earthquakes. The people-fire
problem is complex [21, 91–92], but if expansion of housing and infrastructure into dangerous
dry forests [21, 93] were redirected into safer settings, both people and nature would benefit.
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April 30, 2021 

Via Email  

To: Objection Reviewing Officer 

USDA Forest Service Northern Region  
26 Fort Missoula Road 

Missoula, MT 59804  

Dear Objection Reviewing Officer: 

Thank you for considering our Objection against the Draft 

Decision Notice, FONSI, and Environmental Assessment for the 

Bug Creek Integrated Resource Management Project, Forest 

Service, Flathead National Forest, Swan Lake Ranger District  

Identification of Objectors: Lead Objector:  

Michael Garrity,  



Executive Director,  

Alliance for the Wild Rockies (AWR)  

PO Box 505 Helena, MT 59624;  

Phone 406-459- 5936.  

And for Sara Johnson Native Ecosystems Council 

PO Box125 

Willow Creek, MT 59760.  

Signed for Objectors this 30th day of April 2021  

/s/  

Michael Garrity  

Name of the Responsible Official, National Forest, Ranger 

District where Project is Proposed: The Responsible Official, 

Swan Lake District Ranger Christopher Dowling, has made 

available a Draft Decision Notice (DDN) and Finding of NO 



Significant Impact (FONSI) for the South Plateau Project. The 

South Plateau project area is in the Swan Lake Ranger District 

of the Flathead National Forest (FNF) and covers approximately 

35,675 acres and lies on the east and west sides of Crane 

Mountain, between Flathead Lake and Swan Lake in Lake 

County, MT.  The Bug Creek project area is all within Lake 

County and roughly 2 miles southeast of Bigfork, Montana, one 

mile south of Ferndale Road, east of Flathead Lake, west of 

Highway 83, and northwest of Swan River State Forest. 

Description of those aspects of the proposed project addressed 

by the objection, including specific issues related to the 

proposed project if applicable, how the objector believes the 

environmental analysis, Finding of No Significant Impact, and 

Draft Decision Notice (DDN) specifically violates law, 



regulation, or policy: The EA and DDN are contained in the 

USFS webpage at: https://www.fs.usda.gov/project/?

project=47327. The selected alternative, Alternative B-Proposed 

Action which includes 4,604 acres of vegetation management on 

National Forest System lands, motorized access management, 

and a non-motorized trail system. The DDN calls for 2184 acres 

of commercial logging and 2420 acres of non-commercial 

logging and burning. As a result of the Draft DN, individuals 

and members of the above mentioned groups would be directly 

and significant-ly affected by the logging and associated 

activities. Objectors (hereafter AWR) are conservation 

organizations working to ensure protection of biological 

diversity and ecosystem integrity in the Wild Rockies bioregion 

(including the FNF). The individuals and members use the 

project area for recreation and other forest related activities. The 

selected alternative would also further degrade the water quality, 

wildlife and fish habitat. These activities, if implemented, would 

adversely impact and irreparably harm the natural qualities of 



the Project Area, the surrounding area, and would further 

degrade the watersheds and wildlife habitat.  

1.Objectors names and addresses: 

Lead Objector Mike Garrity 

Executive Director 

Alliance for the Wild Rockies 

P.O. Box 505 

Helena, MT 59624 

Phone 406 459-5936  

And for 

Sara Johnson 

Native Ecosystems Council  

P.O. Box 125 

Willow Creek, MT 59760 

2. Signature of Lead Objector: Signed this 30th day of April 

2021 by Lead Objector,  

/s/ Michael Garrity 



3. Lead Objector:  

Michael Garrity, Alliance for the Wild Rockies 

4. Name of the Proposed Project, Responsible Official, National 

Forest and Ranger District where Project is: Bug Creek 

Integrated Resource Management Project; Swan Lake District 

Ranger Christopher Dowling is the Responsible Official;  

The project is in the Swan Lake Ranger District of the Flathead 

National Forest. Ranger Dowling chose the proposed or selected 

alternative B-Proposed Action which includes 4,604 acres of 

vegetation management on National Forest System lands, 

motorized access management, and a non-motorized trail system 

in the Draft Decision Notice and FONSI.  

NOTICE IS HEREBY GIVEN that AWR objects pursuant to 36 

CFR section 218 to the Responsible Official’s adoption of the 

selected Alternative. As discussed below, thug Creek Project as 



proposed violates the Clean Water Act, the National 

Environmental Policy Act (NEPA), the National Forest 

Management Act (NFMA), the Endangered Species Act (ESA), 

the Gallatin Forest Plan and the Administrative Procedure Act 

(APA).  

Location the Bug Creek project area lies on the east and west 

sides of Crane Mountain, between Flathead Lake and Swan 

Lake in Lake County, MT in the Swan Lake Ranger District of 

the Flathead National Forest in Lake County, MT. The project 

area is approximately is approximately 35,675.  

5. Specific Issues Related to the Proposed Projects, including 

how Objectors believes the Environmental Analysis or Draft 

Record of Decision specifically violates Law, Regulation, or 

Policy: We included this under number 8 below.  



Thank you for the opportunity to object on the Bug Creek 

Project. Please accept this objection from me on behalf of the 

Alliance for the Wild Rockies and Native Ecosystems Council. 

6. Suggested Remedies that would Resolve the Objection: We 

recommend that the “No Action Alternative” be selected. We 

have also made specific recommendations after each problem.  

7. Supporting Reasons for the Reviewing Office to Consider: 

This landscape has very high wildlife values, including for the 

threatened grizzly bear, lynx, big game species, and wildlife 

dependent upon unlogged. The project area will be concentrated 

within some of the best wildlife habitat in this landscape which 

is an important travel corridor for wildlife such as lynx, bull 

trout, grizzly bears, and wolverine. The agency will also be 

exacerbating an ongoing problem of displacing elk to adjacent 

private lands in the hunting season due to a lack of security on 

public lands. The public interest is not being served by this 

project. Suggested Remedies to Resolve the Objection: We 



recommend that the “No Action Alternative” be selected. We 

have also made specific recommendations after each problem. 

Supporting Reasons for the Reviewing Office to Consider This 

landscape has very high wildlife values, including for the 

threatened grizzly bear, and lynx, big game species, and wildlife 

dependent upon mature forest habitat. The project area is 

concentrated within some of the best wildlife habitat in this 

landscape which is an important travel corridor for wildlife such 

as lynx, grizzly bears, and wolverine. The agency will also be 

exacerbating an ongoing problem of displacing elk to adjacent 

private lands in the hunting season due to a lack of security on 

public lands. The public interest is not being served by this 

project. Thank you for the opportunity to object. NOTICE IS 

HEREBY GIVEN that, pursuant to 36 CFR Part 218, AWR 

objects to the Draft Decision Notice (DDN) and Finding of No 

Significant Impact (FONSI) with the legal notice published on 

March 16, 2021, including the Responsible Official’s adoption 

of proposed or selected Alternative. AWR is objecting to this 



project on the grounds that implementation of the Selected 

Alternative is not in accordance with the laws governing 

management of the national forests such as the FLPMA, ESA, 

NEPA, NFMA, the Flathead National Forest Forest Plan and the 

APA, including the implementing regulations of these and other 

laws, and will result in additional degradation in already 

degraded watersheds and mountain slopes, further upsetting the 

wildlife habitat, ecosystem and human communities. Our 

objections are detailed below. If the project is approved as 

proposed, individuals and members of the above-mentioned 

groups would be directly and significantly affected by the 

logging and associated activities. Objectors are conservation 

organizations working to ensure protection of biological 

diversity and ecosystem integrity in the Wild Rockies bioregion 

(including the FNF). The individuals and members use the 

Flathead National Forest and the project area for recreation and 

other forest related activities. The selected alternative would also 

further degrade the water quality, wildlife and fish habitat. These 



activities, if implemented, would adversely impact and 

irreparably harm the natural qualities of the Project Area, the 

surrounding area, and would further degrade the watersheds and 

wildlife habitat.  

Statements that Demonstrates Connection between Prior 

Specific Written Comments on the Particular Proposed Project 

and the Content of the Objection  

ROADS 

We wrote in our comments, 

The EA states that barriers will be installed to prevent 
motorized use on closed roads. What is the effectiveness of 
these barriers, and how many miles of closed roads are 
expected to have illegal motorized use?

The Forest Service responded: 

The 2016 A19 report, Table 8b, shows the results of closure 
device monitoring on the Flathead National Forest from 2006 
through 2015. This table shows from 3-13 percent of the 
barrier devices were found to be ineffective in preventing 



unauthorized use, depending on the year, with an average of 
6.9 percent per year from 2006-2015. Since 2011, the average 
road closure effectiveness has improved, not declined. Since 
2011, the average percentage of ineffective closures improved 
to 5 percent (project file exhibit L-012). 

We wrote in our comments: 

Only the road junctions, and the first 50-300 feet of roads to be 
claimed as "impassable" will be treated, which means that 
most of the road will be suitable for illegal motorized use and 
recreational use. For example, culverts will be maintained. 
Why are these suitable criteria for a road identified as 
“impassable?" 

The Forest Service responded: 

The Forest Service does not agree that treating only the road 
junction and the first 50-300 feet of roads will mean that the 
rest of road will be suitable for authorized motorized use. It is 
the intent that our impassable road treatments described in the 
updated EA and the forest plan will restrict unauthorized 
motorized use. The impassable road treatments are minimal 
treatments. Other treatments may occur (such as more debris 
laid on the surface of the road, more boulders blocking the 
entrance, recontouring portions or all or a portion of the road, 
etc.) if unauthorized use continues.The Forest Plan (USDA 
2018b, p199) definition of Impassable is as follows: A road that 
has been treated in such a manner that the road is blocked and 



there is little resource risk if road maintenance is not 
performed on a regular basis (self-maintaining).These roads 
are not counted in the total motorized route density as long as 
the road (generally the first 50 to 300 feet) has been treated to 
make it inaccessible to wheeled motorized vehicles during the 
non-denning season. Roads may become impassable due to a 
variety of causes, including but not limited to one or more of 
the following: natural vegetation growth, road entrance 
obliteration, scarified ground, fallen trees, boulders, or culvert 
or bridge removal. Impassable roads may remain on the 
inventoried road system if use of the road is anticipated at 
some point in the future. 

How many road closure violations have occurred in the Swan 
Lake Ranger District in the last 5 years? Since road closure 
violations are pervasive throughout the project area and the 
Forest, the FNF is in violation of not only the Forest Plan but 
also the big game security standards. 

It is fair to assume that there are many more violations that 
regularly occur and are not witnessed and reported. It is also fair 
to assume that you have made no effort to request this available 
information from your own law enforcement officers, much less 
incorporate it into your analysis. Considering your own 
admissions that road density is the primary factor that degrades 
elk and grizzly habitat, this is a material and significant 



omission from your analysis– all of your ORD and HE 
calculations are wrong without this information. 

 

The veracity of the FS’s inventory of system and nonsystem 
(“undetermined” or “unauthorized”) roads is at issue here also. 
This is partly because the FS basically turns a blind eye to the 
situation with insufficient commitment to monitoring, and also 
because violations are not always remedied in a timely manner.  

The Bug Creek project would violate the Forest Plan/Access 
standards, a violation of NFMA because of road closure 
violations.  

The EA does not disclose how many years the existing core ares 
have provided the habitat benefits assumed under the Forest 
Plan. As pointed out, some has been lost (due to “private 
infrastructure development”) and we’re not told of other likely 
and forseeable reductions.  

The EA does not take a hard look as road closure violations. It 
also shows the inadequacy of Forest Plan road density metrics.  

Since we are awaiting the results of a lawsuit against the Forest 
Plan, the issuance of the Bug Creek draft DN is premature and 
subverts NEPA, NFMA, the APA and the ESA.  



Have you closed or obliterated all roads that were promised to 
be closed or obliterated in the Travel Plan? Or, are you still 
waiting for funds to close or obliterate those roads? This 
distinction matters because you cannot honestly claim that you 
are meeting road density standards promised by the Travel Plan 
if you have not yet completed the road closures/obliterations 
promised by the Travel Plan. Furthermore, as noted above, you 
have a major problem with recurring, chronic violations of the 
road closures created by the Travel Plan, which means that your 
assumptions in the Travel Plan that all closures would be 
effective has proven false. For this reason, you cannot tier to the 
analysis in the Travel Plan because it is invalid.  

Christensen et al (1993) states: “Any motorized vehicle use on 
roads will reduce habitat effectiveness. Recognize and deal with 
all forms of motorized vehicles and all uses, including 
administrative use.” Please disclose this to the public and stop 
representing that roads closed to the public should not be 
included in habitat effectiveness calculations. The facts that (a) 
you are constructing or reconstructing over 13.3 miles of  new 
system roads and 5.3 miles of temporary roads for this project, 
(b) you have problems with recurring illegal use,  which means 
that your conclusion that this Project will have no effect on open 



road density or habitat effectiveness is implausible to the point 
of being disingenuous. You cannot exclude these roads simply 
because you say they are closed to the public. Every road 
receiving motorized use must be included in the HE calculation. 
You must consider all of this road use in order to take a hard 
look that is fully and fairly informed regarding habitat 
effectiveness. In the very least you must add in all “non-system” 
roads, i.e. illegal roads, as well as recurring illegal road use 
(violations) in your ORD calculations. 

Remedy: Choose the No Action Alternative or you must either 
complete new NEPA analysis for the Travel Plan on this issue or 
provide that new analysis in the NEPA analysis for this Project. 
Either way, you must update your open road density calculations 
to include all roads receiving illegal use. 

GRIZZLY BEARS 

We wrote in our comments:  

Creating barriers on roads to prevent motorized access will not 
affect recreational use, including hiking, hunting, bike riding, 
and berry picking, for example, Where are these impacts to 
grizzly bear displacement and mortality risk addressed?



Response: Cumulative effects to grizzly bears such as existing 
non-motorized activities are addressed in the updated EA 
(p147) and in project file exhibit L-007. While non-motorized 
activities such as hiking or berry picking may impact 
individual bears, these activities have not been determined to 
have population impacts to grizzly bears (NCDE, 2019). With 
the exception of mountain biking, the majority of the 
recreational uses listed such as hiking, hunting or berry 
picking can travel cross-country through the project area 
regardless of a presence a trail or barriered road. 

We wrote in our comments: 
The agency failed to define total road densities at present, what 
these will be during the 5 years of project implementation, and 
what these will be once the project is completed. So the impacts 
to grizzly bear displacement and mortality risk are not 
identified to the public. 

Response: The baseline conditions for Total Motorized Route 
Density (TMRD) are outlined in the updated Bug Creek EA 
grizzly bear section (p137). Additionally, the temporary 
changes in TMRD for the five years of project implementation 
as well as the years post implementation are described for both 
Alternatives in the updated EA (p144). The ten-year running 
average for temporary project increases to TMRD calculated 
for 15 years can be found in the updated EA (p144). The 
impacts of the proposed changes to TMRD to grizzly bears is 
also discussed in the grizzly bear section of the updated EA 
(p135-148). Additional information regarding grizzly bears and 



the proposed project can be found in the project file (exhibit 
L-004). 

The response, the EA and the DDN evaluation of this issue 
was not adequate and violates NEPA, ESA, NFMA, and the 
APA. 

The Analysis of the Management Situation Technical Report 
for Revision of the Kootenai and Idaho Panhandle Forest Plans 
states:  
“Direct mortality (related to access) from trapping, legal 
hunting, and illegal shooting has impacted all wide-ranging 
carnivores (e.g. lynx, wolverine, grizzly and black bears, 
wolves)…”

The analysis is not credible given the FS’s inability to effectively 
prevent motorized traffic behind roads, as discussed in the grizzly bear 
section of this objection. Moreover, it’s not just hunters in season— it’s 
poachers during every season. Also, this ignores the fact that lawful 
hunters find easier travel on newly accessible routes. Although this is 
usually by walking, it is also increasingly by bicycle—even eBikes not 
considered in the Forest Plan EIS. 

The science is clear that motorized access via trail, road, or oversnow 
adversely impact habitat for the elk. Servheen, et al., 1997 indicate that 
motorized trails increase elk vulnerability and reduce habitat 
effectiveness, and provide scientific management recommendations. 

Also, the EA fails to provide a meaningful analysis of cumulative 
impacts of recreational activities on elk. Wintertime is an especially 
critical time for elk, and stress from avoiding motorized activities takes 
its toll on elk and populations. 



The EA doesn’t demonstrate consistency with Forest Plan requirements 
for these medium priority Planning Subunits, probably because of its 
false assumptions noted above. 

Scientific information recognizes the importance of thermal cover, 
including Lyon et al, 1985. Christensen et al., 1993 also emphasize 
“maintenance of security, landscape management of coniferous cover, 
and monitoring elk use...” This USFS Region 1 document also states, 
“management of winter range to improve thermal cover and prevent 
harassment may be as important as anything done to change forage 
quantity or quality.” 

You cannot exclude roads simply because you say they are 
closed to the public. Every road receiving motorized use must be 
included in the HE calculation. You must consider all of this 
road use in order to take a hard look that is fully and fairly 
informed regarding habitat effectiveness. In thevery least you 
must add in all “non-system” roads, i.e. illegal roads, as well as 
recurring illegal road use (violations) in your ORD calculations. 
Also, as a side note, your calculations in Table 12 give the HE of 
the existing condition, not the HE during the project. 

  

As stated above, the  



LYNX 

We wrote in our comments: 

The proposed project will violate the Endangered Species Act 
(ESA), the National Environmental Policy Act (NEPA), the 
Administrative Procedures Act (AP A), and the National Forest 
Management Act (NFMA) in regards to the proposed 
management and analysis of environmental impacts to the 
threatened Canada lynx (hereafter "lynx") and lynx critical 
habitat. 

The Forest Service responded: 

The proposed project alternatives and associated activities are 
consistent with the ESA, NEPA, APA and NFMA for Canada 
lynx and lynx critical habitat. The updated EA discloses that 
consultation with the USFWS for Canada lynx and critical 
habitat will be completed under Section 7 of the Endangered 
Species Act (updated EA p116 and 128). The Environmental 
Effects sections of the updated EA for Canada lynx and critical 
habitat use the best available science and regulatory guidance 
to thoroughly disclose the potential impacts of the project to 
both Canada lynx and critical habitat satisfying NEPA and the 
APA. The project alternatives are consistent with Appendix A 
of the Flathead Forest Plan within includes the Forest Plan 
direction for Canada lynx (project file exhibit L-001 and 
L-003) satisfying NFMA. 



We wrote in our comments: 

The literature cited in the Bug Creek project did not include 
the most recent publication on lynx by Holbrook et al. 2019, 
titled "Management of forests and forest carnivores: relating 
landscape mosaics to habitat quality of Canada lynx at their 
range periphery, published in Forest Ecology and 
Management 437:411-425. 

The Forest Service responded: 

Holbrook et al. (2019) built on the findings of Kosterman et al. 
(2018) and explored the changing nature of forest structural 
classes in home ranges core-use areas within those ranges of 
female lynx. The study evaluated sensitivity of composition and 
arrangement of forest structures within the core-use areas to 
assign a female lynx a probability of producing kittens. 
Holbrook et al. (2019) found that snowshoe hare occupancy 
was greatest in their advanced regeneration and mature 
classes. Female productivity was most sensitive to connected 
mature, multistoried forest (composed of mostly spruce-fir) 
and this was driven primarily at the core-use area scale of a 
home range. Those core-use areas could be one unit or many 
within a home range. Despite this metric, the authors stated, 
“Although more sensitive to MFCI, our analysis further 
indicated that the probability of producing a litter varied 
among female lynx” (Holbrook et al. 2019 p417). Additionally, 
the authors found that abundance recent forest conversion 
(termed “stand initiation” in the study) had less influence on 



litter production than connected mature forest. The study 
concludes with recommendations for silvicultural management 
for forest to meet desired conditions for lynx over the long 
term. 

The findings and recommendations of Holbrook et al. (2019) 
are consistent with the lynx analysis for the Bug Creek project, 
however it is important to note that the forest structural stages 
used for the analysis (directed by the Flathead Forest Plan) 
are different than the habitat classifications in Holbrook et al. 
(2019). This is discussed further in project file exhibit L-003. 
The Bug Creek analysis identifies snowshoe hare habitat for 
lynx as stand initiation (saplings stands similar to “advanced 
regeneration” classified by Holbrook et al. (2019) and mature, 
multistory stands that are dominated by spruce and fir 
(updated EA p117). Both these structural stages had high 
horizontal cover (updated EA p119). The project analysis 
identified the snowshoe hare habitats in the project LAUs. The 
lynx analysis maps the locations of these structural stages 
across the project LAUs, crosswalks and maps other “mature” 
classifications (project file exhibits L-003) in the LAUs to 
examine spatial arrangement of structural stages for lynx. 
Additionally, forest connectivity was evaluated for the project 
area which includes the project LAUs (project file exhibit 
L-009). The project treatments would maintain a diversity of 
forest conditions in the project LAUs including reducing the 
risk of large-scale habitat conversation from wildfire (updated 
EA p120). 



We wrote in our comments: 

The Lynx Amendment has not been updated to require an LAU 
to be the median size of a female lynx's home range. Both 
LAUs in the Bug Creek project exceed the 13,568 acre mean 
home range size by over 4000-5000 acres (Table 49 at updated 
EA p120). 

The Forest Service responded: 

The Northern Rockies Lynx Management Direction (NRLMD) 
or “Lynx Amendment” amended forest plans 2007. The 
Northern Rockies Lynx Management Direction no longer 
applies to Flathead National Forest. In 2018, the Flathead 
Forest revised the forest plan and relevant direction for lynx is 
in Forest Plan Appendix A. The rationale for use of a LAU is 
located discussed in 3.7.5 of the Forest Plan EIS under 
Canada lynx, subsection “Methodology and analysis process.” 
This is also discussed in response to comments on the forest 
plan in Volume 4 of the FEIS (p8-116). 

We wrote in our comments: 

The Lynx Amendment has not undergone any Forest Plan 
amendments to allow the changed definitions of lynx 
structural stages the agency is now using, including those used 
in the Bug Creek analysis. The Lynx Amendment needs to be 
amended to provide the current best science definitions of lynx 
habitat, and include standards for each of these 4 habitat 



categories as defined by the current best science (Holbrook et 
al. 2019).

The Forest Service Responded: 

The Northern Rockies Lynx Management Direction (NRLMD) 
or “Lynx Amendment” amended forest plans 2007. The 
Northern Rockies Lynx Management Direction no longer 
applies to Flathead National Forest. In 2018, the Flathead 
Forest revised the forest plan and relevant direction for lynx is 
in Forest Plan Appendix A. See also Comment Response O-04r 
above regarding Holbrook et al. (2019). The habitat categories 
used in Holbrook et al. (2019) are the same as used in 
Kosterman (2014) and Kosterman et al. (2018).There is 
uncertainty regarding the management application of this new 
science because forest structure characteristics used to define 
habitat relationships in these publications are not the same as 
those used to establish vegetation management standards for 
lynx in the forest plan, which were adopted from the NRLMD 
(USDA FS 2007). Forest Service Region 1 biologists and 
researchers at the Rocky Mountain Research Station are 
working together to better understand these relationships and 
their management application, which may result in improved 
interpretations and analysis methods in the future. The 
Flathead Forest Plan FEIS considered Kosterman’s research 
and provided rationale for not incorporating the findings 
(Forest Plan FEIS 8-124). The estimated existing condition of 
potential lynx habitat by structural stage in the affected lynx 
analysis units is disclosed on page 119 of the updated EA (see 



project file exhibit L-003 for a description of the analysis 
process and additional information). 

We wrote in our comments: 

The measurements of project impacts on lynx habitat do not 
measure fragmentation, which has been identified as a key 
component of lynx habitat (Kosterman et al. 2018, Holbrook et 
al. 2019). 

The Forest Service responded: 

The updated EA analysis considered Kosterman et al. (2018) 
and is consistent with Holbrook et al. (2019). See also 
Comment Response O-04r above. The structural stage forest 
classifications used by Kosterman et al. (2018) are discussed 
further in project file exhibit L-03 including the difference in 

90nomenclature used in the Flathead Forest plan direction for 
lynx. Habitat metrics relative to Kosterman et al. (2018) were 
discussed pre and post project activities in project file exhibit 
L-003. The project lynx analysis discusses connectivity of lynx 
habitat as well as discussing forest connectivity in the project 
area (exhibits L-003 and exhibits L-009). The project would 
not sever forest connectivity in the project area or the LAUs 
(project file exhibit L-009 and updated EA p126).The Bug 
Creek project is consistent with Flathead Forest plan direction 
for lynx (project file exhibit L-001). Flathead Forest plan 
direction also contributes to forest connectivity in the project 



LAUs. This is discussed in the Flathead Forest Plan FEIS in 
the lynx section (3.7.5) as well as in the response to comments 
on the plan (FEIS p8-114). 

We wrote in our comments:

The Lynx Amendment does not measure project impacts on 
snowshoe hare habitat, which is the key prey species for lynx. 
These severe impacts are not measured in the Lynx 
Amendment and were not disclosed in the draft EA for the Bug 
Creek Project. 

Response: Flathead Forest plan direction for Canada lynx 
considered the effects of the programmatic direction to Canada 
lynx in the Forest Plan FEIS (Section 3.7.5). Specific impacts 
to snowshoe hare habitat from proposed activities in the Bug 
Creek project were analyzed in detail in the Canada lynx 
section of the updated EA (p116-128). 

We wrote in our comments: 

The impact of climate change on lynx and lynx critical habitat 
must be addressed in any proposed vegetation management 
project, including the impacts of logging, forest thinning, and 
prescribed fire.  

Response: A detailed analysis of climate change was not 
included in the environmental assessment because the forest 
scale is the most appropriate scale for analyzing these effects. 



Therefore, the project tiers to the detailed analysis for climate 
change in the Forest Plan Final EIS, Alternative B Modified 
(USDA FS 2018a). For more information, please refer to the 
Forest Plan Final EIS, Volume 1, 3.4 Carbon Sequestration 
pages 304-311; and Volume 2, 3.7 Wildlife, 3.7.5 Threatened, 
Endangered, Proposed, and Candidate Wildlife Species: 
Canada Lynx pages 211-213, 215, 219-221; and Canada Lynx 
Critical Habitat pages 242-243 and 248-249. Additional Forest 
climate change strategies may be found in the FEIS, Volume 
4, Appendix 7 – Climate Change Adaptation Strategies. The 
updated EA (p97-115) identifies how the project will move the 
project area towards the desired species composition identified 
in the 2018 Forest Plan. The Forest Plan’s desired conditions 
for vegetation composition, structure, and density, which we 
are addressing with this project, are built upon the concept of 
maintaining and improving the resilience and resistance of the 
Forest, in part to address climate change and improve forest 
adaptability, as analyzed in the FEIS. 

We wrote in our comments: 

The Lynx Amendment has a standard to limit unsuitable 
habitat, or young newly clearcut forests to no more than 15% 
of the lynx habitat in an LAU (VEG S2). This VEG S2 
standard needs to be corrected in the Lynx Amendment. 

Response: Flathead Forest plan direction standard VEG S1 
states, “If more than 30 percent of the lynx habitat in an LAU 
is currently in a stand initiation structural stage that does not 



yet provide winter snowshoe hare habitat, no additional habitat 
may be regenerated by vegetation management 
project” (Flathead Forest Plan Appendix A pA-5). The early 
stand initiation structural stage is a stand initiation structural 
stage that does not provide winter snowshoe habitat. This 
structural stage has also been referred to as “temporarily 
unsuitable” in the past under the 2007 NRLMD. The Bug 
Creek EA discloses that the post-project condition of the 
project LAUs would have 15-17% early stand initiation 
depending on LAU and alternative (updated EA p123). 
Kosterman et al. (2018) found that the “probability of 
producing a litter was highest for females that had core-use 
areas with ~12-20% of small diameter regenerating forest”. 
The “core-use” areas defined by Kosterman et al. (2018) are a 
different spatial scale than LAUs defined by the Flathead 
Forest Plan. The Forest Plan FEIS discusses consideration of 
Kosterman and best available science the FEIS response to 
comments (p8-115 through 127).  

We wrote in our comments: 

North Crane LAU: The proposed project will thus exceed 
documented levels of early stand initiation habitat by over 3 
times in lynx habitat, and at least over 2 times in the overall 
landscape, excluding natural openings that should be 
included. The EA does not identify this adverse impact that 
may be created by the project. 



Response: Both the existing and post project estimated early 
stand initiation structural stage for the project LAUs is 
described in the updated EA (p116-128) as well as in the 
project file (exhibit L-003). The methods used to estimate lynx 
habitat structural stage across the project area is described in 
the project file (exhibit L-003). The project file (exhibit L-003) 
describes the methods used to identify early stand initiation 
structural stage including how natural openings are included 
in that analysis. The impacts of the proposed changes in early 
stand initiation habitats within the project area are described 
in the updated EA (p120-122). 

We wrote in our comments: 

South Crane LAU: Thus the project will increase openings by 
over 3 times the level typical of high quality female lynx 
habitat (4-5%) and by roughly 3 times this level. 

Response: Both the existing and post project estimated early 
stand initiation structural stage for the project LAUs is 
described in the updated EA (p116-128) as well as in the 
project file (exhibit L-003). The methods used to estimate lynx 
habitat structural stage across the project area is described in 
the project file (exhibit L-003). The project file (exhibit L-003) 
describes the methods used to identify early stand initiation 
structural stage including how natural openings are included 
in that analysis. The impacts of the proposed changes in early 
stand initiation habitats within the project area are described 
in the updated EA (p116-128). 



We wrote in our comments: 

Thus the Lynx Amendment allows for no management of large 
portions of lynx critical habitat, which is a violation of the 
ESA as well as the NEPA, because actual impacts of removing 
a productive lynx home range are never assessed. 

Response: The Northern Rockies Lynx Management Direction 
(NRLMD) or “Lynx Amendment” amended forest plans 2007. 
The Northern Rockies Lynx Management Direction no longer 
applies to Flathead National Forest. In 2018, the Flathead 
Forest revised the forest plan and relevant direction for lynx is 
in Forest Plan Appendix A. The updated Bug Creek EA 
discloses the impacts of the proposed project to lynx habitat 
and lynx critical habitat (p116- 135). Although the project 
activities may lead to adverse impacts to lynx critical habitat, 
the project activities are not anticipated to have significant 
effects to the species. Consultation under section 7 of the 
Endangered Species Act will be completed with the USFWS 
before the decision is finalized for the Bug Creek project. 

We wrote in our comments: 
The Bug Creek project is a good example, as it is claimed that 
habitat connectivity will be maintained for lynx, but no 
analysis was ever provided, including maps that show an 
overlay of matrix habitat and proposed treatment units. The 
Lynx Amendment needs to be amended to provide a specific 
criteria for the standard on connectivity, as well as establishing 



a minimum level of connectivity as defined by the current best 
science. Analysis of connectivity needs to include the entire 
LAU landscape, including natural openings. 

Response: The project lynx analysis discusses connectivity of 
lynx habitat as well as discussing forest connectivity in the 
project area (exhibits L-003 and exhibits L-009). The project 
would not sever forest connectivity in the project area or the 
LAUs (project file exhibit L-009 and updated EA p126 and 
p133). The conclusions stated for lynx connectivity in the 
updated EA are supported by analyses detailed in project file 
exhibits L-003 and L-009. Rationale and responses on how the 
Flathead Forest plan direction provides for lynx connectivity is 
discussed in the lynx section of the FEIS (section 3.7.5) as well 
as in response to comments on the forest plan FEIS 
(p8-114-126).Comment (O-04r): The adverse impacts of the 
Bug Creek Project on lynx habitat and lynx critical habitat is 
not correctly identified and disclosed by the agency.Response: 
The updated Bug Creek EA discloses the impact of the propose 
project to lynx habitat and lynx critical habitat (p116-135). 
Additional information regarding lynx habitat and critical 
habitat within the project area can be found in the project file 
(exhibit L -003). 

We wrote in our comments: 

The Lynx Amendment does not require any level of mature 
forest habitat within LAUs. Thus the Lynx Amendment does 
not require maintenance of this key feature for lynx, nor does 



it require disclosure of project impacts on mature forest 
habitat. The project EA did not disclose this adverse impact on 
lynx or critical lynx habitat. 

Response: The updated Bug Creek EA discloses the impacts to 
lynx habitat and lynx critical habitat (p116-135). Impacts to 
multistory mature lynx foraging habitat are summarized by 
LAU and project alternatives in table 54 (updated EA p121). 
Although the project activities may lead to adverse impacts to 
lynx habitat or lynx critical habitat, the project activities are 
not anticipated to have significant effects to the species. 
Consultation under section 7 of the Endangered Species Act 
will be completed with the USFWS before the decision is 
finalized for the Bug Creek project.The Bug Creek project is 
consistent with the lynx direction in Appendix A of the 
Flathead Forest Plan. The Flathead Forest Plan does not 
specify a quantity of mature, multistory lynx forage within a 
LAU. The Forest FEIS discusses lynx science and direction in 
the lynx section (3.7.5) as well as in response to comment on 
the Forest Plan (p8-125-126). The Bug Creek project would 
not impact mature, multistory lynx forage outside of the WUI. 
Project file exhibit L-003 discusses the “mature” habitat 
classification in research by Kosterman et al. (2018) and 
estimates “mature” habitat in the project LAUs. 

We wrote in our comments: 

The Lynx Amendment does not have a standard for the amount 
of stand initiation structural stage in an LAU. NCLAU: The 



project will thus reduce the typical level of advanced 
regeneration habitat from already marginal levels in the NCLAU 
landscape down to only about 7% of the landscape, and 11 % of 
just lynx habitat. The EA does not disclose this adverse impact 
of the project on lynx or lynx critical habitat. SCLAU: The 
agency may reduce this down to 738 acres of advanced 
regeneration, which would be 5% of lynx habitat and 4% of the 
SCLAU landscape. This adverse impact of the project, due to 
conflicts with the current best science, is not disclosed in the 
EA. 

Response: The updated Bug Creek EA discloses the impacts to 
lynx habitat and lynx critical habitat on pages 128-135. The 
estimated pre and post condition of potential lynx habitat by 
structural stage is also found within those pages. Additional 
information regarding the existing structural stages of lynx 
habitat within the project area as well as the estimated post 
project structural stages can be found in the project file 
(exhibit L-003). The Bug Creek project is consistent with the 
lynx direction in Appendix A of the Flathead Forest Plan. The 
Forest FEIS discusses lynx science and direction in the lynx 
section (3.7.5) as well as in response to comment on the Forest 
Plan (p8-125-126).  

A big problem with the Forest Plan and the NRLMD is that it 
allows with few exceptions the same level of industrial forest 
management activities that occurred prior to Canada lynx ESA 
listing. The FS approval and implementation of the NRLMD and 
the revised Flathead National Forest Forest Plan is arbitrary and 



capricious, violates NEPA’s hard look requirement and scientific 
integrity mandate and fails to apply the best available science 
necessary to conserve lynx. The NRLMD or the revised 
Flathead Forest Plan contain no protection or standard for 
conservation of winter lynx habitat (old growth forests).  

The EA doesn’t disclose if the FS conducted lynx occurrence 
surveys of habitat in the LAUs.  

The EA doesn’t disclose if surveys target snowshoe hare 
occurrence data in these stands newly considered unsuitable for 
lynx. Also, the EA doesn’t indicate if the FS surveyed any areas 
(proposed for logging and/or burning or not) thought to not be 
lynx habitat based on mapping or stand data were surveyed to 
confirm unsuitable habitat conditions.  

The EA explains the project area is within Lynx s Critical 
Habitat Unit.  

The current science demonstrates that lynx must travel between 
areas of high hare densities and resist traveling through low 
cover areas in winter. The EA fails to identify the amount of 
non-cover or low-cover areas that will be created from the 
project.  

It appears the FS doesn’t have a coherent strategy for recovering 
lynx from their Threatened status, including linking currently 
populated areas with each other through important linkages such 
as project area LAUs.  



The EA fails to analyze and disclose cumulative impacts of 
recreational activities on lynx, such as snowmobiles. As the 
KNF’s Galton FEIS states, “The temporal occurrence of forest 
uses such ... winter (skiing and snowmobiling) ... may result in a 
temporary displacement of lynx use of that area...”  

The Bug Creek EA also fails to quantify and disclose the 
cumulative effects on Canada lynx due to trapping or from use 
of the road and trail networks in the project area.  

In failing to properly analyze and disclose cumulative effects, 
the EA violates NEPA and the ESA.  

The EA claims that sufficient denning habitat occurs in the 
LAU, but it fails to explain how it arrived at that conclusion. 
Habitat capacity for denning will be impaired by project 
activities.  

The USFWS listed the Canada lynx as a threatened species 
under the Endangered Species Act in 2000 due to “lack of 
guidance for conservation of lynx and snowshoe hare habitat...” 
and subsequent authorization of actions that may cumulatively 
adversely affect the lynx. Relatively little is known about lynx in 
the contiguous United States. Historically, lynx inhabited states 
spanning from Maine to Washington, but it is unknown how 
many lynx remain.  

Lynx are highly mobile and generally move long distances 
[greater than 60 mi. (100 km.)]; they disperse primarily when 
snowshoe hare populations decline; subadult lynx disperse even 
when prey is abundant, presumably to establish new home 
ranges; and lynx also make exploratory movements outside their 
home ranges. 74 Peg. Reg. at 8617. The contiguous United 



States is at the southern edge of the boreal forest range, resulting 
in limited and patchy forests that can support snowshoe hare and 
lynx populations.  

Lynx subsist primarily on a prey base of snowshoe hare, and 
survival is highly dependent upon snowshoe hare habitat, forest 
habitat where young trees and shrubs grow densely. In North 
America, the distribution and range of lynx is nearly 
“coincident” with that of snowshoe hares, and protection of 
snowshoe hares and their habitat is critical in lynx conservation 
strategies.  

Since more often than not when the FS conducts logging 
projects in LAUs surveys of stands for lynx habitat result in less 
suitable habitat than previously assumed, the FS needs to take a 
few steps backward and consider that its range-wide Canada 
lynx suitable habitat estimations were too high.  

Squires et al. (2013) noted that long-term population recovery of 
lynx, as well as other species as the grizzly bear, require 
maintenance of short and long-distance connectivity. The 
importance of maintaining lynx linkage zones is also recognized 
by the FS's Lynx Conservation Assessment and Strategy 
(LCAS), as revised in 2013, which stresses that landscape 
connectivity should be maintained to allow for movement and 
dispersal of lynx.  

Squires et al. (2013) noted in their research report that some 
lynx avoided crossing highways; in their own report, they noted 
that only 12 of 44 radio-tagged lynx with home ranges including 
2- lane highways crossed them.  



The current best science indicates that lynx winter foraging 
habitat is critical to lynx persistence (Squires et al. 2010), and 
that this habitat should be “abundant and well-distributed across 
lynx habitat.” (Squires et al. 2010; Squires 2009.) Existing 
openings such as clearcuts not yet recovered are likely to be 
avoided by lynx in the winter. (Squires et al. 2010; Squires et al. 
2006a.)  

Lynx winter habitat, provided only in older, multi-storied 
forests, is critical for lynx preservation. (Squires et al. 2010.) 
Winter is the most constraining season for lynx in terms of 
resource use; starvation mortality has been found to be the most 
common during winter and early spring. (Squires et al. 2010.) 
Prey availability for lynx is highest in the summer. (Squires et 
al. 2013.)  

Openings, whether small in uneven-aged management, or large 
with clearcutting, remove lynx winter travel habitat on those 
affected acres, since lynx avoid openings in the winter. (Squires 
et al. 2010.)  

Squires et al., 2010 reported that lynx winter habitat should be 
“abundant and spatially well- distributed across the landscape.” 
Those authors also noted that in heavily managed landscapes, 
retention and recruitment of lynx habitat should be a priority.  

The LCAS (Ruediger et al. 2000) recommends, until conclusive 
information is developed concerning lynx management, the 
agencies retain future options; that is, choose to err on the side 
of maintaining and restoring habitat for lynx and their prey. To 
err on the side of caution, the KNF would retain all remaining 
stem exclusion forests for recruitment into lynx winter habitat, 



so that this key habitat would more closely resemble historic 
conditions.  

As early as 2000, the LCAS noted that lynx seem to prefer to 
move through continuous forest (1- 4); lynx have been observed 
to avoid large openings, either natural or created (1-4); opening 
and open forest areas wider than 650 feet may restrict lynx 
movement (2-3); large patches with low stem densities may be 
functionally similar to openings, and therefore lynx movement 
may be disrupted (2-4). Squires et al. 2006a reported that lynx 
tend to avoid sparse, open forests and forest stands dominated 
by small-diameter trees during the winter. Squires et al. 2010 
again reported that lynx avoid crossing clearcuts in the winter; 
they generally avoid forests composed of small diameter 
saplings in the winter; and forests that were thinned as a 
silvicultural treatment were generally avoided in the winter.  

Squires et al. 2010 show that the average width of openings 
crossed by lynx in the winter was 383 feet, while the maximum 
width of crossed openings was 1240 feet.  

Recent scientific findings undermine the Forest Plan/NRLMD 
direction for management of lynx habitat. This creates a 
scientific controversy the FS fails to resolve, and in fact it 
essentially ignores it.  

For one, Kosterman, 2014 found that 50% of lynx habitat must 
be mature undisturbed forest for it to be optimal lynx habitat 
where lynx can have reproductive success and no more than 
15% of lynx habitat should be young clearcuts, i.e. trees under 4 
inched dbh. Young regenerating forest should occur only on 
10-15% of a female lynx home range, i.e. 10-15% of an LAU. 



This renders inadequate the agency’s assumption in the Forest 
Plan/NRLMD that 30% of lynx habitat can be open, and that no 
specific amount of mature forest needs to be conserved. 
Kosterman, 2014 demonstrates that Forest Plan/NRLMD 
standards are not adequate for lynx viability and recovery.  

Also, the Forest Plan essentially assumes that persistent effects 
of vegetation manipulations other than regeneration logging and 
some intermediate treatments are essentially nil. However, 
Holbrook, et al., 2018 “used univariate analyses and hurdle 
regression models to evaluate the spatio-temporal factors 
influencing lynx use of treatments.” Their analyses 
“indicated ...there was a consistent cost in that lynx use was low 
up to ∼10 years after all silvicultural actions.” (Emphasis 
added.) From their conclusions:  

First, we demonstrated that lynx clearly use silviculture 
treatments, but there is a ∼10 year cost of implementing any 
treatment (thinning, selection cut, or regeneration cut) in terms 
of resource use by Canada lynx. This temporal cost is associated 
with lynx preferring advanced regenerating and mature 
structural stages (Squires et al., 2010; Holbrook et al., 2017a) 
and is consistent with previous work demonstrating a negative 
effect of precommercial thinning on snowshoe hare densities for 
∼10 years (Homyack et al., 2007). Second, if a treatment is 
implemented, Canada lynx used thinnings at a faster rate post- 
treatment (e.g.,∼20 years posttreatment to reach 50% lynx use) 
than either selection or regeneration cuts (e.g., ∼34–40 years 
post-treatment to reach 50% lynx use). Lynx appear to use 
regeneration and selection cuts similarly over time suggesting 
the difference in vegetation impact between these treatments 



made little difference concerning the potential impacts to lynx 
(Fig. 4c). Third, Canada lynx tend to avoid silvicultural 
treatments when a preferred structural stage (e.g., mature, multi-
storied forest or advanced regeneration) is abundant in the 
surrounding landscape, which highlights the importance of 
considering landscape-level composition as well as recovery 
time. For instance, in an area with low amounts of mature forest 
in the neighborhood, lynx use of recovering silvicultural 
treatments would be higher versus treatments surrounded by an 
abundance of mature forest (e.g., Fig. 3b). This scenario 
captures the importance of post-treatment recovery for Canada 
lynx when the landscape context is generally composed of lower 
quality habitat. Overall, these three items emphasize that both 
the spatial arrangement and composition as well as recovery 
time are central to balancing silvicultural actions and Canada 
lynx conservation.  

So Holbrook et al., 2018 fully contradict Forest Plan 
assumptions that clearcuts/regeneration can be considered useful 
lynx habitat as early as 20 years post-logging.  

Results of a study by Vanbianchi et al., 2017 also conflict with 
Forest Plan/NRLMD assumptions: “Lynx used burned areas as 
early as 1 year postfire, which is much earlier than the 2–4 
decades postfire previously thought for this predator.” The 
NRLMD erroneously assumes clearcutting/regeneration logging 
have basically the same temporal effects as stand-replacing fire 
as far as lynx re-occupancy.  

Kosterman, 2014, Vanbianchi et al., 2017 and Holbrook, et al., 
2018, Holbrook 2019 demonstrate that Forest Plan direction is 
not adequate for lynx viability and recovery, as the FS assumes. 



Holbrook 2019 such all lynx habitat must be surveyed.  You 
have not done this. 

The Forest Plan/FEIS fail to describe the quantity and quality of 
habitat that is necessary to sustain the viability of the Canada 
lynx.  

Page 13 of the DDN states: 

The biological assessment prepared for the Bug Creek Project 
found that there would be a may affect, likely to adversely 
affect determination for both Canada lynx and Canada lynx 
critical habitat. These determinations were made because the 
majority of project activities are located within the wildland-
urban interface to conduct fuels reduction activities. An 
estimated 1,310 acres of winter lynx foraging habitat would be 
affected by the proposed project. The project would affect 
approximately 11 percent of the potential winter foraging 
habitat in the South Crane LAU and 6 percent in the North 
Crane LAU. Approximately 433 acres of existing lynx 
multistory forage would be negatively affected by vegetation 
management, primarily through the removal of the horizontal 
structure. This acreage would include treatment within the 
wildland urban interface conducted under exemptions to 
standard VEG S6. The project would also include 47 acres of 
daylighting for western white pine outside the WUI in stand 
initiation forage under exceptions for standard VEG S5. The 
proposed action would not result in regeneration of more than 
15% of lynx habitat in an LAU in a 10-year period (FW-STD-
WL-04). 



The WUI exception is arbitrary and capricious and in violation 
of NEPA, NFMA, the APA, and the ESA.  There is no scientific 
evidence that lynx can withstand a loss of 15% of an LAU. 
Remedy: Select the No Action alternative. Alternatively, prepare 
an EIS that addresses the analytical and scientific issues 
identified above.  

Remedy: 

Choose the No Action Alternative or withdraw the DDN and 
write an EIS for the project that fully complies with the law and 
a SEIS for the Forest Plan to reflect the best available science 
and fully complies with the law. 

PURPOSE AND NEED 

We wrote in our comments;  

The stated purpose of the project is wildfire suppression, 
including to reduce ladder fuels in multistoried stands, and 
reduce the stand density in late seral stands, supposedly 
because these types of habitats never occurred historically. 
There is abundant new science that notes that fires are largely 
driven by weather, which is related also to climate change. 
Also, the claim that dense forests never existed historically is a 
direct contradiction to the habitat type criteria. The rationale 
for removing vast amounts of bird habitat is clearly just a 
disguised excuse to log and burn public lands. 

The Forest Service responded: 



The purpose and need for action on the proposed Bug Creek 
project is lined out in the updated EA (p 4-5). 

The EA and the DDN do not demonstrate that the project will 
meet the Purpose and Need in violation of NEPA, ESA, NFMA, 
and the APA. 

Please see the attached paper by Dr. William Baker titled: “Are 
High-Severity Fires Burning at Much Higher Rates Recently 
than Historically in Dry-Forest Landscapes of the Western 
USA?”  

Dr. Baker writes: “Programs to generally reduce fire severity in 
dry forests are not supported and have significant adverse 
ecological impacts, including reducing habitat for native species 
dependent on early-successional burned patches and decreasing 
landscape heterogeneity that confers resilience to climatic 
change.”  

Dr. Baker concluded: “Dry forests were historically renewed, 
and will continue to be renewed, by sudden, dramatic, high-
intensity fires after centuries of stability and lower-intensity 
fires.”  

Based on Dr. Baker’s paper, the proposed action will not meet 
the purpose and need of the project. Baker writes on p. 20:  



“Management issues  

The evidence presented here shows that efforts to generally 
lower fire severity in dry forests for ecological restoration are 
not supported.”  

Dr. Baker’s paper is the best available science. Please explain 
why this project is not following the best availablescience. The 
Draft Decision Notice is in violation of NEPA.  

Remedy, choose the No Action Alternative or write an EIS that 
com- plies with the law.  

In “Fire Ecology in Rocky Mountain Landscapes” by William 
Baker, (which I am sending a copy of via U.S. mail) Dr. Baker 
writes on page 435, “ ...a prescribed fire regime that is too 
frequent can reduce species diversity (Laughlin and Grace 2006) 
and favor invasive species (M.A. Moritz and Odion 2004). Fire 
that is entirely low severity in ecosystems that historically ex- 
perience some high-severity fire may not favor germination of 
fire- dependent species (M.A. Moritiz and Odion 2004) or 
provide habitat key animals (Smucker, Hutto, and Steele 2005).” 
Baker continues on page 436: “Fire rotations equal the average 
mean fire interval across a landscape and are appropriate 
intervals at which individual points or the whole landscape is 
burned. Composite fire intervals underestimate mean fire 



interval and fire rotation (chap 5) and should not be used as 
prescribed burning intervals as this would lead to too much fire 
and would likely lead to adversely affect biological diversity 
(Laughlin and Grace 2006).”  

Please find (Laughlin and Grace 2006) attached.  

Dr. Baker estimates the high severity fire rotation to be 135 - 
280 years for lodgepole pine forests. (See page 162.). Baker 
writes on page 457-458 of Fire Ecology in Rocky Mountain 
Landscapes: 
“Fire rotation has been estimated as about 275 years in the 
Rockies as a whole since 1980 and about 247 years in the 
northern Rockies over the last century, and both figures are near 
the middle between the low (140 years) and high (328 years) 
estimates for fire rotation for the Rockies under the HRV (chap. 
10). These estimates suggest the since EuroAmerican settlement, 
fire control and other activities may have reduced fire somewhat 
in particular places, but a general syndrome of fire exclusion is 
lacking. Fire exclusion also does not accurately characterize the 
effects of land users on fire or match the pattern of change in 
area burned at the state level over the last century (fig 10.9). In 
contrast, fluctuation in drought linked to atmospheric conditions 
appear to match many state-level patterns in burned area over 
the last century. Land uses that also match fluctuations include 



logging, livestock grazing, roads and development, which have 
generally increased flammability and ig- nition at a time when 
the climate is warming and more fire is com- ing.”  

Schoennagel et al (2004) (please find attached) states: “High-
elevation subalpine forests in the Rocky Mountains typify 
ecosystems that experience infrequent, high-severity crown fires 
[]. . . The most extensive subalpine forest types are composed of 
Engelmann spruce (Picea engelmannii), sub- alpine fir (Abies 
lasiocarpa), and lodgepole pine (Pinus contorta), all thin-barked 
trees easily killed by fire. Extensive stand-replacing fires 
occurred historically at long intervals (i.e., one to many 
centuries) in subalpine forests, typically in association with 
infrequent high-pressure blocking systems that promote 
extremely dry regional climate pat-terns.” Please find 
Schoennagel et al (2004) attached.  

Schoennagel et al (2004) states: “it is unlikely that the short 
period of fire exclusion has significantly altered the long fire 
intervals in subalpine forests. Furthermore, large, intense fires 
burning under dry conditions are very difficult, if not 
impossible, to suppress, and such fires account for the majority 
of area burned in subalpine forests.  



Schoennagel et al (2004) states: “Moreover, there is no 
consistent re- lationship between time elapsed since the last fire 
and fuel abun- dance in subalpine forests, further undermining 
the idea that years of fire suppression have caused unnatural fuel 
buildup in this forest  

zone.” 
 
Schoennagel et al (2004) states: “No evidence suggests that 
spruce– fir or lodgepole pine forests have experienced 
substantial shifts in stand structure over recent decades as a 
result of fire suppression. Overall, variation in cli-mate rather 
than in fuels appears to exert the largest influence on the size, 
timing, and se-verity of fires in sub- alpine forests []. We 
conclude that large, infrequent stand replacing fires are ‘business 
as usual’ in this forest type, not an artifact of fire suppression.”.  

Schoennagel et al (2004) states: “Contrary to popular opinion, 
previous fire suppression, which was consistently effective from 
about 1950 through 1972, had only a minimal effect on the large 
fire event in 1988. Reconstruction of historical fires indicates 
that similar large, high-severity fires also occurred in the early 
1700s. Given the historical range of variability of fire regimes in 
high-elevation subalpine forests, fire behavior in Yellowstone 



during 1988, although severe, was neither unusual nor 
surprising.”  

Schoennagel et al. (2004) states: “Mechanical fuel reduction in 
sub-alpine forests would not represent a restoration treatment 
but rather a departure from the natural range of variability in 
stand structure.”  

Schoennagel et al (2004) states: “Given the behavior of fire in 
Yellowstone in 1988, fuel reduction projects probably will not 
substantially reduce the frequency, size, or severity of wildfires 
under ex- treme weather conditions.”  

Schoennagel et al (2004) states: “The Yellow-stone fires in 1988 
revealed that variation in fuel conditions, as measured by stand 
age and density, had only minimal influence on fire behavior. 
Therefore, we expect fuel- reduction treatments in high-
elevation forests to be generally unsuccessful in reducing fire 
frequency, severity, and size, given the overriding importance of 
extreme climate in controlling fire regimes in this zone. 
Thinning also will not re-store subalpine forests, because they 
were dense historically and have not changed significantly in 
response to fire suppression. Thus, fuel- reduction ef- forts in 
most Rocky Mountain subalpine forests probably would not 
effectively mitigate the fire hazard, and these efforts may create 



new ecological problems by moving the forest structure out-side 
the his- toric range of variability.”  

Please find Schoennagel et al (2004) attached.  

The NEPA requires a “hard look” at climate issues, including 
cumulative effects of the “treatments” in the proposed project 
when added to the heat, drought, wind and other impacts 
associated with in- creased climate risk. Regeneration/
Restocking failure following wildfire, prescribed fire and/or 
mechanical tree-killing has not been analyzed or disclosed. 
There is a considerable body of science that suggests that 
regeneration following fire is increasingly problematic.  

NEPA requires disclosure of impact on “the human 
environment.” Climate risk presents important adverse impacts 
on cultural, economic, environmental, and social aspects of the 
human environment. – people, jobs, and the economy – adjacent 
to and near the project area. Challenges in predicting responses 
of individual tree species to climate are a result of species 
competing under a never-before-seen climate regime – one 
forests may not have experienced before either.  

In an uncertain future of rapid change and abrupt, unforeseen 
transitions, adjustments in management approaches will be 
necessary and some actions will fail. However, it is increasingly 



evident that the greatest risk is posed by continuing to 
implement strategies inconsistent with and not informed by 
current understanding of our novel future....  

Achievable future conditions as a framework for guiding forest 
conservation and management, Forest Ecology and Management 
360 (2016) 80–96, S.W. Golladay et al. (Please, find attached)  

Stands are at risk of going from forest to non-forest, even 
without the added risk of “management” as proposed in the 
project area. The project is currently is violation of NEPA, 
NFMA, and the APA.  

REMEDY  

Withdraw the draft Decision Notice and write an EIS that fully 
complies with the law.  

Monarch Butterfly.

Monarch butterflies have been proposed for listing under the 
ESA.  This is new information that was not available when we 
submitted our comments.

The project is in violation of the ESA, NFMA, and the APA for 
not formally consulting with the FWS on the impact of the 
project on the Monarch butterfly.
Remedy



Please formally consult with the FWS on the impact of the 
South Plateau project on the Monarch Butterfly.

Thank you for your time and consideration of our concerns.

Sincerely yours,
Mike Garrity
/s/
(Lead Objector)
Executive Director
Alliance for the Wild Rockies
P.O. Box 505
Helena, MT 59624
406-459-5936

And for 
Sara Johnson
Native Ecosystems Council
P.O. Box 125
Willow Creek, MT 59760
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