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TO:   4FRI Executive Board and Planning Team 
 
DATE:   January 16, 2020 
 
RE:  Stakeholder Comments: 4FRI Rim Country Draft Environmental Impact Statement 
 
The Four Forest Restoration Initiative (4FRI) is a collaborative, landscape-scale restoration 
project intended to restore lands across portions of four National Forests (Apache-Sitgreaves, 
Coconino, Kaibab, and Tonto). The collaborative component of 4FRI is managed by a 
Stakeholder Group (SHG), which was formally chartered in 2010 and has been heavily engaged 
in the initiative since its inception. Per that Charter, the mission of 4FRI is to: (1) integrate 
comprehensive restoration, fire management, and community protection planning at the 
landscape scale; (2) strategically prioritize and place restoration treatments; (3) safely re-
establish natural fire regimes at the landscape scale; (4) identify and implement sustainable cost 
offset opportunities through wood and biomass utilization; (5) employ monitoring and adaptive 
management supported by the best available science; (6) build public support for accomplishing 
restoration and community protection through public education; and, (7) support land use 
policies that enable landscape-scale restoration while meeting the ecological goals of the 4FRI.  
 
The SHG collaborative has broad representation from state and local government, utilities, non-
governmental organizations, private industry, academic institutions, and private citizens. 
Working relationships between the SHG and Forest Service were formalized in a Memorandum 
of Understanding (dated March 8, 2011), which stipulated that the 4FRI Collaborative shall be 
fully engaged in all phases of the NEPA process, including efforts to:  
 

A. Develop agreement-based recommendations that are intended to inform and 
build agreement on: the purpose and needs statement, alternatives, collection 
and use of data, impact analysis, development of a preferred alternative, and/or 
recommendations regarding mitigation of environmental impacts; 
 
B. Provide input to the U.S. Forest Service in a timely manner that matches the 
needs of an efficient NEPA and implementation timeline; 

 
Pursuant to the MOU, the SHG is pleased to provide comments on the Draft Environmental 
Impact Statement for Rim Country (RC DEIS). Please note that individual stakeholders will also 
be providing separate comments as they see fit. 
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STAKEHOLDER REVIEW PROCESS 
 
4FRI stakeholders worked closely with the Rim Country Planning Team through most of the EIS 
process. Much of the initial work was undertaken by the Planning Work Group, which was 
chartered in 2015 then put on hiatus in mid-2018. In December 2018, the SHG chartered a new 
DEIS Work Group (DEIS WG), tasked to continue collaboration with the Forest Service in 
developing the DEIS, review the draft document, and prepare comments on behalf of the full 
SHG. Between January and November 2019, the DEIS WG (Appendix I) held numerous meetings 
with the 4FRI Planning Team and Executive Board while also soliciting input from the 4FRI 
Multiparty Monitoring Board and other stakeholders. The 4FRI DEIS Working Group 
acknowledges and thanks the Forest Service for this collaborative effort to provide clarity on 
the DEIS and listen to SHG concerns. We thank the Forest Service Executive Board for the 
incorporation of key changes that, while delaying the release of the DEIS, provided increased 
trust for these collaborative efforts. 
 
These efforts were distilled into draft comments that were provided to the full SHG for review 
and consideration. Following a final revision, these comments were approved by full consensus 
with no reservations, by the SHG on January 8, 2020. There is concurrence between 
stakeholders and the Forest Service on many aspects of the RC DEIS. In the interest of 
streamlining the Forest Service’s content analysis, we have focused our comments on elements 
of the RC DEIS requiring additional information, analysis, or clarity. We also recommend 
modifications of treatment designs in order to reflect the best available science and maintain 
the social license developed through the 1st 4FRI EIS process. Per our discussions and verbal 
agreement with the 4FRI Planning Team, we anticipate continued collaborative work on a 
number of these issues, which will occur concurrently as the Forest Service completes the Rim 
Country EIS.   
 
Our comments fall into eight major categories: (1) Flexible Toolboxes (aka Condition-based 
Management), (2) the degree of openness pre- and post-treatment, (3) old-growth protection 
and large tree retention, (4) management of dwarf mistletoe, (5) description of pre-treatment 
conditions, (6) role of the collaborative in implementation, (7) adaptive management and 
monitoring, and (8) issues previously discussed with the Forest Service and resolved in the 
published DEIS. 
 
KEY ISSUE 1: FLEXIBLE TOOLBOXES 
 
The RC DEIS encompasses a vast planning area of considerable biological complexity, for which 

existing data can be limited and sometimes inaccurate—stand exams being a prime example.  

The SHG understands this creates a need for flexibility during implementation, in order to 

ensure that a particular unit of the landscape receives the appropriate restoration treatment.  

To address this need, the RC DEIS includes a Flexible Toolbox Approach with two Flexible 

Toolboxes—one for mechanical treatments in terrestrial uplands and one for work done to 

restore watersheds and aquatic systems. Both are examples of “Conditions-based 
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Management,” an emerging paradigm for Forest Service projects across the western US. The 

SHG understands the intent of Flexible Toolboxes on Rim Country, but has numerous 

outstanding questions and concerns about the Flexible Toolbox Approach presented in the 

DEIS. At this point, we are not in a position to present a consensus statement on this approach.  

We also note that the Conditions-based Management approach is complex, controversial 

among 4FRI stakeholders, and, to our knowledge, has yet to be evaluated in a rigorous scientific 

framework. Under these circumstances, the SHG feels that the Forest Service must proceed 

cautiously, articulating the RC DEIS Flexible Toolboxes as clearly as possible, with inclusion of 

appropriate sideboards to maintain stakeholder support.  

Concerns and Recommendations Applicable to Both Flexible Toolboxes 

1. CONCERN: Restoration efforts in aquatic systems and terrestrial uplands (through the two 

Flexible Toolboxes) should be effectively integrated. The RC DEIS treats the two Flexible 

Toolboxes as discrete entities and decision processes, which may complicate 

prioritization/implementation of projects, decrease efficiency, and potentially compromise 

outcomes on the ground. For example, there are situations where needed or planned 

restoration of an aquatic system will influence treatment selection in the adjacent uplands 

and vice versa; however, the RC DEIS lacks a mechanism to address this.   

 

RECOMMENDATION: the SHG recommends that the Forest Service work with stakeholders 

to develop an effective bridge between aquatic and terrestrial restoration efforts and their 

respective Flexible Toolboxes, and include this in the Final EIS.   

 

2. CONCERN: The RC DEIS lacks a robust framework for allocating and tracking treatment 

application temporally and spatially. The overarching concern is that flexibility provided by 

the Flexible Toolboxes could inadvertently result in an overall action with individual and/or 

cumulative effects that are different or in excess of those analyzed and disclosed in the EIS.  

The SHG is also concerned that treatments be applied across the four-forest footprint in a 

manner that is predictable, reliable, and repeatable over the lifespan of the EIS. These 

concerns are most critical for the Mechanical Treatments Flexible Toolbox, but apply to the 

Watershed and Aquatics Flexible Toolbox as well. Assuming that the Flexible Toolbox cannot 

result in more acres than analyzed in the NEPA decision for each type or intensity of 

treatments, the Mechanical Treatments Toolbox poses particular challenges for 

implementation—one can envision scenarios under which the acreage limit for a particular 

thinning treatment is reached well before work is completed across the planning area or 

where the acreage allocated to that treatment is concentrated on a relatively small area. 

The SHG understands that the Forest Service has processes and reporting in place that 

collect some of the data needed to track implementation, but these are not standardized 

across Forests/Districts nor integrated in a manner that can support all four forests.    
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RECOMMENDATION: The SHG recommends that the Forest Service allocate sufficient 

resources to develop an appropriate tracking system, with coordination at the Region, 

Forest, and District levels. We request that this tracking system be incorporated in the Final 

EIS (FEIS) Implementation Plan and: (a) effectively allocate treatments with fixed acreage 

limits across Forests and Districts; (b) ensure that treatment acreages do not exceed 

sideboards in the ROD; (c) ensure consistent interpretation of decision criteria and 

treatment application over shelf-life of the Rim Country ROD with a mind toward the 

inevitable staff turnover; (d) allow tracking of accomplishments in near-real time, and last 

but not least (e) provide regular, timely updates to the SHG and interested members of the 

public. Accurate tracking of what treatments are actually implemented will be critical to the 

validity of the monitoring and adaptive management framework, and will ensure 

compliance with the ROD.   

Concerns and Recommendations Applicable to the Mechanical Treatments (Terrestrial) 

Flexible Toolbox 

1. CONCERN: The treatments’ decision process should be clearly interpretable and 

understandable to stakeholders, the public, and implementers. As presented in the RC DEIS, 

the SHG finds the Flexible Toolbox framework for Mechanical Treatments complex and 

extremely confusing, thereby potentially leading to inconsistent and unpredictable 

treatment decisions. We also note that the text narrative (RC DEIS Appendix D, Section F) is 

sparse on details and does not directly correspond to the decision process illustrated in the 

graphics and decision matrices. Most importantly, we are concerned that this process 

appears open to interpretation and may not provide an adequate road map for repeatable 

application over the expected implementation time period of this EIS.   

 

RECOMMENDATION: To address these shortcomings, the SHG recommends that the FEIS 

include a reliable implementation process that includes more complete explanations of the 

overall approach, filters, and decision criteria. If included, graphic illustrations of the 

Flexible Toolbox decision flow should be complete and correspond 1:1 with the narrative 

description presented in the text.  

 

2. CONCERN: The logic framework and science underlying the decision parameters and their 

quantitative thresholds in the Decision Matrices (DEIS Appendix D, Section F) are not clearly 

articulated. The Forest Service provided a verbal explanation to the DEIS WG on October 7, 

2019. 

 

RECOMMENDATION: The SHG recommends that this information be added to the FEIS 

along with appropriate citations from the scientific and professional literature.  

 

3. CONCERN: There is uncertainty whether or not acreages for each treatment type represent 

fixed ceilings. In meetings with the DEIS WG, the Forest Service has indicated that the 
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acreage allotted to a particular treatment can be decreased, but cannot be increased, as the 

EIS Effects Analysis is bounded by the upper amount. This suggests a “trade-off” process is 

relied upon for the implementation of the Flexible Toolbox; any such process needs to be 

captured more fully in the FEIS. The SHG is most concerned about higher-intensity 

mechanical treatments; however, the RC DEIS does not provide sufficient information for us 

to comment on the net acreage assigned to them (see Key Issue #2, below).    

 

RECOMMENDATION: The SHG recommends that operational elements of the Mechanical 

Treatments Flexible Toolbox be clearly explained in the FEIS and that the Forest Service 

work with stakeholders to develop collaboratively supported treatment acreage allocations 

for inclusion in the ROD.   

 

4. CONCERN: There is insufficient clarity on the criteria used to determine changes in 

treatment intensity, i.e., the degree to which intensity can increase or decrease on a 

particular area (the former being of greatest concern to stakeholders) and specific 

circumstances under which such adjustments can occur. This element of the Flexible 

Toolbox is likewise complex and not easily understood, even for those well-versed in forest 

management practices. The potential for confusion among the public (and Forest Service 

implementers at District level) is huge, as is the negative response that could occur. In 

discussions with the DEIS WG, the Forest Service has explained the difference between 

“hard” Habitat and Forest Cover Filters and “soft” Decision Modifiers included in the 

Flexible Toolbox. The SHG understands that “hard” Filters can change treatment type, but 

“soft” Modifiers only allow changes in treatment intensity. We also understand that the 

assigned treatment intensity can only increase when ground conditions do not match those 

described in the stand data, but treatment intensity can always be decreased at the 

implementer’s discretion.   

 

RECOMMENDATION: The SHG recommends that these operational elements of the Flexible 

Toolbox be described in greater detail in the FEIS/Implementation Plan, along with specific 

examples of circumstances under which treatment intensity could be adjusted up or down.  

These could include, but not be limited to: an area found to have different site index than 

indicated in the stand data, triggering a more intense treatment, or development of new 

residential areas or infrastructure resulting in an expansion of the WUI, that would likewise 

receive more intense treatment.    

Concerns and Recommendations Applicable to the Watershed and Aquatic Flexible Toolbox 

1. CONCERN: There is an understanding that aquatic ecosystems are integrally linked to 
upland forest conditions and that restoration treatments in the uplands will improve both 
aquatic and watershed health; however, there is concern that restoration specifically 
focused on aquatic systems may take a back seat to work done in the uplands. The SHG 
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understand the pressing need to restore forest ecosystems that are outside the natural 
range of variability and pose significant risks to communities and resource values. However, 
restoration of degraded aquatic systems is an equally high priority to 4FRI stakeholders. 
Over the course of RC DEIS preparation, the Arizona Game and Fish Department, Forest 
Service, Trout Unlimited, and US Fish and Wildlife Service have worked collaboratively to 
identify and prioritize aquatic habitat restoration needs within the Rim Country footprint. 
These recommendations reflect known site-specific conditions as well as long term 
restoration goals identified in Arizona Game and Fish Department watershed management 
plans applicable to the planning area. An example plan for the Verde River Watershed can 
be found at http://arcgis.azgfdportal.com/verdewatershed.   
 
RECOMMENDATION: The SHG recommends that this list of prioritized restoration projects 
(Appendix II) be included in the FEIS. 
 

2. CONCERN: The RC EIS and ROD should provide site-specific coverage for priority projects.  
The SHG understands that environmental review is an expensive, time-consuming process 
and that Forest Service capacity for NEPA is increasingly constrained. Efforts like the Rim 
Country EIS should preclude or minimize the need for additional NEPA before initiating a 
project.    
 
RECOMMENDATION: The SHG recommends that the FEIS provide site-specific coverage for 
priority restoration projects listed in Appendix II. The Rim Country final decision should be 
sufficiently clear so as to prevent the need for, and confusion about, additional NEPA on 
these projects. Additionally, we consider it important that the Forest Service maintain 
flexibility to conduct additional restoration work in any other aquatic system within the Rim 
Country footprint that is not listed in Appendix II, which may be needed after the ROD is 
signed (e.g., following damage to aquatic systems from post-wildfire floods). 
 

3. CONCERN: As a CFLRP project, stakeholder engagement is required throughout the planning 
and implementation of projects associated with the RC DEIS.   
 
RECOMMENDATION: The SHG recommends establishing a formal coordination process 
between the Forest Service and stakeholders that occurs when planning watershed/aquatic 
restoration projects. Early engagement with stakeholders will facilitate accomplishment of 
priority projects, help leverage additional funds, and facilitate sharing of resources and site-
specific information. 
 

KEY ISSUE 2: DEGREE OF OPENNESS PRE- AND POST-TREATMENT 

The degree of forest stand openness following mechanical thinning is a significant concern 
among stakeholders, which is exacerbated by the ill-defined “interspace” concept used in the 
RC DEIS. 
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Concerns and Recommendations 

1. CONCERN: “Interspace” is a spatial concept that does not directly translate into quantitative 
metrics of forest structure readily understood by stakeholders and the public. This creates 
considerable uncertainty about conditions following mechanical thinning, which may or 
may not comport with stakeholder expectations. For example, on field trips to the Chimney 
Springs Task Order (1st EIS, Coconino NF), stakeholders saw considerably different openness 
on areas thinned to the same level of interspace. We also saw areas thinned to different 
levels of interspace that were visually indistinguishable. To address this uncertainty, 
stakeholders have previously requested that pre- and post-treatment conditions (and the 
treatments themselves) be described in terms of “canopy cover and openness,” removing 
“groups,” “interspaces” and other confusing or redundant terms. Until these canopy 
cover/openness data are in hand, the SHG cannot comment on treatment designs that are 
potentially controversial, but we want to register our concern with these.   
 
RECOMMENDATION: The Forest Service has verbally agreed to develop canopy 
cover/openness metrics for inclusion in the FEIS, as part of the ongoing collaborative efforts 
with the stakeholder DEIS Work Group. This work is recommended to incorporate learning 
from implementation on the 1st EIS area as well as available literature on the natural range 
of variability for canopy cover, openness, aggregation, and other relevant metrics (literature 
bibliography attached as Appendix III). If interspace is used in implementation, the FEIS 
should provide a clearly understood and repeatable method for estimating interspace as 
well as a crosswalk with canopy cover/openness and other relevant stand descriptors (e.g., 
basal area, trees per acre).  
 

2. CONCERN: RC DEIS prescriptions include “regeneration openings,” which the SHG considers 
scientifically unjustified and a potential impediment to meeting restoration objectives.     
The SHG asserts that regeneration openings are inconsistent with current science for 
frequent-fire forests as well as fundamental principles of forest restoration—which 
emphasize the role of natural processes rather than sustained yield from a regulated forest.  
There is also concern that on some sites, too-intense mechanical thinning will facilitate 
excess regeneration and undesirable proliferation of ladder fuels.   
 
RECOMMENDATION: The SHG recommends that the Forest Service remove regeneration 
openings from treatment designs in the RC DEIS.   
 

3. CONCERN: There is uncertainty about the “Open Reference Condition” modifier included in 
the Mechanical Treatments Flexible Toolbox. In meetings with the DEIS WG, the Forest 
Service has explained the process for using this modifier, which we understand applies 
solely to mollic-intergrade soils where savannah treatments are not proposed. However, 
the RC DEIS presents minimal information on this treatment, consisting of a brief footnote 
in the Mechanical Treatments Flexible Toolbox (RC DEIS Appendix D) and definition in the 
Glossary (RC DEIS Appendix F). We are also concerned that the proposed approach appears 
subjective and open to various interpretations by implementers. For example, how would 
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suspected mollic-intergrade soils be identified on areas where not previously mapped? 
Would field personnel be required to conduct standardized soil assessments (e.g., dig soil 
pits)? This modifier is further complicated by issues of scale, as it can be applied to 
“portions of a stand.” 
 
RECOMMENDATION: The SHG recommends that the Forest Service provide a clear rationale 
for this modifier, including supporting science. The FEIS and Implementation Plan should 
also specify the process for identifying unmapped units of mollic-intergrade soils and the 
minimum size unit to which the modifier can apply. 
 

4. CONCERN: There is uncertainty about the extent and location of WUI treatments and how 
they influence net openness across the landscape post-treatment. The SHG worked with the 
Forest Service to develop a WUI definition for use in Rim Country. We understand that 
these areas will receive the most intense mechanical thinning treatment. In discussions with 
the Planning Team, the DEIS WG requested a summary of WUI treatment acreages by cover 
type and maps showing the spatial location of these treatments, also by cover type. Some, 
but not all of this information is currently included in the online visualization tool.   
 
RECOMMENDATION: The SHG recommends that the online tool and FEIS present complete 
information on the extent and location of WUI treatments and how they influence post-
treatment conditions. 
 

KEY ISSUE 3: OLD GROWTH PROTECTION AND LARGE TREE RETENTION 
 
Since the inception of 4FRI, stakeholders have consistently asserted that cutting old growth is 
contrary to fundamental principles of forest restoration and unacceptable. Protecting existing 
old-growth and retaining large trees that represent the next cohort of old growth are central to 
the social license developed for landscape-scale restoration that includes mechanical thinning.  
The Collaborative Forest Landscape Restoration Program (CFLRP), which funded work done 
under the 1st EIS, and for which a renewal proposal has been submitted (to include 
implementation on Rim Country), is likewise very clear about the need to conserve old/mature 
forest structure. During preparation of the 1st EIS, 4FRI stakeholders invested enormous effort 
developing a consensus “Old Growth Protection and Large Tree Retention Strategy” (OGPLTRS, 
see Project Record), which the Forest Service then translated into “Old Tree” and “Large Tree” 
Implementation Plans included in the FEIS. Our expectation has been that the substance and 
intent of this foundational stakeholder work will be brought forward into the RC DEIS.  
  
Concerns and Recommendations 
 
1. CONCERN: At a minimum, the Rim Country EIS should incorporate old tree protections 

included in the 1st EIS. The SHG notes that Age Class 3 trees (per Thompson 1940) have 
been included in the Old Tree Implementation Plan (OTIP, RC DEIS Appendix D) per our 
previous request. However, those age classes are missing from the accompanying 
illustration (Figure 94).   
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RECOMMENDATION: The SHG recommends that the figure be updated to match the text.    
 

2. CONCERN: There is uncertainty in some of the language regarding old tree protection. The 
OTIP (RC DEIS Appendix D, p. 617) indicates that “Removal of old trees would be rare. 
Exceptions would be made for threats to human health and safety, and those rare 
circumstances where the removal of an old tree is necessary in order to prevent additional 
habitat degradation.” The latter portion of this statement could be interpreted as “habitat 
degradation” caused by old trees.   
 
RECOMMENDATION: The SHG does not believe this is the Forest Service’s intent and 
recommends that the statement be clarified and include examples of habitat degradation 
situations requiring old tree removal. 
 

3. CONCERN: The RC DEIS contains at least one statement inconsistent with the stakeholder 
old tree–large tree document and LTIPs included in the 1st EIS and RC DEIS. The “Modeling 
Assumptions” section of the Draft Silviculture Report (no pagination), states: 

 
“Within this project area, the majority of trees that meet the old tree definition 
are greater than or equal to 18”. On the ground cutting prescriptions will follow 
the Old Tree Implementation Plan (OTIP) and trees larger than 18” that do not 
meet the OTIP criteria may be cut during implementation." [emphasis added]. 

 
RECOMMENDATION: This statement should be revised to be consistent with 
OGPLTRS/OTIP/LTIP and specify how ponderosa pine and other conifer species will be 
treated.   
 

4. CONCERN: The old tree age criterion included in the 1st 4FRI EIS has not been incorporated 
in the RC DEIS. Section D (p. 617) of the RC DEIS defines old tree age as: “Established prior to 
1870, predating Euro-American settlement.”    
 
RECOMMENDATION: The SHG recommends that the Forest Service replace this statement 
with this language from the 1st EIS: “Approximately 150 years and older.”   
 

5. CONCERN: The RC DEIS contains unnecessary language concerning application of the OTIP 
to subsequent NEPA decisions.   

 
From the OTIP (RC DEIS Appendix D, p. 617): 
 

“This old tree implementation plan will be applied to the Rim Country Environmental 
Impact Statement Record of Decision and may not apply to subsequent decisions on the 
same project area or on other areas within Region 3. Subsequent decisions may include 
an old tree implementation plan that reflects project specific current conditions and the 
purpose and needs of subsequent projects.” 
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This statement is beyond the scope of the RC DEIS EIS and inconsistent with NEPA guidance 
provided by the Forest Service (personal communication to DEIS WG from Katherine 
Sanchez-Meador).   
 
RECOMMENDATION: Given the sensitivities surrounding harvest of old growth, the SHG 
recommends that this statement be removed. 

 
6. CONCERN: The RC DEIS should expressly prohibit harvest of old and large young ponderosa 

pine trees to “mitigate” dwarf mistletoe infection. This issue was brought to the forefront 
by a recent timber sale in the 4FRI CFLRP footprint (Little Creek TS, Apache-Sitgreaves NF), 
where extensive harvest of old and large ponderosa pine trees occurred, ostensibly to 
address forest health issues from dwarf mistletoe infection. As communicated in the April 
27, 2017 letter to Forest Supervisor Best (see Project Record), the SHG considers such 
practices inconsistent with the best available science, 4FRI stakeholder expectations, and 
the social license that has taken more than a decade to develop. We note and appreciate 
that the RC DEIS Implementation Plan (Section D, p. 617) states that “old trees would not be 
cut for forest health reasons.”  
 
RECOMMENDATION: The SHG recommends that this language be carried forward into the 
FEIS. 

 
KEY ISSUE 4: MANAGEMENT OF PONDEROSA PINE DWARF MISTLETOE 
 
Over the past two years, the 4FRI Planning Team and SHG have had ongoing conversations 
about management of dwarf mistletoe, particularly in ponderosa pine, which the Forest Service 
has articulated as representing a significant threat to forest health on the RC DEIS footprint. The 
4FRI Planning Team had originally proposed extremely aggressive “mitigation” treatments, 
including even-aged management, on a large portion of the RC DEIS planning area having 
estimated high levels of dwarf mistletoe. Following several meetings and field trips, the SHG 
submitted a letter to the Forest Service (dated April 4, 2017), which stated that the Forest 
Service had not presented a compelling case that dwarf mistletoe infections in ponderosa pine 
on the planning area were significantly outside the natural range of variability and presented a 
meaningful obstacle to restoration. We asserted that restoration treatments followed by 
prescribed fire at regular intervals should be sufficient to meet objectives. The mistletoe 
management approach in the RC DEIS has been refined somewhat; however, it remains a core 
element of the Mechanical Treatment Flexible Toolbox. The SHG feels that this emphasis is 
misplaced and inappropriate for a project ostensibly focused on ecological restoration rather 
than sustained-yield timber production. We also note that the RC DEIS does not clearly 
distinguish between dwarf mistletoe infections and associated treatments in ponderosa pine 
and mistletoes that occur in other conifer tree species. 
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Concerns and Recommendations 

1. CONCERN: Dwarf mistletoe is a high-level decision variable in the Mechanical Treatments 
Flexible Toolbox. This creates a perception that managing this endemic, natural disturbance 
agent is a restoration priority—an approach that is at odds with the best available science 
and stakeholder perspectives. Consistent application of this element of the Flexible Toolbox 
is unlikely, given the apparent subjectivity of rating stand-level mistletoe infection. For 
example, during collaborative field trips held by the SHG and Forest Service, it was evident 
that perceptions of what constitutes a “severe” infection vary considerably across 
Forests/Districts.  
 
RECOMMENDATION: The SHG recommends that the Forest Service remove dwarf mistletoe 
as a decision variable in the Mechanical Treatments Flexible Toolbox.  
 

2. CONCERN: The RC DEIS should incorporate the best available science applicable to 
management of ponderosa pine dwarf mistletoe. The RC DEIS cites some, but not all of the 
current science relevant to this issue.    
 
RECOMMENDATION: A list of pertinent references is provided in Appendix III. The SHG 
recommends that this information be incorporated into the FEIS, with a clear explanation of 
the scientific basis for the proposed treatment approach. 
 

3. CONCERN: The initially proposed 55–70% Interspace dwarf mistletoe treatments are not 
supported by the best available science and contrary to SHG perspectives. Following a 
request from the SHG, the 4FRI Executive Board agreed to remove these treatments from 
the RC DEIS (letter to SHG dated September 12, 2019, see Project Record).   
 
RECOMMENDATION: The SHG appreciates this modification and recommends it be carried 
forward into the FEIS and ROD.   
 

4. CONCERN: The DEIS does not differentiate between ponderosa pine dwarf mistletoe and 
other mistletoes. In discussions with the 4FRI Planning Team, the SHG has emphasized that 
ponderosa pine dwarf mistletoe is but one member of that group of parasitic plants present 
on the RC DEIS planning area, each of which can have differing effects on host trees and 
cannot be treated alike from a management perspective.     
 
RECOMMENDATION: The SHG recommends that the Forest Service clarify differences 
between the ecology and management of mistletoes in the FEIS.   
 

5. CONCERN: The Mechanical Treatment Flexible Toolbox includes mechanical treatment of 
ponderosa pine stands with “severe” dwarf mistletoe infection. This approach is not 
supported by the best available science and contrary to stakeholder expectations. The SHG 
has previously recommended that such stands be deferred from mechanical treatment or 
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designated as “burn only.” In discussions with the 4FRI Planning Team, the Forest Service 
has indicated that both options are covered under the RC DEIS, though not explicitly stated.   
 
RECOMMENDATION: The SHG recommends that the FEIS/Implementation Plan clearly 
identify deferral or burn only as preferred options for ponderosa pine stands with “severe” 
levels of dwarf mistletoe. 
 

KEY ISSUE 5:  DESCRIPTION OF PRE-TREATMENT CONDITIONS 
 
In comparison to the 1st EIS area, which was predominately ponderosa pine, the Rim Country 
planning area has a number of other forest cover types targeted for treatment, including 
mixed-conifer/frequent fire, mixed-conifer with aspen, and ponderosa pine-evergreen oak. The 
SHG understands the complexity this adds to the RC DEIS and has recommended that the 
document more fully address diversity of the planning area.   
 
Concerns and Recommendations 

 
1. CONCERN: The RC DEIS should be more specific with respect to existing conditions and 

treatment allocation for target cover types present on the planning area. Stakeholders have 
emphasized this need in previous discussions with the 4FRI Planning Team, requesting a 
tabular summary and spatial representation of treatment allocation across cover types.  
Some of the spatial information is now available in an online visualization tool, which we 
appreciate.  
 
RECOMMENDATION: The SHG recommends that the online tool be completed and a tabular 
summary made available to stakeholders and then included in the FEIS. 
 

2. CONCERN: The RC DEIS should include spatial representation of WUIs in the planning area, 
overlaid by cover type and proposed treatments. The SHG had previously requested that 
this information be added to the online visualization tool. We appreciate the Forest 
Service’s attention to this request, but note that only some of this information is currently 
presented.   
 
RECOMMENDATION: The SHG recommends that the complete information be made 
available online, with a tabular summary made available to stakeholders and then included 
in the FEIS. 
 

3. CONCERN: Protection of stands with a preponderance of large, young trees (SPLYT).   
Conservation of these stands is a high priority to stakeholders and a critical component of 
collaborative agreement. At the outset of the RC DEIS process, the SHG and Forest Service 
devoted considerable collaborative effort developing a methodology to identify and map 
these stands. The selected approach was formally adopted by the SHG, communicated to 
the Forest Service (see SHG Position Statement dated October 13, 2017) and appears in the 
RC DEIS (Section D, p. 638). However, following personnel changes on the 4FRI Planning 
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Team, the Forest Service informed stakeholders that this approach is not viable for 
implementers in the field, who must verify stand conditions (including the presence or 
absence of SPLYT characteristics) prior to treatment assignment via the Flexible Toolbox.   
 
RECOMMENDATION: The SHG recommends that the Forest Service develop a replacement 
SPLYT methodology that leverages work already completed (e.g., stand mapping and field 
assessments by stakeholders and the Forest Service). This second iteration should be done 
collaboratively and in the field, with participation by Forest Service personnel who will use 
the final product.   
 

KEY ISSUE 6: COLLABORATIVE ROLE IN IMPLEMENTATION 
 
As a CFLRP project, the Forest Service is mandated to facilitate stakeholder engagement in all 
phases of 4FRI, from planning through implementation. However, since completion of the 1st 
4FRI EIS, stakeholders have had limited engagement in implementation of restoration projects.  
The SHG has a formal Multi-Party Monitoring Board (MPMB); however, that group is largely 
focused on long-term data collection to assess ecosystem responses to restoration treatments 
(effects monitoring). In discussions with the 4FRI Planning Team, we have acknowledged 
mutual interest in formal collaboration during implementation, in order to facilitate shared 
learning about treatment outcomes, assist the Forest Service with outreach to field personnel, 
and inform adaptive management.   
 
Concerns and Recommendations 
 
1. CONCERN: There is uncertainty about the degree to which treatment outcomes will 

comport with CFLRP requirements and stakeholder expectations. As articulated in these 
comments, the SHG is concerned with various aspects of implementation on Rim Country— 
e.g., retention of old and large trees, management of dwarf mistletoe in ponderosa pine, 
conservation of SPLYT stands, and application of the Flexible Toolboxes. Our expectation is 
that these actions will reflect stakeholder expectations and occur in a manner that is 
predictable, reliable, and repeatable. The SHG feels this need is best addressed by more 
effective coordination among Forest Service staff on the Planning Team and at 
Forest/District level, and by creating a formal mechanism for collaborative engagement 
during implementation.   
 
RECOMMENDATION: The SHG recommends that the Forest Service work with stakeholders 
to develop an appropriate framework for this. A recent, informative example is attached in 
Appendix V (Spruce Beetle Epidemic-Aspen Decline EIS, Grand Mesa, Uncompahgre, and 
Gunnison National Forest).  
 

2. CONCERN: The framework for stakeholder engagement should to be memorialized in a 
manner that is binding and ensures follow-through. The DEIS WG and 4FRI Planning Team 
have discussed and concur on this need. 
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RECOMMENDATION: The Forest Service agreed to research this question and provide 
appropriate guidance, that the SHG recommends be carried forward with appropriate 
placement in the FEIS.  
 

3. CONCERN: Collaborative implementation should be bolstered by mechanisms outside the 
RC DEIS. It was suggested that the 4FRI Memorandum of Understanding could be revised to 
meet this need.   
 
RECOMMENDATION: The SHG concurs and commits to working with the Forest Service and 
other partners on a potential revision of the MOU. 

 
KEY ISSUE 7: ADAPTIVE MANAGEMENT AND MONITORING 
 
Science-driven monitoring and adaptive management are key requirements under CFLRP and a 
high priority for 4FRI stakeholders. The SHG has been actively engaged in this process since 
initiation of the 1st EIS, under auspices of the Multi-Party Monitoring Board (MPMB). The 
MPMB has worked closely with the 4FRI Monitoring Coordinator to develop a new plan for the 
RC DEIS planning area and looks forward to continued collaboration refining the questions and 
approach for Rim Country. We have identified nine key concerns that should be addressed and 
then included in the FEIS. 
 
Concerns and Recommendations 
 
1. CONCERN: The Rim Country Monitoring Plan (RC DEIS Appendix E) should be updated to 

reflect work completed since the 1st EIS and improvements in monitoring design.   

 

RECOMMENDATION: The SHG recommends the following modifications: 

 

 Monitoring questions, indicators, triggers, and thresholds should be completed and/or 

updated as needed—a process that can be informed by the living monitoring document 

maintained by the MPMB.    

 Vague wording in this section (e.g., the term “appropriate”) should be clarified with 

necessary context, sideboards, and direction.   

 The Monitoring Plan should incorporate information from 4FRI monitoring reports 

including, but not limited to Hjerpe and Mottek-Lucas (2018) as well as relevant 

information from the RC DEIS Specialist Report (“Socioeconomic Environmental 

Consequences”).    

 Monitoring efforts in treated areas (e.g., groundwater assessment (p. 792) should 

include control and pre-treatment data collection in a BACI (Before-After-Control-

Impact) design to support the strongest inference. 

 The Monitoring Plan will need to be updated to reflect openness metrics (and 

associated assessments on the 1st EIS area) being developed in collaboration with the 

SHG.  
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 Indicators (e.g., spatial metrics, forest structure, and wildlife variables) should be 

measured at the same scale whenever possible.  

 

2. CONCERN: The relationship between Monitoring Plans in the 1st EIS and Rim Country needs 

to be clarified. The FEIS should clearly state that the Rim Country Monitoring Plan does not 

apply to the 1st EIS area, but rather complements it. It is also important to indicate that 

some indicators overlap both EIS areas, but others are unique to Rim Country. 

 

RECOMMENDATION: The SHG recommends that the text in RC DEIS Appendix E (p. 663) be 

modified accordingly. 

 

3. CONCERN: Forest cover types, tree species, and structural components currently listed in 

the RC DEIS Monitoring Plan are specific to the 1st 4FRI EIS.    

 

RECOMMENDATION: The SHG recommends that this section be updated to reflect the Rim 

Country planning area. This should include additional descriptions and justification in RC 

DEIS Appendix E (p. 674–675) for mixed-conifer and other forest types, and adjustment of 

indicators, thresholds, and triggers for mixed-conifer (including monitoring of species 

proportions, diameter distributions, and spatial distribution of trees).  

 
4. CONCERN: The relationship between implementation, implementation monitoring, and 

treatment effectiveness needs is not clearly articulated in the RC DEIS Monitoring Plan.  

These components need to be effectively integrated in the Monitoring Plan.   

 

RECOMMENDATION: The SHG recommends that RC DEIS Appendix E be expanded to 

articulate implementation tracking requirements, and indicate how this information will be 

linked to effectiveness monitoring when developing adaptive management 

recommendations. This could be presented in a table of similar theme as Table 130, that 

lists specific tracking metrics for effectiveness monitoring across Districts/Forests, which 

could then be reviewed with monitoring results to produce adaptive recommendations. 

 

5. CONCERN: The RC DEIS Monitoring Plan should leverage the best available technology and 

tools. There have been a number of significant advancements since completion of the 1st 

4FRI EIS.   

 

RECOMMENDATION: The SHG recommends that the Monitoring Plan be updated to include 

the following:  

 

 Fire Hazard Index (FHI), a new modeling approach used in the RC DEIS analysis of fire 

effects, but only loosely referenced in the Monitoring Plan.     
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 Various technologies and products that could be used to monitor tree age structure, 

spatial aggregation, canopy openness, patch size, patch configuration, patch density, 

and patch evenness, as well as the frequency and scale (e.g., UAV based imagery on a 

project basis).  

 Quantification of snags using LiDAR data. 

 

6. CONCERN: Scale of the RC DEIS monitoring plans does not match the analysis area.   

 

RECOMMENDATION: The SHG recommends that the scale of the Biophysical and Social and 

Economic plans be revised as needed throughout the FEIS. This includes inclusion of 

language in RC DEIS Appendix E indicating that fire analyses are performed at the HUC 6 

level. 

 
7. CONCERN: References in the RC DEIS Monitoring Plan should reflect the best available 

current science.    

 

RECOMMENDATION: The SHG recommends that references in RC DEIS Appendix E be 

updated. Examples include, but are not limited to:  

 

 Forest thinning and groundwater recharge (O’Donnell 2018, Moreno et al. 2016) 

 Canopy openness, soil moisture, and snowpack accumulation (Broxton et al. 2019) 

 Scale and grain considerations (Wasserman et al. 2019). 

 Climate science (Seager and Vecch 2010, Barnes and Polvani 2013, Lu et al. 2018, Singh 

et al. 2018, Espinoza et al. 2018, the 2018 National Climate Assessment)  

 Human dimensions and economics (Egan and Nielsen 2014, Brown 2015, Esch and 

Vosick 2016) 

 
8. CONCERN: Additional detail is needed on the adaptive management process.   

 

RECOMMENDATION: The SHG recommends that the Monitoring Plan (RC DEIS Appendix E) 

more clearly articulate specific steps in the monitoring and adaptive management process 

(as illustrated in Figure 100) and indicate that decisions will be made in collaboration with 

the SHG and MPMB.   

 
9. CONCERN: The RC DEIS should more explicitly acknowledge the role of the MPMB.   

 

RECOMMENDATION: The SHG recommends that the FEIS emphasize the collaborative 

approach to monitoring and adaptive management and add language (e.g., in RC DEIS 

Appendix E, p. 662) indicating that the 4FRI MPMB is well established and will play a 

significant role going forward.  



KEY ISSUE 8: PREVIOUS ISSUES RESOLVED IN THE PUBLISHED DEIS 

1. CONCERN: drift from the intent of CFLRP. Stakeholders were concerned that the drafty­

draft RC DEIS did not include key CFLRP language articulating a focus on thinning small

diameter trees and protecting large/old-growth trees. The DEIS WG provided

recommended language to the 4FRI Planning Team, which was approved by the Executive

Board and added to the RC DEIS.

RECOMMENDATION: the SHG appreciates that modification and recommends it be carried

forward into the FEIS and ROD.

2. CONCERN: terms and definitions needing clarification or correction. The SHG previously

requested that the term "overmature" be removed or placed in appropriate context. While

overmature remains in the document, it is with respect to the age classification tables

based on cited literature. The definition of overmature used is based also on the cited

literature.

RECOMMENDATION: the SHG appreciates changes made in the DEIS and request they be

carried forward into the FEIS and ROD.

3. CONCERN: removal of 55-70% interspace treatments used for the management of

mistletoe. The SHG asked for removal of 55-70% interspace treatments, listed in an early

version of the DEIS, to manage mistletoe. This was a departure from the 1st EIS, and does

not meet the intent or goals of the CFLRP. On reception of the SHG official request (see

Project Record), the Executive Board removed all treatments above 55% interspace outside

of WUI.

RECOMMENDATION: the SHG appreciates this change made in the DEIS and recommends it

be carried forward into the FEIS and ROD.

Thank you for the opportunity to comment. The 4FRI Stakeholder group appreciates the effort 

it took to develop the Rim Country DEIS; we greatly appreciate the collaborative effort in the 

last year. We look forward to continuing to work with our USFS partners to complete the Final 

EIS incorporating recommendations and finalized Stakeholder documents. For any clarification, 

please contact the 4FRI current co-chairs. 

Sincerely, 

Greg Smith Brad Wors18l 

4FRI Stakeholder Group Co-chair 
:------

4 FR I Stakeholder Group Co-Chair 
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APPENDIX I 

RIM COUNTRY DEIS WORK GROUP PARTICIPANTS** 
 
 

Pascal Berlioux (Co-chair)  Eastern Arizona Counties Organization 
Clay Crowder    Arizona Game and Fish Department 
Alicyn Gitlin    Sierra Club 
Bruce Greco    Apache County 
Shaula Hedwall    US Fish and Wildlife Service 
Joe Miller     Trout Unlimited 
Rob Nelson    Arizona Game and Fish Department 
Nathan Rees    Trout Unlimited 
Joe Trudeau    Center for Biological Diversity 
Steve Rosenstock (Co-chair)  Grand Canyon Trust 
Todd Schulke    Center for Biological Diversity  
Travis Woolley (Co-chair)  The Nature Conservancy 
Amy Waltz (Co-chair)   NAU Ecological Restoration Institute 
 
** affiliation while participating in the work group, may not reflect current status 
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APPENDIX II 
PRIORITY AQUATIC RESTORATION PROJECTS 

 

Location Name Forest/District 

Headwater Meadows and Springs  

Alder Creek Apache-Sitgreaves NF / Black Mesa RD 

Beaver Creek (Turkey Crk trib) "                                                               " 

Beaver Creek, including Beaver Park "                                                               " 

Black Canyon Creek "                                                               " 

Brown Creek "                                                               " 

Chevelon Canyon Creek "                                                               " 

Double Canyon "                                                               " 

East Fork Woods Canyon "                                                               " 

Fairchild Draw "                                                               " 

Gentry Creek "                                                               " 

Hart Canyon "                                                               " 

Long Tom Cabin "                                                               " 

Pius Farm Draw "                                                               " 

Thompson Creek "                                                               " 

Turkey Creek "                                                               " 

Wiggins Crossing "                                                               " 

Willow Creek "                                                               " 

Woods Canyon Creek "                                                               " 

Barbershop Canyon Creek Coconino NF / Mogollon Rim RD 

Bill McClintock Draw "                                                      " 

Campbell Spring "                                                      " 

Cienega Draw "                                                      " 

Coldwater Spring "                                                      " 

Crackerbox Canyon Upper E, W "                                                      " 

Dane Spring "                                                      " 
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Dines Tank "                                                      " 

East Clear Creek "                                                      " 

East Clear Creek/Miller Creek 
Confluence 

"                                                      " 

East Miller Canyon "                                                      " 

Foster Spring "                                                      " 

General Springs "                                                      " 

Houston Draw "                                                      " 

Immigrant Spring "                                                      " 

Jones Crossing "                                                      " 

Jones Spring "                                                      " 

Kehl Spring "                                                      " 

Leonard Canyon Creek "                                                      " 

Lower Buck Spring "                                                      " 

Merritt Draw "                                                      " 

Miller Canyon "                                                      " 

Miller Canyon "                                                      " 

Pivot Rock Spring "                                                      " 

Potato Lake "                                                      " 

Potato Lake Draw "                                                      " 

Poverty Draw/Poverty Spring "                                                      " 

Quaking Aspen Canyon "                                                      " 

Schneider Spring "                                                      " 

Upper Buck Spring "                                                      " 

West Bear Canyon "                                                      " 

West Fork Leonard Canyon Creek "                                                      " 

Whistling Spring "                                                      " 

Willow Spring "                                                      " 
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Bear Springs Tonto NF / Payson RD 

Candy Spring "                                  " 

Foster Spring "                                  " 

Little Green Valley "                                  " 

Pieper Hatchery Spring "                                  " 

Pine Spring "                                  " 

Poison Spring "                                  " 

  

Streams  

Willow Springs Canyon Apache-Sitgreaves NF / Black Mesa RD 

Canyon Creek Apache-Sitgreaves NF / Black Mesa RD & Tonto 
NF / Pleasant Valley RD 

Show Low Creek Apache-Sitgreaves NF / Lakeside RD 

East Bear Canyon Coconino NF / Mogollon Rim RD 

East Fork Leonard Canyon Creek "                                                      " 

General Springs Creek "                                                      " 

Webber Creek Tonto NF / Payson RD 

Bray Creek "                                   " 

Sycamore Creek "                                   " 

Chase Creek "                                   " 

Dude Creek "                                   " 

Bonita Creek "                                   " 

Ellison Creek "                                   " 

Horton Creek "                                   " 

Dick Williams Creek "                                   " 

Christopher Creek "                                   " 

Unnamed tributary of Chase Creek "                                   " 

East Verde River "                                   " 

Mail Creek "                                   " 

Pine Creek "                                   " 
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East Verde River "                                   " 

Tonto Creek "                                   " 

Gordon Canyon Creek Tonto NF / Pleasant Valley & Payson RDs 

Haigler Creek Tonto NF / Pleasant Valley RD 

  

Other  

Houston Draw Coconino NF / Mogollon Rim RD 

 
 
 
 
  



 

4FRI Stakeholder Comments Rim Country DEIS 01/08/20 Page 23 of 35 
 

APPENDIX III 
CITED LITERATURE AND ADDITIONAL REFERENCES 

 

Quantifying Spatial Heterogeneity and Metrics to Define “Openness” 

Cannon, J.B., M.E. Chambers, and A.S. Cheng. 2017. Monitoring fine-scale spatial patterns of 
restoration treatments in the Uncompahgre Plateau, presentation. Colorado Forest 
Restoration Institute, Colorado State University. 

 
Churchill, D.J., Larson, A.J., Dahlgreen, M.C., Franklin, J.F., Hessburg, P.F., Lutz, J.A., 2013. 

Restoring forest resilience: From reference spatial patterns to silvicultural prescriptions 
and monitoring. Forest Ecology and Management 291: 442–457. 

 
Churchill, D.J., Seager, S.T., Larson, A.J., Schneider, E.E., Kemp, K.B., Bienz, C., 2018. Ecological 

functions of spatial pattern in dry forests: Implications for forest restoration. The Nature 
Conservancy newsletter. 

 
Churchill, D., Carnwath, G., Larson, A.J., 2017. Historical Forest Structure, Composition, and 

Spatial Pattern in Dry Conifer Forests of Western Blue Mountains, Oregon. USDA Forest 
Service General Technical Report NW-GTR-965. 

 
Clyatt, K.A., Crotteau, J.S., Schaedel, M.S., Wiggins, H.L., Kelley, H., Churchill, D.J., Larson, A.J., 

2016. Historical spatial patterns and contemporary tree mortality in dry mixed-conifer 
forests. Forest Ecology and Management 361: 23–37. 

 
Dickinson, Y.L. and Spatial Heterogeneity Subgroup of the Front Range Roundtable. 2014. 

Desirable forest structures for a restored Front Range. Colorado Forest Restoration 
Institute, Colorado State University, Technical Brief CFRI-TB-1402, Fort Collins, CO. 23 p. 

 
Dickinson, Y., Pelz, K., Giles, E., Howie, J., 2016. Have we been successful? Monitoring horizontal 

forest complexity for forest restoration projects. Restoration Ecology 24: 8–17. 
 
Hamilton, R., Cushman, S., McCallum, K., McCusker, N., Mellin, T., Nigrelli, M., Williamson, M. 

2013. Multiscale landscape pattern monitoring using remote sensing: The four forest 
restoration initiative. RSAC-10022-RPT1. Salt Lake City, UT: U.S. Department of 
Agriculture, Forest Service, Remote Sensing Application Center. 24 p. 

 
Iniguez, J.M., Fowler, J.F., Moser, W.K., Sieg, C.H., Baggett, L.S., Shin, P., 2019. Forest Ecology 

and Management Tree and opening spatial patterns vary by tree density in two old-
growth remnant ponderosa pine forests in Northern Arizona , USA. Forest Ecology and 
Management 450: 117502. 15. 

 



 

4FRI Stakeholder Comments Rim Country DEIS 01/08/20 Page 24 of 35 
 

Jeronimo, S.M.A., Dow, L.R., Kane, V.R., Churchill, D.J., Franklin, J.F., 2017. Using LiDAR to Guide 
Silvicultural Restoration in the Crater Lake Panhandle: Final Report to the National Park 
Service. 

 
Larson, A.J., Churchill, D., 2012. Tree spatial patterns in fire-frequent forests of western North 

America, including mechanisms of pattern formation and implications for designing fuel 
reduction and restoration treatments. Forest Ecology and Management 267: 74–92.  

 
Matonis, M.S., Binkley, D., 2018. Not just about the trees: Key role of mosaic-meadows in 

restoration of ponderosa pine ecosystems. Forest Ecology and Management 411: 120–
131.  

 
Naumburg, E., Dewald, L.E., 1999. Relationships between Pinus ponderosa forest structure, light 

characteristics, and understory graminoid species presence and abundance. Forest 
Ecology and Management 124: 205–215.  

 
Pelz, K.A., and Dickinson, Y.L. 2014. Monitoring forest cover spatial patterns with aerial 

imagery: A tutorial. Colorado Forest Restoration Institute, Colorado State University, 
Technical Brief CFRI-TB- 1401. Fort Collins, CO. 47 p. 

 
Rodman, K.C., Sánchez Meador, A.J., Moore, M.M., Huffman, D.W., 2017. Reference conditions 

are influenced by the physical template and vary by forest type: A synthesis of Pinus 
ponderosa-dominated sites in the southwestern United States. Forest Ecology and 
Management 404: 316–329.  

 
Sánchez Meador, A.J., Parysow, P.F., Moore, M.M., 2011. A new method for delineating tree 

patches and assessing spatial reference conditions of Ponderosa Pine Forests in 
Northern Arizona. Restoration Ecology 19: 490–499.  

 
Tinkham, W.T.; Dickinson, Yvette; Hoffman, Chad M.; Battaglia, Mike A.; Ex, Seth; Underhill, 

Jeffrey. 2017. Visualization of heterogeneous forest structures following treatment in 
the southern Rocky Mountains. Gen. Tech. Rep. RMRS-GTR-365. Fort Collins, CO: U.S. 
Department of Agriculture, Forest Service, Rocky Mountain Research Station. 72 p. 

 
Wasserman, T.N., Andrew, J.S., Waltz A.E.M, 2019. Grain and extent considerations are Integral 

for monitoring landscape-scale desired conditions in fire-adapted forests. Forests. 21 p.  
 
Wiggins, H.L., Nelson, C.R., Larson, A.J., Safford, H.D., 2019. Using LiDAR to develop high-

resolution reference models of forest structure and spatial pattern. Forest Ecology and 
Management 434:, 318–330.  

 
Zachmann, L.J., Dickson, B.G. 2017. Four Forest Restoration Initiative – Landscape Pattern 

Analysis. Technical Report. Landscape Conservation Initiative. 
 



 

4FRI Stakeholder Comments Rim Country DEIS 01/08/20 Page 25 of 35 
 

Management of Dwarf mistletoe (primarily in Ponderosa Pine, but also Douglas-fir) 

Beatty, J.S. 1982. Integrated forest protection guide, southwestern dwarf mistletoe, 
Arceuthobium vaginatum subsp. cryptopodum (Engelm.) Hawks. and Wiens, in 
ponderosa pine. USDA Forest Service R3-82-13. 12 p. 

 
Bennetts, R.E., G.C. White, F.G. Hawksworth, and S.E. Severs. 1996. The influence of dwarf 

mistletoe on bird communities in Colorado ponderosa pine forests. Ecological 
Applications 6:899–909. 

 
Bickford, C.P., T.E. Kolb, B.W. Geils. 2005. Host physiological condition regulates parasitic plant 

performance: Arceuthobium vaginatum subsp. cryptopodum on Pinus ponderosa. 
Oecologia 146:179-189. 

 
Conklin, D.A. and W.A. Armstrong. 2001. Effects of three prescribed fires on dwarf mistletoe 

infection in southwestern ponderosa pine. USDA Forest Service, Southwestern Region, 
Forestry and Forest Health Report R3-01-02. 

 
Conklin, D.A. and B.W.  Geils 2008. Survival and sanitation of dwarf mistletoe-infected 

ponderosa pine following prescribed underburning. Western Journal of Applied Forestry 
23:216-222. 

 
Conklin, D.A. and M.L. Fairweather. 2010. Dwarf mistletoe and their management in the 

Southwest. USDA Forest Service, Southwestern Region, Forestry and Forest Health 
Report R3-10-01. 

 
Dahms, C.W.; Geils, B.W., tech. eds. 1997. An assessment of forest ecosystem health in the 

Southwest. USDA Forest Service, RM-GTR-295. 97 p. 
 
DeWald, L.E. and M.F. Mahalovich. 2008. Historical and contemporary lessons from Ponderosa 

pine genetic studies at the Fort Valley Experimental Forest, Arizona. In: Olberding, Susan 
D., and Moore, Margaret M., tech coords. 2008. Fort Valley Experimental Forest—A 
Century of Research 1908-2008. Proceedings RMRS-P-53CD. Fort Collins, CO: U.S. 
Department of Agriculture, Forest Service, Rocky Mountain Research Station. 408 p. 

 
Ganey, J.L., D.L. Apprill, T.A. Rawlinson, S.C. Kyle, R.S. Jonnes, and J.P. Ward JR. 2013. Nesting 

habitat of Mexican spotted owls in the Sacramento Mountains, New Mexico. Journal of 
Wildlife Management 77:1426–1435. 

 
Garnett, G.N., C.L. Chambers, and R. L. Mathiasen. 2006. Use of witches’ brooms by Abert 

Squirrels in Ponderosa pine forests. Wildlife Society Bulletin 34(2):467–472. 
 
Geils, B.W., and R.L. Mathiasen. 1990. Intensification of dwarf mistletoe on Southwestern 

Douglas-fir. Forest Science 36:955-969. 



 

4FRI Stakeholder Comments Rim Country DEIS 01/08/20 Page 26 of 35 
 

Harrington M.G., and F.G. Hawksworth. 1990. Interactions of fire and dwarf mistletoe on 
mortality of southwestern ponderosa pine. In: Krammes JS (Ed.), Effects of fire 
management on Southwestern forest resources. USDA Forest Service, General Technical 
Report RM-191, pp. 234-240. 

 
Hawksworth F.G., Geils BW. 1990. How long do mistletoe-infected ponderosa pines live? 

Western Journal of Applied Forestry 5:47-48. 
 
Hawksworth F.G, Weins D. 1996. Dwarf mistletoes:  biology, pathology, and systematics. USDA 

Forest Service, Agriculture Handbook 709. 
 
Hawksworth F.G., Geils BW. 2002. Damage, effects, and importance of dwarf mistletoe. In: Geils 

BW, Tovar JC, Moody B (Eds.), Mistletoes of North American Conifers. USDA Forest 
Service, General Technical Report RMRS-GTR-98, pp. 57-66. 

 
Hedwall, S. J., and R. L. Mathiasen. 2006. Wildlife use of Douglas-fir dwarf mistletoe witches’ 

brooms in the Southwest. Western North American Naturalist 66:450–455. 
 
Hedwall, S. J., C. L. Chambers, and S. S. Rosenstock. 2006. Red squirrel use of dwarf mistletoe-

induced witches’ brooms in Douglas-fir. The Journal of Wildlife Management. In Press. 
 
Heidmann LJ. 1968. Silvicultural control of dwarf mistletoe in heavily infected stands of 

ponderosa pine in the Southwest. USDA Forest Service, Research Paper RM-36.  
 
Herman FR. 1961. Silviculutural control of dwarf mistletoe on southwestern ponderosa pine. 

USDA Forest Service, Station Paper No. 62. 
 
Hessburg, P.F., N.A. Povak, R.B. Salter. 2008. Thinning and prescribed fire effects on dwarf 

mistletoe severity in an eastern Cascade Range dry forest, Washington. Forest Ecology 
and Management. 225:2907-2915. 

 
Hoffman, C.M., R.L. Mathiasen, and C.H. Sieg. 2007. Dwarf mistletoe effects on fuel loadings in 

ponderosa pine forests in northern Arizona. Canadian Journal of Forest Research 
37:662–670. 

 
Hudler, G.W., N. Oshima, and F.G. Hawksworth. 1979. Bird dissemination of dwarf mistletoe on 

ponderosa pine in Colorado. American Midland Naturalist 102:273–280. 
 
Koonce, A. L. and L.F. Roth. 1980. The effects of prescribed burning on dwarf mistletoe in 

ponderosa pine. Proceedings of the Sixth Conference on Fire and Forest Meteorology, 
pgs 197 – 203. Society of American Foresters, Washington, District of Columbia. 

 



 

4FRI Stakeholder Comments Rim Country DEIS 01/08/20 Page 27 of 35 
 

Koonce, A.L. and L.F. Roth. 1985. The effects of dwarf mistletoe on fuel in precommercial 
ponderosa pine stands. In: Proceedings of the 8th Conference on Fire and Forest 
Meteorology, Seattle WA. Society of American Foresters, Washington DC, pp. 66-72. 

 
Maffei, H., and J. Beatty. 1988. Changes in the incidence of dwarf mistletoe over 30 years in the 

Southwest. Pages 88–90 in B.J. VanDerKamp, editor, Proceedings of the 36th Annual 
Western International Forest Disease Work Conference. Department of Forest Sciences, 
University of British Columbia, Vancouver, British Columbia, Canada. 

 
Maloney, P.E., Smith, T.F., Jensen, C.E., Innes, J., Rizzo, D.M., and North, M.P. 2008. Initial tree 

mortality and insect and pathogen response to fire and thinning restoration treatments 
in an old-growth mixed-conifer forest of the Sierra Nevada, California. Canadian Journal 
of Forest Research 38: 3011–3020. 

 
Mathiasen, R.L. 1996. Dwarf mistletoes in forest canopies. Northwest Science 70:61-71. 
 
May, C. A., M. L. Petersburg, and R. J. Gutiérrez. 2004. Mexican spotted owl nest- and roost-site 

habitat in northern Arizona. Journal of Wildlife Management 68:1054–1064. 
 
Parker, T.K., C.L. Chambers, and R.L. Mathiasen. 2017. Dwarf mistletoe and breeding bird 

abundance in ponderosa pine forests. Western North American Naturalist 77: 40-50. 
 
Parks, C. G., and E. L. Bull. 1997. American marten use of rust and dwarf mistletoe brooms in 

northeastern Oregon. Western Journal of Applied Forestry 12:131–133. 
 
Parks, C. G., E. L. Bull, R. O. Tinnin, J. F. Shepard, and A. K. Blumton. 1999. Wildlife use of dwarf 

mistletoe brooms in Douglas-fir in northeast Oregon. Western Journal of Applied 
Forestry 14:100–105. 

 
Reich, R.M., J. Lundquist, and V.A. Bravo. 2000. Spatial relationship of resident and migratory 

birds and canopy openings in diseased ponderosa pine forests. Environmental Modeling 
and Software 15:189–197. 

 
Parmeter, J.R., jr. 1978. Forest stand dynamics and ecological factors in relation to dwarf 

mistletoe spread, impact, and control. In: Scharpf RF, Parmeter JR (Eds.), Proceedings of 
the Symposium on Dwarf Mistletoe Control Through Forest Management. USDA Forest 
Service, General Technical Report PSW-31, pp.16-30. 

 
Saab, V.A., C.E. Bock, T.D. Rich, and D.S. Dobkin. 1995. Livestock grazing effects in western 

North America. Pages 311–356 in T.E. Martin and D.M. Finch, editors, Ecology and 
management of neotropical migratory birds. Oxford University Press, New York, NY. 

 
Seamans, M. E., and R. J. Gutiérrez. 1995. Breeding habitat ecology of the Mexican spotted owl 

in the Tularosa Mountains, New Mexico. Condor 97:944–952. 



 

4FRI Stakeholder Comments Rim Country DEIS 01/08/20 Page 28 of 35 
 

Smith, L., R. Hofstetter, and R. Mathiasen. 2013. Insect communities associated with Douglas-fir 
 dwarf mistletoe witches’ brooms in northern Arizona. Southwestern Naturalist 58:395–
 402. 
 
Stanton, S., and K.S. Hadley. 2010. Influence of western dwarf mistletoe (Arceurhobium 

campylopodum Engelm.) on surface fuels and snag abundance in mature Ponderosa 
pine and mixed conifer stands in central Oregon. Natural Areas Journal 30:261-270. 

 
Tinnin, R. O. 1982. Witches’ broom formation in conifers infected by Arceuthobium spp.: an 

example of parasitic impact upon community dynamics. American Midland Naturalist 
107:351–359. 

 
Tinnin, R. O. 1984. The effect of dwarf mistletoe on forest community ecology. Pages 117–122 

in F. G. Hawksworth, and R. F. Scharpf, technical coordinators. Proceedings of the 
symposium on biology of dwarf mistletoes. United States Forest Service Research Paper 
111. Rocky Mountain Forest and Range Experiment Station, Fort Collins, Colorado, USA. 

 
Tinnin, R. O. 1998. An alternative to the 6-class dwarf mistletoe rating system. Western Journal 

of Applied Forestry 13:64–65. 
 
Monitoring and Adaptive Management 
 
Barnes, E.A. and Polvani, L., 2013. Response of the midlatitude jets, and of their variability, to 

increased greenhouse gases in the CMIP5 models. Journal of Climate, 26(18), pp.7117-
7135., https://doi.org/10.1175/JCLI-D-12-00536.1.  

 
Brown, S.J. 2015. Administrative and Legal Review Opportunities for Collaborative Groups. ERI 

White Paper—Issues in Forest Restoration. Ecological Restoration Institute, Northern 
Arizona University and the Western Environmental Law Center. 12 p. 

 
Broxton, P. D., van Leeuwen, W. J. D., & Biederman, J. A. ( 2019). Improving snow water 

equivalent maps with machine learning of snow survey and lidar measurements. Water 
Resources Research, 55, 3739– 3757. https://doi.org/10.1029/2018WR024146 

 
Egan, D. and Nielsen, E. 2014. The History of the Four Forest Restoration Initiative: 1980s–2010. 

ERI White Paper—Issues in Forest Restoration. Ecological Restoration Institute, Northern 
Arizona University. 27 p. 
https://cdm17192.contentdm.oclc.org/digital/collection/p17192coll1/id/617/rec/7 

 
Esch, B.E., and Vosick, D. 2016. The Four Forest Restoration Initiative (4FRI): The Role of 

Collaboration in Achieving Outcomes. ERI White Paper—Issues in Forest Restoration. 
Ecological Restoration Institute, Northern Arizona University. 15 p. 
https://cdm17192.contentdm.oclc.org/digital/collection/p17192coll1/id/271/rec/12 

https://doi.org/10.1175/JCLI-D-12-00536.1
https://doi.org/10.1029/2018WR024146
https://cdm17192.contentdm.oclc.org/digital/collection/p17192coll1/id/271/rec/12


 

4FRI Stakeholder Comments Rim Country DEIS 01/08/20 Page 29 of 35 
 

Espinoza V, Waliser DE, Guan B, Lavers DA, and F.M. Ralph, 2018, Global Analysis of Climate 
Change Projection Effects on Atmospheric Rivers. Geophysical Research Letters, 45(9), 
4299-4308.  

 
Hjerpe, E. and Mottek-Lucas A. 2018. Regional Economic Contributions of the Four Forest 

Restoration Initiative. The Conservation Economics Institute. 
https://www.fs.fed.us/restoration/documents/cflrp/results/4fri/RegionalEconomicContri
butions4FRI-Dec2018.pdf 

 
Lu, J., Xue, D., Gao, Y., Chen, G., Leung, L.R. and Staten, P., 2018. Enhanced hydrological 

extremes in the western United States under global warming through the lens of water 
vapor wave activity. npj Climate and Atmospheric Science, 1(1), p.7.  

 
Moreno, H.A., Gupta, H.V., White, D.D. and Sampson, D.A., 2016. Modeling the distributed 

effects of forest thinning on the long-term water balance and streamflow extremes for a 
semi-arid basin in the southwestern US. Hydrology and Earth System Sciences, 20(3), 
pp.1241-1267.  

 
O’Donnell, F. C., Flatley, W. T., Springer, A. E., & Fulé, P. Z. 2018. Forest restoration as a strategy 

to mitigate climate impacts on wildfire, vegetation, and water in semiarid forests. 
Ecological Applications, 28(6), 1459–1472. https://doi.org/10.1002/eap.1746 

 
Seager, R. and Vecchi, G.A., 2010. Greenhouse warming and the 21st century hydroclimate of 

southwestern North America. Proceedings of the National Academy of Sciences, 107(50), 
pp.21277-21282. https://doi.org/10.1073/pnas.0910856107 

 
Singh, I., Dominguez, F., Demaria, E. and Walter, J., 2018. Extreme landfalling atmospheric river 

events in Arizona: Possible future changes. Journal of Geophysical Research: 
Atmospheres, 123(14), pp.7076-7097. https://doi.org/10.1029/2017JD027866 

 
Wasserman, T.N., Sánchez Meador, A.J. and Waltz, A.E., 2019. Grain and Extent Considerations 

Are Integral for Monitoring Landscape-Scale Desired Conditions in Fire-Adapted 
Forests. Forests, 10(6), p.465.2018 National Climate Assessment. 

 
  

https://www.fs.fed.us/restoration/documents/cflrp/results/4fri/RegionalEconomicContributions4FRI-Dec2018.pdf
https://www.fs.fed.us/restoration/documents/cflrp/results/4fri/RegionalEconomicContributions4FRI-Dec2018.pdf
https://doi.org/10.1002/eap.1746
https://doi.org/10.1029/2017JD027866


 

4FRI Stakeholder Comments Rim Country DEIS 01/08/20 Page 30 of 35 
 

APPENDIX IV 
EXAMPLE FRAMEWORK FOR COLLABORATIVE ENGAGEMENT IN IMPLEMENTATION 
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