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

CENTER for BIOLOGICAL DIVERSITY


https://cara.ecosystemmanagement.org/Public/CommentInput?project=50358

Comment on the East Eagle — Mud Springs Fuels Project

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® 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.

! 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.>* It requires the Forest Service to
“[e]ncourage and facilitate public involvement in decisions which affect the quality of the human
environment,” and to use high quality information because “[a]ccurate scientific analysis . . . and public
scrutiny are essential to implementing NEPA.” 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.”®

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

actions significantly affecting the quality of the human environment.”

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.”*® “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.”™ “[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.”*

NEPA also requires federal agencies to take a “hard look” at the environmental consequences of proposed
actions, including their direct, indirect, and cumulative effects.”*!* 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.*® Direct effects are caused by the action
and occur at the same time and place as the proposed project.” Indirect effects are caused by the action
and are later in time or farther removed in distance, but are still reasonably foreseeable.'” Both types of
impacts include “effects on natural resources and on the components, structures, and functioning of

240 C.F.R.. § 1500.1

3 See also: Robertson v. Methow Valley Citizens Council, 490 U.S. 322, 349 (1989)
440 C.F.R.. § 1500.2(d)

°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)
740 C.F.R.. § 1502.13

$42U.5.C. §4332(2)(E)

942 U.S.C. 8 4332(2)(C)

10 \Western Watersheds Project v. BLM, 552 F.Supp.2d 1113, 1126 (D. Nev. 2008)
™ Northern Plains v. Surf. Transp. Brd., 668 F.3d 1067, 1083 (9th Cir. 2011)

12 |bis at 10850

1% Robertson v. Methow Valley Citizens Council, 490 U.S. 332, 348 (1989)

1442 U.S.C. § 4332(2)(C); 40 C.F.R.. §8 1502.16, 1508.7, 1508.8

1540 C.F.R. §§ 1502.16, 1508.8, 1508.25(c)

1640 C.F.R. § 1508.8(a)

740 C.F.R. § 1508.8(b)
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affected ecosystems,” as well as “aesthetic, historic, cultural, economic, social or health [effects]. 18 Eor
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.'® 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.”?® 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.?* 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.”” NEPA requires that a range of meaningful alternatives be explored in
the environmental review process.”? The Draft EA should contain a no action alternative. While a no-
action alternative is not required for an EA** 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.”” 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.””?®

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.”” The Forest Service should incorporate the
issues developed in this comment to formulate a reasonable alternative that avoids significant cumulative

18 i
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 |bid
2L 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 ESH 1905.15 — Ch. 20, and also 40 C.F.R. § 1502.14
342 U.S.C. 88 4332(C)(iii))

2 FSH 1909.15 — Ch. 10 § 14.2

5 |bid

% FSH 1905.15 — Ch. 20 § 23.3 (5)

7742 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.”?®

Conditions that underlay the need for ecological restoration in the project area result from high-grade
logging, fire suppression and livestock grazing®, encroachment of human civilization into fire-adapted
ecosystems® and effects of climate change to fire regime.® 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®

(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-

* FSH 1905.15 Ch. 20 § 14
2 Covington, W.W., and M.M. Moore. 1994. Southwestern ponderosa forest structure: Changes since Euro-American settlement.
Journal of Forestry 92: 39-47.
%0 Radeloff, V.C., R.B Hammer, S.1. 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.
3! 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.
%2 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® 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.** 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.®* 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.”*® 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.

% 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.

% peterson, D.L. and M.C. Johnson. 2007. Science-based strategic planning for hazardous fuel treatment. Fire Management
Today 67(3):13-18.

% 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”’.

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?”*® 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,”* 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® in
the context of climate adaptation,** and the capacity for human effects to override climate influence on
fire behavior* independent of mechanical thinning treatments.

Integrated approaches that provide promising direction for strategic treatment prioritization, such as
optimized fuel treatments developed by academic*® and Forest Service** 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.” 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,”*® suggesting that assumptions about severe fire effects on climate resilience
should be questioned. Recent science syntheses also suggest that “complex early-seral forests™* which
can only arise following mixed-severity fire events, are a valuable component of a biologically diverse
and fire-resilient landscape.”® While this phenomenon has not been given much attention from the
scientific community in the southwest, the topic clearly merits further consideration.

¥ 1bid

% peterson, D.L. and M.C. Johnson. 2007. Science-based strategic planning for hazardous fuel treatment. Fire Management
Today 67(3):13-18.

¥ 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.

* Schoennagel, T. et al. 2017. Adapt to more wildfire in western North American as climate changes. PNAS
doi/10.1073/pnas.1617464114.

“2 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.

*2 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.

* Finney, M.A. 2007. A computational method for optimising fuel treatment locations. Int. J. of Wildland Fire 16: 702-711.

 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.

* 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.

“8 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®® 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® 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

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

% 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:*!

» 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.

* 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.”®

» Removal of livestock grazing pressure from riparian areas has been found to have a positive effect on
growth, distribution, and vigor of riparian communities.*

» 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.**® Trampling
impacts are substantial even in the absence of shade loss.”” 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.*®* 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.”® Exotic plant species, once established, can
displace native species, in part, because native grasses are not adapted to frequent and close grazing in

%! Fleischner, T.L. 1994. Ecological costs of livestock grazing in western North America. Conservation Biology 8(3):629-644.

%2 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.

% 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.

%5 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

% 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.

°" 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.

%8 Donahue, D. 1999. The Western Range Revisited: Removing Livestock from Public Lands to Conserve Native Biodiversity.
Norman, OK: University of Oklahoma Press. 338 pages.

%9 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.

% 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.®’5#®® «“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.”®*

» Grazing also has negative effects on songbirds, reptiles and other mammals especially if their habitat is
close to the ground.”® Rosenstock and Van Riper reported that “Livestock grazing and fire suppression
commonly are cited as causes of woodland expansion.””®

» 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.”®’

Recent studies into livestock grazing management®®®® 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;

8 Mack, R. N., and J. N. Thompson. 1982. Evolution in steppe with few large, hooved mammals. American Naturalist 119:757-
72.

82 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.

8 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.

8 Central Arizona Grasslands Conservation Strategy, page 21

8 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.

8 Rosenstock, S. S. and Van Riper 111, C. (2001) Breeding Bird Responses to Juniper Woodland Expansion. Journal of Range
Management, 54:226-232.

87 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.

8 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.

% 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.” 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).”””? In turn, surface fireline intensity dictates the likelihood
of tree crown ignition and torching behavior.”

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.” Van Wagner’ 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.”® 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.” Some have advocated removing large or

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

™ 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.

2 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.

™ 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.

™ 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.

" 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.

" 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.

CENTER for BIOLOGICAL DIVERSITY 11



Comment on the East Eagle — Mud Springs Fuels Project

dominant trees to reduce crown bulk density and contended that doing so will lessen fire resistance-to-
control in extreme weather.”® However, fire weather can overwhelm any effect of fuel treatments on fire
behavior.”” 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.®® 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.®/%/8¥84

Omi and Martinson® 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.®® 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.

"8 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.

™ 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.

8 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.

8 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.

8 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.

8 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.

8 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.

8 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.

8 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.®” 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.® 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.”®

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).

8 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.

® 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.

% 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.*

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.®* 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.* 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*.
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.

% 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.

L Whelan, R.J. 1995. The Ecology of Fire. Cambridge Univ. Press: New York.

%2 Finney, M.A. 2001. Design of regular landscape fuel treatment pattern for modifying fire growth and behavior. Forest Science
47:219-28.

% bid
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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.®* The ecological significance of old growth habitat and large trees that comprise their structure
is amply documented®. Large tree removal is not necessary or beneficial to restoration of fire-adapted
forest ecosystems.” 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 (¥4) 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

% Covington, W.W., and M.M. Moore. 1994. Southwestern ponderosa forest structure: Changes since Euro-American settlement.
Journal of Forestry 92: 39-47.

% Friederici, P. (Ed.). 2003. Ecological Restoration of Southwestern Ponderosa Pine Forests. Island Press: Washington, DC.

% 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.”® 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.”®***® 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.'™ 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.'® Finally, mature conifers have a high capacity to survive and recover from
crown scorch.’® Thus, large tree structure enhances forest resilience to severe fire effects'®*%%® whereas
removing them may undermine fire resilience.**’/**

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.'® Thinning small trees
and pruning branches of large trees to increase canopy base height significantly decreases the likelihood
of crown fire initiation,%/***/**?/*3 which is a precondition to active crown fire behavior.***/*'> Therefore,

%7 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

treatments. The Strategy identifies circumstances, ecological objectives and selection criteria for cutting large trees under site-

specific conditions.

% Covington and Moore 1994

% Fulg, P.Z., W.W. Covington, and M.M. Moore. 1997. Determining reference conditions for ecosystem management of
Southwestern ponderosa pine forests. Ecological Applications 7: 895-908.

10 USDA 1999, USDA 2007

101 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.

102 Keeley, J.E. and P.H. Zedler. 1998. Evolution of life histories in Pinus. Pp. 219-250 in: D.M. Richardson (ed.). Ecology and
Biogeography of Pinus. Univ. Cambridge: U.K.

103 McCune, Bruce. "Ecological diversity in North American pines." American Journal of Botany (1988): 353-368.

104 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.

105 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.
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International Journal of Wildland Fire 11: 1-10.

197 Brown, R.T., J.K. Agee, and J.F. Franklin. 2004. Forest restoration and fire: principles in the context of place. Conservation
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1%8 Naficy, C., A. Sala, E.G. Keeling, J. Graham and T.H. DelLuca. 2010. Interactive effects of historical logging and fire
exclusion on ponderosa pine forest structure in the northern Rockies. Ecological Applications 20: 1851-64.

10 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
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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.*® The ecological significance of old
growth forest habitat and large trees comprising it is widely recognized.'’/**® There is no agreed-upon
scientific basis for removing large trees to promote fire resistance in southwestern forests."*/*? 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.”® 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.*?® Prescribed fire also may render large
trees susceptible to delayed bark beetle infestation.”® In addition, large tree mortality has indirectly
resulted from mechanical thinning activities t00.** 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.’® Prescribed fire may create coarse woody habitat by killing live trees, but gains generally do
not offset losses, as existing coarse wood is irretrievably.*?® Recruitment of large trees, snags and large
woody debris will become more limiting over time as climate change imposes chronic drought, reduced

12 perry, D.A., H. Jing, A. Youngblood, and D.R. Oetter. 2004. Forest structure and fire susceptibility in volcanic landscapes of
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(1992). Portal, AZ. USDA For. Serv. Gen. Tech. Rep. RM-213. Fort Collins, CO.

119 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.

120 Brown et al. 2004, Dellasala et al. 2004

121 Sackett, S.S., S.M. Hasse, and M.G. Harrington. 1996. Lessons learned from fire use for restoring Southwestern ponderosa
pine ecosystems. In: W.W. Covington and M.R. Wagner (eds.). Conference on Adaptive Ecosystem Restoration and
Management: Restoration of Cordilleran Conifer Landscapes of Northern America. USDA For. Serv. Rocky Mtn. Res.
Sta. Gen. Tech. Rep. RM-GTR-278. Fort Collins, CO.

122 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.

128 Wallin, K.F., T.E. Kolb, K.R. Skov, and M.R. Wagner. 2003. Effects of crown scorch on ponderosa pine resistance to bark
beetles in northern Arizona. Environmental Entomology 32: 652-61.

124 Hunter et al. 2007

125 Ipid

126 Randall-Parker, T., and R. Miller. 2002. Effects of prescribed fire in ponderosa pine on key wildlife habitat components:
preliminary results and a method for monitoring. Pp. 823-34 in: W.F. Laudenslayer, et al. (coord.). Proc. Symp.
Ecology and Management of Dead Wood in Western Forests. 1999 November 2-4; Reno, NV. USDA For. Serv. Pac.
So. Res. Sta. Gen. Tech. Rep. PSW-GTR-181. Albany, CA.
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tree growth rates, and more widespread tree mortality. 2712829130831 A [arge 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.”*4/**33* |f 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.**® 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.**’/**® 0OId 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

127 Diggins, C., P.Z. Fulé, J.P. Kaye and W.W. Covington. 2010. Future climate affects management strategies for maintaining
forest restoration treatments. International Journal of Wildland Fire 19: 903-13.

128 savage, M. P.M. Brown, and J. Feddema. 1996. The role of climate in a pine forest regeneration pulse in the southwestern
United States. Ecoscience 3: 310-18.

129 Seager, R., M. Ting, Y. Kushnir, J. Lu, G. Vecchi, H. Huang, N. Harnik, A. Leetmaa, N. Lau, C. Li, J. Velez and N. Naik.
2007. Model projections of an imminent transition to a more arid climate in southwestern North America. Science 316:
1181-84.

130 yan Mantgem, P.J., N.L. Stephenson, J.C. Byrne, L.D. Daniels, J.F. Franklin, P.Z. Fulé, M.E. Harmon, A.J. Larson, J.M.
Smith, A.H. Taylor and T.T. Veblen. 2009. Widespread increase of tree mortality rates in the western United States.
Science 323: 521-24.

131 williams, A.P., C.D. Allen, C.I Millar, T.W. Swetnam, J. Michaelsen, C.J. Still and S.W. Leavitt. 2010. Forest responses to
increasing aridity and warmth in the southwestern United States. PNAS 107: 21289-94.

182 Quigley, T.M., R.W. Haynes and R.T. Graham. 1996. Disturbance and Forest Health in Oregon and Washington. USDA For.
Serv. Pac. Nor. Res. Sta. Gen. Tech. Rep. PNW-GTR-382. Portland, OR.

138 gpjes, T.A. 2004. Ecological concepts and diversity of old-growth forests. Journal of Forestry 102: 14-20.

134 yan Mantgem et al. 2009

135 Beier, P., and J. Maschinski. 2003. Threatened, endangered, and sensitive species. Pp. 206-327 in: P. Friederici (ed.).
Ecological Restoration of Southwestern Ponderosa Pine Forests. Island Press: Washington, D.C.

136 K eyes and O’Hara 2002

%7 Kaufmann et al. 1992

138 |_uyssaert, S., E.D. Schulze, A. Bérner, A. Knohl, D. Hessenméller, B.E. Law, P. Ciais and J. Grace. 2008. Old-growth forests
as global carbon sinks. Nature 455: 213-15.
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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®®
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'® 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*** 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,"** 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.”*** 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].”

139 Seott L. Stephens, Seth W. Bigelow, Ryan D. Burnett, Brandon M. Collins, Claire V. Gallagher, John Keane, Douglas A.
Kelt, Malcolm P. North, Lance Jay Roberts, Peter A. Stine, Dirk H. Van Vuren. 2014. California Spotted Owl,
Songbird, and Small Mammal Responses to Landscape Fuel Treatments. BioScience 64(10): 893-906.

140 ee, D.E., M.L. Bond, M. I. Borchert, and R. Turner. 2012. Influence of fire and salvage logging on site occupancy of spotted
owls in the San Bernardino and San Jacinto Mountains of southern California. The Journal of Wildlife Management
77(7):1327-1341.

141 Tempel, Douglas J., R.J. Gutierrez, Sheila A. Whitmore, Matthew J. Reetz, Ricka E. Stoelting, William J. Berigan, Mark E.
Seamans, and Zachariah Peery. 2014. Effects of forest management on California spotted owls: implications for
reducing wildfire in fire-probe forests. Ecological Applications 24(8):2089-2106.

142 | ee, D.C., and L.L. Irwin. 2005. Assessing risks to spotted owls from forest thinning in fire-adapted forests of the western
United States. Forest Ecology and Management 211:191-2009.

143 Corbin Newman letter to Benjamin Tuggle, April 17, 2009. 2 pages
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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% 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.** New roads may permanently
impair soil productivity even if their use is temporary.**® 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.**® 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.**”**® 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

144 Gucinski, H., M.J. Furniss, R.R. Ziemer and M.H. Brookes (eds.). 2001. Forest Roads: A Synthesis of Scientific Information.
USDA For. Serv. Gen. Tech. Rep. PNW-GTR-509. Portland, OR.

%% Trombulak, S.C. and C.A. Frissell. 2000. Review of ecological effects of roads on terrestrial and aquatic communities.
Conservation Biology 14: 18-30.

146 Endicott, D. 2008. National Level Assessment of Water Quality Impairments Related to Forest Roads and Their Prevention by
Best Management Practices. Final report to U.S. Environmental Protection Agency, Contract No. EP-C-05-066, Task
Order 002. Great Lakes Environmental Ctr.: Traverse City, MI. December. 259 pp.

147 Elliot, W.J. 2010. Effects of forest biomass use on watershed processes in the western United States. Western Journal of
Applied Forestry 25: 12-17.

148 Robichaud, P.R., L.H. MacDonald and R.B. Foltz. 2010. Fuel management and erosion. Ch. 5 in: W.J. Elliot, 1.S. Miller and
L. Audin (eds.). Cumulative Watershed Effects of Fuel Management in the Western United States. USDA For. Serv.
Rocky Mtn. Res. Sta. Gen. Tech. Rep. RMRS-GTR-231. Fort Collins, CO.
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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 310.1*° 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
guantitatively.”

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.”

149 Reynolds, R.T., A.J. Sanchez Meador, J.A. Youtz, T. Nicolet, M.S. Matonis, P.L. Jackson, D.G. DeLorenzo and A.D. Graves.
2013. Restoring Composition and Structure in Southwestern Frequent-Fire Forests: A Science-Based Framework for
Improving Ecosystem Resiliency. USDA For. Serv. Rocky Mtn. Res. Sta. Gen. Tech. Rep. RMRS-GTR-310. Fort
Collins, CO.
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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™ 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.”®**2 Ecologists stress definition of locally specific reference conditions to
justify restoration goals and outcomes due to scale dependence of ecological pattern.>¥**¥***  For

150 Bell, D.M., P.F. Parysow, and M.M. Moore. 2009. Assessing the representativeness of the oldest permanent inventory plots in
northern Arizona ponderosa pine forests. Restoration Ecology 17(3): 369-377.

151 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.

152 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.

153 Noss, R., P. Beier, W. W. Covington, R. E. Grumbine, D. B. Lindenmayer, J. W. Prather, F. Schmiegelow, T. D. Sisk, and D.
J. Vosick. 2006. Recommendations for integrating restoration ecology and conservation biology in ponderosa pine
forests of the Southwestern United States. Restoration Ecology 14: 4-10.

154 Swetnam, T.W., C.D. Allen and J.L. Betancourt. 1999. Applied historical ecology: Using the past to manage the future.
Ecological Applications 9(4):1189-1206.

155 White, P.S. and J.L. Walker. 1997. Approximating nature’s variation: selecting and using reference information in restoration
ecology. Restoration Ecology 5: 338-349.
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example, Korb and others™®

Colorado:

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

“QOur 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®’. 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'*®”, 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

156 Korb, J.E., P.Z. Fule, P.Z. and R. Wu. 2013. Variability of warm/dry mixed conifer forests in southwestern Colorado, USA:
Implications for ecological restoration. Forest Ecology and Management 304:182-191.

57 The reconstructions by ERI scientists on Woolsey plots have established a high bar for scientific integrity, but the plots were

subjectively located by Woolsey and team as part of early silvicultural experiments, calling the usefulness of the results to be

interpreted carefully and within a broader collection of multiple lines of evidence on representative sites.

158 https://www.fs.usda.gov/main/longvalley/home
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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"*°; 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*®. The only site cited in GTR-310
that Long Valley would have been less dense than is Malay Gap, studied by Cooper (1960'®"), 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*/acre' (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.

19 Fylg, 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 |nterestingly, 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 ft?/acre, to which Cooper (1960: p. 150) remarked: “dlthough 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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ForesT CoNDITIONS AT MAVERICK AND AT MALAY GAP

Althongh similar in basie composition and strue-
ture, the forests at Maverick and at Malay Gap are
guite different in appearance. A visitor to Malay
Giap, conditioned by aequaintance with the over-dense
thickets characteristie of most of the Southwestern
pine region, is immediately struek by the open nature
of the forest (Fig. 20). The forest floor 15 earpeted
with a deep layer of grass, and small diserete patehes
of young trees are dispersed among groups of stately
pines. The pure beauty of the Malay Gap region

more than compensates for its difficulty of aceess.

i ageis
pine forest

’ of P K1 545,
Fi1g. 20. Typieal view of the ponderosa
in the primitive area at Malay Gap.

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
A conspicuous teature of the ponderosa pine . . . .
forest is the grouped arrangement of the trees. [t small size of the openings in which the groups
is obvious that the forest is composed of distinet| can become established.”*®
groups, e¢aeh made up of several trees similar in size
and unpurl'vr:t :tlm‘ (Fig. 17]). J,T‘l'is ftﬂtvt t'}ﬂ-* "l;"z: :W“ If the East Eagle-Mud Springs Fuels Project is
reeognized, but surprisingly littie attention has been . . e
given to the structure of these groups or to then to baSG'ItS qESIFEd-COHdItIOHS'On-(:;TR-31(-), then
mode of origin. 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.

PATTERN

Fic. 17. Typieal stand of mature ponderosa pine,
showing grouped distribution of trees.

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
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@ Ponderosa Pine Forest Structure Reference Sites from Table 6 in GTR-310
E] Mixed Conifer Forest Structure Reference Sites from Table 9 in GTR-310
o Tree Pattern and Group Characteristics Reference Sites from Table 3 in GTR-310

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).
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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; DelL.uca & 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 Obijection Response letter from Regional Forester Cal Joyner to Jay Lininger of the Center,
specifically CBD lIssue 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.

3%%&,\

Joe Trudeau, Southwest Advocate
Center for Biological Diversity
PO Box 1013, Prescott, AZ 86302
603.562.6226
jtrudeau@biologicaldiversity.org
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ITEM A:

Cooper’s (1960) seminal report on old growth ponderosa pine forest
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CHANGES IN VEGETATION, STRUCTURE, AND GROWTH OF SOUTH-
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INTRODUCTION

More than a century ago, Lt. Edward Beale wrote
of northern Arizona: “It is the most beautiful region
I ever remember to have seen in any part of the
world. A vast forest of gigantic pines, intersected
frequently with open glades, sprinkled all over with
mountains, meadows, and wide savannahs, and cov-
ered with the richest grasses, was traversed by our
party for many days.” (quoted by Bell, 1870). There
are those today who would agree with the lieutenant’s
conclusions, but the northern Arizona countryside is
no longer the same land that Beale saw in 18537.
Eighty-five years of white man’s use and oceupancy
have profoundly altered the forest landscape. North-
ern Arizona is particularly suitable for a study of
the dynamics of vegetation change under the in-
flnence of the white man and his use of the land.
Here these changes have taken place within the life-
time of men still living, and are easier to trace than
in longer-gettled regions.

As 1n Beale's day, an almost unbroken band of
ponderosa pine forest 25 to 40 mi wide and nearly
300 mi long spreads across central and northern
Arizona. With outliers in the higher mountains
throughout the state, it constitutes one of the largest
pine forests in North Ameriea. Of the more than
3,000,000 A of commercial forest land in Arizona,

* Present address: Division of Natural Resources, Humboldt
. ate College, Arcata, California,
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by far the largest part supports a nearly pure stand
of ponderosa pine (Pinus ponderosa). (The botanical
nomenclature of Kearney & Peebles (1951) is fol-
lowed throughout.) The pine zone oceupies most of
the mountain and plateau country above about 6,500
ft. On the higher peaks, above about 8,500 ft, the
pine 1s largely replaced by a mixed forest of Douglas
fir (Pseudotsuga menziesit), white fir (Abies con-
color), and other species. Below the pine forest lies
a pinon-juniper woodland.

This study of vegetation change was approached
on the one hand from the historical viewpoint. Due
to the late settlement of the region, Arizona is almost
unique in the United States in that reasonably well-
planned scientific exploration preceded extensive
exploitation. Many carly travellers left records of
their impressions of the pine forest country. Indi-
vidually, these early rveports are of little value in
reconstructing the vegetation of the past century.
Cumulatively, however, they build up a fairly clear
picture.

The second approach was analysis of stand strue-
ture.  The present mature forest, with an overstory
of trees aged 150 yrs and more, obviously originated
before white settlement. The structure of the ma-
ture forest was studied and compared with that of
the young forest that will comprise the overstory of
the future. ‘

This study was made possible by a National
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Science Foundation Predoctoral Fellowship for the
academic vears 1956-57 and 1957-58. Field work
was supported 1 part by National Science Founda-
tion Research Grant G-3834. Thanks are due to
the Tribal Councils of the San Carlos and White
Mountain Apache Tribes for permission to carry out
the field work on their tribal lands, and to Superin-
tendent Albert Hawley and his staff at the Fort
Apache Agency, Whiteriver, Arizona, for assistance.
Much useful information was provided by Paul Buss,
Forest Manager, San Carlos Indian Reservation, and
LaVon Dunford, Forest Engineer, Southwest Lumber
Mills, Ine. Among those who assisted with advice
and eritieism were R. R. Humphrey and C. W. Fergu-
son of the Umiversity of Arizona, J. E. Fletcher of
Agricultural Research Service, and F. X. Schumacher
of Duke Umiversity. Mrs. Lutie Higley, reference
librarian at the University of Arizona Library, was
unfailingly helpful in the historical phases of the
study. Fmally, I wish to acknowledge myv special
debt to Dr. H. J. Oosting of the Department of
Botany, Duke University, and to Mr. Harry Kallan-
der, Forest Manager, Fort Apache Indian Reserva-
tion.

THE HISTORICAL EVIDENCE

“. . . the first dayes we founde no grasse, but
worser way of mountaines and badde passages, then
we had passed alreadie: and the horses being tired,
were greatly molested therewith.” In those unflatter-
ing terms the first white man to leave a permanent
record deseribed his visit to the White Mountains
(Letter, Coronado to Mendoza, August 3, 1540.
Translated in Hakluyt, 1600:375). Franeisco Vas-
quez Coronado forded the Gila River somewhere
below the present town of Safford, and crossed the
White Mountains to the Indian town of Zuni. Thus
began some three centuries of sporadic visits to the
northern Arizona mountains by Spanish adventurers,
missionaries, and would-be colonists. The mountain
region was oecupled by nomadie food-gathering In-
dians, mostly Apaches and their close relatives, the
Navajos. The Spanish conquistadores found that
these people could not be conquered by the means
then available to Spain, they would not stay con-
verted, and they had no property worth stealing
(Webb, 1931). So, “Nearly all of what we now ecall
Arizona has no other history before 1846 than 'the
record of exploring entradas from the south and
east” (Bancroft, 1889). A relatively few Apaches,
masters of guerilla warfare, were able to prevent white
settlement and to hold the country for themselves
for more than 300 vrs.

The Treaty of Guadalupe Hidalgo transferred
Arizona and New Mexico to Ameérican jurisdiction
in 1848. Thereafter, the Apaches were an American
problem for nearly 40 vrs. Sporadic and confused
attempts at control were ended by the Civil War.
After the war, serious efforts to subdue the Apaches
got under way. More or less permanent peace came
to the north and west in 1874, and the northern pine
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“We came to a glorious forest of lofty pines,
The
country was beautifully undulating, and although we
usually associate the idea of barrenness with the pine
regilons, 1t was not so in this instance; every foot
being covered with the finest grass, and beautiful
broad grassy vales extending in every direction. The
forest was perfectly open and unencumbered with
brush wood, so that the travelling was excellent.”
(Beale, 1858). The overwhelming impression that
one gets from the older Indians and white pioneers
of the Arizona pine region is that the entire forest
was onpce mueh more open and park-like than it is
today. A eritical examination of early reports of
travellers in northern Arizona at the time of white
settlement may shed some light on primeval forest
condifions, and on changes 1n those conditions within
historie times.

There are no reliable reports from the northern
mountains until after 1848. The first official expe-
dition, under Capt. Lorenzo Sitgreaves, missed most
of the forest area. Lt. Whipple in 1833 led a party
surveyving a possible route for a transcontinental
railroad along the 35th parallel. Lt. Beale, command-
ing the famous band of camels that was expected to
revolutionize transportation in the Southwest, crossed
the area in 1857 and again in the winter of 1858-59.
Lt. Ives explored the Colorado River and led the first
expedition into the Grand Canyon country. - After
the Civil War the number of military and ecivilian
visitors increased rapidly. The period of explora-
tion eulminated with the expeditions of the Wheeler
Survey, predecessor of the present U. S. Geological
Survey, in the years 1871-1875. Accompanying vir-
tually all these early expeditions was a naturalist
whose duty it was to describe the eountry for the
benefit of prospective settlers and to collect informa-
tion on the botany, zoology, and geology of the
region.

Most of the early travellers were impressed by the
open nature of the forest. Ives (1861) described the
region at the base of Bill Williams Mountain: “This
morning we re-entered the region of pines, and have
travelled all day in the midst of picturesque and
charming scenery. The valleys are covered with a
bright green sward, and open groves are dispersed
gracefully upon the lowlands and ridges.” Joseph
Rothroek (1875), botamist with the Wheeler Survey,
wrote of the region just south of Gallup, New Mexico :
“Gaining the summit a thousand feet above Fort
Wingate, we were at an altitude of about 8000 feet
ahove the sea, a fine, open, park-like region with a
large growth of vellow pine (Pinus ponderosa) and
fir covering the hillsides. A diversified herbaceons
vegetation was out in the most brilliant colors, beauti-
fving alike the woods and open grounds. . .. Goor!
forage was abundant.” This area todav is alme st
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harve of herbaceous ground cover, and dense thickets
of pine saplings predominate.

The glowing reports of Lt. Beale have already
been uoted. Whipple (1856) was more restrained
in his eomments, but he too remarks on the open
pature of the pine forest. C. Hart Merriam (1890)
hased his life zone coneept largely on a study of verti-
o1l zonation of vegetation on the San Francisco Moun-
tain~. In deseribing his study area he said, “The
lava plateau above about 2130 meters (7000 feet) 1s
covered throughout with a beautiful forest of stately
piies (Pinus ponderosa) which average at least 33
meters (100 feet) in height. There is no undergrowth
to chstruet the view, and after the rainy season the
orass heneath the trees is knee-deep 1n places, but
the growth is sparse on account of the rocky nature
of the surface.” Dutton’s classic “Physical Geology
of the Grand Canon Region” (1887) says of the
Kaibab Plateau: “The trees are large and noble in
aspect and stand widely apart, except in the highest
part of the plateau where spruces predominate. In-
stead of dense thiekets where we are shut in by 1m-
penetrable foliage, we can look far beyond and see
the tree trunks vanishing away like an infinite colo-
nade. The ground is unobstructed and invifing.
There 1s a constant succession of parks and glades—
dreamy avenues of grass and flowers winding be-
tween svlvan walls, or spreading out in broad open
meadows,  From June until September there 1s a
display of wild flowers which 1s quite beyond de-
seription.”

Although the early chroniclers were almost unan-
imous in their deseription of an open forest, it is evi-
dent that some reproduction did exist. Beadle (1873)
reported that on the Defiance Plateau, “The tall
sugar pines [sie] from three inches to two feet in
diameter, mingled with a few dwarfish oaks, were
scattered in regular proportion.” In a report on the
(iila River Forest Reserve, Rixon (1905) stated, “The
south side of Spring Creek is covered with a phe-
pomenal growth of young pine, approximating 30
feet in height and 6 inches in diameter.” In his
township by township deseription of the Reserve, he
referrved to abundant growth of young pines in some
areas, while elsewhere it is not mentioned or is re-
marked as absent. Plummer (1904), in a similar
examination of the Black Mesa Forest Reserve, found
exceptionally heavy stands of young trees in some
places.  Liebere et al. (1904) were struck by the lack
of reproduction on the San Franecisco Mountain
Forest Reserve: “Apparently there has been an al-
most complete cessation of reproduetion over very
large areas during the past twenty or twenty-five
vears, and there i1s no evidence that previous to that
time it was at any period very exuberant.” Pearson
(1910¢) early in his career noted that reproduction
was generallv deficient both in the virgin forest and
after loggine. e noted, however, that reproduction
on ths Prescott National Forest was good and in
places =0 dense it was difficult to walk through,

The early explorers were particularly consecious of
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grass, upon which they depended to feed their horses.
Both Whipple (1856) and Beale (1858) commented
about the abundance of grass in the forested area,
but both observed that grass was more plentiful on
lava soils than on heavier soils derived from sedi-
mentary rocks. Lt. George Wheeler 1n 15873 was the
first white man to elimb Mt. Baldy (Mt. Thomas),
the highest peak in the White Mountains. He re-
ported that “. . . a plateau bearing patches of bunch
grass 1s reached. . . . The animals feast upon the
rank and suceulent mountain bunch grass.” ( Wheeler,
1878). This would imply that good grass was not
universal in the mountains at that time. The same
conclusion can be drawn from the reports of Coro-
nado’s journey more than three centuries earlier.
Coronado (Winship, 1899) spoke feelingly of the
difficulty of crossing the White Mountains, and of the
good grass at Zuni, *“of which we had great need,
because our horses were so weak and feeble when they
arrived.”

Rothrock (1878) deseribed a dense grass cover in
the pine zone of southern Colorado: “In the beautiful
valley of the Conejos River, after striking the tim-
bered region, we found luxuriant bunch-grass cover-
ing the ground as thickly as 1t could stand. In
November it was still green about the roots, and was
eagerly eaten by our starved mules. Pinus ponderosa
formed open clumps, and under protection of these
trees it attained what seemed to be its maximum
growth.” Nelson (1884), a zoologist collecting for
the Smithsonian Institution, said of the region above
Springerville: *“There is scarcely any undergrowth,
but a dense mat of grass and flowers in these forests,
and beautiful mountain parks are found at frequent
intervals.”

In the University of Arizona Library is a collec-
tion of reports on range conditions in the first decade
of this century. Although these reports bear no sig-
nature, there can be little doubt that they were writ-
ten by Dr. J. J. Thornber, Botanist at the Arizona
Agricultural Experiment Station. In July, 1905, he
travelled by wagon from San Carlos to Fort Apache,
across the Natanes Plateau. Thornber (1905) de-
seribed the Natanes Plateau, which in many places
has alimmost no herbaceous vegetation beneath the pines
today, as ftollows: “The region 1s one for the most
part ungrazed, the bunches of grass maturing large
quantities of seed and then dying down to the
ground again, thus forming a good surface covering.
Also the more or less continuous forest covering con-
tributes considerable in the way of proteetion for
the grasses, so that effects of execessive drought and
heat are modified. With the above conditions, it
would hardly be too much, exeept in the densely
shaded portions, to expeet a ceontinuous turf or sod,
but such is the case only for small areas. Most if
not all of the grasses are of the xerophytic bunch-
grass tyvpe: these bunches usually occur at intervals
of a few inches to a few feet. They are apparently
as abundant on one slope as another. Between these
bunches of grass are interspersed many annual and
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perennial species, so that there is quite a continuous
vegetative covering everywhere over the mountains.
In addition to the forest layer, already noted, and the
laver of herbs and grasses, there is a fairly well-
defined shrub and undershrub layer; in ordinarily
closely hrowzed foot hills and mountains many of
these shrubs are considerably browzed by eattle, but
<o far as could be seen none of these have been nib-
bled in the least. . .. The region also showed no sign
of erosion or gullving, except perhaps where dug
away by the hand of man, as along the road.” Further
on, as he travelled from Fort Apache toward the
town of Pinetop, he noted, “There is a thin layer of
perennial grasses, covering most of the land from
Cooley’s to Fort Apache, although it rarely ap-
proaches a turf. At this time there 1s good orazing,
hut few or no cattle.”

At the time of Thornber’s visit such good range
conditions could probably have been found only on
the Indian reservations. More typieal were the condi-
tions that Plummer (1904) found on the Black Mesa
Forest Reserve. Here forage grasses grew luxuriant-
ly, but only at a distanee from water. Carcasses of
cattle and horses showed where they had died of thirst
after getting too far from water in search of pasture.
Beaver Creek, a tributary of the Verde River, was
¢ited as an example of overstocking, resulting in the
“complete annihilation of pasture in a formerly rich
area.”

Deterioration of watershed condition began com-
paratively early. Bryan (1925) stated that the Rio
de Flag, a small ¢reek flowing through a grassy flood
plain in the pine region near Flagstaft, had en-
trenched itself in an arroyo 10 to 20 ft deep. He
dated this trenching from 1890 to 1892. That gullies
originally were rare in the forest area can be In-
ferred from Dutton’s (1887) comments about the
Kaibab Plateau: “. . . every ravine is as smooth as a
lawn and carpeted with a rich turf of mountain grass,
richly decked with flowers of rare beauty and luxuri-
ance.”

Pattie (1905) camped on the Gila River in 1826,
apparently not far below Gila Hot Springs. He said,
“I began to ascend the bank of the stream to ex-
plore. . . . The first day we were fatigued by the
difficulty of getting through the high grass, which
covered the heavily timbered bottom.” There is little
orass in the eroded Gila Canyon today. Leopold
(1921) said of Blue River, a tributary of the upper
Gila, “All the old settlers agree that the bottoms of
Blue River were. at the time of settlement in about
1885, stirrup-high in gramma grass, and covered with
oroves of mixed hardwoods and pine. The banks
were lined with willows and abundant with trout. . ..
About 1900, fifteen vears after settlement, floods be-
oan to eut an ever-widening channel.” |

Wheeler (1878) stated that in the White Moun-
ta‘ns, “Elk, mountain sheep, California lion, deer,
antelope, wild turkey are known to be abundant tu
this range, and their fresh tracks were constantly
seen.”” But game was not always plentiful. Nelson
(1884) wrote that . . . the twentieth of Aug st found
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us located at Springerville. . . . Although the moun-
tains about here have been noted for the abundance of
ogame in them during past years, yet all kinds of large
came were remarkably searce during the past season.,
. . . Bear were not to be found at all, and elk were
so scearce that only a single fresh track was seen
during several weeks in the woods. Although the
cattlemen have invaded the distriet in foree, yet they
have only touched the pine country at widely scat-
tered places, and I am unable to account for the
scarcity of large game.” At about the same time,
Frazier (1884) visited the Apache Reservation on
behalf of the Indian Rights Association. He reported
that “Game is scarce on the reservation, and the
Indians find it difficult to find animal food.” KEven
earlier, Indian Commissioner Dole noted a shortage of
came at the time of the Civil War (Ogle 1940). Thus
it appears that big game was by turns abundant and
locally scarce even before white men had muceh 1n-
fluence on the region.

The most notable game anmimal 1 Arizona was the
Merriam elk, now extinet. Its principal range was
the White Mountains, but it oceurred throughout Ari-
zona and New Mexico. It was reported around Flag-
staff as late as 1884, and apparently persisted 1n 1so-
lated areas until the early years of the present century.
Rocky Mountain elk have since been. transplanted to
Arizona.

The history of deer in Arizona has been one of
alternating scareity and overabundance, In most of
the mountain areas of the state deer have thrived
in recent years and are probably at least as numerous
as they have ever been. No really radiecal changes
have been noted in the abundance of most of the
other econspicuous forest animals—wild turkeys,
squirrels, and others. An intensive predator control
program has eliminated the grizzly bear and the wolf,
and considerably reduced the nnmbers of bear, coyotes,
and mountain lion.

Changes in the Arvizona pine forests were sum-
marized more than 50 yrs ago by Holsinger (1902),
an examiner for the General Land Office: “Briefly,
the history of the forests of Arizona, which my oppor-
tunities have enabled me to gather from many of the
oldest reliable pioneers, is that when first invaded by
white man the forests were open, devoid of under-
growth, and consisted in the main of mature trees,
with practically no forest cover. Instead of forest
undererowth, the ground was well set with perennial
orasses and other herbage, wiich, being undisturbed,
maintained what may be called a normal condition,
or such as existed when the country was first settled
and such as is now much to be desired. It was not
an uncommon thing for the early settlers to cut native
hay in the pine forests and fill large government
contracts at the different military posts. As an in-
stance, Fort Whipple, near what is now the Prescott
forest reserve, mav be mentioned. Where hundreds
of tons of hay were eut unaer the actunal spread of
the forest trees during the sixties and seventies, there

is not now enough grass on a thousand acres to keep

in eemdition a familv ecow. TWilore were then running
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stream:s are now dry arroyos, and where were then
living springs are now beds of silt and sand.”

An examination of the record tends to substantiate
Hols nger’s conclusions. The forest was decidedly
open and parklike. Reproduetion was present but
not abundant, and in many areas was markedly de-
ficient. Grass was abundant, but not universal. Wild-
life was probably little 1f any more plentiful than
todav, although some species such as the grizzly bear
and the lobo wolf have long since disappeared from
the state. :

in most parts of the region is the increase in area

and density of pine reproduction stands (Fig. 1)..

Few parts of the southwestern pine region today
lack voung trees. Grass density has been greatly re-
duced, and in some places ground cover vegetation is
virtually absent (Fig. 2).
operating over the past 75 yrs, has brought these
changes about.

d-.

Fig. 1. A typieal ﬂueket ﬂf 38*3;1 -mld pmulumsa pine,.
In the densest portion of this stand, there are the equiva-
lent of 10,000 stems per A or more.

CriMATIC CHANGE

To evaluate the importance of elimatie change, it
15 necessary to consider how elimate affects the growth
and reproduction of ponderosa pine. Moisture is the
eritical factor regulating the distribution of this spe-
ceies, and a severe dry period in the spring of the year
hinders regeneration. In the Southwest, a peculiar
eombination of weather conditions must oceur before
seedlings ecan become established.

According to Maguire (1956), whenever average
monthly temperatures during April and May are con-
siderably above normal, ponderosa pine will flower
in abundance the following spring, with resulting
large cone crops in the fall of the next succeeding
vear. In the Southwest, good cone erops oecur about
once every 3 or 4 yrs, with a real bumper crop at
wregular intervals (Pearson 1950:111). Establish-
ment of a reproduction stand requires ecoincidence
of a good seed crop and favorable growing condi-
tions during the year or two after germination. Seeds
commonly gurmnmtﬂ in July and August, during the
summer rains. It the rains are closely spaced, in-
credible numbers of seedlings sometimes germinate.

SOUTHWESTERN PINE FoORESTS SINCE WHITE SETTLEMENT
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A combination of factors,—
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A dense cover of mountain muhly {Muh!&n—-
bergia montana) is characteristic of moderately grazed

FIG. 2

Overgrazing has
on the

pastures such as the one on the right.
eliminated virtually all herbaceous vegetation
left side of the fence.

For instance, in September, 1957, as many as 30 to
40 seedlings per square foot could be counted in parts
of the White Mountains. In a normal dry spring, no
seedlings of the previous summer’s crop will live.
Only in an unusnally wet spring can stand establish-
ment bhe expected.

A peculiar combination of weather conditions, then,
15 needed to establish reproduetion: a warm spring in
one year, resulting in a heavy seed erop 27 months
later. The summer and autumn after seed ftall must
be wet, and the following spring must also be wetter
than normal. Sueh a combination of events in a
semi-arid region can he considered a climatie aeel-
dent, rather than a part of the normal weather pat-
tern.

The available weather data from Arizona are of
limited use in assessing long-term elimatie change
hecause of the shortness of the record. There was a
severe drought in the last decade of the nineteenth
century, a wet period from about 1904 to 1930, and a

e

renewed drought since that time. The drought of the
1890’s had a marked effeet on the grazing hstory of
the region, and was apparently severe enough to kill
pine trees near the lower forest horder.
(1904) reported that trees were killed by drought in
the vieinity of Heber and near Blue.

One of the most publicized sourees of long-term
climatic data 1s analysis of tree rvings. Tree ring

Plummer

There is no evi-
dence, however, of a recent major change in chimate.
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studies in the Southwest have been carefully analyzed
by Schulman (1956). He showed that an irregular
alternation of wet and dry periods has been char-
acteristic of the entire period of the existing tree ring
record. In the Gila River basin, analyses of more
than 100 trees show that there were marked dry
periods in the vears 1800-1825, 1841-1847, 1861-1864,
1871-1904, and 1921-1953. Wetter than usual periods
were charaeteristic of the vears 1826-1840, 1848-1860,
1865-1870, and 1905-1920. His general index for the
entire Colorado River basin, which extends the record
further back in time, shows similar irregular flnctua-
tions for about 900 yrs back from the present. On the
hasis of tree-ring chronologies, Schulman (1956:67)
stated that the current drought in the Gila River basin
is the most severe since the late 1200’s. This drought
1s interpreted as having begun in 1921 in some parts
of the basin, 1n 1934 in others.

Schulman pointed out, however, that his analysis
is based on ring widths measured as a percentage de-
parture from a moving mean. Small seenlar changes
in climate may be completely hidden by this moving
nean procedure.  Short-term departures (droughts
and wet periods) from the mean arve easily detectable,
but longer-term changes in overall elimate would not
he evident from tree ring data.

Hack (1942) studied the evidence for long-term
changes in the enviromment of the Hopi Indians,
whose home is some 80 mi north of the forest area.
He coneluded from the stratigraphy of stabilized and
active dunes that the climate was much drier than at
present during the period from about 5000 to 2000
B.C., and that the elimate of the first millenium A.D.
was apparently moister than it is today. Stratigraphy
of alluvial sediments in arroyo banks pointed to a
similar eonclusion, with a minor wet period between
1300 and 1700 A.D. Antevs (1955) concluded from
geologie and archeologic evidenee that there was a
warm peak about 3000 yrs ago, followed by a rather
abrupt decline to the general temperature of the
present. There were severe droughts about 500 B.C.
and 330 A.D.. and during the vears 1276-1299 and
1573-1593. Other comparable periods in the past
thousand vears have been somewhat wetter than the
present.

On the basis of the rather scanty evidence avail-
able, there seems to he no reason to believe that there
has been a large-scale climatic change in the past 1000
yrs of a type that would profoundly modify the
character of the pine forest. Certainly there have
been minor fluetuations, from relatively wet to rela-
tively dry. The recent drought began about 1930,
whereas the current overabundance of reproduction
dates from at least a decade earher.

The question of eclimatic accidents is less easily
disposed of. There is no way to determine from the
historieal record how frequently the peculiar com-
hination of events necessary to initiate extensive pine
reproduction could have occurred in the past. The
oreat spatial and temporal variahility of precipitation
deseribed by MeDonald (1956) makes 1t appear that
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such a combination is entirely a chance occurrence.
Perhaps the 1919 reproduction year of which Pearson
made so much was a highly improbable situation
that eould be expected to reeur only once 1n several
centuries. If so, the present condition of the pine
forest might be aseribed in large part to this single
climatic aceident. It seems likely, though, that simi-
lar aceidents have oceurred sinee time 1mmemorial.
Climatie change, either in the form of long term
trends or of an unusual combination of weather con-
ditions 1n one period of years, does not appear to
offer a satisfactory explanation of changes in the
pine forest.

(3RAZING

The overuse and mismanagement whieh followed
imtroduction of hivestoek mto the West produced pro-
found changes, some of them permanent, m the plant
cover, Because these changes were conspicuous and
well publicized, the stockman has been blamed for
many of the ills of forest land management. In
particular, overgrazing has often been assigned as the
primary cause of the overabundanee of yvoung pines.

Utilization of the ranges of northern Arizona ddid
not begin to anv great extent until the late 1870's,
Within a few vears after the subjugation of the In-
dians the ranges began to fill up. The Navajo country,
including the pine area on the Defiance Plateau, was
heavily grazed for years before that time, however.
Charles Bent (1851), in a letter written during the
Mexican War estimated that the Navajos possessed
30,000 cattle, 500,000 sheep, and 10,000 horses, mules,
and asses. These figures seem a little high, but that
the Navajos owned extensive herds is attested to by
Lt. Simpson (1850), who wrote from Canvon de
Chelly: “Innumerable signs of stock, principally
sheep, have been seen along the route, and the road
we have been travelling looks as if it might be one
of the great thoroughfares of the nation.” Unlike the
Navajos, the Apaches kept no stock, preferring to
steal animals that their neighbors had raised.

Sheep preceded cattle into most of the Arizona
mountains. Heavy settlement of northeastern Ari-
zona began about 1876, ayd few good locations re-
mained unoccupied by 1880. Sheep outnumbered
cattle by 10 to 1 at this time {Hasljgj;t, 1936). As
cattle began to replace sheep, the mountains were
used primarily by stoeckmen who had their head-
quarters in the shortgrass plamms at lower elevations.

Social and economie conditions at that tume were
such as to prohibit conservative and intelligent man-
agement of the range, even had the requisite knowl-
edge been available. Cattle prices were too low to
permit ranchers to do mueh more than turn their
cattle loose and gather the increase at periodie 1n-
tervals. Virtually all the range was vacant and un-
controlled public land. While each outfit had its own
“aceustomed range” which was generally recognized,
that range had to be occupied or someone else would
move his stock . Thus it became a race to place
cattle on the summer ranges as soon as a spear of
grass appeared, for fear of losing out altogether.
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['nder such conditions abuse and deterioration of the
range was inevitable.

By 1889 Farish (1889) could write of the San
Francisco Mountains: “In this mountain range are
found fine valleys, formerly covered with a erowth of
wild ryve and pea vine, which has been replaced by
other grasses.” Replacement of the better forage

plants had taken no more than a dozen years after
the introduetion of livestock. In 1892 a severe drought

combined with range depletion to cause heavy stock
losses, which became even worse in 1893, The
iovernor of Arizona stated in his annual report: “In
nearly all distriets, owing to overstocking, many
weeds have taken the place of the best grasses. In
other places where ten years ago the end of the wet
season would find a rich growth of grass, now it is of
inferior quality, or less quantity, or does not exist
at all.” (Hughes 1893).

Conditions were probably at their worst by the
turn of the eentury. Serious concern hegan to be
felt about the influence of overgrazing on water
supply. The water problem in relation to forests
and forest grazing was made the basis of recommenda-
tions for govermment action in almost every report
of the Territorial governors from 1893 to 1910. In
the summer of 1910, Sam F. Webb, a representative
of the Salt River Valley Water Supply Protective
Association, toured the mountains with Gifford
Pinchot. His report (Webb 1900) gives a good idea
of range conditions in the forest at that time. Speak-
ing of Phoenix Park, between the Mogollon Rim and
the town of Pinedale, he says, “Phoenix Park, which
once elaimed the distinetion of being the best and
finest portion of that part of the reserve, when we
were there, had no runn.ng water. Its valley had been
ruined by a deep cut or wash draming it so as to
render 1t uninhabited.” This is still true todav.

At about the same time, Plummer (1904), writing
of the present Apache National Forest, reported, *The
entire reserve is a natural range, and grazing has

_

been the main industry in this and adjacent regions.®

In recent years this industry has suffered greatly
owing to the eontinued droughts, and the only re-
maining areas which are used solely for cattle range
are on the Blue and Salt Rivers and Eagle Creek.
The Double Cirele Ranch, which used to graze over
100,000 head, has heen compelled to gradually de-
crease its herd, until it now numbers not more than
9000. Range for this herd is very limited, and large
areas are now being rented from the Apache In-
dians in the White Mountain Indian Reservation.”

As this last statement implies, conditions were
somewhat better on the Apache Reservation. Webb
(1900) stated, “The White Mountain Indian Reserve
ras visited and the parks in it showed no deep cuts
or channels to carry the rain water away in torrents.”
Webb attributed this difference entirely to differences
in erazing use. He did not appreeciate that the soil
of Phoenix Park is highlv erodible when disturbed,
while the basalt soils of the Indian Reservation are
much less susceptible to erosion (Fletcher & Beutner
1941).

SoUTHWESTERN PINE FORESTS SINCE WHITE SETTLEMENT
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There is apparently less grass in most of the
mountains of Arizona today than there was at the
coming of the white man. Two factors have tended
to reduce forage production on pine bunchgrass
ranges (Arnold 1950). . Under heavy grazing the
original tall bunchgrasses have been largely replaced
by plants more resistant to grazing, except where
dense tree cover discourages livestock use. In addi-
tion, grass cover decreases as pine reproduction be-
comes established; the greater the density of pine
saplings, the less the total herbaceous cover. De-
cline in total forage production as a result of com-
petition from young pine stands is aecompanied by
no great botamieal change in the herbaceous vegeta-

tion, but heavy grazing induces a major change In

species composition. In openings within the forest,
ranges in good to excellent condition near Flagstaff
support a high proportion of midgrasses, dominated
by Anrizona fescue, mountain muhlv, muttongrass,
and June grass. Under heavy grazing pressure, the
midgrasses are replaced by a shortgrass cover com-
posed largely of blue grama and squirreltail. Under
still more severe use, even these resistant grasses are

largely replaced by less desirable perennial and an-
u “ -

nual forbs (Arnold 1955).

The adverse effects of overgrazing on soil and
water movement have been deseribed so often that
little repetition is needed here. Arnold (1955) re-
ported that of the mountain meadows examined in
northern Arizona, those in excellent condition showed
no gullies. Two of the 13 meadows classed as good
had gullies, but these were less than 2 ft deep. The
degree of gullying inereased to the point that of 14
meadows in very poor conditions, 10 had deep gullies
and 2 had shallow gullies. Degree of gullying, how-
ever, 1s in eonsiderable degree dependent on the erodi-

bility of the soil. Fletcher & Beutner (1941) showed

that basalt soils were far less erodible than soils
supporting a similar vegetation but derived from sedi-
mentary rocks or granite,
White Mountains, where severe gullies ravely develop
in the basalt soils, even under heavy range abuse,
although soils derived from other rock types are often
hadly eroded.

Browsing by livestock has had a direct effect on
pine reproduetion, particularly in the early dayvs of
heavy grazing. Pearson (1950:157) discussed in
some detail the relation of regeneration to browsing
animals. Sheep eat both growing shoots and needles,
while cattle normally eat only shoots. This differ-
ence in feeding habits, plus the heavy grazing that
results from the close herding of sheep, makes sheep
more damaging than cattle. In the early years of
this century, many areas were conpletely denuded by

sheep. Webb (1900) reported that south of Springer-—

ville, “From 1875 to 1882 Tranquiline Luna is re-
ported to have had sixty thousand sheep grazing
annually on the Gila Forest reserve, and made Luna
and one or two neighboring localities his lambing
grounds. Sinee that date but little stoek has roamed
over the region. When we were there no grass or
anythmg ‘n the shape ot feed except a few seattering

This 18 apparent in the

|
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weeds could be seen. The grass roots and seeds have
been destroyed. No voung pines of over fifteen years
growth were observed.” Liecbherg et al. (1904) also
reported wholesale destruction of small pines by sheep
on the San Francisco Mountain Forest Reserve.

The large reduction in numbers of livestock per-
mitted on national forests, plus the extensive conver-
sion of sheep operations to cattle, have greatly alle-
viated the browsing problem. Localized damage con-
tinues due to livestock c¢oneentration, but is relatively
minor. The results of past browsing damage, how-
ever, are clearly apparent in large areas that lack
reproduetion due to past sheep use.

Grazing has been important in redueing the spread
of fire, Large amounts of inflammable grass, which
used to remain on the ground, are now removed by
orazing animals. Many of the early arguments
against reduction of grazing on the national forests
were based on the premise that heavy grazing made
forest fires much less frequent.

It has been widely held that removal of herbaceous
cover and plant litter by grazing animals, and the ex-
posure of mineral seedbeds by livestock trampling
have been important factors in the establishment of
dense pine stands. Pine seeds germinate well under
proper weather conditions on almost any type of
oround cover, but they soon die from desiecation un-
less they become rooted in mineral soil. In addition,
diveet root competition for soil water from the estab-
lished grass cover is considered to inhibit seedling
growth. Rummel (1951) compared Meek’s Table, an
ungrazed mesa in central Washington, with Devil’s
Table, a grazed mesa supporting a dense stand of
young ponderosa pine. He concluded that herbaceous
vegetation as dense as that found on Meek’s Table
definitely inhibited establishment of ponderosa pine
reproduction. His study did not indicate the eritical
density of ground cover vegetation which would
permit the establishment of either adequate or over-
abundant reproduction. His discussion clearly im-
plies, however, that there is an almost straight-line
relationship between degree of reduction of the virgin
herbaceous stratum and quantity of pine reproduction.
He concluded that heavy grazing is the primary factor
which aceounts for the dense reproduction on Devil’s
Table.

In contrast, a much earlier study by Pearson
(1923) in Arizona showed that “competition with
orasses is less disastrous to yellow pine seedlings
than might be expected.” Although grass competi-
tion slowed seedling growth, stand regeneration pro-
ceeded even in the presence of a grass cover. Seed-
lings were severly handicappd in the densest grass

areas, but even here a few were able to establish
themselves.
Nearly 20 yrs later, Pearson (1942 confirmed

earlier findings that dense herbaceous vegetation re-
tards pine reproduction. Grass and other herbaceous
plants are able to appropriate most of the moisture in
the upper nine inches of soil at the expense of pine
seedlings. Until they have developed a deep root
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system, grass competition puts the young pines at a
disadvantage.

Lavin & Springfield (1955) planted ponderosa
pine seed in a 2-yr-old artifieially planted stand of
herbaceous vegetation, of several species and den-
sities. At the end of the second season, seedhing
survival was inversely related to the total coverage
of the herbaccous plants, but the deerease in sur-
vival was only moderate as competition ncreased.
They concluded that, “Although herbaceous vegeta-
tion, seceded and native alike, adversely affects pine
seedling survival, fairly good survival was obtained
in spite of this eompetition.” Of course, the density
of the reseeded grasses did not approach that of the
natural vegetation that Rummel found on Meek’s
Table.

These studies show that ground cover vegetation
strongly affeets growth and survival of pine seed-
lings. Most of the studies eited do not devote enough
attention to the unusual weather conditions required
for pine reproduection. In a normal year, most it
not all pine seedlings in a virgin forest will die re-
oardless of competition. In the rarve year in which
a wave of seedlings establishes itself, there may be
so mueh moisture that no degree of herbaceous com-
petition is veally inhibitory. Reduection of competi-
tion may be a means of encouraging better repro-
duetion in managed stands, but under virgin condi-
tions it appears that seedlings could have developed
even in a heavy grass cover. The reduction of grass

“Gompetition and the preparation of a mineral seedbed

by grazing animals probably helped to bring about
the dense thickets, but do not seem to have been the
controlling factor. There are many severely grazed
openings which remain nearly denuded of vegetation
and in which pine seedlings have not become estab-
lished.

WILDLIFE

The relation of deer to the ponderosa pine forest
has long been a matter of concern. The Kaibab deer
herd has profoundly modified the vegetation of 1fs
range (Rasmussen 1941). As a result of removal of
natural predators and of restrietion of hunting, this
herd built up from an estimated 4000 deer in 1906
to nearly 100,000 in 1924. By that time the range
was depleted, there were deaths by the thousand from
malnutrition, and the population dropped precipitous-
ly. Parts of the pine area were so severely browsed
that reproduction was eliminated.

Elsewhere the deer problem has not been so acute.
Pearson (1950) stated that deer eat pine buds early
in spring when elongation begins, and occasionally
they will take shoots that are distinetly woody. Deer
tend to concentrate where use by livestock 1s hght.
On the whole, deer have probably played a relatively
small part in reecent changes in the pine forest.
Heavy hunting pressure greatly reduced deer popu-
lations in most of Arizona, except the Kaibab Plateau,
during the early years of this century, and only re-
cently has the deer herd built up to its present level.
Elk, never very common, were quickly exterminated,
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and the introduced elk are not numerous enough to
have more than a loeal effeet on vegetation. Obvious
browsing by elk was noted in the upper branches of
small pines after they were cut on experimental plots
near Maverick in November, 1957.

Rodents and other small mammals were considered
very important by Pearson (1950:151). He was
concerned about the use of seeds by mammals, the
oirdling or complete cutting of seedlings, and the
removal of bark from larger trees. Taylor & Go: such
(1932) found that birds, ground squirrels, chip-
munks, and mice all ate pine seeds. They concluded,
though, that under natural conditions seed-eating
rodents have little or no detrimental effect on repro-
duction of ponderosa pine. When favorable condi-
tions oceur, seedlings develop in spite of all ohstacles.

Keith (1956) made a thorough study of the Abert
squirrel, which Pearson classed as one of the most
damaging of animal agents. Keith concluded that
the squirrel is well adjusted to tne elimax forest, and
that it has very little real effect on the forest as a
whole. There is little basis for assuming that wild
animals have been more than a minor factor in in-
ducing changes in the pine forest in historie times.

FIRE

The prineipal assignment of the early foresters in
the Southwest was, the exclusion of fire from the
woods. They recognized that fires had been frequent,
and that a surface fire could pass through a ponderosa
pine forest without destroving it, but each such fire
was considered another step contributing to final
destruction,  John Wesley Powell (1879) believed
that “The: protection of the forests of the entire Arid
Region of the United States is reduced to one single
problesn—Can the forests be saved from five?”

Reporting on the newly formed San Francisco
Mountain Forest Reserve, Lieberg et al. (1904) wrote:
“It 1s very evident that the yellow pine stands, even
when entirely untouched by the ax, do not carry an
average crop of more than 40 per cent. of the timber
they are capable of producing. . .. These conditions
are chiefly attributable to the numerous fires which
have swept over the region within the last two hun-
dred years, earrying with them the inevitable conse-
quences of suppression and destruetion of seedling
and saphng growth.”

There 1s little doubt that Hres, started by hght-
ning or by Indians, were frequent in the pine forest
before the arrival of the white man and in the early
vears of settlement. Weaver (1951a) analyzed the
fire scars on stump sections collected at various sites
in Arvizona. The most frequently burned tree showed
an average interval of +.8 vrs between fires, while the
longest average interval between fires exhibited by
any sample tree was 11.9 yrs. Weaver's data are
borne out by the results Show & Kotok (1924) ob-
tainad in California, Thev found that during the 200
vrs tfor which the tree ring record 1s fairly complete,
25 clearly marked fires were detectable. The average
fire frequency of about 8 yrs held true for all Cali-
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fornia areas studied. The shortest interval between
fires was 3 yrs and the longest 11 yrs.

Early visitors to the Southwest apparently took
for granted the frequency of surface fires in the pine
forest. Wheeler (1878) was a few miles north of
Black River on August 27, 1873, when he wrote,
“Here, as has been noticed in several other localifies,
the grass on one side of a stream will be new, juicy,
and thin, because of the burning of the sward during
the season, while on the opposite side, where no burn-
ing has taken place, the thick tufts of bunch grass
spreading into beds offer more abundant feed for the
animals that now have to depend upon grass alto-
gether for their support.”

Despite the frequeney of surface fires, serious
erown fires were apparently rare. A fairly thorough
searech of the early literature failed to turn up a
single report of a erown fire in Arizona before 1900.
A Forest Service report (Drake 1910) on the Coco-
nino National Forest stated that over 809 of the
yellow pine type had been burned over one or more
times, but that the fires usually destroyed only a small
amount of standing timber. Only two burns were
noted which destroyed the stand: one of 7000 A in
spruce about 30 yrs previously, and the other of
3200 A in juniper woodland near Winona. With the
possible exception of a part of the Prescott National
Forest, there appears to be no area in Arizona where
extensive even-aged pole stands indicate that a major
fire destroyed most of the mature timber and per-
mitted extensive even-aged regeneration. There is no
evidence elsewhere of fires of the magnitude of the
Escudilla fire of July, 1951, which destroyed most
of the timber on 19,000 A, or the 21,000 A Dudley
Lake fire of June, 1956,

The situation in California ponderosa pine was
evidently similar to that in the Southwest. Sudworth
(1897), reporting on the Stanislaus and Lake Tahoe
Forest Reserve, said, “The fires of today are peculiar-
ly of a surface nature, and there is no reason to be-
lieve that any other type of fire has occurred here,
. . . The nstances where large timber has been
killed outright by surface fires are comparatively
rare. Two cases only were found. . . . One of these
burns involved less than an acre, and the other in-
cluded several hundred aeres. They are exceptional
cases, and the killing of the trees is accounted for by
the fact that protection from fire and trom all but
cattle grazing has resulted in the aceumulation of
mueh fallen timber, considerable humus in depressions
and on benches, and a dense undergrowth of hrush
and seedlings.”

The oecurrence of forest lires far back into an-
tiquity was noted by Holsinger (1902). In Chaco
Canyvon, New Mexico, he found that where a deep
arroyvo had cut to a depth of 30 ft through a sedi-
mentary formation, distinet strata of earth, 1mpreg-
nated with charcoal, lay about 15 to 20 ft from the
surface and could be traced over an area of several
thousand acres,

Opinions of early foresters about fire in ponderosa
pine were summarized in the detailed study of Show
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& Kotok (1924) on the role of fire in the pine forests
of California. They concluded that *“The present
California pine forests represent patchy, under-
stocked stands worn down by the attrition of re-
peated light fires. . . . Kach successive fire adds its
often imperceptible weight to the foree of attrition
that thins the stand, weeds out the finest individual
trees, and gradually reduces the forest in quantity
and guality to the point where the returns will not
justify the cost of logging.” They reported that each
fire burned down a portion of the mature stand by
enlargement of old fire scars, reduced growth rates
by physieally injuring the trees, and rendered them
more susceptible to attack by insects and disease.
Young growth suffered most severely frow fire. The
nost conspicuous result of 20 yrs of fire protection
in California was “the enormous number of young
forest trees that have appeared as individuals or as
eroups, or in the more virgin stand as a veritable
blanket under the mature timber.” They concluded
that a small amount of reproduction, patchily dis-
tributed, is able to survive ground fires, but most of
the voung stand is inevitably wiped out. In conse-
quence, they felt that fire exclusion would permit
nature “to utilize the full growing power of the land,
and to restore the broken and understocked forest to
a nmore normal condition.”

Dissenting views were heard even in those days.
The Annual Report of the Secretary of Agriculture
for 1910 said that “The proposal has been made that
the Forests should be burned over every year or two
in order to prevent the accumulation of vegetable
litter on the ground. It has been alleged that the fives
which were set in the early days by the Indians and
the first settlers were beneficial. As a matter of fact,
these early fires were enormously destructive.” (U.S.
Dept. Agr. 1910). This proposal was dismissed out
of hand with the statement, “It i1s inconceivable that
there should be seriously advoecated a treatment of the
forest that would inevitably result in the very rapid
dimunition of its density to the point where ulti-
mately there would be no timber at all.”

Tae INDIAN, FIRE, AND THE FOREST

There is abundant evidence that Indians were re-
sponsible for many fires. Stevenson (1881) stated
that Indians set fire to the timber on the mountain
ranges of New Mexico each fall in order to drive deer
down into the canyons. John Wesley Powell (1879)
stated that Indians systematically set fire to the forest
for the purpose of driving game. The early pioneers
of Kanab, Utah, saw great clouds of smoke rolling
over the Kaibab Plateau almost continuously from
late spring to early fall. Indians were still killing
white men in those days, so few trips were made to
observe the fires, It was said that Indians chased
deer and other game out on the.points overlooking
the Grand Canvon and then set fires behind them to
concentrate game on the very tips (McHenry 1935).
On his return from the first ascent of Mt. Baldy,
Wheeler (1878) reported that on the higher reaches
of the Little Colorado, “For a little less than 2 miles
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the grass 1s of the old erop, then begins the new and
juiey growth of the year subsequent to the burning
over by fires set by Indians.”

Indians had many reasons for setting fires, “The
most potent and powertul weapon 1 the hands of
these aborigines was the firebrand. It was used alike
to capture the deer, the elk, and the antelope, and to
vanquish the enemy. It cleared the mountain trail
and destroved the cover in which their quarry took
refuge.” (Holsinger 1902). According to Bell (1870),
“The Apaches also have a very destruetive habit
amongst their long catalogue of vices of firing the
forests of their enemies.” On his trip through the
Indian reservation, Webb (1900) found fires burning
in two places, which he said were “attributable to the
Indians who believe fire and smoke bring ram.”

Holsinger (1902) was convinced that “These pre-
historic aborigines must have exerted a marked in-
fluence upon the vegetation of the country. Themr
fires, and those of the historie races, unquestionably
account for the open condition of the forest, to which
reference has heen made. The high pine forests were
their hunting grounds, and the vast areas of foothills
and plateaus, covered with nut-bearing pines, their
harvest fields. . .. In Arizona vou will find no young
forests of any considerable extent antedating a period
of forty vears, and almost all of the regrowth has
sprung up within the last quarter of a century.
A single exception can be noted in the White
Mountaing, which have been m*f-upjed' for a couple
of centuries by the Apache Indians. These forests
show, in certain localities, all classes of regrowth,
and are in marked contrast to the, mountain
country occupied by the Navajo Indians in the north-
eastern portion of the Territory. The Navajoes have
possessed sheep and goats and followed pastowal pur-
suits for over two centuries. The forest occupied by
them shows practically no regrowth. The Apuches
have followed the chase and war, and have entrani-
meled themselves with nothing but war ponies. The
forests within their domain, where they have not see!!
fit to apply the torch in aceord with their well-
orounded superstition that forest fires cause raimn.
show a regrowth gradating into many past decades.”

THE EVIDENCE FROM STAND STRUCTURE
AREA OF STUDY

Field work was completed in the summer and fall
of 1957, principally on the Fort Apache and San
Carlos Indian Reservations. These two reservations
lie in east central Arizona, the Fort Apache to the
north and the San Carlos to the south of Black
River. The ponderosa pine forests of the reserva-
tions total about 700,000 acres, mostly on the Fort
Apache. |

The study area lies in the White Mountains, which
form the eastern end of the Mogollon Plateau. East
of about longitude 110° and south of the steep
escarpment of the Mogollon Rim, the plateau 1s
thickly mantled by Tertiary igneous roeks extruded
from the extinet volecanoes that form the heart of
the White Mountains. Lava flows, probably of Quater-
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narv age, are superimposed on the older topography
in the valley of White River and elsewhere (Darton
1923). *

The topography of this great lava flow is relative-
lv gentle for a mountain region. Although it 18
dissected by many steep-walled canyons, 1ts general
aspect is that of a gent.y rolling plateau. The two
major peaks of the White Mountains, Mount Ord
and Mount Baldy, reach elevations of 10,800 ft and
11,500 ft respectively, but most of the plateau lies
helow 9500 ft.

The hasalt lava which overlies most of the White
Monntains is relatively uniform in its composition, as
are the resultant soils. One reason for choosing the
White Mountains as a study area is the uniformity
of its geologic origin, which largely eliminates the
influence of differences in parent material on soil
development and on plant growth.

Intensive field sampling was concentrated in three
areas. The first of these was the old-growth forest
about 10 mi west of Maverick, on the east side of
Odart Mountain. Studies of reproduction stands
were made along Bog Creek, east of MeNary, in an
avea selectively logged in the 1930%s. These two loca-
tions arve about 40 mi apart airline, at an elevation
of about 8,000 ft. Soils, climate, and topography are
closely similar at both loeations, and both are in the
heare ef some of the best pine forest in Arizona.

The third sampling area was the relatively un-
touched primitive area around Malay Gap, in the
extreme northeast cormer of the San Carlos Indian
Reservation.  This is perhaps the closest approach
to a truly primeval forest left in the Southwest. Until
the last few vears there has been no usable stock
water in the vieinity, so it has been grazed lightly
it at all by domestic stoek. TIts remoteness and lack
of roads have kept out all but a few visitors, and
until very recently there was no adequate program for
the control of natural fires. Malay Gap lies at an
clevation of about 7,200 ft, and represents a somewhat
less productive site for the growth of pine timber than
the other two locations.

The eontrolled burning program on the Fort
Apache Reservation gave an opportunity for several
special studies.  Sinee 1950, morve than 150,000 A of
pine forest have been treated with controlled fire,
primarily to reduce fire hazard. Secondary objectives
are partial thinning and pruning of sapling stands,
and improvement of forage growth.

These have been extensive, large-sceale burns.
Firing is done in late fall, after the first ot the fall
rains but before the surface litter is too wet to burn.
Buttes and ridges are ignited at the top to permit
the fire to burn slowlv and evenly downhill. Roads,
rivers, and openings are used as backstops to re-
striet the area of the burn, but no effort 1s made to
limit the fire to small blocks of a few acres.

While the Indian Serviee foresters feel that in
veneral these controlled burns have achieved their
objectives, strong dissenting opinions have been
voiced by others who have viewed the results. The
ohjeetive of this paper is not to evaluate the manage-
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ment accomplishments or the effectiveness of the pres-
ent controlled burning program. It was possible,
though, to take advantage of some of the treated areas
to studv the effects of fire on vegetation and soils.
Although the planned fires burn later in the year
than the majority of natural fires, the results of the
controlled burns can aid in the interpretation of the
role of natural fires in the forest.

AgE AND Size CLASS DISTRIBUTIONS
ix Onp-GROWTH STANDS

DIAMETER CLASS DISTRIBUTIONS

In an uneven-aged forest with a balanced distribu-
tion of diameter classes, the proportion of trees in
each class remains relatively constant with time. The
diameter distribution usually takes the form of a
falling exponential eurve when number of trees in
each class is plotted against d.b.h. On semi-logarith-
mice paper this relationghip ig a straight line.

The relationship between diameter classes may be
visualized by dividing the number of trees in any one
diameter class by the number in the next larger size
class. In a stable, balanced forest, the resulting
quotient is a constant. This constant may vary
widely from stand to stand, depending upon species
and environmental conditions. This definition of a
balanced forest is called de Liocourt’s Law, from the
French forester who first formulated it (Meyer &
Stevenson 1943).

The structure of the Southwestern ponderosa pine
forest is actually that of an all-aged forest composed
of even-aged groups, but in bloeks of several thou-
sand acres it can be regarded as an uneven-aged
forest. Tree diameters derived, for instanee, from a
large scale timber inventory should be distributed
according to de Liocourt’s Law if the forest as a
whole is properly balanced.

A detailed timber inventory of the Maveriek
Working Cirele, Fort Apache Indian Reservation, was
nmade available by Southwest Lamber Mills, Ine.
This report included stand tables giving the average
nuiiber of trees per acre by 2-inch diameter elass for
all stands distinetive in character or geographical
loeation and of significant extent. These tables were
based on data secured in 1951 and 1952 by Hammon,
Jensen & Wallen Mapping and Forestry Services of
Oakland, California. Modern photogrammetrie tech-
niques were combined with field data from random
15 A sample plots to prepare this inventory. A
similar timber inventoryv, made for the San Carlos
Apache Tribe by K. B. Woods, Inc., of Portland,
Orewon, was available for the Malay Gap area.

Stand tables computed from 165 survey plots in
the Maverick area and 90 at Malay Gap show that
these old-growth forests do not have the diameter
structure expected in a balanced forest. On the best
sites in the Maverick Unit, numbers of trees per acre
in the diameter classes above 20 1. follow the ex-
pected linear relationship when plotted on semi-log
paper (Fig. 3). The number of trees in the 4-in,
class. the smallest reecognized in the timber inven-
tory, falls on the projected line of the larger trees.
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F1a. 3. Trees per acre as a function of diameter class
at Maverick and at Malay Gap. DPlotted points are the
estimated number of trees in each diameter class as re-
ported by timber inventory. Theoretical distributions
are plotted from the Iarger size classes, according to de
Liocourt’s Law.

In all size classes hetween 4 and 20 . d.b.h., there
are fewer trees than are expected on the basis of the
theoretical de Liocourt ratio. The same 1s true at
Malay Gap. Numbers of trees in the size eclasses
above 20 in., and in the 4- and 6-in. classes, plot on
a straight line. Intermediate classes are somewhat
deficient, although less so than in the Maverick Unit.
The two lines plotted in Figure 3 are parallel, indi-
cating that the same proportionate relationship be-
tween diameter classes is ecommon to both areas. The
difference in the position of the lines refleets the
lower stand density at Malay Gap.

~ AGE CLASS DISTRIBUTIONS

Age data were obtained primarily from inerement
cores taken from most of the trees on a square plot
of 10.24 A at Maverick, and on one of 5.12 A at
Malay Gap. Mature trees were also sampled on a
number of random plots established for other pur-
poses. The sample trees were bored to the pith
about 1 ft above the ground, and the cores were aged
according to the methods developed by Dr. A. E.
Douglass and his associates at the University oft Ari-
zona Laboratory of Tree Ring Research. The dat-
ing procedure is based on visual eomparison of wide
and narrow rings. Ring sequences tend to oceur in a
regular pattern, which can be used to locate certain
kev dates. This system has marked advantages over
direct counting of rings. Both missing rings and dou-
ble rings are common in ponderosa pine, and are apt
to confuse the results of a direct ring count. Krrors
are inevitable even with a cross-dating technique, but
the ages reported here are probably correct to within
five vears. To the age as determined from the core
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nm:ust be added the leneth of time required for a seed-
ling to grow to a heicht of 1 ft.

Ages are much more difficult to determine in a
forest stand than are diameters. The sheer volume
of work involved in bering trees and analyzing cores
makes an extensive age samuling survey impraectical.
Ring counts on stumps, alttiough often reported, are
likewise unsatisfactory. Stump counts are ordinarily
possible only on selective logining operations, where
just the lareest and least vigorous trees are eut. Even
if all the trees are cut and their rings exposed, field
counting of ponderosa pine rings 1s highly unreliable.
Ages are best determined by use of aceepfed cioss-
dating techniques on properly surfaced eores.

An age class distribution could have heen derived
by ecaleulating a regression equation relating the ages
of bored trees to their diameters, and then applying
the resulting regression coefficient to the stand table
data from the timber inventory. There 1s so mueh
ariation in diameter within a single age elass, how-
ever, that such an analysis would be almost meaning-
less.  Pearson (1950:39) reported that trees in the
130-yr age class near Flagstaff ranged in diameter
from 9.7 m. to 40.5 in.,, while fhose 1n the 246-yr
class varied from 14.8 to 46.8 in. d.b.h.

Partial stratification can reduce the variability of
age data. The Maveriek timber inventory divided
the trees in each diameter class into a number of
subdivisions according to Keen tree class, a classifica-
tion based on age and vigor of the .individual tree.
Four age classes are recognized, from immature trees
to overmature veterans, Within each age class, four
vigor classes are identified, depending upon size and
thriftiness of the erowns, Thus there are a total of
16 possible classes. Trees of the same d.b.h. 1n a
single Keen class are apt to be more sunilar in age
than are those in an unstratified sample of the same
size. Therefore, each sample tree bored for total age
was eclassified according to the Keen system. For
each of the 16 classes, diameter was plotted over age
and a free-hand curve fitted to the points. The data
were too few and too seattered to permit a satistfactory
least-squares equation to be developed, particularly
as the relationships were distinetly eurvilinear. On
the basis of the sumilarity of plotted points, the
separate curves for some of the Keen tree eclasses
were combined.

The final age-diameter curves were based on 107
trees from the Maverick area. From these curves
and from the inventory stand tables, new stand
tables were constructed for four of the distinet forest
types distinguished by the timber inventory. These
tables show the estimated number of trees and the
basal area per aere contributed by each Z20-yr age
class (Flig. 4). Since the timber mmventory included
no trees less than 4 in. d.b.h., and since 1t takes at
least 20 yrs for the average tree to reach 4 in., the
21- to 40-yr age class is the youngest included in the
computations.

In each of the four age distributions shown in
Figure 4, there 1s a relative lack of trees m the 100-
to 120-vr age class, and an apparent overabundance
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1. 4. Caleulated number of trees per acre in each
o(-yr age class in four selected stands at Maverick.
Number beneath each bar is last year in age class.

in some of the older groups. An unbalanced age
distribution is likewise evident on a single 10.24 A
plot at Maverick: (Fig. 5). This single plot was
judged to be representative of the area as a whole,
but it 1s by no means a random sample.

Just as important as the numerical distribution by
age class is the proportion of the total ground space
oceupied by trees of each age class. At each of a
series of random points at Malay Gap, the nearest
tree in the dominant stand was bored for total age.
The percentage of the total area dominated by trees
of each age class was ecalculated from 42 sample
points (Fig. 6). Sapling stands 21 to 40 yrs of age,
and stands aged 100 to 180 yrs control most of the
eground at Malay Gap. |

It is the older trees which contribute the greatest
hasal area per acre at Maverick (Table 1). Basal
area distribution by age c¢lass was caleulated for four
selected timber tvpes of several thousand acres each.
Trees aged from 140 to 200 yrs account for a high
proportion of the total basal area in each, while the
contribution of the intermediate age eclasses is low.
The basal area of the voungest age elasses 1s actually
somewhat higher than that shown in Table 1, sinee
the caleulations on which the table 1s based included
no trees less than 4 in. d.b.h.

In a balanced torest, the numbers of trees per
acre in each age elass should presumably follow some-
what the same exponential relationship as that postu-
latedd by de Liocourt’s Law for diameter classes.
Stand tables show a deficieney in number of trees in
the imtermediate age classes.  The number of trees per
acre in the voungest and in the older age classes are
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approximately those predicted by de Liocourt’s Law,
but the intervenine classes tall far short.

If a forest 1s to maintain a stable age distribution
over a long period, each of the important age classes
must oceupy approxnmately equal proportions of the
avatlable ground space.  As a group of 120-yr-old
trees grows into the 140-yvr class, an equivalent area
of 100-vr-old trees might be expected to grow into
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TABLE 1. Basal area per acre by age elass in seleeted
stands, Maveriek Tnit.

Basan AREA PERr ACRE

Age Class Stand Stand Stand Stand
| l < 3 4

(vears) (sq. ft.) | (sq. ft.) | (sq. ft.) l (sq. ft.)
2140 n i veesl 5,46 3.15 4 48 (.83
31005 o v o] 3258 3.18 2,51 | 3.42
R 3.41 4,81 3.63 | 7.38
SI-100. ... ... .. 3.24 5.08 3.20 | 4.36
101-120. ........ 2,60 3. 20 3.40 3.04
121-140. ...... .. L 0.86 0.64 13.02 7.87
141-160.........0 16.82 2.85 17.33 | 17.00
161-180: ... .......| 13.38 | 10.95 15.92 | 13.65
IST20 0o v o s 793 | 12.70 11.06 7.62
=220, . .0 vasia s 6.43 §.91 g.99 5.15
221-240. ... ... .. o.84 3.79 5.47 3.48
241-260. . ..... .. 4.14 2.19 4.66 | 1.10
20 s R S.45 |' (.34 500 | 1.91

the 120 vr elass. The lack of area balance is evident
in the stands sampled at Malay Gap.

Somewhat similar considerations apply to basal
area of trees per acre. Lexen (Pearson 1950:28)
derived the theoretical stocking density and space
requirement for well-stocked stands of ponderosa
pine. His table shows that fully stocked stands, re-
cardless of the diameter of trees comprising them,
have an average basal area of about 100 sq ft per A.
Basal area in fully stocked stands remains relatively
constant as the trees grow older, with mortalitv com-
pensating for growth. It is therefore logical to
assume that in a balanced forest, each age eclass will
account for an equal percentage of the total basal
area. It 1s evident from Table 1 that this is not the
case at Maverick.

STRUCTURE AND (GrROWTH 0F SAPLING STANDS

Young ponderosa pine stands of several ages were
sampled at Maverick, at Bog Creek, and at Malay
Gap. Circular plots were measured in fully devel-
oped, more or less uniform patches of reproduction,
with the plot centers so placed that the entire plot fell
within a sapling stand of about the same density
throughout. In no sense was this sampling technique
designed to estimate the average number of trees per
acre on the area as a whole. Rather, it was aimed at
gathering mmformation about the structure and com-
position of the reproduetion clumps themselves. The
samples are believed to be representative of a ma-
jority of the pine thickets in the study area.

Plot size, either 40, Y10, or Y400 A, was selected
so that there were about 30 to 50 frees on each.
Diameter at breast height of each tree was measured
to the nearest 4o in. On most of the plots, all trees
under about 5 in. d.b.h. and many larger trees were
felled, and a eircular cross-section cut as near to the
oround as possible. Inerement borings, at about 9 in.
above the ground, were taken -from those trees that
remained uncut. On a few plots, only a random
sample of about one-fourth of all the trees was cut
or bored. Only d.b.h. measurements and one or two
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age borings were made on many of the Malay (iay,
plots. IHeights of cut trees were measnrved diroet]s
and standing trees were measured with an ﬁalnnlwj
level. |

Growth data and past tree diameters were o
tained from the merement cores and stump sections
colleeted on the sample plots. The circular eross-
sections were sanded to a high polish for rine analy-
sis, while the inerement cores were glued to gmnvér]
bloeks for permanence and ease of handling. Diam-
eters inside bark near ground level were measured on
all sample trees as they were at the end of the 1957
growing season, and as they had been in 1947, 1937,
1927, and earlier decades. Details of the measure-
ment procedure have been reported elsewhere (Cooper,
In press).

The diameter measurements were used to compute
the stem area of each- stand at the time of sampling
and at several earlier decades. It should be noted
that this stem area was ealeulated from measurements
of diameter inside bark near ground level, and it will
be this that is meant whenever the words “stem area”
are used in this paper. Where basal area is re-
ferred to, it will mean basal area caleulated in the
conventional manner from measurements of d.h.h.
outside bark. A regression equation ealculated from
those stands for which complete data were available
indicates that

B.A.=1.20 S.A.—19.9 (1)

where B.A. is basal area in square feet per acre and
S.A. is stem area measured in the same units. The
standard deviation of the regression coefficient is (0.03.
This equation is applicable to a range of basal area
trom about 100 to 300 sq ft per A. A less precise
but more easily interpreted relationship states that
basal area in these stands is 1.09 times stem area.

Obviously, stand data for previous years inelude
only those trees present in the stand at time of final
sampling, and conclusions about growth or stand
structure specifically exclude any trees that died in
the years between stand initiation and 1957. Total
stand growth per aere in ten yvears is, of course, the
difference between stem area at any two successive
decades, while mean growth per tree is determined by
dividing total periodie stand growth by the nummber
of trees contributing to that growth.

DIAMETER CLASS DISTRIBUTIONS IN
EVEN-AGED REPRODUCTION STANDS

Discrete even-aged groups, seldom more than one-
half acre in size, are characteristic of the southwestern
pine forest. In the dry climate of the Southwest, it
1s only 1n oceasional years that seedlings ean become
established, so that virtually everv tree in a single
clump of sapling or pole size will have germinated in
the same year. Once such an even-aged group de-
velops, 1t is rarely possible for seedlings of succeed-
ing vear eclasses to become established within it.
Diameter distributions in these even-aged pole stands
may 1ndicate some of the conditions under which the
stands have developed.
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Diameter distributions in even-aged forests have
heen studied by Mever (1930), who fitted several
mathematical series to diameter data. Jones (1945)
suggested that the frequeney distribution curve of
diameter classes is of the binomial type, usually
skew. More recently, Prodan (1953) has used the
Charlier A-Funetion to deseribe diameter distribu-
tions. He constructed percentage frequency distri-
butions of tree diameter, based on 2-em diameter
classes. The maximum percentage frequency, termed
haxs 18 used to characterize the resulting frequency
curve., An h,,. of 14 means that 149 of all the
trees in the stand are ineluded in the 2-em class con-
taining the most trees. Prodan presented a series of
tables giving the expected diameter distribution for
each integral value of h,,,..

Diameter distributions of several ponderosa pine
stands have heen fitted to Prodan’s theoretical values.
Data from 197 trees in an 80-yr-old stand at Cooley
Mountain fit the expected distribution quite closelv
(Fig. 7). The diameters of a group of 39-vr-old
trees at Malay Gap likewise correspond closely to
those predieted by Prodan’s tables. The Cooley
Mountain stand beeame established and made most of
its early growth before white men came to the South-
west; the Malay Gap stands are in an area still little
influenced by man.
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Fig. 7. Observed c¢unmulative frequency distribution

of iameters of 197 trees at Cooley Mountain, compared

with distribution predieted from Prodan’s theoretical re-
lationship.

Diameter distributions of 33 stands sampled at
Maverick and at Bog Creek deviate markedly from
those predicted by Prodan’s tables. In every case
there are more small trees and fewer large ones than
expected,  The deviation 1s least in the 15 stands
dating from the years 1903 to 1914, all of which
were exposed to at least one and perhaps two fires
at a very early age. The 18 vounger stands, never
touched by fire, show a greater preponderance of
small trees.

A different approach has been used hy Kovama
& Kira (1956) in the study of the frequency distri-
bution of individual plant weights. They conecluded
from experimental evidence that weights of seeds and
very voung seedlings usually follow a normal distri-
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bution. They showed by a mathematical model that
the exponential nature of growth processes can re-
sult in a log-normal distribution of plant weights. A
test of this log-normal hvpothesis shows that fre-
quency distributions of basal area in several ponderosa
pine stands rather eclosely approach a log-normal
form.

Six classes were used for each stand. Class in-
terval was determined by dividing the difference be-
tween the logarithm of basal area of the largest tree
on the plot and that of the smallest by 6. A histo-
oram was constructed, showing the proportion of the
number of stems that fell in each of the six log-basal
area classes.

A logarithmie frequency distribution was caleu-
lated for 197 80-yr-old trees at Cooley Mountain
(Fig. 8). The logarithmic transformation means that
the basal area limits of each class are 1.59 times those
of the next smaller class (Table 2). The log-basal
area distribution of the Cooley Mountain stands ap-
proaches the log-normal form, but is skewed toward
the larger size classes. The histogram of the Malay
Gap stands is similar in shape (Fig. 8). By contrast,
the log-basal area histogram of the 1903-1914 Maver-
ick and Bog Creek stands is somewhat skewed toward
the smaller size classes. The younger stands from the
same area show an even greater relative preponder-
ance of trees in the smaller size classes (Fig. 9). -
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Fi1Gg. 8. Histogram of logarithm of basal area, Cooley

Note that distribution

Mountain and Malay Gap stands.
s skewed toward the larger size classes.

AGE CLASSES OF REPRODUCTION STANDS
Only in oceasional yvears of favorable weather
can reproduction become established. The 1919 vear
class 1s conspicuous thronghout Arizona, particularly
around Flagstatf. It is present in the Bog Creek area,
but is almost completely lacking further south at
Maverick. Possible reasons for the lack of this im-

portant age e¢lass will be diseussed later. Other
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Fig. 9. Histogram of logarithm of basal area, Maver-
ick stands never exposed to fire. Distribution is skewed
’rm'._'ard smaller trees.
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TABLE 2. Caleulation of elass interval for frequency
distribution, Cooley Mountain.
D.b.h. Log basal area
Largest tree. . ........ 21.4 0.39759
Smallest tree.......... 5.3 0.18526 — 10
Difference. ........... 1.21233

Class interval = 1.21233 = 6 = 0.20205
Antilog 0.20206 = 1.592 = class multiplier

classes recognizable in one or more of the areas
studied are 1903, 1909, 1923, and 1928. A few small
stands at Bog Creek originated in 1933. Trees of
other ages are rare, and there are no extensive stands
of saplings less than 25 yrs old. In part this is be-
cause there is little room in the densely stocked old-
orowth forest for young trees—the available space
has been pre-empted by the heavy growth of earher
vears. It is evident, though, that weather conditions
in the White Mountains have not been suitable 1n
recent years for the establishment of ponderosa. pine
reproduction.

RELATION OF MEAN GROWTH PER TREE TO STOCKING

At moderate stocking rates in young stands of
ponderosa pine, mean growth per tree is evidently a
funetion of available growing space and, perhaps, of
the age of the stand. Age of stand, however, makes
little difference in the amount of stem growth added
at Maverick and Bog Creek. The stem area growth
on each. plot during the decade 1948-1957 was com-
pared with the growth on the same plot in the pre-
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vious ten-year period. A t-test applied to these
paired comparisons showed no statistically significant
difference in growth in the two periods; the computed
alue of t was less than one. At least in the age
range from about 20 vrs to 55 yrs, the amount of
stem area growth added by any one stand remains
relatively constant from one decade to the next.

A linear regression equation can be closely fitted
to the mean growth per tree of the Maverick-Bog
Creek stands, if stands of extremely high and low
density are omitted from the calculation. Based upon
20 stands supporting from 480 to 7700 stems per A,

1
g =0.00309 + 52.6 — (2)
n

where ¢ is mean stem area growth per tree in 10 yrs,
expressed 1n square feet, and n 1s number of trees per
acre. Kach individual observation used in the ealeu-
lation of this regression was weighted by the recipro-
cal of stand density. This reciprocal is of course the
same as available space per tree. The resulting equa-
tion accounts for about 929 of the observed variance
in mean growth.

Stands with more than 7700 stems per A were
omitted from this caleulation because it was evident
from the graph of the data that average growth of
very dense stands deviated from a straight line. To
demonstrate this faet, deviations from regression
were computed for each of the 25 stands used in the
original calculation, and also for the 6 overstocked
stands omitted from the regression (Fig. 10). It 1s
clear that as stand density exceeded about 6000 stems
per A, growth deviated more and more from the cal-
culated straight line. This point marked the be-
ogmning of stagnation.

There is certainly a minimum stocking rate below
which growth per tree no longer increases. When
the available space per tree exceeds that which the
average tree can properly exploit, a further inerease
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in spacing will yield no appreeciable additional growth.
Too few stands of very low density were included 1in
this study to give much information on this point.
It seems, though, that a decrease 1in stand density be-
low about 450 stems per aere in 35-yr-old stands
does not greatly stimulate growth.

Inerement cores from several thrifty open-grown
trees were used to estimate maximum growth rates in
the absence of competition, Although mean growth
per tree in moderately stocked stands remains rela-
tively constant from one decade to the next, stem
area growth of open-grown trees is directly propor-
tional to age. Based on 39 observations,

e, =0.0100 t (3)

where g, 138 10-vr growth in square feet and t 1s age
at the midpoint of the growth period. It is apparent
from plotting of the data that the range or spread of
the observed growth values increases direetly with
age, so that the standard deviation of growth 1s
directly proportional to age, and its variance to the
square of age. It is therefore appropriate in the
fitting of equation (3) to weight each observation by
the square of age. The standard deviation of the
resulting regression coefficient is 0.008.

A tentative idea of the maximum space that ean
he utilized by a single tree can be obtamned by com-
bining equations (2) and (3). The average age of
the trees used in the calculation of (2) 15 40 yrs,
so that the age at midpoint of the 10-yr growth period
is 35 yrs. It follows from the two equations that a
spacing of about 150 trees per A in a 35-yr-old stand
should yield the same growth per tree as that obtained
from open-grown trees of the same age. Of course,
trees in such an open stand would probably be of
poor form and qualty.

TOTAL STEM GROWTH PER ACRE

Total periodic growth per acre is closely related
to stoeking rate, but the form of the relationship 1s
more complex than that of individual tree growth.
Total stem area growth increases with stand density
up to a point, and then decreases as number of trees
per acre exceeds the optimum. A simple graph of
stem area growth over stand density best demonstrates
this relationship (Fig. 11). Growth inereases rapid-
ly with stand density up to about 4000 stems per
acre, and then decreases slowly as stoeking rate con-
tinues to inerease. The curve 1s similar in shape to
that shown by Gaines (1951) for longleaf pine. As
in longleat pine, growth of ponderosa pine stands 1s
more closely related to number of trees per acre than
to stand basal area.

The total hasal area per acre 1s determined bhoth
by the number of trees per aere and by the age of
the stand. Since basal area 1s a joint funection of
stand age and density, it 1s best visualized by plot-
ting basal area over the produet of number of trees
per acre times age (nt). The resulting curve has its
maximum at nt = 160,000 (Fig. 12). Substituting
various values of t and solving gives an indication of
the stand density that will produce the maximum
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Fig, 11, Stem area growth in square feet per A
in 10 yvrs as a funection of stand density.

basal area per acre at any given age (Fig. 13).
According to this estimate, maximum basal area will
be reached with about 6400 trees per A at 25 yrs, and
with about 3200 at 50 vrs.

2 5 &

BASAL AREA
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5 o -} 20 25 30 p. 1.1 40 45 20 a5 a0 L
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Fia. 12. Total basal area per acre as determined
jointly by number of trees per acre (n) and by age of
stand (t). Basal area is plotted over the product of
trees per acre times age (nt).

The maximum basal area attained by these young
stands 1s far in excess of the 100 sq ft per A that
Pearson (1950) considered to represent full stoeking.
According to the Maverick timber inventory, average
basal area on good sites is slightly more than 100 sq
ft per A. This figure integrates mature groups,
young thickets, and small openings. In small, uni-
form pole stands, basal area ean easily reach more
than twiece Pearson’s full stocking estimate.

DOMINANCE, SUPPRESSION, AND MORTALITY

The preceding growth studies have dealt with
all trees in the stand, small as well as large. It is
generally considered that the smaller trees in a stand,
however, have little effect on the growth of the dom-
inants. It has been almost universally accepted
that as the dominant trees grow up and overtop the
smaller, the losers 1n the eompetitive race are sup-
pressed, retarded in thewr growth, and eventually
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F1g. 14. The usual concept of suppression is shown
diagrammatically on the left. The growth of the trees
in a young stand of ponderosa pine is more adequately
deseribed by the fan-shaped pattern at the right.

eliminated from the stand. Therefore, the smaller
trees are usually thought unimportant by compari-
son with the faster growing dominants and codomi-
nants.

This deseription of the suppression process 1s no
doubt valid in those forests where the primary com-
petition is for light. It does not, however, hold true
in the ponderosa pine forests of the Southwest, where
competition is mostly for water. As Pearson (1950)
_has pointed out, sunlight is much less likely to limit
growth of ponderosa pine than is water supply. In
the forests of the humid regions, once a tree 1s, over-
topped it becomes successively less able to secure the
light energy needed for growth; hence it is sup-
pressed and its growth nearly ceases. Where light
is abundant and water is lacking, however, even small
trees are usually able to secure their small but pro-
portionate share of available soil moisture, so that the
orowth of small trees is not much retarded even by
apparent suppression. |

Small ponderosa pines grow slowly from a very
early age, their growth increment remaining nearly

Crarres F. CooreEr

constant from one period to the next.
of liree trees likewise inereases rather uniformly in

Ecolosieal Monographs
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Basal area

cuzeessive periods.  The growth of the trees com-
prizing a stand of penderosa pine more nearly re-
sembles the fan-shaped pattern of Figure 14h than
the more usual suppression pattern of’ Figure 14a.
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Fig. 15. Proportion of the total stand basal area
contributed by the 400 Iargest trees per A in stands of
varving density.

A statistical comparvison of the growth of the
smallest trees on a single plot with that of the largest
trees on the same plot provides evidence of this
orowth pattern. Data for the 5 largest and the 5
smallest trees on a sample plot bearing 21 trees were
used for this comparison. Stem areas in 1957, 1947,
1937, and 1927 were grouped for each set, and the
resulting relationship tested for linearity of regression
by a method suggested by Snedecor (1956:455).
In neither the large trees nor the small ones was the
departure from linearity greater than would be ex-
pected from chance variation alone (Table 3).

TABLE 3. Analysis of variance, linearity of growth
of dominant and suppressed trees.

|
5 Laraest TREES |5 SMALLEST TREES
Source Mean Mean
D.F. Square D.F., Sguare
Linear regression. . . 1 9018.73 1 17 .3556
Deviations from
linearity........ 2 1.20 2 0240
FIPOT-. oo i i 16 289 .20 16 8809

Suppressed and intermediate trees evidently play
a greater role in young ponderosa pine stands than
is eustomarily attributed to small trees. The propor-
tion of total stand basal area contributed by the
smaller trees increases with stand density (Fig. 15).
At low stocking rates, virtually all the basal area of
a stand is contained in the 400 largest trees on each
acre. The proportion of the total contributed by
these larger trees declines as density inecreases, until
with more than 5000 stems per A only about 179% of
the basal area is due to the 400 largest trees. Ap-
proximately the same relationship applies to total
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Fig, 16. Growth of the largest trees in each stand
as a funetion of stoeking.

periodie growth. The larger trees, which are often
the only ones considered in growth analysis, add con-
siderably less to total stand growth in young dense
stands than do the great mass of small trees. The
relative importance in stand growth and use of
available water, nutrients, and light by any single
tree in young ponderosa pine stands is roughly pro-
portional to its size. This i1s unlike the situation in
wore humid forests where suppressed trees exert
less influence on growth of dominant trees even than
their dimensions would imply.

(Concern has been expressed, by Weaver (1951a)
and others, that the use of soil moisture by developing
pine thickets may adversely affect the growth of the
mature pine overstory. Several mature pines, more
or less isolated within dense sapling stands, were
examined at Bog Creek for evidence of this effeet.
Mature trees with poor crowns (e.g., Keen tree classes
3C, 3D, and 4C) could be expected to be most affected
by competition from the sapling understory. Incre-
ment borings from 6 such ftrees showed no unmistak-
able evidence of a change in growth pattern since ori-
ein of the sapling stands. Growth before and after
that time was so slow as to be almost imperceptible.
It mayv be, however, that the decline of these deca-
dent trees was hastened by sapling competition.

[n contrast to these results, Weaver (1959) has
reported that on the Warm Springs Indian Reserva-
tion in Oregon, thrifty mature trees of Keen eclass
3B not subjected to understory competition grew
23¢ faster than their counterparts within dense
sapling thickets. Competition from the understory
affected immature pines of Keen class 2B even more
strikingly.

Natural mortality in dense voung ponderosa pine
stands 1s surprisingly low, even among eclearly sup-
pressed trees, Examination of fire-killed trees of
known age established that it is easily possible to
identify every tree larger than 0.5 in. d.b.h. that has
died within the past 6 yrs. On all the sample plots
in reproduction stands, a tally of dead trees was
kept (Table 4). Natural mortality of small sup-
pressed trees less than one inch in diameter prob-
ably does not exceed 29% annually; in the larger size
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classes it is mueh less. The uncertainty derives from
the fact that there is no way of knowing how many
vears’ accumulation of dead trees is included in the
mortality tally. The figure of 6 yrs is no more than
a guess. In this area of slow decay, identifiable dead
trees may last even longer.

TarLE 4. Estimated natural mortality in last six
vears on sample plots.
DiaMETER CLASS

Less | ‘ ‘

than | 1.0- | 2.0- | 3.0- | 4.0- | 6.0-

1" i 1.7 129" 3.9 5.9" | 7.97
Number of dead | | ‘ |
trees per acre. ..| 470 I8+ 3l 16 | 8 2
Mortality as 9% | ‘
of number in size )
class 6 yearsago.| 6.7%| 4 0% 1.19;| O R{j{-,l 0.69| 0.7%

GROWTH OF POTENTIAL CROP TREES

The largest trees in the stand will comprise most
of the dominant mature stand and will make up most
of the eventual timber harvest in managed stands.
It is of interest to consider the relationship of the
orowth of these dominants to stand density.

Growth of the largest trees in each stand 1s more
closely related to the logarithm of stand density than
to its reciproecal or to other measures used in the pre-
ceding analyses (Fig. 16). Measurements of trees
on 27 sample plots show that for the 400 largest trees
per A

or =0.34 — 0.10 log n (4)

where g is mean stem growth per tree per decade in
square feet, and n is number of stems per acre. The
standard deviation of the regression coeflicient 1s
0.033; the computed regression accounts for about
799, of the observed variance im mean growth of the
largest trees.

GROWTH AND NEEDLE WEIGHT OF INDIVIDUAL TREES

Cable (1958) has shown that there 1s a logarithmie
relationship between needle weight and diameter of
individual mature ponderosa pine ftrees in central
Arizona. The relationship of stem area erowth to
needle weight in voung pine stands was investigated
on two of the %00 A sample plots at Maverick.

All trees were cut on these two plots, and the
current year’s erop of needles stripped from each tree.
Sampling was done in early November after seasonal
orowth was completed. Needles were air-dried with
the aid of a steam radiator, since no oven faecilities
were available. Stem area growth during the pre-
ceding ten-year period was determined from stump
sections as before. The trees on one plot were about
49 yrs old; the other plot was aged 30 yrs. The 18
trees on the older plot ranged from 1.0 to 8.8 1n.
d.b.h.; the 24 on the vounger plot were from 0.5 to
7.3 in. d.b.h.
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Stem area growth on these two plots 1s directly
proportional to needle weight, according to the equa-
tion

e =0.00624 W (5)

where g 1s 10-yr stem area growth of a tree in square
feet and W is weight of the current vear’s needles
in kilograms. There 1s no statistically significant
difference in the regression equations applicable to
the two stands despite their difference in age; hence
the data from all 42 trees were pooled in the caleula-
tion of the final regression equation.

The direet relationship between needle weight and
tree erowth 1s to be expected, for needle weight 1s a
measure of the quantity of photosynthetie tissue avail-
able for the elaboration of material to be stored as
new wood. There 1s a definite difference 1 the weight
of the current vear's needles on the two plots: 1063
ke per A in the older stand, and 787 kg 1n the vounger.
An estimate based on only two trees sugeests that
about 409 of the green needles present in November,
after needle fall is mostly completed, are of the
current vear’s erop.

HEIGHT OF DOMINANTS AS A
FUNCTION OF AGE AND STOCKING

Foresters have usually considered that height of
the dominant trees of a given species varies much
less with stand density than do tree diameters; hence
height of dominants in relation to age is frequently
used as a measure of site quality. Lyneh (1958) has
pointed out that in many instances height growth is
very markedly affeected by stand density. He con-
cluded from a review of the literature that retarda-
tion of height growth by density of stocking is most
apparent where root competition is most intense.
Lyneh went on to evaluate the effect of stocking rates
on height of dominants in ponderosa pine stands in
Washington and Idaho. He represented density of
stocking as a proportion of the average density cal-
culated from all his plot data. He found that tree
heights are reduced as stocking percentage exceeds
100, and that the effect of stand density on height is
much greater on poor sites than on good.

Lvneh’s method of relating height growth to stand
density is not applicable to the present study, partly
at least because the average stocking rate calculated
from all the sample plots would still represent a
generally overstocked condition. Instead, the mean
height of the two tallest trees on each plot was con-
sidered as a function of stand age and stocking rate.
For the 29 plots at Maverick and Bog Creek for which
height measurements were available,

1
H=100—18.8 logn —7.66 —— (6)
t

where H is height of dominants in feet, n is number
of trees per acre, and t 1s age of stand in years.
This equation accounts for 86% of- the variance in
height. If extrapolated far bevond the range of the

CHARLES F. CooPER
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data from whieh it was derived, this equation indi-
cates that the maximum attainable height of pon-
derosa pine trees at Maverick is 100 ft. Aectually,
fully mature domimants reach a height of about 110

ft.

PATTERN

A conspicuous fteature of the ponderosa pine
forest 1s the grouped arrangement of the trees. Tt
1s obvious that the forest is composed of distinet
groups, each made up of several trees similar in size
and apparent age (Fig. 17). This fact has long been
recognized, but surprisingly little attention has been
given to the structure of these groups or to themr
mode of origin.

Fig. 17. Typieal stand of mature ponderosa pine,
showing grouped distribution of trees.

An objective stand analysis technique is offered by
the method of contiguous quadrats proposed by Grieg-
Smith (1952). He suggested laying out a grid of 256
contiguous quadrats, and recording the number of
plants falling in each. In analysis of the data, each
pair of adjacent quadrats is combined, creating what
amounts to a new grid of 128 blocks on the same
area. The combining procedure 1s repeated several
times to give the number of individuals per block
when the blocks consist of 1, 2, 4, 8, 16, 32, 64, and
128 of the original small quadrat units. An analysis
of variance 1s then carried out to determine the
rariance (mean square) attributable to eaech of these
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Fig. 18. Variance (mean square) attributable to blocks of different size, contiguous quadrat analysis of

mature stand at Malay Gap (A, B) and at Maverick (C. D, E. F).

block si1zes. 1f the vegetation forms a distinetly
clumped pattern, the variance of the block size cor-
responding to the approximate mean area of the
clump will be much higher than the variance due to
other block sizes.

Testing of the significance of the variance tor the
rarious bloek sizes presents considerable difficulty.
Grieg-Smith originally suggested using a variance
ratio test to compare the mean square due to various
block sizes with the mean square residual for single
(quadrats. Onee the fact of non-randomness of vege-
tation 1s established, however, a variance ratio test 1s
no longer appropriate. At the present stage of de-
velopment of c¢ontiguous quadrat analysis, conclu-
sions are best based on a subjective interpretation of
peaks 1 variance. The consistent recurrence of a
peak at about the same block size In a series of
analvses gives a strong indication of its validity
(Thompson 1958).

The theory underlving contiguous quadrat analy-
sis assumes that the area of the plant is negligible in
relation to the size of the quadrat. This 1s elearly not
true in ponderosa pine. The use of Yoo A quadrats,
however, makes plot size rather large in relation to
all but the largest trees,

Four gmds of 256 contiguous oo A gquadrats were
set up at Maverick, and two at Malay Gap. The
lnreest block size was thus 2.56 A. In analyzing the
pattern of the mature stand, only trees evidently
older than 50 vrs were considered. Most of the six

grids show a pronounced peak in variance at bloek
sizes of 16 or 32 quadrats (Fig. 18). Several of the
grids also show a high variance at the largest block
size. Little signiiicance ean be attached to the latter
peaks because of the small number of degrees of
freedom upon whieh they are based. There is only
one degree of freedom associated with a block size of
25 quadrats, and two with the next smaller block
size. The large variances at the bigger block sizes may
be due to chanee alone, or they may be associated
with a larger seale pattern of vegetation.

Contiguous quadrat analysis indieates that the
trees comprising the mature stand at both Maverick
and Malay Gap arve aggregated into groups with an
area of .16 to .32 A. This 1s consistent with what has
already been observed about the e¢lumped distribution
ct ponderosa pine.

A similar analyvsis was made of the reproduetion
stand on the same six 256 A plots. 1t seemed 1in-
advisable, because of the great difference in size of
individuals, to combine both the mature stand and
voung trees m a single computation.  All trees over
2 m. d.b.h. were meluded 1 the reproduction tally
(Fig. 19). As in the mature stand, the Malay Gap
orids show a pronounced peak at a bloek size of 16
to 32 quadrat umits. The average clump size of
voung trees at Malay Gap is about .16 to .32 A.

The Maverick grids show an evident peak at about
the same block size as at Malay Gap. The main
peak, however, 1s at 64 quadrat umts, reflecting the
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Fig. 19. Variance (mean square) attributable to

blocks of different size, contiguous quadrat analysis of
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ick (C, E).

large patches of reproduetion that are clearly evi-
dent at Maverick. Within these large patches are
smaller clumps of thriftier and more vigorous trees.
The smaller sub-groups are indicated by the peaks at
16 and 32 units,

ForesT CONDITIONS AT MAVERICK AND AT MALAY GAP

Although similar in basi¢ composition and strue-
ture, the forests at Maverick and at Malay Gap are
quite different in appearance. A visitor to Malay
Gap, conditioned by acquaintance with the over-dense
thickets characteristic of most of the Southwestern
pine region, is immediately struck by the open nature
of the forest (Fig. 20). The forest floor is carpeted
with a deep layer of grass, and small diserete patches
of young trees are dispersed among groups of stately
pines. The pure beauty of the Malay Gap region
more than compensates for its difficulty of access.

in the primitive area at Malay Gap.

The site at Malay Gap is clearly not as good as that
at Maverick. The average height of mature domi-
nants at Malay Gap is about 95 ft, while those at
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Maverick average about 110 ft. The height of dom-
inants in sapline stands averages 10 to 12 ft less than
in stands of comparable age and stocking density at
Maverick. According to the Malay Gap timber in-
ventory, the average basal area of the mature stand 1s
about 70 sq ft per A on the most densely stocked
8200 A. By contrast, the mean bhasal area of the
13,000 A timber type including all the Maverick study
plots is about 102 square feet per acre. The differ-
ence reflects inherent differences in site productivity.

Until recently, lack of adeqguate transportation
has prevented an effective fire control program at
Malay Gap. Weaver (1951a) found from analysis
of fire sears that fires had swept across Malay Gap 1n
1943, 1935, 1919, 1910, and about every 7 yrs betore
that time. Fire scars on living trees indicate that at
least the last two fires were very extensive and covered
most of the area, By contrast, the areas studied at
Maverick and Bog Creek have either been free of fire
since stand origin, or have been protected since a fire
in 1924. Differences in site quality and i fire his-
tory are the primary differences between Maverick and
Malay Gap. To determine how each of these factors
has affected stand strueture, it 1s necessary to examine
some of the ecological effects of fire in ponderosa pine.

Fire 1x THE Econogy or PoNDEROSA PINE

A number of recent studies on the relation ot
fire to ponderosa pine have been reported by Harold
Weaver. On the Colville Indian.Reservation i east-
ern Washington, he examined a group of 40-vr-old
pine stands. One portion of the study area was
burned by a wildfire in September, 1914, when the
voung pines were about 11 yrs old; the other portion
had been protected from fire throughout its life.
Thirty vears later, the unburned area was covered by
a stagnated stand of saplings so thick in places as to
he almost impenetrable. There was an average of
14,800 stems per A on plots in the unburned area,
with a mean d.b.h. of 1.7 inches and a height of 12.5
ft. Stand density in the stocked portion of the fire-
thinned area was 1100 stems per A, the trees averag-
ing 7.4 in. in diameter and 32.2 ft in height. Only
about 99 of the burned area was stocked, the result
of a hot fire burning out of control (Weaver 1947).
In the Southwest, exclusion of fire has likewise in-
duced the formation of dense thickets which give
every impression of near stagnation (Weaver 1951a).

As a consequence of long continued fire exclusion,
fire hazard has built up until the stage 1s set for a
devastating conflagration (Weaver 1951a, 1955). The
dense reproduction stands are themselves highly 1n-
flammable. A heavy needle mat has accumulated, and
snags and dead wood have added fuel. Without
periodic fires to remove this debris a little at a time,
it has built up to a point where any fire is hable to
race uncontrolled through the treetops. Weaver be-
lieves this inerease in fire hazard to be the most po-
tentially dangerous change that has oceurred since
early days.

In June, 1956, a spark from a logging operation
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set off a fire that ran out of eontrol through 21,000
A of ponderosa pine forest north of the Mogollon
Rim. The behavior of the fire and the meteorological
conditions accompanying it were analyzed by Schaefer
(1957). He described the Dudley Lake fire as a
classic example of a fire accelerated by loeal air
subsidence and a low-level jet current. The hot, dry
winds resulting from these unusual conditions lead to
an explosive situation in which even the most modern
fire fighting equipment is ineffectual once a conflagra-
tion gets under way. Yet it is possible to argue that
the Dudley Lake fire would not have killed virtually
every tree that it touched had not the forest fuel
been allowed to accumulate for 40 yrs and more.
Surely local air subsidence and jet streams have re-
curred throughout history, but there is no clear evi-
dence of "past holocausts of the magnitude of Dudley
Lake in the ponderosa pine forest. The Dudley Lake
fire was touched off by logging and not by lightning;
hut there is no reason to doubt that Indians built
campfires in the woods even in the hot, dry days of
June,

Preliminary test of preseribed burning in Arizona
(Weaver 1952) showed that lighter fuels sueh as
fallen needles, branches, and cones were reduced ap-
proximately 559% by weight, while the eubie foot
volume of logs and stumps declined 649 to 809%.
Four years later, though, the quantity of fuel on the
ground equalled that before burning (unpublished
data on file at Fort Apache Agenex, Whiteriver, Ari-
zona). Part of this inerease i1s attributable to the
fact that 30 yrs of fire exclusion prior to the experi-
mental burns had allowed an abnormal number of
live needles to remain on the lower portions of the
tree erowns. Laght fires which do not 1gnite the
crown generally singe the lower needles, which then
fall from the tree. The height of the needle scorch
resulting from a low intensity fire is a function of the
mitial vegetation temperature and of the height of
the flames above the ground (Byram 1958). Live
needles extended to within a few feet of the eround
on the Fort Apache experimental burning plots; these
needles were singed by the fire, fell to the eround, and
added their bulk to the quantity of fuel on the forest
floor after the prescribed burn. A second fire might
produce a more long-lasting fuel reduction,

This burning experiment evaluated only the effects
of fire on dry fuel Iving on the ground. Of equal nu-
portance is the effect of repeated fives on the hazards
represented by sapling stands, which are highly sub-
Jeet to destruetion by crown fires. Crown fires are
of two types: dependent, which require heat from
surface fuels to preheat and ignite the ¢rown, and
independent, in which the fire travels direetly from
crown to erown without aid from surface fuel com-
hustion. Most erown fires observed in the Southwest
on relatively level ground are dependent. The likeli-
hood of erown ignition resulting from a surface fire
1s a function of the height of the base of the erown
above the flames. If, tfor instance, there are no needles
helow the 12-tt level, the crowns of a sapling stand
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are much less likely to be ignited by a surface fire
than i1f the crown level is at a height of 6 ft. The
quantitative effects on fire spread and severity of the
raising of crown level are not known, but they are
evidently considerable. It is well known that the in-
tensity of radiated heat.varies as the square of the
distanece from the source. In a surface fire in a sap-
ling stand, though, this relation is greatly compli-
cated by heat convection.

If a erown fire should start in a sapling stand,
it is not apt to run as far or as fast if some of the
fuel has been removed as in a solid stand of dense
saplings. * Experience on the Fort Apache Reserva-
tion has demonstrated that it is easier to fight a wild-
fire in an area previously treated with controlled fire
than in untreated areas. In summary, long con-
tinued fire exclusion has inereased the danger of de-
structive wildfires in three ways: by permitting ex-
cessive buildup of dry fuel on the forest floor, by
leaving the tree crown level near the ground where
ignition of live needles 1s more likely, and by per-
mitting the formation of dense uninterrupted sapling
stands over wide areas.

STAND STRUCTURE AT MAVERICK AND AT MApAy GAp

The voung trees at Malay Gap are arranged much
more definitely m groups than at Maverick, and only
rarely do they grow under or very close to the trees of
the mature stand. On only 10 of 512 guadrats were
voung trees more than one ineh in diameter found
growing on the same 400 A plot as a mature tree.
By contrast, 84 out of 1024 similar quadrats at Maver-
ick had reproduction and mature trees growing on
the same plot. The association of mature trees with
young trees was tested for both stands, using a chi-
square test on a 2 by 2 contingency table. Chi-square
values for hoth the Maverick and the Malay Gap
tables were highly significant, indicating a strong
tendeney for reproduction and mature trees not to
be associated on the same quadrat. Chi-square values
were much larger, however, for the Malay Gap tables
than for the Maverick data. Only trees larger than 1
mm. «.b.h., were considered in this analvsis. There are
many stunted and suppressed trees 2 to 6 ft tall
erowing under the mature overstory at Maveriek.
Most of these trees ave at least 20 vrs old, and some
are more than 30, Trees of this type are almost totally
lacking under the Malay (Gap overstory.

The lack of trees under the mature stand is evi-
dently the result both of competition and of the
periodie fires that have swept the Malay Gap area.
Even under the open canopy of a mature forest,
seedlings grow poorly (Fig. 21). Though the trees
remain alive, they are stunted and unhealthv. Root
competition, rather than competition for light, is
apparently the governing factor. Root grafts between
adjacent trees of the mature stand may play a part,
althongh there seem to have been no studies of this
subject in ponderosa pine,  Yli-Vakkuri (1954) found
that in even-aged stands of Scotch pine in Finland,
many middle-aged trees had root grafts with the root
svstems of neighboring trees. Sometimes a network of
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10 or more trees is formed by grafting, and water and
nutrients are transferred through grafts from one tree
to another. It is possible that there is a similar inter-
connection of the root systems of a mature even-

aged group of ponderosa pines. If so, the united
" root systems may ramify so completely through the
soil that newly established trees are unable to eom-
pete effectively.

W T o o mane
T
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Fia. 21.
mature group of pines at Maverick.
trees 18 less than 3 ft high,

Ml

Stunted trees, 18 yrs old, growing under a
Tallest of these

When a light surface fire passes through the forest,
the stunted trees growing beneath the pine overstory
are too small and weak to withstand its effects. A fire
intensity that would injure a thrifty sapling little if
at all 1s often fatal to a suppressed tree of the same
age. More important, though, is the effect of needle
fall from the mature stand. A considerable volume
of light fuel rapidly builds up beneath the mature
stand. When ignited, this fuel generates enough heat
to kill any young trees which may be growing in its
midst. By contrast, the lesser fuel acecumulation in
openings makes a less intense fire which saplings are
able to survive. Evidence for this differential removal
of trees under the forest canopy is provided by many
observations on the controlled burns on the Fort
Apache Indian Reservation. Virtually every seedling
and sapling beneath mature trees is killed by the con-
trolled burns, while nearby reproduction stands re-
main almost intaet.

The failure of reproduction to survive under the
mature canopy 1n the presence of fire largely accounts
for the difference i pattern of smaller trees hetween
Maverick and Malay Gap. Contiguous quadrat analy-
sis demonstrated the existence of definite reprodue-
tion groups, .16 to .32 A in size, at Malay Gap. At
Mavericek, on the other hand, stunted reproduction is
widespread beneath the mature trees, becoming muech
more vigorous in the openings (Fig. 22). This ae-
counts for the peaks at two block sizes in the mean
square diagram of Figure 18.

It has been asserted that the small trees growing
under the mature overstory represent valuable ad-
vance reproduction which will greatly speed up stand
regeneration following timber harvest. Aectually, it
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1s doubtful if these stunted trees will respond to re-
lease at all. Establishment of seedlings some 6 or 8
yrs before cutting the mature trees, if possible, is
almost certainly good forest practice, but the stunted
little trees 20 and 30 yrs old that often grow in the
shade of the mature stand are probably more of a
hindrance than a help to future forest growth.

There are many more trees per acre, particularly
in the smaller size classes, at Maverick than at Malay
Gap. On the 266 A plots at Maverick, there are
almost twice as many trees in each of the size classes
from 1 to 8 in. d.b.h. as on comparable plots at
Malay Gap (Table 5). The numbers of trees larger
than 9 in. are much more nearly equal on the two
sets of plots, the slightly larger number at Maverick
closely reflecting better site quality.

TABLE 5. Number of trees per acre in diameter
classes from 1 to 14 in, on sample plots at Maveriek and
Malay Gap.

TrEEs PER AcRE
d.b.h.
| Maverick Malay Gap

L scorens sasesem s masman | 241 110

- 141 | 83

- 79 46

e T e 61 38

B s oo cni e WOVEDE BN 26 10
Ol e saanys STy S 18 6.2
T e 9.3 3.6
< S 7.0 2.8
R N | 4.4 4.4
M i inesics W B 2.4 1.4
Vi o ammmmn s st 1. 3.0
12 cownn saman s s s 1.9 3.6
| 2 S 2.2 3.0
4. 1.4 2.4

Although the small plots in reproduction stands
were not intended as a quantitative estimate of stand
density on the area as a whole, it is significant that
the average number of trees per acre on the Maverick-
Bog Creek plots 1s two to four times as great as on
plots of comparable age at Malay Gap (Table 6).
It has already been pointed out that the Maveriek
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TABLE 6. Summary of sample plots in reproduction stands

| StEMs PER AcrRE BY DiaMETER CLAsS
Location Year of | No. of Less 1.0- 2.0- 3.0- 4.0- 6.0- Over

Origin Plots | than 17| 1.9” 2.9 3.9 5.9 1..9" 8.0 Total
Bog Creek................. 1919 8 4280 2257 1102 623 422 63 8748
Maverick. .......... ... .... 1928 9 1522 | 1353 604 471 369 47 1367
MAlay GEBPL o veess i v viaia 1914-19 | 13 332 | 400 605 488 359 115 15 2311
Malay Gap o coavn cus s o 1928 | 8 | 435 100 415 335 265 60 1910

| |

—

and Bog Creek plots have a much higher proportion
of small trees than those from Malay Gap. The
Malay Gap plots have the most trees in the largest
size class, despite the definitely poorer site.

The densest stand sampled at Bog Creek had the
equivalent of 14,400 stems per A in a 38-yr-old stand.
The average density of seven 1919 stands at Bog
Creek was almost 9000 stems per A. This figure is
probably more or less representative of the mean den-
sitv. of pine thickets in the White Mountains. A
series of twelve 2.5-A plots established in connection
with the Fort Apache eontrolled burning program
carried an average of 4855 trees less than 3.5 1n.
d.b.h. per A (unpublished data on file at Fort Apache
Agency, Whiteriver, Arizona). These 12 plots were
in a stand of ponderosa pine logged in 1924, and in-
cluded the nsual mixture of openings, reserved tree
groups, and pine thickets common to cutover areas.
It is likely that stand density on that part of these
plots actually stocked with reproduction would ap-
proach the 9000 per A found on the Bog Creek plots.

Sapling stands of 1919 age support more trees
per acre than do yvounger plots that would normally
be expected to carry more trees (Table 6). KEwvidently
conditions in later vears did not permit as high a
percentage of seedling survival as in 1919. At any
rate, the average stand density on 9 sample plots in
1928 stands at Bog Creek is 4867 trees per A\, about
halt that on the 1919 plots.

Fire EFFECTS ON SAPLING STANDS

Much of the difference between the virgin area
and the managed forest is due to the fires that have
continued at Malay Gap. Natural surface fires have
long been a part of the environment of the pine
forest.  What has been the role of these natural fires
i the development of the forest? Equally important,
what has been the effeet on stand structure of forty
vears and more of fire exelusion?

A partial answer to these questions might be of-
fered by an analysis of the results of the Fort Apache
controlled burning program, but these burns have
been carried out i stands that are no longer novmal,
Forty vears of complete protection from fire have
permitted the development of thickets with an abnor-
mal number of trees per acre and an abnormal ae-
cumulation of tuel. A surface fire run through such
a thicket 1z much different 1n 1its effects than if the
stand has been burned at frequent intervals through-
out its life.

Other prescﬁhed burning experiments are slightly
more informative. A 20-A tract of overstocked pon-
derosa pine thickets in north-central Washington was
treated with controlled fire 1n 1942, and the results
evalunated in 1950 (Morris & Mowat 1958). Future
crop trees, those that are likely to constitute the
mature stand of the future, were selected on the hasis
of size and vigor. The erop trees on the burned area
grew 369 more in diameter and 7% more in height
than those on the unburned plots, while the number
of trees that offered significant competition to the
selected trees was reduced from 2410 to 895 per A.
The authors concluded that preseribed fire, properly
applied, can reduce competition among trees in dense
ponderosa pine thickets and increase the growth of
potential erop trees. The thinning was not uniform
or selective, and occasionally destroyed all saplings
in some poorly stocked portions of the stand.

The effects of natural fires on reproduection stands
were studied at Malay Gap. Recorded fires have
passed through that area at least 3 times in the life-
time of the present sapling stands: in 1919, in 1935,
and in 1943. More recently, the B.S. Gap Fire of
September, 1956, covered several hundred aecres in
the same area. This was a moderate surface fire
apparently typieal of those that have oeceurred many
times in the past. The area burned faced to the
north, on about a 159% slope. Weather records from
Maverick Lookout, 8 mi northwest at about the same
elevation, show that relative humidity was low and
temperature high in the days preceding the fire. The
fire danger rating, a numerical value that integrates
fuel moisture, humidity, temperature, and wind, was
almost as high in the three days preceding the fire as
at the peak of the spring dry period. The B.S. Gap
fire burned under severe, 1f not extreme, fire hazard
conditions,

When the fire area was examined in September,
1957, the scorched needles, although brown and dry,
still remained on the trees. It was thus possible to
assess the amount of direet damage to ftree erowns.
Completely dead trees were also easy to detect.
Lynch (1959) has reported on a study of mortality
following fire in a 30- to 40-yr-old stand of ponderosa
pine in eastern Washington. He found that mortality
was correlated with degree of erown damage and with
tree size. Most of the mortality oeeurred in the first
year following fire, and most of the first-year mor-
tality was caused by erown burning. There was sig-
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nificant mortality the second year as well, mostly due
to direct damage to the cambium.

The trees examined after the B.S. Gap fire had
gone through only one growing season sinee the fire,
Some additional mortality is to be expected, but the
first-year effects will give a strong indication of the
action of a natural fire on pine reproduction stands.

A large proportion of the trees less than one inch
in diameter was killed by the fire. There were fewer
of these small trees to begin with than on comparable
plots in the unburned forest at Maverick and Bog
Creek, and fewer still survived the 1956 fire. A pro-
aressively smaller proportion of trees was killed 1n
each larger diameter eclass. Only 189% of the very
small trees survived, whereas 849 of the stems in the
4- to 6-in. class remained and no trees over 8 in. d.b.h.
died on any of the plots in the first yvear following the
fire. No trees larger than 14 in. d.b.h. were observed
to have been killed anyvwhere in the fire area. The
first vear effect of the B.S. Gap fire on the reprodue-
tion stand is expressed by the equation

P = 0.61 — 0.66 log D (7)

where P is the proportion of the total number of trees
of a given size killed by the fire, and D is d.b.h. 1n
inches. This equation is of course strietly applicable
only to this one fire. While the absolute number of
saplings killed may vary from fire to fire, somewhat
the same proportionate relationship hetween size
classes can be expected to be maintained.

The B.S. Gap fire removed about one-fourth of
the basal area of reproduction stands. The relation-
ship between basal area of 15 sampled stands before
and after the fire 1s

B, =0.77 B, (8)

where B; is stand basal area one vear after the fire
and B, is basal area hefore the fire. The standard
deviation of the regression coefficient 15 0.065. The
average basal area found from the 15 plots was 96
sq ft per A before the five and 76 afterwards. Once
again, these figures do not purport to represent the
average hasal area of the forest as a whole, but rather
that of homogeneous c¢lumps of reproduction.

The 1943 fire at Malay Gap reduced several repre-
sentative sapling stands to a total basal area of 40 to
80 sq ft per A, as revealed by analysis of stump
sections. Fourteen vears later the basal area of each
of these stands had approximately doubled.

MECHANISM OF THINNING BY FIRE

The differential killing of the smaller stems by fire
constitutes a fairly effective thinning from below,
which removes many of the small trees that lose out
in the race for dominance. In the ahsence of fire,
suppressed saplings tend to hang on and on, each
taking at least a small portion of soil moisture at the
expense of the dominants.

Natural fires thin sapling stands in three ways.
Ocecasionally the surface fire becomes so hot at the
base of a tree that the cambium is killed and the tree
oirdled. As far as could be told from a superficial
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field examination, none of the trees on the B.S. Gap
fire plots were killed in this way. A certain amount
of mortality from this cause may be expected in the
second vear, however (Lynch 1959).

A second and mueh more common effect i1s the
thinning of stands by the raising of their erown level.
On most of the burned plots at Malay Gap there was
a definite zone of scorched needles killed by the heat
of the surface fire. Above the scorch line there was
little if any needle damage. Obviously, 1if a sup-
pressed sapling is 10 ft tall and a surface fire kills
all needles below the 12-ft level, the small sapling’s
chances of survival are shim indeed. Most natural
fires oceur at a season when active growth 1s taking
place, or at least when bud dormancy is not fully
established. Under these conditions, heat generally
kills buds as well as fohage.

On 10 of the 15 burned plots there was a notiee-
able raising of the erown level. In one stand with an
average height of 27 ft, a erown level formerly at a
height of 16 ft was raised to 24 ft. On the other
plots, a smaller proportion of the live erown was
scorched.

The periodie raising of the erown level and the
killing of lower branches by fire aids in the natural
pruning of ponderosa pine. This species prunes
itself rather poorly, and lower branches tend to re-
main alive even in dense stands. I'ire may be an im-
portant agent in the production of clean-boled trees,
not so much by actual combustion of lower branches
as by killing them so they fall naturally.

A third form of thinning is the killing of trees
by the heat of a fiercely burning log or stump. The
trees for several feet in every direction are frequently
killed and small openings formed in this way. Sueh
openings are seldom large enough to be detrimental
to the growth of the stand. Roots of the surrounding
trees quickly appropriate the vacant soil space and
growth of the remaining trees may be stimulated.

Only rarely will local ecrowning of a general sur-
face fire destroy a whole pateh of young trees. On
the B.S. Gap fire no stands were found that had been
completely killed, although some were thinned too
severely. There 1s evidence elsewhere at Malay Gap,
however, of a number of apparently thrifty repro-
duction stands that have been totally wiped out, evi-
dently by the fire of 1943.

It seems clear that a fire can and does pass through
an established reproduction stand without destroying
it. How, though, is it possible for a stand to become
established in the face of repeated fires? Seedlings
a foot or two high are extremely sensitive to fire, and
even up to a height of six feet or more, it is doubtful
if a voung tree can withsiand a surface fire of normal
mmtensity.

Apparently they do not have to. In the normal
forest there are many openings in which seedlings
become established. There is little accumulation of
pine needles or other dry material to carry a fire
through these openings. The seedling stand itself
does not produce enough dry material to earry a sur-
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TABLE 7. Stems per 1/100 aere before and after controlled burning in young stand, Horse Mesa.
Heicur Crass AT TiME or FIRE
| =V 18 2.8 34/ 4-5' 5-6 | 6-7' 7-8' Total
Plot No. Age at TiIIE:F | — - o
J gufFire1 Bl Bl EBleBle Bl E|lsEBI2ElsElREBloEIREIELERISEIRE|ILEIBE
P38z 33|E3|6z|E2|cB RE|lof|B8Blco2|FEl=20/ 302 R O 2
AMAaAAS AN AMAAD AR AM mm]mm a8 oo {RfaSta ol o Bl ol [ WF=al) [aBoa fa¥as)
Foh ssconimin sustaias saion 11 18| 9 |40 | 11 | 51 | 24 | 22 | 11 1| 4 135 | a9
D e e e e s 11 0| 0 | 17 0201018 (10|11 | 6 1 1 1 1 78 | 28
, S 11 16 | 4 1 1 2 1 6 D 2 2 ;1 1 28 | 14
" S R e I 11 1| 0 6 1 o 6 9 5|11 | 8 0 5} 6 4 46 | 29
B® vnen tumas sews 5 2 5 7 2 3 1 | 20
O s oo v 11 4 g8 |21 | I 33
I i

* Not burned.

tace fire until it is about 8 yrs old. Even then, there
s usually only enough fuel to support a light and
spotty fire.

Evidence for this hypothesis is hard to find be-
cause of the searcity of very young pine stands.
There are almost no extensive stands of waist-high
trees suitable either for experimental burning or for
observations of the results of past burns, except for
a few small patehes on Horse Mesa, east of W hite-
rver.

Horse Mesa was treated with controlled fire 1in the
fall of 1954, 3 yrs hefore the examination. Six Y400
A plots were examined (Table 7). Trees on 5 plots
were 11 vrs old at the time of the fire, and on one
thev were 5 yrs of age. The 5-yr-old stand and one
of the 11-vr-old stands were not touched at all, even
though the fire reached to within 50 to 100 ft in every
direction. The obvious reason was lack of sufficient
fuel. There was not much grass in the shade of the
little trees, and they had dropped few dry needles.
The slight fuel accumulation under the other 11-yr-
old stands was sufficient to support only a relatively
cool fire. This five elimnated a greater proportion of
the stems on the morve densely stocked plots than on
those that were more open, but the trees killed were
mostly 1 the smaller size elasses. The denser stands
evidently produced a greater volume of needles which
generated a loeally hotter fire than that i the more
open stands. The least dense of the 11-vr-old sample
plots had so little fuel on the ground that fire did not
spread to 1t at all.  Any thinning would have left this
plot seriously understocked.

Intensity of fire in very young stands sems to
be sort of self-regulating feedback mechanism that
provides the needed degree of thinning. Where there
are many trees per acre, the volume of dry fuel builds
up faster and to greater gquantities than where trees
are sparse. The greater fuel accumulation in turn
supports a hotter fire that thins the stand in propor-
tion to the fire's heat. As in older reproduction stands,
it 1s chiefly the smaller trees that are removed by fire
—almost no trees 1n the largest size classes were killed
on the Horse Mesa plots.

EARLY GROWTH OF THE PRESENT MATURE STAND

One of the more significant problems to be con-
sidered in evaluating changes in forest conditions
over the past century is the early growth of those
trees that comprise the present mature stand. The
orowth pattern of these trees was presumably gov-
erned in their sapling stage by the same factors that
control the growth of young stands today.

Growth of 104 trees more than 100 yrs old on the
Maverick plots was analvzed from ineérement cores.
From each core, 2 tree diameters were derived, one
at about 25 vrs of age and the other just 20 yrs
later. These diameters were used to compute the
stem area growth during a 20-yr period in the early
life of each tree. A 20-yr period was chosen to mini-
mize the effects of brief ehance variations in weather.
It has already been demonstrated that in the age
range from 20 to 55 yrs, stem area growth in a single
tree remains relatively constant from one decade to
the next. It is therefore legitimate to divide the
caleulated 20-yr growth by 2 to estimate the mean 10-
vr erowth during the early life of the present mature
stand.

This estimated 10-yr early growth of the 104 ma-
ture trees was compared with the graph of growth of
the largest trees in the present day sapling stands
(Fig. 16). Two assumptions were involved here:
that the trees now comprising the mature overstory
were the largest, dominant trees in the stand when
they were saplings; and that the same factors that
now covern the growth of dominant trees in sapling
stands were operative a century and more ago. From
the relation between tree growth and stand density
eiven by Figure 16, an estimate was made of the
probable stand density under which each of the ma-
ture trees must have grown when it was about 35 yrs
of age. The estimated past stand densities of the
present mature stand were compiled 1in a histogram
(Fig. 23). More than 23¢ of the trees examined
exhibited an early growth pattern comparable to that
now shown by trees growing in stands with less than
1000 stems per A. More than half of the present
mature stand apparently grew up in stands with fewer
than 3000 trees per A at 35 yvrs of age.
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The early growth of 104 trees from the
mature stand at Maverick was used to estimate the
stocking density under whieh these trees may have
grown in their early years.

Fic. 23.

One of several questionable assumptions in this
analysis 1s the conclusion that all of the present ma-
ture stand developed from trees that were large dom-
inants in the sapling stands of their youth. Some
of the present overstory trees have, on the contrary,
rather obviously been more or less suppressed all their
lives. It is not uncommon to find 6- or 8-in. trees
that are 150 yrs or more old. Several such were in-
cluded 1n the Maverick growth analysis. Besides the
trees used in the construetion of Fig. 23, there were 18
additional trees whose early growth was so small as
to indicate that they grew up under a stocking rate
far in excess of 15,000 stems per A. This 1s surely
improbable. It is more likely that these 18 trees were
small intermediate or codominant trees in their sap-
ling days.

All that Figure 23 suggests with any degree of
certainty is that the early growth of a large propor-
tion of the trees that make up the present mature
stand was greater than the comparable growth of
most saplings today. The implieation is very strong
that most of the Maverick overstory began its life
under conditions of stocking considerably less dense
than those found in the area foday.

SAPLING STANDS AT MAVERICK AND MALAY GAP

Because of the marked difference in site quality
and stand character between Maverick and Malay
(Gap, it is not legitimate to compare directly the
erowth of trees on the two areas. Fewer stands were
sampled for complete growth data at Malay Gap than
at Maveriek.

The average growth of the largest trees in the
Malay Gap sapling stands 1s much less than that of
trees In stands of comparable density at Maveriek.
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Measured stem area growth of dominants at Malay
Gap is only about two-thirds that predicted from
equation (4) and Figure 16. The lower site quality
at Malay (Gap accounts in part for this difference.
More important, though, i1s the faet that the Maverick
growth equation defines growth in sapling stands of
wholly different character than those at Malay Gayp.
The Maveriek equation related growth to stand
density in stands whose strueture has been determined
almost wholly by biological faetors of intraspecific
competition. These stands have a high proportion ol
small trees, whereas the fire-thinned stands at Malay
(iap tend to have fewer but larger trees. It has heen
shown (Cooper, in press) that instantancous growth
rates 1 ponderosa pine stands are more closely related
to summed tree diameters per aere than to basal area
or to number of trees per acre. This is logical when
1t 15 considered that tree diameter is almost diveetly
proportional to the surface area of the ecambium,

Because the Malay Gap stands contain fewer very
small trees than those of comparable age at Maverick,
the summed tree diameters in stands of a given density
are greater at Malay Gap than at Maverick. This
means that the mfluence on stand growth of a eiven
number of trees per aecre is greater at Malay Gap
than in the Maverick stands. Therefore, even aside
from site quality, it 1s to be expected that individual
tree growth would be less in stands of a specified
density at Malay Gap than at Maverick.

It 1s likewise not legitimate to eompare the total
periodie basal area growth per acre of the two sets
of stands. The basal area of the Malay Gap stands
was sharply but temporarily reduced during the
1948-1957 decade by the fire of 1943. This faet,
combined with the known site differences, makes a
direct comparison of basal area growth meaningless.

Definite conelusions can, however, be drawn about
the diameter distributions and the comparative stand
densities 1n the two areas. The differences in diameter
distributions in sapling stands at Maveriek and Malay
Gap have already bheen discussed in some detail.
Differential removal of smaller stems by fire is plainly
the mechanism which produced the Malay Gap diam-
eter distributions. The 1909 stands at Maverick
were all exposed to at least one fire early in their life-
time. This fire removed some of the surplus smaller
stems, and mitiated a change toward a diameter dis-
tribution of the type found at Malay Gap. These
stands were fully protected after the age of 15,
though, while the comparable stands at Malay Gap
were being burned twiece more. The sapling stands
whose distributions are most strongly skewed toward
the small trees are those young ones never exposed
to fire. Those most strongly skewed toward the large
end of the distribution are the Malay Gap and the
much older Cooley Mountain stands, all often sub-
jected to surface fires. Intermediate in diameter
distribution are the once-burned 1909 stands at Mav-
erick.

Diameter distributions at earlier ten-vear intervals
were derived for several stands from measurements
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of stump sections and inecrement cores. The shape of

the logarithmic basal area histogram changes very
little in the interval from about 20 to 50 yrs total age.
\"ariations in shape of the histograms in Figures 8
and 9 seem to be attributable chiefly to environ-
mental factors rather than to normal ehanges in diam-
eter distribution accompanying stand maturity.
Another striking difference between Maverick and
Malay Gap 1s in the average density of reproduction
stands. The comparative figures of Table 6 are
probably representative of the difference in the two
arveas, Nowhere at Malay Gap are there impenetrable
pine thickets of the type so common elsewhere (Fig.
24). A reasonable effort was made to inelude in the
sampling program the densest stands observed at
Malay Gap. The most densely stocked 400 A that
met the other sampling requirements of homogeneity
and stand uniformity had the equivalent of 4960 trees

per A.
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Fig. 24. Closeup of a typieal dense thicket at Bog
('reek. Cap in foreground gives seale. There is no lack
of light on the forest floor even in the densest pine

stands.

The lower stand density and the greater relative
number of trees in the larger size classes means that
the mean growth per tree is greater in the fire-
thinned stands at Malay Gap than in stands of com-
parable age in other areas. The stands at Malay
(Gap appear more healthy, more open, and are com-
posed of fewer but larger trees than at Maverick
(Fig. 25).

It 15 clearly apparent that reproduction stands are
smaller in extent at Malay Gap than elsewhere in the
Arizona pine region. Yet, a survey showed that one-
fourth of the ground area there was occupied by
stands less than 40 yrs of age (Fig. 6). This is surely
a normal proportion in a forest of long-lived trees,

Tue ORrRIGIN OF PATTERN AND STRUCTURE

AGE AND DIAMETER STRUCTURE

An important characteristic of the old-growth
forests of the White Mountains is their unbalanced
ace and size class distributions. There is an over-
abundance of voung trees less than 6 in. d.b.h., and

many large mature and overmature pines. The inter-
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stand at Malay Gap, partially thinned
This stand originated in 1914,

Fig. 25. Pine
by recurrent fires.

mediate age and size classes are obviously deficient.

The missing classes coincide in general with the
period of first settlement of the Southwest, and it
has been suggested that the early pioneers were re-
sponsible for the present lack of intermediate aged
stands. It has been reported that the early settlers
were particularly careless with fire, or perhaps set
fire to the woods deliberately to improve forage con-
ditions. An abnormal inecrease in the incidence of
man-caused fires in the last half of the 19th century
is sometimes assigned as the cause of the relative lack
of small sawlog trees in the ponderosa pine forest.

The faet that the same unbalanced age distribu-
tion oceurs in the largely undisturbed forest at Malay
Gap argues against this hypothesis. Furthermore,
there 1s little evidence that the early pioneers were
particularly free in their use of fire in the woods.
Joe Pearce, a long-time resident of Bagar, Arizona,
who was employed as the first ranger on the Black
Mesa Forest Reserve at the time of its establish-
ment 1n 1898, reported (personal interview, 1957)
that his principle duty in those days was firefighting.
He had little trouble enlisting the aid of cattlemen
in fighting fire on their own range, for they were
constantly apprehensive about the loss of forage.
In contrast to the situation in California, there ap-
parently was little organized burning of the woods
by white settlers at any time in the last century.

The primary cause for the lack of intermediate
aged trees appears to be the infrequent oceurrence
of the peculiar sequence of weather conditions neces-
sary for establishment of reproduction. There is a
large class throughout the White Mountains that ap-
parently dates from about 1839. Most of these 120-
yr-old trees are now from 16 to 24 in. d.b.h. There
are definite age classes that originated about 1875,
about 1890, and possibly in other years; but on the
whole there was little regeneration between 1839 and
1909. Many of the present small pole stands started
i 1909, and were followed by the extensive 1919
class.

Several older classes ean be clearly distinguished.
Many trees became established in 1820 and others
about 1795. A surprising number of the very large
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veterans i the old-growth forest can be dated about
1685.

The importance of the 1919 age class has heen
stressed repeatedly, and perhaps overemphasized, by
many foresters. It i1s almost wholly lacking in the
Maverick area, however. Fire sears on trees in the
1909 pole stands show that the area was burned
early in the growing season of 1924, when the 1919
pines were 5 yrs old. If any substantial number of
seedlings became establhished 1 1919, they must have
been killed by the 1924 fire. It is possible that there
was a4 complete local failure of reproduction at Maver-
ick m 1919, This hypothesis 1s made plausible by
the apparent searcity of 1919 trees over many square
miles, and their relative rarity at Malay Gap. A
number of stands that appeared to date from 1919
were sampled, but all turned out to be somewhat
vounger. Dense pine thickets originating in 1923 and
1928 are as conspicuous 1 the AMaverick region as
are the 1919 thickets elsewhere. For the last 25 yrs
or so there has been virtually complete failure of pine
regeneration throughout the White Mountains.

The age and diameter structure of the forest as a
whole 1s governed by the periodicity of reproduction.
A particularly favorable combination of weather
conditions has permitted stand regeneration only in
occasional vears. These waves of reproduction have
come at irregular and unpredietable intervals, and
have resulted in an 1rregular and unbalanced forest
structure.

PATTERN

The patchwork pattern of the ponderosa pine
forest 1s the expression of a eyclical process of com-
munity development, governed by fire and by the in-
tolerant nature of the species. The basie outlines of
this process have been presented by Weaver (1943).
Watt (1947) has analyzed the theoretical implica-
tions of cyelical development in the plant community.
It remains fo bring these concepts together into a
unified hypothesis on the origin and development of
pattern in the southwestern pine forest.

The infolerance of ponderosa pine to shade is re-
sponsible for the formation of the even-aged groups
of which the forest is ecomposed. Even-aged forests
are tvpical of intolerant species in general, for the
voung trees grow bhest when not subjected to shade
from the mature canopy. 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. '

As the stand matures, the identity of the groups
is maintained by fire. In an opening, a stand of
voung trees 1s partially protected by the lack of fuel
on the forest floor. In contrast, the ground beneath
a group of mature trees i1s generally covered by a
layer of immflammable material. Seedlings that ger-
minate heneath the overstory are rapidly eliminated
by the first fire that passes through the stand.

Fire is thus the force that here counteracts the
inevitable tendency of plants to take on a random dis-

CuarLes F. CooPER

Feologieal Monographs

Vol, 30, No, 2
tribution. Sinee the seeds of ponderosa pine are
widely and more or less uniformly distributed
throughout the entire forest, the stand should in time
take on a purely random pattern, the pattern of a
theoretical all-aged forest with trees of every age
oceurring in every portion of the stand. Some ex-
ternal 1influenee must be present to overcome the
natural tendeney for pattern formations to break
down and for the vegetation to be distributed ran-
domly. Natural fires impress upon the forest the
grouped pattern so characteristic of ponderosa pine,
and act to maintain that pattern through time.

Watt (1947) has suggested that most plant com-
munities exhibit a evele of change divisible into two
parts: an upgrade, when the net quantity of plant
material 1s inereasing ; and a downgrade, characterized
by dispersion of material and the breakup of the
community. The upgrade portion of the evele starts
slowly, accelerates, and then slows down as the com-
munity reaches maturity; the downgrade portion of
the curve is precipitous.

A reconstruetion of the history of one small area
of about 14 A at Maverick illustrates the cyelical
pattern of development and breakdown through
which the pine forest has passed. This particular
quarter-acre is occupied by a dense stand of voung
pines that originated in 1928. Towering above them
are two old veterans, one 34 in. and the other 35 in.
d.b.h. Two standing snags, 4 fallen logs, and a
burned stump testify that the two big trees are the
last survivors of a disintegrating group. Close by in
all directions are thrifty pole stands dating from
1909.

The group of large pines, which began to grow
about 1715, was apparently still intact in 1909, and
then consisted of about 10 mature trees. When the
1909 stands established themselves, seedlings germi-
nated beneath the mature canopy, but grew poorly be-
cause of root competition. The first fire that came
through the area—in 1924 if not before—killed them
all because of their small size and because of the
quantity of surface fuel laid down by the overstory
pines. Adjacent young stands in openings survived,
to produce the thrifty pole stands visible today.

Meantime, the mature stand was starting to bhreak
up. One of the old trees must have been dead by
1924, as shown by the burned stump. After main-
taining its integrity for more than 200 vrs, the group
apparently disintegrated in 20 yrs or less. Inter-
connection of the root systems by root grafts may
have had something fo do with the rapid deteriora-
tion of the stand once disease or old age got a foot-
hold. With all but 2 or 3 of the former dominant
group gone, conditions by 1928 were suitable for re-
establishment and survival of a new voung stand.
The 1924 fire removed most of the surface litter and
exposed a good seedbed. There was no longer a
heavy needle fall from the mature overstorv, nor did
the feeble survivors offer intense root competition to
the developing yvoung stand. Thus a new cycle was
initiated, to repeat itself as before. Under natural



Al 1960

conditions, the new young stand will throughout its
life maintain its integrity as a homogeneous even-
qeed group. Root competition combined with selec-
tive removal of small stems by fire will ensure that
irees of  younger ages ecannot suecessfully become
c<tablished within the even-aged group.

GrouNDp CovER VEGETATION

The composition and quantity of the herbaceous
sround eover in Southwestern ponderosa pine forests
is the result of the interaction of at least three fac-
tors: erazing, fire, and the density of the forest
cannopy. The relationship of fire to ground cover
vegetation has been intensively studied in the pine
regions of southeastern United States, where pre-
seribed burning is widely employed to control un-
desirable hardwoods. The situation in the South-
west is somewhat different, for here there is no evi-
dent successional trend leading to replacement of pine
hy other species.

No detailed studies have heen made of the
effects of fire on subordinate vegetation in the South-
west. Weaver (1951b) concluded that properly con-
ducted preseribed burning does not seriously damage
perennial bunchgrass cover under ponderosa pine.
In fact, it appears beneficial through partial opening
of the reproduction stand and removal of dense
needle mats. He considered the same to be true
where periodie surface fires have eontinued.

The herbaceous cover at Malay Gap was the only
oround cover vegetation that was analyzed in de-
tail in the present study. The Malay Gap area 1s
especially interesting in that livestock have been
virtually exeluded, and the ground cover approximates
to some degree that of pre-white man days. The
distriet is an important wintering ground for the elk
that move down from the high eountry to the ecast,
so it can by no means be considered entirely un-
orazed.

The ground cover at Malay Gap is composed al-
most wholly of a dense stand of serewleat muhly
(Muhlenbergia virescens). A few other grasses and
torhs are present, but in most places more than 90%
of the volume of herbaceous cover consists of the
one species of Muhlenbergia.  Other species present
are Blepharonenron tricolepis, Sitanion hystriz, Pani-
cum bulbosum, Stipa pringlei, Poa fendleri, and Koe-
lervia eristata.  On dry exposed slopes, Muhlenbergua
rigens, M. longiligula, and Ceanothus fendleri be-
come more abundant. It is clearly noticeable that
forbs of all kinds are much searcer at Malay Gap
than on most ecomparable sites on the Fort Apache
Reservation and adjacent national forests. This
difference is almost surely due to differences in graz-
g history.

The erass cover at Malay Gap is as dense as 1s to
hbe found anvwhere in the southwestern pine zone.
(irass production was extimated by harvesting all of
the current vear's urn‘p\withiu a rectangular wire
frame 9.6 sq ft in area. The weight in grams of the
erass from one such plot, multiplied by 10, estimates
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orass production in lbs per A. The estimated weight
of the current yvear’s forage production in openings
at Malay ‘Gap was 1620 lbs per A. The standard
error of the mean of this estimate is 108.5 lbs. While
plant speecies other than serewleaf muhly were en-
countered on most of the plots, they oceurred in such
small quantities that it was impractical to segregate
them.

The volume of the herbaceous ground cover 1s
much greater in .the open than under the forest can-
opy (Fig. 26). Ground vegetation was harvested
from plots undér several degrees of tree cover. Per-
centage of crown cover was estimated at each sam-
pling point by means of the spherical densiometer
described by Lemmon (1956). Seven such points
were sampled. Based on 20 separate 9.6 sq ft plots
from these 7 points,

V=1600—21 C (9)

where V is herbaceous cover in pounds per acre and
C is percentage of erown cover, expressed as a whole
number. The standard deviation of the regression
coefficient is 2.5. This equation states that forage
production declines about 21 lbs per A for each 1%
inerease in crown cover. If projected far enough,
the equation indicates no herbaceous vegetation at
crown densities above about 75%. This is essentially
correet, for there is little such vegetation bheneath very
dense pine stands.

F16. 26. Grass development in intervals between pine

groups at Malay Gap. Note the virtual absence of grass
and the acecumulation of pine needles beneath the mature
group in the background.

No detailed analysis of fire effects on grass cover
was made. Observations on the B.S. Gap fire indi-
cate that about 109 to 159% of the grass plants were
dead a year following the fire. This fire burned at
the very end of the growing season, when grasses
were nearly dormant, although serewleaf muhly re-
mains partially green all winter. Dead grass plants
were clearly evident in the adjacent unburned area as
well, so that many of the dead clumps observed on
the B.S. Gap fire might have been due to natural
mortality. Few grass seedlings were present. While
grass growth was vigorous on the burn, it was notice-
ably less so than on the adjacent unburned area.
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Errects or FIRE ON SOILS

The effeets of fire on soils and on watershed con-
dition have long been a matter of conceern. The
Annual Report of the Superintendent of the Fort
Apache Agency discussed a series of severe fires that
took place in the summer of 1904. *These fires were
high in the mountains and far from the Agency or
Indian homes, and 1n places almost 1naccessible.
There was not much damage to the large tumber, but
the younger growth was almost destroyed. The
greatest damage, however, was the burning of the
great beds of leaves that conserve or hold the water
on the mountain sides. The effeet was seen 1n the
great floods that came last winter from the continued
rains and the deep snow.” (Crouse 1905). Yet, as
has already been noted, fires were frequent in the
White Mountains for many years before 1904, and
accelerated erosion was not severe over most of the
area at the turn of the century.

Detailed studies of soil conditions following fire
in the White Mountains have been reported else-
where (Cooper, in press). Under most conditions, a
protective layer of duff remained on the forest floor
following burning. Soil movement was measurably
inereased on steep slopes after fire, but the slopes
rapidly stabilized and little of the eroded material
actually reached stream channels. Soil erosion fol-
lowing light to moderate fires cannot be considered
serious on the basalt soils of the White Mountains.

DISCUSSION AND CONCLUSIONS

CHANGES SINCE WHITE SETTLEMENT

The coming of the white man to the Southwest
brought many new faectors to disturb the ecological
balance of the region. Most 1mportant were the
attempted exclusion of fire from forests and ranges,
and introduction of domestic livestock. Both have
contributed to changes in the Southwestern pine
forests during the last three-quarters of a century,
but of the two, protection of the forests from fire has
had the greatest effect.

Natural surface fires were the agent which normal-
ly thinned young stands of pine reproduction—some-
times too muech, sometimes not enough, but on the
whole in such a manner as to insure continuous growth
of the forest. The pattern of the forest, a pattern of
an all-aged stand made up of even-aged groups, was
largely maintained by fire.

Fires were started by lightning and by Indians.
It is impossible to determine the proportion caused
by each. Northern Arizona is an area of extremely
high lightning incidence ; anthropological studies attest
to the role of historie Indians in setting fires. It is
likely that prehistorie Indians, who have oeccupied
the region for at least 10,000 yrs, were equally free
mm their use of fire. It is probable that genetic and
evolutionary processes, operating over that length of
time, would have brought the ponderosa pine forest
into balance with the existing fire regime. The ar-
rival of the Indians may have intensified the extent
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of fire in the forest, but lightning fires were prevalent
long before.

When the white man brought his cattle and his
fire-fighting erews to the Southwest, the forest began
to change. Grazing altered both the composition
and the quantity of ground cover vegetation. Re-
moval of herbaceous ecompetition and exposure of
mineral soil by livestock helped prepare the ground
for dense thickets of pine reproduction. Abundant
reproduction would have beecome established in any
case, however, for its principal cause was an un-
usually favorable series of weather conditions.

With few fires to thin dense stands of voung
pine, they soon grew into almost impenetrable sap-
ling thickets. Man’s attempted exelusion of fire
without the substitution of some other agent to thin
sapling stands and to remove excess fuel has created
a condition of near stagnation and of fire hazard that
presages no good for the forests of the Southwest.

IMPLICATIONS FOR MANAGEMENT

This study was planned as an investigation of the
ecological effeets of natural fires in the ponderosa
pine forests of Arizona., It was not intended as an
evaluation of the controlled burning program heing
carried out on the Fort Apache Indian Reservation,
nor as a study in applied forest management. Never-
theless, no one interested in forest management can
avold drawing some conclusions after intensive effort
on a problem of this kind.,

Early students suggested that repeated fires were
permitting the ponderosa pine forests to produce no
more than 409% of their potential growth. It is clear
that growth of the primeval pine forests did not reach
the maximum potential productivity of the site.
Natural fires thinned some sapling stands too severely,
and killed an occasional large tree in its prime.
Growth surely exceeded 409% of the potential, though;
it was perhaps nearer 809. Under present policies
of ecomplete exclusion of fire from most of the forests
of the Southwest, growth of young stands has actually
dechned.

Whether the trend toward excessively dense pine
thickets, with their accompanying problems of stag-
nation, ean be reversed and the forest returned to
anything like 1ts original condition by the use of
preseribed fire 1s questionable. Forty years of fire
protection have perhaps allowed the situation to get
beyond control. The pine thickets have grown up to
a point that a planned burn is apt either to destroy
the whole stand or to do little in the way of needed
thinning. It may be that only in newly established
stands originating after timber harvest can the silvi-
cultural possibilities of planned fire be fully realized.

Three conclusions seem plain from this study. The
first is that some practical and economiec means must
be found for thinning young pine stands and for
redueing the amount of hazardous fuels. At the
dense stocking rates characteristic of most of the pine
thickets in northern Arizona, virtnal stagnation is
setting in. The fire hazard i1s likewise building up
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to dangerous levels. The projected pulp industry in
Arizona, often held out as a panacea for all the 1ills
of forest management, will do little to remedy the
situation. The stands in most urgent need of thin-
ning are those well below pulpwood size. If fire is
not to be the tool to do this needed job, some other
efficient and 1nexpensive means must be found to thin
the stands and remove surplus fuel.

Secondly, 1f fire 1s to be used as a management tool
in the ponderosa pine forest, some modifications will
have to be made in the present system of marking
trees for harvest. The improvement seleetion method
used in the Southwest removes high-risk trees and
larger dominants where ever found, favoring the
growth of smaller clean-boled trees. 1f applied over
several eutting eyeles, this system will eventually
convert the forest to a true all-aged condition, with
trees of every age on every small unit of the stand. If
the natural even-aged group pattern of the forest is
thus broken up, it will be impossible to employ fire as
a management tool. Seedlings under the cover of a
mature tree canopy cannot withstand a fire, natural
or planned. Only if the normal group pattern is
maintained, permitting seedlings to grow in open-
ings, ean reproduction be secured. Some version of
the group selection system, now being tested in Idaho
ponderosa pine stands (Curtis & Wilson 1958), will
be necessary to assure regeneration if fire is to be
used as a management tool.

Finally, it must be recognized that small trees in
and beneath an even-aged stand are not only not desir-
able, but are often a positive hindrance to growth. In
most cases 1t 1s impraetical in the Southwest to at-
tempt to establish advance reproduction manv vears
betore harvest of the mature stand. The statement
of Gaines et al. (1958) that in the experimental burns
on the Fort Apache Reservation, “Few seedlings less
than 3 or 4 feet tall survived on either burned area.”
15 technically acceurate but highly misleading, Almost
without exception these 3 and 4 ft “‘seedlings” were
no less than 25 yrs old at the time of the fire. Re-
moval of these stunted trees represents a gain to
forest management, and not a loss as they imply.

The ponderosa pine forest found by the first
white men originated under the influence of fire, and
was fully attuned to fire as a part of its natural en-
vironment. Forty vears of fire exelusion has induced
profound and detrimental changes in the growth and
structure ot the managed forests of the Southwest,

SUMMARY

The late settlement of the region makes northern
Arizona particularly smitable for a study of vegeta-
tion change resulting tfrom man’s use of the land.
Changes in the ponderosa pine forests of southwestern
Umted States have been studied through analysis of
the historical evidence and of the strueture of the pres-
ent forest stand.

Reports of early visitors indicate that the forest
was originally more open than it is today. Dense
thickets of-yvoung ponderosa pine have covered much
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of the region in the last half century. Aceompanying
the Increase in young pines has been a decrease in
grass cover and a shift in the botanical composition
of the herbaceous vegetation. Accelerated erosion has
removed the surface soil lavers and induced forma-
tion of gullies in some places.

Long term climatiec changes do not appear to be a
major factor contributing to these changes, nor do
the effects of wild animals. Some of the change in
herbaceous vegetation is the result of excessive use
by domestie hivestoek, but much is directly due to the
inereasing density of the pine overstory. Livestock
have initiated some of the inerease in pine reproduction
by reducing grass competition and by exposing a min-
eral seedbed that makes seedling establishment easier.

The most important change brought about by the
white man has been the virtual exclusion of fire from
the forests of the Southwest. Under natural condi-
tions, light surface fires, set by lightning or by In-
dians, burned through all parts of the pine forest at
regular intervals of 3 to 10 yrs. These fires acted as
natural thinning agents and reduced surplus fuel.
The reduetion of inflammable grass by grazing ani-
mals, and an intensive fire prevention program have
largely eliminated fire from the woods. The major
cause of the present excess of pine reproduction is
exclusion of fire.

Stand structure was studied in two areas typical
of the ponderosa pine forests in most of the South-
west, and at the primitive area at Malay Gap, where
livestock have bheen excluded and natural fires have
continued. In all the old-growth stands examined,
there are fewer trees in the intermediate size classes,
from 8 to 20 in. d.b.h., than would be expected from
theoretical relations between size classes. There are
fewer trees in the age classes from 80 to 120 yrs than
expected. In voung even-aged stands, diameter dis-
tributions are skewed toward the smaller trees in
stands never exposed to fire. In stands frequently
burned during their development, diameter distribu-
tions approach a log-normal form, and eonform to
theoretical distributions that have been fitted to even-
aged stands elsewhere.

Mean growth per tree in even-aged reproduction
stands is a Imear funetion of available space per tree.
From age 20 to 55 yrs, mean growth per tree in any
one stand remains relatively constant from one decade
to the next. Apparent stagnation hegins as stand
density exceeds about 6000 stems per A. 150 to 450
trees per A vield maximum growth per tree. Total
basal area growth per acre inereases with stand den-
sity, then decreases as stocking exceeds 4000 trees per
A.

Since competition is mostly for water, not light,
the mnormal suppression pattern characteristic of
humid forests does not oceur in southwestern pon-
derosa pime. Small trees continue to grow at a con-
stant slow rate, and suppressed and intermediate trees
in the ageregate play a greater role than is usually
attributed to them. Natural mortality is low in stands
unattected by fire.
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Growth of potential erop trees is a limear fune-
tion of the logarithm of stand density. Stem arvea
growth of an individual tree 1s direetly proportional
to the weight of the current vear's needles.  Height
of dominant saplings is related to stocking and age
of stands as well as to site index.

The pattern of mature stands and of reproduetion
stands was analvzed with a grid of contignous quad-
rats.  Trees are aggregated into even-aged clumps
averaging .16 to .32 A in size. The pattern of re-
production in unburned stands is less distinet than
that of the mature stand, or of the reproduction m
frequently burned stands at Malay Gap.

The stand at Malay Gap is much more open than
that in the unburned area at Maverick, with more
orass in the intervals between the trees. The site 1s
not as eood at Malay Gap as at Maveriek, but the
difference in stand conditions is primarily due to the
frequent fires which have continued at Malay Gap, and
to differences in grazing historv. Small saplings are
rare heneath the mature eanopy at Malay Gap. They
have been removed by surface fives supported by fuel
dropped by the mature stand. Reproduction at Malay
Gap is successtul only in openings where there 15 little
fuel. There are many more treeg per aere 1n repro-
duction stands at Maveriek than at Malay Gap.
Stocking at Malay Gap, however, is fully adequate to
assure a future timber erop.

The effects of a reeent natural fire were studied
at Malav Gap. Only 189 of the trees less than 1
in. d.b.h. survived the fire. Survival in the 4- to
6-in. class was 849, and no trees over 8 in. d.b.h.
were killed, Natural fires thin sapling stands in
three wavs: hyv direct heat damage to the cambinm of
individual trees, by general raising of the crown level,
and by creation of openings around burning logs and
stumps. In very young stands, there is rarely enough
fuel to carry a fire until the trees are 6 or 8 yrs old.
The density of the sapling stand in part regulates
the quantity of dry needles and the intensity of the
resulting surface fire. Fire thinning of sapling stands
is a sort of self-regulating feedback mechanism in
which the degree of thinning is governed by stand
density.

Analysis of early growth of trees comprising the
present mature stand at Maverick showed that their
orowth in the sapling stage was greater than that of
most trees of comparable age in present young stands.
The implication 1s that the older trees began therr
life in relatively open sapling stands.

The unbalanced size and age class distribution in
old-growth stands is due chiefly to the rarity of the
peculiar set of weather conditions needed for stand
establishment. Trees of only a few distinet age
classes are present, and failure of reproduction over
a long period in the last century accounts for the
relative lack of 8- to 20-in. trees. | ’

The clumped pattern of ponderosa pine 1s the re-
sult of a evelical pattern of community development,
governed by fire and by the intolerant nature of the

(C'riarLeEs F. Coorer
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species,  Fire 1s the foree that counteraets the tend-
eney of trees to take on a random distribution.

The composition and quantity of the herbaceous
ground cover 1s governed by erazing, fire, and the
density of the forest canopy. Little serious erosion
can be noted following lieht surface firves.

It 1s doubtful 1f, atter 40 yrs of protection, use of
prescribed fire ean now reverse the trend toward ex-
cessively dense pine thickets.  Silvieultural possi-
bilities of planned fire can probably onlyv be realized
m voung stands orginating after timber harvest.
Some practieal and economie means must be foun.d for
thinning voung pine stands and for reducine the
amount of hazardous fuel. If fire is to be this means,
modifications will have to be made in the present
method of markimg trees for harvest, which is rapidly
converting the even-aged groups into a true all-aged
forest. In general, small trees in and beneath an
even-aged group are not only not desirable, but arve
often a hindrance m managed forests.

The ponderosa pime forests of the Southwest
evolved under the mmfluenee of' natural fives. Man's
attempted exclusion of fire and introducetion of live-
stock has induced marked changes in the vegetation
of the region.
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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' 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 4FR1—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

! 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 167
(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:

e Inorder to test restoration treatments in the Grand Canyon, a 5-inch cap was
required by environmental advocates (Fulé 2006).

e For restoration to proceed in the White Mountains, a 16-inch cap was required
(Abrams and Burns 2007).

e A 12-inch cap was employed to define forest biomass appropriate for generating
renewable energy (Arizona Corporation Commission, 2006).

e 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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I11. 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
Q) 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)

()

Note:

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;

Where removing the trees does not conflict with existing
recovery/conservation plan objectives for managing sensitive, threatened or
endangered species or their habitat.

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.

Page | 14



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 c¢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

Q) 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)

Criteria

Promote snow-pack accumulation and retention to benefit groundwater
recharge and watershed processes at small scale.

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)

)

(3)

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

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

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.

3The “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.

¥ 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

Flagstaft, 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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APPENDIX TO the East Eagle — Mud Springs Fuels Project

ITEM C:

Most recent 4FRI “SPLYT” Agreement

CENTER for BIOLOGICAL DIVERSITY



Four Forest Restoration Initiative (4FRl)
Stakeholder Group

UPDATE to August 2017 Stakeholder Position
Statement:
Planning for Stands with a Preponderance of Large
Young Trees (SPLYT)

E

At the September 2017 4FRI Stakeholder Group meeting, stakeholders re-visited the need for utilizing
Site Class filters to determine SPLYT stand management. Full consensus was reached to remove all Site
Class filters for such analyses. Please consider the following statement the final position of the 4FRI
Stakeholder Group:

The iterative spatial analysis and field validation effort undertaken by the 4FRI Team and stakeholders
yielded an initial filter for SPLYT stands located outside of Mexican Spotted Owl (MSO) Protected Activity
Centers, MSO Recovery Habitat, and wildland urban interfaces (WUI). SPLYT criteria are: a) Quadratic
Mean Diameter (QMD) of the largest 20 trees is >15” and b) there is >50 square feet/acre of basal area
(BA) in trees >16” diameter at breast height (DBH). All stands will be field-verified prior to mechanical
thinning. Stands (or portions thereof) meeting SPLYT criteria, including those not captured by the data
filter, will be treated at the lowest range of intensity. For example, a stand identified with the flexible
toolbox to receive a Uneven-aged treatment with 10 to 25% interspace (UEA 10-25) treatment would be
treated to 10% interspace and to the upper end of Natural Range of Variability (NRV) for trees per acre
(TPA) and BA in order to maintain large tree dominance and conditions favorable to canopy-dependent
species. Stands (or portions thereof) that are captured by the SPLYT criteria data filter but upon field
verification are determined not to meet the SPLYT criteria will be treated within the range of intensities
applied to other non-SPLYT stands.

Statement approved by unanimous 4FRI Stakeholder Group consensus on September 27, 2017 and
provided to U.S.D.A. Forest Service 4FRI Board and Planning Team on October 13, 2017.

ke
C}M %'V vlawe, J- Vosrcl

Sue Sitko Diane Vosick
Co-Chair, 4FRI Stakeholder Group Co-Chair, 4FRI Stakeholder Group
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CENTER for BIOLOGICAL DIVERSITY

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.0. 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

Alaska . Arizona . California . Florida . Minnesota . Nevada . New Mexico . New York . Oregon . Vermont . Washington, DC

www. BiologicalDiversity.org



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. /d.
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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US D A United States Forest Southwestern Region 333 Broadway SE
== == Department of Service Regional Office Albuquerque, NM 87102
@ Agriculture 505-842-3292

Fax: 505-842-3800

File Code: 1570
Date: jy. 31 2017

Todd Schulke

Center for Biological Diversity
P.O. Box 710 ’

Tucson, AZ 85702

Dear Mr. Schulke:

On June 15, 2017, you filed an objection on behalf of the Center for Biological Diversity (CBD)
to the West Escudilla Restoration Project Final Environmental Assessment (EA) and Draft
Decision Notice (DN) released by the Forest Supervisor of the Apache-Sitgreaves National
Forests, Michael S. Best.

As a result of the objection resolution meeting held on July 14, 2017, we were able to reach an
agreement to resolve your issues. On July 26, 2017, an Objection Resolution Agreement
(enclosed) documenting specific actions to be taken by the Apache-Sitgreaves National Forests
was signed by you, on behalf of CBD, and the Forest Supervisor. The resolution included an
agreement by CBD to withdraw their objection. You formally withdrew your objection by letter
on July 26, 2017, (enclosed).

In accordance with the regulation at 36 CFR 218(a)(6), I am setting aside your objection from
further review. I appreciated the opportunity to discuss CBD’s concerns with you. The open,
candid discussions allowed us to focus on those areas where we were able to come to some
resolution on the issues raised in your objection. Your input and participation have been
extremely valuable in helping the agency make a more informed decision.

Sincerely,

60 00

SANDRA WATTS
Deputy Regional Forester

Enclosure

cc: Steve Best; Wendy Jo Haskins; Tim Gilloon; Sheila Williams; Blair Halbrooks

B G
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West Escudilla Restoration Project
Apache-Sitgreaves National Forests

Objection Resolution Agreement

On May 2, 2017, the Forest Supervisor of the Apache-Sitgreaves National Forests, Michael S.
Best, released the West Escudilla Restoration Project Final Environmental Assessment (EA) and
Draft Decision Notice (DN). On June 15, Todd Schulke filed an objection on behalf of the
Center for Biological Diversity (CBD).

On July 14, 2017, Michael S. Best (Responsible Official) and Deputy Regional Forester Sandra
Watts (Objection Reviewing Official) met with Todd Schulke to explore opportunities to resolve
the objection. Both parties acknowledged that they are likely looking for similar outcomes in the
implementation of this project. The parties agreed that the treatment of large young trees could
be done at the least-intensive range within that prescription in order to maintain a higher density
of large trees. In addition, they acknowledged there is flexibility for treatment options aimed at
ensuring adequate healthy regeneration, lessening long-term impacts from dwarf mistletoes
(DM), and increasing long-term forest health and resiliency while maintaining healthy or lightly
DM infected large and old trees within these areas. As a result of this discussion, we were able to
resolve CBD’s objection issues by agreeing to take the following actions:

¢ Incorporate language in the DN that affirms treatment of Stands with a Preponderance of
Large Young Trees (SPLYT) at the least intensive range of management within that
prescription.

¢ Incorporate language in the DN that allows for the creation of prescriptions in DM
infected areas in a manner that mimics desired conditions of groups and varying age
classes, especially older and/or larger trees.

e (Collaborate with CBD in the field and in office meetings to review and discuss the
variety of prescriptions and monitoring in West Escudilla that primarily deal with the
580+ acres of severe DM infected stands (80% or greater is at the 4-6 DMR range) that
will receive regeneration treatments. These discussions may focus on pre- and post-
treatments, pre- and post-conditions, what may work, what did work, and what may be
appropriate options for the future in other areas.

As part of this agreement and objection resolution, CBD agrees to withdraw its objection in
whole.

Todd Schulke, Center for Biological Diversity Date

b ot/2s/z017

est, Forest Supervisor Date
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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 Travis Bruner, 4FRI co-chair
# Py | P
) fflu?' U Lr) Jresgs /&/\/\
{.-" ; I\j J/_/\
Jason Whiting Travis Bruner
4FRI Stakeholder Group Co-chair 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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STRATEGIC TREATMENTS FOR FIRE USE ALTERNATIVE

EXECUTIVE SUMMARY

The U.S. Forest Service (USFS) is currently preparing an Environmental Impact Statement (EIS) for ‘Rim
Country’ - the 2" 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.

CENTER for BIOLOGICAL DIVERSITY 2
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STRATEGIC TREATMENTS FOR FIRE USE ALTERNATIVE

l. 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”),' 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 Area® (October 2010), among other key
collaborative products. These steps led to the 2011 Memorandum of Understanding (MOU?®) 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-310*, 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.> Currently, as much of the 4FRI landscape is
densely stocked with dangerous surface fuel loads and ladder fuels, mechanical thinning is a viable tool

! 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.

% 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.

¥ Memorandum of Understanding between the 4 Forest Restoration Initiative (4FRI) Collaborative Stakeholder
Group Representatives and the U.S. Forest Service, signed February 22, 2011.

* Reynolds et al. 2013. Restoring composition and structure in Southwestern frequent-fire forests: A science-based
framework for improving ecosystem resiliency. RMRS-GTR-310.

® 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 2016°) 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 landscape’. In the first EIS, approximately 44% of the

® https://www.fs.usda.gov/Internet/FSE_DOCUMENTS/fseprd506786.pdf
" Hampton et al. 2011. Estimating regional wood supply based on stakeholder consensus for forest restoration in
northern Arizona. Journal of Forestry 109: 15-26.
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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.”®

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.” A 2013 Ecological Restoration Institute synopsis titled Fuel Treatment Longevity™
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,”** 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.> 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

®p. 1424 in Allen et al. 2002. Ecological restoration of southwestern ponderosa pine ecosystems: A broad
perspective. Ecological Applications 12(5): 1418-1433.
% 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.
19Yocum 2013. Fuel Treatment Longevity. Ecological Restoration Institute Working Paper No. 27.
9. 5in Yocum 2013
" 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,”*® 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.* 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.”*® 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 ft*/acre supported
favorable microenvironments for early seedling establishment of ponderosa pine.'® However, the study
did not conclude that the ‘low density’ treatments (30 ft*/acre) were any more effective than the
‘moderate’ density treatments (100 ft¥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.*’

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.'®* 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

3. 528 in Fulé 2008. Does it make sense to restore wildland fire in changing climate? Restoration Ecology 16(4):
526-531.

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

>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

18 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 Mexico®. 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™® 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 Wyoming®:. 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 resilience?’. Again, the definition of ‘heavy’ is not
standardized, and in this case ‘heavy thinning’ equated to thinning down to approximately 70 ft?/acre of
basal area, while ‘moderate thinning’ was down to ~80 ft* /acre and ‘light thinning’ was down to ~98 ft’.
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.

0 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.

2! 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.

CENTER for BIOLOGICAL DIVERSITY 8



STRATEGIC TREATMENTS FOR FIRE USE ALTERNATIVE

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.?® 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’/acre and ~25 trees/acre® 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.

g L ey
R o

h of mortality at the GTR-310 Bluewater Demonstration site following initial prescribed fire re-entry, July 2017

A;écre patc
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.”® 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.”?® The Strategic Treatments for Fire Use Alternative is consistent with that
framework, and more in line with widely accepted principles for ponderosa pine forest restoration®’ than
the approach currently codified in the Rim Country proposed action.

2 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 1/10"-acre and 1-acre inventory plots.

% 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.

% 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.”?® 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.?
The persistent disturbance deficit is a relic of failed past land management practices of commercial
logging, fire suppression, grazing, and road building, and continues to generate negative outcomes
resulting from compensatory management responses, such as continued fire suppression.®* Because of
economic, legal, and logistical limitations which restrict effective large-scale implementation,® 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.*®

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;* the
inability of those contractors to complete more than a tiny fraction of contracted thinning;*® USFS errors
in basic record-keeping;* and soaring costs of implementation that exceed even the most well-crafted
subsidy funding mechanisms.*” Concerns surrounding the selection and capacity of the original and

%8 p. 393 in North et al. 2012.
# 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.
% Kauffman 2004. Death rides the forest: perceptions of fire, land use, and ecological restoration of western forests.
Conservation Biology 18(4): 878-882.
% Calkin et al. 2015. Negative consequences of positive feedbacks in US wildfire management. Forest Ecosystems
2:9.
% Collins et al. 2010
%3 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.
3 Arizona Republic, December 10, 2017: “Conservationists boost logging to restore national forests...”
* Arizona Daily Sun, January 31, 2018: “Flagstaff-area forest thinning falters”
% Arizona Daily Sun, April 17, 2018: “Two steps forward, one step back at restored springs south of Flagstaff”
%7 Arizona Daily Sun, February 11, 2018: “City: $10 million bond not enough to cover Flagstaff forest thinning”
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successive 4FRI contractors® 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.*® 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.”*

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 4FRI*!, 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.*? This situation clearly undermines the validity of an effects analysis predicated
on flawed assumptions of on the ground accomplishments.

Expectations Meet Reality: Acres Awarded and Thinned in the 4FRI Phase 1 Contract

180,000 300,000
acres were
160,000 tobe
’ P 7 awarded by
140,000 year10
120,000
100,000
d 80,000
2 Awarded:
g 60,000 53,957
5 40,000 Total
=} s Acres
E Thinned:
= 20,000 -
> e 10,616
o mm=_

FY2012 FY2013 FY2014 FY2015 FY2016 FY2017 FY2018
Fiscal Year
B Expected Acres Awarded and Thinned in 4FRI Phase 1 as per Original Contract*
Actual Cumulative 4FRI Phase 1 Task Order Acres Awarded (none in FY17 and FY18)
B Actual Cumulative 4FRI Phase 1 Acres Thinned

* 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.

%8 High Country News, September 1, 2014: “Lost in the woods: how the Forest Service is botching its...”

%9 Arizona Daily Sun, February 13, 2018: “Forest Service puts new 4FRI large-scale thinning contract on hold”

“Op. 1in Ager et al. 2013. Restoration of fire in managed forests: a model to prioritize landscapes and analyze
tradeoffs. Ecosphere 4(2): 1-19.

“! Table 3, 4FRI Monthly Update — Mechanical Thinning, Fire, and NEPA — March 2018

“2 1t 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.
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1. 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?””** 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.”*
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 research® 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.” *
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.”’ A full description of the Strategic
Treatments for Fire Use Alternative framework is provided in Section V of this document.

*% pPeterson and Johnson 2007. Science-based strategic planning for hazardous fuel treatments. Fire Management
Today 67(3): 13-18.

“p. 529 in Fulé 2008

** 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.

“® http://www.hurteaulab.org/

*"'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,* 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.”*® 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.>

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:> 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.

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:*®

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.

“8 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.
“*p. 4 in Stephens et al. 2016
% Millar et al. 2007; Reinhardt et al. 2008
* 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.
*% pp. 1 and 58 in National Strategy 2014: https://www.forestsandrangelands.gov/strateqy/thestrateqy.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 Forests™, 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.”® 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.”*® 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.”®’ The Strategic
Treatments for Fire Use Alternative considers these fundamental principles, and prioritizes mechanical

> pp. 10-12 in Statewide Strategy 2007

>p. 58 in National Strategy 2014

% Brown et al. 2004. Forest restoration and fire: principles in the context of place. Conservation Biology 18(4): 903-
912.

" 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.”*® 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.” * The Landscape Restoration Strategy began when “the USFS requested information
regarding...identification and prioritization of treatment areas,”®® 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.

I, 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,”* even though restoration treatments may not
produce significant changes in mean diameter, canopy base height, surface fuels, spatial aggregation, or
vertical heterogeneity.® 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 States®®. 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.

%% 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.

% p. 5in Landscape Restoration Strategy 2010

% p. 4 in Landscape Restoration Strategy 2010

°L 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.

% 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 landscape®. 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.®
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.*® 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.*” Strategically placed treatments that facilitate the
management of wildfire for resource benefit can lead to the required increases in annual wildfire acres
burned.® 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 1V), there is valid scientific support

® Vaillant and Reinhardt 2017

% 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.

% Barnett et al. 2016

%7 Teske et al. 2012. Characterizing fire-on-fire interactions in three large wilderness areas. Fire Ecology 8(2): 82-
106.

% Vaillant and Reinhardt 2017

8 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.”” 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.”"

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.”” 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.” 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.™ Williams and Baker concluded that around 30% of trees survived high-severity fires along the

7 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.
™ 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.
2 Hunter et al. 2011
" 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.
™ Huffman et al. 2015. Fire history of a mixed conifer forest on the Mogollon Rim, northern Arizona, USA.
International Journal of Wildland Fire http://dx.doi.org/10.1071/WF14005
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Mogollon Rim,” which was not refuted by Fule and Colleagues, although it led to a robust discussion of
what the definition of ‘high-severity’ really is.”

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.”

The restoration of functional natural fire processes in the future is likely to regulate ecosystem structure
and composition” and re-establish a new dynamic equilibrium that tracks climate effects on vegetation
and landscape pattern in real time.”® 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.®® 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.”®

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.”® 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”® which is a substantial philosophical departure from Moore and colleagues’ statement.

™ 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.

"® Fulé et al. 2014. Unsupported inferences of high-severity fire in historical dry forests of the western United States:
response to Williams and Baker. Global Ecology and Biogeography 23: 825-830.

" Collins and Stephens 2010. Stand-replacing patches within a ‘mixed-severity’ fire regime: quantitative
characterization using recent fires in a long-established natural fire area. Landscape Ecology 25: 927-939.

"8 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.

" Falk 2006. Process-centered restoration in a fire-adapted ponderosa pine forest. Journal for Nature Conservation
14: 140-151.

8 Iniguez et al. 2009. Spatially and temporally variable fire regime on Rincon Peak, Arizona, USA. Fire Ecology 5:
3-21.

Margolis and Balmat 2009. Fire history and fire-climate relationships along a fire regime gradient in the Santa Fe
Municipal Watershed, NM, USA. Forest Ecology and Management 258: 2416-2430.
Sensibaugh and Huffman 2014. Managing naturally ignited wildland fire to meet fuel reduction and restoration

goals in frequent-fire forests. Ecological Restoration Institute Fact Sheet.

8 p. 28 in Holden et al. 2007. Effects of multiple wildland fires on ponderosa pine structure in two southwestern
wilderness areas, USA. Fire Ecology 3(2): 18-33.

8. 1269 in Moore et al. 1999. Reference conditions and ecological restoration: a southwestern ponderosa pine
perspective. Ecological Applications 9(4): 1266-1277.

. 134 in Owen et al. 2017. Spatial patterns of ponderosa pine regeneration in high-severity burn patches. Forest
Ecology and Management 405: 134-149.
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Additionally, Fulé and colleagues, in their noteworthy response to Williams and Bakers® 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.”®

Increased frequency, extent, and severity of wildland fires may attend climate warming and increasing
drought.®® 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.®’ Ponderosa pine forests have survived past
mega-droughts and protracted mortality events, however,® suggesting that resilience-to and recovery-
from extreme perturbations may be driven by complex multidirectional relationships between disturbance
and abiotic and biotic factors.®® Extreme droughts driving widespread mortality events can be followed by
profoundly wet periods where fire frequency declines and tree recruitment increases.”® Extensive bark
beetle outbreaks, such as those which repeatedly occurred on the Kaibab Plateau up to the period of fire-
suppression initiation,” 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.

# Williams and Baker 2012
8. 827-828 in Fulé et al. 2014
8 Seager and Vecchi 2010. Greenhouse warming and the 21st century hydroclimate of southwestern North America.
Proceedings of the National Academy of Sciences 107(50): 21277-21282.
Williams et al. 2010
8 Savage et al. 2013. Double whammy: high-severity fire and drought in ponderosa pine forests of the southwest.
Canadian Journal of Forest Research 43: 570-583.
McDowell et al. 2015. Multi-scale predictions of massive conifer mortality due to chronic temperature rise.
Nature Climate Change
Petrie et al. 2017
Williams et al. 2010
® Brown and Wu 2005. Climate and disturbance forcing of episodic tree recruitment in a southwestern ponderosa
pine landscape. Ecology 86(11): 3030-3038.
8 pyhlick et al. 2012. Factors influencing ponderosa pine regeneration in the southwestern USA. Forest Ecology
and Management 264: 10-19.
% Brown and Wu 2005
°! LLang and Stewart 1910. Reconnaissance of the Kaibab National Forest. Available on-line at
www.nau.edu/library/speccoll/manuscript/kaibab_recon.
Craighead 1924. The black hills beetle practicing forestry on the Kaibab. Forest Worker, November, 1924: 74.
Craighead 1925. The Dendroctonus problem. Journal of Forestry 23: 340-354.
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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.” 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.”® Often, subsequent fires burn at lower
severity and result in fewer changes to the forest.**

Low severity prescribed fire alone may not always reduce canopy density sufficient to meet fuels
reduction or ecological restoration objectives.”® 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.”® 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.®’

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

% Agee and Skinner 2005. Basic principles of forest fuel reduction treatments. Forest Ecology and Management
211(1): 83-96.

% Williams et al. 2010

% Holden et al. 2007

% Stephens et al. 2009

% Hunter et al. 2011

" Hunter et al. 2011
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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. ® 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%.% 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.”**

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,'™ and even in areas of very high
mortality coarse woody debris is unlikely to exceed management recommendations for fuel loadings.'%?
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.® 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.'%*

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.’®® 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

% Stevens-Rumann et al. 2012. Ten years after wildfires: How does varying tree mortality impact fire hazard and
forest resiliency? Forest Ecology and Management 267: 199-208.
% Huffman et al. 2017a. Efficacy of resource objective wildfires for restoration of ponderosa pine (Pinus
ponderosa) forests in northern Arizona. Forest Ecology and Management 389: 395-403.
100 5,117 in Hunter et al. 2011
191 Roccaforte et al. 2012. Woody debris and tree regeneration dynamics following severe wildfires in Arizona
ponderosa pine forests. Canadian Journal of Forest Research 42: 593-604.
Passovoy and Fulé 2006. Snag and woody debris dynamics following severe wildfires in northern Arizona
ponderosa pine forests. Forest Ecology and Management 223: 237-246.
Savage and Mast 2005. How resilient are southwestern ponderosa pine forests after crown fire? Canadian
Journal of Forest Research 35: 967-977.
192 Stevens-Rumann et al. 2013. Pre-wildfire fuel reduction treatments result in more resilient forest structure a
decade after wildfire. International Journal of Wildland Fire 22: 1108-1117.
193 Thompson et al. 2007. Reburn severity in managed and unmanaged vegetation in a large wildfire. Proceedings of
the National Academy of Sciences 104(25): 10743-10748.
104 Meigs et al. 2016. Do insect outbreaks reduce the severity of subsequent forest fires? Environmental Research
Letters 11.
195 Haire and McGarigal 2008. Inhabitants of landscape scars: succession of woody plants after large, severe forest
fires in Arizona and New Mexico. The Southwestern Naturalist 53(2): 146-161
Savage and Mast 2005
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species. 1% 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.'®’

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.!® 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.”*® Fine scale, site-specific factors can
produce dissimilar spatial patterns between sites in close proximity*'® in response to site characteristics,
disturbance, successional pathways, and management history.***

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, shag and coarse woody debris dynamics, and future
trajectories.’’> 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."** 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.”™* 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

1% Owen et al. 2017

197 Shive et al. 2013. Pre-wildfire management treatments interact with fire severity to have lasting effects on post-
wildfire vegetation response. Forest Ecology and Management 297: 75-83.

198 Ziegler et al. 2017

109 5,310 in DellaSala et al. 2014. Complex early seral forests of the Sierra Nevada: what are they and how can they
be managed for ecological integrity? Natural Areas Journal 34(3): 310-324.

119 Rodman et al. 2016. Reference conditions and historical fine-scale spatial dynamics in a dry mixed-conifer
forest, Arizona, USA. Forest Science 62: 268—280.

1 Hessburg et al. 2015. Restoring fire-prone Inland Pacific landscapes: seven core principles. Landscape Ecology
30: 1805-1835.

112 Roccaforte et al. 2012

'3 Shive et al. 2013

4 Owen et al. 2017
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and behavior.'”® Diverse understory communities across a spectrum of disturbance histories and
successional trajectories may provide additional resilience to future climate-induced changes.™*°

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.**” 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.**® Naturally recovering high-
severity burn patches within mixed-severity mosaics have increased plant diversity and may be more
resilient to future climate stress.**

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.® 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.*** Tree
regeneration patterns in early-successional habitats reflect favorable environmental conditions*? and
variable thinning by fire and other disturbance.’® These areas of localized disturbances create valuable
wildlife habitat'® and provide opportunities to apply additional fire treatments which promote further
spatial diversity.'®

The common attributes of complex early seral forests include:*®

*Abundant and widely distributed large trees, snags and downed logs

1> Teske et al. 2012

118 Halofsky et al. 2011. Mixed- severity fire regimes: lessons and hypotheses from Klamath-Siskiyou Ecoregion.
Ecosphere 2(4): art40.

Hurteau et al. 2014. Climate change, fire management, and ecological services in the southwestern US. Forest

Ecology and Management 327: 280-289.

"7 Shive et al. 2013

118 Huisinga et al. 2005. Effects of an intense prescribed fire on understory vegetation in a mixed conifer forest.
Journal of the Torrey Botanical Society 32(4): 590-601.

9 Hunter et al. 2011; Owen et al. 2017

120 swanson 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.

121 Fulé et al. 2004. Effects of an intense prescribed forest fire: is it ecological restoration? Restoration Ecology
12(2): 220-230.

122 savage et al. 1996. The role of climate in a pine forest regeneration pulse in the southwestern United States.
Ecoscience 3(3): 310-318.
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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.”?’ 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.”*?®

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.*?® 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

1275, 147 in Haire and McGarigal 2008
128 5. 159 in Haire and McGarigal 2008
129 Owen et al. 2017
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southwestern forests in order to account for their contribution in ecosystem management.*** 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.™! 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.**? 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.”™*® The compounding effect of
recurring fire through centuries was selection for functional traits that incur ecophysiological adaptive
benefits for drought and fire tolerance.” 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.’®®

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.’®® 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.*

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.*®
Consistently, however, research from throughout the western United States alludes to the efficacy of

130 Swanson et al. 2011
BL Allen et al. 2002
Schoennagel et al. 2017. Adapt to more wildfire in western North American as climate changes. PNAS
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138 Holden et al. 2010. Burn severity of areas reburned by wildfires in the Gila National Forest, USA. Fire Ecology
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37 parks et al. 2014. Previous fires moderate burn severity of subsequent wildland fires in two large western US
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138 Holden et al. 2006. Ponderosa pine snag densities following multiple fires in the Gila Wilderness, New Mexico.
Forest Ecology and Management 221: 140-146.
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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.**®* 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 HRV'®, 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.™** 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.**?

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.**® 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.***

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.”** 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.”**® 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.'*’

39 Hunter et al. 2011
140 Shive et al. 2014. Managing burned landscapes: evaluating future management strategies for resilient forests
under a warming climate. International Journal of Wildland Fire 23: 915-928
I Holden et al. 2007
142 Stan et al. 2014. Modern fire regime resembles historical fire regime in a ponderosa pine forest on Native
American lands. International Journal of Wildland Fire 23: 686-697.
3 Fulé et al. 2002. Natural variability in forests of the Grand Canyon, USA. Journal of Biogeography 29: 31-47.
Fulé and Laughlin 2007. Wildland fire effects on forest structure over an altitudinal gradient, Grand Canyon
National Park, USA. Journal of Applied Ecology 44: 136-146.
Laughlin et al. 2011. Effects of a second-entry prescribed fire in a mixed conifer forest. Western North American
Naturalist 71(4): 557-562; and Fulé et al. 2004
4 Holden et al. 2006; Laughlin et al. 2011
1% p. 1714 in Finney et al. 2005. Stand- and landscape-level effects of prescribed burning on two Arizona wildfires.
Canadian Journal of Forest Research 35: 1714-1722.
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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.**® 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.”*

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°**° 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.”* 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.**

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.**® 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.* 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.

0. 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.

51 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 | arson et al. 2013. Latent resilience in ponderosa pine forest: effects of resumed frequent fire. Ecological
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V. 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
professionals'™ and agency-developed risk management and decision support systems, such as Fire
Effects Planning Framework,"® 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. "’ 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...”**® 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.™ Collins and colleagues'® 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.

15> Black et al. 2008. Wildland Fire Use Barriers and Facilitators. Fire Management Today 68(1): 10-14.
Doane et al. 2006

150 Black and Opperman 2005. Fire Effects Planning Framework: a user’s guide. RMRS-GTR-163.
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Chung 2015. Optimizing fuel treatments to reduce wildland fire risk. Current Forestry Reports 1: 44-51.
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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 colleagues'®* 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.”*

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.”®® 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).%%* 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

181 Krofcheck et al. 2017a; Krofcheck et al. 2017b

162 p. 2 in Krofcheck et al. 2017a
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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.’®® Later, those approaches were extended to non-Wilderness public lands
beyond a 5 % mile buffer around private land.*®® 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.®” 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. ldentification of the Community Protection Areas follows the consensus-based criteria
established in the first 4FRI EIS of ¥ 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

185 Wilmer and Aplet 2005. Managing the Landscape for Fire: A Three-Zone, Landscape-Scale Fire Management
Strategy. The Wilderness Society, Washington, DC.

166 Aplet and Wilmer 2010. The potential for restoring fire-adapted ecosystems: exploring opportunities to expand
the use of wildfire as a natural change agent. Fire Management Today 70(10): 35-39.
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treatment.”*® 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,"® 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.*™

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.'”* 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.’? 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.”” 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.™ 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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