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EXECUTIVE SUMMARY 

 

This report reviews CFRP’s progress toward its ecological program objectives. It analyzes 
ecological monitoring data collected between 2003 and 2020 from implementation projects in New 
Mexico’s Collaborative Forest Restoration Program (CFRP), and uses that data to assess success of the 
CFRP using program objectives defined in the original legislation, including wildfire threat reduction, 
ecosystem restoration, preservation of old/large trees, and reforestation.  

The ecological data include metrics such as trees per acre, canopy cover, live crown base height, 
seedling and sapling densities, and surface fuels. These data were categorized by forest type (wet 
mixed-conifer, dry mixed-conifer, ponderosa pine, piñon-juniper/ponderosa transition and piñon-
juniper woodland/savanna) and time relative to treatment (pre-treatment, immediately post-treatment, 
five years post-treatment, and 10 years post-treatment).  Analysis of Variance (ANOVA) and Tukey’s 
Honest Significant Difference (HSD) were used to detect significant differences between measurement 
periods within forest types. Analyses showed that program success at achieving ecological objectives has 
been mixed. 

Since CFRP’s creation, no such analysis has been performed. In addition to the data, this project 
covers the background of CFRP, some of the ongoing challenges, and makes recommendations for next 
steps. This analysis is part of an effort to provide a comprehensive review of the Collaborative Forest 
Restoration Program (CFRP). Analyses are also available for the economic and social components of the 
CFRP. It is the goal of this work to provide meaningful information to forest managers in the Southwest 
and CFRP participants on the ecological strengths and weaknesses of the program.
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Glossary 

Acronym, Abbreviation, 
or Term 

Explanation or Definition   

Acre Unit of measure 43560 square feet; 10 square chains 
Aerial cover Percent of ground covered when viewed from above (e.g. bird’s eye 

view) 
Annual plant Plant that completes its lifecycle within one growing season (one 

year) 
ANOVA Analysis of Variance, a statistical method for detecting significant 

differences between two or more means by testing the null 
hypothesis that the means are equal; ANOVA does not provide any 
information about where the inequalities may be 

Aspect The compass direction that a slope faces, expressed as, e.g. 
“northern aspect”  

AVG Average 
BA/AC or BAAC Basal area per acre is a way of quantifying forest density; basal area 

calculated by combining the cross-sectional area of all trees in a 
given area at 4.5 feet above ground level (DBH) and expressed as 
square feet per acre (typically an open forest is 40-90 sqft/ac, while 
a dense forest is 100-160 sqft/acre or more) 

Bole Main trunk of a tree or woody plant 
Breakpoint diameter Diameter above which trees become measured in detail in a 

monitoring protocol; the “cutoff” for saplings vs. trees 
Brown’s transects Protocol for monitoring fuel loads 
Cactus Succulent plant with a thick, fleshy stem; commonly with spines 
Canopy “Roof” of forest formed by crowns of trees; measured as percent 

cover using a densiometer 
CFLRP Collaborative Forest Landscape Restoration Program 
CFRP Collaborative Forest Restoration Program 
Chain 66 feet 
Conifer Evergreen trees which do not lose their needles every year, e.g. 

pine, spruce, fir 
Crown The part of the tree including branches and leaves 
DBH Diameter at breast height (4.5 feet above ground level on the high 

side of the tree), typically measured on the bole 
Deciduous Trees that lose leaves every year, e.g. apple, mountain mahogany 
Densiometer A device with a spherical mirror used to estimate canopy cover 
DIA Diameter 
Down Woody Debris or 
DWD 

Also known as Coarse Woody Debris or Large Woody Debris; the 
remains of fallen trees and branches on the forest floor (important 
for fuels models and wildlife habitat) 

DRC Diameter at root collar (measured close to the ground, used for 
woodland species only) 

Dry mixed-conifer or DMC A forest which remains proportionally dominated by ponderosa 
pine but with a large component of aspen, oak, limber pine, or firs 
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Acronym, Abbreviation, 
or Term 

Explanation or Definition   

Duff A layer of partially decomposed organic material (e.g. leaves, 
needles, twigs) found between the mineral soil and the litter layer 
of the forest floor 

ERI Ecological Restoration Institute 
FEAT Fire Ecology Assessment Tool 
FFI FEAT/FIREMON Integrated 
FHTET NIDRM Forest Health Technology Enterprise Team National Insect and 

Disease Risk Maps (part of USDA – Forest Service’s Forest Health 
Program) 

FIA Forest Inventory and Analysis 
Fine Woody Debris Small pieces of woody material (e.g. twigs, branches) on the forest 

floor 
FIREMON Fire Effects Monitoring and Inventory System 
Foliage Leaves of a tree or plant 
Forb An herb, a flowering plant, other than grass 
Forest Stewards Guild a nonprofit organization providing land management and 

consulting services 
Forest type A designation or name given to a forest based on the most 

abundant tree type or types in the stand 
GIS Geographic Information System, a system for mapping, analyzing 

and presenting spatial data 
Graminoid Grasses or grass-like plants 
Ground cover Percent of ground covered by material at point of interception 

(more like an ant’s eye view) 
Herb Seed-bearing plant, no woody stem, dies to the ground after 

flowering 
Herbaceous plants Generally, plants with flexible stems 
HT Height 
Ladder fuels Vegetation (live or dead) that provides fuel for fire to climb from 

the understory into the canopy; includes dead lower branches on a 
living tree 

LiCrBHt Live Crown Base Height, distance from ground to start of live crown 
Litter Small dead plant material such as leaves, bark, and needles 
MC Mixed-conifer 
NMFWRI New Mexico Forest and Watershed Restoration Institute 
NMSLO New Mexico State Land Office 
Overstory Top layer of cover in a forest 
Perennial plant A plant with a lifecycle of more than two years 
PJ Piñon-Juniper, a forest type consisting mainly of piñon and a 

species of juniper, elevations 4000 to 8000 ft 
PJP, or Piñon-Juniper 
Ponderosa transition 

A subtype of the Piñon-Juniper forest type which includes 
ponderosa pine among the dominant overstory species 

PJS, or Piñon-Juniper 
Woodland Savanna 

A subtype of the Piñon-Juniper forest type which does not include 
ponderosa pine and has a lower density of overstory trees 
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Acronym, Abbreviation, 
or Term 

Explanation or Definition   

Planar intercept A measurement of ladder fuels typically included as part of a 
Brown’s transect 

Plant basal area The area of the ground occupied by the base of the plant stem 
PLANTS symbol Abbreviation of scientific name used in Plant List of Accepted 

Nomenclature, Taxonomy, and Symbols (USDA database) 
PP or PIPO Ponderosa pine, a forest type consisting of mainly ponderosa pine, 

sometimes with oak or grass understory; common up to 9, 000 ft 
QMD Quadratic mean diameter, a measure of central tendency for tree 

size calculated using weighted DBH or average basal area per acre 
Sapling An individual of a woody species with height over 4.5 feet but 

whose diameter at DBH or DRC (wherever it must be measured) is 
less than 1 inch (this value may change depending upon objectives); 
falls between a seedling and a tree 

SE Standard error, a measure of how the sample mean differs from the 
population mean 

Seedling An individual of a woody species with height less than 4.5 feet 
Shrub A woody plant smaller than a tree at maturity and which has 

several main stems arising at or near the ground; whether certain 
plants are considered “shrubs” vs. “trees” may depend upon 
monitoring objectives, so for this project the USDA PLANTS 
definitions are used 

Sick A term used for a woody plant displaying characteristics of a pest 
infestation, injury, or disease that is negatively impacting overall 
health and vigor, e.g. a mistletoe infestation 

Slope A measurement in percent of the steepness of a surface; (rise/run x 
100); a slope of 45 degrees equals 100% 

Snag A standing dead tree 
Spruce-fir A forest dominated by Engelmann spruce, Douglas-fir, aspen, 

corkbark or subalpine fir, usually 8000 to 12 000 ft 
SPSS Statistical Package for Social Sciences, a software used to perform 

statistical analyses 
Stand A group of trees that are sufficiently the same in species 

composition and arrangement of age classes and condition so that 
they can be managed as a unit 

Surface fuels Vegetative materials near the ground which will carry fire 
Time lag fuel A classification system of dead fuels based on the time it takes for 

fuel moisture to respond to environmental moisture; corresponds 
to fuel diameter 
1 hour fuel – 0 to ¼ inch diameter 
10 hour fuel – ¼ to 1 inch diameter 
100 hour fuel – 1 to 3 inch diameter 
1000 hour fuel – 3 to 8 or more inch diameter 
1000 hour fuels are “logs” in forest systems and can be important 
for habitat. 
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Acronym, Abbreviation, 
or Term 

Explanation or Definition   

TPA Trees per acre (Trees/acre), a way of quantifying the density of 
trees 

Tree A woody perennial plant; for measurement purposes, an individual 
that is over 4.5 feet tall and 1 inch or over at DBH/DRC (definition 
may change depending upon monitoring objectives); unless 
otherwise specified, includes “live” and “sick” individuals 

Tukey HSD Tukey’s Honest Significant Difference, a multiple pairwise 
comparison statistical analysis 

Understory The area below the forest canopy that comprises shrubs, snags, and 
small trees 

USDA United States Department of Agriculture 
USFS United States Forest Service, aka USDA-FS 
Wet mixed-conifer or 
WMC 

A forest type consisting of an assortment of conifer species (e.g. 
firs, pines, spruces, sometimes aspen); dominated by aspen, fir, or 
blue spruce closer to 5500 to 10000 ft1 

Woody A plant containing secondary xylem (wood) as structural tissue; 
typically perennial 

WUI Wildland-Urban Interface, human development in and near 
undeveloped wildland vegetation 

x ̅ Mean  

                                                      
1 All forest type definitions in the Glossary are adapted from (Dick-Peddie, 1993) 
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I. - Introduction 

Forested Land in New Mexico and the CFRP 

According to the 2008-2014 USDA-Forest Service Forest Inventory and Analysis program’s 
inventory of New Mexico’s forest resources, the 77.8-million-acre state is 32 percent forested (24.7 
million acres) (Goeking, Sara A; Menlove, Jim, 2017, p. 4). This acreage includes more than 6.5 billion live 
trees, of which the most abundant species is Gambel oak (Quercus gambelii Nutt.) with 1.6 billion trees. 
Fifty-seven percent of this forested land is managed by public or tribal agencies, with 17 percent 
administered by the USDA Forest Service (Goeking, Sara A; Menlove, Jim, 2017, p. i). 

A legacy of logging, grazing, and fire suppression has altered the species composition and 
physical structure of New Mexico’s forests. For example, forests are denser with fewer old, large trees 
and more smaller-diameter stems. Biodiversity in the understory, overall habitat quality, and 
presumably the ability to provide ecosystem services have declined (Reynolds, et al., 2013, p. 1).  Insect 
epidemics and large, severe fires have become more frequent in these systems in recent decades and 
may continue to worsen as climate change impacts increase (Reynolds, et al., 2013, p. 29). Restoration, 
or assisting the recovery of degraded, damaged, or destroyed ecosystems, is believed to increase an 
ecosystem’s resiliency to disturbance, (Reynolds, et al., 2013, p. 1) and is the goal of many Southwest 
forest managers. 

One such restoration effort is the Collaborative Forest Restoration Program (CFRP). Since 2001, 
the USDA Forest Service (USFS) in New Mexico has administered grants for forest restoration projects to 
collaborative groups through the Collaborative Forest Restoration Program (CFRP). These projects must 
address a variety of ecological, economic, and social objectives including wildfire threat reduction, 
creation of local employment, and stakeholder diversity (USDA Forest Service, n.d.).  

Ecological monitoring has been a grant requirement by law since the beginning. Initial years of 
the program (2001-2008) saw a wide variety of monitoring protocols implemented by grantees, with 
varying degrees of reliability. Between 2007 and 2009, the USFS re-evaluated the monitoring as part of a 
“Lessons Learned” review of the CFRP (USDA Forest Service, 2009). At this time, they adopted 
recommendations for standard metrics that all grantees would be required to monitor. Also at this time, 
the New Mexico Forest and Watershed Restoration Institute (NMFWRI) was tasked with conducting 
monitoring at 5, 10, and 15 years post-treatment on selected CFRP projects with reliable pre-treatment 
data. NMFWRI has been carrying out this function with protocols containing the standard metrics since 
2009. Another 10 years has passed since these revisions were made. A 2019 Master of Science thesis 
provided the first analysis of the CFRP’s ecological monitoring data through the 2017 field season ( 
(Mahan, Ecological Impacts of the Collaborative Forest Restoration Program, 2019).2 This work will re-
examine the ecological monitoring data as well as additional data that has been collected or provided by 
partners through the 2019-2020 field season. 

Purpose of Analysis 

It is the goal of this analysis to use the available ecological monitoring data from the CFRP to 
investigate the following core research question: Has the CFRP program met its ecological restoration 

                                                      
2 A newsletter-style summary of these results may be accessed here: https://nmfwri.org/wp-
content/uploads/2020/08/Investigating_CFRPs_Ecological_Legacy_newsletter.pdf . 

https://nmfwri.org/wp-content/uploads/2020/08/Investigating_CFRPs_Ecological_Legacy_newsletter.pdf
https://nmfwri.org/wp-content/uploads/2020/08/Investigating_CFRPs_Ecological_Legacy_newsletter.pdf
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objectives, as defined in the law which created it, the Community Forest Restoration Act (PL 106-393)? 
Based on field crew observations, the project’s formal hypothesis was that CFRP program has not met its 
ecological restoration objectives in all areas at the 10 year mark. Expected results of the analysis 
included time-since-treatment differences (e.g. different responses immediately post-treatment vs 10 
years post-treatment). The discussion addresses possible causes of differences (or lack of differences) 
between measurement periods, as well as what these results mean for forest managers.  

Importance of this Work 

According to the USFS (USDA Forest Service, n.d.), since the program began in 2001, the 
“Collaborative Forest Restoration Program (CFRP) has funded over 200 projects including close to 600 
partners in planning and implementing collaborative forest restoration and small diameter utilization 
projects in 20 counties across New Mexico. These projects have restored over 33,000 acres and created 
over 750 jobs.” 

However, the CFRP program has now passed its 15th birthday (2016) and to date, there is no 
comprehensive review of its success with respect to its accomplishment of the ecological objectives of 
the program. There are many reasons for this, discussed more in the next section. However, an analysis 
of the ecological measurements of completed CFRP projects can at this time include 10 year post-
treatment data on some projects, a unique dataset which has not been previously available to 
managers. This is an opportunity to learn not only about the monitoring process, which has already had 
its evolution and shortcomings documented to some extent (USDA Forest Service, 2009), but about the 
ecological impacts of the projects themselves. Project impacts have traditionally been examined at the 
small spatial scales at which treatments have been conducted, and within the three years grantees 
monitor. This project is an opportunity to look for cumulative project impacts across the larger 
landscape of New Mexico and over a longer period of time.  

One outcome of this research is the availability of scientific information for making management 
decisions in the implementation and maintenance of current and future CFRP and other restoration 
projects in the Southwest. A long-term dataset such as this is unique and may offer valuable insight into 
ecosystem recovery and processes that more common, shorter-term monitoring programs cannot. This 
information, if considered as part of the adaptive management decision-making process, will contribute 
to the improvement of management outcomes. Further, these data offer an up-to-date evaluation of 
the CFRP program’s success in meeting its ecological objectives as defined by law. 

Prior Research 

There is a body of research available examining the overall efficacy of community-based forestry 
and multiparty monitoring programs (Cheng, Danks, & Allred, 2011; DeLuca, Aplet, Wilmer, & Burchfield, 
2010; Fernandez-Gimenez, Ballard, & Sturtevant, 2008); however, resources are limited when it comes 
specifically to the CFRP. Most of the available documents are agency reports, white papers, or technical 
guides (see example: Derr & Krasilovsky, New Mexico Forest Restoration Series Working Paper 2 Social 
and Economic Issues in Landscape Scale Restoration, 2008; Derr, McGrath, Estrada, Krasilovsky, & Evans, 
2008; Ecological Restoration Institute, 2005; Ecological Restoration Institute, 2006; Ecological 
Restoration Institute, 2005; Ecological Restoration Institute, 2005; Ecological Restoration Institute, 2005; 
Moote, et al., 2010; Smith, Dunn, & Zaksek, 2008; Savage, et al., 2007; Savage, Parsons, Knutson, Derr, & 
Krasilovsky, 2009). Peer-reviewed journal articles including any mention of CFRP are more likely to cite it 
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as an example program than to analyze its results in any detail (Cheng, Danks, & Allred, 2011; 
Fernandez-Gimenez, Ballard, & Sturtevant, 2008). In particular, there is a gap in the study of the 
program’s ecological monitoring results.  

CFRP was authorized by the US Congress in 2000 and began in New Mexico in 2001. The 
excitement with which it was met remains in the record. Local papers and magazines billed the 
collaborative effort as a “new way” for the Forest Service and the public to interact, because the public 
could make proposals to the USFS instead of receiving them from the agency (Foster, 2003). Journal 
articles published on collaborative forestry cited it briefly as an example of something that was working. 
Praise for the program included its social learning, governance by stakeholder committee (Cheng, Danks, 
& Allred, 2011), and the handbooks it published for developing multiparty monitoring projects 
(Fernandez-Gimenez, Ballard, & Sturtevant, 2008). A 2009 USFS report considered the project’s 
successes to include the acres treated, projects funded, jobs created, and an improved spirit of 
cooperation (USDA Forest Service, 2009). Media and professional interest in CFRP seems to have waned 
somewhat since 2009 judging by mention in publications; this coincides with the start of the 
Collaborative Forest Landscape Restoration Program (CFLRP). This suggests it is not likely to expect the 
data gaps to be closed by someone else in the near future, though the CFRP program continues. 

Among the unique features of the CFRP is the monitoring mandate included in the law. All 
grantees must use a multiparty monitoring team to do the following: monitor short- and long- term 
ecological effects of the restoration treatments for at least 15 years (individual grantees must monitor 
pre-treatment and immediate post-treatment); use collected ecological data to identify the existing and 
desired future ecological conditions of the project area; and report on the impacts and effectiveness of 
their project and assess how effectively the project’s stated goals are being met. 

The monitoring component, however, has always been a challenge. In 2002, a collaborative 
group created guidelines for socioeconomic, ecological, and multiparty monitoring. Between 2003 and 
2007, the Ecological Restoration Institute was funded by a CFRP grant to create handbooks and provide 
monitoring training. In 2007, the New Mexico Forest and Watershed Restoration Institute was assigned 
this task under its Federal Workplan, and this has continued until the present. 

Despite this, in 2008, a meta-analysis of the 102 projects completed at that time found that only 
forty percent of projects had planned or implemented reliable ecological monitoring (Derr, McGrath, 
Estrada, Krasilovsky, & Evans, 2008). In 2009, the USFS wrote a “Lessons Learned” document and 
reflected that monitoring had “evolved the most in the program’s almost 10-year history”. This 
document explained that in early projects, grantees did not understand the requirements or purpose of 
monitoring. It also recognized that the guidebooks initially compiled by the Ecological Restoration 
Institute (ERI) contained so much information as to be overwhelming to grantees, necessitating the 
creation of a “Short Guide”. It conceded that the theoretical (“Why do we have to monitor?”) and 
technical (“How do we monitor?”) hurdles still remained, and recommended that NMFWRI take on long-
term monitoring of CFRP as well as becoming a centralized repository for monitoring data. The report 
was self-conscious and open about the quality of data collected, noting that “[t]here will always be 
incompatibility between community-based monitoring and landscape-level or regional usefulness”(p. 
27).  

Melissa Savage wrote a page for the 2009 “Lessons Learned” report which included the 
following observations:  
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Data management has also proven difficult—keeping track of data, not losing it, and getting it to 
someone who can analyze it. That’s another way monitoring benefits from higher capacity help. 
And then it’s very important to think about what we do with the end result. Typically the final 
report gets sent in and shelved and not read. The partners should be encouraged to look at the 
final results and gain some insight into what restoration might mean for their communities and 
forests. So far it hasn’t usually happened that way. (p. 28) 

 Several resources available to allow evaluation of restoration in Southwest forests, at least for 
ponderosa pine and dry mixed-conifer forest types. Publications like the RMRS-GTR-310 provide 
historical reference ranges for these forest types (Reynolds, et al., 2013, pp. 18-20, 28 ). Restoration in 
other forest types, such as piñon-juniper, wet mixed-conifer or spruce-fir appears to be less well 
researched. 

II. - Methods  

Available Data and Expertise 

The New Mexico Forest and Watershed Restoration Institute (NMFWRI), which is located at New 
Mexico Highlands University, is a statewide effort that engages government agencies, academic and 
research institutions, land managers, and the interested public in the areas of forest and watershed 
management. 

The NMFWRI staff includes a monitoring department with a full-time Monitoring Program 
Manager and an Ecological Monitoring Specialist, as well as Monitoring and Data Technicians. NMFWRI 
as an agency has collected data on over 35 CFRP projects, in stages ranging from pre-treatment to 15 
years post-treatment and is intimately familiar with the limitations, shortcomings, and potential of the 
program and the existing dataset. 

The current NMFWRI long-term monitoring database is under construction but at time of writing 
includes 40 CFRP projects and over 199 different entries. Each separate entry represents a treatment 
unit at a specific monitoring date. Some CFRP projects have multiple units while for others the 
treatment unit is synonymous with the project. These monitoring entries include pre-treatment and 
immediate post-treatment collections, as well as 5-year and 10-year post-treatment revisits. Most pre- 
and immediate-post-treatment monitoring was performed by grantees and the Forest Stewards Guild; 
all long-term post-treatment revisits were conducted by NMFWRI. Altogether, these entries include data 
from more than 2600 individual plot measurements.  

Beginning in February 2017, every attempt was made to collect all available data. The starting 
point was the list of projects proposed for long-term monitoring in Working Paper 5 (Derr, McGrath, 
Estrada, Krasilovsky, & Evans, 2008, pp. 20-21). Requests were emailed and messages left with CFRP 
Coordinators on the Carson, Cibola, Gila, Lincoln, and Santa Fe National Forests and with the Regional 
Office in Albuquerque. Requests for information were also made with the New Mexico State Land Office, 
Forest Stewards Guild, the Las Vegas office of the Pecos/Las Vegas Ranger District, the Tierra y Montes 
Soil and Water Conservation District, the Ecological Restoration Institute at Northern Arizona University, 
and Tribal contacts3.  All efforts were made to collect data, maps, reports, prescriptions, and 
photographs, and to verify quality control procedures were implemented for data collection and entry. 
                                                      
3 Tribes requested that the data collected be kept confidential, so tribal entities are not specifically identified 
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For instance, questions or concerns were followed up with agency contacts. In the case of NMFWRI, all 
data used in this analysis were screened by at least two staff members using a quality control checklist.  

Nevertheless, data from many projects was unavailable for inclusion in the database, primarily 
because CFRP Coordinators on the Forests either did not respond to requests or were not able to 
provide all the data requested.  

Research Approach and Metrics 

CFRP projects must address the following objectives (USDA Forest Service, n.d.) : 

• Wildfire threat reduction 
• Ecosystem restoration, including non-native species reduction 
• Reestablishment of historic fires regimes 
• Reforestation 
• Preservation of old and large trees 
• Small diameter tree utilization 
• Creation of forest-related local employment 
• Stakeholder diversity 

It was therefore logical to assess the success of the program’s ecological restoration goals using the 
program’s own specific objectives.  

Metrics and Definitions of Success 

In December 2008, the New Mexico Forest and Watershed Restoration Institute published Derr et 
al.’s New Mexico Forest Restoration Series Working Paper 5 Monitoring The Long Term Ecological 
Impacts of New Mexico’s Collaborative Forest Restoration Program, in which five indicators were 
recommended for use in monitoring by all grantees. These indicators include: 

• Canopy cover (%) 
• Understory cover (% ground and/or shrub) 
• Surface fuels (tons/acre) 
• Crown base height (ft) 
• Stand composition and structure 

o Tree species 
o Size (DBH, DRC inches) 
o Density (stems/acre live and dead, basal area) 

This analysis used CFRP projects that had these indicators measured to assess the achievement 
of program objectives. Note that some goals are either social metrics or cannot be assessed using the 
five common indicators and are therefore beyond the scope of this project. Reestablishment of 
historical fire regimes is one such ecological objective that cannot be assessed with available data. For 
an explanation of which metrics were available to assess specific program objectives, see Table II.2 on 
page 23. The analysis formally tested for differences in these metrics, e.g. whether trees per acre 
differed between measurements periods. 

Despite a formal test for differences, the question of interpreting the results in terms of 
restoration success remained. In other words, because the goal of the thesis project was to find out if 
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CFRP “worked,” it was necessary to define what something “working” looked like in terms of the 
available metrics. The law clearly stated the projects were to be evaluated, and subsequent publications 
recommended common metrics for all projects, but no document in the CFRP literature specified exactly 
what changes in the metrics would mean for project (or program) success. For example, if the formal 
tests detected a difference in trees per acre between measurement periods, did that indicate success? 
Table II.2 on page 24 is a coarse overview of what changes could be expected if restoration projects 
were successful. “Key” responses are highlighted in green to align with the Metrics table. Formal tests 
detected individual differences between measurement periods, as well as the direction of difference 
(e.g. whether a pre-treatment metric was significantly different from an immediate post-treatment 
metric, and if so, which value was greater). These results were compared to the directions of expected 
change shown in the table. 

Analysis Limitations and Key Assumptions 

NMFWRI assumed responsibility for long-term vegetation monitoring of selected CFRP’s in 2007 
(see initial list in Derr et al., 2008). Consequently, NMFWRI is likely in the best position to begin to draw 
some conclusions about the ecological impacts of these projects.  

However, there are some notable limitations to this effort, including the fact that NMFWRI is 
not always (or even often) involved in the collection of or provided with pre-treatment data, project 
prescriptions, or other detailed information without considerable, sometimes intensive, efforts to obtain 
this information. Typically, grantees have assumed the role of collecting pre-treatment and immediate 
post-treatment data, and, if the project was selected for long-term monitoring, NMFWRI took over the 
monitoring effort beginning at five years post-treatment. There have been cases where a project has 
been recommended for long-term monitoring but never monitored because NMFWRI has not been able 
to obtain any information about the work, including maps, shapefiles, or reports from either grantees, 
collaborators, or the Forest Service CFRP Coordinators.  

In working on this project, every attempt has been made to collect all available data from CFRP 
Coordinators on the Gila, Lincoln, Carson, Cibola, and Santa Fe National Forests. On the Gila, the CFRP 
Coordinator did not respond to requests; on the Lincoln and the Carson, Coordinators acknowledged the 
request but did not provide data; on the Cibola and Santa Fe, Coordinators provided some information 
but were not able to provide all of the data requested. 

The next limitation is that, even when these data are provided, they have sometimes been 
collected with non-standard collection methods that make comparison difficult. One positive 
development here is the involvement of Forest Stewards Guild in immediate pre-treatment and post-
treatment monitoring on several projects. The Forest Stewards Guild uses the five indicators 
recommended for use in monitoring by all grantees by Derr et al. (see above for list and more 
information) when conducting pre- and post-treatment monitoring, although their methods for 
obtaining these metrics differ from NMFWRI’s.  

In line with Derr et al., NMFWRI uses a standard protocol based on the common stand exam for 
post-treatment monitoring, including all of the recommended metrics (Appendix B: Monitoring 
Protocols Used by FWRI on CFRP Projects). The common stand exam is a method used by most federal 
agencies, so it seemed to offer the promise of compatibility with other monitoring groups. Further, in 
the “Lessons Learned” reviews conducted by the USFS, NMFWRI was assigned the responsibility to 
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provide grantees with technical assistance for monitoring upon request and hoped to utilize a standard 
monitoring protocol with interested grantees. Two publications which came out around the same time 
(Derr, McGrath, Estrada, Krasilovsky, & Evans, 2008; USDA Forest Service, 2009) recommended that 
NMFWRI take on the role of establishing a data repository for all monitoring data, which also reinforced 
the need for compatible collection. 

Over the last 10 years, success has been mixed on all three fronts. The gap in data sharing and 
lack of protocol standardization among grantees remains. The Forest Stewards Guild has been providing 
more technical assistance than NMFWRI. However, due to the long-term monitoring effort, NMFWRI is 
nevertheless in the best position to examine what data are available and compatible. Therefore, this 
project uses NMFWRI’s data and resources to obtain the best vegetative data and other information 
available about these projects in order to analyze the overall success of the ecological restoration 
component of the CFRP.  

In doing so, the following assumptions are made: 

1. Data provided from other agencies or groups was collected properly according to the 
protocols they provide. Quality control measures were in effect.  

2. NMFWRI quality control procedures are sufficient. 

Other limitations: 

There are existing critiques for how to improve the CFRP, as mentioned in the Past Work 
section. This analysis will examine and include these as they pertain to ecological monitoring and the 
challenges experienced. However, it is beyond the scope of this project to attempt to review in detail 
the many publications on the role of citizen science, collaboration, long-term monitoring, or other social 
science aspects of this program. 

Study Design  

The defined population of interest for this study was all potential treated CFRP projects. The 
sample included projects with available data. Potential sources of bias included: the availability of data 
(willingness of grantees to monitor and provide reports to the National Forests; willingness of CFRP 
Coordinators to share data with NMFWRI), access to sites for re-measurement, and differences between 
data collection crews, agencies, and protocols. Randomization was used, or was assumed to have been 
used, in the distribution of measurement units (plots or transects) within the projects. The assumption 
was made that where different protocols were used, use of a standard, unbiased measurement protocol 
would yield any crew the same results. 

This project’s analysis was at the CFRP project, stand, or level of silvicultural treatment (“unit”) 
at a given point in time. Each project, stand, or silvicultural treatment unit was considered to be its own 
experimental unit. The measurement units included the plots or transects upon which data collection 
was based. The analysis used an average of all measurement unit data across the experimental unit. 
Even where sites were spatially adjacent, the analysis assumed independence, i.e. treated 
stands/projects/units were not likely to be heavily influenced by transition zones or other nearby 
treated stands/projects/units. 
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Analysis divided projects into groups by forest type (as it was documented pre-treatment), with 
time relative to treatment as the explanatory variable. There were four levels in the time factor, 
including: pre-treatment, immediate post-treatment, 5 years post-treatment, and 10 years post-
treatment. Pre-treatment data could be collected up to the season before treatment, while immediate 
post-treatment data are data that were collected within two years of treatment completion. Five year 
and 10 year post-treatment visits were conducted within a one-year window (i.e. five year data could be 
collected four to six years post-treatment, and 10 year data could be collected nine to 11 years post-
treatment). The majority of all data were collected during the summer field season, i.e. late May to early 
August. 

Extensive literature review was attempted in search of established forest type definitions based 
on quantifiable species composition, but none was available. All definitions found used plant 
associations and relative prevalence or dominance of species rather than any specific ratio or 
percentage (see for example: Dick-Peddie, 1993; Reynolds, et al., 2013; USDA Forest Service Southwest 
Region, 1997). Initial forest type definitions were drafted based on examination of percent dominance 
of species in monitoring data on projects that NMFWRI, Forest Stewards Guild, or another agency had 
already classified as particular forest types using more subjective measures. These included four types: 
mixed-conifer, ponderosa pine, piñon-juniper, and bosque. Due to small sample size in available data, 
the bosque category was removed. The remaining three forest type definitions were at first refined into 
four, and later five. Projects were re-classified accordingly, following the construction of normal quantile 
plots. We expect to continue to refine these classifications as additional data becomes available, 
particularly the characteristics that all distinction among transition zones. The working definitions used 
for this analysis were as follows:   

Piñon-juniper woodlands are the most widespread forest type in New Mexico, covering 13.5 
million acres (55 percent of all forested land) (Goeking, Sara A; Menlove, Jim, 2017, p. i). Various 
subtypes of piñon-juniper woodlands exist, but for purposes of this analysis, only two types are 
distinguished: a woodland/savannah type, and a ponderosa transition type. A project was considered to 
belong to the piñon-juniper woodland/savannah, or PJS, type if the dominant species pre-treatment 
included piñon (typically Pinus edulis Engelm.) and/or juniper (Juniperus spp.), with no ponderosa pine 
(Pinus ponderosa Lawson & C. Lawson) in the overstory, and a pre-treatment trees per acre value of less 
than 30.  

A project was considered to belong to the piñon-juniper/ponderosa transition, or PJP, type if the 
dominant species pre-treatment included piñon (typically Pinus edulis Engelm.) and/or juniper 
(Juniperus spp.), ponderosa pine (Pinus ponderosa Lawson & C. Lawson) in the overstory between 1-
24%. This classification was the last added based on the appearance of multiple populations in normal 
quantile plots; further refinement is expected as additional data becomes available. 

Ponderosa pine forests are the third most common forest type, covering 2.6 million acres in 
New Mexico, or 11 percent of the total forested area (Goeking, Sara A; Menlove, Jim, 2017, p. 8). This 
forest type is characterized by the dominance of ponderosa pine (Pinus ponderosa Lawson & C. Lawson), 
and can be further classified by understory dominance. Grasses or oak (Quercus spp.) are common, but 
for this project, all ponderosa pine will be analyzed together. A project was considered to belong to the 
ponderosa pine, or PP, type if the dominant species pre-treatment was ponderosa pine, ponderosa pine 
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composed 25 percent or more of the total live trees per acre, and regeneration was dominated by 
ponderosa pine, oak, or was absent. 

Mixed-conifer forests are dominated by Douglas-fir (Pseudotsuga menziesii (Mirb.) Franco) or 
white fir (Abies concolor (Gord. & Glend.) Lindl. ex Hildebr.) with components of ponderosa pine, limber 
pine (Pinus flexilis James)4, as well as Engelmann spruce (Picea engelmannii Parry ex Engelm.), subalpine 
fir (Abies lasiocarpa (Hook.) Nutt.), and a complex understory. Mixed-conifer forests can be classified as 
“dry” or “wet,” or divided into subclasses based on species composition. Dry mixed-conifer, DMC, can be 
thought of as the transition between ponderosa pine and wet mixed-conifer. A project fit this category 
with one of two definitions: 1) if it had 25 percent or more ponderosa pine with secondary dominance 
by Douglas-fir, white fir or limber pine; 2) if it had greater than or equal to 25 but less than 60 percent 
ponderosa pine and regeneration dominated by Douglas-fir, white fir, or limber pine. This category was 
added, and percentage cutoffs refined, based on distinct populations appearing in normal quantile plots. 

A project was considered to belong to the wet mixed-conifer, or WMC type, if the dominant 
species pre-treatment was Douglas-fir or white fir, with less than 25 percent of ponderosa pine in the 
total live trees per acre. Projects with significant percentages of spruces (Picea spp.) were not included 
in this type.  

The five forest types and four measurement periods are presented in Table II.3 on page 25. 
Replication of measurement periods within each forest type is shown in Table II.4, page 25, as the 
number of experimental units falling into each classification. 

Response variables included: trees per acre, snags per acre, sick trees per acre, basal acre per 
acre, QMD for all live trees, average height of live trees, average live crown base height, live saplings per 
acre, live seedlings per acre, overstory canopy cover percent, grass and forb cover percent, bare 
soil/rock cover percent, and total tons of surface fuels per acre. However, not every project had data for 
every response variable. 

The project’s formal null hypothesis was that there are no differences between forest type 
metric means at different times relative to treatment. The expected results include the detection of 
time-since-treatment differences. 

Analysis and Statistical Protocol 

After gathering the information available, the next step was to build and clean a composite 
database for all projects. This was accomplished in Microsoft Excel (2007) by compiling and/or 
calculating results for all available metrics from the available copies of reports and/or database files 
(typically in Access, FFI, or Excel). Notes on treatment, agency contacts, monitoring protocols, species 
composition, and other relevant information were also entered. Next, the database was refined to 
include only projects that fell into one of the four forest types under consideration and had been 
measured at the specified time intervals.  

Normal quantile plots were used to test the assumption of normality within each treatment 
level.  Normal quantile plots graph ordered observations from the dataset against the ordered quantiles 

                                                      
4 Note: because of confusion over the nomenclature in much of the collected data, Pinus flexilis and Pinus 
strobiformis Engelm. (Southwestern white pine) are not distinguished in this analysis 
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(normal scores) that could be expected if the data were from a population with a normal distribution. A 
nearly straight line of data on the plot suggested normality. Some scatter indicated the presence of 
random noise in the sample, while a clearly defined curve indicated a deviation from normality (Oehlert, 
2010, p. 115). Possible outliers also stood out on these plots. Plots were generated using IBM 
Corporation SPSS version 22.  

Residual plots were used to test the assumption of constant variance (homogeneity of variance). 
Residuals were calculated by finding the mean of each treatment group, and then subtracting that mean 
from the individual observations, thereby giving a measure of difference from the mean. The plots 
display residual values against categories (in this case, time relative to treatment). The plots look like 
vertical lines. If the different treatments have constant variance, the vertical spread for each group 
should be about the same (Oehlert, 2010, pp. 118-119). 

A modified Levene’s test for homogeneity of variance was also performed. Levene’s test 
examines the null hypothesis that there is no difference between sample variances of treatment levels. 
The first step was to calculate the median residuals, i.e. determine the absolute value of deviation from 
the group median for each data point. These residuals were tested in SPSS. The null of no difference 
between variance was rejected if p < 0.05. This test was conducted to quantify the homogeneity of 
variance, but the decision about the assumption of constant variance primarily used the residual plots. 
This is because the p-values of the Levene’s test do not give any information about how or why the 
variance may differ between groups, and may be too sensitive to certain violations of constant variance 
(Oehlert, 2010, pp. 118-119). 

The assumption of independence was the final condition needed to run an ANOVA. The concern 
with these data was autocorrelation because the factor was time. However, evaluating this concern was 
not so clear-cut. Many projects had just one or two measures so they are not present in every “time” 
category. In fact, only 20 experimental units out of 79 have all data for all four measurement periods, 
and even on those, not all variables were recorded each time. Initially a repeated measures ANOVA was 
considered, but the unbalanced design made this difficult. Instead, autocorrelation was tested by 
looking for drifting or alternating patterns on plots of residuals against time, which would suggest either 
positive or negative dependence. The Durbin-Watson statistic was also calculated using SPSS. The 
Durbin-Watson statistic is always between zero and four; a value of two is considered to indicate no 
autocorrelation, and values beyond the 1.5 to 2.5 range mean there may be a noticeable impact of 
dependence (Oehlert, 2010, pp. 120-121). 

The final step before the ANOVA was the examination and treatment of possible outliers. 
Outliers appeared as extreme data points in both the normal quantile plots and the residual plots. 
Following identification, the individual points were investigated. Original sources were consulted to 
confirm the values had been calculated and entered into the database correctly. Once that was 
confirmed, the project itself was examined for characteristics that made it different from the rest of the 
population. For example, one project had been burned in a wildfire post-treatment, and data points 
from this project consistently appeared as outliers. Whenever data were removed from analysis, the 
removal and the justification were documented. Following any change to the dataset, all of the above 
plots and tests were re-created. 

Next, five one-way ANOVAs were performed, one for each forest type. The analysis of variance 
(ANOVA) is a way of testing the null hypothesis that all data can be described by the same mean, i.e. no 
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difference between treatment groups. For this project, a type III sum of squares was used to account for 
the unbalanced design. The null hypothesis was rejected if p < 0.05. 

Finally, the Tukey Honest Significant Difference (Tukey HSD) multiple pairwise comparison was 
used to examine which means were different. Because of the unbalanced design, an approximation 
known as the Tukey-Kramer test was used. This test uses simultaneous confidence intervals for the 
differences between pairs of means based on the Studentized range distribution; if the interval does not 
include zero, then the null hypothesis of no difference is rejected.  

 



22 
 

 
 

 

Figure II.1 Map of CFRP projects NMFWRI has monitored(NMFWRI, 2019).  Projects represented are current 
through field season 2020. 
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Table II.1 Metrics available for use in Collaborative Forest Restoration Program (CFRP) objective evaluation. The metrics displayed were collected on the 

majority of CFRP projects. Program objectives are from the Community Forest Restoration Act. 

 Program Objective Metrics Used to Evaluate 
  

 
Canopy 
cover 
(%) 

Understory 
cover (%) 

Surface 
fuels 
(tons/ac) 

Crown 
base 
height (ft) 

Species 
composition 

Tree size 
(DBH, 
DRC) 

Density 
(live/dead 
stems) 

Basal 
area/ac 
(ft2) 

Reference 
ranges5 

Beyond 
Scope of 
this 
Project 

Wildfire threat 
reduction   Yes Yes   Yes Yes   

Ecosystem restoration,  Yes Yes   Yes    Yes  

Reestablishment of 
historic fire regimes          

Yes, 
insufficie
nt info 

Reforestation     Yes Yes Yes Yes   

Preservation of old/ 
large trees     Yes Yes Yes    

Small diameter tree 
utilization 

         Yes, 
economic
metric 

Forest-related local 
employment 

         Yes, 
economic 
metric 

Stakeholder diversity          Yes, 
social 
metric 

                                                      
5 Based on the available data, it may be possible to compare CFRP treatment means to the historical reference ranges provided in the GTR 310 for the following measures: Trees 
per acre, Basal area, Openness (inverse of canopy cover), and Snags per acre 
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Table II.2 Expected responses of metrics to effective restoration treatments   (Bettinger, Boston, Siry, & Grebner, 2008; Bradley, 2009; Ecological Restoration 
Institute, 2005; Reid R. K., 2019).

 
Live 
trees 
per acre  

Snags 
per acre  

Sick trees 
per acre 

Canopy 
Cover 

Basal 
area  

Tree Size 
(QMD) 

Tree 
Height 

Live 
Crown 
Base  

Seedling
s/Saplin
gs 

Shrubs 
(Under-
story) 

Surface 
Fuels  

1000-hr 
fuels 

Wildfire 
Threat 

Reduction 
Decrease 

or no 
change6 

generally 
decrease 

decrease 

Decrease 
or no 

change 

decrease increase7  
generally 
increase8  

increase
9  

decrease 
generally 
decrease  

decrease decrease 

Ecosystem 
Restoration 

increase 
or 

decrease 

possible 
initial 

increase10 
then 

decrease 

decrease increase 
generally 
increase  decrease 

decrease 
or 

increase11  
  

decrease 
but need 

for 
habitat  

Reforestatio
n 

Increase 
or no 

change 
    

 
        increase       

Preservatio
n of 

old/large 
trees 

    decrease  

 

  increase  
generally 
increase 

         

                                                      
6 Total trees per acre may be unchanged long term but the percent of large dbh trees may increase (most NM forests are overstocked with small diameter 
trees) 
7 Increase is expected as small diameter trees are removed and remaining trees are released 
8 Increase is expected as smaller, ladder-fuel trees removed 
9 Increase is expected as ladder fuels reduced and small trees removed 
10 Disturbance may cause release of mistletoe in stand, but should decrease as stand health improves 
11 Depending upon system 
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Table II.3 Combinations of forest types and measurement periods. Forest types (Piñon-Juniper Woodland/Savanna 
(PJS), Piñon-Juniper/Ponderosa transition (PJP), Ponderosa Pine (PP), Dry Mixed-Conifer (DMC), and Wet Mixed-

Conifer (WMC)) and measurement periods (pre-treatment, immediate post-treatment, 5 year post-treatment, and 
10 year post-treatment). 

 Pre-tx Immediate post 5 year post 10 year post 

PJS PJS, pre-tx PJS, immediate post PJS, 5-yr-post PJS, 10-yr-post 

PJP PJP, pre-tx PJP, immediate post PJP, 5-yr-post PJP, 10-yr-post 

PP PP, pre-tx PP, immediate post PP, 5-yr-post PP, 10-yr-post 

DMC DMC, pre-tx DMC, immediate post DMC, 5-yr-post DMC, 10-yr-post 

WMC WMC, pre-tx WMC, immediate post WMC, 5-yr-post WMC, 10-yr-post 

 

Table II.4 Experimental units matrix.  This table represents the number of experimental units that fall into each 
measurement period (pre-treatment, immediate post-treatment, 5 year post-treatment, and 10 year post-

treatment) and each forest type Piñon-Juniper Woodland/Savanna (PJS), Piñon-Juniper/Ponderosa transition (PJP), 
Ponderosa Pine (PP), Dry Mixed-Conifer (DMC), and Wet Mixed-Conifer (WMC)). 

 Pre-tx Immediate post 5 year post 10 year post 

PJS 3 4 8 8 

PJP 11 10 11 9 

PP 27 19 25 24 

DMC 7 4 7 2 

WMC 3 2 8 6 
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III. – Results 

A summary of all results is presented on the following pages. The remainder of this section is the 
presentation of results by forest type.  

During the course of the analysis, it was found that the values for understory cover (grass/forb 
and bare soil/rock) had several outliers and did not meet all assumptions for the ANOVA. This is likely 
because this metric is highly sensitive to precipitation, seasonal variation, prescribed fire and other 
disturbance. While species composition information was available for many projects, it would require a 
different type of statistical analysis. Therefore, while both understory cover and species composition are 
part of the recommended set of monitoring variables, they were removed from this analysis pending 
further investigation. 
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Table III.1 Analysis of Variance (ANOVA) results for all metrics and forest types. Five one-way ANOVAs were conducted, one for each forest type. P values less 
than 0.05 (starred) are significant and provide evidence for a difference between measurement periods. 

Metric 

Wet Mixed-Conifer 
ANOVA results at p 

< 0.05 for Null of 
no difference 

between means in 
measurement 

periods 

p value 

Dry Mixed-
Conifer ANOVA 

results at p < 
0.05 for Null of 
no difference 

between means 
in measurement 

periods 

p value 

Ponderosa Pine 
ANOVA results at 
p < 0.05 for Null 
of no difference 
between means 
in measurement 

periods 

p value 

Piñon-Juniper 
Ponderosa 

Transition ANOVA 
results at p < 0.05 

for Null of no 
difference bt means 

in msmt periods 

p value 

Piñon-Juniper 
Woodland Savanna 
ANOVA results at p 
< 0.05 for Null of no 

difference bt 
means in msmt 

periods 

p value 

Trees per 
Acre Fail to reject Null .210 Reject Null .013* Reject Null .000* Fail to reject Null .197 Fail to reject Null .250 

Basal Area 
per Acre Reject Null .012* Reject Null .001* Reject Null .000* Reject Null .000* Fail to reject Null .222 

Quadratic 
Mean Dia Fail to reject Null .536 Reject Null .004* Fail to reject 

Null .088 Fail to reject Null .452 Fail to reject Null .083 

Tree 
Height Fail to reject Null .201 Reject Null .021* Reject Null .007* Fail to reject Null .183 Fail to reject Null .941 

Live Cr 
Base Ht Fail to reject Null .341 Fail to reject 

Null .060 Fail to reject 
Null .187 Fail to reject Null .947 Reject Null .010* 

Saplings 
per Acre Fail to reject Null .333 Fail to reject 

Null .548 Fail to reject 
Null .066 Reject Null .003* Reject Null .000* 

Seedlings 
per Acre Fail to reject Null .821 Fail to reject 

Null .856 Reject Null .012* Fail to reject Null .593 Reject Null .001* 

Shrubs per 
Acre Fail to reject Null .303 Fail to reject 

Null .136 Fail to reject 
Null .271 Fail to reject Null .874 Reject Null .047* 

Sick Trees 
per Acre Fail to reject Null .898 Fail to reject 

Null .361 Fail to reject 
Null .177 Fail to reject Null .095  -- 

Snags per 
Acre Fail to reject Null .671 Fail to reject 

Null .186 Fail to reject 
Null .642 Reject Null .003* Fail to reject Null .275 

Overstory 
Canopy 
Cover  

Fail to reject Null .085 Reject Null .007* Reject Null .000* Reject Null .007* Reject Null .047* 

Total 
Surface 

Fuels 
Fail to reject Null .717 Fail to reject 

Null .068 Fail to reject 
Null .193 Fail to reject Null .162 Fail to reject Null .051 

1000-hr 
Fuels Fail to reject Null .639 Fail to reject 

Null .218 Reject Null .015* Fail to reject Null .698 Reject Null .036* 
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  Wet Mixed Conifer Dry Mixed Conifer Ponderosa Pine Piñon-Juniper Ponderosa Transition Piñon-Juniper Woodland Savanna 

Metric 

ANOVA results 
at p< 0.05 for 

Null of no 
difference 

between means 
in Time Relative 

to Time 
categories 

Tukey's HSD 
(p < 0.05) 

ANOVA results 
at p< 0.05 for 

Null of no 
difference 

between means 
in Time Relative 

to Time 
categories 

Tukey's HSD 
(p < 0.05) 

ANOVA results 
at p< 0.05 for 

Null of no 
difference 

between means 
in Time Relative 

to Time 
categories 

Tukey's HSD 
(p < 0.05) 

ANOVA results 
at p< 0.05 for 

Null of no 
difference 

between means 
in Time Relative 

to Time 
categories 

Tukey's HSD (p < 
0.05) 

ANOVA results 
at p< 0.05 for 

Null of no 
difference 

between means 
in Time Relative 

to Time 
categories 

Tukey's HSD (p < 
0.05) 

trees per 
acre 

Fail to reject Null not performed Reject Null no significant 
differences Reject Null 

pretx>impost 
pretx>5yrpost 

pretx>10yrpost 
Fail to reject Null not performed Fail to reject Null not performed 

basal area 
per acre 

Reject Null 

not performed; 
one group has 
fewer than 2 

cases 

Reject Null pretx>5yrpost 
pretx>10yrpost Reject Null 

pretx>impost 
pretx>5yrpost 

pretx>10yrpost 
Reject Null 

pretx>impost 
pretx>5yrpost 

pretx>10yrpost 
Fail to reject Null not performed 

QMD Fail to reject Null not performed Reject Null 5yrpost>pretx Fail to reject Null not performed Fail to reject Null not performed Fail to reject Null not performed 

Tree Ht Fail to reject Null not performed  Reject Null no significant 
differences Reject Null no significant 

differences Fail to reject Null not performed Fail to reject Null not performed 

live 
crown 

base ht 
Fail to reject Null not performed Fail to reject Null not performed Fail to reject Null not performed Fail to reject Null not performed Reject Null 

not performed; one 
group has fewer than 2 

cases 

saplings 
per acre 

Fail to reject Null not performed  Fail to reject Null not performed Fail to reject Null not performed Reject Null pretx>5yrpost 
pretx>10yrpost Reject Null 

pretx>impost 
pretx>5yrpost 

pretx>10yrpost 

seedlings 
per acre 

Fail to reject Null not performed Fail to reject Null not performed Reject Null  
pretx>5yrpost Fail to reject Null not performed Reject Null 

pretx>impost 
pretx>5yrpost 

pretx>10yrpost 
shrubs 

per acre 
Fail to reject Null not performed  Fail to reject Null not performed Fail to reject Null not performed Fail to reject Null no significant 

differences Reject Null no significant differences 

sick trees 
per acre 

Fail to reject Null not performed Fail to reject Null not performed Fail to reject Null not performed Fail to reject Null not performed not performed not performed 

snags per 
acre 

Fail to reject Null not performed  Fail to reject Null not performed Fail to reject Null not performed Reject Null pretx>5yrpost 
pretx>10yrpost Fail to reject Null not performed 

overstory 
canopy % 

Fail to reject Null not performed Reject Null pretx>impost 
pretx>5yrpost Reject Null 

pretx>impost 
pretx>5yrpost 

pretx>10yrpost 
Reject Null 

pretx>impost 
pretx>5yrpost 

pretx>10yrpost 
Reject Null pretx>5yrpost 

pretx>10yrpost 

tons per 
acre total 
surf. fuels 

Fail to reject Null not performed  Fail to reject Null not performed Fail to reject Null not performed Fail to reject Null not performed Fail to reject Null not performed 

Tons per 
acre1000-

hr fuels 
Fail to reject Null not performed Fail to reject Null not performed Reject Null pretx<impost 

5yrpost<impost  Fail to reject Null not performed Reject Null no significant differences 

Table III. 1 Tukey’s Honest Significant Difference Comparison for all metrics and forest types. 
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Wet Mixed-Conifer Results 

A one-way ANOVA was conducted to compare the impact of Time Relative to Treatment on 
trees per acre pre-treatment, immediately post-treatment, 5 years post-treatment, and 10 years post-
treatment. A table of all ANOVA results can be found in Appendix C. 

There was not a significant effect of Time Relative to Treatment on trees per acre at the p < 0.05 
level. Results were also not significant at the p < 0.05 level for: QMD for live trees, average height of live 
trees, average live crown base height, live saplings per acre, live seedlings per acre, live shrubs per acre, 
sick trees per acre, snags per acre, overstory canopy cover percent, tons per acre total surface fuels, and 
tons per acre 1000-hour fuels. For these variables, there was not sufficient evidence to reject the null 
hypothesis of no difference between Time Relative to Treatment. No post hoc comparisons were 
conducted.  

 

 
Figure III.1 Analysis of Variance (ANOVA) Results for Wet Mixed-Conifer Basal Area.  

Data displayed are means (± standard error of the mean) for each measurement period.  
 

There was, however, a significant effect of Time Relative to Treatment on basal area per acre at 
the p < 0.05 level. Post hoc comparisons using the Tukey HSD test were not performed because the 
immediate post-treatment category only had one basal area value.   
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Dry Mixed-Conifer Results 

A one-way ANOVA was conducted to compare the impact of Time Relative to Treatment on 
various metrics pre-treatment, immediately post-treatment, 5 years post-treatment, and 10 years post-
treatment. A table of all ANOVA results can be found in Appendix C. 

 
Figure III.2 Analysis of Variance (ANOVA) Results for Dry Mixed-Conifer Trees per Acre.  

 

There was a significant effect of Time Relative to Treatment on trees per acre at the p < 0.05 
level based on the ANOVA. However, post hoc comparisons using the Tukey HSD did not indicate 
significant differences between any categories. 
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Figure III.3 Analysis of Variance (ANOVA) Results for Dry Mixed-Conifer Basal Area.  

Data displayed are means (± standard error of the mean) for each measurement period. Means marked with the 
same letter do not differ significantly (α = 0.05) according to Tukey’s Honest Significant Difference multiple pairwise 

comparison. 
 

There was a significant effect of Time Relative to Treatment on basal area per acre at the p < 
0.05 level. Post hoc comparisons using the Tukey HSD test indicated that the basal area per acre pre-
treatment (x ̅= 127.20, SE = 12.96) was significantly different from 5 years post-treatment (x ̅= 55.97, SE 
= 7.68) and 10 years post-treatment (x ̅= 65.00, SE = 4.00).  Basal area per acre for pre-treatment did not 
differ significantly from immediate post-treatment (x ̅= 72.75, SE = 6.75) nor did immediate post-
treatment, 5 year post-treatment and 10 year post-treatment differ significantly from one another. 
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Figure III.4 Analysis of Variance (ANOVA) Results for Dry Mixed-Conifer Quadratic Mean Diameter.  
Data displayed are means (± standard error of the mean) for each measurement period. Means marked with the 

same letter do not differ significantly (α = 0.05) according to Tukey’s Honest Significant Difference multiple pairwise 
comparison. 

 

There was a significant effect of Time Relative to Treatment on QMD at the p < 0.05 level. Post 
hoc comparisons using the Tukey HSD test indicated that the QMD pre-treatment (x ̅= 8.43, SE = 0.62) 
was significantly different from QMD 5 years post-treatment (x ̅= 11.98, SE = 0.47).  QMD for pre-
treatment and 5 years post-treatment did not differ significantly from any other category, nor did 
immediate post-treatment (x ̅=10.8, SE = 0.6) or 10 years post-treatment (x ̅= 10.45, SE = 1.15) differ 
from one another.   

 

 
Figure III.5  Analysis of Variance (ANOVA) Results for Dry Mixed-Conifer Tree Height.  

Data displayed are means (± standard error of the mean) for each measurement period. Means marked with the 
same letter do not differ significantly (α = 0.05) according to Tukey’s Honest Significant Difference multiple pairwise 

comparison. 
 

There was a significant effect of Time Relative to Treatment on average height of live trees at 
the p < 0.05 level, however, post hoc comparisons using the Tukey HSD test did not indicate any 
significant differences between categories.  
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 Figure III.6 Analysis of Variance (ANOVA) Results for Dry Mixed-Conifer Overstory Canopy Cover.  

Data displayed are means (± standard error of the mean) for each measurement period. Means marked with the 
same letter do not differ significantly (α = 0.05) according to Tukey’s Honest Significant Difference multiple pairwise 

comparison. 
 

There was a significant effect of Time Relative to Treatment on percent overstory canopy cover 
at the p < 0.05 level. Post hoc comparisons using the Tukey HSD test indicated that the percent 
overstory canopy cover pre-treatment (x ̅= 69.86, SE = 7.21) was significantly different from 5 years post-
treatment (x ̅= 37.43, SE = 11.36).  Canopy cover for immediate post-treatment (x ̅= 43.67, SE = 7.22) and 
10 years post-treatment (x ̅= 52.50, SE = 0.50) did not differ significantly from each other nor any other 
category.  

There was not a significant effect of Time Relative to Treatment on live crown base height, 
saplings per acre, seedlings per acre, shrubs per acre, sick trees per acre, snags per acre, tons per acre 
total surface fuels, and tons per acre 1000-hour fuels. For these variables, there was not sufficient 
evidence to reject the Null hypothesis of no difference between Time Relative to Treatment. No post 
hoc comparisons were conducted.  
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Ponderosa Pine Results 

A one-way ANOVA was conducted to compare the impact of Time Relative to Treatment on 
various metrics pre-treatment, immediate post-treatment, 5 years post-treatment, and 10 years post-
treatment. A table of all ANOVA results can be found in Appendix C. 

 

  
Figure III.7 Analysis of Variance (ANOVA) Results for Ponderosa Pine Trees per Acre.  

Data displayed are means (± standard error of the mean) for each measurement period. Means marked with the 
same letter do not differ significantly (α = 0.05) according to Tukey’s Honest Significant Difference multiple pairwise 

comparison. 
There was a significant effect of Time Relative to Treatment on trees per acre at the p < 0.05 

level. Post hoc comparisons using the Tukey HSD test indicated that the trees per acre pre-treatment (x ̅
= 220.40, SE =38.59) was significantly different from immediate post-treatment (x ̅= 89.36, SE = 13.13), 5 
years post-treatment (x ̅= 82.91, SE = 9.54) and 10 years post-treatment (x ̅= 95.80, SE = 13.48).  
However, the immediate post-treatment, 5 year post-treatment, and 10 year post-treatment trees per 
acre values did not differ significantly from one another. 
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Figure III.8  Analysis of Variance (ANOVA) Results for Ponderosa Pine Basal Area.  
Data displayed are means (± standard error of the mean) for each measurement period. Means marked with the 

same letter do not differ significantly (α = 0.05) according to Tukey’s Honest Significant Difference multiple pairwise 
comparison. 

 

There was a significant effect of Time Relative to Treatment on basal area per acre at the p < 
0.05 level. Post hoc comparisons using the Tukey HSD test indicated that the trees per acre pre-
treatment (x ̅= 105.48, SE = 11.29) was significantly different from immediate post-treatment (x ̅= 53.75, 
SE = 11.99), 5 years post-treatment (x ̅= 49.48, SE = 4.66) and 10 years post-treatment (x ̅= 54.38, SE = 
4.61).  However, the immediate post-treatment, 5 year post-treatment, and 10 year post-treatment 
basal area per acre values did not differ significantly from one another.  
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Figure III.9  Analysis of Variance (ANOVA) Results for Ponderosa Pine Tree Height.  

Data displayed are means (± standard error of the mean) for each measurement period. Means marked with the 
same letter do not differ significantly (α = 0.05) according to Tukey’s Honest Significant Difference multiple pairwise 

comparison. 
 

There was a significant effect of Time Relative to Treatment on average height of live trees at 
the p < 0.05 level. Post hoc comparisons using the Tukey HSD test did not find significant differences 
between any category. 
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Figure III.10   Analysis of Variance (ANOVA) Results for Ponderosa Pine Seedlings per Acre.  
Data displayed are means (± standard error of the mean) for each measurement period. Means marked with the 

same letter do not differ significantly (α = 0.05) according to Tukey’s Honest Significant Difference multiple pairwise 
comparison. 

 

There was a significant effect of Time Relative to Treatment on live seedlings per acre at the p < 
0.05 level. Post hoc comparisons using the Tukey HSD test indicated that the density of seedlings per 
acre pre-treatment (x ̅= 4259.12, SE = 1502.24) was significantly different from 5 years post-treatment (x ̅
= 608.01, SE = 183.64). The immediate post-treatment (x ̅= 1256.55, SE = 486.15) and 10 year post-
treatment (x ̅=1359.30, SE = 287.86) seedlings per acre values did not differ significantly from one 
another, nor from any other category. 
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Figure III.11  Analysis of Variance (ANOVA) Results for Ponderosa Pine Overstory Canopy Cover.  

Data displayed are means (± standard error of the mean) for each measurement period. Means marked with the 
same letter do not differ significantly (α = 0.05) according to Tukey’s Honest Significant Difference multiple pairwise 

comparison. 
 

There was a significant effect of Time Relative to Treatment on percent overstory canopy cover 
at the p < 0.05 level. Post hoc comparisons using the Tukey HSD test indicated that the percent 
overstory canopy cover pre-treatment (x ̅= 52.53, SE = 5.13) was significantly different from immediate 
post-treatment (x ̅= 26.44, SE = 3.21), 5 years post-treatment (x ̅= 33.89, SE = 2.59) or 10 years post-
treatment (x ̅= 37.42, SE = 3.40). The immediate post-treatment, 5 year post-treatment and 10 year 
post-treatment values do not differ significantly from one another.  
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Figure III.12  Analysis of Variance (ANOVA) Results for Ponderosa Pine 1000-hour Surface Fuels.  

Data displayed are means (± standard error of the mean) for each measurement period. Means marked with the 
same letter do not differ significantly (α = 0.05) according to Tukey’s Honest Significant Difference multiple pairwise 

comparison. 
 

There was a significant effect of Time Relative to Treatment on tons per acre of 1000-hour fuels 
at the p < 0.05 level. Post hoc comparisons using the Tukey HSD test indicated that the tons per acre 
1000-hour fuels pre-treatment (x ̅= 2.89, SE = 1.48) was significantly different from the tons per acre of 
1000-hour fuels immediate post-treatment (x ̅=12.87, SE = 4.48), but not from 5 years post-treatment (x ̅
= 3.72, SE = 0.71) or 10 years post-treatment (x ̅= 5.83, SE = 1.48). Immediate post-treatment did differ 
significantly from 5 year post-treatment values but not from 10 year post-treatment values. Five year 
post-treatment values did not differ significantly from 10 year post-treatment values.  

There was not a significant effect of Time Relative to Treatment on QMD, average live crown 
base height, saplings per acre, shrubs per acre, sick trees per acre, snags per acre, and tons per acre 
total of surface fuels. For these metrics, there is not sufficient evidence to reject the null hypothesis of 
no difference between Time Relative to Treatment levels. 

Piñon-Juniper Ponderosa Transition Results 

A one-way ANOVA was conducted to compare the impact of Time Relative to Treatment on 
various metrics pre-treatment, immediately post-treatment, 5 years post-treatment, and 10 years post-
treatment. A table of all ANOVA results can be found in Appendix C. 
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Figure III.13  Analysis of Variance (ANOVA) Results for Piñon-Juniper Ponderosa Transition Basal Area.  

Data displayed are means (± standard error of the mean) for each measurement period. Means marked with the 
same letter do not differ significantly (α = 0.05) according to Tukey’s Honest Significant Difference multiple pairwise 

comparison. 
 

There was a significant effect of Time Relative to Treatment on basal area per acre at the p < 
0.05 level. Post hoc comparisons using the Tukey HSD test indicated that the basal area per acre pre-
treatment (x ̅= 200.09, SE = 53.37) was significantly different from immediate post-treatment (x ̅= 41.15, 
SE = 30.15), 5 years post-treatment (x ̅= 45.62, SE = 6.36) and 10 years post-treatment (x ̅= 48.42, SE = 
6.16).  However, the immediate post-treatment, 5 year post-treatment, and 10 year post-treatment 
basal area per acre values did not differ significantly from one another.  
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Figure III.14  Analysis of Variance (ANOVA) Results for Piñon-Juniper Ponderosa Transition Saplings per Acre.  

Data displayed are means (± standard error of the mean) for each measurement period. Means marked with the 
same letter do not differ significantly (α = 0.05) according to Tukey’s Honest Significant Difference multiple pairwise 

comparison. 
 

There was a significant effect of Time Relative to Treatment on saplings per acre at the p < 0.05 
level. Post hoc comparisons using the Tukey HSD test indicated that the average saplings per acre from 
the pre-treatment category (x ̅= 208.87, SE = 49.36) was significantly different from the 5 year post-
treatment (x ̅= 24.99, SE = 11.06) and 10 year post-treatment (x ̅= 34.84, SE = 26.27) sapling averages. 
The saplings per acre value immediate-post-treatment did not differ significantly from any category, nor 
did the 5 year post-treatment differ from the 10 year post-treatment. 
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Figure III.15  Analysis of Variance (ANOVA) Results for Piñon-Juniper Ponderosa Transition Snags per Acre.  

Data displayed are means (± standard error of the mean) for each measurement period. Means marked with the 
same letter do not differ significantly (α = 0.05) according to Tukey’s Honest Significant Difference multiple pairwise 

comparison. 
 

There was a significant effect of Time Relative to Treatment on snags per acre at the p < 0.05 
level. Post hoc comparisons using the Tukey HSD test indicated that the average snags per acre from the 
pre-treatment category (x ̅= 73.45, SE = 18.09) was significantly different from the 5 year post-treatment 
(x ̅= 18.23, SE = 6.23) and 10 year post-treatment (x ̅= 14.34, SE = 5.03) averages. Immediate-post-
treatment did not differ significantly from any category, nor did the 5 year post-treatment differ from 
the 10 year post-treatment. 
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Figure III.16  Analysis of Variance (ANOVA) Results for Piñon-Juniper Ponderosa Transition Overstory Canopy.  

Data displayed are means (± standard error of the mean) for each measurement period. Means marked with the 
same letter do not differ significantly (α = 0.05) according to Tukey’s Honest Significant Difference multiple pairwise 

comparison. 
 

There was a significant effect of Time Relative to Treatment on percent overstory canopy cover 
at the p < 0.05 level. Post hoc comparisons using the Tukey HSD test indicated that the percent 
overstory canopy cover pre-treatment (x ̅= 48.00, SE = 5.43) was significantly different from immediate 
post-treatment (x ̅= 23.75, SE = 2.14), 5 years post-treatment (x ̅= 18.71, SE 3.48) and 10 years post-
treatment (x ̅= 21.09, SE = 5.55). Canopy cover for immediate post-treatment, 5 year post-treatment, 
and 10 year post-treatment were not significantly different from one another. 

There was not a significant effect of Time Relative to Treatment on trees per acre, QMD, 
average height of live trees, average live crown base height, live seedlings per acre, shrubs per acre, sick 
trees per acre, tons per acre of total surface fuels, and tons per acre of 1000-hour fuels. For these 
variables, there is not sufficient evidence to reject the Null hypothesis of no difference between Time 
Relative to Treatment. 

 

Piñon-Juniper Woodland Savanna Results 

A one-way ANOVA was conducted to compare the impact of Time Relative to Treatment on 
various metrics pre-treatment, immediately post-treatment, 5 years post-treatment, and 10 years post-
treatment. A table of all ANOVA results can be found in Appendix C.  
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Figure III.17  Analysis of Variance (ANOVA) Results for Piñon-Juniper Woodland Savanna Live Crown Base Height.  

Data displayed are means (± standard error of the mean) for each measurement period.  
 

There was a significant effect of Time Relative to Treatment on average crown base height for all 
live trees at the p < 0.05 level. Post hoc comparisons using the Tukey HSD test were not performed due 
to an absence of crown base height data in the pre-treatment and immediate-post-treatment 
categories. 

 Figure 
III.18  Analysis of Variance (ANOVA) Results for Piñon-Juniper Woodland Savanna Saplings per Acre.  

Data displayed are means (± standard error of the mean) for each measurement period. Means marked with the 
same letter do not differ significantly (α = 0.05) according to Tukey’s Honest Significant Difference multiple pairwise 

comparison. 
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There was a significant effect of Time Relative to Treatment on live saplings per acre at the p < 
0.05 level. Post hoc comparisons using the Tukey HSD test indicated that the density of saplings per acre 
pre-treatment (x ̅= 74.20, SE = 0.30) was significantly different from immediate post-treatment (x ̅= 0.67, 
SE = 0.67), 5 years post-treatment (x ̅= 0, SE = 0), and 10 years post-treatment (x ̅= 0, SE = 0). However, 
the immediate post-treatment, 5 year post-treatment, and 10 year post-treatment saplings per acre 
values did not differ significantly from one another. 

 

 
Figure III.19  Analysis of Variance (ANOVA) Results for Piñon-Juniper Woodland Savana Live Seedlings per Acre.  

Data displayed are means (± standard error of the mean) for each measurement period. Means marked with the 
same letter do not differ significantly (α = 0.05) according to Tukey’s Honest Significant Difference multiple pairwise 

comparison. 
 

There was a significant effect of Time Relative to Treatment on live seedlings per acre at the p < 
0.05 level. Post hoc comparisons using the Tukey HSD test indicated that the density of saplings per acre 
pre-treatment (x ̅= 72.6, SE = 18.2) was significantly different from immediate post-treatment (x ̅= 30.77, 
SE = 3.53), 5 years post-treatment (x ̅= 14.06, SE = 6.44), and 10 years post-treatment (x ̅= 10.48, SE = 
4.59). However, the immediate post-treatment, 5 year post-treatment, and 10 year post-treatment 
seedling per acre values did not differ significantly from one another. 
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Figure III.20  Analysis of Variance (ANOVA) Results for Piñon-Juniper Woodland Savanna Overstory Canopy.  

Data displayed are means (± standard error of the mean) for each measurement period. Means marked with the 
same letter do not differ significantly (α = 0.05) according to Tukey’s Honest Significant Difference multiple pairwise 

comparison. 
 

There was a significant effect of Time Relative to Treatment on percent overstory canopy cover 
at the p < 0.05 level. Post hoc comparisons using the Tukey HSD test indicated that the percent 
overstory canopy cover pre-treatment (x ̅= 16.67, SE = 10.20) was significantly different from 5 years 
post-treatment (x ̅= 1.75, SE = 1.68) and 10 years post-treatment (x ̅= 2.00, SE = 1.31). Canopy cover for 
immediate post-treatment (x ̅= 4.25, SE = 4.25) did not differ significantly from any other category, nor 
did the 5 year post-treatment differ from the 10 year post-treatment. 
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Figure III.21  Analysis of Variance (ANOVA) Results for Piñon-Juniper Woodland Savana 1000-hr fuels.  

Data displayed are means (± standard error of the mean) for each measurement period. Means marked with the 
same letter do not differ significantly (α = 0.05) according to Tukey’s Honest Significant Difference multiple pairwise 

comparison. 
 

There was a significant effect of Time Relative to Treatment on tons per acre of 1000-hour 
surface fuels at the p < 0.05 level. Post hoc comparisons using the Tukey HSD test indicated that the tons 
per acre 1000-hour fuels were did not differ significantly from one another. 

There was not a significant effect of Time Relative to Treatment on trees per acre, basal area per 
acre, average height of live trees, snags per acre, and total surface fuels per acre. For these variables, 
there is not sufficient evidence to reject the Null hypothesis of no difference between Time Relative to 
Treatment. 
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IV. – Discussion 
Wet Mixed-Conifer 

In wet mixed-conifer, no significant differences were found between measurement periods (pre-
treatment, post-treatment, 5 year post-treatment, 10 year post-treatment), with the exception of basal 
area. This is most likely because the wet mixed-conifer forest type had a small sample size, so a 
substantial amount of random noise was present in the results. It may also be because treatments on 
wet mixed-conifer sites were not sufficient to create detectable differences using the available 
monitoring methods and data.  

The difference in basal area was between pre-treatment and the 5 year and 10 year 
measurement periods; pre-treatment means were higher. This result could be consistent with removal 
of material during treatment and additional mortality in the stand post-treatment. Figure IV.1 on page 
52 graphs the duration of significant changes found in this forest type. 

The lack of significant differences in metrics suggests the possiblity of minimal or no impact of 
treatments in this forest type. Meaningful conclusions about CFRP success in wet mixed-conifer will 
require more data. 

Dry Mixed-Conifer 

In dry mixed-conifer, a significant difference was found between trees per acre in different time 
categories with the ANOVA., although the Tukey’s HSD did not detect this difference. Visually, the pre-
treatment means appeared highest. However, this suggests that either treatments did not remove 
enough material, and/or that regeneration (seedlings/saplings) was present in large numbers and was 
able to quickly replace the removed trees. Notably, ten year post-treatment means were not 
significantly different from pre-treatment means. This may provide evidence of a need to burn treated 
areas. 

A significant difference was found between basal area pre-treatment and 5 and 10 years post-
treatment. Pre-treatment means were higher. This is consistent with the expected impact of restoration 
treatments (removal of trees).  

Quadratic mean diameter pre-treatment was significantly different from 5 years post-treatment; 
pre-treatment means were lower. This is consistent with the expected impact of restoration treatments 
(removal of small diameter material). The fact that the significant difference was found at 5 years post-
treatment rather than immediately post-treatment could be explained by additional mortality of small 
diameter trees, and/or release of suppressed trees, between immediate post-treatment and 5 years 
post-treatment. The lack of difference between pre-treatment means and 10 year post-treatment 
means may indicate that sufficient regeneration occurred by 10 years post-treatment to decrease the 
average DBH, and/or there was mortality of larger trees. 

Height of live trees appeared to have significant differences among categories based on the 
ANOVA, but the direction of difference was not detected by the Tukey’s HSD. Visually, the means appear 
fairly similar, with the highest average tree heights recorded 5 years post-treatment.  

A significant difference was found between percent overstory canopy cover pre-treatment and 5 
years post-treatment. Pre-treatment means were higher. This is consistent with the expected impact of 
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restoration treatment (removal of trees). Because pre-treatment was not significantly different from 10 
years post-treatment, this may suggest that regeneration occurred by 10 years post-treatment. 

Taken together, these results suggest that some of the impacts of CFRP treatments in dry mixed-
conifer may not be detectable as significant changes until five years post-treatment, when natural 
processes such as growth and mortality have occurred. With the exception of basal area per acre, no 
metrics were significantly different from pre-treatment measurements by the 10 year mark.  

Figure IV.2 on page 53 graphs the duration of significant changes found in this forest type. 

Ponderosa Pine 

In ponderosa pine forest types, trees per acre pre-treatment was significantly different than 
trees per acre immediately post-treatment, 5 years post-treatment, and 10 years post-treatment. The 
pre-treatment mean was higher. This is the expected result of treatments (removal of trees). Basal area 
per acre followed the same pattern, which could also be explained by the effect of the restoration 
treatment (removal of trees).  

Height of live trees had significant differences among categories based on the ANOVA, but the 
direction of difference was not detected by the Tukey’s HSD. Visually, the highest mean appears pre-
treatment.  

Density of seedlings per acre pre-treatment was significantly different than seedlings per acre 5 
years post-treatment; the pre-treatment mean was higher. High seedling mortality during and after 
treatment followed by recovery is a logical explanation. 

The percent overstory canopy cover was significantly different pre-treatment than it was 
immediately post-treatment, 5 years, and 10 years post-treatment. This is consistent with a removal of 
overstory trees. 

While the total tons per acre of surface fuels was not significantly different between categories, 
mean tons per acre of 1000-hour fuels (logs over three inches in diameter) was significantly higher 
immediately post-treatment than pre-treatment. This difference could be attributed to material left on 
the ground or mortality (e.g. windthrow) following treatment. Fuelwood harvesting and/or prescribed 
fire (especially pile burning) between the immediate post-treatment and 5 years post-treatment 
measurement periods would account for the lack of difference between pre-treatment and 5 year post-
treatment means. The 10 year post-treatment mean was not significantly different from the pre-
treatment nor the immediate-post-treatment mean, suggesting that fuel loads increased again. 

 Figure IV.3 on page 54 graphs the duration of significant changes found in this forest type. 

When considered together, the ponderosa pine results show impacts of treatment in the 
immediate post-treatment measures. The time it takes for the projects to no longer be detectably 
different from their pre-treatment states is variable, ranging from no difference (e.g. average live crown 
base height) to greater than 10 years (e.g. trees per acre and basal area). 
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Piñon-Juniper Ponderosa Transition 

Basal area per acre pre-treatment was significantly different than basal area per acre 
immediately post-treatment, 5 years post-treatment, and 10 years post-treatment. The pre-treatment 
mean was higher. This is the expected result of treatment (removal of trees). 

Density of live saplings per acre pre-treatment was significantly different than saplings per acre 
5 years post-treatment and 10 years post-treatment. The pre-treatment mean was higher, suggesting 
that restoration treatments removed or killed saplings, and this size class was not replaced in the stand 
within 10 years.  

Snags per acre pre-treatment was significantly different than snags per acre 5 years post-
treatment and 10 years post-treatment. The pre-treatment mean was higher, suggesting that 
restoration retreatment or associated activities (e.g. fuelwood harvesting) removed snags during 
treatment or within the first few years after treatment. 

There was a significant difference between the percent overstory canopy cover pre-treatment 
when compared to immediate post-treatment, 5 years and 10 years post-treatment. The pre-treatment 
mean was higher. This is the expected result of treatment (removal of trees). 

Figure IV.4 on page 55  graphs the duration of significant changes found in this forest type. 

Taken together, the piñon-juniper metrics show the impacts of restoration treatments, but not 
always immediately. There is not much evidence of regeneration in this forest type in these metrics, but 
this could be impacted by grazing or other human activity. More information is needed. 

Piñon-Juniper Woodland Savanna 

The average live crown base height had significant differences among categories based on the 
ANOVA, but the direction of difference was not detected by the Tukey’s HSD. Crown base heights were 
inconsistently recorded in pre-treatment and immediate-post-treatment measures; of the 5 year post-
treatment and 10 year post-treatment averages, the 5 year post-treatment mean appears higher. 

Density of live saplings per acre pre-treatment was significantly different than saplings per acre 
immediately post treatment, 5 years post-treatment and 10 years post-treatment. The pre-treatment 
mean was higher, suggesting that restoration treatments removed or killed saplings, and this size class 
was not replaced in the stand within 10 years. The 5 and 10 year post-treatment means were at or near 
zero saplings per acre. 

Density of live seedlings per acre pre-treatment was significantly different than saplings per acre 
immediately post treatment, 5 years post-treatment and 10 years post-treatment. The pre-treatment 
mean was higher, suggesting that restoration treatments removed or killed seedlings, and that seedling 
numbers did not recover within the stands over the next 10 years.  

The average shrub density was significant in ANOVA, but not with Tukey’s HSD.  Shrubs were 
inconsistently reocrded in pre-treatment and immediate-post-treatment measures, so this analysis may 
not be reliable. 
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There was a significant difference between the percent overstory canopy cover pre-treatment 
when compared to 5 years and 10 years post-treatment. The pre-treatment mean was higher. This is the 
expected result of treatment (removal of trees), although the lack of difference with the immediate 
post-treatment mean may suggest activities occurred post-treatment that further decreased the canopy 
cover. 

While the total tons per acre of surface fuels was significantly different between categories, 
mean tons per acre of 1000-hour fuels (logs over three inches in diameter) was significantly different 
based on the ANOVA results. This difference was not detected with the Tukey’s HSD post hoc 
comparison.   

Figure IV.5 on page 56 graphs the duration of significant changes found in this forest type. 

Taken together, the piñon-juniper metrics show the impacts of restoration treatments, but not 
always immediately. There is not much evidence of regeneration in this forest type in these metrics, but 
this could be impacted by grazing or other human activity. More information is needed. 
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Figure IV.1. Duration of changes in the wet mixed-conifer forest type.  

Duration is shown based on significant differences in the ANOVA and Tukey’s HSD post hoc comparisons. If significant differences were not 
found with both methods, the cells are blank. 
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Figure IV.2. Duration of changes in dry mixed-conifer. 

Duration is shown based on significant differences in the ANOVA and Tukey’s HSD post hoc comparisons. If significant differences were not 
found with both methods, the cells are blank. 
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Figure IV.3. Duration of changes in ponderosa pine. 

Duration is shown based on significant differences in the ANOVA and Tukey’s HSD post hoc comparisons. If significant differences were not 
found with both methods, the cells are blank. 
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Figure IV.4. Duration of changes in piñon-juniper ponderosa transition. 

Duration is shown based on significant differences in the ANOVA and Tukey’s HSD post hoc comparisons. If significant differences were not 
found with both methods, the cells are blank. 
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Figure IV.5. Duration of changes in piñon-juniper woodland savanna.  
Duration is shown based on significant differences in the ANOVA and Tukey’s HSD post hoc comparisons. If significant differences were not 

found with both methods, the cells are blank. 
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Overall 

To evaluate the success of the program by its own metrics, results will be compared to the 
expected directions of changes (see for reference Table II.2, page 24). In all tables referenced in the 
following paragraphs, green cells represent a change in the expected direction for restoration success, 
white cells represent no change, and red cells indicate a change in the opposite direction. Asterisks 
indicate metrics where significant differences were detected by the ANOVA but the direction of 
difference was not indicated with the Tukey’s HSD; these were inferred from means charts. 

Wildfire threat reduction showed the expected responses in four out of 12 metrics in dry mixed-
conifer, and three out of 12 metrics in ponderosa pine forest types. Many metrics showed no significant 
changes, notably surface fuel loads. In both ponderosa pine and piñon-juniper woodland savanna, fuel 
loads significantly increased post-treatment and later decreased.  

Table IV.1. Wildfire threat reduction success evaluation.  
 

 

 

 

 

 

 

 

 

 

Live trees per 
acre 

Snags per acre Sick trees per 
acre

Basal area per Acre Tree Size (QMD) Tree Height

Wildfire Threat 
Reduction

Decrease or no 
change

generally 
decrease decrease decrease increase

generally 
increase

Wet Mixed 
Conifer

no significant 
change

no significant 
change

no significant 
change generally decrease*

no significant 
change

no significant 
change

Dry Mixed 
Conifer

generally 
decrease*

no significant 
change

no significant 
change

decrease between 
pretx and 5yrpost, 

10yrpost

increase 
between pretx 
and 5yrpost

generally 
increase until  

10yrpost*

Ponderosa Pine

decrease 
between pretx 

and immediate 
post, 5yrpost, 

10yrpost

no significant 
change

no significant 
change

decrease between 
pretx and immediate 

post, 5yrpost, 
10yrpost

no significant 
change

generally 
decrease from 

pretx*

Piñon-Juniper 
Ponderosa 
Transition

no significant 
change

decrease 
between pretx 
and 5yrpost, 

10yrpost

no significant 
change

decrease between 
pretx and immediate 

post, 5yrpost, 
10yrpost

no significant 
change

no significant 
change

Piñon-Juniper 
Woodland 

Savanna

no significant 
change

no significant 
change no pretx data no significant change

no significant 
change

no significant 
change
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Table IV.1 (continued). Wildfire threat reduction success evaluation. 

 

 

 

  

Live Crown 
Base 

Seedlings/Saplings Shrubs (Under-
story)

Surface Fuels 1000-hr fuels

Wildfire Threat 
Reduction increase decrease

generally 
decrease decrease decrease

Wet Mixed 
Conifer

no significant 
change

no significant change in 
either

no significant 
change

no 
significant 

change
no significant change

Dry Mixed 
Conifer

no significant 
change

no significant change in 
either

no significant 
change

no 
significant 

change
no significant change

Ponderosa Pine no significant 
change

decrease between pretx 
and 5yr post for 

seedlings; no significant 
change for saplings

no significant 
change

no 
significant 

change

increase between pretx and 
immediate post

decrease between immediate 
post and 5yrpost

Piñon-Juniper 
Ponderosa 
Transition

no significant 
change

no significant change for 
either

no significant 
change

no 
significant 

change
no significant change

Piñon-Juniper 
Woodland 

Savanna

no significant 
change

decrease between pretx 
and immediate post, 5yr 
post, 10 yr post for both

insufficient 
pre-tx data

no 
significant 

change

generally increase between 
pre-tx and immediate post; 
decrease after immediate 

post*
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Ecosystem restoration similarly had some mixed success in dry mixed-conifer, piñon-juniper, 
and ponderosa pine forest types.  

Table IV.2. Ecosystem restoration success evaluation.  

 

 

  

Snags per acre Sick trees 
per acre

Canopy Cover Tree Size 
(QMD)

Tree Height Seedlings/Saplings Shrubs 1000-hr fuels

Ecosystem 
Restoration

increase or 
decrease

possible 
initial 

increase then 
decrease

decrease or no 
change

increase generally 
increase

decrease decrease or 
increase

decrease

Wet Mixed 
Conifer

no significant 
change

no 
significant 

change

no significant 
change

no significant 
change

no significant 
change

no significant 
change in either

no significant 
change no significant change

Dry Mixed 
Conifer

no significant 
change

no 
significant 

change

decrease between 
pretx and 

immediatepost, 
5yrpost

increase 
between pretx 
and 5yrpost

generally 
increase until  

10yrpost*

no significant 
change in either

no significant 
change

no significant change

Ponderosa 
Pine

no significant 
change

no 
significant 

change

decrease between 
pretx and 

immediatepost, 
5yrpost, 10 yrpost

no significant 
change

generally 
decrease from 

pretx*

decrease between 
pretx and 5yr post 
for seedlings; no 

significant change 
for saplings

no significant 
change

increase between pretx 
and immediate post

decrease between 
immediate post and 

5yrpost

Piñon-Juniper 
Ponderosa 
Transition

decrease 
between pretx 
and 5yrpost, 

10yrpost

no 
significant 

change

decrease between 
pretx and 

immediatepost, 
5yrpost, 10 yrpost

no significant 
change

no significant 
change

no significant 
change for either

no significant 
change no significant change

Piñon-Juniper 
Woodland 

Savanna

no significant 
change

no pretx 
data

decrease between 
pretx and 5yrpost, 

10yrpost

no significant 
change

no significant 
change

decrease between 
pretx and immediate 
post, 5yr post, 10 yr 

post for both

insufficient 
pre-tx data

generally increase 
between pre-tx and 

immediate post; 
decrease after 

immediate post*
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Reforestation had only two key metrics: live trees and regeneration (seedlings/saplings). These 
responses did not support program-wide success in meeting this objective in any forest type.  

Table IV.3. Reforestation success evaluation.  

 

The final program objective that can be evaluated with the current dataset is preservation of  
old/large trees, below. Results were also mixed here, with either increases or no change in QMD, and a 
decrease in post-treatment tree height in ponderosa pine. 

Table IV.4. Preservation of old/large trees success evaluation.  

 

Overall, little change was observed in the wet mixed-conifer type, and no dry mixed-conifer 
responses were significantly different from pre-treatment conditions at the 10 year re-measurement. 
Significant differences in some metrics did persist at the 10-year remeasurement for the ponderosa pine 
and piñon-juniper types. These results were mixed, however, and for some metrics, significant changes 
did not appear until 5 years post-treatment. 

A principle goal of a restoration thinning is to recreate conditions that existed before fire was 
excluded.  In ponderosa pine and mixed conifer, these restoration conditions generally incorporate trees 
in groups with significant amounts of open area, many fewer small-diameter trees, and low ability to 
support a stand-replacing fire.  This differs from traditional silviculture, which is also science-based, but 
often emphasizes improving growth of individual trees in a fully-stocked stand, i.e., one not having any 
openings.  Many of the stands thinned under CFRP were marked and put up for sale using traditional 

Live Trees per Acre Seedlings/Saplings per Acre

Reforestation increase or no change increase

Wet Mixed Conifer no significant change no significant change in either

Dry Mixed Conifer generally decrease* no significant change in either

Ponderosa Pine

decrease between pretx and immediate 
post, 5yrpost, 10yrpost

decrease between pretx and 5yr 
post for seedlings; no significant 

change for saplings
Piñon-Juniper Ponderosa 
Transition

no significant change no significant change for either

Piñon-Juniper Woodland 
Savanna

no significant change
decrease between pretx and 

immediate post, 5yr post, 10 yr post 
for both

Sick Trees per Acre Tree Size (QMD) Tree Height

Preservation of old/large 
trees

decrease increase 
generally 
increase

Wet Mixed Conifer no significant change no significant change no significant 
change

Dry Mixed Conifer no significant change increase between pretx and 5yrpost generally increase 
until  10yrpost*

Ponderosa Pine no significant change no significant change generally decrease 
from pretx*

Piñon-Juniper Ponderosa 
Transition

no significant change no significant change no significant 
change

Piñon-Juniper Woodland 
Savanna

no pretx data no significant change no significant 
change
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silvicultural prescriptions.  The reason the CFRP treated those stands is they failed to sell, but since the 
NEPA was complete, the Forests, which especially in the early years were faced with needing to 
cooperate with CFRP but having nothing in the restoration pipeline, opted to treat these areas using 
older prescriptions. 

The results from older prescriptions are most evident in the ponderosa pine Tree Height. Tree 
Height was significantly different post-treatment, but it decreased.  Because a restoration prescription 
almost always specifies removal of smaller trees, post-restoration treatment tree height would increase, 
not decrease. A decrease in tree height would be expected in traditional silviculture, since one of the 
expectations would be removal of volume to feed a sawmill.   

The traditional prescriptions would also be developed so that the volume removed would pay its 
way out of the woods.  The small-diameter material removed under a restoration thinning currently has 
extremely low or even no value, and has to be removed at a high cost.  Because the early CFRP projects 
in this analysis were unsold sales, the larger trees were the ones that were removed.  This also could 
affect the “preservation of large, old trees” that is a CFRP goal. However, stands with larger trees that 
were put up for sale may have sold, would not have been treated as part of CFRP, and would not be 
included in this database.    

Somewhat related to this traditional-vs-restoration issue is the lack of a statistically significant 
difference in certain measures that should have changed with restoration. A good example of this is 
Trees per Acre in Wet Mixed Conifer, where Trees per Acre should always decrease with treatment. 
Because of its long fire return interval, most Wet Mixed Conifer stands may not be departed from 
historic conditions, and a definition of restoration for those stands has not been developed.  However, 
because of threats to water supply, etc., that could arise from severe fire in those stands, treatment to 
reduce fire severity may be warranted, but no consensus exists on what that treatment should entail. A 
strong possibility that pre-and post-treatment differences are not showing up in our aggregated analysis 
is because targets do not exist for selecting stands for treatment nor for stand conditions post-
treatment.  Some stands may have had pre-treatment conditions that were very similar to post-
treatment conditions in other stands.  This potential overlap would, by definition, obscure restoration 
differences.     

Finally, a welcome trend with CFRP projects in the last few years has been selection of proposals 
that include fire as a component, or even a major emphasis. A stand should not be considered restored 
until a low-intensity fire has passed through it at least once, and reintroducing fire to its proper role in 
the ecosystem is the most cost-effective way to maintain the investment that started with the thinning. 
Including fire as a treatment was not possible in this analysis, but as prescribed fire becomes more 
common, we may be able to in future work.  

Pointing to these challenges is not to point fingers. The emphasis on forest restoration did not 
exist 25 years ago.  The first CFRP grants were awarded in 2001; the consensus document supporting 
restoration thinning, GTR 310, was not published until 2013.  Traditional silviculture is not bad, but its 
emphasis is different than restoration. The land base supporting Southwestern forests has room for 
both.        
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V. - Conclusions 

Letter and Spirit of the Law 

The law creating the Collaborative Forest Restoration Program (CFRP) cites fire suppression, 
logging, and livestock grazing as causes for forest lands with an “unnaturally high number of small 
diameter trees.” These forests, according to Section 602 of the Community Forest Restoration Act, are 
susceptible to catastrophic wildfires and provide fewer ecosystem services. Therefore the purpose of 
the law is to promote watershed health and reduce fire risk, decrease the number of small diameter 
trees and encourage their commercial use, to improve communication and collaborative partnerships, 
and to “develop, demonstrate and evaluate ecologically sound forest restoration techniques.” 

The law explains that multiparty monitoring and assessment will identify desired conditions, 
report upon effectiveness of the project, and assess short- and long-term ecological impacts for a 
minimum of 15 years. Further, for a new proposed project to be eligible to receive funding, it must 
“incorporate current scientific forest restoration information.” The law does require an initial 5-year 
report from the Secretary to the Committee on Energy and Natural Resources, but otherwise does not 
specify exactly what is to be done with the monitoring data, short- and long-term, collected from these 
projects. It would seem in keeping with the spirit of the law, however, that the information that could 
be learned by comparing the collected monitoring data to a project’s desired conditions/goals should be 
treated as part of the “current scientific forest restoration information” that future proposals are 
obligated to incorporate. 

In other words, the ecological monitoring information generated as part of this project was not 
intended to sit in shelved reports somewhere, but rather to be part of an adaptive management 
framework designed to improve not only the CFRP but Southwest forest management overall.  

Adaptive Management 

Adaptive management is, most simply, learning from experience. Less simply, it is a decision-
making process providing a structure that, when implemented by resource managers, should result in 
more informed management decisions and ecological responses that more closely match the desired 
and predicted outcomes. There are a myriad of definitions in literature, but the process is commonly 
visualized as an iterative feedback loop, such as  

Figure V.1 on page 65.   

In theory, resource management should improve as more and more information (experience) 
becomes available. However, the Department of Interior’s Adaptive Management Technical Guide 
(Williams & Brown, 2012) acknowledges that although adaptive management is frequently referenced 
by managers and management plans, it is in fact “infrequently implemented” (p. 1). Instead, processes 
such as trial-and-error are more common. It is this gap in the ecological data from CFRP projects that 
this project seeks to fill, with the recommendation that future re-evaluations as more data becomes 
available should be standard practice. One of the goals the Forest Service itself set in 2009 was to 
develop feedback loops using monitoring data (USDA Forest Service, 2009, p. 28). This research can 
provide a basis for adaptive management in both monitoring design and project implementation and 
follow-through for future CFRP projects, including more information on the interval needed for project 
maintenance and/or re-entry. For instance, preliminary field crew observations suggest that some 
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projects are “escaping” around the 10 year mark, which program-wide analysis also suggest may be 
occurring at least in dry mixed-conifer. 

Summary of Results and Implications  

This project has explored the question of whether the CFRP program has so far met its 
ecological restoration objectives, as defined in the Community Forest Restoration Act (PL 106-393), the 
law which created it, and has found that results are mixed among forest types and objectives. Wet 
mixed-conifer projects generally do not show significant changes post-treatment. Dry mixed-conifer 
projects show clear impacts of treatment, but these are not all significant by the 10 year re-
measurement. Ponderosa pine projects have some longer-lasting impacts, while all piñon-juniper 
metrics that showed a significant difference still showed a significant difference at the 10 year re-
measurement. Program-wide success was mixed for the objectives of wildfire threat reduction, 
ecosystem restoration, and preservation of old/large trees. Program success for the reforestation 
objective was not supported by these data, which is concerning as climate change impacts on forests are 
expected to worsen in the coming years. In keeping with the spirit of the law, these results would be 
most helpful if included as part of an adaptive management feedback loop, wherein results of a project 
make it back to the managers and decision-makers, and hopefully influence future decisions made as 
part of the program.  

The results of this project would be relevant to managers because of implications not only for 
the CFRP program, but also for other restoration forestry efforts.  

Program Recommendations 

Several program-wide recommendations were made in previous publications that are supported 
by the findings of this project, such as monitoring assistance for grantees to standardize protocols and 
provide improved quality control. It would appear that tree condition data (e.g. healthy, unhealthy, 
mistletoe presence, etc.) is inconsistently collected. It would be valuable to collect slightly more detail 
than just “live” or “dead” for a tree, and mistletoe identification is within the skill set of most 
community members familiar with their forests. 

Gaining access to data remains a major hurdle in conducting program-wide analysis. Ideas for a 
central data repository have been previously discussed, and should include not only final reports but 
also photographs, shapefiles, and information on project maintenance or re-entries. (NMFWRI intends 
to begin work on a program to build capacity as a data repository in FY21). There is at present 
inconsistent enforcement of CFRP reporting and little incentive to follow through with timely analysis 
and publication of data. If that were to change, these data could be available for use in adaptive 
management decisions, particularly within the CFRP or CFLRP. In addition, a simple and timely reporting 
system would greatly reduce the stress that Forest CFRP Coordinators may feel when asked for data that 
has been filed away, unused, for many years, thereby improving communication and responsiveness. 
Finally, because results varied by forest types, it would be helpful for CFRP to adopt or define 
scientifically-based criteria for the clear identification of the Southwest forest types. 

Finally, based on results, the biggest “weak spots” of existing treatments appear to be overall 
project success in the wet mixed-conifer forest type, project maintenance in the dry mixed-conifer 
forest type, and regeneration in ponderosa pine and piñon-juniper. An examination of grazing practices, 
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actual implementation of prescribed fire, and other anthropogenic influences in project areas could help 
clarify how treatments could change to better achieve all program objectives. 

Possibilities for Further Research 

Further research is included in the requirements of the law which created the program. The law 
(Community Forest Restoration Act (Public Law 106-393 114 Stat 1625), 2000) requires the Secretary to 
“establish a multiparty monitoring and evaluation process in order to assess the cumulative 
accomplishments or adverse impacts of the Collaborative Forest Restoration Program….[and] assess the 
short- and long-term ecological effects of the restoration treatments, if any, for a minimum of 15 years.” 

Given more time, possibilities to expand this analysis include: 

1. Try to collect or gain access to more data, especially in the mixed-conifer forest types. 

2. Refine the piñon-juniper classification. 

3. Spend more time investigating the differences in outliers, particularly when an entire 
project registers as outliers with most variables. 

4. Consider analyzing species composition and forest structure (e.g. diameter classes) to look 
at compositional responses to treatment across age and size classes, e.g. what species are 
dominant in the snags classes, large trees, and regeneration. 

5. Investigate the appropriateness of additional statistical analyses such as nonparametric 
analysis. 

Beyond the 15-year monitoring mandate, continuation of this work is in NMFWRI’s FY21 Federal 
Workplan which offers support for an additional data collection and the development of NMFWRI’s 
capacity as a data repository. Under this plan, we will develop our capacity as a monitoring data 
repository and network with partners to aggregate data and begin investigating opportunities for 
landscape-level and longer-term analyses. The CFRP program data will be a significant component of this 
database and analysis effort. We hope to work with the USFS to set up better relationships with CFRP 
Coordinators and grantees that can facilitate better data-sharing workflows. 

NMFWRI is also interested in collaborating with Forest Stewards Guild to produce a synthesis of 
the three components (ecological, economic, and social) of the sustainability analysis effort in the form 
of an additional report with case studies, and/or as a journal article. This synthesis is expected to occur 
later in 2021/2022. 

In the meantime, final publication of these results will be disseminated to interested parties 
including USFS CFRP Coordinators with the Carson, Cibola, Lincoln, Santa Fe, and Gila National Forests 
via email and posting on the NMFWRI CFRP webpage. Executive summaries will be published in 
NMFWRI’s annual report. There will also be a request to present these results at the next CFRP Annual 
Workshop. Attendees at this workshop typically include USFS employees as well as grantees, interested 
applicants, the New Mexico Forest Industry Association, and others working in local forest products and 
forest management. It is hoped that additional questions, possibly access to data, and opportunities for 
continued research may arise from these meetings and in response to this publication. 
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Figure V.1. Example Adaptive Management Loop 
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Appendix A: List of Projects 

The following is a list of CFRP projects with at least one measurement included in this analysis. A 
more detailed list can be obtained by contacting the author. 

Wet Mixed-conifer Projects 

Proposal 
ID 

Project Title  
(in database; may not match full proposal title) 

Forest/Agency 

03-01 La Jicarita - Corrales Unit  Santa Fe 
03-01 La Jicarita - Encinal Unit  Santa Fe 
03-01 La Jicarita - Walker Flats Unit Santa Fe 
14-09 La Jara Carson 
18-11 Black Lake II, III MC Unit (also under 06-10)   NM SLO 
21-12 Calf Canyon Santa Fe 
22-04 Gallinas TyM - Area 2 & 3  Santa Fe 
22-07 Barela Timber/Johnson Mesa Santa Fe 
28-05 Ensenada CFRP - Mixed conifer 1  Carson 

 

Dry Mixed-conifer Projects 

Proposal ID 

Project Title  
(in database; may not match full proposal 
title) 

Forest/Agency 

03-01 Walker Flats Santa Fe 
06-10 Black Lake II unit NM SLO 
09-08 Black Lake I NM SLO 
16-12 Upper Mora - Walker Flats Santa Fe 
22-04 Gallinas T y M - Area 1  Santa Fe 
31-10 ? Griego/Las Dispensas Unit 1  Santa Fe 
31-10 ? Griego/Las Dispensas Unit 2  Santa Fe 
31-10 ? Griego/Las Dispensas Unit 3 Santa Fe 
31-10 ? Griego/Las Dispensas Unit 4/5/6 Santa Fe 
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Ponderosa Pine Projects 

Proposal ID 
Project Title  
(in database; may not match full proposal title) 

Forest/Agency 

01-05 Bluewater CFRP - Ponderosa Twin Springs Cibola 
01-05 Bluewater CFRP - Rice Park Cibola 
01-05 Bluewater CFRP - Upland Meadow Cibola 
02-05 P & M Thunderbird Unit 2 (South) Cibola 
02-05 P&M Thunderbird Unit 1 (North) Cibola 
02-05 P&M Thunderbird Unit 25 Cibola 
02-17 McGaffey Ridge SRMPP Carson 
03-09 Bluewater Utilization (PO Flats) Cibola 
06-10 Black Lake II PP Unit (also under 18-11, 28-12, 09-08) NM SLO 
07-09 Red Canyon Cibola 
11-01 Monument Canyon Santa Fe 
12-13 Soil Value Added Year 1 Unit Cibola 
12-13 Soil Value Added Year 2 Unit Cibola 
12-13 Soil Value Added Year 3 Unit Cibola 
13-07 Ruidoso Schools Lincoln 
16-07 Santa Cruz/Embudo - Truchas Land Grant PP Carson 
16-13 Rowe Mesa Strategic Implementation Santa Fe 
17-07 Kuykendall Unit 6 Carson 
21-04 Black Range CFRP (Sierra SWCD) aka Continental 1-c Gila 
21-04 Black Range CFRP (Sierra SWCD) aka Continental 1-t Gila 
21-04 Black Range CFRP (Sierra SWCD) aka Continental 2-c Gila 
21-04 Black Range CFRP (Sierra SWCD) aka Continental 2-t Gila 
21-04 Black Range CFRP (Sierra SWCD) aka Continental 3-c Gila 
21-04 Black Range CFRP (Sierra SWCD) aka Continental 3-t Gila 
28-05 Ensenada CFRP - Aspen 1  Carson 
28-05 Ensenada CFRP - Meadow 2  Carson 
28-05 Ensenada CFRP - Ponderosa 2  Carson 
28-05 Ensenada CFRP - Ponderosa 3  Carson 
29-07 Ocate State Lands (Ocate A) NM SLO 
29-07 Ocate State Lands (Ocate B) NM SLO 
32-09 Maestas/Northridge Santa Fe 
36-04 Turkey Springs (Ruidoso Downs) - USFS  Lincoln 
39-05 Cedar Creek Lincoln 
39-09 Rowe Mesa Barbero Santa Fe 
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Piñon-Juniper/Ponderosa Transition Projects 

Proposal ID Project Title  
(in database; may not match full proposal title) 

Forest/Agency 

02-17 McGaffey Ridge CPPJ Carson 
06-11 Oak Springs Cibola 
16-07 Santa Cruz/Embudo – BLM Boy Scout Carson 
16-07 Santa Cruz/Embudo - Chamisal Carson 
16-07 Santa Cruz/Embudo - Cejita Mesa Carson 
16-07 Santa Cruz/Embudo - Truchas Land Grant PJ Carson 
25-11 Talking Talons Cibola 
27-04 Santa Fe CFRP WUI - tx 1  Santa Fe 
27-04 Santa Fe CFRP WUI - tx 2  Santa Fe 
27-04 Santa Fe CFRP WUI - tx 3  Santa Fe 
27-04 Santa Fe CFRP WUI - tx 4  Santa Fe 
27-04 Santa Fe CFRP WUI - tx 5  Santa Fe 
27-04 Santa Fe CFRP WUI - tx 6  Santa Fe 
36-04 Turkey Springs (Ruidoso Downs) - Turkey Creek Lincoln 

 

Piñon-Juniper Woodland/Savanna Projects 

Proposal ID Project Title  
(in database; may not match full proposal title) 

Forest/Agency 

01-05 Bluewater CFRP - Phase I Savannah Cibola 
01-05 Bluewater CFRP - Phase II Savannah (Salitre Mesa) Cibola 
05-07 Unit 18 Tribal 
05-07 Unit 19 Tribal 
05-07 Unit 29 Tribal 
05-07 Unit 40 Tribal 
05-07 Unit 41 Tribal 
05-07 Unit 46 Tribal 

 

 



 
 

 
 

Appendix B: Monitoring Protocols Used by FWRI on CFRP Projects 

NMFWRI FFI/CSE-Based Sample Protocols 
In use in current form since 2016 

For questions or comments, contact: Kathryn R Mahan, Ecological Monitoring Specialist, NMFWRI 
Office: 505.426.2147 Email: krmahan@nmhu.edu 

 

Crews, Navigation & Plot Setup 

Plots are most efficiently accomplished with a 3-person crew but can also be taken with 2 
people. More detailed plots, presented here as options, are most efficient with a 4- to 5-person crew. All 
crews need basic knowledge of monitoring methods and rationale, equipment, plant species and 
common tree pests and diseases. 

Plots are established using a random point location with project-specific boundaries e.g. stand 
boundaries, treatment areas, vegetation types, etc. In our office, maps and plot locations are generated 
with ArcGIS utilities and are loaded onto a Trimble and Garmin GPS units. Unit maps, driving maps and 
driving directions are created and sent with the field crew. Once in the project area, navigation to a plot 
is typically accomplished through paper maps and the Garmin GPS units. Paper maps can be easily 
marked with Sharpies to indicate sequence of plot collection, dates, and teams at work; this information 
can be stored with the datasheets and may help answer questions that arise later. We use Garmin GPS 
units because they are user-friendly and can run on AA batteries which are easily replaced in the field. 
We use the Trimble unit to more accurately determine plot location and collect updated plot location 
coordinates which can later be post-processed for greater location accuracy with GPS Pathfinder 
Software. Plots must be moved one chain (66 ft) at a random azimuth from their original, intended 
location if they are within 75 feet of a road.  

A marker (we typically use a 1-foot piece of ½ inch rebar with a mushroom cap) is installed at 
plot center. Where plots are being re-visited, a good metal detector may be of use to locate the center 
stake. Copies of the previous plot photos can also be useful. 

Plots are set up using 8 pin flags in addition to the center stake. Crew members walk cardinal 
azimuths (N, E, S, W) from plot center and place pin flags at 11.78ft (11’ 9”) and 37.24ft (37’ 3”) to give 
visual aids for the two plots (1/10th ac and 1/100th ac) whose purposes are described below. 

Photographs, Witness Trees & Other Plot data 

Seven photographs are taken per plot. If more than one Brown’s transect is collected, additional 
photographs are taken in the same format. Typically, a white board with marker is used to tag each 
photo. The first photo taken at each plot is of the white board on the ground at plot center (“PC”). This 
ensures the data technicians are able to read the plot name and number and correctly identify the 
photos that follow. It is helpful if the camera used can record GPS coordinates. 

Additional photos include: 

• “C,” taken from 75 feet along the North azimuth looking at a crew member holding the 
white board at plot center 

mailto:krmahan@nmhu.edu
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• Brown’s transect photo, “B_degrees” taken from the 75-foot mark of each fuels 
azimuth looking towards a crew member holding the white board at plot center 

• “N,” “E,” “S,” and “W” photos taken from plot center facing a crew member holding the 
white board 37.2’ at each of the four cardinal azimuth flags. Additional photographs 
may be taken, but we recommend these be taken after the mandatory seven plot 
photos, and noted on the data sheets, so that there is no confusion for the data 
technicians. 

A witness tree or trees should be near plot center to assist with finding plot center and ideally 
should be expected to survive any future thinning, fire, or other disturbance. For example, mature 
yellow-bark pines near plot center are easy to find and not likely to be thinned. Any healthy tree will 
work. The tree should be flagged, noted in the overstory data, and described on the Plot Description 
datasheet.  

Photo order, hill slope, dominant aspect, coordinates, elevation, date, and time are recorded 
for each plot. Comment fields are available on all datasheets and we encourage all observations, 
including species, land use impacts, fire history, challenges in taking plot, etc. to be documented here. 

Overstory 

All trees and snags are measured within the 1/10th acre plot (37.24 ft. radius) circular, fixed area 
sample plot. We typically define a tree as ≥ 4.5 ft. and > 1.0 in dbh or drc, although other cutoffs may be 
used depending on objectives. Species, condition, dbh or drc, number of stems, total height, and live 
crown base height are recorded for each tree located within the plot. Most trees are measured at dbh 
with exception of those multi-stem species with more than two stems at dbh (i.e. Quercus spp., 
Juniperus spp.).  Be aware that other trees/large shrubs with multiple stems, such as mountain 
mahogany or chokecherry, cannot be processed if they are measured at drc since their conversion 
formulas are unavailable. Depending upon the project, other information may be collected including 
damage and severity, scorch height, snag decay class, crown ratio, and crown class. Trees are recorded 
starting from the north azimuth line and moving clockwise, like spokes of a wheel from plot center. In 
dense stands, we find it helpful to flag the first tree measured to keep the crew oriented. If appropriate, 
this first tree may also serve as the witness tree. Do not forget to flag and record your witness tree. 

Tree regeneration is measured on the nested 1/100th acre circular plot (11.78 ft. radius) and 
species, condition, and height class (>0-0.5 ft; >0.5-1.5ft; >1.5-2.5ft; >2.5-3.5ft.; >3.5-4.5ft) are recorded 
for each seedling or sprout. Saplings (>4.5ft but <1.0in dbh/drc) are also recorded in this way. Shrubs 
are measured on the same nested subplot and species, condition and height/diameter class are 
recorded for each stem just as with tree species; we typically record cacti in this category as well. Other 
cutoffs may be used for height and diameter classes depending upon objectives.  

Trees and shrubs are typically recorded using their USDA PLANTS code, which is commonly a 
four letter code defined by the first two letters of the genus and first two letters of the species name 
(e.g. PIPO, ABCO, PIFL, PIED, JUDE, JUSC, QUGA, etc). Note that upon entry into a database, it is common 
for these codes to be followed by various numbers in order to differentiate between other species 
whose names would create the same code. These symbols can be found on the USDA PLANTS website, 
https://plants.usda.gov/  

https://plants.usda.gov/
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Canopy cover (density) is an average of four measurements from a spherical densiometer. 
These four measurements are taken facing out at the four small-plot pin flags along the perimeter of the 
nested subplot. In this way, each reading is spaced 90 degrees apart.  
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Fuels (Brown’s) 

Dead woody biomass and forest floor depth are measured using a planar Brown’s transect or 
transects. These transects may be at fixed or random azimuths. To select a random azimuth, one crew 
member spins a compass and another decides when to stop. Typically in our protocol, a fiberglass tape 
is run from the plot center stake out 75 feet and fuels are measured from 15 to 75 feet to account for 
the expected foot traffic disturbance around plot center. Parameters measured include 1, 10, 100, and 
1,000 hour fuels (“time-lag fuels”). Other lengths of transects, including variable lengths for each fuel 
size, may be used. For more information, see Brown 1974 and subsequent guidelines. Note that in our 
protocol, a piece of coarse woody debris (CWD) must be >3” in diameter and at least 3 feet long to 
count as a 1000-hour fuel; if it is >3” in diameter, but under 3 feet long, we count it as a 100-hour fuel. 
Decay class (1 to 5) and sometimes length is collected for each 1000-hour fuel. 

Percent cover and height of herbaceous live and dead material, percentage cover and height 
(up to 6 ft.) of woody live (excluding boles of trees) and dead material are estimated using 6-foot 
diameter cylinders per Brown’s planar intersect method at 45 and 75 ft (Brown 1974). Litter and duff 
depths are measured at 45 and 75 ft. The location, offset, and frequency of these measurements is 
flexible. 

 

 

 

 

Understory 

Vegetation and ground cover are estimated within the nested 1/100th acre plot; some project 
managers may request these measurements are conducted across the entire 1/10th acre area. 
Vegetation measurements include aerial percent cover of seedling/saplings, shrubs (including cacti), 
graminoids, and forbs, and may not necessarily total 100%. Depending upon objectives, aerial percent 
cover may be further stratified by individual species greater than 1% cover. Ground cover 
measurements include percent cover of plant basal area (including cacti), boles, litter, bare soil, rock, 
and gravel, and must total 100%.  

 

 

 

 

 

Data processing and reporting 
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At this time, we use FFI software, as well as Excel spreadsheets, to enter and analyze our data. 
FFI is able to export to FVS and FuelCalc. FFI software and User Guides are available for download here: 
https://www.frames.gov/partner-sites/ffi/software-and-manuals/  

In order to process individual piñons, junipers and oaks with more than 2 stems or whose 
branch structure made access difficult and were therefore measured at root collar (DRC) instead of 
breast height (DBH), we use the equations developed by Chojnacky and Roger (1999).  

All our results are typically reported to two significant digits, with exceptions for those metrics 
we know were measured with either more or less precision. 

Sample reports can be found on our website: http://nmfwri.org/resources/restoration-
information/cfrp/cfrp-long-term-monitoring/cfrp-long-term-monitoring  

  

https://www.frames.gov/partner-sites/ffi/software-and-manuals/
http://nmfwri.org/resources/restoration-information/cfrp/cfrp-long-term-monitoring/cfrp-long-term-monitoring
http://nmfwri.org/resources/restoration-information/cfrp/cfrp-long-term-monitoring/cfrp-long-term-monitoring
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SAMPLE DATASHEETS – BASIC PLOT 
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SAMPLE DATASHEETS – DETAILED CSE PLOT 
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Appendix C: ANOVA Tables for all forest types 
 
Table C. 1 Analysis of Variance (ANOVA) results for Wet Mixed-Conifer. This table is from a one-way ANOVA for an 

unbalanced design. 
    Sum of Squares df Mean Square F Sig. 
TPA 
  
  

Treatment 40052.326 3 13350.775 1.699 0.21 
Error 117893.534 15 7859.569     
Total 157945.86 18       

BA/AC 
  
  

Treatment 7961.872 3 2653.957 5.429 0.012 
Error 6355.059 13 488.851     
Total 14316.931 16       

QMD for all live 
trees (in) 
  
  

Treatment 19.137 3 6.379 0.755 0.536 
Error 126.676 15 8.445     

Total 145.814 18       
Avg ht of live trees 
(ft) 
  
  

Treatment 936.15 2 468.075 1.837 0.201 
Error 3058.307 12 254.859     

Total 3994.457 14       
Avg Live Crown 
Base Height (ft)  
  

Treatment 198.116 3 66.039 1.215 0.341 
Error 760.856 14 54.347     
Total 958.972 17       

Live Saplings per 
acre 
  
  

Treatment 455732.729 3 151910.91 1.257 0.333 
Error 1449913.48 12 120826.123     

Total 1905646.209 15       
Live Seedlings per 
acre (trees) 
  
  

Treatment 274891.066 3 91630.355 0.305 0.821 
Error 3601757.268 12 300146.439     

Total 3876648.334 15       
Shrubs per ac  
  
  

Treatment 169925872.5 2 84962936.27 1.334 0.303 
Error 700685985 11 63698725.91     
Total 870611857.6 13       

Sick trees per ac 
(avg) 
  
  

Treatment 38.443 3 12.814 0.195 0.898 
Error 789.177 12 65.765     

Total 827.62 15       
Snags per acre 
(avg) 
  
  

Treatment 1391.899 3 463.966 0.526 0.671 
Error 13234.322 15 882.288     

Total 14626.221 18       
Overstory canopy 
cover % 
  
  

Treatment 1438.635 3 479.545 2.713 0.085 
Error 2474.461 14 176.747     

Total 3913.096 17       
Total Surface fuels 
(tons/ac) 
  
  

Treatment 238.411 3 79.47 0.457 0.717 
Error 2434.118 14 173.866     

Total 2672.529 17       
1000-hour fuels 
(tons/ac) 
  
  

Treatment 176.293 3 58.764 0.578 0.639 
Error 1321.062 13 101.62     

Total 1497.355 16       

 
  



93 
 

 
 

 

Table C. 2 Analysis of Variance (ANOVA) results for Dry Mixed-Conifer. This table is from a one-way ANOVA for an 
unbalanced design. 

    Sum of Squares df Mean Square F Sig. 
TPA 
  
  

Treatment 316126.636 3 105375.545 5.356 0.013 
Error 255756.609 13 19673.585     
Total 571883.245 16       

BA/AC 
  
  

Treatment 19421.983 3 6473.994 9.389 0.001 
Error 9653.679 14 689.549     
Total 29075.663 17       

QMD for all live 
trees (in) 
  
  

Treatment 41.131 3 13.71 7.363 0.004 
Error 24.207 13 1.862     

Total 65.338 16       
Avg ht of live 
trees (ft) 
  
  

Treatment 298.507 3 99.502 4.712 0.021 
Error 253.377 12 21.115     

Total 551.884 15       
Avg Live Crown 
Base Height (ft) 
  
  

Treatment 113.175 3 37.725 3.171 0.06 
Error 154.667 13 11.897     

Total 267.842 16       
Live Saplings per 
acre 
  
  

Treatment 267767.38 3 89255.793 0.737 0.548 
Error 1573570.97 13 121043.921     

Total 1841338.351 16       
Live Seedlings per 
acre (trees) 
  
  

Treatment 2335343.499 3 778447.833 0.255 0.856 
Error 45752705.24 15 3050180.349     

Total 48088048.74 18       
Shrubs per ac 
  
  

Treatment 170122428.3 3 56707476.11 2.24 0.136 
Error 303844737.8 12 25320394.82     
Total 473967166.1 15       

Sick trees per ac 
(avg) 
  
  

Treatment 768.012 3 256.004 1.171 0.361 
Error 2623.502 12 218.625     

Total 3391.514 15       
Snags per acre 
(avg) 
  
  

Treatment 5565.782 3 1855.261 1.859 0.186 
Error 12976.949 13 998.227     

Total 18542.731 16       
Overstory canopy 
cover % 
  
  

Treatment 3927.209 3 1309.07 6.005 0.007 
Error 3269.738 15 217.983     

Total 7196.947 18       
Total Surface 
fuels (tons/ac) 
  
  

Treatment 2200.384 3 733.461 2.922 0.068 
Error 3764.725 15 250.982     

Total 5965.109 18       
1000-hour fuels 
(tons/ac) 
  
  

Treatment 354.606 3 118.202 1.673 0.218 
Error 989.109 14 70.651     

Total 1343.715 17       
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Table C. 3 Analysis of Variance (ANOVA) results for Ponderosa Pine. This table is from a one-way ANOVA for an 
unbalanced design. 

  Sum of Squares df Mean Square F Sig. 

TPA 
Treatment 220.335 3 73.445 1.495 0.25 
Error 884.298 18 49.128   
Total 1104.633 21    

BA/AC 
Treatment 161.911 2 80.955 1.68 0.222 
Error 674.799 14 48.2   
Total 836.709 16    

QMD for all live trees (in) 
Treatment 340.727 3 113.576 2.739 0.083 
Error 580.533 14 41.467   
Total 921.26 17    

Avg ht of live trees (ft) 
Treatment 0.044 1 0.044 0.006 0.941 
Error 99.693 13 7.669   
Total 99.737 14    

Avg live crown base ht (ft) 
Treatment 4.547 1 4.547 9.053 0.01 
Error 6.529 13 0.502   
Total 11.076 14    

Live Saplings per acre 
Treatment 9935.463 3 3311.821 19778 0 
Error 2.847 17 0.167   
Total 9938.31 20    

Live Seedlings per acre (trees) 
Treatment 6880.051 3 2293.35 9.189 0.001 
Error 4242.84 17 249.579   
Total 11122.891 20    

Shrubs per ac  
Treatment 14857343.45 3 4952447.816 3.264 0.047 
Error 25796922.22 17 1517466.013   
Total 40654265.67 20    

Sick trees per ac (avg) 
Treatment 0 1 0 . . 
Error 0 14 0   
Total 0 15    

Snags per acre (avg) 
Treatment 1.606 3 0.535 1.408 0.275 
Error 6.464 17 0.38   
Total 8.07 20    

Overstory canopy cover % 
Treatment 552.996 3 184.332 3.197 0.047 
Error 1095.417 19 57.654   
Total 1648.413 22    

Total Surface fuels (tons/ac) 
Treatment 72.299 3 24.1 3.172 0.051 
Error 129.15 17 7.597   
Total 201.45 20    

1000-hour fuels (tons/ac) 
Treatment 41.858 3 13.953 3.581 0.036 
Error 66.234 17 3.896   
Total 108.092 20    
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Table C. 4 Analysis of Variance (ANOVA) results for Piñon-Juniper Ponderosa Transition. This table is from a one-
way ANOVA for an unbalanced design. 

    Sum of Squares df 
Mean 
Square F Sig. 

TPA 
Treatment 59039.577 3 19679.859 1.64 0.197 
Error 443933.325 37 11998.198     
Total 502972.902 40       

BA/AC 
Treatment 62490.244 3 20830.081 16.77 0 
Error 26090.858 21 1242.422     
Total 88581.102 24       

QMD for all live 
trees (in) 

Treatment 26.084 3 8.695 0.906 0.452 
Error 239.966 25 9.599     
Total 266.05 28       

Avg ht of live trees 
(ft) 

Treatment 241.308 2 120.654 1.87 0.183 
Error 1161.242 18 64.513     
Total 1402.55 20       

Avg Live Crown Base 
Ht (ft) 

Treatment 2.645 3 0.882 0.121 0.947 
Error 138.448 19 7.287     
Total 141.093 22       

Live Saplings per 
acre 

Treatment 91856.047 3 30618.682 6.357 0.003 
Error 101151.203 21 4816.724     
Total 193007.25 24       

Live Seedlings per 
acre (trees) 

Treatment 1863962.996 3 621320.999 0.643 0.593 
Error 33843147.39 35 966947.068     
Total 35707110.38 38       

Shrubs per ac 
Treatment 118793.352 2 59396.676 0.138 0.874 
Error 2587741.768 6 431290.295     
Total 2706535.12 8       

Sick trees per ac 
(avg) 

Treatment 1749.989 2 874.995 2.697 0.095 
Error 5840.169 18 324.454     
Total 7590.158 20       

Snags per acre (avg) 
Treatment 23588.12 3 7862.707 5.528 0.003 
Error 52621.962 37 1422.215     
Total 76210.082 40       

Overstory canopy 
cover % 

Treatment 2684.029 3 894.676 5.235 0.007 
Error 3930.613 23 170.896     
Total 6614.642 26       

Total Surface fuels 
(tons/ac) 

Treatment 130.932 3 43.644 1.891 0.162 
Error 484.624 21 23.077     
Total 615.556 24       

1000-hour fuels 
(tons/ac) 

Treatment 3.158 2 1.579 0.367 0.698 
Error 77.367 18 4.298     
Total 80.526 20       
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Table C. 5 Analysis of Variance (ANOVA) results for Piñon-Juniper Woodland Savanna. This table is from a one-way 
ANOVA for an unbalanced design. 

    Sum of Squares df Mean Square F Sig. 

TPA 
Treatment 220.335 3 73.445 1.495 0.25 
Error 884.298 18 49.128     
Total 1104.633 21       

BA/AC 
Treatment 161.911 2 80.955 1.68 0.222 
Error 674.799 14 48.2     
Total 836.709 16       

QMD for all live trees 
(in) 

Treatment 340.727 3 113.576 2.739 0.083 
Error 580.533 14 41.467     
Total 921.26 17       

Avg ht of live trees 
(ft) 

Treatment 0.044 1 0.044 0.006 0.941 
Error 99.693 13 7.669     
Total 99.737 14       

Avg Live Crown Base 
Ht (ft) 

Treatment 4.547 1 4.547 9.053 0.01 
Error 6.529 13 0.502     
Total 11.076 14       

Live Saplings per acre 
Treatment 9935.463 3 3311.821 19778 0 
Error 2.847 17 0.167     
Total 9938.31 20       

Live Seedlings per 
acre (trees) 

Treatment 6880.051 3 2293.35 9.189 0.001 
Error 4242.84 17 249.579     
Total 11122.891 20       

Shrubs per ac 
Treatment 14857343.45 3 4952447.816 3.264 0.047 
Error 25796922.22 17 1517466.013     
Total 40654265.67 20       

Sick trees per ac (avg) 
Treatment 0 1 0 . . 
Error 0 14 0     
Total 0 15       

Snags per acre (avg) 
Treatment 1.606 3 0.535 1.408 0.275 
Error 6.464 17 0.38     
Total 8.07 20       

Overstory canopy 
cover % 

Treatment 552.996 3 184.332 3.197 0.047 
Error 1095.417 19 57.654     
Total 1648.413 22       

Total Surface fuels 
(tons/ac) 

Treatment 72.299 3 24.1 3.172 0.051 
Error 129.15 17 7.597     
Total 201.45 20       

1000-hour fuels 
(tons/ac) 

Treatment 41.858 3 13.953 3.581 0.036 
Error 66.234 17 3.896     
Total 108.092 20       
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