
 

CENTER for BIOLOGICAL DIVERSITY 

 

06/20/2018 

 

Mr. Justin Thompson, District Fire Management Officer 

Clifton Ranger District, Apache-Sitgreaves National Forest 

397240 AZ 75, Duncan, AZ 85534 

 

Submitted via email at: https://cara.ecosystemmanagement.org/Public/CommentInput?project=50358 

 

ATTN: East Eagle/Mud Springs Project 

 

Dear Mr. Thompson, 

 

Thank you for the opportunity to provide scoping comment on the East Eagle/Mud Springs Fuels Project 

on the Clifton Ranger District of the Apache-Sitgreaves National Forest, Arizona. Please accept these 

comments from the Center for Biological Diversity (The Center). The project NOI was published on May 

23, 2018 in the Copper Era newspaper. The 30-day comment period ends on June 21, 2018 making these 

comments timely. At the Center for Biological Diversity, we believe that the welfare of human beings is 

deeply linked to nature — to the existence in our world of a vast diversity of wild animals and plants. 

Because diversity has intrinsic value, and because its loss impoverishes society, we work to secure a 

future for all species, great and small, hovering on the brink of extinction. We do so through science, law 

and creative media, with a focus on protecting the lands, forests, waters and climate that species need to 

survive. The author, as Southwest Advocate for the Center, provides these comments on behalf of our 

60,000+ members and 1.6 million activist-supporters nationwide who value wilderness, biodiversity, old 

growth forests, and the threatened and endangered species which occur on America’s spectacular public 

lands and waters. In addition to the Centers members and supporters who are lucky enough to live within 

the southern portion of the Apache-Sitgreaves National Forest, many more frequently use and enjoy the 

spectacular landscapes of the Apache-Sitgreaves National Forest landscape for recreation, sustenance, 

nature study, and spiritual renewal. The author of these comments has visited and enjoyed the area for 

more than 20 years, including a frightful period where he was stranded in the Blue Range Primitive Area 

during the Wallow Fire while completing a Stand Exam project for the Apache-Sitgreaves National 

Forest. He obviously lived to tell the tale. 

The Center considers the proposed action a potentially highly beneficial project insofar as restoration and 

fuels treatments in forests, meadows, woodlands, and riparian areas are informed by the best available 

science and are coordinated within a cohesive and unified strategic approach. The proposed action seems 

to imply that the focus on this analysis is on the use of fire, both planned and unplanned ignitions, to 

achieve restoration objectives. We strongly support this approach and are eager to work with the Apache-

Sitgreaves National Forest to develop a project that can harness the restorative benefits of fire in a way 

that compliments a variety of forest management goals and protects communities and other values at risk 

while not compromising habitats for threatened, endangered and sensitive wildlife species. Mechanical 

thinning treatments should be prioritized for protection of the WUI and critical infrastructure, and 

otherwise utilized in a strategic and optimized manner in order to facilitate restoration of landscape scale 
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wildland fire for resource benefit. Such an approach is consistent with the National Cohesive Wildfire 

Management Strategy, the Statewide Strategy for Restoring Arizona’s Forests, and the best available 

science.  

The signed Scoping Package that was emailed out on May 22 stated that “A supplemental project 

information sheet is provided on the project webpage which includes additional details about the project 

including but not limited to: background information and existing and desired conditions; various project 

design features, mitigation measures and best management practices; and specific treatment details as 

related to the vegetation type.” Unfortunately, this sheet does not appear to have ever been posted on the 

project webpage provided in the scoping package. Therefore, we cannot provide meaningful comment on 

the specific items listed above and look forward to seeing them described in detail in a Draft 

Environmental Assessment and public comment period.  

There is considerable uncertainty of the historic range of variability for dry and wet mixed conifer forests, 

and more so spruce-fir forests, so we expect the Forest Service to address this gap in the science with site-

specific analysis of existing conditions and an assessment of how regionally derived management 

directives are appropriate to the East Eagle/Mud Springs Fuels Project landscape. Ponderosa pine forests, 

too, are not entirely well understood in regards to the natural range of variability and the applicability of 

regional direction to the project area. We are particularly interested in the Forest Service identifying how 

regionally-derived desired conditions are tailored to the unique Terrestrial Ecosystem Units of the project 

area. We suggest that Cooper’s seminal forest reconstruction and study work
1
 be reviewed for its 

relevance to the East Eagle/Mud Springs Fuels Project landscape (see attached, and discussion later in this 

letter). 

The occurrence of several federally listed wildlife species and a number of Forest Service Sensitive 

species in the project area demands a heightened level of attention to the specific habitat needs of each 

species. The synchronization of restoration treatments with fine-filter habitat requirements should be a 

primary objective in this analysis and to that end species Recovery Plans and the latest literature should 

inform and guide project design where those are available. The regionally disproportionately high 

occurrence of riparian and aquatic species within the project area, particularly Eagle Creek, demands 

enhanced consideration of those habitats.  

The proposed action sits squarely within the footprint of the 4FRI landscape, and was at one point in time 

under consideration for incorporation as a “Phase III” of 4FRI. The Center is supportive of the 

collaboratively developed and consensus based agreements that have been established in 4FRI, and ask 

that those project design features are incorporated into the East Eagle/Mud Springs Fuels Project from the 

onset.  This includes management direction for “SPLYT” stands, mistletoe treatments, treatments within 

Mexican spotted owl goshawk habitat, the old and large tree retention strategy, and other 4FRI elements. 

Key documents are attached to this letter. The years of collaborative work within 4FRI provides proof of 

concept for a convenient template for the design of the proposed action that is applicable to the East 

Eagle/Mud Springs Fuels Project with little need for modification. The incorporation of the “key 

ingredients” that are at the core of the 4FRI restoration design and the broader objectives for collaborative 

restoration projects in general will facilitate analysis, project decision, and ultimately implementation.  

                                                           
1 Cooper, C.F. 1960. Changes in vegetation, structure and growth of southwestern pine forests since white settlement. Ecological 

Monographs 30: 129-164. 
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National Environmental Policy Act (NEPA) Compliance 

NEPA is designed to foster informed and transparent decision-making.
2,3 

 It requires the Forest Service to 

“[e]ncourage and facilitate public involvement in decisions which affect the quality of the human 

environment,”
4
 and to use high quality information because “[a]ccurate scientific analysis . . . and public 

scrutiny are essential to implementing NEPA.”
5
  To these ends, courts have held that environmental 

review documents must be written in plain, clear language and “supported by evidence that the agency 

has made the necessary environmental analyses.”
6
  

NEPA outlines several requirements, including a purpose and need statement to provide the guideposts 

for the analysis of the proposed action, alternatives, and environmental effects.
7
 NEPA also requires 

federal agencies to “study, develop, and describe appropriate alternatives to recommend courses of 

action in any proposal which involves unresolved conflicts concerning alternative uses of available 

resources.”
8
 This includes preparation of an environmental impact statement (EIS) for all “major Federal 

actions significantly affecting the quality of the human environment.”
9
  

The Forest Service must accurately describe the baseline conditions in the project area. “In analyzing the 

affected environment, NEPA requires the agency to set forth the baseline conditions.”
10

  “The concept of a 

baseline against which to compare predictions of the effects of the proposed action and reasonable 

alternatives is critical to the NEPA process…Once a project begins, the pre-project environment becomes 

a thing of the past and evaluation of the project’s effect becomes simply impossible.”
11

 “[W]ithout 

[baseline] data, an agency cannot carefully consider information about significant environment impacts.  

Thus, the agency fails to consider an important aspect of the problem, resulting in an arbitrary and 

capricious decision.”
12

  

NEPA also requires federal agencies to take a “hard look” at the environmental consequences of proposed 

actions, including their direct, indirect, and cumulative effects.
13,14 

 The Forest Service must consider all 

direct, indirect, and cumulative environmental impacts of the proposed action, including the interactions 

between livestock grazing and vegetation or habitat management.
15

 Direct effects are caused by the action 

and occur at the same time and place as the proposed project.
16

 Indirect effects are caused by the action 

and are later in time or farther removed in distance, but are still reasonably foreseeable.
17

 Both types of 

impacts include “effects on natural resources and on the components, structures, and functioning of 

                                                           
2 40 C.F.R.. § 1500.1 
3 See also: Robertson v. Methow Valley Citizens Council, 490 U.S. 322, 349 (1989)  
4 40 C.F.R.. § 1500.2(d) 
5 40 C.F.R.. § 1500.1(b) 
6 See, e.g., Earth Island Inst. v. U.S. Forest Service, 442 F.3d 1147, 1160 (9th Cir. 2006) 
7 40 C.F.R.. § 1502.13 
8 42 U.S.C. § 4332(2)(E) 
9 42 U.S.C. § 4332(2)(C) 
10 Western Watersheds Project v. BLM, 552 F.Supp.2d 1113, 1126 (D. Nev. 2008) 
11 Northern Plains v. Surf. Transp. Brd., 668 F.3d 1067, 1083 (9th Cir. 2011) 
12 Ibis at 10850 
13 Robertson v. Methow Valley Citizens Council, 490 U.S. 332, 348 (1989) 
14 42 U.S.C. § 4332(2)(C); 40 C.F.R.. §§ 1502.16, 1508.7, 1508.8 
15 40 C.F.R. §§ 1502.16, 1508.8, 1508.25(c) 
16 40 C.F.R. § 1508.8(a) 
17 40 C.F.R. § 1508.8(b) 
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affected ecosystems,” as well as “aesthetic, historic, cultural, economic, social or health [effects].”
18

 For 

example, if herbicides may be used for fuel treatment under the proposed action, then the USFS must 

consider all direct, indirect, and cumulative impacts of such herbicide use on the environment including 

on water and air quality and impacts to native species and downstream communities.   

Identification of cumulative impacts must be robust. The NEPA obligation to consider cumulative 

impacts extends to all “past,” “present,” and “reasonably foreseeable” future projects.
19

 Past cumulative 

effects analyses have violated NEPA because they failed to provide “adequate data of the time, place, and 

scale” and did not explain in detail “how different project plans and harvest methods affected the 

environment.”
20

 When considering the effects of past actions as part of a cumulative effects analysis, the 

Responsible Official must analyze the effects in accordance with 40 CFR 1508.7 and in accordance with 

relevant guidance issued by the Council on Environmental Quality.
21

 Past effects should include livestock 

grazing, fire suppression, chaining and herbicide use, and other vegetation treatments.   

The Forest Service must evaluate all potential impacts to native wildlife and plants whether detrimental or 

beneficial. The EA should establish a robust monitoring and adaptive management framework to better 

understand the impacts of treatments to wildlife as these effects are largely unknown for many species. 

Significant cumulative effects to numerous environmental resources may result from the proposed action 

in combination with past, ongoing and foreseeable management activities within and in close proximity to 

the project area. The Forest Service is required to take a hard look at such impacts rather than merely list 

potential causes or mention that some risk may result from a catalogue of activities.  

A Strategic Fire-Based Restoration Alternative would support the purpose and need 

The NEPA implementing regulations refer to the selection and review of alternatives as “the heart” of the 

environmental impact statement.
22

 NEPA requires that a range of meaningful alternatives be explored in 

the environmental review process.
23

  The Draft EA should contain a no action alternative. While a no-

action alternative is not required for an EA
24

 it is vitally important for a project like this, considering that 

“The no-action alternative provides a baseline for estimating the effects of other alternatives.”
25

 The 

comparison of the alternatives helps to “sharply defin[e] the issues and provid[e] a clear basis for choice 

among options by the decision maker and the public.”
26

 

In the East Eagle/Mud Springs Fuels Project the Forest Service must “study, develop, and describe 

appropriate alternatives to recommend courses of action in any proposal which involves unresolved 

conflicts concerning alternative uses of available resources.”
27

 The Forest Service should incorporate the 

issues developed in this comment to formulate a reasonable alternative that avoids significant cumulative 

                                                           
18 Ibid 
19 Oregon Natural Resources Council Fund v. Brong, 492 F.3d 1120, 1133 (9th Cir. 2007); Lands Council v. Powell, 395 F.3d 

1019, 1028 (9th Cir.2005) 
20 Ibid 
21 43 C.F.R. § 46.115; and see “The Council on Environmental Quality Guidance Memorandum on Consideration of Past Actions 

in Cumulative Effects Analysis” dated June 24, 2005, or any superseding Council on Environmental Quality guidance. 

 
22 FSH 1905.15 – Ch. 20, and also 40 C.F.R. § 1502.14 
23 42 U.S.C. §§ 4332(C)(iii)) 
24 FSH 1909.15 – Ch. 10 § 14.2 
25 Ibid 
26 FSH 1905.15 – Ch. 20 § 23.3 (5) 
27 42 U.S.C. § 4332(2)(E) 
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effects and provides a range of alternatives for the public to consider. The analysis of an additional 

alternative is critical as it ensures that the Forest Service does not “prematurely foreclose options that 

might protect, restore, and enhance the environment.”
28

 

Conditions that underlay the need for ecological restoration in the project area result from high-grade 

logging, fire suppression and livestock grazing
29

, encroachment of human civilization into fire-adapted 

ecosystems
30

 and effects of climate change to fire regime.
31

 A proactive landscape-scale restoration 

approach must deal with fundamental ecological problems. This project does not stand alone, as many 

past and foreseeable actions, including unplanned fire events, affect potential fire behavior effects in the 

project area. The analysis should consider these factors in the discussion of the affected environment and 

effects of the action. The analysis should also assess the necessity of mechanical treatments and 

temporary road building in recently burned areas. 

The EA should identify strategic treatment priorities incorporating new scientific information relevant to 

landscape-scale restoration within the East Eagle/Mud Springs Fuels Project Landscape. These include: 

(1) Strategically placed treatments to support fire use in the long-term, utilizing anchor points such as 

natural fuel breaks, previously treated or burned areas, roads, and waterways 

(2) Reasons why the location, timing and intensity of proposed mechanical actions will support a coherent 

restoration strategy 

(3) Landscape scale assessment of opportunities to manage unplanned natural ignitions for resource 

benefits 

(4) An analysis of fire-risk at multiple spatial scales using broader criteria
32

 

(a) surface fuel density and arrangement 

(b) canopy base height 

(c) crown bulk density 

(d) local topography 

(e) prevailing weather patterns 

 

Without active fuels management and fire use for resource benefits on relatively short rotations compared 

to the era of total fire suppression, the Forest Service generally manages landscapes for large-scale, high-

                                                           
28 FSH 1905.15 Ch. 20 § 14 
29 Covington, W.W., and M.M. Moore. 1994. Southwestern ponderosa forest structure: Changes since Euro-American settlement. 

Journal of Forestry 92: 39-47.  
30 Radeloff, V.C., R.B Hammer, S.I. Stewart, J.S. Fried, S.S. Holcomb, and J.F. McKeefry. 2005. The wildland-urban interface in 

the United States. Ecological Applications 15: 799-805.  
31 Flannigan, M.D., B.J. Stocks, and B.M. Wotton. 2000. Climate change and forest fires. The Science of the Total Environment 

262: 221-29.  
32 These criteria have long-been identified as fundamental factors in effective fire and fuels-management planning, for example 

see:  

Agee, J.K., and C.N. Skinner. 2005. Basic principles of forest fuel reduction treatments. Forest Ecology and Management 

211(1): 83-96. 

Reinhardt, E. D., R.E. Keane, D. E. Calkin, and J. D. Cohen. 2008. Objectives and considerations for wildland fuel 

treatment in forested ecosystems of the interior western United States. Forest Ecology and Management 256:1997-

2006. 
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intensity fires that outrun suppression resources in extreme weather and create unnecessary management 

expense and unacceptable risks to human life and resource values. We appreciate that the East Eagle/Mud 

Springs Fuels Project intends to use prescribed fires to accomplish a range of objectives. In addition, we 

urge the Forest Service to the design the project to promote use of unplanned wildland fires while 

providing for public safety. The EA should provide meaningful analysis of how, where, and when 

unplanned ignitions could be used to accomplish resource management objectives, and what the range of 

effects of fire-use could be. Adverse effects of fire control practices to the environment
33

 should be 

analyzed and disclosed where proposed treatments are designed to increase the effectiveness of fire 

suppression.   

Ultimately, forest structure and fire regime must be restored in an integrated way.
34

 In ponderosa pine 

forest and mixed-conifer forest, this means emphasizing landscape-scale use of wildland fire as the 

primary self-sustaining disturbance process that will naturally promote ecosystem adaptation and 

resilience—and then scaling down to coordinated project-level actions including fuel treatments that 

accomplish landscape-level objectives.
35

 The project analysis should demonstrate that the proposed action 

fits into a coordinated management strategy that moves towards allowing natural ignition fires to burn, 

but it currently seems overly reliant on repeated mechanical entry over the next 20 years. 

It is vitally necessary to inform this analysis with landscape-scale assessment of where unplanned 

wildland fires can be managed for resource benefits in order to ensure that fuel treatments are efficiently 

prioritized and located to accomplish multiple objectives—including community protection, wildlife 

habitat conservation and ecological restoration. Linking fire management at a landscape scale with fuel 

treatments at the project scale will increase the probability that management will successfully establish a 

functional fire regime at minimum cost while providing for public safety and resource protection. We 

understand that the Forest Service does not typically “like” to include “prioritization” or “sequencing” of 

individual treatments into NEPA analysis, but if the East Eagle/Mud Springs Fuels Project is going to 

consider landscape-fuel treatments, it must move far beyond vague and indiscernible treatments 

categories and adopt a robust and comprehensive approach to identifying where treatments can achieve 

the most beneficial outcomes at the least cost. Otherwise, this is just taking “shots in the dark” at some 

unknown target. We suggest the East Eagle/Mud Springs Fuels Project consider a tiered prioritization 

approach using TEU’s as a basis for determining site-specific desired conditions. If the Forest Service 

choses to use such an approach, the EA should describe the process in detail.   

A robust prioritization approach – consistent with core ecological restoration principles – is needed in the 

East Eagle/Mud Springs Fuels Project analysis: “Prioritizing restoration efforts is essential because 

resources are limited. An initial focus on areas most likely to provide benefits and that present a low risk 

of degradation of ecological values will build experience and credibility.”
36

 A rigorously designed 

approach to prioritize and place treatments that facilitate landscape-scale fire processes is an oft-neglected 

component of ponderosa pine forest, woodland, and grassland restoration efforts. The East Eagle/Mud 

                                                           
33 Backer, D.M, S.A. Jensen, and G.R. McPherson. 2004. Impacts of fire suppression activities on natural communities. 

Conservation Biology 18: 937-46.  
34 DellaSala, D.A., J.E. Williams, C.D. Williams and J.F. Franklin. 2004. Beyond smoke and mirrors: a synthesis of fire policy 

and science. Conservation Biology 18: 976-86.  
35 Peterson, D.L. and M.C. Johnson. 2007. Science-based strategic planning for hazardous fuel treatment. Fire Management 

Today 67(3):13-18.  
36 Brown, Richard T., James K. Agee, and Jerry F. Franklin. 2004. Forest restoration and fire: principles in the context of place. 

Conservation Biology 18(4):903-912. 
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Springs Fuels Project should follow a process where “Strategies for conserving both aquatic and 

terrestrial resources at multiple scales are based on …secur[ing] areas with high ecological integrity 

(“anchor habitats”), extend[ing] these areas, and connect[ing] them at the landscape level”
37

.  

Forest Service scientists have established that any science-based planning should ask “Which locations 

provide the greatest strategic opportunity for fuel treatments that would facilitate attainment of desired 

conditions?”
38

 The EA should address this question and take it one step further, expanding prescribed and 

wildland fire use through strategic placement of mechanical treatments. This fire process-oriented 

approach is a necessary step in the analysis, because “Prioritizing treatment areas allows the 

consideration of landscape-scale patterns of vegetation change, fuel continuity, and potential fire 

spread,”
39

 aspects which, when fully studied, would meet the project Purpose and Need. If appropriate, 

this approach should also incorporate the newest information on structure and community protection
40

 in 

the context of climate adaptation,
41

 and the capacity for human effects to override climate influence on 

fire behavior
42

 independent of mechanical thinning treatments. 

Integrated approaches that provide promising direction for strategic treatment prioritization, such as 

optimized fuel treatments developed by academic
43

 and Forest Service
44

 scientists are being refined. Such 

approaches have shown that “optimum placement of fuels treatments” [and] “efficiently allocating 

resources, in this case thinning, and using thinned areas to restore surface fire in the short-term, can… 

restore adaptive capacity for more extreme late-century fire weather.”
45

 In addition, new research 

indicates that regeneration patterns following recent uncharacteristically severe fires “could be more 

resilient to climate change and severe wildfires than the overly-dense ponderosa pine forests that were 

present before the wildfires,”
46

 suggesting that assumptions about severe fire effects on climate resilience 

should be questioned.  Recent science syntheses also suggest that “complex early-seral forests”
47

 which 

can only arise following mixed-severity fire events, are a valuable component of a biologically diverse 

and fire-resilient landscape.
48

 While this phenomenon has not been given much attention from the 

scientific community in the southwest, the topic clearly merits further consideration.  

                                                           
37 Ibid 
38 Peterson, D.L. and M.C. Johnson. 2007. Science-based strategic planning for hazardous fuel treatment. Fire Management 

Today 67(3):13-18. 
39 Sisk, T.D., M. Savage, D.A. Falk, C.D. Allen, E. Muldavin, and P. McCarthy. 2005. A landscape perspective for forest 

restoration. Journal of Forestry 103(6):319-320. 
40 Alexandre, P.M., et al. 2016. Factors related to building loss due to wildfires in the conterminous United States. Ecological 

Applications 26(7): 2323-2338. 
41 Schoennagel, T. et al. 2017. Adapt to more wildfire in western North American as climate changes. PNAS 

doi/10.1073/pnas.1617464114. 
42 Syphard, A., et al. 2017. Human presence diminishes the importance of climate in driving fire activity across the United States. 

PNAS doi.org/10.1073/pnas.1713885114. 
43 Chung, W. 2015. Optimizing fuel treatments to reduce wildland fire risk. Current Forestry Reports 1:44-51; Chung, W., et al. 

2013. Optimising fuel treatments over time and space. Int. J. of Wildland Fire 22: 1118-1133. 
44 Finney, M.A. 2007. A computational method for optimising fuel treatment locations. Int. J. of Wildland Fire 16: 702-711. 
45 Krofcheck, D.J. et al. 2017. Prioritizing forest fuel treatments based on the probability of high-severity fire restores adaptive 

capacity in Sierran forests. Global Change Biology DOI: 10.1111/gcb.13913: p.1-9. 
46 Owen, S.M., et al. 2017. Spatial patterns of ponderosa pine regeneration in high-severity burn patches. Forest Ecology and 

Management 405: 134-149. 
47 DellaSala, D.A., and C.T. Hanson, editors. 2015. The ecological importance of mixed-severity fires. Elsevier, Waltham, MA. 
48 Swanson, M.E. et al. 2011. The forgotten stage of forest succession: early-successional ecosystems on forest sites. Frontiers in 

Ecology and the Environment 9(2): 117-125. 
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This landscape-scale analysis provides the opportunity to be a model for utilizing the best available 

science and most advanced approaches to restoration planning and implementation.  It would support use 

of moderate and mixed severity fire to move towards desired conditions
49

 while placing mechanical 

treatments most effectively for infrastructure protection, fire management, cost-efficiency, and protection 

of ecologically sensitive sites. A failure to incorporate these cutting-edge methodologies and science in 

active restoration of the East Eagle/Mud Springs Fuels Project would be a fantastic opportunity lost. The 

size of the project, nearly 100,000 acres, area is easily conducive to utilizing such an approach.  

Livestock Grazing Impacts May Impede Project Success 

Livestock grazing is one important factor to consider that may adversely impact forest health and fire 

regime. It directly contributes to fire hazard in the project area by impairing soil productivity and altering 

vegetation communities, which indirectly contribute to delayed fire rotations, increased forest density, 

and reduced forage opportunities for herbivorous species and predators. Potentially significant cumulative 

effects to soil productivity, plant communities, fire regime and wildlife may result from fuel management 

in combination with livestock grazing and other activities, such as road building and motorized vehicle 

use, which disturb soils and spread exotic plant species. Livestock disturb soil, enable seeds of exotic 

species to spread, and reduce the competitive and reproductive capacities of native species. Exotic plant 

species, once established, can displace native species, in part, because native grasses are not adapted to 

frequent and close grazing in combination with fire disturbance.  

Exotic plant spread is a potentially significant cumulative impact of the proposed action. Treatments 

similar to the proposed action in northern Arizona left forest sites overrun with cheatgrass (Bromus 

tectorum). Exotic grass invasion is foreseeable and has important long-term implications for native plant 

communities in fire-adapted ecosystems and wildlife. Melgoza and others
50

 studied cheatgrass soil 

resource acquisition after fire and noted its competitive success owing to its ability suppress the water 

uptake and productivity of native species for extended periods of time. They further showed that 

cheatgrass dominance is enhanced by its high tolerance to grazing. Its annual life-form coupled with the 

abilities to germinate readily over a wide range of moisture and temperature conditions, to quickly 

establish an extensive root system, and to grow early in the spring contribute to its successful 

colonization. In addition, Melgoza and others showed that cheatgrass successfully competes with the 

native species that survive fire, despite these plants being well-established adult individuals able to reach 

deeper levels in the soil. This competitive ability of cheatgrass contributes to its dominance when lands 

experience synergistic disturbances from grazing, mechanical treatments, and fire. 

Persistent livestock grazing is a component of the compromised ecological condition of the Southwest’s 

forests and riparian areas. The Forest Service should analyze the effects of livestock grazing on the 

success of the proposed vegetation treatments in achieving and maintaining desired future conditions as 

                                                           
49 Huffman, D.W. et al. 2017. Efficacy of resource objective wildfires for restoration of ponderosa pine forests in northern 

Arizona. Forest Ecology and Management 389: 395-403, and Huffman, D.W. et al. 2017. Restoration benefits of re-

entry with resource objective wildfire on a ponderosa pine landscape in northern Arizona, USA. Forest Ecology and 

Management 408: 16-24. 
50 Melgoza, G., R.S. Nowak and R.J. Tausch. 1990. Soil water exploitation after fire: competition between Bromus tectorum 

(cheatgrass) and two native species. Oecologica 83:7-13. 
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they relate to fire use, migratory bird, native fish and other sensitive species populations and habitats. 

Livestock grazing has had numerous, long-lasting negative impacts to arid western ecosystems:
51

 

• Livestock grazing decreases understory biomass and density, reducing competition with conifer 

seedlings and reducing the ability of the understory to carry low-intensity fire, contributing to dense 

forests with altered species composition.
52

  

• Grazing significantly reduces water infiltration into the soil, and rest from grazing allows infiltration 

rates to recover. USDA research has found that excluding cattle from a landscape for five growing 

seasons “significantly increased: (1) total vegetative cover, (2) native perennial forb cover, (3) grass 

stature, (4) grass flowering stem density, and (5) the cover of some shrub species and functional 

groups.”
53

 

• Removal of livestock grazing pressure from riparian areas has been found to have a positive effect on 

growth, distribution, and vigor of riparian communities.
54

 

• Livestock grazing also degrades water quality by increasing water temperatures in several ways. It 

widens channels due to bank damage from trampling and sedimentation, leading to elevated water 

temperature via the loss and suppression of riparian vegetation that provides stream shade.
55/56

 Trampling 

impacts are substantial even in the absence of shade loss.
57

 This is a serious impact because elevated 

water temperature adversely affects numerous aquatic species, including those which occur in this project 

area.  

• Grazing of the most nutritious plants by livestock results in a loss of forage for native species and can 

alter habitat or insect prey base.
58/59

 A decrease in prey base inevitably leads to a decrease in carnivores in 

the area, which are also eliminated by the government at the request of the livestock community.  

• Livestock facilitate the spread of exotic species, particularly in combination with fire, and reduce the 

competitive and reproductive capacities of native species.
60

 Exotic plant species, once established, can 

displace native species, in part, because native grasses are not adapted to frequent and close grazing in 

                                                           
51 Fleischner, T.L. 1994. Ecological costs of livestock grazing in western North America. Conservation Biology 8(3):629-644. 
52 Belsky A.J. and D.M. Blumenthal. 1997. Effects of livestock grazing on stand dynamics and soils in upland forests of the 

Interior West. Conservation Biology 11:316-27. 
53 Kerns, Becky K., Michelle Buonopane, Walter G. Thies, and Christine Niwa. 2011. Reintroducing fire into a ponderosa pine 

forest with and without cattle grazing: understory vegetation response. Ecosphere 2(5):1-23. 
54 Schulz, Terri Tucker, and Wayne C. Leininger. 1990. Differences in riparian vegetation structure between grazed areas and 

exclosures. Journal of Range Management 43(4):295-299. 
55 Kondolf, G. Mathias, Richard Kattelmann, Michael Embury, and Don C. Erman. 1996. Status of riparian habitat. Sierra 

Nevada Ecosystem Project: Final report to Congress, Volume 2 
56 Beschta, R.L., D.L. Donahue, D.A. DellaSala, J.J. Rhodes, J.R. Karr, M.H. O’Brien, T.L. Fleischner and C.D. Williams. 2013. 

Adapting to climate change on western public lands: addressing the ecological effects of domestic, wild, and feral 

ungulates. Environmental Management 51: 474-91. 
57 Rhodes, J.J., D.A. McCullough, and F.A Espinosa, Jr. 1994. A coarse screening process of the effects of land management on 

salmon spawning and rearing habitat in ESA consultations. Technical Report 94-4. Columbia River Inter-Tribal Fish 

Commission. Portland, Oregon. Report prepared for National Marine Fisheries Service. 
58 Donahue, D. 1999. The Western Range Revisited: Removing Livestock from Public Lands to Conserve Native Biodiversity. 

Norman, OK: University of Oklahoma Press. 338 pages. 
59 Kie, John G., Charles J. Evans, Eric R. Loft, and John W. Menke. 1991. Foraging behavior by mule deer: the influence of 

cattle grazing. The Journal of Wildlife Management 55(4):665-674. 
60 Brooks, M.L., C.M. D’Antonio, D.M. Richardson, J. B. Grace, J.E. Keeley, J. M. DiTomaso, R.J. Hobbs, M. Pellant and 

D.Pyke. 2004. Effects of invasive alien plants on fire regimes. BioScience 54(7):677-688. 
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combination with fire disturbance.
61/62/63

 “The productivity, diversity, and species richness of native 

grasslands are threatened by competition from noxious and invasive weeds/grasses. Productivity is 

threatened by other factors including drought, soil erosion, fire suppression, and improper livestock 

management practices.”
64

  

• Grazing also has negative effects on songbirds, reptiles and other mammals especially if their habitat is 

close to the ground.
65

 Rosenstock and Van Riper reported that “Livestock grazing and fire suppression 

commonly are cited as causes of woodland expansion.”
66

  

• A critical and often overlooked consideration in effective vegetation treatments is the necessity for 

resting a treated area from domestic livestock grazing to allow establishment of fine fuels such that low-

intensity ground fire can be applied to the forest floor, and aligning allotment management plans such that 

future livestock grazing does not deplete the fine fuels that are required to maintain a prescribed fire 

schedule. The Ecological Restoration Institute reviewed the research and perspectives on resting from 

grazing, and concluded that:  

“These research findings, although limited, suggest that federal agencies should be prepared to wait 

more than two years before allowing domestic grazing on restored allotments lest they jeopardize two 

important goals of restoration treatments—restoring the understory and returning low-intensity 

prescribed fire as an ecosystem process.”
67

 

Recent studies into livestock grazing management
68/69

 have identified ways to reduce negative impacts, 

primarily through changes in agency management of forage resources and grazing to reflect best available 

science. These changes would contribute significantly to improving the habitat for a range of species in 

the East Eagle/Mud Springs Fuels Project. Recommended management changes include:  

(1) Eliminating areas with sensitive or high-erosion soils from capacity, suitability, or stocking rate 

calculations;  

(2) Updating stocking rates based on conservative forage utilization rates (25-30 percent); 

(3) Managing livestock by herding rather than fencing or water developments;  

                                                           
61 Mack, R. N., and J. N. Thompson. 1982. Evolution in steppe with few large, hooved mammals. American Naturalist 119:757-

72. 
62 Melgoza, G., R.S. Nowak and R.J. Tausch. 1990. Soil water exploitation after fire: competition between Bromus tectorum 

(cheatgrass) and two native species. Oecologica 83:7-13. 
63 Belsky, A.J., and J.L. Gelbard. 2000. Livestock Grazing and Weed Invasions in the Arid West. Oregon Natural Desert 

Association: Portland, OR. April. 31 pp. 
64 Central Arizona Grasslands Conservation Strategy, page 21 
65 Finch, D.M., and W. Block, technical editors. 1997. Songbird ecology in southwestern ponderosa pine forests: a literature 

review. Gen. Tech. Rep. RM-GTR-292. Fort Collins, CO: U.S. Department of Agriculture, Forest Service, Rocky 

Mountain Forest and Range Experiment Station. 152 p. 
66 Rosenstock, S. S. and Van Riper ΙΙΙ, C. (2001) Breeding Bird Responses to Juniper Woodland Expansion. Journal of Range 

Management, 54:226-232. 
67 Egan, D. 2011. Integrating Domestic and Wild Ungulate Grazing into Forest Restoration Plans at the Landscape Level. Issues 

in Forest Restoration, ERI White papers. Ecological Restoration Institute, Flagstaff, AZ. 14p. 
68 Carter, J., J. Chard, and B. Chard. 2011. Moderating Livestock Grazing Effects on Plant Productivity, Nitrogen and Carbon 

Storage. In Monaco, T.A. et al., 2011. Proceedings – Threats to Shrubland Ecosystem Integrity; May 18-20, 2010, 

Logan, UT. Natural Resources and Environmental Issues 17.  
69 Carter, J., J.C. Catlin, N. Hurwitz, A.L. Jones, and J. Ratner. 2017. Upland water and deferred rotation effects on cattle use in 

riparian and upland areas. Rangelands 39(3-4): 112-118. 
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(4) Provide for rest, in some cases, several years, to allow for recovery of vegetation within allotments 

following vegetation treatments, fire or other disturbances;  

(5) Closure of areas with degraded soil or plant.  

The Forest Service should identify areas with degraded soils or plant communities, areas with sensitive or 

high-erosion soils, and areas in need of recovery, and reduce or eliminate grazing in those pastures 

altogether to contribute to the success of forest restoration treatments.  

Forest Thinning Treatments 

The intensity of wildland fire behavior and the severity of its physical and biological effects depend, in 

part, on fuel properties and their spatial arrangement. Fuel bed structure is a key determinant of fire 

ignition and spread potential and a central consideration in developing an effective management 

strategy.
70

 The bulk density (weight within a given volume) of ground fuels (e.g., grasses, shrubs, litter, 

duff, and down woody material) influences frontal surface fire behavior (heat output and spread rate) 

more than fuel loading (weight per unit area).
71/72

  In turn, surface fireline intensity dictates the likelihood 

of tree crown ignition and torching behavior.
73

  

The density, composition and structure of intermediate fuel strata consisting of tall shrubs and small trees 

also affect crown fire ignition potential because they can support surface fireline intensity and serve as 

“ladders” that facilitate vertical fire spread from the ground surface into overstory tree canopies. The size 

of the spatial gap in between ground fuel beds and tree canopies strongly influences the crown ignition 

potential of a surface fire.
74

 Van Wagner
75

 quantified crown fire ignition rates when surface fires exceed 

critical fireline intensity relative to the height of the base of aerial fuels in tree crowns. Torching crowns 

(i.e., “passive crown fire”) can develop into running canopy fires (i.e., “active crown fire” that spreads 

independent of surface fire behavior) if the spread rate surpasses a crown fuel density threshold that varies 

with slope angle and wind speed. Predictions about the relationship of forest structure to crown fire 

hazard depend, in part, on the validity of crown bulk density calculations and estimates.
76

 The project 

analysis should ensure integrity with site-specific information based on field observations.  

Active management of the arrangement and density of surface fuels and “ladder fuels” is effective at 

minimizing potential fire intensity in most circumstances.
77

 Some have advocated removing large or 

                                                           
70 Graham, R.T. (Ed.). 2003. Hayman Fire Case Study. USDA For. Serv. Rocky Mtn. Res. Sta. Gen. Tech. Rep. RMRS-GTR-

114. Ogden, UT.  
71 Agee, J.K. 1996. The influence of forest structure on fire behavior. Pp. 52-68 in: J.W. Sherlock (chair). Proc. 17th Forest 

Vegetation Management Conference. 1996 Jan. 16-18: Redding, CA. Calif. Dept. Forestry and Fire Protection: 

Sacramento.  
72 Sandberg, D.V., R.D. Ottmar, and G.H. Cushon. 2001. Characterizing fuels in the 21st century. International Journal of 

Wildland Fire 10: 381-87.  
73 Scott, J.H., and E.D. Reinhardt. 2001. Assessing Crown Fire Potential by Linking Models of Surface and Crown Fire Behavior. 

USDA For. Serv. Rocky Mtn. Res. Sta. Res. Pap. RMRS-RP-29. Fort Collins, CO.  
74 Graham, R.T. (Ed.). 2003. Hayman Fire Case Study. USDA For. Serv. Rocky Mtn. Res. Sta. Gen. Tech. Rep. RMRS-GTR-

114. Ogden, UT.  
75 Van Wagner, C.E. 1977. Conditions for the start and spread of crown fire. Canadian Journal of Forest Research 7: 23-24.  
76 Perry, D.A., H. Jing, A. Youngblood, and D.R. Oetter. 2004. Forest structure and fire susceptibility in volcanic landscapes of 

the eastern high Cascades, Oregon. Conservation Biology 18: 913-26.  
77 Graham, R.T., S. McCaffrey, and T.B. Jain (Tech. Eds.). 2004. Science Basis for Changing Forest Structure to Modify Wildfire 

Behavior and Severity. USDA For. Serv. Rocky Mtn. Res. Sta. Gen. Tech. Rep. RMRS-120. Ft. Collins, CO.  
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dominant trees to reduce crown bulk density and contended that doing so will lessen fire resistance-to-

control in extreme weather.
78

 However, fire weather can overwhelm any effect of fuel treatments on fire 

behavior.
79

 To accurately assess fuel treatment effects on the likelihood of crown fire initiation and 

spread, it is necessary to consider: (1) surface fuel density and arrangement; (2) canopy base height; (3) 

local topography; and (4) weather patterns.
80

 The former two factors can be actively managed in conifer 

forest to significantly decrease the likelihood of crown fire initiation and spread without resort to large 

tree removal in most cases.
81/82/83/84

 

Omi and Martinson
85

 measured the effect of fuel treatments on fire severity in highly stratified study areas 

and reported a strong correlation of crown base height with “stand damage” by fire. Importantly, crown 

bulk density did not strongly correlate with observed fire effects:  

“[H]eight to live crown, the variable that determines crown fire initiation rather than propagation, had 

the strongest correlation to fire severity in the areas we sampled... [W]e also found the more common 

stand descriptors of stand density and basal area to be important factors. But especially crucial are 

variables that determine tree resistance to fire damage, such as diameter and height. Thus, “fuel 

treatments” that reduce basal area or density from above (i.e., removal of the largest stems) will be 

ineffective within the context of wildfire management” (Omi and Martinson 2002: 22). 

That research was retroactive and the scale of observed fire events confounds replication. However, its 

observation that large trees promote fire resistance is supported by Forest Service research.
86

 A key 

implication is the importance of treating fuels “from below” in order to prevent widespread occurrence of 

stand-replacing fires. Keyes and O’Hara (2002: 107) agreed that raising canopy base height is an 

important factor in reducing fire hazard and noted, “[P]runing lower dead and live branches [of large 

trees] yields the most direct and effective impact.” They also noted the incompatibility of open forest 

conditions created by “heavy” thinning treatments designed to maximize horizontal discontinuity of forest 

canopies with other management objectives that include conservation of threatened wildlife populations 

and prevention of rapid understory initiation and ladder fuel development. Understory growth following 

                                                                                                                                                                                           
Graham, R.T., A.E. Harvey, T.B. Jain, and J.R. Tonn. 1999. The Effects of Thinning and Similar Stand Treatments on Fire 

Behavior in Western Forests. USDA For. Serv. Pac. Nor. Res. Sta. Gen. Tech. Rep. PNW-GTR-463. Portland, OR.  
78 Abella, S.R., P.Z. Fulé and W.W. Covington. 2006. Diameter caps for thinning southwestern ponderosa pine forests: 

viewpoints, effects, and tradeoffs. Journal of Forestry (December): 407-14.  
79 Pollett, J. and P.N. Omi. 2002. Effect of thinning and prescribed burning on crown fire severity in ponderosa pine forests. 

International Journal of Wildland Fire 11: 1-10.  
80 Hunter, M.E., W.D. Shepperd, J.E. Lentile, J.E. Lundquist, M.G. Andreu, J.L. Butler, and F.W. Smith. 2007. A Comprehensive 

Guide to Fuels Treatment Practices for Ponderosa Pine in the Black Hills, Colorado Front Range, and Southwest. 

USDA For. Serv. Rocky Mtn. Res. Sta. Gen. Tech. Rep. RMRS-GTR-198. Fort Collins, CO.  
81 Fiedler, C.E., and C.E. Keegan. 2003. Reducing crown fire hazard in fire-adapted forests of New Mexico. Pp. 29-38 in: P.N. 

Omi and L.A. Joyce (tech. eds.). Fire, Fuel Treatments, and Ecological Restoration: Conference Proceedings. 2002 

April 16-18: Fort Collins, CO. USDA For. Serv. Rocky Mtn. Res. Sta. Proc. RMRS-P-29. Fort Collins, CO.  
82 Keyes, C.R. and K.L. O’Hara. 2002. Quantifying stand targets for silvicultural prevention of crown fires. Western Journal of 

Applied Forestry 17: 101-09.  
83 Omi, P.N., and E.J. Martinson. 2002. Effect of Fuels Treatment on Wildfire Severity. Unpubl. report to Joint Fire Science 

Program. Fort Collins: Colorado State Univ. Western Forest Fire Research Ctr. March 25. 36 pp.  
84 Perry, D.A., H. Jing, A. Youngblood, and D.R. Oetter. 2004. Forest structure and fire susceptibility in volcanic landscapes of 

the eastern high Cascades, Oregon. Conservation Biology 18: 913-26. 
85 Omi, P.N., and E.J. Martinson. 2002. Effect of Fuels Treatment on Wildfire Severity. Unpubl. report to Joint Fire Science 

Program. Fort Collins: Colorado State Univ. Western Forest Fire Research Ctr. March 25. 36 pp.  
86 Arno, S.F. 2000. Fire in western ecosystems. Pp. 97-120 in: J.K. Brown and J.K. Smith (eds.). Wildland Fire in Ecosystems, 

Vol. 2: Effects of Fire on Flora. USDA For. Serv. Gen. Tech. Rep. RMRS-42-vol.2. Ogden, UT.  
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treatments that create open forest conditions may undermine their long-term effectiveness without 

commitments to maintenance treatments (e.g., prescribed fire).  

Mechanical logging generates large quantities of activity-created slash fuels by relocating tree stems, 

branches and needles from the overstory canopy to the ground surface.
87

 Logging slash produces higher 

flame lengths and more intense surface fires that can increase the probability of crown fire initiation 

compared to fuels that pre-exist logging operations.
88

 According to the Congressional Research Service: 

“Timber harvesting removes the relatively large diameter wood that can be converted into wood 

products, but leaves behind the small material, especially twigs and needles. The concentration of these 

“fine fuels” on the forest floor increases the rate of spread of wildfires. Thus, one might expect acres 

burned to be positively correlated with timber harvest volume.”
89

 

 The proposed action may immediately increase volume of fine surface fuels up to 15 tons per acre, or 

more depending on pre-treatment forest structure, which will increase fire resistance-to-control and make 

wildfires more dangerous and severe where activity fuels are not effectively managed. Van Wagtendonk 

(1996) modeled the effectiveness of low thinning combined with a pile-and-burn slash treatment on flat 

ground, which yielded nearly identical post-treatment fire behavior as thinning without any slash 

treatment because pre-existing surface fuels were not significantly reduced. Lop-and-scattering of logging 

slash “significantly increased subsequent fire behavior” (van Wagtendonk 1996: 1160). Activity fuels 

may persist for decades in xeric forest environments (Stephens and Moghaddas 2005: 377):  

“In both even aged and un-even aged treatments, it is often assumed that harvest related slash will 

decompose over time thereby reducing fire hazards. In reality, logging slash may persist for long periods, 

and therefore, will influence fire hazards for extended periods. Rates of woody fuel decay are highly 

variable. The rates of decomposition of understory fuels are primarily dependant upon several factors 

including temperature, soil moisture, insect activity, and material size. Decaying conifer activity fuels 

have been reported to persist for 30 years in xeric forest environments.”  

Prescribed burning is the only treatment that effectively reduces activity fuels and fire hazard below pre-

logging conditions (Stephens 1998, van Wagtendonk 1996). “Periodic underburns and programs for 

restoring natural fire are critical to maintain these post-harvest stands” (Pollett and Omi 2002: 9). 

                                                           
87 Graham, R.T. (Ed.). 2003. Hayman Fire Case Study. USDA For. Serv. Rocky Mtn. Res. Sta. Gen. Tech. Rep. RMRS-GTR-

114. Ogden, UT.  

Stephens, S.L. 1998. Evaluation of the effects of silvicultural and fuels treatments on potential fire behavior in Sierra Nevada 

mixed-conifer forests. Forest Ecology and Management 105: 21-35.  

van Wagtendonk, J.W. 1996. Use of a deterministic fire growth model to test fuel treatments. Ch. 43 in: Status of the Sierra 

Nevada: Sierra Nevada Ecosystem Project, Final Report to Congress, Vol. 1, Assessment Summaries and Management 

Strategies. Davis: Univ. Calif. Ctr. for Wildland and Water Resources.  

Weatherspoon, C.P. and C.N. Skinner. 1995. An assessment of factors associated with damage to tree crowns from the 1987 

wildfires in northern California. Forest Science 41: 430-51.  
88 Dodge, M. 1972. Forest fuel accumulation: a growing problem. Science 177: 139–42.  

Naficy, C., A. Sala, E.G. Keeling, J. Graham and T.H. DeLuca. 2010. Interactive effects of historical logging and fire exclusion 

on ponderosa pine forest structure in the northern Rockies. Ecological Applications 20: 1851-64. 

Stephens, S.L. and J.J. Moghaddas. 2005. Silvicultural and reserve impacts on potential fire behavior and forest conservation: 

Twenty-five years of experience from Sierra Nevada mixed conifer forests. Biological Conservation 125: 369-79.  
89 Gorte, R.W. 2000. Memorandum on Timber Harvesting and Forest Fires. Congressional Research Service, Library of 

Congress: Washington, D.C. August 22.  
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Burning is uniquely effective because fire consumes the finest and most ignitable activity fuels that pose 

the greatest hazard.
90

  

The Forest Service is required to disclose potentially significant effects of the project on public health and 

safety, including wildland fire control efforts. It should take a hard look at post-logging fuel profiles and 

fire hazard at a unit-scale, particularly on steep slopes where prescribed fire may not be used, rather than 

generalizing them across the project area. Site-specific field data collection and reporting is a fundamental 

professional standard for fuel management in this project:  

“Mapping should utilize the best sampling strategies combining remote sensing imagery (perhaps at 

several scales) and ground truthing. The reliability of existing vegetation maps should be verified before 

they are incorporated into the database. Fire-relevant attributes of vegetation (including understory 

composition and structure, and vertical and horizontal continuity) need to be characterized adequately. 

Similarly, surface fuels should be described, utilizing field-verified vegetation/fuels correlations to the 

extent feasible. The analysis should disclose how much slash would remain on the ground after logging is 

completed and take a hard look at the timing, sequence and effectiveness of different activity fuel 

treatments at sites where mechanical logging is proposed” (Weatherspoon and Skinner 1996: 1488).  

The analysis should disclose how much slash would remain on the ground after logging is completed and 

take a hard look at the timing, sequence and effectiveness of different activity fuel treatments at sites 

where mechanical logging is proposed. 

The direction of potential fire spread (backing, flanking, heading) is an important consideration in 

treatment design because fire interacts with weather, topography and vegetation to “back” and “flank” 

around certain conditions, or “head” through others as it spreads. Steep slopes can facilitate wind-driven 

convection currents that drive radiant heat upward and bring flames nearer to adjacent, unburned 

vegetation, thus pre-heating fuels and amplifying fire intensity as it spreads upslope.
91

 As a result, severe 

fire effects often are observed to concentrate at upper slope positions and on ridges, whereas such effects 

are relatively rare on the lee side of slopes that do not directly receive frontal wind.
92

 Therefore, fuel 

treatments should be oriented in concert with prevailing spatial patterns of fire spread in the project area. 

Overlapping fuel treatments that reduce fuel continuity can fragment extreme fire effects into smaller 

patches if they disrupt heading fire behavior and increase the area burned by flanking and backing fires
93

. 

Slope aspects facing away from frontal or diurnal winds are a lesser treatment priority because backing 

fires are the most likely to exhibit mild intensity and effects. The Forest Service should analyze these 

factors and demonstrate that proposed treatment locations and intensities will meet the purpose and need. 

The analysis will be most helpful to the decision-maker and the public if it includes detailed study and 

development of action alternatives that propose different treatment locations and intensities to compare 

project effects on potential fire behavior and effects under modeled conditions that include extreme and 

moderate weather scenarios.  

                                                           
90 Deeming, J.E. 1990. Effects of prescribed fire on wildfire occurrence and severity. Pp. 95-104 in: J.D. Walstad, S.R. 

Radosevich, and D.V. Sandberg (eds.). Natural and Prescribed Fire in Pacific Northwest Forests. Corvallis: Oregon 

State Univ. Press.  
91 Whelan, R.J. 1995. The Ecology of Fire. Cambridge Univ. Press: New York.  
92 Finney, M.A. 2001. Design of regular landscape fuel treatment pattern for modifying fire growth and behavior. Forest Science 

47: 219-28.  
93 Ibid 
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An additional approach to the strategic location of fuel treatments is to identify landscape features that are 

currently resistant to severe fire effects and use them as anchor points for a compartmentalized landscape 

fire management strategy. Such features may include natural openings, meadows, relatively open ridges, 

moist riparian areas, mature forest patches with shaded and cool microclimates and little or no history of 

past logging (see Naficy et al. 2010), and areas where fuel treatments already have been completed. Those 

features can support the strategic use of fire for resource benefits, application of confinement and 

containment strategies as alternatives to full control of unplanned fires, and provide safe areas for workers 

to ignite prescribed fires for hazard reduction and ecological process restoration. The analysis should 

consider such factors.  

Finally, in our view, the Forest Service should prioritize fuel treatments at locations where relatively little 

resource investment may create fire resistant conditions in the shortest amount of time. Targeting initial 

work in this way will maximize the area treated with available funds and personnel, and provide the 

greatest opportunity to quickly reduce fuels and restore ecosystem function at larger spatial scales.  

Large trees must be protected with a defined plan 

Most old growth forests that historically existed in the Southwestern Region were eliminated by 

logging.
94

  The ecological significance of old growth habitat and large trees that comprise their structure 

is amply documented
95

. Large tree removal is not necessary or beneficial to restoration of fire-adapted 

forest ecosystems.
96

 Live conifer stems larger than 16-inches diameter are rare at a landscape scale in 

forests of the Southwestern Region. The Center encourages the Forest Service to study, develop and 

describe action alternatives in detail that generally retain existing large trees outside of a wildland-urban 

interface (“WUI”) zone that includes forest lands located one-quarter (¼) mile distant from established 

residential and other essential community infrastructure.  

The Forest Service is in possession of the collaboratively-designed Old Growth Protection and Large Tree 

Retention Strategy (“Strategy”) developed by public stakeholders, including the Center, for 

implementation in 4FRI forest treatment projects. The Strategy is an agreement-based outcome and 

product developed in recognition that translation of such agreement greatly enhances chances for success, 

and reduces the risk of conflict. Given the enormous commitment of stakeholder time and energy to 

collaborative development of the Strategy, as well as its clear relevance and applicability to the East 

Eagle/Mud Springs Fuels Project area, it is reasonable to study, develop and describe in detail (rather than 

mention and dismiss) a stand-alone action alternative based on the entire Strategy as it was originally 

designed. Implementation of the collaborative Strategy in its entirety is a reasonable alternative in this 

project for three reasons. First, it meets the purpose and need by actively managing hazardous fuels and 

forest structure, even to the extent that it specifically allows for removal of large trees in limited 

                                                           
94 Covington, W.W., and M.M. Moore. 1994. Southwestern ponderosa forest structure: Changes since Euro-American settlement. 

Journal of Forestry 92: 39-47.  
95 Friederici, P. (Ed.). 2003. Ecological Restoration of Southwestern Ponderosa Pine Forests. Island Press: Washington, DC.  
96 Arno, S.F. 2000. Fire in western ecosystems. Pp. 97-120 in: J.K. Brown and J.K. Smith (eds.). Wildland Fire in Ecosystems, 

Vol. 2: Effects of Fire on Flora. USDA For. Serv. Gen. Tech. Rep. RMRS-42-vol.2. Ogden, UT.  

Allen, C.D. M.A. Savage, D.A. Falk, K.F. Suckling, T.W. Swetnam, T. Schulke, P.B. Stacey, P. Morgan, M. Hoffman, and J.T. 

Klingle. 2002. Ecological restoration of southwestern ponderosa pine ecosystems: A broad perspective. Ecological 

Applications 12: 1418-33.  

Brown, R.T., J.K. Agee, and J.F. Franklin. 2004. Forest restoration and fire: principles in the context of place. Conservation 

Biology 18: 903-12.  
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circumstances, as distinct from a broad “diameter cap.”
97

 Second, the Strategy avoids significant 

cumulative impacts that may result from excessive and unnecessary removal of large, fire-resistant trees, 

which are deficient in the Southwestern Region compared to historic conditions.
98/99/100

  Finally, it 

mitigates adverse effects to threatened and sensitive wildlife species that require closed canopy forest 

habitat for essential life behaviors. The Strategy is attached to these comments. Support for the use of the 

Strategy is given in further detail below:   

(1) Large tree retention meets the purpose and need  

Retention of large trees is fundamentally important to fire resistance of treated stands.
101

 Large ponderosa 

pine trees possess autecological characteristics such as relatively thick bark and insulated buds that 

promote resistance to heat injury. Self-pruning, mature conifers feature high branch structure, which 

discourage torching behavior.
102

 Finally, mature conifers have a high capacity to survive and recover from 

crown scorch.
103

 Thus, large tree structure enhances forest resilience to severe fire effects
104/105/106 

whereas 

removing them may undermine fire resilience.
107

/
108

   

Research demonstrates no advantage in fire hazard mitigation resulting from mechanical forest treatments 

that remove large trees compared to treatments that retain them. Modeled treatments that removed only 

trees smaller than 16-inches diameter were marginally more effective at reducing long-term fire hazard 

than so-called “comprehensive” treatments that removed trees in all size classes.
109

 Thinning small trees 

and pruning branches of large trees to increase canopy base height significantly decreases the likelihood 

of crown fire initiation,
110

/
111

/
112

/
113

 which is a precondition to active crown fire behavior.
114

/
115

 Therefore, 

                                                           
97 The 4FRI stakeholders expressly developed the Strategy to avoid reliance on strict diameter-limits while addressing the 

significant issues of old growth protection and large tree retention in ponderosa pine and mixed conifer forest restoration 
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specific conditions. 
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low thinning and underburning to reduce surface fuels and increase canopy base height at strategic 

locations effectively reduces fire hazard at a landscape scale and meets the purpose and need.  

(2) Large tree retention avoids significant cumulative impacts  

Large trees are not abundant at any scale in Southwestern ponderosa pine forest and they are the most 

difficult of all elements of forest structure to replace once removed.
116

 The ecological significance of old 

growth forest habitat and large trees comprising it is widely recognized.
117

/
118

 There is no agreed-upon 

scientific basis for removing large trees to promote fire resistance in southwestern forests.
119

/
120

  In 

addition to their rarity, a variety of factors other than logging threatens the persistence of the remaining 

large trees in Southwestern conifer forests. Prescribed fire can injure exposed tree roots that have 

migrated into accumulated duff layers and cause high levels of post-treatment mortality among large 

trees.
121

  Burning of pine stands with high surface fuel loading also can produce high fireline intensities 

and result in large tree mortality due to cambial injury by heat.
122

  Prescribed fire also may render large 

trees susceptible to delayed bark beetle infestation.
123

  In addition, large tree mortality has indirectly 

resulted from mechanical thinning activities too.
124

 Large standing dead trees (“snags”) and downed logs 

supply critical habitat for primary and secondary cavity-nesting species and may be destroyed by fuel 

treatments.
125

 Prescribed fire may create coarse woody habitat by killing live trees, but gains generally do 

not offset losses, as existing coarse wood is irretrievably.
126

  Recruitment of large trees, snags and large 

woody debris will become more limiting over time as climate change imposes chronic drought, reduced 
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tree growth rates, and more widespread tree mortality.
127/128/129/130/131 

 A large tree retention alternative 

would maintain trees that are most likely to survive fire injury and supply recruitment structure that will 

support the recovery of old growth forest habitat in the future.  

(3) Large tree retention mitigates adverse effects to wildlife  

Large tree removal reduces forest canopy and diminishes recruitment of large snags and downed logs, 

which in turn affects long-term forest dynamics, stand development and wildlife habitat 

suitability.
132

/
133134

  If significant reductions of crown bulk density are deemed necessary to meet the 

purpose and need then it is highly unlikely that the project will maintain habitat for threatened and 

sensitive wildlife species associated with closed-canopy forest.
135/136

  A large tree retention alternative 

would maintain wildlife habitat in the short-term and mitigate adverse effects of proposed treatments.  

Old growth  

Old growth forests differ in structure and function from younger forests, providing the preferred habitat of 

many sensitive wildlife species as well as a host of ecological services including watershed function, 

water purification, soil retention, and storage of greenhouse gasses.
137

/
138

  Old growth habitat consists of 

large trees with fire-resistant “plated” bark structure and tall canopies, snags with nesting cavities and 

broken tops valuable to wildlife, as well as vertical and horizontal structural diversity within stands. As 

noted above, most of the former old growth forests throughout the ponderosa pine and mixed conifer 

formations in the Southwest already have been destroyed by logging.  

The 1996 Plan Amendment for the Southwestern Region includes mandatory standards and guidelines for 

old growth habitat management. Each national forest, including the Apache-Sitgreaves National Forest, 

must allocate no less than 20 percent of each forested “ecosystem management area” to old growth 

habitat. In order to properly determine old growth habitat, the Forest Service must refer to a specific table 

included sets forth detailed minimum numeric criteria for various forest types, including the size, age and 
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number of live and dead trees, down trees and canopy cover. Forested sites must meet or exceed these 

numeric structural attributes in order to be considered old growth habitat. In addition, the Forest Plan 

requires the agency to analyze old growth habitat at multiple scales: (1) the ecosystem management area; 

(2) one scale above the ecosystem management area; and (3) one scale below the ecosystem management 

area. The amount of old growth that can be provided and maintained must be evaluated at the ecosystem 

management level and be based on forest type, site capability and disturbance regimes. The Forest 

Service also must analyze and disclose how many acres within the ecosystem management area currently 

meet the minimum numeric criteria for old growth habitat set forth in the Forest Plan; assess potential 

impacts to old growth habitat at the required scales; allocate no less than 20 percent of each management 

area to old growth as depicted in the Forest Plan; and must not log any of the remaining large trees within 

the project area until it meets these mandatory requirements. 

Mexican spotted owl  

The effects of mechanical thinning on the MSO have not been extensively studied and are not well 

understood. Some relevant studies from dry, frequent fire adapted forests of southern California have 

published findings indicating deleterious effects of thinning of spotted owls. Stephens and colleagues
139

 

reported that in the Plumas National Forest of California, spotted owl territorial sites declined 43% within 

3-4 years of landscape-scale thinning treatments, and following treatment owls redistributed across the 

landscape. A study by Lee and colleagues
140

 reported that in the San Bernardino and San Jacinto of 

southern California, post-fire salvage logging further reduced California spotted owl occupancy rates 

beyond the initial impacts of wildfire, leading the authors to recommend that burned stands be monitored 

for occupancy prior to salvage logging. Elsewhere in the Sierra Nevada, Tempel and colleagues
141

 found 

that, as expected, canopy cover and demographic rates were strongly positively related, and that medium 

intensity fuels reduction harvest were negatively related to owl reproduction. Other researchers have 

concluded that thinning effects would be less impactful than severe wildfire,
142

  leading to uncertainty of 

the true impacts of thinning on spotted owls  

On April 17, 2009, the Forest Service asked to reinitiate consultation with the FWS regarding continued 

implementation of forest plans in the Southwestern Region, including the Apache-Sitgreaves Forest Plan. 

That letter stated, “It has now become apparent that the Forest Service will likely soon exceed the amount 

of take issued for at least one species, the Mexican spotted owl.”
143

 More, “[I]t has become apparent that 

the Forest Service is unable to fully implement and comply with the monitoring requirements associated 

with the Reasonable and Prudent Measures for several species (including MSO) in the [biological 

opinion].”  
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Monitoring of proposed treatment effects to Mexican spotted owl is of special interest. The Forest Service 

admitted in the October 2008 Annual Report to FWS, discussed above, and in subsequent litigation that it 

lacked funding and personnel to conduct required monitoring of owl habitat and populations to ensure 

that its actions would not jeopardize the continued existence of the species of adversely modify critical 

habitat. The efficacy of proposed treatments in promoting the conservation and recovery of Mexican 

spotted owl is uncertain and should be considered a potentially significant effect in the project analysis. 

The Forest Service should develop and include in the EA a complete monitoring plan, including study 

design and analysis protocols that are consistent with the region-wide MSO monitoring strategy that 

resulted from the Centers objection to the 1
st
 4FRI EIS. This should be made available for public review 

and comment before a decision is made to implement the project. Based on the criteria developed 

following the 4FRI objection, the Center has specific questions regarding this requested monitoring plan, 

including but not limited to: (1) criteria for selection of PAC as paired treatment and control sites; (2) 

criteria for selection of measurable indicators of change; (3) sampling design power analysis and expected 

observational error rates; (4) sampling procedures including monitoring cycle; (5) confidence levels to be 

applied in data analysis and reporting; (6) timeframe for evaluation of results; and (7) triggers for 

management adaptation using new information.  

Road construction  

The proposed action may include new road construction that may significantly impact soils, water quality, 

IRA’s, WSA’s, critical habitats, or other features, and this is a significant issue for environmental analysis 

if new roads are proposed. Portions of the project area feature steep slopes where new roads and ground-

based logging activities may cause significant losses of soil productivity.
144

   New roads may permanently 

impair soil productivity even if their use is temporary.
145

  Road-related soil erosion is a chronic source of 

sediment production that can limit water quality. The distance that sediment travels is an important factor 

in determining how much eroded soil is delivered to a water body. Soil loss and erosion occurring closer 

to a stream have greater potential to deliver sediment and lead to water quality impairment than erosion 

triggered farther away from streams. For this reason, road-stream crossings have high potential to 

adversely impact water quality.
146

 In addition, road construction and fuel treatments may combine to 

increase overland water flow and runoff by removing vegetation and altering physical and chemical 

properties of soil, which can permanently alter watershed function.
147/148

  This has implications for the 

purpose and need to protect water quality from socially undesirable effects of flooding and erosion, as 

well as the need to avoid or minimize project effects to sensitive, candidate and threatened aquatic 

species. The extent and location of road construction and its effects to soil erosion, runoff channelization 

and suspended sediment loads merit a hard look in the environmental analysis. This should include 
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detailed study (rather than mere mention and cursory dismissal) of an action alternative that foregoes road 

building on steep slopes and sensitive soils where it may increase erosion or impair productivity.  

Natural Range of Variability for Ponderosa Pine Forests is Broader than Typically Believed 

The Center has considerable concerns with General Technical Report 310.
149

  This is the Forest Service’s 

own self-published desired conditions for dry conifer forest in the southwest and its relevance to the East 

Eagle/Mud Springs Fuels Project should be questioned. Most of the information used in this report to 

identify desired conditions for ponderosa pine and mixed conifer forest is derived mainly from studies 

accomplished far from the East Eagle/Mud Springs Fuels Project. We reviewed the 111 studies cited in 

GTR-310 as sources of information for reference conditions, disturbance histories, disturbance effects, 

stand structure and composition, and canopy openness. These studies are listed by location in a table and 

a map on the following pages. Of these 111 published studies, none occurred on the East Eagle/Mud 

Springs Fuels Project area. As the table later in this letter clearly shows, the sources consulted for the 

formulation of desired conditions for the southwest cover an extensive geographic range, especially 

northern Arizona, but provide very little guidance for the unique transitional forests of the southern 

Apache-Sitgreaves National Forest.    

Reynolds and others (p. 12) admit uncertainty in their recommendation of desired conditions for dry 

conifer forest resulting from a paucity of supporting information and geographic imbalance of accessible 

data:  

“There is a clear need for additional reference condition data sets, including sites from a wider spectrum 

across environmental gradients (e.g., soils, moisture, elevations, slopes, aspects) occupied by frequent-

fire forests in the Southwest, especially in dry mixed-conifer. While the quantity of reference data sets is 

increasing, existing data represent a largely unbalanced sampling across gradients (e.g., most data sets 

are from basaltic soils and on dry to typic plant associations), and there have been few studies 

quantitatively.”  

We request that the Apache-Sitgreaves National Forest will recognize, based on this basic analysis, that 

the GTR-310 framework is not suited for immediate adoption for meeting ecological needs, formulation 

of desired conditions, or development of restoration and ecosystem management projects and 

prescriptions. The GTR-310 approach to uncertainty is to blur site-specific forest variation across a vast 

geographic area and scale up desired conditions to broad landscapes with a generic “pooled natural range 

of variability” (Reynolds et al. 2103: p. 11):   

“The natural range of variability can be estimated by pooling reference conditions across sites within a 

forest type. Reference conditions for a forest type typically vary from site to site due to differences in 

factors such as soil, elevation, slope, aspect, and micro-climate and manifests as differences in fire 

effects, tree densities, patterns of tree establishment and persistence, and numbers and dispersion of 

snags and logs. When pooled, these sources of variability comprise the natural range of variability of a 

site or forest type.”  
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Much of GTR-310 is based on reconstruction studies of “Woolsey Plots.” In 1909, T.S. Woolsey, Jr., 

Assistant District Forester and Chief of the Office of Silviculture (Southwestern District now Southwest 

Region 3), and G. A. Pearson, Director, Fort Valley Forest Experiment Station (Flagstaff, AZ), drafted 

instructions that led to establishment of a network of permanent plots in ponderosa pine, mixed conifer, 

and spruce-fir forests of the Southwest. Between 1909 and 1941 Woolsey and team established 140 plots 

in AZ and NM, of which 98 were in ponderosa pine. Of the pine plots, 30% are located southwest of 

Flagstaff at the Coulter Ranch site. Of the 140 plots, 44 were in the Coconino NF.  

“So-called sample plots were established on logged over areas in order to ascertain how fast residual 

stands would grow, whether they could produce merchantable timber, and whether natural restocking 

would take place” (Pearson, 1933, p. 272). 

Bell and others
150

 compared current conditions of 14 Woolsey plots to 98 AZCFI and 58 FSFIA plots in 

the Flagstaff/western Mogollon Rim area. The metrics under comparison were Trees/Hectare, 

BA/Hectare, QMD, and frequency of DBH classes/hectare. Comparisons of forest structural data applied 

a distance-based multivariate nonparametric permutation method. All analyses indicated dissimilarity 

between the FIA and CFI plots compared to the Woolsey plots across the study area, and across TEU’s. 

Within TEU’s, the Woolsey plots were not statistically dissimilar, but current conditions were 

consistently denser in all metrics. Results suggest that Woolsey plots are only representative of the TEU 

to which the plot belongs.  

“The selection of [Woolsey] plot locations in the early 1900s followed a subjective nonrandom approach. 

[Our] results indicated that the Woolsey plots (1) were neither historically nor contemporarily 

representative of the entire study area because of environmental and current forest structural differences 

with respect to the FSFIA and AZCFI and (2) may be considered historically representative of their 

corresponding TEUs. Our study supports the use of TEUs for defining the applicability of information 

obtained from the Woolsey plots….Subjective plot selection, together with the small sample size of this 

rare dataset, raises questions about the inference space with regard to the larger, heterogeneous 

landscape of ponderosa pine forests in northern Arizona”  

Disturbance patterns are driven by spatial and temporal variation in climate, vegetation growth habitats, 

and management history. These are place-specific and cannot reliably be generalized over broad 

landscapes or timeframes.
151/152

 Ecologists stress definition of locally specific reference conditions to 

justify restoration goals and outcomes due to scale dependence of ecological pattern.
153/154/155

  For 
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example, Korb and others
156

 stated this about their study results from the San Juan Mountains of southern 

Colorado:  

“Our findings demonstrate the need to develop site-specific reference conditions and for managers to 

exercise caution when extrapolating fire regimes and forest structure from one geographic locality to 

another given a projected warmer climate making conditions more favorable to frequent, large wildfires.” 

Desired conditions for dry conifer forests suggested by Reynolds and others (2013) are clearly not 

specific to the southern portion of the Apache-Sitgreaves National Forest, and should be critically 

reviewed prior to assuming their usefulness. They fail to address uncertainty and qualified disagreement 

among experts about forest ecology and management in the Southwestern Region. Close inspection of 

place-specific information reveals that Reynolds and others selectively interpreted literature to make a 

poorly supported case for sustained mechanical intervention as a surrogate for restoration of natural fire 

regimes. Reynolds and others (p. 48-49) state:  

“The re-establishment of frequent, low-severity fire is critical to the success of our restoration framework. 

However, because of limitations such as proximity to human developments, air quality restrictions, and 

workforce capacity, the use of fire will probably continue to be limited. Therefore, mechanical-only 

treatments, or perhaps combinations of fire and mechanical treatments, are likely to be the restoration 

tools of choice in much of the Southwestern landscape.”  

That statement is the sole basis presented by the authors for their recommendation of landscape-scale 

mechanical treatments of vegetation in ponderosa pine and mixed conifer forest. Furthermore, we would 

argue that workforce limitations will affect mechanical thinning operations more than fire management 

crews. The “implementation recommendations” of Reynolds and others (p. 35-37) do not present a 

compelling fact-based case for the efficacy of mechanical treatments to manage structure or composition 

in fire-adapted forest, other than to allude that such treatments may be desirable for unstated reasons. 

It is true that Reynolds and colleagues synthesized a wide array of literature, but, the studies used to 

substantiate the GTR-310 structural framework are disproportionately clustered around northern Arizona, 

including a number of studies at the same sites (Gus Pearson Natural Area and Fort Valley Experimental 

Forest), and including a reliance on re-measures of the historic “Woolsey plots”, which are not 

representative of the surrounding landscape
157

. Furthermore, some suitable reference sites were notably 

excluded from GTR-310, such as the Long Valley Experimental Forest, which was established in 1936 as 

a comparison site to the much-studied Fort Valley unit. Long Valley “contained some of the best stands of 

ponderosa pine on the Coconino and Sitgreaves National Forests
158

”, but for an unknown reason it does 

not appear in GTR-310.  

The regional desired conditions document does mention this site (DC’s, p. 14), noting that “On the Long 

Valley Experimental Forest (sedimentary soils on the Mogollon Rim, central Arizona), the sampled trees 

per acre (1938) ranged up to 99 trees per acre, with an estimated 75 trees per acre being present prior to 
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the cessation of frequent fire (circa 1880-1900, USDA Forest Service, unpublished data from Long Valley 

Experimental Forest).” If the pre-settlement trees per acre value (~75TPA) was included in GTR-310, it 

would have been more dense than any other ponderosa pine reference site cited in Arizona, with the 

exception of the four Grand Canyon sites studied by Fule et al. (2002
159

; based on ranges provided in 

GTR-310), and would have been essentially equal to Williams and Bakers studies along the Mogollon 

Rim which have been widely criticized by the restoration community
160

. The only site cited in GTR-310 

that Long Valley would have been less dense than is Malay Gap, studied by Cooper (1960
161

), and this 

site was in fact not even as dense as Coopers Maverick study site that was not included in GTR-310. 

Also, Long Valley may have been even denser, assuming that not all of the remaining 24 post-fire 

suppression trees would have been killed by fire. 

Cooper studied three sites on the White Mountain and San Carlos Apache Reservations in 1957. His 

paper is one of the most oft-cited sources of reference conditions data and descriptions for southwestern 

ponderosa pine, including by Reynolds et al (2014), and it is of particularly high importance for the East 

Eagle-Mud Springs Fuels Project. His Bog Creek site was selectively logged in the 1930’s, but his 

Maverick and Malay Gap sites were unlogged, the latter also having never experienced fire suppression 

nor livestock grazing. Of the Malay Gap site, Cooper (p. 139) wrote “this is perhaps the closest approach 

to a truly primeval forest left in the Southwest.” Prior to 1910, the Malay Gap site had experienced 

wildfire on average every 7 years, and then burnt again in 1910, 1919, 1935, and lastly in 1943. By the 

time of his field work, in 1957, the fire regime was effectively uninterrupted.  Cooper’s extensive report is 

indeed one of the most essential studies to read and comprehend, and it is important to fully examine the 

breadth and depth of his analyses, as well as the photographs included therein, in order to responsibly 

reference this detailed work. It is a step backwards for restoration ecologists to dilute his work to a few 

numbers, such as his determination that mean basal area at Malay Gap, where a visitor “is immediately 

struck by the open nature of the forest”, was 70 ft
2
/acre

162
 (photo next page). The figure below, taken 

directly from Cooper (1960: p. 150), shows an image that does not support most contemporary notions of 

an “open” forest, and in fact might be considered overly dense by many land managers.  

                                                           
159 Fulé, P.Z., W.W. Covington, M.M. Moore, T.A. Heinlein, and A.E.M. Waltz. 2002. Natural variability in forests of the Grand 

Canyon, USA. Journal of Biogeography 29:31-47.  
160 See Fule et al., 2014. “Unsupported inferences of high-severity fire in historical dry forests of the western United States: a 

response to Williams and Baker.” Global Ecology and Biogeography 23:825-830. 
161 Cooper, C.F. 1960. Changes in vegetation, structure and growth of southwestern pine forests since white settlement. 

Ecological Monographs 30: 129-64.  

 
162 Interestingly, Reynolds et al. (2013) cite Malay Gap as a reference site, but ignore the results from the Maverick study 

location, which had a mean basal area of 102 ft2/acre, to which Cooper (1960: p. 150) remarked: “Although similar in basic 

composition and structure, the forests at Maverick and Malay Gap are quite different in appearance… The site at Malay Gap is 

clearly not as good as that at Maverick. The average height of mature dominants at Malay Gap is 95 ft, while those at Maverick 

average about 110 ft…The difference reflects inherent differences in site productivity.” The basal area of old growth at Maverick 

exceeds the range reported in Reynolds et al. (2013) and is outside of the basal area range given in Table 2 in the regional desired 

conditions document. 
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In addition to simple density 

metrics, Cooper reported on 

spatial arrangement, age/size 

distributions, regeneration 

patterns in time and space, fire 

effects on stand development, 

and many other important 

ecological processes that are 

still being debated. Of 

particular relevance to the 

current debate in ponderosa 

pine restoration are his 

observations on the grouping 

habits of this species.  

The figure on the next page 

(Cooper, 1960: p. 148) is a 

typical example of the 

“conspicuous… grouped 

arrangement of the trees.” 

Similarly to the figure provided 

on the previous page, this 

image again contradicts the 

widespread contemporary 

notion of what constitutes a 

“distinct group”. Nowhere in 

his report does Cooper specify 

how he determined what a 

“group” was, but it would seem 

apparent that his definition is 

markedly different than many 

offered today.  

The concept of “interspaces” is a central tenet in the formulation of desired conditions by some within the 

U.S. Forest Service, wherein these “interspaces” are areas not occupied by trees and serve to define 

somewhat even-aged groups. The entire basis of the model promulgated in Reynolds and others is built 

around this notion. However, Cooper’s analysis of Malay Gap might suggest that this model is not 

applicable to all areas. In discussing structural patterns in the virgin pine forest, he remarked (at p. 158): 
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“The relatively small size of the even-aged 

groups in the southwestern forest is due to the 

small size of the openings in which the groups 

can become established.”
163

 

If the East Eagle-Mud Springs Fuels Project is 

to base its desired conditions on GTR-310, then 

the project is lacking some significant guidance 

provided by these other neglected reference 

sites. Additionally, it’s critical to remember that 

almost no scientific attention has been given to 

determining reference conditions in the forests 

of the East Eagle-Mud Springs Fuels Project 

landscape. The East Eagle-Mud Springs Fuels 

Project.is not proceeding under the direction of 

good science without seeking to better 

understand reference conditions in the unique 

forests and woodlands of this landscape.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

                                                           
163 Cooper’s report does not specifically provide data as to how many trees occur per group, but he does state (at p. 149)  that 

“analysis indicates that the mature stands at both Maverick and Malay Gap are aggregated into groups with an area of .16 to .32 

[acres]”, within the range described by Reynolds et al. (2013). However, the definition of a “group” would seem to differ greatly 

between the two sources based on comparison of Cooper’s example photos and observations at the Bluewater demonstration site 

and other contemporary treatments. 
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LOCATIONS OF CERTAIN REFERENCE SITES* USED IN GTR-310 (REYNOLDS ET AL., 2013) 

*Specifically Tables 3, 6 and 9 

 

 

 

Sites referenced by Reynolds et al (2013) are biased towards conditions at the Grand Canyon and Mogollon Plateau 

around Flagstaff. All sites shown for New Mexico are limited to original inventory by Woolsey (1909-1913) and 

subsequent re-measures of those sites (Moore et al. 2004). Polygons represent work by Abella and Denton (2009; 

square around Flagstaff) and Williams and Baker (2012; two polygons along Mogollon Rim). None of the studies 

assessed in GTR-310 include sites with ponderosa pine-evergreen oak or ponderosa pine-shrub types. 

“The minimum diameters reported in Table 6 may also result in a source of error that can lead to small 

underestimates of historical tree densities reported in studies. Additional error may result from missing fully 

decomposed structures at time of measurement and reconstruction” (Reynolds et al., 2013: p.17). 

“To date, only six studies report tree spatial reference conditions in the Southwestern ponderosa pine forests” 

(Reynolds et al., 2013: p.17). “Management informed by reference conditions and natural ranges of variability (the 

range of ecological and evolutionary conditions appropriate for an area) allow for the restoration of the character-

istic composition, structure, spatial pattern, processes, and functions of ecosystems” (Reynolds et al., 2013: p.2, 

emphasis added). 

          
Ponderosa Pine Forest Structure Reference Sites from Table 6 in GTR-310 

Mixed Conifer Forest Structure Reference Sites from Table 9 in GTR-310 

Tree Pattern and Group Characteristics Reference Sites from Table 3 in GTR-310 
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Figure 2: Locations Of Studies Cited In Reynolds et el. (2013) 

*see GTR-310 for full citations 

General Location of 

Referenced Literature 

Literature cited for that location in GTR-310 

Bold denotes measurements at historic Woolsey plots 

Underline denotes study specific to Gus Pearson Natural Area, Coconino NF 

New Mexico Moore et al., 1994 (Gila & Zuni Mtns Woolsey remeasures); Woolsey, 1911 

(Carson, Zuni, Gila, Alamo, Jemez sites); Allen, 2007 (northern NM); Brown et 

al., 2001 (Sacramento Mountains); Conklin & Geils, 2008 (Jemez & Manzano 

Mountains); Kaye & Swetnam, 1999 (Sacramento Mountains); Negron, 1997 

(Sacramento Mountains); Romme et al., 1999 (Carson & Santa Fe NF’s); 

Swetnam & Dieterich, 1985 (Gila Wilderness); Touchan et al., 1996 (Jemez 

Mountains) 

North Rim Grand 

Canyon/Kaibab 

Plateau/Uinkaret Plateau 

Covington & Moore, 1994; Fule et al., 2002; Fule et al., 2003; Fule & Laughlin, 

2007; Heinlein et al., 1999; Lang & Stewart, 1910; Rasmussen, 1941; Roccaforte 

et al., 2010; Waltz & Fule, 1998; White & Vankat, 1993 

South Rim Grand Canyon Fule et al., 2002; Harrington & Hawksworth, 1980; Woolsey, 1911 

Mogollon Plateau (Flagstaff 

Area) 

Abella & Denton, 2009; Abella et al., 2011; Biondi et al., 1994; Biondi, 1996; 

Cocke et al., 2005; Covington & Sacket, 1986; Covington & Moore, 1994a&b; 

Covington et al., 1997; Dieterich, 1980; Fule et al., 1997; Heinlein et al., 2005; 

Hoffman et al., 2007; Mast et al., 1999; Menzel & Covington, 1997; Pearson, 

1950; White, 1985; Sanchez Meador et al., 2011; Sanchez Meador & Moore, 

2010; Woolsey, 1911; Schneider, 2012; Williams & Baker, 2012 

Mogollon Rim (Apache-

Sitgreaves NF, White Mtn. 

Apache Reservation) 

Cooper, 1960, 1961; Greenamyre, 1913; Lynch et al., 2010; Williams & Baker, 

2012; Woolsey, 1911 

Colorado Binkley et al., 2008 (Uncompahgre Plateau); Boyden et al., 2005 (Front Range); 

Brown & Wu, 2005 (SW of Pagosa Springs); Ehle & Baker, 2003 (RMNP); 

Fornwalt et al., 2002 (Front Range); Fule et al., 2009 (San Juan Mountains); 

Grissino-Mayer et al., 2004 (San Juan Mountains); Korb et al., 2012 (San Juan 

Mountains); Mast et al., 1998 (Front Range); Mast & Veblen, 1999 (Front Range); 

Romme et al., 1999 (SW Colorado) 

Southwestern Utah Madany & West (Zion National Park) 

Pacific and Inland 

Northwest/Northern Rocky 

Mountains/Black Hills (South 

Dakota) 

Agee, 2003; Arno et al., 1995; DeLuca & Sala, 2006; Franklin et al., 2002 

(incorrectly cited as 2012); Harrod et al., 1999; Hessberg et al., 1994, 2004, 2005; 

Lundquist, 1995; Nacify et al., 2010; Taylor, 2010; Taylor & Skinner, 2003; Von 

Schrenck, 1903; West, 1969; Wickman, 1963; Youngblood et al., 2004 

Mexico/Baja California Minnisch et al., 2000; Stephens et al., 2008 

California Fettig, 2012; Parsons & DeBenedetti, 1979 (Sequoia & Kings Canyon NP); Scholl 

& Taylor, 2010 (Yosemite NP) 

Sky Islands Region Barton, 2002; Grissino-Mayer et al., 1995 

Illinois Dhillon & Anderson, 1993 

Macro-scale studies (west-

wide/regional)   

 

Bentz et al., 2010; Drummond, 1982; Littell et al., 2009; Maffei & Beatty, 1988; 

Moeck et al., 1981; Negron et al., 2009; Swetnam & Baison, 1996*; Savage & 

Mast, 2005*; Swetnam & Betancourt, 1990*; Wood, 1983 

Review Reports, books, or 

general literature 

inappropriately cited as 

reference-site studies or 

original research 

Abella, 2008; Abella, 2009; Castello et al., 1995; Edmunds et al., 2000;  Ferry et 

al., 1995; Fitzgerald, 2005; Friederici, 2004; Goheen & Hansen, 1993; Hart et al., 

2005; Hawksworth & Weins, 1996; Jenkins et al., 2008; Larson & Churchill, 

2012; Miller & Keen, 1960; Miller, 2000; Rippy et al., 2005; Smith, 2006a,b,c; 

Stevens & Hawksworth, 1984; Tainter & Baker, 1996; Weaver, 1950 
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Summary 

1) The East Eagle/Mud Springs Fuels Project should follow a process-centered restoration approach 

whereby restoration of natural fire and disturbance processes are given priority over purely structural 

considerations, considering that Regional direction in GTR-310 is not easily applicable to the project area, 

and that intensive management for mistletoe reduction is not consistent with ecological restoration 

principles or forest stakeholder interests.  

2) The Project should strategically place limited mechanical fuels reduction treatments in priority 

areas (especially the WUI) to enable expanded use of prescribed and natural fires to achieve desired 

conditions while protecting resource values, critical infrastructure, and WUI. We are attaching the 

recently proposed Strategic Treatments for Fire Use Alternative that we prepared for the 4FRI Rim 

Country analysis, which will provide an example of the rationale and potential direction for such an 

optimized approach. 

3) The Project should protect and retain trees over 16” diameter in accordance with the 4FRI large 

tree retention strategy and the 4FRI SPLYT (Stands with a Preponderance of Large Young Trees) 

protocol (both attached), because that will: 

 A) Meet the Project’s purpose and need; 

 B) Avoid significant cumulative impacts; 

 C) Mitigate adverse effects to wildlife; 

 (D) Move towards desired conditions sooner; 

(E) Be consistent with neighboring projects, including not only 4FRI but the West Escudilla 

Restoration Project.  

4) Under the current Forest Plan direction, the Project must analyze old growth forest area and 

manage no less than 20% of each management area as old growth. 

5) Develop a monitoring plan for assessing treatment impacts to Mexican spotted owl consistent 

with the 4FRI objection resolution (attached), avoid road construction in PACs and minimize road 

construction in the general landscape, apply specific fuel treatment modeling approaches in MSO habitat, 

and implement existing Forest Plan standards and guidelines without amendment.  

The following documents are attached to this letter to help inform the planning process: 

Item A. Cooper’s (1960) seminal report on old growth ponderosa pine forest 

Item B. 4FRI Old and Large Tree Retention  

Item C. The most recent “SPLYT” agreement, which is the stakeholder-developed and consensus-based 

direction for identifying Stands with a Preponderance of Large Young Trees, a category 

addressed in the 4FRI Old and Large Tree Retention Strategy. 

Item D. The Centers Objection Letter to the West Escudilla Restoration Project. Therein, we requested 

that the project incorporate the aforementioned Strategy and most-recent SPLYT definitions, as 

well as 4FRI stakeholder-developed treatment approaches for stands with occurrence of 

southwestern dwarf mistletoe 
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Item E. The Deputy Regional Foresters Resolution Letter regarding the Centers Objection to the West 

Escudilla Restoration Project, wherein the Deputy Regional Forester and Apache-Sitgreaves 

Supervisor agreed to incorporate the Centers concerns in exchange for our agreement to withdraw 

the Objection. 

Item F. A 4FRI stakeholder’s letter addressing the unanimous rejection of the Forest Service’s proposals 

to utilize aggressive overstory removal and even-aged management approaches in treating stands 

infected with mistletoe.  

Item G. 4FRI Objection Response letter from Regional Forester Cal Joyner to Jay Lininger of the Center, 

specifically CBD Issue 5 on pages 15-17, resolving the monitoring and implementation of 

combined treatments in MSO PACs. 

Item H. 4FRI Strategic Treatments for Fire Use Alternative, prepared by the Center for the 4FRI Rim 

Country Analysis. 

We appreciate the opportunity to engage in this important project with the Apache-Sitgreaves National 

Forest. Please keep me updated with project developments, opportunities to comment and collaborate, and 

any other time-sensitive notifications.  

  
Joe Trudeau, Southwest Advocate 

Center for Biological Diversity 

PO Box 1013, Prescott, AZ 86302 

603.562.6226 

jtrudeau@biologicaldiversity.org 
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I. Old Growth Protection & Large Tree Retention Strategy 
(OGP&LTRS) Overview 
 

The goals of the Four Forests Restoration Initiative (4FRI) are to restore healthy, diverse 

stands, supporting abundant populations of native plants and animals; to protect 

communities in forested landscapes from destructive wildland fire; and to support 

sustainable forest industries that strengthen local economies while conserving natural 

resources and aesthetic values. In short, we seek to re-establish largely self-regulating 

forested landscapes including their associated fire regimes through a process of 

ecological restoration that benefits communities, economies, ecosystems and 

biodiversity.   

 

Ecological restoration will require thinning post-settlement ponderosa pine trees
1
 in 

unnaturally dense stands.  While there is broad agreement for reducing small diameter 

tree densities, where and how this should be done has often been the subject of social and 

scientific debate.  The purpose of this document is to affirm recommendations of the 

4FRI Stakeholder Group relating to the retention of large post-settlement and old growth 

trees—recommendations that are critical to moving beyond those debates—and to 

provide specific, science-based recommendations for incorporation into 4FRI restoration 

plans and projects.   

 

Retention of Old Growth and Large Post-settlement Trees 

 

―The Path Forward‖—a foundational document of the 4FRI—calls for blanket old growth 

protection, regardless of tree size.  It states that, ―No old-growth trees (pre-dating Euro-

American settlement) shall be cut.‖  The document also includes broad recommendations 

for retaining large post-settlement trees with some carefully specified exceptions. 

 

In southwestern ponderosa pine forests, old-growth trees are important to ecosystem 

structure and function.  They increase genetic diversity on the landscape; old trees have 

greater genetic diversity than even-aged groups of young trees (Kolanoski 2002) and, 

thus, may have a better chance of adapting to changing climatic and environmental 

conditions, an ability they can pass on to their progeny.  In addition, when not surrounded 

by large amounts of fuel, the thick bark of old-growth trees makes them largely resistant 

to low-intensity surface fire (Agee 1998).  Old-growth trees also increase forest structural 

diversity, which, in turn, provides more wildlife habitat.  For example, large trees provide 

additional structure for bats, which roost under slabs of bark; nest trees for northern 

goshawks and Mexican spotted owls; continuous canopy for tassel-eared squirrels; and 

foraging habitat for bark-gleaning birds (Bull and Hohmann 1994, Humes et al. 1999, 

Dodd et al. 2003).  In addition, old trees often become long-lasting snags when they die, 

which benefits many species of cavity-nesting birds and mammals (Chambers and Mast 

                                                 
1
 Large and old growth tree recommendations offered in this document refer specifically 

to ponderosa pine trees. 
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2005).  Old, large trees also serve as long-term carbon stores (Harmon et al. 1990) and 

preserve a record of the past that can inform future research about insect outbreak, fire 

history, and climate change (Fulé et al. 1997, Soulé and Knapp 2006).  Finally, old-

growth trees enhance the aesthetics of forests (Brown and Daniel 1984) and, thus, 

increase public support for restoration projects. Old-growth trees are present on the 

landscape at similar or lower densities compared to presettlement times (Mast et al. 1999, 

Moore et al. 2004), depending on how many trees have been removed postsettlement by 

forest management practices (e.g., clearcut, thinning, seed tree, etc.).  The three main 

threats to old-growth trees are high-severity wildfire, competition from mid- or under-

story trees, and drought and subsequent bark beetle attacks (Kolb et al. 2007).  

Restoration treatments (thinning and prescribed burning) around old-growth trees can 

cause some mortality. However, this threat can be reduced through careful management 

(Hood 2010).  In addition, restoration treatment should result in a reduced threat of 

wildfire, a release from competition, and increased tree growth (Fajardo et al. 2007, Fulé 

et al. 2007). 

 

The Path Forward also calls for retaining large post-settlement trees (defined by the 

socio-political process as those greater than 16 inches diameter-at-breast height [dbh])  

throughout the 4FRI landscape, except: (1) as necessary to meet community protection 

and public safety goals within the Community Protection Management Areas identified 

in the Analysis of Small Diameter Wood Supply in Northern Arizona and where 

stakeholder agreement identifies priority areas within approved CWPPs; and (2) when 

best available science and stakeholder agreement (as defined in the 4FRI Charter) 

identify sites where ecological restoration and biodiversity objectives cannot otherwise be 

met – specifically wet meadows, seeps, springs, riparian areas, encroached grasslands, 

aspen groves or oak stands, within-stand openings, and heavily stocked stands with high 

basal area generated by a preponderance of large, young trees.   

 

We recognize that there are multiple causes of ecological degradation that may not be 

affected by mechanical thinning and different types of burning. The exceptions 

articulated in the following section are intended to be part of a more comprehensive and 

concurrent approach to treating causes (rather than just symptoms) of ecological decline. 

To that end, we are asking the Forests to work collaboratively on a comprehensive 

restoration assessment that identifies possible management actions to stem/reverse 

ecological decline.  We believe this restoration assessment should focus on a wider range 

of forest resources than just timber and fire; such as hydrology, range, recreation, and 

wildlife.  We ask the four National Forests to initiate this assessment with the 4FRI 

Stakeholders, upon release of the Draft EIS for the first project area.  

 

The intention of the exception process is to increase landscape heterogeneity and 

conserve biodiversity. Thus we do not support implementing any exceptions where 

removing the trees would conflict with existing recovery/conservation plan objectives for 

managing sensitive, threatened or endangered species or their habitat.  We also recognize 

there may be additional areas and/or circumstances where large trees need to be removed 

to achieve restoration.  These circumstances should be identified through a site-specific, 

agreement-based, collaborative process as described in the 4FRI Charter.  
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II. OGP&LTRS Rationale: The Historical Debate Regarding Diameter 
Caps in the Southwest and the 4FRI’s Large Tree Retention Policy  

 

Introduction 

Diameter caps for tree cutting have been used in forest management efforts across the 

West.  They have been and continue to be the subject of much debate.  In this section of 

the Large Tree Retention Strategy document, two different perspectives on diameter caps 

are presented.  Recognizing that the 4FRI Large Tree Retention and Old Growth 

Protection Strategy is not meant to serve as a strict diameter cap, these perspectives are 

offered here to illuminate elements of the historical debate that have led to the 4FRI’s 

formulation of the existing Large Tree Retention and Old Growth Protection Strategy. 

 

Arguments in Favor of Diameter Caps 

There is a generally recognized need to retain larger trees and protect old growth in 

southwestern ponderosa pine forest restoration.  Some proponents of large tree retention 

have suggested that a 16‖ diameter cap is both ecologically and socio-politically 

warranted given the scarcity of mature and old growth forest cover in the region; the need 

to quickly re-establish lost mature and old forest structure; the necessity of retaining trees 

larger than 16‖ dbh to recruit new trees into regionally-underrepresented VSS 5, 6 and 

―old growth‖ structural stages; and the regional rarity of trees larger than 16‖ 

(approximately 96% of ponderosa pine trees in northern Arizona and New Mexico are 

smaller than 16-inch dbh).   

 

Such proponents have proposed diameter caps as a means to (1) prevent large-tree 

logging for production-oriented, uneven-aged silvicultural goals, (2) discourage large-tree 

logging to pay for small-tree thinning or other activities, (3) favor small-diameter-specific 

industries over large-tree-dependent ones, (4) avoid population-level effects to imperiled 

species and wildlife that are associated with larger live and dead trees and denser canopy, 

(5) mitigate unforeseen large tree mortality during and following restoration treatments, 

(6) mitigate unknown rates of future large tree mortality resulting from re-establishing 

natural fire regimes and future climates, (7) mitigate under-estimates of historical tree 

densities owing to evidence undercounting and loss to fire, logging and decay, (8) 

accommodate differing reference scales, choices of reference attributes, restoration 

objectives and desired degrees of precision or rates of change, (9) mitigate uncertainty 

about future national forest policy, timber and wildlife habitat management, and (10) 

facilitate a restoration approach that reduces immediate crown fire threat while 

incrementally moving the forest toward its natural range of variability through a 

combination of thinning and natural fire.   

 

Diameter limits and exception-thresholds for tree cutting are a common strategy for 

achieving ecological objectives in western forest landscapes.  In their recommendations 

to Congress and the President, the Eastside Forests Scientific Society Panel proposed a 

20‖ diameter limit for trees younger than 150 years old to protect late-successional and 

old-growth dry forests of eastern Oregon and Washington.  They cited the ecological 

importance and scarcity of large and old trees and the need to retain them to replenish 

regionally-depleted supplies of large and old trees, snags, logs and associated wildlife 
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habitat.
 
 Those recommendations formed the basis for interim management direction 

amending nine national forest plans and establishing a 21‖ diameter limit in dry forests 

which in turn carried forward into an exception-threshold of 21‖ diameter in legislation 

proposed to restore dry forests of eastern Oregon.  The Sierra Nevada Framework set 

forth a 20‖ diameter limit for tree cutting to conserve late-seral forests across national 

forest land in the Sierra Nevada. Larger diameter limit and exception-thresholds in these 

examples reflect more productive forests and larger mean diameters than in southwestern 

forests.  Diameter limits in Region 3 forest plans restrict large tree cutting in habitat for 

Mexican spotted owl and northern goshawk for their viability and in ―old growth‖; 

diameter-based ―vegetative structural stages‖ guide management of those species’ 

habitats. 

 

Arguments Against Diameter Caps 

Arbitrary diameter thresholds (or ―caps‖) may assure that trees of a certain size are 

retained, but they do not guarantee that short- or long-term ecological restoration goals 

will be achieved. In fact, diameter caps can actually prevent attainment of ecological 

restoration objectives because they can have unintended consequences such as interfering 

with the restoration of herbaceous openings and, where unnaturally dense stands of 

larger, post-settlement trees predominate, caps can limit fuel reduction and, therefore, 

undermine the agency’s ability to re-establish surface fire (Abella et al. 2006, Sanchez-

Meador 2009). A diameter threshold also creates a ―one-size-fits-all‖ guideline which can 

lead to treatments that are inconsistent with site-based conditions.  

 

In general caps are arbitrarily chosen to achieve socio-political objectives that do not 

necessarily support comprehensive ecological restoration. Contemporary diameter caps, 

even as an informal agreement, have become the condition that allows fuel reduction and 

restoration to move forward without lengthy delays due to appeals and litigation. 

Examples of their arbitrary application include: 

 

 In order to test restoration treatments in the Grand Canyon, a 5-inch cap was 

required by environmental advocates (Fulé 2006). 

 For restoration to proceed in the White Mountains, a 16-inch cap was required 

(Abrams and Burns 2007). 

 A 12-inch cap was employed to define forest biomass appropriate for generating 

renewable energy (Arizona Corporation Commission, 2006). 

 On the Coconino National Forest, a 16-inch cap was imposed to allow restoration 

projects proposed by the Grand Canyon Forest Partnership to proceed (Friederici 

2003).  

 

Further evidence that caps undermine ecological restoration goals is reflected in a recent 

decision on the Marshall Fuel Reduction and Forest Restoration Project (USFS 2010). 

The Forest Service rejected an alternative that proposed a 16-inch diameter cap because, 

―A 16-inch cap would prevent the restoration of natural openings and more natural spatial 

distribution of clumps of trees important for wildlife habitat and forest health.‖ When 

administrative and legal challenges to forest thinning and restoration projects prevail it is 
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generally because of issues related to agency compliance with law and policy (Brown 

2009)—not because there is a scientific basis for a diameter threshold. 

 

Finally, a static diameter cap fails to account for the fact that trees grow, that restoration 

will occur over decades while those trees are growing, and that over time, retention of 

excess trees may undermine efforts to restore ecosystem resilience in the face of drier 

conditions associated with climate change (Glicksman 2009, Westerling et al. 2006). 

 

Conclusions 

Recognizing a need to move beyond the historical debate and move forward with 

landscape-scale restoration that is ecologically, socially, and economically viable, the 

4FRI Collaborative has agreed that the 4FRI effort should implement large tree retention 

and old growth protection strategies that are not based on strict diameter limits, but are 

based upon a 16‖ diameter threshold that limits the cutting of trees larger than 16‖ to 

circumstances and criteria set forth in pre-defined exception categories that follow.  In 

addition, we are committed to monitoring the outcomes of treatments that follow this 

guidance to determine if they achieve our ecological restoration goals. If they do not we 

are committed to adapting this policy to achieve better ecological outcomes.  

 

It is our hope and expectation that this approach will balance the approaches and opinions 

expressed above, and will serve as a policy mechanism for supporting comprehensive 

ecosystem restoration while addressing stakeholders’ needs for protecting old growth and 

large ponderosa pine trees. 
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III. Exception Process for Large Post-Settlement Tree Retention 
 

The following section outlines a problem statement, specific identifying circumstances, 

ecological objectives and selection criteria for instances in which large post-settlement 

trees may be cut to meet restoration objectives.  At specific locations, large trees may 

need to be removed, felled, or girdled for purposes of ecological restoration and 

biodiversity conservation.  The purpose of this section is to provide sufficient specificity 

to translate those exception categories—where stakeholder agreement exists to do so—

into management actions and tree-marking guidelines.  For eight of the nine exception 

categories  programmatic recommendations describe the circumstances and criteria in 

which large post-settlement trees may need to be removed.  For the ―Heavily Stocked 

Stands with High Basal Area Generated by a Preponderance of Large Young Trees‖ (or 

―Large Young Tree‖) exception category, getting to a higher level of social and scientific 

agreement entails more complexity and challenges, so we propose the initiation of 

additional collaborative discussion and planning that we hope will bolster restoration 

efforts by increasing confidence and knowledge-sharing, maximizing agreement and 

minimizing disagreement. 
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IV. Exceptions 
 

Seeps & Springs 
 

Suggested Tree Marking Exception Code: ―S‖  

 

Identifiable Circumstance 

 

Seeps are locations where surface-emergent groundwater causes ephemeral or perennial 

moist soil or bedrock, where standing or running water is infrequent or absent and that 

exhibit vegetation and other biological diversity adapted to mesic soils.   

 

Springs are small areas where surface-emergent groundwater causes ephemeral or 

perennial standing or running water, wet or moist soils and that exhibit vegetation and 

other biological diversity adapted to mesic soils or aquatic environments (Feth and Hem 

1963). 

 

Problem Statement 

 

Seeps exhibit unique, often isolated biophysical conditions that can sustain unique, 

mesic-adapted biological diversity and can facilitate endemism and speciation.  In the 

absence of frequent fires and in the presence of livestock grazing, large post-settlement 

trees may have established and grown in such proximity to seeps to compromise 

available soil moisture or light upon that afford those unique biophysical conditions.  

 

Springs exhibit unique, often isolated biophysical conditions that can sustain unique, 

mesic-adapted or aquatic biological diversity and can facilitate endemism and speciation.  

Springs also provide water and other habitat to terrestrial wildlife.  In the absence of 

frequent fires and in the presence of livestock grazing, large post-settlement trees may 

have established and grown in such proximity to springs to compromise available soil 

moisture (Simonin et al. 2007) or light upon that afford those unique biophysical 

conditions. 

 

Removal of these trees may constitute a relatively small part of an overall seep and spring 

restoration effort when compared to addressing root causes of overall degradation. 

Thinning alone without addressing other sources of degradation is unlikely to restore 

seeps and springs (Thompson et al. 2002). 

 

Ecological Objectives   

 

(1) Conserve and restore the biophysical conditions in seeps and springs upon 

which terrestrial, mesic-adapted and aquatic native biological diversity 

depend. 
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Criteria 

 

Large (>16‖dbh) post-settlement ponderosa pine trees may be removed to conserve the 

unique biophysical attributes of seeps & springs according to these criteria: 

 

(1) Where large trees’ roots are encroaching on mesic soils associated with a seep 

or spring, or such trees’ drip lines are overlapping or nearly overlapping a 

seep or spring such that its shading compromises the integrity of a spring’s 

unique biophysical attributes, and; 

 

 

(2) Where removing the trees does not conflict with existing 

recovery/conservation plan objectives for managing sensitive, threatened or 

endangered species or their habitat. 

 

Note: 

Where there is evidence of pre-settlement trees having grown in similar root and crown 

proximity to said seep or spring in the past, leave an equivalent number of large 

replacement trees. 
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Riparian 
 

Suggested Tree Marking Exception Code: ―R‖  

 

Identifiable Circumstance 

 

Riparian areas occur along ephemeral or perennial streams or are located down-gradient 

of seeps or springs.  These areas exhibit riparian vegetation, mesic soils, and/or aquatic 

environments.    

 

Problem statement 

 

Riparian areas exhibit unique biophysical conditions that can sustain unique, mesic-

adapted or aquatic biological diversity.  Riparian areas and the streams, springs and seeps 

connected to them often harbor imperiled species and can be sources of endemism.  

Riparian areas also provide water and other habitat to terrestrial wildlife.  In the absence 

of frequent fires and in the presence of livestock grazing, water development projects and 

other factors, large post-settlement trees may have established and grown within riparian 

areas such that they compromise available soil moisture or light that support those unique 

biophysical conditions.  However, it is likely to be a very rare circumstance that trees of 

any size will need to be removed from forested riparian zones.   

  

Cutting of any trees within riparian areas should minimize impacts by following Best 

Management Practices (BMPs).  

 

Whenever possible, large trees identified for cutting should be left onsite as snags or 

downed logs.  

 

Removal of these trees may constitute a relatively small part of an overall riparian area 

restoration effort when compared to addressing fundamental causes of overall 

degradation. Thinning alone without addressing other sources of degradation is unlikely 

to restore riparian areas. 

 

Ecological Objectives   

 

Conserve and restore the biophysical conditions in riparian habitat upon which terrestrial 

and aquatic native biological diversity depend. 

 

Criteria 

 

Large (>16‖dbh) post-settlement ponderosa pine trees may be removed to conserve the 

unique biophysical attributes of riparian areas according to these criteria: 

 

(1) Where large trees are growing (rooted) within a riparian area and 

compromising available soil moisture or light that support that area’s unique 

biophysical conditions, and 
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(2) Where removing the trees does not conflict with existing 

recovery/conservation plan objectives for managing sensitive, threatened or 

endangered species or their habitat. 

 

Notes: 

Where there is evidence of pre-settlement trees having grown in similar root and crown 

proximity to said  riparian in the past, leave an equivalent number of large replacement 

trees. 

 

There may be additional areas and/or circumstances identified for riparian restoration 

through a site specific agreement-based, collaborative process as described in the 4FRI 

Charter. 
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Wet Meadows 
 

Suggested Tree Marking Exception Code: ―WM‖  

 

Identifiable Circumstance 

 

High-elevation streamside or spring-fed meadows occur in numerous locations 

throughout the Southwest.  However, less than 1% of the landscape in the region is 

characterized as wetland (Dahl 1990), and wet meadows are just one of several wetland 

types that occur.  Patton and Judd (1970) reported that approximately 17,700 ha of wet 

meadows occur on national forests in Arizona and New Mexico.   

 

These areas may be referred to as riparian meadows, montane (or high-elevation) riparian 

meadows, sedge meadows, or simply as wet meadows.  Wet meadows are usually located 

in valleys or swales, but may occasionally be found in isolated depressions, such as along 

the fringes of ponds and lakes with no outlets.  Where wet meadows have not been 

excessively altered, sedges (Carex spp.), rushes (Juncus spp.), and spikerush (Eleocharis 

spp.) are common species (Patton and Judd 1970, Hendrickson and Minckley 1984, 

Muldavin et al. 2000). Willow (Salix) and alder (Alnus) species often occur in or adjacent 

to these meadows (Long 2000, 2002, Maschinski 2001, Medina and Steed 2002).  High-

elevation wet meadows frequently occur along a gradient that includes aquatic vegetation 

at the lower end and mesic meadows, dry meadows, and ponderosa pine or mixed conifer 

forest at the upper end.  These vegetation gradients are closely associated with 

differences in flooding, depth to water table, and soil characteristics (Judd 1972, Castelli 

et al. 2000, Dwire et al. 2006).  While relatively rare, wet meadows are believed to be of 

disproportionate value because of their use by wildlife and the range of other ecosystem 

services they provide.  Wet meadows perform many of the same ecosystem functions 

associated with other wetland types, such as water quality improvement, reduction of 

flood peaks, and carbon sequestration.  

 

Problem statement 

 

Wet meadows are one of the most heavily altered ecosystems.  They have been used 

extensively for grazing livestock, have become the site of many small dams and stock 

tanks, have had roads built through them, and have experienced other types of hydrologic 

alterations, most notably the lowering of their water tables due to stream downcutting, 

surface water diversions, or groundwater withdrawal (Neary and Medina 1996, Gage and 

Cooper 2008).  In the presence of livestock grazing and hydrologic changes, large post-

settlement trees may have established and grown within wet meadows such that they 

compromise available soil moisture or light creating unique biophysical conditions.   

 

Removal of these trees may constitute a relatively small part of an overall wet meadow 

restoration effort when compared to addressing root causes of overall degradation. 

Thinning alone without addressing other sources of degradation is unlikely to restore wet 

meadows. 
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Ecological Objectives   

 

Conserve and restore the biophysical conditions of wet meadows upon which terrestrial 

native biological diversity depend. 

 

Criteria 

 

Large (>16‖dbh) post-settlement ponderosa pine trees may be removed to conserve the 

unique biophysical attributes of wet meadows according to these criteria: 

 

(1) Where large trees are growing (rooted) in a wet meadow, and 

 

 

(2) Where removing the trees does not conflict with existing 

recovery/conservation plan objectives for managing sensitive, threatened or 

endangered species or their habitat. 

 

Note: 

Where there is evidence of pre-settlement trees having grown in similar root and crown 

proximity to said wet meadows in the past, leave an equivalent number of large 

replacement trees. 
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Encroached Grasslands 
 

Suggested Tree Marking Exception Code: ―EG‖  

 

Identifiable Circumstance 

 

Encroached grasslands are herbaceous ecosystems that have infrequent-to-no evidence of 

pine trees growing prior to settlement. The two prevalent grassland categories in the 4FRI 

landscape are montane (includes subalpine) grasslands and Colorado Plateau (a subset of 

Great Basin) grasslands, with montane grasslands being most common (Finch 2004).  A 

key indicator of grasslands is the presence of mollisol soils, which are typically deeper 

with higher rates of accumulation and decomposition of soil organic matter relative to 

soils in the surrounding landscape. Grasslands in this region evolved during the Miocene 

and Pliocene periods, and the dark, rich soils observed in grasslands today have taken 

more than 3 million years to produce.  In addition to their association with mollic soils, 

grasslands in this region are maintained by a combination of climate, fire, wind 

desiccation, and to a lesser extent by animal herbivory (Finch 2004).   

 

Typical montane grasslands in this region are characterized by Arizona fescue (Festuca 

arizonica) meadows on elevated plains of basaltic and sandstone residual soils.  Montane 

grasslands are the most naturally fragmented grasslands in the region, ranging from 

thousands of acres in size (e.g., in the White Mountains, Baker 1983) down to only a few 

acres.  They generally occur in small (<100 ac.) to medium-sized (100 to 1000 ac.) 

patches.  Historic maintenance of the herbaceous condition in these grasslands is subject 

to some debate though appears to be primarily driven by periodic fire.  The cool-season 

growth of Arizona fescue also plays a large role in maintenance of parks and openings by 

directly competing with ponderosa pine seedlings.   

 

Identification of grasslands in this region should use a combination of the Terrestrial 

Ecosystem Survey, Southwest Regional GAP Analysis, Brown and Lowe Vegetation 

Classification (Brown and Lowe 1982; TNC GIS Layer 2006) among other existing 

vegetation and soils data. 

 

This exception category will require an iterative process of collaborative mapping, field 

verification, and refinement. There are some debate and questions about where and how 

much the grassland-forest mosaic shifts over time and space. There are also debate and 

questions about whether some recently-burned areas are early seral forests or stable 

grasslands, whether or how they may be surrogates for historical grasslands, and if or 

how that should factor into the overall retention of forest cover.  Recognizing the 

importance of montane grassland restoration, we encourage all parties to seek resolution 

to these issues on a case-by-case basis through field visits, literature review, and/or 

discussion. 

 

 

Problem statement 
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Prior to European settlement, pine trees rarely established in grasslands because they 

were either outcompeted by production of cool-season grasses or killed by frequent fire 

(Finch 2004).   In the late 1800s, unsustainable livestock grazing practices significantly 

reduced herbaceous cover, releasing competition pressure on pine seedlings.  Coupled 

with the onset of fire suppression in the early 1900s, pine trees rapidly encroached and 

recruited into native grasslands (e.g., Allen 1984, Moore and Huffman 2004, Coop and 

Givnish 2007).Pine encroachment into grasslands has contributed to a significant loss of 

biodiversity (Stacey 1995) and wildlife habitat particularly for grassland-dependent 

species such as pronghorn. Plant diversity is particularly important in grassland 

ecosystems: grassland plots with greater specie diversity have been found to be more 

resistant to drought and to recover more quickly than less diverse plots (Tilman and 

Downing 1994); this resilience will become even more important in a warming climate. 

Pine tree removal, restoration of fire, and complementary reductions in livestock grazing 

pressure are all necessary to restore structure and function of native grasslands. 

 

Ecological Objectives 

 

(1) Enhance, maintain, and restore naturally functioning grasslands. 

 

(2) Ensure native grassland composition, increase native species diversity, 

improve resilience to drought. 

 

(3) Restore natural fire regime. 

 

Criteria 

 

Large (>16‖ dbh) post-settlement ponderosa pine trees may be cut and/or removed to 

restore the unique biophysical attributes of grasslands according to these criteria: 

 

(1) Where existing grasslands are being encroached, and large trees are 

interfering with overall restoration objectives, and 

 

(2) Where removing the trees does not conflict with existing 

recovery/conservation plan objectives for managing sensitive, threatened or 

endangered species or their habitat. 

 

There may be additional areas and/or circumstances identified for grassland 

restoration through a site specific agreement-based, collaborative process as described 

in the 4FRI Charter. 
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Aspen Forest & Woodland 
 

Suggested Tree Marking Exception Code: ―AF‖ 

 

Identifiable Circumstance 

 

Quaking aspen (Populus tremuloides) occurs in small patches throughout the 4FRI area.  

Bartos (2001) refers to three broad categories of aspen: (1) stable and regenerating 

(stable), (2) converting to conifers (seral), and (3) decadent and deteriorating. Almost all 

of the aspen within ponderosa pine of the 4FRI area occurs as seral aspen, and 

regenerates after disturbance.  Favorable soil and moisture conditions maintain stable 

aspen over time.  

 

Problem Statement 

 

Aspen occurs within ponderosa pine forests, and is ecologically important due to the high 

concentration of biodiversity that depends on aspen for habitat (Tew 1970, DeByle 1985, 

Finch and Reynolds 1987, Griffis-Kyle and Beier 2003).  In addition, stable aspen stands 

serve as an indicator of ecological integrity (Di Orio and others 2005).  However, aspen 

is currently declining at an alarming rate (Fairweather and others 2008).   

 

The loss of fire as a natural disturbance regime in southwestern ponderosa pine forests 

since European settlement has caused much of the aspen-dominated lands to succeed to 

conifers (Bartos 2001). Other factors contributing to gradual aspen decline over the past 

140 years include reduced regeneration from browsing by livestock and introduced and 

native wild ungulates in the absence of natural predators like wolves (Pearson 1914, 

Larson 1959, Martin 1965, Jones 1975, Shepperd and Fairweather 1994, Martin 2007).  

More recently, aerial and ground surveys indicate more rapid decline of aspen, with 90% 

mortality occurring in low elevation aspen sites and over 60% mortality observed in mid-

elevations. Major factors thought to be causing this rapid decline of aspen include frost 

events, severe drought, and a host of insects and pathogens (Fairweather and others 2008) 

that have served as the ―final straws‖ for already compromised stands.  

 

Removal of encroaching pine trees constitutes part of an overall aspen restoration effort. 

Thinning alone without addressing other sources of degradation, such as excessive 

herbivory is unlikely to successfully restore aspen forests. 

 

Some stakeholders expressed that considerable uncertainty exists around fire regimes for 

aspen in ponderosa pine, and that research questions remain unanswered around the 

prevalence of mixed-severity fire and its ecological role as a driving force for aspen 

stands at the top of its elevational range, and on steep slopes within this vegetation type. 

 

 

 

Ecological Objectives 
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(1) Conserve and restore aspen forests and woodlands within 4FRI area by 

restoring appropriate fire regimes and decreasing competition from ponderosa 

pine. 

 

 

(2) Protect regeneration, saplings, and juvenile trees from browsing. 

 

 

Criteria 

 

Large (>16‖dbh) post-settlement trees may be cut in conifer-encroached seral aspen 

stands according to the following criteria: 

 

(1) Where current post-settlement ponderosa pine tree numbers are above and beyond 

residual targets (identified using pre-settlement conifer tree evidences), and 

 

(2) Where  fire cannot be used safely and effectively to regenerate or maintain aspen, 

or 

 

(3) Where site visitation and/or data collection and analysis indicates the need for 

encroachment mitigation, and 

 

 

(4) Where removing large trees does not conflict with existing recovery/conservation 

plan objectives for managing sensitive, threatened or endangered species or their 

habitat     

 

Note: 

There may be additional areas and/or circumstances identified for aspen restoration 

through a site specific agreement-based, collaborative process as described in the 4FRI 

Charter. 
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Ponderosa Pine/Gambel Oak Forest (Pine-Oak) 
 

Suggested Tree Marking Code: ―P-O‖ 

 

Identifiable Circumstance 

 

A number of habitat types exist in the southwestern United States that could be described 

as pine-oak.  Ponderosa pine forests are interspersed with Gambel oak trees in locations 

throughout the 4FRI area in a habitat association referred to as PIPO/QUGA (USFS 

1997, USDI FWS 1995). Specifically, any stand within the Pinus ponderosa series where 

≥10% of stand basal area consists of Gambel oak (Quercus gambelii) ≥13 cm (5 in) 

diameter at root collar (drc) is considered to be pine-oak within the 4FRI area (USDI 

FWS 1995). In southwestern ponderosa pine forests, Gambel oak has several growth 

forms distinguished by stem sizes and the density and spacing of stems within clumps.  

These include shrubby thickets of small stems, clumps of intermediate-sized stems, and 

large, mature trees that are influenced by age, disturbance history, and site conditions 

(Brown 1958, Kruse 1992, Rosenstock 1998, Abella and Springer 2008, Abella 2008a). 

Different growth forms provide important habitat for a large number of varying wildlife 

species (Neff and others 1979, Kruse 1992). 

 

Gambel oak provides high quality wildlife habitat in its various growth forms, and is a 

desirable component of ponderosa pine forests (Neff and others 1979, Kruse 1992, 

Bernardos et al. 2004). Gambel oak enhances soils (Klemmedson 1987), wildlife habitat 

(Kruse 1992, Rosenstock 1998, USDI FWS1995, Bernardos et al. 2004), and understory 

community composition (Abella and Springer 2008). Large oak trees are particularly 

valuable since they typically provide more natural cavities and pockets of decay that 

allow excavation and use by cavity nesters than conifers.  In addition to its important 

ecological role, Gambel oak has high value to humans as it is a popular fuelwood that 

possesses superior heat-producing qualities compared to other tree species (Wagstaff 

1984). 

 

 

Problem Statement 

 

Although management on public lands with regard to oak has changed to better protect 

the species, illegal fuelwood cutting of Gambel oak and elk and livestock grazing 

negatively impact oak growth and regeneration (Harper et al. 1985, Clary and Tiedemann 

1992, Rick Miller, 1993, unpublished report) and continues to result in the removal of 

rare, large diameter oak trees (Bernardos et al. 2004).   

 

A literature review by Abella and Fule (2008) found that Gambel oak densities appear to 

have increased in many areas with fire exclusion, especially in the small and medium-

diameter stems (<8‖ dbh).  Chambers (2002) found that Gambel oak on the Kaibab and 

Coconino National Forests was distributed in an uneven-aged distribution, dominated by 

smaller size classes (<5 cm dbh) and few large diameter oak trees.  Because of Gambel 
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oak’s slow growth rate, there may be little opportunity for these small Gambel oak trees 

to attain large diameters (>85 cm) (Chambers 2002).  

 

Pine competition with oak has been identified as an issue in slowing oak growth, 

particularly for older oaks (Onkonburi 1999). Onkonburi (1999) also found that for 

northern Arizona forests, pine thinning increased oak incremental growth more than oak 

thinning and prescribed fire. Fule (2005) found that oak diameter growth tended to be 

greater in areas where pine was thinned relative to burn only treatments and controls. 

Thinning of competing pine trees may promote large oaks with vigorous crowns and 

enhanced acorn production (Abella 2008b), and may increase oak seedling establishment 

(Ffolliott and Gottfried 1991). 

 

Ecological Objectives: 

 

(1) Maintain and restore all growth forms of Gambel oak, focusing on enhancing 

and maintaining larger, older oak trees.  

 

(2) Restore frequent, low intensity surface fire to ponderosa pine-Gambel oak 

forests. 

 

(3) Restore and maintain brushy thicket, pole and dispersed clump growth forms 

of Gambel oak by allowing natural self-thinning, thinning dense clumps, 

and/or burning. 

 

(4) Protect Gambel oak growth forms from fuel wood cutting, damage during 

restoration treatments including thinning and post thinning slash burning. 

 

Criteria  

 

In pine-oak, which occurs when >10% of the stand basal area consists of Gambel oak 

>13 cm (5 in) diameter at root collar, large (>16 dbh) post-settlement ponderosa pine 

trees may be removed to conserve oaks according to these criteria: 

 

In MSO restricted habitat:  

 

(1) Within MSO habitat and designated critical habitat, the Recovery Plan for the 

Mexican spotted owl should be followed to improve key habitat components and 

primary biological factors, which includes Gambel oak, or  

 

Outside MSO restricted habitat: where large post-settlement trees’ drip lines or roots 

overlap with those of Gambel oak trees exhibiting drc of >12‖; and 

 

 

(2) Where removing the trees does not conflict with existing recovery/conservation 

plan objectives for managing sensitive, threatened or endangered species or their 

habitat. 
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Within Stand Openings 
 

Suggested Tree Marking Exception Code: ―WSO‖  

 

Identifiable Circumstance 

 

Within Stand Openings are small openings (generally 0.05 to 1.0 acres) that were 

occupied by grasses and wildflowers before settlement (Pearson 1942, White 1985, 

Covington and Sackett 1992, Sanchez-Meador et al. 2009).  Pre-settlement openings can 

be identified by the lack of stumps, stump holes, and other evidence of pre-settlement tree 

occupancy (Covington et al. 1997).  These openings are most pronounced on sites with 

heavy textured (e.g., silt-clay loam) soils (Covington and Moore 1994).  Current openings 

include fine scaled canopy gaps. It is not necessary that desired within stand openings 

and groups be located in the same location that they were in before settlement (the site 

fidelity assumption).  Trees might be retained in areas that were openings before 

settlement, and openings might be established in areas which had previously supported 

pre-settlement trees.  The within stand opening criteria described here are distinct from 

and should not be considered as guidance relating to regeneration openings.  The 

stakeholder group does not support the cutting of large trees to create regeneration 

openings. 

 

Problem Statement 

 

Within stand openings appear to have been self-perpetuating before overgrazing and fire 

exclusion (Pearson 1942, Sanchez-Meador et al. 2009).  Fully occupied by the roots of 

grasses and wildflowers as well as those of neighboring groups of trees, these openings 

had low water and nutrient availability because of intense root competition (Kaye et al. 

1999).  Heavy surface fuel loads insured that tree seedlings were killed by frequent 

surface fires, reinforcing the competitive exclusion of tree seedlings (Fulé et al. 1997). 

These natural openings appear to have been very important for some species of 

butterflies, birds, and mammals (Waltz and Covington 2004).  Often the largest post-

settlement trees, typically a single tree, became established in these natural within a stand 

opening as soon as herbaceous vegetation was removed by overgrazing (Sanchez-Meador 

et al. 2009).  Contemporary within stand openings or areas dominated by smaller post-

settlement trees should be the starting point for restoring more natural within stand 

heterogeneity. 

  

Ecological Objectives 

 

(1) Conserve and restore openings within stands to provide natural spatial 

heterogeneity for biological diversity. 

 

(2) Break up fuel continuity to reduce the probability of torching and crowning. 

 

(3) Restore natural heterogeneity within stands. 
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(4) Promote snow-pack accumulation and retention to benefit groundwater 

recharge and watershed processes at small scale. 

 

Criteria 

 

 

Large (>16‖ dbh) post-settlement ponderosa pine trees may be removed to restore the 

unique biophysical attributes of within stand openings according to these criteria: 

 

(1) When the presence of such trees would prevent the re-establishment of 

sufficient within stand openings to emulate natural vegetation patterns based 

on current stand conditions, pre-settlement evidences, desired future 

conditions, or other restoration objectives, and 

 

(2) Where desired openings are tentatively identified as ≥0.05 acre (these 

openings should be established wherever possible by enlarging current within 

stand openings or where small diameter trees are predominant), and 

 

(3) Where removing the trees does not conflict with existing 

recovery/conservation plan objectives for managing sensitive, threatened or 

endangered species or their habitat. 

 

NOTE:  It is not necessary that within stand openings and groups be located in the same 

location that they were in before settlement.  That is, trees might be retained in areas that 

were openings before settlement, and openings might be established in areas that had 

previously supported pre-settlement trees. 
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2Heavily Stocked Stands with High Basal Area Generated By a 
Preponderance of Large Young Trees 

 

Suggested Tree Marking Exception Code:  ―LYT‖ 

 

Identifiable Circumstance  
In some areas irruption of post-settlement has been so robust that current stand structure 

is characterized by high density and basal area of large, young ponderosa pine trees. 

These stands or groups of stands exhibit continuous canopy promoting unnaturally severe 

fire effects under severe fire weather conditions.  At the small scales, this circumstance 

applies on a case-by-case basis where the cutting of large trees is necessary to meet site-

specific ecological objectives such as reducing potential for crown fire spread into 

communities or important habitats such as for Mexican spotted owls and/or goshawk nest 

stands.  This circumstance applies where other exception categories, when implemented, 

would not alleviate the afore-mentioned severe fire effects. 

 

Problem Statement  
In stands where pre-settlement evidences, restoration objectives, community protection, 

or other social or ecological restoration objectives indicate much lower tree density and 

BA would be desirable, large post-settlement pines may need to be removed to achieve 

post-treatment conditions consistent with a desired restoration trajectory. In stands where 

evidences indicate that higher tree density and BA would have occurred pre-settlement, 

only a few large pines may need to be removed. Many of these areas would support 

crown fire, and thus require structural modification to reduce crown fire potential and 

restore understory vegetation that supports surface fire. 

  

Ecological Objectives  
 

Natural heterogeneity of forest, savannah and grasslands occurs at the landscape scale.  

 

Natural heterogeneity exists within stands.  

 

Canopy fuel discontinuity reduces the probability of torching and crowning and restores 

herbaceous fuel continuity to carry surface fire.  

 

Natural fire (rather than silviculture) is the principle regulator of forest structure over 

time. 

 

Restore groups by retaining the largest trees on the landscape to most quickly re-establish 

old growth structure, where appropriate to site conditions, restoration and species 

conservation objectives. 

 

                                                 
2
 The ―Large Young Tree‖ exception was drafted, vetted with the Stakeholder Group, 

finalized and submitted to the USFS on July 15, 2011. 
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Criteria  

Large (>16” dbh) post-settlement ponderosa pine trees may be removed to meet 

restoration objectives according to these criteria:  

 

(1) When the presence of such trees contributes to continuous canopy promoting 

unnaturally severe mid- or larger-scale (100+ acre) fire effects under severe fire 

weather conditions; 

 

(2) When the cutting of such trees is necessary to meet site-specific social or 

ecological objectives such as reducing potential for crown fire spread into 

communities or important habitats such as for Mexican spotted owls and/or 

goshawk nest stands;  

 

(3) When other exception categories, if implemented, would not alleviate the afore-

mentioned severe fire effects; 

 

(4) When removing the trees does not conflict with existing recovery / conservation 

plan objectives for managing sensitive, threatened or endangered species or their 

habitat. 

 

Note: It is not necessary that trees or groups be located in the same location that they 

were in before settlement. That is, trees might be retained in areas that were openings 

before settlement, and openings might be established in areas that had previously 

supported pre-settlement trees. 
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V. Description of Desired Next Steps and Ongoing Collaborative 
Clarification of OGP&LTRS 

 

 

All of the exception categories listed in this document have been clarified such that they can 

be operationalized ―programmatically‖, that is, the process of mapping and selecting areas 

for exceptions is ready to be tested with real data in specific areas.  This means that the 

stakeholder group considers the guidance offered for these exception categories sufficient to 

operationalize large tree retention/removal per these criteria across the 4FRI area. This 

process will require the participation of stakeholders and USFS team members to ensure that 

the suggested process in this document achieves the stated restoration objectives, and is not 

burdensome in its approach and mechanics. 

 
3
The ―Large Young Tree‖ exception category listed in this document will require additional 

collaborative analysis and clarification.  Thus far, the group has discussed an opportunity and 

a need to carry these discussions forward with a combination of additional site visits to 

representative areas, analysis of USFS stand data, and further exploration of ForestERA 

remote sensing data that could inform our collective sense of the distribution and extent of 

areas exhibiting circumstances necessitating large tree removal, and an efficient means of 

analyzing data and selecting areas for treatment.   

 

Recognizing the importance of finding additional clarity and agreement for these exception 

categories, the group intends to pursue additional field and data-centered explorations of 

these exception categories in 2011, working closely with the Forest Service to ensure that 

additional analysis occurs in a coordinated fashion, and that additional recommendations can 

be operationalized in a straightforward fashion.  Analysis and visitation schedules are 

intended to be developed by March, 2011, and completed by May 6, 2011.  

 

 

  

                                                 
3
 The ―Large Young Tree‖ exception was drafted, vetted with the Stakeholder Group, finalized 

and submitted to the USFS on July 15, 2011. 
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Appendix 1 – Reservations  
From Scott Harger, Coconino NRCD  
From: Scott Harger [mailto:cannonbone@msn.com] Sent: Friday, March 04, 2011 6:57 PM To: Windy 

Greer Subject: Re: Old Growth Protection and Large Tree Retention Strategy Document for Stakeholders' 
review  

Dear Windy, and LTRS Sub-Group of the LSWG:  
I appreciate the accelerated effort to push this document for timely delivery 
to the USFS.  
I like the descriptions captured here for the large tree strategy overview and 
rationale for the document and the 8-of-9 exception categories whose 
language appear to be resolved. Except for some very turgid prose in 
section V that can be edited, I can support this draft as a partial or 
preliminary version, subject to review of the 9th exception. Otherwise, I can 
support approval of this final draft without conditions. I would also support 
it if "Problem Description" were changed to "Management Issue" or 
"Concerns driving the Exception" or something that doesn't suggest that 
habitats are problems.  
Scott Harger  
Range Conservationist  
Coconino NRCD  
Flagstaff, AZ  
928.527.9050  
 
 

 
From Scott Hunt, Arizona State Forester  

From: Scott Hunt [mailto:ScottHunt@azsf.gov] Sent: Friday, March 11, 2011 12:00 PM To: Windy Greer; 
'Ethan Aumack'; Ed Smith Cc: Kevin Boness Subject: RE: Old Growth Protection and Large Tree Retention 

Strategy Document for Stakeholders' review  
Thank you Ed and Ethan for the dedicated work on this strategy. The State Forestry Division agrees with 
reservations on this large tree retention policy. The arguments against diameter caps that you provided in 
the policy capture most of our reservations. We have two additional items we wish to offer for 
consideration:  
-In the category “Seeps and Springs” under criteria: there should be an allowance for removal of large 
trees a considerable distance from the seep or spring to help invigorate infiltration and flow. Distance will 
need to be determined by the effective area that benefits the seep or spring.  
-We believe a consideration needs to given for stands that may have a healthy understory of regenerated 
ponderosa pine with an overstory of trees that are heavily infected with dwarf mistletoe. Objectives for this 
type of stand may encourage and favor the vigorous, healthy understory. Removal of the larger trees that 
are infected would be required to meet the stand objectives.  
We will look forward the opportunity to comment on the Larger Young Tree removal category when it is 
developed. Thanks again for all your time and effort.  
Scott Hunt  
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Center for Biological Diversity Objection Letter to West Escudilla Restoration Project 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

Via Web 
June 16, 2017 
Calvin Joyner, Regional Forester 
USDA Forest Service 
333 Broadway SE 
Albuquerque, NM 87102 
Email: objections-southwestern-apache-sitgreaves@fs.fed.us 
RE: Corrected Objection to West Escudilla Forest Restoration Project 
 
Pursuant to 36 C.F.R. § 218, the Center for Biological Diversity (“Center”) objects to the 
draft Decision Notice (“DN”) for the West Escudilla Forest Restoration Project (“project”) in the Alpine 
Ranger District of the Apache-Sitgreaves National Forests. On Oct. 7, 2015, the Center supplied timely 
written comment on a proposed action for the project. Also, the Center provided the Forest Service with 
timely written comment on the draft Environmental Assessment (“EA”). Previously, The Center may 
object per § 218.5. Legal notice of opportunity to object published in the White Mountain Independent 
newspaper and based on personal communications with the Forest Supervisor and Deputy Forest 
Supervisor the deadline for objection is June 16, 2017. Therefore, this objection is timely. 
 
Project name: West Escudilla Forest Restoration Project 
Deciding official: Forest Supervisor, Apache-Sitgreaves National Forests 
Project location: Alpine Ranger District 
Proposed decision: Proposed activities include vegetation treatments, prescribed fire, aquatic, and 
watershed activities on approximately 66,000 acres, including substantial acreage of group selection and 
intermediate thinning in Northern Goshawk PFA's and foraging habitat and shelterwood cutting in NGH 
foraging areas to deal with mistletoe. 
  
Objector: Center for Biological Diversity 
P.O. Box 710 
Tucson, AZ 85702 
Tel: (928) 853-9929 
Email: tschulke@biologicaldiversity.org 
 
Objector’s interest 
The Center is a non-profit, public interest organization headquartered in Tucson, Arizona, 
representing more than 50,000 members, many of whom reside in Arizona and maintain interests 
in the Apache-Sitgreaves National Forests. The Center’s mission is to conserve and recover 
imperiled fauna and flora and their habitats through science, education, policy and law.  
Members of the Center regularly use and enjoy, and will continue to use and enjoy the national forest 
lands located in the project area for observation, research, aesthetic enjoyment and other recreational, 
scientific and educational activities. Members of the Center will continue to research, study, observe 



and seek protection for at-risk species associated with natural habitats found in the project area 
because they derive scientific, educational, conservation and aesthetic benefits from the existence of 
the full complement of native biological diversity found in the wild places of Arizona. Forest Service 
violations of law and policy in the project may cause significant adverse impacts to threatened 
and sensitive species and/or indicator species whose viability is of management concern. 
Agency violations of law and policy may degrade native vegetation and soil or habitat, food 
resources or populations of species whose viability the Forest Service is obligated to maintain. 
Direct, indirect or cumulative impacts of the project to the environment may harm the interests of 
the Center and its members in the conservation of nature and the recovery of wildlife. 
 
Resolution 
The reviewing officer may determine whether to discuss resolution. 36 C.F.R. § 218.11. 
Either the reviewing officer or the objector “may request to meet” and discuss resolution. Id. 
The Center will consider a request from the reviewing officer to meet and discuss this objection. 
In our view, a final decision implementing the project should: 
 
1. Include updated language developed by the 4FRI Stakeholders Group designed to protect stands with 
mature/OG characteristics valuable to canopy dependent species (known as SPLYT stands - stands with a 
preponderance of large young trees). "SPLYT" stands are currently identified as those with a QMD of top 
20 trees greater than 15" and 50BA or greater in trees 16" and larger on Site Class 1. These stands would 
receive treatment, where necessary, from least intensive prescriptions from the variety of prescriptive 
approaches proposed in the draft EA, in order to maintain large tree structure and higher levels of 
canopy cover. 
2. Utilize alternative mistletoe treatment approaches being developed with the 4FRI Stakeholders Group 
that avoid overstory removal and removal of large and old growth trees.  
 
Reasons 
1. Including the "SPLYT" language offers clarification in response to comments and concerns addressing 
large tree protection and wildlife habitat protection. Additionally, including this language will bring the 
West Escudilla Restoration project in line with the mandate from the CFLRA to maximize the protection 
of large trees and help build consensus amongst the stakeholders group allowing agreement to include 
West Escudilla on the list of projects the stakeholders support for CFLRA funding. 
2. Including the developing approach for addressing mistletoe offers clarification in response to 
comments and concerns addressing overstory removal and the protection of large and old trees. 
Additionally, including this language will bring the West Escudilla Restoration project in line with the 
mandate from the CFLRA to maximize the protection of large trees and help build consensus amongst 
the stakeholders group allowing agreement to include West Escudilla on the list of projects the 
stakeholders support for CFLRA funding. 
 
Thank you for considering this objection. You may contact me at the email address or 
phone listed below. 
Todd Schulke 
707 N. Black St. 
Silver City, NM, 88071 
Tel: 575.574.5962 
Email: tschulke@biologicaldiversity.org 
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April 27, 2017 

 

 

USFS 4FRI Chief Executive Scott Russell 

sarussell@fs.fed.us  

 

 

Re: 4FRI Stakeholder Group Position on Dwarf Mistletoe Treatments in the Rim Country EIS. 

 

 

Dear Scott, 

 

On April 5, 2017, members of the U.S. Forest Service (USFS) 4FRI ID Team gave a presentation 

to the 4FRI Planning Workgroup (PWG) on dwarf mistletoe concerns in the Rim Country EIS 

planning area.  It included a review of the role of dwarf mistletoe in forest ecosystems, an 

assessment of historical and current mistletoe infection levels, and a proposal for aggressive, 

targeted treatments (aka “mitigation”) in moderately to severely infected stands (>20% of area 

infected; up to 265,000 acres of the planning area under current Forest Plan direction).  This 

“mitigation” approach was included in the Proposed Action prepared by the USFS.  It was 

asserted that a failure to implement dwarf mistletoe “mitigation” would be contrary to direction 

in the Forest Plans. 

 

The PWG evaluated the information presented by USFS and developed this recommendation for 

consideration by the 4FRI Stakeholder Group (SHG), and with its approval, communication to 

USFS. The SHG decided unanimously to adopt this recommendation at its April 26, 2017 

meeting. 

 

The SHG appreciated the Forest Service’s outreach to the PWG and concurs with the stated goal 

of maintaining mistletoe as a natural component of restored forests.  Dwarf mistletoe is a natural 

disturbance agent and component of coniferous forests within the planning area.  The plant 

provides food and cover for wildlife; large-tree mortality caused by mistletoe is an important 

factor in recruiting snags that provide habitat for cavity-nesting birds and other species.   

 

The historical and recent data presented by USFS did not make a compelling case that mistletoe 

infections within the planning area are significantly outside the natural range of variability and 

http://www.4fri.org/
mailto:sarussell@fs.fed.us


pose a meaningful obstacle to meeting restoration objectives.   The SHG welcomes additional 

data that USFS can bring to bear on this issue and the opportunity to see first-hand examples on 

the ground.  We are also greatly interested in the larger discussion about using restoration 

treatments to address forest health concerns related to dwarf mistletoe. 

 

The SHG feels that restoration treatments consisting of mechanical or hand thinning, followed by 

application of prescribed/managed fire at regular intervals, meet the intent of the Forest Plans 

and are the preferred approach for stands with high levels of mistletoe infection.  Where needed, 

those stands could also be buffered to reduce mistletoe spread.  The SHG also supports testing 

alternative restoration treatments for affected stands, if done at limited scale and in a 

learning/adaptive management framework. 

 

The SHG also feels that traditional silvicultural approaches to managing dwarf mistletoe (e.g. 

overstory removal, even-aged management) are inconsistent with an ecological restoration 

approach and are not supported by the best available science.  These may also be at odds with 

directions in 4FRI stakeholder foundational documents; the Collaborative Forest Landscape 

Restoration Program; and, the 2012 USFS Planning Rule.  The SHG is particularly concerned 

that alternatives containing such aggressive treatments will be controversial and likely to impede 

timely completion of the Rim Country EIS and a Record of Decision. 

 

Sincerely, 

 

Jason Whiting, 4FRI co-chair 

    

   
 

Jason Whiting      

4FRI Stakeholder Group Co-chair   

 

Travis Bruner, 4FRI co-chair 

    

 
 

Travis Bruner 

4FRI Stakeholder Group Co-chair  

 

CC: Regional Forester Cal Joiner 

 Apache/Sitgreaves NF Supervisor Steve Best 

 Tonto NF Supervisor Neil Bosworth 

 Coconino NF Supervisor Laura Jo West 

 Kaibab NF Supervisor Heather Provencio 
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EXECUTIVE SUMMARY  

The U.S. Forest Service (USFS) is currently preparing an Environmental Impact Statement (EIS) for ‘Rim 

Country’ - the 2nd phase of NEPA planning under Arizona’s Four Forest Restoration Initiative (“4FRI”), the 

largest forest restoration project yet undertaken in the U.S. and a centerpiece of the Collaborative Forest 

Landscape Restoration Program (CFLRP). As a foundational member of the 4FRI collaborative, the Center for 

Biological Diversity (“The Center”) shares a deep commitment to accomplishing landscape-scale forest 

restoration. However, the Center is increasingly concerned that Rim Country planning is headed in the wrong 

direction, putting the entire effort at risk.  Specifically, we feel that Rim Country has deviated from core tenets 

of 4FRI and the zone of agreement between USFS and 4FRI stakeholders, is overly reliant on mechanical 

thinning to meet restoration objectives, does not adequately reflect current policy guidance, and fails to 

incorporate the best available science. To address these concerns, on March 13, 2018, The Center submitted a 

formal request for a new, stand-alone Strategic Treatments for Fire Use Alternative to the Regional Forester 

and 4FRI Board. This follow-up document presents detailed background, justification, and design parameters 

for the requested alternative. 

The current restoration paradigm underlying Rim Country is seriously flawed.  It retains allegiance to the 

regulated-forest model, which requires regular mechanical intervention to attain and maintain “desired 

conditions” of forest composition and structure - an approach that is clearly at odds with natural disturbance 

regimes in these forests, by emphasizing fixed structural attributes rather than those shaped by spatially and 

temporally dynamic natural processes. USFS has also proposed aggressive mechanical treatments aka 

“Extended Duration Restoration” (EDR), which have uncertain ecological impacts and unknown ability to 

meet restoration objectives. From an operational perspective, Rim Country assumes that mechanical thinning 

can be applied at scale in a timely fashion, which has thus far proven unattainable across much of the first 

4FRI EIS area. That unfortunate situation is unlikely to improve, and may in fact worsen, if new industry 

cannot be successfully established and a succession of new projects produce large volumes of biomass and 

other low-value material having few outlets. Simply put, USFS is attempting to impose a simplistic and 

arguably non-viable silvicultural solution on a complex ecological problem that is becoming ever more acute.  

Given these circumstances and uncertainties, The Center asserts that expanded use of prescribed and resource 

benefit fire, coupled with strategic placement of mechanical treatments, is the best means to accomplish 

implementation of Rim Country in an ecologically sound manner and within reasonable time frames. The Rim 

Country landscape is ideally positioned for this, with current management direction strongly supportive of 

enhanced fire use. The Strategic Treatments for Fire Use Alternative is a principled, attainable, science-based 

approach to protect values-at-risk from undesirable fire effects, while allowing natural process-structure 

interactions to drive ecosystem restoration and improve resiliency. 

The Strategic Treatments for Fire Use Alternative builds upon an extensive body of work by USFS and 

academic scientists, providing a spatially-explicit means to prioritize the Rim Country landscape and identify 

optimal treatment actions. The strategy incorporates the probability of an area to support fire of low, mixed, or 

high-severity, values-at-risk, existing planning/prioritization, a consensus-based suite of treatments, and key 

elements of the current proposed action for Rim Country. Under the Strategic Treatments for Fire Use 

Alternative, the planning area would be stratified into three management area tiers which provide for 

Community Protection, Strategic Thinning Treatment, and Fire Use. Community Protection areas (Tier 1) 

would be defined by existing plans and buffers around values-at-risk and represent the highest priority for 

mechanical treatment. Strategic Thinning Treatment areas (Tier 2) represent the next priority level for 

mechanical treatment and would be defined through optimization analysis. The proposed “Flexible Toolbox 

Approach” (FTA) could be applied within Tier 2, with addition of a “fire-only” option where stand conditions 

permit. Fire Use Management Areas (Tier 3) include all areas not included in Tiers 1 and 2, and would be 

treated using prescribed or resource benefit fire. We present recommendations for defining these management 

zones, with the expectation that they would be further refined through the collaborative process. 
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I. 4FRI IS HEADED IN THE WRONG DIRECTION  

The origin of the contemporary health crisis affecting Southwestern forests lies squarely on past attempts 

to bring order to wild, natural ecosystems. Fire suppression, old-growth liquidation, excessive livestock 

grazing, and application of silvicultural systems designed to maximize sawtimber production are primary 

factors that led to degraded forest health, diminished ecological integrity, and reduced resilience to 

climate change and other perturbations. Recognizing the need for comprehensive ecological restoration of 

degraded fire-adapted forests, watersheds, and endangered species habitats, a diverse group of 

stakeholders united in search of solutions, in what later became the Four Forest Restoration Initiative 

(“4FRI”).  A seminal report by these stakeholders was the Statewide Strategy for Restoring Arizona’s 

Forests (“Statewide Strategy”),1 released in June 2007; two years before the Collaborative Forest 

Landscape Restoration Program (CFLRP) was authorized by Congress. Following passage of the CFLRP, 

stakeholders developed other foundational documents, including The Path Forward (March 2010), and 

the Landscape Restoration Strategy for the First Analysis Area2 (October 2010), among other key 

collaborative products. These steps led to the 2011 Memorandum of Understanding (MOU3) between 

4FRI stakeholders and the U.S. Forest Service (USFS), and ultimately to the Record of Decision that 

initiated implementation of the consensus-based plan analyzed in the first EIS (April 2015).    

The Center believes that 4FRI planning is now moving in the wrong direction, with excessive emphasis 

on structural manipulation and insufficient attention to fire-driven ecological processes. In response, we 

have prepared the Strategic Treatments for Fire Use Alternative as a change of course to accomplish 

4FRI’s goals in a more effective and efficient manner. Fundamental to all guiding 4FRI documents is the 

need for strategically prioritizing and placing mechanical thinning treatments that facilitate safe 

application of prescribed and wildland fire. This need is consistent throughout the entire history of 4FRI. 

At the core of the Strategic Treatments for Fire Use Alternative is our position that the current direction 

in planning, analysis and implementation is overly reliant on meeting structural and compositional targets, 

representing what is in effect a non-viable silvicultural solution to a complex ecological problem. The 

quest to create the ideal vegetative state across every operable acre has marginalized the overriding 

importance of fire-driven ecological processes. Applying a new form of growth and density regulation, as 

articulated in GTR-3104, cannot by itself accomplish restoration at meaningful landscape scale; only the 

additive effects of frequent fire can fully restore these ecosystems. 

Strategically placed mechanical thinning has a critical role in Rim Country: to reduce the risk of 

uncharacteristic fire, and preparing for safe fire re-entry.5 Currently, as much of the 4FRI landscape is 

densely stocked with dangerous surface fuel loads and ladder fuels, mechanical thinning is a viable tool 

                                                      
1 Governor’s Forest Health Council, State of Arizona. June 2007. The Statewide Strategy for Restoring Arizona’s 

Forests. Aumack, E., T. Sisk, and J. Palumbo, editors. Published by Arizona Public Service, Phoenix, AZ.  
2 Sesnie, S.E., J. Rundall, S. Hedwall, and V. Horncastle, technical editors. October 1, 2010. Landscape restoration 

strategy for the first analysis area: report from the Four Forests Restoration Initiative Stakeholder Group to 

the USFS Planning Team. 
3 Memorandum of Understanding between the 4 Forest Restoration Initiative (4FRI) Collaborative Stakeholder 

Group Representatives and the U.S. Forest Service, signed February 22, 2011.  
4 Reynolds et al. 2013. Restoring composition and structure in Southwestern frequent-fire forests: A science-based 

framework for improving ecosystem resiliency. RMRS-GTR-310.  
5 Stephens et al. 2016. U.S. federal fire and forest policy: emphasizing resilience in dry forests. Ecosphere 7(11): 1-

19. 
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for preparing those areas for successful re-establishment of a predominantly low-intensity, frequent fire 

regime. However, if current implementation trends continue, that work cannot be accomplished at a pace 

commensurate with the scale of the ecological problem, and as such a course correction is needed. 

Because many acres identified for thinning may be poor candidates for economically-viable mechanical 

treatment but suitable for fire-based restoration, strategic placement of mechanical thinning is essential. 

The 2011 MOU stated that “The goal of landscape-scale restoration includes assessment of 2.4 million 

acres, identification of priority treatment areas, and aggressive implementation of restoration at an 

accelerated rate over the next 20-30 years.” The four foundational underpinnings of this agreement 

(landscape assessment, NEPA analysis/planning, prioritization, and implementation) have not been fully 

realized. The first two elements have proven possible: the 4FRI collaborative and USFS successfully 

assessed and analyzed approximately half of the 4FRI landscape in the first EIS. However, the third and 

fourth elements have encountered significant challenges that call for an adaptive response:  

1) The commitment to strategically place treatments was a foundational principle early in 4FRI’s 

development; however, that direction was abandoned by USFS in favor of a new form of the regulated-

forest model, albeit one that considers more than just timber production. The Strategic Treatments for 

Fire Use Alternative is centralized around advantages of returning to this strategic approach.  

2) There was an expectation that issuing a landscape-scale, long term contract for harvest of wood 

fiber would facilitate expansion of industry needed to accomplish mechanical thinning objectives, 

particularly on the western portion of the 4FRI footprint.  Unfortunately, this assumption has proven 

false, thanks to a series of missteps in contractor selection and their subsequent sub-standard performance.  

These two facts, which are inextricably linked, support our call for strategic deployment of existing 

resources where they will yield the greatest restoration benefit. The degree to which 4FRI – the nation’s 

largest CFLRP – does or does not achieve effective and timely ecological restoration will have effects 

beyond Arizona and the 4FRI National Forests; 4FRI has national significance and the potential to 

influence forest management nationwide. A successful outcome is crucially important, and as a founding 

Stakeholder and active party in every step in this process, the Center cannot let the current predicament go 

on without a return to the foundational principles and assumptions.  

The Rim Country analysis will lead to a more effective outcome if it proceeds within existing consensus-

based guidance developed from more than a decade of collaborative work. However, the extent of 

mechanical operations currently proposed under the USFS’s proposed action (June 20166) exceeds 

consensus-based determinations of the portion of 4FRI acres that should be mechanically thinned. The 

March 2010 document The Path Forward  states that “Landscape-scale restoration efforts should use 

elements of the consensus scenario developed in the Analysis of Small Diameter Wood Supply in Northern 

Arizona as sideboards for landscape scale restoration across the Four Forest Restoration area,” which 

includes the “Percentage of landscape management areas to be mechanically thinned.” The Analysis of 

Small-Diameter Wood Supply in Northern Arizona achieved consensus around mechanical thinning on 

appropriately 41% of the 2.4 million-acre 4FRI landscape7. In the first EIS, approximately 44% of the 

                                                      
6 https://www.fs.usda.gov/Internet/FSE_DOCUMENTS/fseprd506786.pdf 
7 Hampton et al. 2011. Estimating regional wood supply based on stakeholder consensus for forest restoration in 

northern Arizona. Journal of Forestry 109: 15-26. 

https://www.fs.usda.gov/Internet/FSE_DOCUMENTS/fseprd506786.pdf
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analysis area was authorized for mechanical thinning – which equates to 72,000 acres beyond the 

consensus agreement – but because the Center is not unreasonable we did not object to this departure 

from the zone of agreement.  

Now, the Rim Country proposed action makes up to 54% of the landscape available for mechanical 

thinning, approximately 161,000 acres beyond the consensus. Across both analyses, this departure equates 

to almost 192,000 acres. The Strategic Treatments for Fire Use Alternative provides a framework for 

reducing the total area projected for mechanical treatment to the zone of agreement shared by 

foundational 4FRI stakeholders. Additionally, this framework offers a pathway to return to 4FRI’s 

original intent of prioritizing and strategically placing treatments, consistent with the most frequently 

cited principles for ecological restoration of southwestern ponderosa pine forests, which explicitly urge 

practitioners to “Prioritize and strategically target treatment areas.”8  

Aggressive Structural Treatments Are Unproven and Unjustified 

The USFS’s current emphasis on aggressive structural manipulation to very low densities, as articulated 

in the Extended Duration Treatment (EDR) proposal for Rim Country, is an essentially unproven 

approach that lies outside the current zone of agreement among 4FRI stakeholders. As such, the EDR 

approach may be appropriate only in the Wildland Urban Interface, where infrastructure protection and 

fire suppression are primary management considerations. Treatments elsewhere on the Rim Country 

landscape should instead “focus on creating conditions in which fire can occur without devastating 

consequences.”9 A 2013 Ecological Restoration Institute synopsis titled Fuel Treatment Longevity10 

identified 25 factors affecting fuel treatment longevity. Among those was “Treatment Intensity,” which 

was only briefly mentioned as a bulleted point, and no evidence was provided supporting the notion that 

high intensity thinning to very low basal areas increased resilience or prolonged treatment effectiveness. 

In fact the opposite effect was depicted, as that synopsis cited a study from northern Arizona where 

“higher-intensity treatments were found to have twice the number of ponderosa pine seedlings as low-

intensity restoration treatments,”11 an example of where aggressive thinning may encourage dramatic 

increases in ladder fuels.  

The Center rejects a framework which assumes that complex ecosystems can be wrangled into fixed 

proportions of tree ages and sizes that must be repeatedly tinkered with at 30-year rotations to maintain 

“desired conditions.” In areas where strategically located mechanical intervention is implemented, fire 

alone can and should be the primary future maintenance tool.12 Measuring the health of the forest on the 

basis of density-metrics represents a worn-out allegiance to a past industrial paradigm. This regulated-

forest model defines successful restoration as growing large, defect-free trees as quickly as possible and 

ignores the complexity of process-centered ecosystem function. Restoring a forest is not an exercise in 

                                                      
8 p. 1424 in Allen et al. 2002. Ecological restoration of southwestern ponderosa pine ecosystems: A broad 

perspective. Ecological Applications 12(5): 1418-1433. 
9 p. 1988 in Reinhardt et al. 2008. Objectives and considerations for wildland fuel treatment in forested ecosystems 

of the interior western United States. Forest Ecology and Management 256: 1997-2006.  

   North et al. 2012. Using fire to increase the scale, benefits, and future maintenance of fuels treatments. Journal of 

Forestry 110(7): 392-401. 
10 Yocum 2013. Fuel Treatment Longevity. Ecological Restoration Institute Working Paper No. 27. 
11 p. 5 in Yocum 2013 
12 North et al. 2012 

    Reinhardt et al. 2008 
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manipulating every quantifiable metric into a neat category, or alleviating any form of stress that might 

lead to unexpected mortality. Renowned fire ecologist Dr. Pete Fulé stated that “The fire-related 

adaptations of pine forests are associated with fire’s role as a selective force going far back in 

evolutionary time,”13 suggesting that restoration of fire adapted dry forests is inseparable from the 

influence of recurrent fire as a primary selective force.  

The effect of mechanical thinning to very low density and basal area on drought resistance in ponderosa 

pine and mixed conifer forests has not been studied in long-term, replicated studies with broad geographic 

inference, and as such, is poorly understood.14 Ecologists with USGS and USFS recently stated that “the 

utility of basal area reduction for minimizing drought impacts in natural forests remains relatively 

unexplored, especially in dry forests like those of the Southwest US that may be particularly vulnerable to 

drought.”15 There has been very little research to date assessing the effect of dramatic canopy reduction 

on soil heating and drying, which are significant concerns to forest managers. A study from the Fort 

Valley Experimental Forest found that stands thinned to basal areas of 30 to 100 ft2/acre supported 

favorable microenvironments for early seedling establishment of ponderosa pine.16 However, the study 

did not conclude that the ‘low density’ treatments (30 ft2/acre) were any more effective than the 

‘moderate’ density treatments (100 ft2/acre) at providing conditions conducive to regeneration. 

Interestingly, the researchers found that basal area was negatively correlated to seedling survival. This 

finding suggests that excessively heavy thinning treatments will likely cause overly successful 

regeneration - a significant management challenge if prescribed or managed fire is not frequent enough to 

prevent development of dangerous ladder fuels, a phenomenon evident in many areas within the Rim 

Country footprint. Ongoing studies at the same site have not observed a clear correlation between lower 

basal area treatments and increased soil moisture during the critical pre-monsoon moisture deficit, and 

several years of additional data collection may be needed in order to identify any potential relationships.17  

Complicating the translation of best available scientific information into management direction is the lack 

of consistency among key descriptors of forest density, especially as it relates to the effects of mechanical 

thinning on tree ecophysiology and soil-water/drought relationships. Such was the case with Petrie and 

colleagues research which suggests that ‘intermediate’ level thinning that minimizes soil surface 

temperatures will likely promote survival of ponderosa pine seedlings under climate change driven 

temperature rise.18 While they do not provide any clarity on what ‘intermediate’ thinning constitutes, it is 

noteworthy that they did not suggest ‘low’ density thinning as a panacea for drought resistance. Another 

example can be found with Zou and colleagues, who studied soil water dynamics in ‘low-density’ and 

                                                      
13 p. 528 in Fulé 2008. Does it make sense to restore wildland fire in changing climate? Restoration Ecology 16(4): 

526-531. 
14 D’Amato et al. 2013. Effects of thinning on drought vulnerability and climate response in north temperate forest 

ecosystems. Ecological Applications 23(8): 1735-1742 
15 p. 12 in Bradford and Bell. 2017. A window of opportunity for climate-change adaptation: easing tree mortality by 

reducing forest basal area. Frontiers in Ecology and the Environment 15(1): 11-17 
16 Flathers et al. 2016. Long-term thinning alters ponderosa pine reproduction in northern Arizona. Forest Ecology 

and Management 374: 154–165. 
17 Personal communication; J. Bradford and C. Andrews, U.S. Geological Survey, April 24, 2018. 
18 Petrie et al. 2017. Climate change may restrict dryland forest regeneration in the 21st century. Ecology 98(6): 

1548-1559. 
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‘high-density’ ponderosa pine stands at 7,550 ft. on the Pajarito Plateau of New Mexico19. They found 

that over a 4-year period, the ‘low-density’ stand had an order of magnitude more water available on a 

per-tree basis than did the ‘high-density’ stand. It is important to note the condition of the two stands: the 

‘high-density’ stand had 2710 trees/hectare (1120 trees/acre) while the low-density stand had 250 

trees/hectare (103 trees/acre). These results suggest that thinning down to moderate densities at the upper 

end of the USFS’s self-crafted “Desired Conditions”20 is effective at increasing soil water significantly, 

and provide another example of how the scale of densities reported in research is not necessarily 

consistent with ranges debated within management dialogue or proposed within EDR.  

Bradford and Bell studied the interactions between tree basal area and climate across 1,854 Forest 

Inventory and Analysis plots in Arizona, New Mexico, Utah, Colorado, and Wyoming21. They found 

strong evidence that tree mortality is positively related to ‘high’ stand basal area for ponderosa pine and 

Douglas-fir, and that managing to ‘lower’ basal areas may decrease future climate-induced mortality due 

to high temperatures and low moisture predictions. However, their study did not define ‘high,’ ‘medium,’ 

and ‘low’ basal areas, which essentially precludes managers from translating the results into actionable 

guidelines. Supplemental charts provided on-line by the researchers did not provide clarity, as there are 

no labels noting whether density was reported in metric or standard units. As another example, Kerhoulas 

and colleagues found that ‘heavy thinning’ of ponderosa pine stimulated growth, improved drought 

resistance, and provided greater climate change resilience22. Again, the definition of ‘heavy’ is not 

standardized, and in this case ‘heavy thinning’ equated to thinning down to approximately 70 ft2/acre of 

basal area, while ‘moderate thinning’ was down to ~80 ft2 /acre and ‘light thinning’ was down to ~98 ft2. 

Their definition of ‘heavy thinning’ is near the upper level of basal area prescribed under current 4FRI 

and Regional direction. Overall, the effects of thinning to the low end of basal area range on soil surface 

temperatures, soil drying during pre-monsoon drought, and related variables has not been adequately 

studied. Until scientists can provide clear answers, caution is warranted. 

Stand and tree-level growth modelling of EDR treatments by the USFS does not account for the effects of 

frequent prescribed or natural fires on density, spatial aggregations, fuel profiles, and other variables. In 

the process of returning fire to the landscape there will be situations where high rates of mortality will 

occur, even in thinned stands. Frequent fire will lead to formation of fire scars on an unknown proportion 

of trees which may have a long-lasting influence on mortality as scarred trees break, burn-through, or are 

otherwise weakened. Excessively heavy thinning to very low basal area, combined with incidental 

mortality resulting from initial entry fire and attendant soil heating and drying, may possibly promote 

conversion to non-forest vegetation types. Until appropriately scaled low-density thinning is implemented 

and studied in a statistically robust research design, it is premature to claim that heavy thinning to the low 

end of the range will promote climate resiliency or treatment durability any more than less intense 

treatments.  

                                                      
19 Zou et al. 2008. Soil water dynamics under low-versus high-ponderosa pine tree density: ecohydrological 

functioning and restoration implications. Ecohydrology 1: 309-315. 
20 The Rim Country proposed action (Table 2, page 6) gives a range of 11-124 trees per acre and basal area of 20-80 

BAF as Desired Conditions for ponderosa pine forest types. These ranges match what was reported in GTR-310. 
21 Bradford and Bell 2017 
22 Kerhoulas et al. 2013. Managing climate change adaptation in forests: a case study from the U.S. Southwest. 

Journal of Applied Ecology 50: 1311–1320. 
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The cumulative effects of re-establishing frequent fires should not be understated and must be thoroughly 

assessed in the Rim Country effects analysis. Even with cool, low-severity burns, post-treatment mortality 

may range between 10% and 30% of the residual trees.23 As an example, the photo below shows a portion 

of the GTR-310 Bluewater demonstration site on the Cibola National Forest, New Mexico. The 73-acre 

site was thinned to <32 ft
2
/acre and ~25 trees/acre

24
 in 2010. Despite the very low density of the 

remaining forest, a patch of more than 50 trees across 2 acres were killed by the first fire entry following 

thinning. This unexpected incident of torching led to the death of at least three old-growth trees and calls 

into question the efficacy of attempts to restore desired structure without consideration of the aggregate 

effects of re-establishing frequent fire.  

 
A 2 acre patch of mortality at the GTR-310 Bluewater Demonstration site following initial prescribed fire re-entry, July 2017 

In response to the shortcomings inherent in restoration projects which rely on extensive mechanical 

thinning, government and academic scientists have called for reconsideration of the strict adherence to 

historic structural attributes as the clearest pathway towards building resilience into dry fire-adapted 

forests.  Williams and colleagues suggested that in the dynamic context of climate change threatening the 

sustainability of transitional environments, restoration “must move beyond frameworks where historic 

structure and composition are fixed targets for recovery.”25 Similarly, Millar and colleagues stated that 

“attempts to maintain or restore past conditions require increasingly greater inputs of energy from 

managers and could create forests that are ill adapted to current conditions and more susceptible to 

undesirable changes… Decisions that emphasize ecological process, rather than structure and 

composition, become critical.”26 The Strategic Treatments for Fire Use Alternative is consistent with that 

framework, and more in line with widely accepted principles for ponderosa pine forest restoration27 than 

the approach currently codified in the Rim Country proposed action. 

 

                                                      
23 Fulé et al. 2005. Pine-oak forest dynamics five years after ecological restoration treatments. Forest Ecology and 

Management 218: 129–145; Fulé et al. 2007. Posttreatment tree mortality after forest ecological 

restoration, Arizona, United States. Environmental Management 40: 623-634 
24 July 2017 Center for Biological Diversity field inventory of 13 paired 1/10th-acre and 1-acre inventory plots.  
25 p. 21293 in Williams et al. 2010. Forest responses to increasing aridity and warmth in the southwestern United 

States. Proceedings of the National Academy of Sciences 107(50): 21289-21294. 
26 pp. 2145-2146 in Millar et al. 2007. Climate change and forests of the future: managing in the face of uncertainty. 

Ecological Applications 17(8): 2145-2151. 
27 See Allen et al. 2002 
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Impediments to Implementation Threaten Viability of 4FRI as Originally Envisioned 

The Strategic Treatments for Fire Use Alternative seeks to achieve a realistic, attainable outcome where 

values-at-risk are protected from undesirable fire effects, while natural process-structure interactions drive 

ecosystem restoration and improve resiliency. This approach is badly needed in the Rim Country EIS. 

The status quo formula of effects analysis is fundamentally flawed, because it assumes that 100% of the 

potentially treatable area receives assigned prescriptions within the expected time line. Based on current 

trends, it is highly unlikely that such an outcome can be achieved. Therefore, it is reasonable and prudent 

to consider an intermediate approach, whereby a subset of strategically located treatments can be 

implemented in order to facilitate fire-based restoration across the broader landscape. Such an approach 

was the basis of the Statewide Strategy to Restore Arizona’s Forests and the Landscape Restoration 

Strategy for the first 4FRI analysis area.  

Leading fire scientists and managers have stated that nationwide “The current priority and pace of fuels 

treatments outside the WUI is unlikely to significantly influence fire intensity and severity.”28 Across the 

western United States, fuels reduction and forest restoration treatments are not keeping up with the 

historic fire return intervals for National Forest lands, including dry southwestern forests, resulting in a 

continued ‘fire-deficit’ where only about 50% of the required disturbance occurs on an annual basis.29 

The persistent disturbance deficit is a relic of failed past land management practices of commercial 

logging, fire suppression, grazing, and road building,30 and continues to generate negative outcomes 

resulting from compensatory management responses, such as continued fire suppression.31 Because of 

economic, legal, and logistical limitations which restrict effective large-scale implementation,32 a full 

suite of techniques should be utilized to achieve restoration objectives, including dramatically increased 

use of prescribed fire and expanding the use of unplanned ignitions for resource benefit.33   

Palpable, ongoing failures implementing timely and at scale mechanical treatments across much of the 

4FRI footprint call into question the USFS's ability to accomplish accelerated landscape-scale restoration. 

These include: the loss of millions of dollars in just a few years by selected  4FRI contractors;34 the 

inability of those contractors to complete more than a tiny fraction of contracted thinning;35 USFS errors 

in basic record-keeping;36 and soaring costs of implementation that exceed even the most well-crafted 

subsidy funding mechanisms.37 Concerns surrounding the selection and capacity of the original and 

                                                      
28 p. 393 in North et al. 2012.  
29 Vaillant and Reinhardt 2017. An evaluation of the Forest Service hazardous fuels treatment program—are we 

treating enough to promote resiliency or reduce hazard? Journal of Forestry 115(4): 300-308. 

    Personal communication: Tessa Nicolet, USFS Region 3 Fire Ecologist, Sept. 23, 2017. 
30 Kauffman 2004. Death rides the forest: perceptions of fire, land use, and ecological restoration of western forests. 

Conservation Biology 18(4): 878-882. 
31 Calkin et al. 2015. Negative consequences of positive feedbacks in US wildfire management. Forest Ecosystems 

2:9. 
32 Collins et al. 2010 
33 Stephens et al. 2009. Fire treatment effects on vegetation structure, fuels, and potential fire severity in western 

U.S. forests. Ecological Applications 19(2): 305-320. 

    North et al. 2015b.  
34 Arizona Republic, December 10, 2017: “Conservationists boost logging to restore national forests…”  
35 Arizona Daily Sun, January 31, 2018: “Flagstaff-area forest thinning falters” 
36 Arizona Daily Sun, April 17, 2018: “Two steps forward, one step back at restored springs south of Flagstaff” 
37 Arizona Daily Sun, February 11, 2018: “City: $10 million bond not enough to cover Flagstaff forest thinning”  

https://www.azcentral.com/story/news/local/arizona-environment/2017/12/10/conservation-loggers-national-forest-thinning-grand-canyon/928837001/
http://azdailysun.com/news/local/flagstaff-area-forest-thinning-falters/article_c8b09d8b-98d4-5630-b03bf21cf9504811.
http://azdailysun.com/news/local/two-steps-forward-one-step-back-at-restored-springs-south/article_f46d6662-a203-5abe-9e09-db458854be07.html
http://azdailysun.com/news/local/city-million-bond-not-enough-to-cover-flagstaff-forest-thinning/article_8797048a-
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* Expected acres data derived from  USFS Contractor Selection Document which states:  Contractor 
[Pioneer Forest Products] "will begin implementation 7 to 8 months after the contract award. They 
proposed to begin with about 5,000 acres the first year and increase the rate of treatment to 30,000 by 
year 3."    Year 2 (FY2013)  value of 15,000 acres is an estimate of "ramping up" from 5,000 to 30,000. 

successive 4FRI contractors38 and a marked lack of USFS progress making sufficient acreage available to 

attract new industry, have also contributed to the current cloud of uncertainty over who can and will 

complete the actual work of forest restoration.39 The trend in implementing 4FRI supports our position 

that “The backlog of areas in need of restoration combined with limited budgets requires that projects are 

implemented according to a prioritization system.”
40

  

As illustrated in the figure below in red, since 2013, only 10,616 acres have been completed out of the 

53,957 acres awarded to contractors for the first phase of 4FRI41, an annual rate of around 2,000 acres per 

year. This amount equates to roughly 6% of the 170,000+ acres that would have been mechanically 

treated at this point in the original contract, had the original contractor not failed in meeting contractual 

obligations. These implementation rates do not meet expectations of 4FRI Stakeholders and more 

importantly, cannot meet the project purpose and need in a timeframe commensurate with the current 

forest health predicament.42 This situation clearly undermines the validity of an effects analysis predicated 

on flawed assumptions of on the ground accomplishments. 

 

 

 

 

 

 

 

                                                      
38 High Country News, September 1, 2014: “Lost in the woods: how the Forest Service is botching its…” 
39 Arizona Daily Sun, February 13, 2018: “Forest Service puts new 4FRI large-scale thinning contract on hold” 
40 p. 1 in Ager et al. 2013. Restoration of fire in managed forests: a model to prioritize landscapes and analyze 

tradeoffs. Ecosphere 4(2): 1-19.   
41 Table 3, 4FRI Monthly Update – Mechanical Thinning, Fire, and NEPA – March 2018 
42 It is important to note that significant acreage within the 4FRI footprint has been treated by White Mountains 

restoration businesses that preexisted 4FRI, utilizing projects authorized outside of the 4FRI EIS project area. 

https://www.hcn.org/issues/46.15/lost-in-the-woods
http://azdailysun.com/news/local/forest-service-puts-new-fri-large-scale-forest-thinning-contract/article_5c5e4119-a21d-5cb5-8dbd-ef97cceb7d60.html
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II. A PATHWAY TO RETURN TO FOUNDATIONAL 4FRI PRINCIPLES 

The Rim Country proposed action does not include language enabling treatment prioritization or strategic 

placement across the 1,240,000 acre analysis area.   This is in spite of the clear fact that such an approach 

has been a consensus element of 4FRI since its inception more than a decade ago. Prominent fire 

scientists and managers are increasingly calling for strategically placed treatments on portions of the 

landscape in order to safely facilitate the use of prescribed and managed wildfire to achieve restoration of 

frequent fire adapted ecosystem processes, composition, and structure. USFS researchers have established 

that any science-based planning should ask “Which locations provide the greatest strategic opportunity 

for fuel treatments that would facilitate attainment of desired conditions?”43 The Strategic Treatments for 

Fire Use Alternative asks this important question. One of the Nation’s foremost forest restorationists has 

stated that “restoration of surface fire in most sites and thinning in strategic sites will increase resistance 

to severe wildfire at the stand and landscape scales, insect pathogens, and invasive non-native species.”44  

The Center agrees with that assertion and believes that 4FRI should approach the Rim Country analysis 

within such a framework. We therefore request the USFS to analyze the Strategic Treatments for Fire 

Use Alternative as a standalone alternative in the 4FRI Rim Country analysis.  

By integrating the fire behavior modelling methodologies used in the first 4FRI EIS with treatment 

optimization simulations, the Strategic Treatments for Fire Use Alternative builds upon the work already 

underway by the USFS and eliminates any perceived need to “reinvent the wheel.” The Strategic 

Treatments for Fire Use Alternative also provides appropriate opportunities for implementing the 

Extended Duration Treatments modification and the Flexible Toolbox Approach in ways that do not 

compromise consensus-based decision making and the existing 4FRI social contract. The additional 

analytical overlays that define the Strategic Treatments for Fire Use Alternative would prioritize 

treatment areas following a treatment optimization technique developed by scientists at the Earth Systems 

Ecology Lab at the University of New Mexico (the Hurteau Lab). Their research45 has developed 

“prioritization strategies for implementing fuel treatments… with the goal to maximize treatment efficacy 

using optimal placement and prescription options under typical and extreme fire weather conditions.” 46 

We propose a tiered implementation structure that combines existing treatment direction, optimized 

treatment locations, and fundamental 4FRI principles to define three zones with distinct management 

approaches. This approach could inform landscape-scale restoration planning nationwide, as “Testing of 

strategic placement of treatments by resource managers will add data in the years ahead and provide 

information that can be shared and applied in other locations.”47 A full description of the Strategic 

Treatments for Fire Use Alternative framework is provided in Section V of this document. 

 

 

 

                                                      
43 Peterson and Johnson 2007. Science-based strategic planning for hazardous fuel treatments. Fire Management 

Today 67(3): 13-18. 
44 p. 529 in Fulé 2008 
45 Krofcheck et al. 2017a. Prioritizing forest fuels treatments based on the probability of high-severity fire restores 

adaptive capacity in Sierran forests. Global Change Biology DOI: 10.1111/gcb.13913. 

    Krofcheck et al. 2017b. Restoring surface fire stabilizes forest carbon under extreme fire weather in the Sierra 

Nevada. Ecosphere 8(1): 1-18.  
46 http://www.hurteaulab.org/ 
47 p. 15 in Peterson and Johnson 2007 
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Current Policy and Guidance Calls For Strategic Treatment Implementation 

In addition to failing to apply the best available scientific information, 4FRI is also failing to address both 

national fire management policy and foundational principles of the 4FRI charter. The allocation of 

treatments in the proposed action is overly reliant on mechanical thinning to restore structural attributes to 

within the historical range of variability. Mechanical restoration treatments, while proven effective to 

emulate historical structural and compositional attributes,48 are not the only valid approach to enhancing 

resiliency, diversity, and function in fire-adapted forests. A range of treatments that can be realistically 

implemented is required. In a sweeping review of federal fire policy, Stephens and others recommended 

that the number one improvement that could be made in planning and implementing forest and fire 

management is to “mandate evaluation of opportunities for ecologically beneficial fire in land 

management planning.”49  The Rim Country analysis would benefit from relaxing the focus on strict 

structural parameters and utilizing cost-effective means that emphasize fire-based ecological process to 

establish landscape mosaics and maintain ecological integrity.50  

The dramatic deficit of annual acreage burned in frequent-fire adapted forests has led senior USFS 

scientists to call for increasing the scale and rate of fuels treatments following three key strategies:51 1) 

Increasing the extent of fuel treatments if resources permit; 2) Designing treatments to create conditions 

conducive to naturally ignited fires burning under desired conditions while fulfilling an ecological role; 

and 3)  Placing treatments to reduce hazard while providing options for firefighting when highly valued 

resources and assets are present. These strategies are becoming widely accepted by fire scientists and 

managers, but intransigence remains firmly rooted in certain elements of USFS culture.52  

The Strategic Treatments for Fire Use Alternative is rooted in these strategies and demonstrative of the 

approach promoted in the National Cohesive Wildland Fire Management Strategy (“National Strategy”).   

The National Strategy identifies this general guidance for Vegetation and Fuels Management:53 

i. Design and prioritize fuel treatments. Where wildfires are unwanted or threaten 

communities and homes, design and prioritize fuel treatments to reduce fire intensity, 

structure ignition, and wildfire extent. 

ii. Strategically place fuel treatments. Where feasible, implement strategically placed fuel 

treatments to interrupt fire spread across landscapes. 

                                                      
48 Fulé et al. 2012. Do thinning and/or burning treatments in western USA ponderosa or Jeffrey pine dominated 

forests help restore natural fire behavior? Forest Ecology and Management 269: 68-81. 
49 p. 4 in Stephens et al. 2016 
50 Millar et al. 2007;  Reinhardt et al. 2008 
51 p. 301in Vaillant and Reinhardt 2017. An evaluation of the Forest Service hazardous fuels treatment program—

are we treating enough to promote resiliency or reduce hazard? Journal of Forestry 115(4): 300-308. 
52 Doane et al. 2006. Barriers to wildland fire use a preliminary problem analysis. International Journal of 

Wilderness 12(1): 36-38. 

    North et al. 2015b. Reform forest fire management – agency incentives undermine policy effectiveness. Science 

349(6254): 1280–1281. 

    Stephens et al. 2009. Fire treatment effects on vegetation structure, fuels, and potential fire severity in western 

U.S. forests. Ecological Applications 19(2): 305-320. 
53 pp. 1 and 58 in National Strategy 2014: https://www.forestsandrangelands.gov/strategy/thestrategy.shtml 

https://www.forestsandrangelands.gov/strategy/thestrategy.shtml
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iii. Increase the use of wildland fire for meeting resource objectives. Where allowed and 

feasible, manage wildfire for resource objectives and ecological purposes to restore and 

maintain fire-adapted ecosystems and achieve fire-resilient landscapes. 

iv. Continuing and expanding the use of all methods to improve forest and range 

resiliency. Continue and expand the use of prescribed fire to meet landscape objectives, 

improve ecological conditions, and reduce the potential for high-intensity wildfires. Use 

and expand fuel treatments involving mechanical, biological, or chemical methods where 

economically feasible and sustainable, and where they align with landowner objectives. 

Unlike the current direction of the Rim Country analysis, the Strategic Treatments for Fire Use 

Alternative puts equal emphasis on these four courses of action. These guidelines are mirrored in The 

Statewide Strategy for Restoring Arizona’s Forests54, a seminal document that established the 4FRI 

framework for landscape-scale forest restoration in Arizona: 

“To meaningfully address restoration, fire, and community protection simultaneously, we must identify 

strategies for maximizing the effectiveness and efficiency of limited forest management resources. Here 

we offer four promising management approaches worth serious consideration:”  

i.  Strategically prioritize restoration, fire management, and community protection 

activities at the landscape-level 

ii.  Strategically place treatments to reduce the threat of landscape-scale fire events 

iii.  Employ prescribed fire and Wildland Fire Use as restoration and fire management tools 

iv.  Employ adaptive management to continually refine management approaches and 

increase strategic efficiency 

The Strategic Treatments for Fire Use Alternative would bring additional focus on the first three 

approaches – consistent with the National Strategy – which have thus far been not been given adequate 

attention in formulation of the Rim Country EIS. By focusing limited resources on specific key locations, 

expanded wildland fire use for resource benefit can be utilized to achieve fuels reduction and ecological 

restoration objectives. The National Strategy clearly asserts that “Prescribed fire and managing wildfire 

for resource objectives have the greatest potential for treating large areas at lower cost than mechanical 

treatments.”55 Researchers have long asserted that “Prioritizing restoration efforts is essential because 

resources are limited. An initial focus on areas most likely to provide benefits and that present a low risk 

of degradation of ecological values will build experience and credibility.”56 Prominent fire scientists have 

recently affirmed that “Strategically placing fuel treatments to create conditions where wildland fire can 

occur without negative consequences and leveraging low-risk opportunities to manage wildland fire will 

remain critical factors to successful implementation of the [National] Strategy.”57 The Strategic 

Treatments for Fire Use Alternative considers these fundamental principles, and prioritizes mechanical 

                                                      
54 pp. 10-12 in Statewide Strategy 2007 
55 p. 58 in  National Strategy 2014  
56 Brown et al. 2004. Forest restoration and fire: principles in the context of place. Conservation Biology 18(4): 903-

912.  
57 p. 8 in Barnett et al. 2016. Beyond fuel treatment effectiveness: characterizing interactions between fire and 

treatments in the US. Forests 7(237): 1-12. 
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thinning where it would be most effective to ensure community protection, preserve recreational 

opportunities, and restore predominantly low-intensity fire regimes. 

This approach is further called for in the 2012 Mexican Spotted Owl Recovery Plan, which suggests that 

restoration projects “Conduct a landscape-level risk assessment to strategically locate and prioritize 

mechanical treatment units to mitigate the risk of large wildland fires while minimizing impact to 

PACs.”58 Additionally, the Strategic Treatments for Fire Use Alternative builds on the 2010 Landscape 

Restoration Strategy, which utilized (1) an assessment of current forest conditions, (2) mapping of 

Firescapes, and (3) fire behavior modeling; resulting in a document that provided “a proof-of-concept for 

using a systematic approach to stratify a large analysis area into strategic areas for treatment area 

identification” at “three scales at which landscape-level forest restoration planning should be 

conducted.” 59  The Landscape Restoration Strategy began when “the USFS requested information 

regarding…identification and prioritization of treatment areas,”60 and it successfully identified areas that 

4FRI Stakeholders considered the highest-priority for treatment. A similar process – consistent with 

ecological restoration principles – is needed in the Rim Country analysis. These are essential components 

of landscape scale restoration that have not been given adequate attention in 4FRI but are foundational in 

the National Strategy, long-standing 4FRI guiding documents, the Mexican Spotted Owl Recovery Plan, 

and the latest advances in science-based landscape scale planning. 

 

III. SUCCESSFUL IMPLEMENTATION OF RIM COUNTRY REQUIRES EXPANDING THE USE OF FIRE 

Abundant evidence points to the success of fuels reduction treatments including thinning, burning, and 

combinations of the two at restoring natural fire behavior,61 even though restoration treatments may not 

produce significant changes in mean diameter, canopy base height, surface fuels, spatial aggregation, or 

vertical heterogeneity.62 Despite the benefits accrued from thinning treatments, restoration of fire-adapted 

natural and human communities in the Rim Country landscape will require a substantial increase in the 

area burned annually. Fortunately, the Rim Country landscape is ideally positioned to accomplish this, as 

current management direction is strongly supportive of enhanced fire use. Three examples illustrate how 

the Rim Country landscape is moving towards wider deployment of fire: 

1) Barnett and colleagues assessed nearly 4,000 wildland fires, more than 136,000 individual fuel 

treatments, and their interactions across ecoregions of the continental United States63. While less than 7% 

of fuels treatments nationwide were later encountered by a wildfire, the rate rose to more than 30% for the 

Mogollon Rim Ecoregion where there were >720 instances across >21,000 hectares where a wildfire 

encountered an area treated by thinning, burning, or combination thereof. 

                                                      
58 p. 262 in USFWS 2012 Mexican Spotted Owl Recovery Plan, First Revision (Strix occidentalis lucida). 

Southwest Region U.S. Fish and Wildlife Service Albuquerque, New Mexico. 
59 p. 5 in Landscape Restoration Strategy 2010 
60 p. 4 in Landscape Restoration Strategy 2010 
61 Fulé et al. 2012 
62 Ziegler et al. 2017. Spatially explicit measurements of forest structure and fire behavior following restoration 

treatments in dry forests. Forest Ecology and Management 386: 1-12. 
63 Barnett et al. 2016 
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2) Among USFS Regions, Vaillant and Reinhardt found that the Southwest (Region 3) is far ahead 

of the rest of the country in returning fire to the landscape64. Their analysis showed that Region 3, 

compared to the 6 other western Regions, has proportionally the most acres burned by characteristic 

severity wildfire, the smallest deficit of land area needing treatment to match historical acreage-burned, 

and the least amount of area being mechanically treated 

3) The March 2018 4FRI Monthly Update of Mechanical Thinning, Fire, and NEPA projects lists 

442,952 acres of Prescribed Fire and Wildfire with Beneficial Effects occurring between 2010 and 2017 

across the four 4FRI National Forests, compared with 185,899 acres of mechanical thinning.  

These robust macro-scale analyses and real data confirm that the Southwest Region - and the 4FRI 

Forests in particular - are ahead of the rest of the nation in returning fire to the landscape, often with 

beneficial outcomes as determined by proportion of the area burning at characteristic historic fire-

severity. The Strategic Treatments for Fire Use Alternative would position 4FRI to build upon this trend.  

Resource benefit fires tend to cover far more acres than do thinning and prescribed fire treatments.65 

Large treatments can be more effective at moderating fire behavior relative to smaller treatments because 

they contain more interior area and less edge and are more likely to be encountered by a wildfire.66 Large 

fire footprints are more effective at modifying future fire activity than small fires and generally reduce the 

size of subsequent overlapping burns that occur within ten years of the initial fire, which increases 

manageability and benefits of subsequent fires.67 Strategically placed treatments that facilitate the 

management of wildfire for resource benefit can lead to the required increases in annual wildfire acres 

burned.68 Breaking the typical cycle of management reaction and suppression response by increasing the 

scale and frequency of large prescribed and resource benefit fire use will support sustainable feedback 

mechanisms whereby future suppression efforts, even in severe fire-weather events, become less 

necessary.69 Because the Southwest has entered an era of longer, hotter, drier, and unpredictable fire 

seasons, it is critical that fire use is accelerated in order to reduce fuels, restore ecosystem process, create 

landscape heterogeneity, and reduce the impact and severity of the next big blaze beyond the horizon. 

Evidence of Mixed Fire Severities in Southwestern Frequent-Fire Forests 

Multiple lines of evidence support the occasional occurrence of fire effects outside the traditionally 

accepted notion that low-severity fire was characteristic of southwestern middle elevation forest types. 

This section discusses this growing body of evidence and is specifically focused on southwestern 

ponderosa pine and ponderosa pine dominated dry mixed-conifer ecosystems. Because the occurrence of 

mixed-severity fire is now recognized as within the historical range of variability for these forests, and 

there are noteworthy advantages of such effects (discussed in Section IV), there is valid scientific support 

                                                      
64 Vaillant and Reinhardt 2017 
65 Hunter et al. 2011. Short- and long-term effects on fuels, forest structure, and wildfire potential from prescribed 

fire and resource benefit fire in southwestern forests, USA. Fire Ecology 7(3): 108-121.  
66 Barnett et al. 2016 
67 Teske et al. 2012. Characterizing fire-on-fire interactions in three large wilderness areas. Fire Ecology 8(2): 82-

106. 
68 Vaillant and Reinhardt 2017 
69 Calkin et al. 2015. Negative consequences of positive feedbacks in US wildfire management. Forest Ecosystems 

2:9. 

    North et al. 2015b 
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for utilizing it as a restoration tool where appropriate and feasible in a manner that does not put 

communities, infrastructure, and other key values at risk. 

The historical phenomenon of stand-replacing fire and attendant debris flows in ponderosa pine 

dominated mixed-conifer forests have been recorded at Kendrick Mountain on the Kaibab National 

Forest, Missionary Ridge in the San Juan Mountains of Colorado, The Jemez Mountains of New Mexico, 

at Rio Puerco in northern New Mexico, the Sacramento Mountains of New Mexico, and elsewhere 

throughout the West.70 While the methods used to age severe fire events cannot suggest the size of such 

events, these studies uniformly conclude that fire behavior is highly sensitive to relatively modest climatic 

change and that it is important to include mixed-severity fire at centennial to millennial scales as a 

component of the natural range of variability. Roos and Swetnam reported that the combined effects of a 

century long fire-free period (1360 to 1455) punctuated by two unusually wet periods and followed by a 

hemispheric mega-drought may have led to conditions that supported widespread crown fires in 

southwestern ponderosa pine forests. They also suggested that similar periods of reduced fire frequency in 

the eighth, ninth, and sixteenth centuries may have “led to altered forest structures that were more 

vulnerable to increased fire severity.”71  

Fire history research has provided additional support for mixed fire severities in more recent centuries. 

Hunter and colleagues reported that high-severity burn patches within moderate severity burn matrixes in 

ponderosa pine and pinyon-juniper ecosystems on the Gila National Forest were generally smaller than, 

but up to, 120 hectares.72 Those findings corroborate Abolt’s determinations that historical stand-

replacing patches in the Mogollon Mountains ranged from 6 to 103 hectares along an elevational gradient, 

based off of aged aspen stands.73 In a fire history study in the Black Mesa Ranger District of the Apache-

Sitgreaves National Forest, Huffman and colleagues determined that their 1,300 hectare study site (7,600-

7,900 ft.) was dominated by frequent, low-severity fires that maintained a ponderosa pine-dominated 

mixed conifer plant community. However, they did suggest that fire-induced even-aged regeneration 

events up to 25 hectares in size did occur historically, based off of spatial patterns of large trees and 

stumps.74 Williams and Baker concluded that around 30% of trees survived high-severity fires along the 

                                                      
70 Jenkins et al. 2011. Late Holocene geomorphic record of fire in ponderosa pine and mixed-conifer forests, 

Kendrick Mountain, northern Arizona, USA. International Journal of Wildland Fire 20: 125-14 

   Bigio et al. 2010. A comparison and integration of tree-ring and alluvial records of fire history at the Missionary 

Ridge Fire, Durango, Colorado, USA. The Holocene 20(7): 1047-1061. 

   Fitch 2013. Holocene fire-related alluvial chronology and geomorphic implications in the Jemez Mountains, New 

Mexico. M.S Thesis, University of New Mexico, Albuquerque, NM. 

   Meyer and Frechette 2010. The Holocene record of fire and erosion in the southern Sacramento Mountains and its 

relation to climate. New Mexico Geology 32(1): 19-21. 

   French et al. 2009. Holocene alluvial sequences, cumulic soils and fire signatures in the middle Rio Puerco basin 

at Guadalupe Ruin, New Mexico. Geoarchaeology 24(5): 638-676. 

   Pierce and Meyer 2008. Late Holocene records of fire in alluvial fan sediments: fire-climate relationships and 

implications for management of Rocky Mountain forests. International Journal of Wildland Fire 17: 84-95.  
71 p. 288 in Roos and Swetnam 2011. A 1416-year reconstruction of annual, multidecadal, and centennial variability 

in area burned for ponderosa pine forests of the southern Colorado Plateau region, Southwest USA. The 

Holocene 22(3): 281-291.   
72 Hunter et al. 2011 
73 Abolt 1997. Fire histories of upper elevation forests in the Gila Wilderness, New Mexico via fire scar and age 

structure analysis. MS Thesis, University of Arizona, Tucson, AZ.  
74 Huffman et al. 2015. Fire history of a mixed conifer forest on the Mogollon Rim, northern Arizona, USA. 
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Mogollon Rim,75 which was not refuted by Fule and Colleagues, although it led to a robust discussion of 

what the definition of ‘high-severity’ really is.76  

Studies at Grand Canyon, the Mogollon Rim, and the Gila Wilderness are also consistent with research 

coming from the Sierra Nevada of California. For example, a study at Illilouette Creek Basin in Yosemite 

National Park (4,600-9,900 ft.) determined that in Jeffrey pine and mixed conifer forests that have seen a 

return to near-normal fire regimes, high-severity patch sizes made up 15% of burned areas, and were 

typically less than 4 hectares, with occasional patches up to 60 hectares.77 

The restoration of functional natural fire processes in the future is likely to regulate ecosystem structure 

and composition78 and re-establish a new dynamic equilibrium that tracks climate effects on vegetation 

and landscape pattern in real time.79 Cutting-edge research has concluded that these small patches of near 

or total mortality contribute to spatial heterogeneity, and may be consistent with historical spatial 

patterns.80 After observing the effects of numerous resource benefit fires in the Gila Wilderness, Holden 

and colleagues concluded that fire-caused openings ranged in size from 0.25 to 20 hectares and that “most 

of the risks, in terms of mortality to medium- and large-diameter trees are associated with the first fire 

after long periods of fire exclusion.”81  

Traditionally, the extensive body of literature surrounding restoration of ponderosa pine and dry mixed-

conifer ecosystems has supported the notion that fires burned almost exclusively at low-severities. In a 

seminal paper on the subject, Moore and colleagues stated that “low-frequency, high intensity stand 

replacement fires were very rare or nonexistent.”82 However, a growing body of research during 

intervening years, described here, suggests that a mix of severities have historically occurred across 

landscapes similar to or including the Rim Country area. For example, Owen and colleagues stated 

frankly that “ponderosa pines evolved under fire regimes dominated by low- to moderate-severity 

wildfire”83 which is a substantial philosophical departure from Moore and colleagues’ statement.  

                                                      
75 Williams and Baker 2012. Spatially extensive reconstructions show variable severity fire and heterogeneous 

structure in historical western United States dry forests. Global Ecology and Biogeography 21(10): 1042-

1052. 
76 Fulé et al. 2014. Unsupported inferences of high-severity fire in historical dry forests of the western United States: 
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77 Collins and Stephens 2010. Stand-replacing patches within a ‘mixed-severity’ fire regime: quantitative 
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78 Parks et al. 2015. Wildland fire as a self-regulating mechanism: the role of previous burns and weather in limiting 

fire progression. Ecological Applications 25(6): 1478-1492.  
79 Falk 2006. Process-centered restoration in a fire-adapted ponderosa pine forest. Journal for Nature Conservation 

14: 140-151. 
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82 p. 1269 in Moore et al. 1999. Reference conditions and ecological restoration: a southwestern ponderosa pine 
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Additionally, Fulé and colleagues, in their noteworthy response to Williams and Bakers84 claims of 

widespread high-severity fires in northern Arizona’s forests, stated that “historical fires in relatively dry 

forests dominated by ponderosa pine included a range of fire severities.”85  

Increased frequency, extent, and severity of wildland fires may attend climate warming and increasing 

drought.86 Numerous research approaches using a range of modelling techniques suggest that widespread 

conifer mortality, diminished recruitment opportunities, and high-severity fire feedbacks will reduce the 

range and sustainability of southwestern forested ecosystems.87 Ponderosa pine forests have survived past 

mega-droughts and protracted mortality events, however,88 suggesting that resilience-to and recovery-

from extreme perturbations may be driven by complex multidirectional relationships between disturbance 

and abiotic and biotic factors.89 Extreme droughts driving widespread mortality events can be followed by 

profoundly wet periods where fire frequency declines and tree recruitment increases.90 Extensive bark 

beetle outbreaks, such as those which repeatedly occurred on the Kaibab Plateau up to the period of fire-

suppression initiation,91 can create large openings within the forest canopy, which may have increased fire 

severity at the patch scale as downed logs were consumed.  

This evolution of our understanding of drought, insects and diseases, and occasional mixed-severity fire 

occurring at limited scales within the natural range of variability, as well as the utility of such fires in 

restoring forest structure, provides needed justification for concerns that arise from expanding the use of 

fire to achieve beneficial outcomes. Based on these studies, prescribed and resource benefit fires could 

mimic historical fire behavior by accepting higher levels of mortality in patches of up to 100 hectares in 

ponderosa pine, and perhaps up to several hundred or more in mixed-conifer forests during the initial fire 

entry, and only in areas where such fires can be managed to protect communities, infrastructure, and 

other key values. 
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Nature Climate Change 
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Benefits of Mixed-Severity Fires in Southwestern Frequent-Fire Forests 

Implementing a strategic approach to facilitate the expanded use of prescribed and resource benefit 

wildfire includes a greater acceptance of mixed-severity fire across all vegetation types in the Rim 

Country landscape. In this section, we review the state of our understanding of how mixed-severity fire 

can be a useful tool to achieve beneficial ecological outcomes. As described in the next section, sufficient 

evidence exists to support the occurrence of a range of fire effects in the evolutionary environment at 

multiple temporal scales. The diversity of fire effects is driven by factors that are common on the Rim 

Country landscape, such as topographic variation, disturbance history, vegetation characteristics, and 

proximity to values-at-risk. Because wildland fire use has been increasingly used throughout the west, 

research on its ecological and practical benefits has multiplied. An extensive body of science now points 

towards a wide range of fire intensities and severities as a critical driver of ecological restoration and 

fuels reduction success.   

Reducing fuels and restoring historic structure.  

Agee and Skinner suggested that prescribed fire is generally effective at reducing surface fuels and raising 

canopy base height, but because of undesirable “severity thresholds” reductions in crown density were 

less easy to achieve.92 Implementing the Strategic Treatments for Fire Use Alternative requires 

reconsideration of acceptable severity thresholds. A growing body of research from dry, frequent-fire 

adapted forests supports the use of moderate-severity prescribed and/or natural-ignition fire in a mosaic of 

severities to achieve fuels reduction objectives, as well as restoring historic structure and pattern. Patchy-

mosaics resulting from mixed-severity fire provide timely opportunities to conduct additional prescribed 

burns while fuel continuity and density have been reduced.93 Often, subsequent fires burn at lower 

severity and result in fewer changes to the forest.
94

 

Low severity prescribed fire alone may not always reduce canopy density sufficient to meet fuels 

reduction or ecological restoration objectives.95 On the Gila National Forest (outside of the Gila 

Wilderness) moderate-severity resource benefit fire more effectively reduced basal area, tree density, 

seedling density, crown bulk density, canopy base height, and surface fuel loads than did low-severity 

prescribed or resource benefit fires in ponderosa pine and pinyon-juniper ecosystems.96 Because of 

reductions in crown bulk density and crown base height, moderate-severity resource benefit fires in 

ponderosa pine and pinyon-juniper ecosystem can be more effective at reducing predicted crown fire 

potential than low-severity prescribed fires, even under very severe fire weather conditions.97  

Studying the effects of a mixed-severity fire in ponderosa pine and dry mixed-conifer forest on Kendrick 

Peak, Kaibab National Forest, Stevens-Rumann and colleagues observed that areas of moderate-severity 

burn effects with mortality rates generally ranging between 40%-80% had met target basal area thresholds 

the highest amount of ponderosa pine regeneration, optimum coarse woody debris loadings, adequate fine 
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97 Hunter et al. 2011 



STRATEGIC TREATMENTS FOR FIRE USE ALTERNATIVE 

CENTER for BIOLOGICAL DIVERSITY   21 

 

woody debris to carry a surface fire, and met minimum requirements for snags. The authors concluded 

that areas where 40-80% tree mortality occurred should be managed with reintroduction of frequent low-

severity surface fires to maintain stand structure, and pointed out that these moderate-severity burned 

areas would be more resilient to future disturbance and would be easier to maintain than thinning overly 

dense ponderosa pine forests.
 98

 Similarly, Huffman and colleagues found that across ten single-entry 

resource benefit fires in northern Arizona, most structural and fuels targets were only met when fire-

induced mortality exceeded 31%.99  Hunter and colleagues compared prescribed and resource benefit fires 

on the Gila National Forest and their “results show that a single fire of moderate severity alone can result 

in stand densities that more closely resemble pre-settlement conditions.”100 

Pulses of dead trees resulting from patches of high-severity fire have led to speculation increased fuel 

loadings may lead to amplified reburn severity.  In the Southwest, patches of fire-killed trees can be 

expected to have fallen and substantially decomposed within one decade,101 and even in areas of very high 

mortality coarse woody debris is unlikely to exceed management recommendations for fuel loadings.102 

Studies from the dry forests of the Pacific Northwest have shown that standing dead and dead/down 

woody debris actually experienced lower severity subsequent fires than salvage logged and replanted 

sites.103 Similarly, Meigs and colleagues discovered after analyzing several hundred fires in the Pacific 

Northwest that burn severity was generally lower in forests with higher cumulative bark beetle damage, 

and that burn severity continued to decrease with time.104 

A number of studies have reported inadequate post-fire ponderosa pine regeneration and type-conversion 

to shrub or grassland habitats with decades-long legacy effects.105 However, this is not a universal 

phenomenon. Despite the size of high-severity burn patches in the Rodeo-Chediski fire, ponderosa pine 

appears to be regenerating in abundance, spatial pattern, and uneven-agedness along a trajectory that is 

similar to historical structural characteristics, albeit with a higher abundance of sprouting oak and juniper 
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species. 106 Also on the Rodeo-Chediski Fire, Shive and colleagues reported significantly more ponderosa 

pine regeneration in high severity burn patches than in low-severity patches.107  

In spite of the tremendous size of the Rodeo-Chediski Fire – which the Center agrees is dramatically 

beyond the scale of characteristic fire behavior in the southwestern ponderosa pine forest – the situation 

today is not as grim as it appeared in the fires immediate aftermath. Leveraging the reduced fuels across 

the Rodeo-Chediski fire area to return low-intensity prescribed fire would be useful for limiting the 

degree to which sprouting woody species dominate the post-fire community, breaking up fuel continuity 

in future fires, and restoring natural frequent fire processes. 

Increasing spatial and temporal heterogeneity.  

Fire and forest structure interact such that the variability in stand structures present within a landscape 

influences the distribution of fire behaviors and severities, which in turn influence successional 

trajectories of post-fire environments.108 The patchy mosaic patterns attributed to historic forest 

ecosystems were influenced by a range of fires and other disturbances through time and space – including 

patches of high-severity fire – that “create coarse-grained, high-contrast heterogeneity…[and]… a 

complex mosaic of seral stages at the landscape and local scales.”109 Fine scale, site-specific factors can 

produce dissimilar spatial patterns between sites in close proximity110 in response to site characteristics, 

disturbance, successional pathways, and management history.111  

Fire can create heterogeneity in ways that mechanical approaches simply cannot. A study of eleven 

mixed-severity Arizona fires across a sixteen year chronosequence described dramatic variability between 

fires in residual structure, regeneration response, snag and coarse woody debris dynamics, and future 

trajectories.112 On the Rodeo-Chediski Fire in Arizona, Shive and colleagues observed that pre-fire 

treatments combined with mixed fire-severities to produce landscape heterogeneity that defied simple 

classification by burn severity.113 On the same fire Owen and colleagues observed unexpected and 

paradoxical regeneration characteristics that included the highest documented rates of ponderosa pine 

regeneration occurring intermixed with the highest density of re-sprouting species in a plot far from the 

nearest pine seed-source.114 These types of complex spatial arrangements of vegetative successional 

stages with variations in patch size and shape enhance biological diversity and influence future fire spread 
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and behavior.115 Diverse understory communities across a spectrum of disturbance histories and 

successional trajectories may provide additional resilience to future climate-induced changes.116 

High-severity burn patches in the Rodeo-Chediski Fire on the White Mountain Apache Reservation in 

Arizona have been found to have significantly higher forb species richness, total understory plant cover, 

and ponderosa pine regeneration compared to low-severity areas.117 A high-intensity escaped prescribed 

fire in a ponderosa pine dominated mixed-conifer forest at Grand Canyon National Park led to a dramatic 

increase in understory native plant cover, species richness, and composition.118 Naturally recovering high-

severity burn patches within mixed-severity mosaics have increased plant diversity and may be more 

resilient to future climate stress.119  

The contemporary fire crisis is not so much predicated on high-severity fire being inherently “bad,” but 

that the scale of patches exceeds what would have historically occurred. Determining the appropriate 

scale and frequency of fire-induced patch disturbance is an important step towards harnessing the efficacy 

of fire to achieve restoration objectives. 

Promoting complex early-successional ecosystems 

Early-successional forest ecosystems possess high structural complexity, spatio-temporal heterogeneity, 

and biological/foodweb diversity resulting from variability in disturbance severity, environmental 

conditions, and surviving trees.120 Patches of moderate to high-severity fire can produce highly spatially 

variable forest structures as a response to uneven burn effects and patchy mortality dynamics.121 Tree 

regeneration patterns in early-successional habitats reflect favorable environmental conditions122 and 

variable thinning by fire and other disturbance.123 These areas of localized disturbances create valuable 

wildlife habitat124 and provide opportunities to apply additional fire treatments which promote further 

spatial diversity.125  

The common attributes of complex early seral forests include:126 

•Abundant and widely distributed large trees, snags and downed logs 
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•Varied and rich understory flora 

•Varied and rich floral invertebrate, avian and mammalian species composition 

•Highly complex structural complexity with many biological legacies 

•Complex and functional below-ground biological processes 

•Complex and varied genetic diversity 

•Rich ecosystem processes including pollination and predation 

•Low susceptibility to invasive species 

•Varied and complex disturbance frequency 

•High landscape integrity with shifting mosaics and disturbance dynamics 

•High resilience and resistance to climate change due to varied and complex genomes 

 

Haire and McGarigal studied high-severity burn patches at Saddle Mountain (Kaibab Plateau, Arizona; 

burned in 1960) and La Mesa (Pajarito Plateau, New Mexico; burned in 1977), both of which share 

similar soils, topography, and vegetative communities as the Rim Country landscape. The purpose of their 

research was to “better understand plant succession after severe fire events in the southwestern United 

States, given the possibility that these landscapes occupy an important place in long-term variability of 

ecosystems.”127 Fifty-two species of native trees and shrubs, arranged along dynamic spatially and 

temporally influenced gradients, were documented at the two sites. Distance from edge-of-burn was 

strongly correlated to prevalence of resprouting species (generally shrubs, including oaks) over off-site 

seeders (generally coniferous trees), and was influenced by conditions in the pre-fire landscape. However, 

evidence of continued tree establishment and succession was evident decades post-fire as environmental 

conditions permitted tree establishment.  

The early-successional habitats encountered by Haire and McGarigal led to their conclusion that:  

“Areas burned in severe fire at Saddle Mountain and La Mesa included communities that might diversify 

function of landscapes through creation of early successional habitats for wildlife. In addition, woody 

species at the study sites have a wide range of traditional and current uses; basketry and other building 

material important food sources, a plethora of medicinal remedies, and ceremonial uses in contrast to 

studies that emphasize undesirable effects when forests transition to openings and alternative habitats, 

our research elucidates the need for further consideration of both young forest communities, and the 

persistent species and communities described as landscape scars, in conservation plans for forest systems 

of the southwestern United States.”128  

Recent work by Owen and colleagues at the Rodeo-Chediski and Pumpkin Fires confirmed ponderosa 

pine establishment > 300m from nearest seed source in spatial arrangements that were indistinguishable 

from forest-edge locations regardless of presence of sprouting woody species, suggesting forest recovery 

was in fact occurring.129 Unfortunately, complex early seral forests are poorly understood in southwestern 

dry forests as reference site studies and stand reconstructions characteristically cannot account for small 

diameter trees and other small vegetation. In order to maintain biodiversity and support landscape 

heterogeneity it is imperative that scientists initiate more research on these ephemeral habitats in dry 
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southwestern forests in order to account for their contribution in ecosystem management.130 Meaningfully 

increasing the use of prescribed and wildland fire for ecological restoration requires recognition of the 

benefits of mixed fire severities in shrub, woodland and forested ecosystems.  Based on the information 

presented above, small patches of high-severity fire effects interspersed within a matrix of low and 

moderate-severity can meet restoration objectives, create important ephemeral habitats, and reduce the 

risk of uncharacteristic reburn potential. 

Repeated Fire Application in Prescribed and Managed Wildfire Settings is Needed and Reflects the 

Best Available Science 

The objective of ecological restoration in southwestern fire-adapted forests is to restore resilience to the 

inevitable future fires that will come, regardless of climate, environmental or human influences.131  A 

number of fires have occurred across the Rim Country landscape that can be leveraged for additional 

gains in fuels reduction and ecosystem restoration. It’s a lost opportunity to not follow recent prescribed, 

resource benefit, and uncontrolled wildfires with additional fire, knowing that past fires act as fuel breaks 

and that effect diminishes with time.132 It is critical to remember that “historical ponderosa pine forest 

structure was a product of not one but of a series of fires over time.”133 The compounding effect of 

recurring fire through centuries was selection for functional traits that incur ecophysiological adaptive 

benefits for drought and fire tolerance.134 Overlapping fire mosaics promote development of differential 

tree recruitment, increase structural diversity and successional pathways, and break up fuel beds, 

facilitating more beneficial fires in the future.135  

Holden and colleagues, in an analysis of thirteen fires in the Gila and Aldo Leopold Wilderness areas 

found evidence that initial wildfire severity slightly influenced severity of subsequent fires. In that study, 

which did not provide information for the size or distribution of burn patches, initial high-severity burns 

frequently reburned at high-severities, but most often in moist, high-elevation sites. The authors 

ultimately concluded that satellite imagery must be interpreted carefully and that field verification of their 

sites was needed.136 Later work provided a contrasting conclusion, that previous wildfires do in fact 

moderate the severity of subsequent fires and lead to proportionally more area burned at low-severity.137 

Returning frequent fire to the landscape will continue to alter forest structure and composition in ways 

that are not yet fully known, especially for wildlife that utilize snags and coarse woody debris.138 

Consistently, however, research from throughout the western United States alludes to the efficacy of 
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returning fire in a mixed-severity approach, and following up with repeated low-severity burning for 

restoring historical structure, pattern, and process.139 Modelling by Shive and colleagues showed that 

under milder climate scenarios, prescribed fire combined with climate-induced growth reductions resulted 

in ponderosa pine basal areas within the HRV140, consistent with field observations of fire-based 

restoration at Grand Canyon and the Gila Wilderness, described below.  

Repeated summer wildfires since 1946 at in the Gila and Saguaro Wilderness areas have successfully 

reduced density of small-diameter trees while not affecting large tree density, effectively shifting towards 

a larger tree distribution while reducing risk of crown fire, increasing resilience, and creating desired 

structural heterogeneity.141 Similar effects have been documented on the Hualapai Indian Reservation, 

where more than fifty years of frequent prescribed fires have increased resilience to crown fire and 

climate change near the lower elevational limit of ponderosa pine.142 

Repeated mixed-severity prescribed and natural-ignition fires in ponderosa pine dominated forests at 

Grand Canyon National Park have been shown to limit large tree mortality, reduce density of conifer 

seedlings and shade tolerant understory saplings, and reduce surface fuels consistent with restoration 

objectives and managing for climate resilience.143 Initial mortality pulses resulting from initial fire entry 

create numerous snags, but many are consumed upon fire reentry as snag recruitment and persistence 

reaches a possible equilibrium.144  

Studying the effects of prescribed fires on burn severity in the Rodeo-Chediski Fire, Finney and 

colleagues found that areas which were repeatedly burned significantly reduced subsequent burn severity, 

but the beneficial effects diminished with time since fire. Their observations of fire progression, captured 

via satellite, provided evidence “consistent with model predictions that suggest wildland fire size and 

severity can be mitigated by strategic placement of treatments.”145 Researchers observed the same effect 

studying fires in New Mexico and Idaho, where the “severity of reburns increases with time since the 

previous fire, likely due to biomass accumulation associated with longer fire-free intervals.”146 Although 

their data showed that previous fires did have an effect up to 22 years later, further study concluded that 

initial fires ability to act as a fuel break was as little as 6 years in warm/dry climates such as southwestern 

ponderosa pine forests.147   
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Repeated resource objective fires on the Kaibab National Forest were recently reported to be more 

effective at restoring desired structure when they burned at moderate-severity under active fire-weather 

conditions.148 Collins and Stephens found that in two Sierra Nevada wilderness areas where fire use 

policies were adopted, contemporary low-severity fires had allowed forests to become more resistant to 

insects, drought, and disease despite not having been thinned to historical densities. They concluded that 

“what may be more important than restoring structure is restoring the process of fire…[which] could be 

important in allowing these forests to cope with projected changes in climate.”149  

Collins and colleagues studied mixed conifer forests in Yosemite National Park (4,800 - 7,000 ft.) where 

up to seven management and lightning started fires burned between 1983 and 2009, following an 

approximately 80-year fire-free period. They found that recent low severity fires reduced surface fuels 

and understory trees but did not kill enough intermediate sized trees to move towards desired structural 

characteristics. Their findings indicated “no significant differences between current forest structure in 

areas that burned recently with moderate severity and forest structure in 1911”150 which was the year that 

historical inventory data was available for, and that only moderate fire-severity could substantially alter 

the ratio of fir to pine trees.  

Taylor reported that two late twentieth century fires in an old growth ponderosa pine-Kellogg oak forest 

in California’s Ishi Wilderness were effective at restoring pre-fire-exclusion structural characteristics, 

including composition, density, basal area and spatial pattern.151 Similar effects were reported by Larson 

and colleagues, where reintroduction of natural-ignition fire in the Bob Marshall Wilderness of Montana 

has restored low-density mixed conifer forest dominated by large, old ponderosa pine by consuming 

surface fuels and thinning shade-tolerant species from the forest understory and mid-canopy.152 

These studies support the concept that repeated fires will move ponderosa pine and dry mixed-conifer 

systems towards predominantly low-severity fire equilibrium, consistent with the body of work focused 

on frequent fire systems achieving a self-regulating state.153 The consistent theme is that a mixed-severity 

initial fire entry creates conditions conducive to repeat burning at low and moderate severities within the 

historical fire regime.154 By allowing for moderate sized patches of high mortality that do not generally 

exceed 100 to 200 hectares (where determined appropriate by optimization analysis), there is relatively 

little risk of high-severity re-burning, inadequate regeneration, excessive coarse woody debris loadings, or 

transition to non-forest types.  

                                                      
148 Huffman et al. 2017b. Restoration benefits of re-entry with resource objective wildfire on a ponderosa pine 

landscape in northern Arizona, USA. Forest Ecology and Management 408: 16-24. 
149 pp. 526-527 in Collins and Stephens 2007. Managing natural wildfires in Sierra Nevada wilderness areas. 

Frontiers in Ecology and the Environment 5(10): 523–527.   
150 p. 10 in Collins et al. 2011. Impacts of fire exclusion and recent managed fire on forest structure in old growth 

Sierra Nevada mixed-conifer forests. Ecosphere 2(4): 1-14. 
151 Taylor 2010. Fire disturbance and forest structure in an old-growth Pinus ponderosa forest, southern Cascades, 

USA. Journal of Vegetation Science 21: 561-570. 
152 Larson et al. 2013. Latent resilience in ponderosa pine forest: effects of resumed frequent fire. Ecological 

Applications 23(6): 1243–1249. 
153 Miller and Aplet 2015. Progress in Wilderness Fire Science: Embracing Complexity. Journal of Forestry 113: 1-

11; and Parks et al. 2014; Parks et al. 2015 
154 Laughlin and Fule 2006. Meeting forest ecosystem objectives with wildland fire use. Fire Management Today 

66(4): 21-24. 
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IV. THE STRATEGIC TREATMENTS FOR FIRE USE ALTERNATIVE FRAMEWORK 

USFS research scientists have long worked to develop decision support, risk management, and 

prioritization tools for use in applications like 4FRI. Their work has been fundamental in establishing the 

science of optimization that is increasingly being explored and implemented in the western United States. 

Important considerations for utilizing wildland fire use have been identified by fire management 

professionals155 and agency-developed risk management and decision support systems, such as Fire 

Effects Planning Framework,156 provide systematic geospatial techniques for managing fire for resource 

benefit. 

Ager and colleagues stated in a 2013 article that “Meeting the long-term goals of dry forest restoration 

will require dramatic increases in prescribed and managed fire that burn under conditions that pose 

minimal ecological and social risk. Optimization models can facilitate the attainment of these goals by 

prioritizing management activities and identifying investment tradeoffs.”157 That 2013 work, located in 

ponderosa pine forests on the Deschutes National Forest in Oregon, studied an optimization model “…to 

locate project areas to most efficiently reduce potential wildfire loss of fire resilient old growth 

ponderosa pine while creating contiguous areas within which prescribed and managed fire can be 

effectively used...”158 The complex modelling and algorithms used by the researchers ultimately identified 

locations where strategically deployed mechanical treatments would reduce flame length and thus save 

old growth ponderosa pine.  

One common fundamental similarity between all optimization models is that they seek to reduce fire-

severity or minimize wildfire risk, balancing tradeoffs between the size of treatment units, the placement 

of treatments, and the proportion of the landscape treated.159  Collins and colleagues160 also reviewed fuel 

treatment strategies, including much of Finney and Ager’s work, and arrived at some basic parameters for 

optimizing fuel reduction treatments at the landscape scale that provide some guidance for those 

evaluating tradeoffs and can be used as guidelines in the Strategic Treatments for Fire Use Alternative:  

• Treating 10% of the landscape provides notable reductions in modeled fire size, flame 

length, and spread rate across the landscape relative to untreated scenarios, but treating 

20% provides the most consistent reductions in modeled fire size and behavior across 

multiple landscapes and scenarios. 

• Increasing the proportion of area treated generally resulted in further reduction in fire 

size and behavior, however, the rate of reduction diminishes more rapidly beyond 20% of 

the landscape treated. 

                                                      
155 Black et al. 2008. Wildland Fire Use Barriers and Facilitators. Fire Management Today 68(1): 10-14. 

     Doane et al. 2006 
156 Black and Opperman 2005. Fire Effects Planning Framework: a user’s guide. RMRS-GTR-163.  
157 p. 11 in Ager et al. 2013 
158 p. 3 in Ager et al. 2013 
159 Collins et al. 2010. Challenges and approaches in planning fuel treatments across fire-excluded forested 

landscapes. Journal of Forestry Jan/Feb 2010: 24-31 

     Chung 2015. Optimizing fuel treatments to reduce wildland fire risk. Current Forestry Reports 1: 44-51. 

     Krofcheck et al. 2017a 
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• Random placement of treatments requires substantially greater proportions of the 

landscape treated compared with optimized or regular treatment placement. 

• The improvements offered by optimized treatments are reduced when 40-50% of the 

landscape is unavailable for treatment due to land management constraints.  

• Treatment rates beyond 2% of the landscape per year yield little added benefit. 

 

Considering the fire modeling already underway by the USFS, and the key takeaways reviewed here, the 

Center believes that a modified version of the methodology developed by the Hurteau lab and used by 

Krofcheck and colleagues161 is most appropriate for the Rim Country analysis. Their optimization model, 

which mechanically treats only the operable areas with a high probability of mixed- and high-severity 

fire, was shown in multiple fire simulations to be as effective as thinning all operable acres at reducing 

wildfire burn severity and facilitating landscape scale low-severity fire restoration. The authors 

summarize their methods here: 

“We developed three scenarios: no-management, naive placement, and optimized 

placement. Both management scenarios employed combinations of mechanical thinning 

and prescribed burning. The naive placement scenario aimed to simulate mechanical 

thinning from below and prescribed fire to all forest types that have experienced a fuels 

load departure from their historic condition due to fire exclusion. Within each forest type 

that received mechanical thinning, thinning was constrained based on operational limits 

(slope>30%, which totaled 22,436 ha available for mechanical thinning). The optimized 

placement scenario further constrained the area that received mechanical thinning by 

limiting thinning to areas that also had a high probability of mixed- and high-severity 

wildfire…In both treatment scenarios, stands identified for mechanical treatment were 

thinned from below, removing roughly one-third of the live tree biomass over the first 

decade of the simulation. Stands selected for mechanical thinning were only thinned once 

in the simulations, and all thinning was completed within the first decade.”162 

Their results suggested that thinning the most optimum 33% of the operable acres could achieve the same 

effect as thinning all operable acres. The study was simulated in the Sierra Nevada of California, but the 

authors asserted that their approach was “broadly applicable to historically frequent-fire ecosystems, or 

systems which have transitioned away from a low severity and fuel limited fire regime to one 

characterized by high-severity fires.”163 The authors have recently completed similar optimization 

simulations in the Santa Fe Fireshed, which is likely to provide additional direction for utilizing such an 

approach in Southwestern ponderosa pine and mixed conifer forests (findings are to be published in 

summer, 2018).164 We believe that it is possible and beneficial to integrate the existing 4FRI fire behavior 

and risk assessment modelling into an optimization simulation based on that work. We recommend that 

the Hurteau Lab is contacted immediately to begin dialogue with 4FRI Stakeholders as to how an 

optimization process can take existing fire modelling to the next level of strategic utility, while 

                                                      
161 Krofcheck et al. 2017a; Krofcheck et al. 2017b 
162 p. 2 in Krofcheck et al. 2017a 
163 p. 6 in Krofcheck et al. 2017a 
164 Personal communication: Matt Hurteau, University of New Mexico, March 29, 2018  
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maintaining the viability of existing consensus agreements for treatments in SPLYT stands, old and large 

tree retention, Mexican spotted owl and northern goshawk habitat, and aquatic ecosystems. 

Three-tier Management Area Strategy 

Reflecting advances in landscape level planning, the Strategic Treatments for Fire Use Alternative 

proposes a three-tier strategy, basing management area decisions on optimized treatment locations rather 

than just arbitrary distances from values-at-risk. Past management zone strategies have been proposed by 

fire ecologists to facilitate resource benefit fire in Wilderness areas, and were based on distance from the 

wildland-urban interface.165 Later, those approaches were extended to non-Wilderness public lands 

beyond a 5 ½ mile buffer around private land.166 Both of those distance-dependent approaches resulted in 

identification of community protection zones, restoration management zones, and fire use zones. More 

recently, USFS and academic scientists called for a similar three-zone approach to be incorporated into 

National Forest Land and Resource Management Plans, with no specification of zone distances from the 

wildland-urban interface.167 Conversely, the Strategic Treatments for Fire Use Alternative proposes that 

thinning treatments be prioritized in the Wildland Urban Interface, around critical infrastructure, and in 

areas having the highest probability of active crown fire, irrespective of proximity to human values-at-

risk.  Placement of such treatments would reflect existing 4FRI protections (SPLYT, MSO, etc) as well as 

economic costs/benefits of implementation.  The three tiers of the Alternative are as follows: 

 

Tier 1) Community Protection. These areas should be highest priorities for mechanical treatment, where 

feasible. Identification of the Community Protection Areas follows the consensus-based criteria 

established in the first 4FRI EIS of ½ mile around homes and critical infrastructure. Consistent with the 

agreements forged in the Analysis of Small-Diameter Wood Supply in Northern Arizona and 

memorialized in the first EIS, management objectives for the Community Protection Areas take 

precedence wherever they overlap with another management area. Extended Duration Restoration 

treatments, as proposed in the modified Alternative 2, may be appropriate for experimental 

implementation in this zone within a research framework. Additional areas that demand special attention 

may be addressed through the collaborative stakeholder process. 

 

Tier 2) Strategic Thinning Treatment. These areas should be the next level of priority for mechanical 

treatment, implementing consensus-based treatments already agreed-upon by the USFS and the 4FRI 

Stakeholders. The Flexible Toolbox Approach, once agreement is reached on its parameters and 

constraints, could be utilized in these areas with the additional option of treating with fire-only if stand 

conditions permit, if mechanical treatment is not economically viable, and/or if on the ground conditions 

differ from expectations. Strategic Thinning Treatment areas would be identified through optimization 

analysis.  An additional, secondary prioritization could be developed collaboratively to identify those 

stands which are the foremost priority for accelerated mechanical treatment within this zone. This 

analysis should include all “other projects” within the Rim Country footprint, because “Understanding 

where past fuel treatments and wildfires have occurred is important for prioritizing future fuel 
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treatment.”168 Based on the 2010 synopsis competed by Collins and colleagues, a reasonable starting 

point may be that approximately 20% of the operable landscape could be targeted for strategically placed 

treatments, which would equate to approximately 250,000 acres of the Rim Country footprint. Krofcheck 

and colleagues optimization simulations from the Sierra Nevada resulted in approximately 8.5% of the 

landscape being identified for mechanical treatment. It will be important to let the process speak for itself, 

but if the optimization successfully locates thinning treatment priorities within those ranges, that amount 

of available acreage would provide 15-20 years of contracts to local industry, especially considering the 

challenges to implementation discussed earlier in this document. These acres may be in addition to those 

within the Community Protection areas and would be determined through the optimization analysis. 

 

Tier 3) Fire Use. Areas located outside Tier 1 and 2 are not prioritized for mechanical treatment. Instead, 

management prioritizes prescribed and resource benefit fire at frequencies appropriate to local fire 

regimes. Because progressively warmer and drier winters may be conducive to year-long prescribed 

fire,169 we recommend that increased resources are made available for burning, including the use of 

Prescribed Fire Training Exchanges (TREX), Wildland Fire Modules, forming prescribed fire councils, 

and a dedicated 4FRI prescribed fire implementation team.170 

 

V. CONCLUSION 

Optimizing spatial prioritization of mechanical treatments reflects an evolution of fire management, 

placing emphasis on restoring fire as a natural process, rather than simply disrupting fire spread and 

protecting areas from burning.171 The result of a strategic approach is to move away from managing for 

short-term outcomes and towards achievement of long-term restoration goals and objectives, consistent 

with calls from the scientific community to increase the use of prescribed and managed wildfires for 

resource benefit.172 In a review of optimization strategies, Collins and colleagues stated that “The basic 

idea is that an informed deployment of treatment areas, a deployment that covers only part of the 

landscape, can modify fire behavior for the entire landscape.”173 As an example, researchers have 

observed that thinned stands within the Rodeo-Chediski Fire affected fire behavior in neighboring 

untreated stands, leading to more complex heterogeneity, reduced fire severity, and increased ponderosa 

pine regeneration following the fire.174 The Center believes that an informed deployment of the 

mechanical and fire treatments can more effectively and efficiently restore ponderosa pine and mixed 

conifer forests of the Rim Country landscape than the current 4FRI direction, and the Strategic 

Treatments for Fire Use Alternative is the way to get there.   
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