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Abstract
McIver, James; Erickson, Karen; Youngblood, Andrew. 2012. Principal 

short-term fi ndings of the National Fire and Fire Surrogate study. Gen. Tech. 
Rep. PNW-GTR-860. Portland, OR: U.S. Department of Agriculture, Forest 
Service, Pacifi c Northwest Research Station. 210 p.

Principal fi ndings of the National Fire and Fire Surrogate (FFS) study are 
presented in an annotated bibliography and summarized in tabular form by site, 
discipline (ecosystem component), treatment type, and major theme. Composed 
of 12 sites, the FFS is a comprehensive multidisciplinary experiment designed 
to evaluate the costs and ecological consequences of alternative fuel reduc-
tion treatments in seasonally dry forests of the United States. The FFS has a 
common experimental design across the 12-site network, with each site a fully 
replicated experiment that compares four treatments: prescribed fi re, mechani-
cal treatments, mechanical + prescribed fi re, and an unmanipulated control. 
We measured treatment cost and variables within several components of the 
ecosystem, including vegetation, the fuel bed, soils, bark beetles, tree diseases, 
and wildlife in the same 10-ha experimental units. This design allowed us to 
assemble a fairly comprehensive picture of ecosystem response to treatment 
at the site scale, and to compare treatment response across a wide variety of 
conditions. Results of 206 technical articles on short-term fi ndings are summa-
rized here, with the following general conclusions: (1) For most sites, treatments 
modifi ed stand structures and fuels to the point where posttreatment stands 
would be expected to be much more resistant to moderate wildfi re. (2) For the 
great majority of ecosystem components, including the vegetation, soils, and 
animal species, short-term responses to treatments were subtle and transient. 
(3) Comparison of fi re risk reduction and ecological effects between 1-year 
and several years posttreatment suggests that while effects tend to dampen 
with time, fi re risk increases, owing to treatment-induced collapse of burned 
portions of stands. (4) Each multivariate analysis conducted has demonstrated 
that critical components of these ecosystems are strongly linked, suggesting 
that managers would be prudent to conduct fuel reduction work with the entire 
ecosystem in mind. (5) Multisite analyses generally show strong site-specifi c 
effects for many ecosystem components, which reduces the broad applicability 
of fi ndings, and suggests that practitioners might do well to employ adaptive 
management at the local or regional scale. (6) Mechanical treatments do not 
serve as surrogates for fi re for the great majority of ecosystem components, 
suggesting that fi re could be introduced and maintained as a process in these 



systems whenever possible. (7) For research to best inform management on fuel 
reduction strategies through time, longer measurement times posttreatment are 
needed, as well as repeated applications of treatments; short-term results of the 
FFS are insuffi cient to comment on long-term ecosystem trajectories. 

Keywords: Fuel reduction, prescribed fi re, forest thinning, dry forests. 
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Introduction
Prescribed fi re and thinning have been the most commonly used fuel reduction 
practices in seasonally dry forests of the United States since the 1970s (Agee and 
Skinner 2005). These practices are popular because forest managers realize that 
frequent disturbance is necessary to maintain stand structure in pine-dominated 
forests of southeastern and western North America (Arno et al. 1997, Biswell et 
al. 1973, Van Lear and Waldrop 1989, Weaver 1943). Historically, low-intensity 
surface fi res burned frequently in these forests and tended to reduce the quantity of 
fuels, break up their spatial continuity, and discourage the establishment of shrubs 
and fi re-intolerant tree species, leading eventually to stands dominated by larger 
diameter trees (Brockway et al. 2005, Youngblood et al. 2004). Fire suppression, 
preferential harvest of large-diameter trees, stand conversion, and livestock grazing 
over the past 100 to 150 years, among other factors, have shifted fuel bed conditions 
over millions of hectares in the Southeast and the West (Agee 1993, Brockway et 
al. 2005, Parsons and DeBenedetti 1979, Stephens and Ruth 2005). As a result, 
recent wildfi res in seasonally dry forests have tended to be larger and more severe, 
even in areas that have no history of stand-replacement fi res (Hessburg and Agee 
2003, Knapp et al. 2005, Parsons and DeBenedetti 1979). This scenario explains 
why prescribed fi re and thinning are increasingly used by managers in seasonally 
dry forests to change the only factor in the fi re formula they can: the quantity and 
spatial continuity of fuels (Agee and Skinner 2005). 

Prescribed fi re has been the most attractive fuel reduction practice for eco-
logically minded forest managers, for the obvious reason that it is most likely 
to emulate the natural process that it is designed to replace (McRae et al. 2001). 
Unfortunately, when forest managers attempt to apply prescribed fi re, they are often 
constrained by social, economic, and administrative issues, such that the window 
of opportunity for its application is often narrowed or eliminated (Brunson and 
Shindler 2004, Winter et al. 2002). As a result, fuel reduction surrogates such as 
forest thinning or mastication have become more attractive (Crow and Perera 2004). 
The assumption is that if managers can use mechanical treatments to reduce fuels 
and accomplish the same stand structure goals as those obtained by prescribed fi re, 
the constraints and risks posed by the application of fi re can be avoided. The only 
problem with this idea is that we know very little about how mechanical treatments 
compare with prescribed fi re, particularly in terms of ecological effects and their 
interactions (Weatherspoon 2000). Furthermore, because few multisite studies have 
been conducted, we have little confi dence in how the comparison between alterna-
tive fuel reduction methods might play out when repeated in different forests having 
different conditions (Waldrop and McIver 2006). These considerations provided the 
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incentive behind the genesis and development of the National Fire and Fire Surro-
gate (FFS) study (McIver and Weatherspoon 2010). 

The FFS was designed primarily to evaluate how alternative fuel reduction 
treatments infl uence a multitude of ecological effects at 12 sites nationwide (fi g. 
1). The study also included analysis of the cost of fuel reduction treatments and 
their social acceptability. As of 31 December 2010, short-term results of this study 
had been published in 206 technical articles, including several multisite syntheses, 
and organized collections in four journals. The primary purpose of this report is 
to summarize the principal fi ndings published in these technical articles in a way 
that allows the reader to understand the consequences of alternative fuel reduc-
tion treatments across many dry forest types for a wide array of key ecological 

Figure 1—Location of the 12 national Fire and Fire Surrogate (FFS) study sites, showing relevant national forests (black shaded areas), 
forest type, fi re-return interval (FRI, mean and range in years), and elevation range (m). For sites located on state or private lands, 
relevant national forests are given in parentheses. Lighter shading indicates “representative land base,” or the area to which FFS results 
can be most directly applied for each site. Representative land bases are derived from Level III ecoregions (U.S. Environmental Protec-
tion Agency 2007). (From McIver and Weatherspoon 2010, used with permission of the authors and publisher.)
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variables. We fi rst describe the design of the FFS study as a multisite, multivariate, 
comparative experiment. We present a chronology of the project, from its inception 
in 1996 to the conclusion of its short-term phase in 2010. We summarize the con-
siderable outreach effort, including activities such as tours, local presentations, and 
workshops, in addition to more formal products such as national conferences and 
scientifi c publications. We then present the principal short-term fi ndings, starting 
with a summary of treatment effectiveness at the site level (fi rst-order effects), then 
continuing with highlights of ecological effects summarized by treatment, manage-
ment theme, discipline, and site. These highlights are linked to the core of this 
report, an annotated bibliography provided in table 14 of all fi ndings, arranged fi rst 
by site and then by discipline.

FFS Study Design
The FFS study was conducted in seasonally dry forests administered by the U.S. 
Department of Agriculture (USDA) Forest Service, National Park Service, state 
parks, universities, and private industry at 12 sites across the United States, fi ve 
in the East, and seven in the Western interior (fi g. 1). An additional site in New 
Mexico was dropped from the network because of the loss of several experiment 
units to wildfi res in 2002 and 2003. Of the fi ve sites in the Eastern United States, 
two in the Appalachian region are hardwood-dominated (Central Appalachian 
Plateau and Southern Appalachian Mountains), featuring forests composed of a 
variety of oaks, maples, and hickories (Waldrop et al. 2008). The Gulf Coastal Plain 
site is dominated by longleaf pine (Pinus palustris Mill.), a conifer species with 
a fi re-dependent ecology (Outcalt 2005). The Southeastern Piedmont site is situ-
ated in a forest that has grown back in cotton fi elds abandoned in the 19th century, 
and is dominated by loblolly (P. taeda L.) and shortleaf (P. echinata Mill.) pines, 
with hardwoods in the understory and in the swales (Phillips and Waldrop 2008). 
Finally, the Florida Coastal Plain site has a sparse overstory of slash pine (P. elliottii 
Engelm.) and longleaf pine, and an understory dominated by saw palmetto (Serenoa 
repens (Bartram) Small) (Outcalt and Foltz 2004). While the details of management 
history of the eastern sites differ considerably, stand structures generally refl ect 
considerable burning and clearing over the past 250 years (McCarthy 1995). Each 
of the seven western sites is dominated by conifer species, principally ponderosa 
pine (P. ponderosa P. & C. Lawson) and Douglas-fi r (Pseudotsuga menziesii (Mir-
bel) Franco). Sites differ considerably in productivity, refl ected by a range in annual 
precipitation from at least 160 cm at the Southern and Central Sierra Nevada sites in 
California (Stephens and Moghaddas 2005b) to less than 50 cm at the Southwestern 
Plateau in northern Arizona (Hurteau et al. 2010). Located on national park lands, 
the Southern Sierra Nevada site had never been logged (Knapp et al. 2005), but the 
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other six western sites have stand structures that refl ect a history of logging, from 
the early part of the 20th century through the 1980s (table 1). In all of these forests, 
the largest trees were logged earlier in the 20th century, with more recent prescrip-
tions focused on thinning from below (Dodson et al. 2008, Metlen and Fiedler 
2006, Ritchie 2005, Youngblood et al. 2006). 

Fuel reduction treatments were applied between 1998 and 2004 at all 12 sites. 
Eleven sites received four treatments: prescribed fi re only (burn), some form of 
thinning applied as a mechanical treatment only (mechanical), a combination of 
mechanical treatment applied fi rst followed by prescribed (mechanical + burn), 
and an untreated or unmanipulated treatment (control). At the Southern Sierra 
Nevada site (National Park Service), no mechanical treatments were allowed, thus 
the two active treatments were early and late-season burns (table 1). Treatment was 
replicated at all 12 sites three or four times at the stand level. These replicates are 
referred to as “experimental units” and most statistical analyses were conducted at 
this scale. Each unit was at least 10 ha, with the perimeter surrounded by a buffer of 
at least 50 m that received a similar treatment. All pre- and posttreatment measure-
ments were taken in reference to a set of points established on a 40- to 60-m grid in 
the interior of each unit. 

The detailed prescriptions for mechanical fuel reductions and underburning 
were unique to each site, but the common objective for all treatments was to achieve 
stand and fuel conditions such that, if subjected to a head fi re under the 80th per-
centile weather conditions, at least 80 percent of the basal area of the dominant and 
co-dominant trees would survive (80/80 rule). Clearly, because the alternative fuel 
reduction treatments would be expected to infl uence stands and fuel beds in funda-
mentally different ways, we did not expect posttreatment stands to look the same 
for all treatments. Rather, the 80/80 rule was designed as a guide that fi re manage-
ment offi cers and silviculturists could use to envision the kinds of treatments we 
wanted (Stephens et al. 2009). In addition, we anticipated that sites differed in 
the extent to which local managers would “push the envelope” with respect to the 
burn treatment in particular, and so the 80/80 rule also tended to dampen potential 
among-site variation of this kind. For mechanical treatments, managers at each 
site used a biomass or saw-log removal system that was locally applicable to that 
site, but always with the 80/80 rule in mind. Burning was conducted in the fall or 
spring based on common local practices, or both seasons at the Southern Sierra 
Nevada site. At western sites, the combination mechanical + burning treatment was 
implemented with at least a full season between cutting and burning for fuels added 
during mechanical harvesting to dry before burning. While the method of applica-
tion of prescribed fi re was fairly uniform throughout the 12 sites, the mechanical 

The 80/80 rule 
served as a minimum 
treatment target and 
provided a common 
basis for designing 
treatments across the 
network of sites.
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treatments were more variable. At most sites, mechanical harvesters were used to 
thin trees. At the Central Sierra Nevada site, trees less than 25 cm in diameter were 
mechanically masticated to further break down the fuel bed. At the Florida Coastal 
Plain site, the saw palmetto understory was masticated, leaving the sparse overstory 
untouched. At the Southern Appalachian Mountains site, all tree stems greater 
than 1.8 m height and less than 10.2 cm diameter were felled, as well as all shrubs, 
regardless of size. 

The core experimental design for the FFS study included common treatments 
and response variables, and minimum replication standards and plot sizes. Eco-
logical variables are interpreted within six ecosystem components or disciplines 
(table 2): (1) vegetation, including trees, shrubs, forbs, and grasses; (2) the relevant 
fuel bed, comprising the forest fl oor, woody fuels, and live fuels (particularly for 
the Eastern sites); (3) soils and the forest fl oor, with a focus on carbon, nitrogen, 
exchangeable ions, and bulk density; (4) fauna, including small mammals, birds, 
and macroinvertebrates; (5) bark beetles on pine-dominated sites; and (6) root 
diseases and dwarf mistletoe. Most variables were measured the year before sites 
were treated, and for as many years as possible after treatment (1 to 4 years). 
Several statistical methods were used for analysis, including general linear models 
for univariate analyses, structural equation modeling for multivariate questions, 
and meta-analyses for multisite comparisons. The FFS study was also designed to 
measure costs of alternative fuel reduction treatments, and estimates of these were 
made for each of the 12 sites. Some sites also measured productivity of the principal 
machines used (e.g., Blue Mountains), and one site (Central Sierra Nevada) assessed 
the social acceptance of the various fuel reduction methods. 

Chronology
Although the national FFS study was carried out in large part within the period 
during which the project received funding from the Joint Fire Science Program 
(2000–2006), research activity associated with the project occurred between 1996 
and 2010 (table 3). In this section, we summarize the chronology of the FFS from its 
inception in 1996 to publication of the fi nal short-term results in late 2010. 

The idea for an experiment that would directly compare the ecological effects of 
alternative fuel reduction methods was proposed almost simultaneously by two dif-
ferent teams of scientists. At the Pacifi c Southwest Research Station’s Silviculture 
Lab in Redding, California, Phil Weatherspoon and Carl Skinner began to envision 
a comparative experiment in early 1996 after having evaluated separately the effects 
of both prescribed fi re and its mechanical surrogates (Weatherspoon and Skinner 
1995) and having proposed, in cooperation with a number of other scientists and 
land managers, California-based FFS-type studies. In February 1996, James McIver 
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Principal Short-Term Findings of the National Fire and Fire Surrogate Study

Table 3—Chronology of key events in the development of the national Fire and Fire 
Surrogate (FFS) study, 1996 though 2010

Date Event

February 1996 Weatherspoon and Skinner called for FFS study in Sierra Nevada

February 1996 McIver and Youngblood proposed FFS study to U.S. Department of 
   Agriculture-National Research Initiative (Blue Mountains site)

October 1997 Weatherspoon discussed the potential for national FFS with Conard

November 1997 Joint Fire Science Program (JFSP) established

June 1998 JFSP funded preproposal to design FFS

June 1998 Pretreatment data collection initiated and mechanical treatments applied 
   at Blue Mountains site

September 1998 Steering committee began developing national FFS experiment proposal

December 1999 First proceedings paper published

January 2000 Steering committee submitted FFS proposal to JFSP

February 2000 JFSP funded FFS

April 2000 Pretreatment data collection began at most sites

Spring 2000 Treatment implementation phase began for most sites

May 2000 Financial agreements signed between JFSP and FFS research institutions

October 2000 Database manager hired and database development began

Spring 2001 First round of posttreatment data collection began at most sites

June 2002 First master’s thesis published

Spring 2004 First round of treatments completed at 12 sites

October 2004 First journal paper published

June 2005 First Ph.D. dissertation published

May 2006 Initial funding completed and fi nal reports submitted to JFSP

November 2006 First national FFS symposium held in San Diego, California

May 2008 First collection of 12 papers published in Forest Ecology and Management

March 2009 Second collection of fi ve papers published in Ecological Applications

December 2009 Second national symposium held in Savannah, Georgia

February 2010 Third collection of 12 papers published in Forest Science

December 2010 Fourth collection of seven papers published in Open Environmental Sciences 
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and Andrew Youngblood, of the Pacifi c Northwest Research Station’s La Grande, 
Oregon, Forestry Sciences Lab, submitted a proposal to the USDA National 
Research Initiative entitled, “Alternative fuel reduction methods in Blue Mountain 
dry forests,” which was subsequently funded in September 1996. That proposal 
described methods that were similar to those eventually adopted by the FFS steer-
ing committee, allowing the Blue Mountains to be included as one of 11 initial FFS 
sites. The idea for a national FFS study germinated at a national “Fuels research 
proposal workshop” held in November 1997. The fi re scientists and fi re managers 
attending this workshop were asked to identify high-priority fi re research needs 
that would provide input to the interagency committee drafting the Congressionally 
mandated Fire Sciences Plan. This plan would guide the initial decisionmaking of 
the new Joint Fire Science Program (JFSP; U.S. Department of the Interior and the 
USDA Forest Service; established in early 1998) in allocating new federal fund-
ing to address the most pressing fi re science and management issues of the day. 
At this workshop, Weatherspoon proposed a multiple-site FFS-type project to be 
implemented in California or, if interest and support warranted, in several locations 
across the Western United States. A number of attendees considered this proposed 
project to have substantial merit, and several suggested that it be expanded to a 
national scale. At the conclusion of the workshop, a group of attendees interested in 
the FFS-type proposal met to discuss next steps. Signifi cantly, the group included 
Susan Conard, chairperson of the interagency drafting committee and soon thereaf-
ter chairperson of the JFSP Governing Board, who strongly supported the vision of 
a national FFS-type study. Based in part on this group’s discussion, Weatherspoon 
and Skinner organized an initial FFS meeting in January 1998 to begin the process 
of defi ning and designing this national study.

It is certainly fortuitous that the JFSP emerged at the same time that several 
scientists were envisioning an FFS-type project, because it is unlikely that other 
granting agencies could have supported such an ambitious national project. In 
September 1998, Weatherspoon and the FFS steering committee received a plan-
ning grant from the JFSP to design a national multisite, multidisciplinary FFS study 
that would evaluate the economics and ecological consequences of prescribed fi re 
and its mechanical surrogates in seasonally dry forests of the United States. Shortly 
thereafter, McIver and Youngblood presented the design of their previously funded 
experiment at the Blue Mountains site in northeastern Oregon, and suffi cient por-
tions of the design were adopted by the national FFS steering committee, resulting 
in the Blue Mountains site becoming the initial FFS site. The FFS design was 
completed in December 1999, and in February 2000, the JFSP decided to fund the 
national experiment. 
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Pretreatment data collection began in May 1998 for the Blue Mountains site. 
Data collection began in April 2000 for eight additional sites, three in the East, and 
fi ve in the West. The two remaining eastern sites (Southern Appalachian Mountains 
and Gulf Coastal Plain) were funded by the National Fire Plan, and pretreatment 
data collection began in 2001 using the same protocols as sites funded by the JFSP. 
In the West, the Central Sierra Nevada site also began data collection in 2001. 
Treatment implementation began in 1998 (Blue Mountains site), and the fi rst round 
was completed with the prescribed burns at the Northeastern Cascades site in 2004. 
By the end of the JFSP-funded period (April 30, 2006), most of the eastern sites 
had applied a second or third prescribed fi re. The fi rst round of posttreatment data 
collection (after all treatments were implemented) began in 2001 and continued 
through 2004. Additional years of posttreatment data were also collected at most 
sites, continuing through the summer of 2006. Site-level analysis began within 
a few months after the fi rst round of treatments had been implemented (by early 
2002), and the earliest articles with short-term results were published beginning 
in late 2002. By the end of the JFSP-funded period, 100 data papers were pub-
lished, including 24 theses and dissertations, 32 proceedings or general technical 
reports, and 44 peer-reviewed journal articles. By the end of 2010, this number had 
increased to 206 total publications, including 113 journal articles. Although the 
analysis phase of the initial study is largely fi nished, outreach continues as scien-
tists conduct fi eld tours and present papers on short-term results at conferences and 
workshops. 

FFS Outreach
Early in 2001, within 8 months of funding, principal investigators of the FFS study 
developed a “Communications Plan,” which served as an outreach guide for each 
site and the network as a whole. This plan identifi ed all potential audiences and 
prescribed content and medium for products and activities aimed at those audiences 
throughout the study period. The primary audience throughout the network and 
the study period was the natural resource land manager, primarily federal, but also 
state, local, and private. An important secondary audience was the “active” public, 
those individuals in the private sector who take a keen interest in natural resource 
issues. Finally, the tertiary audience was other scientists/educators, because in 
reality, much of the information that natural resource managers use is acquired 
through the traditional educational process, delivered to them through universities 
or through continuing education programs.

From October 2000 through the end of 2010, a total of at least 644 products 
were delivered, including 206 technical articles, 111 invited oral presentations, 68 
tours, 174 posters/presentations at conferences, and 20 major workshops (table 4). 
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Note that the actual number of delivered products is considerably higher, because 
with the exception of technical articles, table 4 does not contain any outreach deliv-
ered after the funding period ended (May 2006). Nonetheless, although it is very 
diffi cult to measure the actual impact of any given research project, FFS principal 
investigators invested a signifi cant amount of time and energy in outreach to deliver 
the vast amount of information collected to the intended audiences.

Toward the end of the study period, FFS principal investigators held a series 
of four regional workshops across the country (Youngblood et al. 2007). To each 
workshop we invited key individuals representing our primary audience (natural 
resource land managers), and we used participatory evaluation as a means of 
assessing the effi cacy of our outreach effort. We asked four overarching questions at 
each workshop: (1) Who needs fuel reduction information? (2) What information do 
they need? (3) Why do they need it? and (4) How can it best be delivered to them? 
Participants helped to determine key users of fuel reduction information, identifi ed 
the most important pieces of information needed by them, and made recommenda-
tions on how best to deliver the information to the key users. While each regional 
workshop was to some extent idiosyncratic in terms of output, a common theme 
identifi ed by most participants was that the most effective means of outreach 
would be to open and maintain direct communication lines between scientists and 
managers working in the fuel reduction arena. Certainly, information tended to be 
delivered most effectively and most effi ciently to those land managers who had the 
opportunity to work directly with scientists at the study sites themselves, through-
out the treatment implementation, posttreatment measurement, and science delivery 
processes.

Much of the expense of experimental research is personnel. A substantial 
amount of work is needed to accomplish project objectives, such as planning, 
surveying, measuring, managing data, analysis, writing, and outreach. An implicit 
yet critically important aspect of such research is the training of future profession-
als, especially to the extent that the work is performed by students and junior staff 
at various stages of career development. Thus the USDA Forest Service and the 
Department of the Interior, through funding distributed by the JFSP, are in effect 
training professionals for future work in their agencies, the private sector, universi-
ties, and other professional fi elds. Across the FFS network, dozens of students 
were engaged in the process of research, including undergraduate, graduate, and 
postdoctoral. We have no way of tracking the dozens of undergraduate students 
who were involved in FFS. Successful graduate students, however, left behind a 
record of their work in their master’s theses, doctoral dissertations, and journal 
articles; all of these were assigned FFS publication numbers and are summarized 
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in the bibliography. A total of 41 postgraduate students completed research associ-
ated with FFS sites, including 4 postdoctoral scientists, 8 doctoral students, and 27 
master’s students (table 5). Two students published papers while in degree programs 
but did not fi nish degrees. Of the 32 individuals about whom we have information, 
8 have found permanent work with state or federal agencies, 4 are university faculty 
members, and 6 are professionals within the private sector. Clearly, the FFS study 
has been a fertile training ground for natural resource professionals, especially 
those working in forestry, silviculture, and fi re-related fi elds. 

Any outreach program that supports a scientifi c research project must have a 
core of information to draw upon, preferably published in peer-reviewed outlets. 
Although the journal article is generally considered the gold standard for technical 
communication and peer validation, in recent years, articles placed in collections of 
proceedings, general technical reports, and graduate student theses typically receive 
some form of peer review, and therefore can also be included in the core of the 
knowledge base for a research project. For the FFS study, a total of 206 technical 
articles were published between 1999 and 2010, including 111 in scientifi c journals, 
27 master’s theses, 8 Ph.D. dissertations, and 46 in collections of proceedings or in 
technical reports (table 6). Of the peer-reviewed journal papers, 33 were published 
as collections in four journals: Forest Ecology and Management vol. 255 (2008), 
Ecological Applications vol. 19 (2009), Forest Science vol. 56 (2010), and Open 
Environmental Sciences vol. 4 (2010).

Because the FFS study included common research protocols across sites for 
the same ecological component or scientifi c discipline (table 2), we grouped techni-
cal articles into these ecological components or disciplines by site to provide easy 
access to those wanting to compare responses within a discipline among sites or 
ecoregions (table 7). Similarly, we grouped the collection of technical articles into 
second-order or more applied themes of common interest, such as treatment effect 
size, heterogeneity of treatment effects with treatment units, and implications for 
nonnative or exotic plants (table 8). Many of these technical papers refl ect the multi-
site, multivariate design of the FFS study, which builds a more confi dent knowledge 
base when it comes to when, where, and how to plan a fuel reduction program. Key 
multisite articles include those focusing on soils and carbon, vegetation, fuels, wild-
life, economics, outreach, and multiple variables. Key multivariate articles consider 
such related topics as prescribed fi re, fuels, and spatial heterogeneity; fuels, fi re 
behavior, and bark beetles; soil, microbes, and vegetation; fi re, patchiness, inverte-
brates; and fuels, fi re, carbon, and risk reduction. 

Finally, three contributions can be considered syntheses, having drawn upon 
information from several FFS sites in addition to other literature in an effort to 

FFS study results were 
featured in four special 
issues of refereed 
journals.
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focus on major subject areas of nontarget botanicals, vertebrates, and prescribed fi re 
season of burn. These syntheses were all designed with land manager input, which 
was used not only to determine content, but also to insure that the products were 
built in a form readily useable by natural resource managers.

Findings
The principal short-term fi ndings of the FFS study reported here are all extracted 
from research published in theses, dissertations, proceedings, general techni-
cal reports, or in peer-reviewed journals (table 6). We start by describing the 
effectiveness of the prescribed treatments in terms of the stated short-term goal 
of fuel reduction. This provides not only a glimpse of fi rst-order effects that are 
important for natural resource managers, but also sets the stage for interpretation 
of the second-order effects that are the primary focus of FFS research. Obviously, 
if treatments are poorly implemented, any second-order effect would have little 
practical value. Next we present a summary of key fi ndings, organized by treat-
ment, management theme, discipline, and site. While some textual interpretation 
is provided, key fi ndings are organized into a set of annotated tables, such that the 
reader can more easily link statements to the published literature. We hope that the 
organization of fi ndings in several ways (by treatment theme, discipline, and site) 
will cover a wider range of needs of our intended audience. Finally, we provide an 
annotated list of all 401 fi ndings that we extracted from the 206 published articles, 
organized fi rst by site (ecoregion), then by discipline (ecological component, sociol-
ogy, or economics). Each publication is classifi ed based on site, principal discipline, 
and publication type. The full citation is provided for each article, and each fi nding 
is also linked to supporting literature outside the FFS. A searchable database of 
all fi ndings, their supporting literature, and PDFs of all 206 articles is posted on 
the Fire Research and Management Exchange System (FRAMES) Web site (www.
frames.gov/ffs). 

Treatment Effectiveness
The fi rst mark of a successful manipulative experiment is that all treatments must 
be implemented such that target variables are changed in predictable ways, as 
close to prescription as possible. In the case of the FFS study, target variables were 
components of stand structure and the fuel bed associated with fuel reduction. In 
general, to meet the 80/80 requirement, we aimed for reductions in the density and 
basal area of living trees and total woody fuel mass. Most sites had good success in 
meeting short-term fuel reduction objectives for the various treatments. 

When applied as distinct treatments, both prescribed fi re and mechanical 
treatments had reasonably consistent short-term effects on stand structure and fuels 

We provide an 
annotated list of 401 
fi ndings extracted 
from 206 published 
articles.



21

Principal Short-Term Findings of the National Fire and Fire Surrogate Study

Ta
bl

e 
9—

Im
m

ed
ia

te
 e

ff
ec

t o
f t

re
at

m
en

t i
m

pl
em

en
ta

tio
n 

on
 li

ve
 tr

ee
 d

en
si

ty
, b

as
al

 a
re

a,
 s

na
g 

de
ns

ity
, a

nd
 to

ta
l f

ue
l m

as
s 

fo
r t

he
 1

2 
si

te
s 

in
 th

e 
na

tio
na

l F
ire

 a
nd

 F
ire

 S
ur

ro
ga

te
 (F

FS
) s

tu
dy

, f
or

 b
ur

n 
(B

), 
m

ec
ha

ni
ca

l (
M

), 
an

d 
m

ec
ha

ni
ca

l +
 b

ur
n 

(M
+B

) t
re

at
m

en
ts

 (↑
 =

 in
cr

ea
se

; 
↓ 

= 
de

cr
ea

se
; 0

 =
 n

o 
tr

en
d 

ch
an

ge
 fo

r i
nd

ic
at

ed
 v

ar
ia

bl
e,

 w
ith

 tr
en

d 
in

di
ca

te
d 

by
 n

on
ov

er
la

pp
in

g 
st

an
da

rd
 e

rr
or

s)
 

 
L

iv
e 

tr
ee

 d
en

si
ty

 
B

as
al

 a
re

a 
Sn

ag
 d

en
si

ty
 

To
ta

l f
ue

l m
as

s

FF
S 

si
te

 
B

 
M

 
M

+B
 

B
 

M
 

M
+B

 
B

 
M

 
M

+B
 

B
 

M
 

M
+B

N
or

th
ea

st
 C

as
ca

de
s 

0 
↓ 

↓ 
0 

↓ 
↓ 

0 
0 

0 
↓ 

↑ 
0

Bl
ue

 M
ou

nt
ai

ns
 

0 
↓ 

↓ 
0 

↓ 
↓ 

↑ 
0 

0 
↓ 

0 
↓

N
or

th
er

n 
R

oc
ky

 M
ou

nt
ai

ns
 

0 
↓ 

↓ 
0 

↓ 
↓ 

↑ 
0 

↑ 
↓ 

↑ 
↓

So
ut

he
rn

 C
as

ca
de

sa  
0 

↓ 
↓ 

0 
↓ 

↓ 
↑ 

↓ 
↓ 

↓ 
0 

↓
C

en
tr

al
 S

ie
rr

a 
N

ev
ad

a 
0 

↓ 
↓ 

0 
↓ 

↓ 
↑ 

↓ 
↓ 

↓ 
0 

↓
So

ut
he

rn
 S

ie
rr

a 
N

ev
ad

ab  
↓ 

N
A

 
N

A
 

↓ 
N

A
 

N
A

 
↑ 

N
A

 
N

A
 

↓ 
N

A
 

N
A

So
ut

hw
es

te
rn

 P
la

te
au

 
0 

↓ 
↓ 

0 
↓ 

↓ 
↑ 

↓ 
0 

↓ 
0 

↓
C

en
tr

al
 A

pp
al

ac
hi

an
 P

la
te

au
 

0 
↓ 

↓ 
0 

↓ 
↓ 

0 
↓ 

↓ 
0 

↑ 
0

So
ut

he
rn

 A
pp

al
ac

hi
an

 M
ou

nt
ai

ns
 

0 
0 

↓ 
0 

0 
0 

↑ 
0 

↑ 
↓ 

0 
0

So
ut

he
as

te
rn

 P
ie

dm
on

t 
0 

↓ 
↓ 

0 
0 

↓ 
↑ 

0 
↑ 

↓ 
0 

0
G

ul
f C

oa
st

al
 P

la
in

 
0 

↓ 
↓ 

0 
↓ 

↓ 
↑ 

↓ 
↑ 

0 
0 

↓
Fl

or
id

a 
C

oa
st

al
 P

la
in

 
0 

0 
0 

0 
0 

↑ 
↑ 

0 
0 

0 
0 

0
N

A
 =

 n
ot

 a
pp

lic
ab

le
.

a 
Pr

et
re

at
m

en
t d

at
a 

no
t a

va
ila

bl
e 

fo
r S

ou
th

er
n 

C
as

ca
de

s s
ite

; e
ff

ec
t t

re
nd

s a
re

 e
st

im
at

ed
 w

ith
 th

e 
us

e 
of

 c
on

tr
ol

 u
ni

ts
.

b 
M

ec
ha

ni
ca

l t
re

at
m

en
ts

 n
ot

 im
pl

em
en

te
d 

at
 S

ou
th

er
n 

Si
er

ra
 N

ev
ad

a 
si

te
 in

 S
eq

uo
ia

 N
at

io
na

l P
ar

k;
 tr

aj
ec

to
rie

s c
om

bi
ne

 sp
ri

ng
 +

 fa
ll 

bu
rn

s.



22

GENERAL TECHNICAL REPORT PNW-GTR-860

across the FFS network (Schwilk et al. 2009). As expected, fi re alone had little 
infl uence on live stand structure (tree density, basal area), but tended to increase the 
density of small snags, and for the western sites in particular, decrease the mass of 
woody fuels (table 9). Mechanical treatment, on the other hand, had nearly opposite 
effects on stand structure and fuels, resulting in lower live tree density, basal area, 
and snag density (at some sites), but either did not infl uence or increased woody fuel 
mass. The only exception to these general patterns was at the Florida Coastal Plain 
site, where fuel treatments were designed only to target the understory.

A somewhat less consistent picture emerges when we examine short-term 
effects of treatments when applied in combination (fi rst mechanical, then prescribed 
fi re). While the combined treatment affected live tree parameters in almost the 
same way as for the mechanical treatment, there were distinct differences between 
western and most eastern FFS sites in effects on snags and total fuel mass. Among 
western sites, snag density tended to either remain unchanged or decreased after 
the mechanical + burn treatment, while among the four eastern sites at which 
overstory treatment was emphasized, three sites experienced increased snag 
density. Furthermore, while the combined mechanical + burn treatment decreased 
woody fuel mass at nearly every western site, only at the Gulf Coastal Plain site did 
the combination of mechanical and fi re treatments have this effect. Interestingly, 
in terms of treatment effectiveness, the Gulf Coastal Plain site was similar to the 
western sites, while the other eastern sites were more variable. 

In terms of predicted posttreatment fi re behavior, fi re performance analyses 
conducted at six western sites (excluding Northeastern Cascades) strongly indicated 
that the mechanical + burn treatment was the most effective treatment in these dry 
forest systems (Stephens et al. 2009). This is not surprising; only the combination 
treatment resulted in short-term stand structure and fuel bed conditions—reduced 
live tree density, live basal area, and fuel mass—that would be expected to substan-
tially infl uence future fi re behavior. In contrast, at the Central Appalachian Plateau 
and Southeast Piedmont sites, both eastern sites at which potential fi re behavior 
analyses were conducted, burning was the most effective treatment, possibly 
because slash created by the mechanical treatment had not suffi ciently dried by the 
time fi res were applied (Iverson et al. 2003, Mohr and Waldrop 2006). In terms of 
fuel treatment effectiveness therefore, the combination mechanical + burn most 
closely resembled the mechanical treatment for these two eastern sites.

Fire performance 
analysis conducted 
at six western sites 
indicated that the 
mechanical + burn 
treatment was the most 
effective treatment. 
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Table 10—Principal distinctions among three fuel reduction treatments 
compared in the national Fire and Fire Surrogate study

Treatment Summary of effects

Burn Burn treatments had little effect on live stand structure, but increased 
 small snag density and decreased woody fuel mass. Fuel reduction 

was greater with fall burns than spring burns at western sites. Burn-
ing alone was more effective in fuel reduction than the combined 
mechanical + burn treatment in the east, especially when slash was 
not dry when fi re was applied. Costs in the West were higher than 
the Southeast owing to drier conditions resulting in higher risk of 
fi re escapes and greater smoke production. More people in California 
favored fi re as a fuel reduction practice, but many worried about the 
risk of escape. For ecological effects, burns: 
• Were most similar to the combined mechanical + burn treatments
• Retained more carbon in the soil than mechanical or no 

treatments
• Can enhance short-term productivity, but at the expense of 

nutrient standing stocks
• Decreased soil moisture, which favored more xeric plant species
• Favored shorter lived, herbaceous plant species
• Caused short-term decreases in shrub cover, but stands recovered 

to initial levels 2 to 4 years after burning
• Altered surface-dwelling beetle species compositions, increasing 

the abundance of rare species
• Altered feeding guild structure of arthropod communities
• Increased bark beetle activity, which in turn attracted bark-

foraging birds including passerines and woodpeckers
• Increased patchiness, leading to heterogeneity in nutrients and 

increased stand-level plant species richness
• Created forest heterogeneity similar to wildfi res owing to spatial 

variation in topographic and biotic factors
Mechanical Mechanical treatments decreased basal area and stand density, but 

 had little effect on surface fuels. Mechanical treatments were similar 
to the untreated control in fuel and fi re risk reduction, resulting in 
more severe modeled fi re behavior and tree mortality than treatments 
that included burns. At several sites, mechanical treatments returned 
revenue that helped to offset the cost of other treatment activities, 
including fi re. In a broad survey in California, the majority of people 
believed mechanical treatments to be an acceptable method to reduce 
fuels, and also trusted the land managers to implement them prop-
erly. For ecological effects, mechanical treatments: 

• Were not a surrogate for fi re for the great majority of ecological 
variables

• Produced results similar to the untreated control for most 
variables

• Altered carbon and nitrogen dynamics in different ways than did 
burning 

• Created or maintained more mesic conditions for plant responses
• Had little effect on arthropod species
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Table 10—Principal distinctions among three fuel reduction treatments 
compared in the national Fire and Fire Surrogate study (continued)

Treatment Summary of effects

Mechanical (cont.) • Had no effect on bark beetles or bark-foraging bird species at  
western sites

• Attracted foliage-gleaning and canopy-nesting bird species at 
some eastern sites

• Did not alter within-stand patchiness
Mechanical + burn Mechanical + burn treatments decreased basal area and stand density

 similarly to the mechanical treatments, but there were distinct 
differences between western and most eastern FFS sites in effects on 
snags and total fuel mass. Snag density was unchanged or decreased 
after treatment at western sites, while snag density increased at three 
eastern sites. Mechanical + burn treatments were less effective than 
burn treatments at eastern sites because fuels were not consumed 
by fi res after mechanical treatments. For ecological effects, the 
mechanical + burn treatments:
• Were more similar to burn treatments for most ecological 

variables, with generally greater magnitude of change for 
soils, plants, invertebrates (particularly bark beetle activity), 
and vertebrates

• Likely were the most effective treatments in increasing resiliency 
of the overstory structure and composition

• Diverged more from the other treatments in soil chemistry 
response with increased time after treatments

• Favored herbaceous species, including exotic and 
transformer species

• Created potential tradeoffs such as changes in down woody 
debris or large snags, and changes in natives plant species or 
exotic plant species
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Highlights of Findings
Alternative treatments— 
As expected, alternative fuel reduction treatments had markedly different effects on 
most ecological variables, across the spectrum of ecosystem components that were 
studied (table 10). This is largely because fi re has unique effects on ecosystems, and 
these effects cannot be simulated by changing forest structure in any other way. 
Consumption by fi re stores more carbon in the soil, increases mineral soil exposure, 
decreases soil moisture, enhances short-term productivity, and favors more xeric 
plant species. Changes in vegetation structure, and the patchiness of these effects 
within stands, can have measurable effects on invertebrates and small vertebrates, 
in terms of abundance, species composition, and species richness at the stand level. 
First-order fi re effects attract bark beetles and reduce a tree’s ability to repel bark 
beetle attacks, which cause further modifi cation of resources, in turn attracting 
bark-foraging birds. In the short term, ground and foliage-nesting birds are discour-
aged by changes in vegetation structure, and together with changes in bird foraging 
guilds, bird species composition can diverge between fi re and mechanically treated 
stands. The dominance of fi re effects causes the mechanical + burn treatment to 
sort with the burn-only treatment, while the mechanical-only treatment tends to 
sort with the unmanipulated control for the great majority of ecological variables. 

Social acceptance of fuel reduction treatments was quite high in the one sur-
vey performed in California, although prescribed fi re is preferred as a restoration 
treatment, and mechanical treatments are rated as less risky in terms of fi re escape 
and smoke production. In some forest stands, harvest of merchantable trees before 
burning clearly mitigated the costs of fuel reduction, and so market conditions 
permitting, the combination mechanical + burn treatment offers the fastest avenue 
to restoration of large structure in seasonally dry forests. 

Themes— 
In terms of “second-order” ecological effects, the most conspicuous patterns 
observed throughout the FFS network were that FFS treatments generally caused 
subtle and transient short-term effects, and that these effects were markedly dif-
ferent depending on whether fi re was applied (table 11). Because of its capricious 
nature, fi re also tended to enhance within-stand heterogeneity, which in turn infl u-
enced other variables such as herbaceous plant and invertebrate species richness. 
The distinctiveness of fi re as a mechanism for change also led to habitat changes 
for both plants and animals, and generally favored species that were adapted to 
more xeric conditions. The combination mechanical + burn treatment had generally 
additive effects, and therefore caused the most signifi cant short-term effects for 
most ecological variables. The attractiveness of the mechanical + burn treatment as 
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Table 12—Principal short-term fi ndings of the national Fire and Fire Surrogate (FFS) study by discipline and 
ecosystem components (see table 14 for reference listing)

Discipline and 
ecosystem 
component Finding Key papers

Overstory At all 12 FFS sites, all active fuel reduction treatments changed forest structure, with 22, 81, 
  vegetation   burning treatments leading to greater reduction in surface fuels, and thinning treatments 86, 138, 
   leading to greater reductions in tree density. Complementary effects of thinning and 169, 171,
   burning made the combination mechanical + burn treatment the most effective at meeting  204
   short-term fuel reduction objectives. But although each of the active treatments was 
   effective in shifting diameter distributions toward larger trees, no single entry is suffi cient 
   to restore historical structure.

Understory Although all FFS treatments tended to increase cover and richness of herbaceous plants,  37, 55, 
  vegetation   treatments that included fi re favored more xeric species, through decreases in litter and  110, 172
   increases in exposure of mineral soil. Most threatened endangered and sensitive plant 
   species were favored by fi re, probably because fi re suppression over the years has been 
   the primary mechanism for their decline. Mechanical + burn treatments had the greatest 
   short-term effects at multiple scales, increasing the dominance of both herbaceous natives 
   and exotic “transformer” species; there will often be tradeoffs between the desire for rapid 
   restoration of historical native conditions and the need to limit establishment and rapid 
   growth of weedy species. Landscape context, or the proximity of proposed treatments to 
   nearby roads, wildland-urban interface, or previous plant invasions, will infl uence exotic 
   plant invasion and thus the effectiveness of treatments.

Fuels and Most sites met short-term fuel reduction objectives, as measured by posttreatment stand 8, 26, 
  fi re behavior   structure and fuel bed variables. Burns had little infl uence on live stand structure, but  52, 68, 
   increased small snag density and decreased fuel mass. Mechanical treatments had nearly  98, 174
   the opposite effect, decreasing live tree density, basal area, and snag density with little 
   change or an increase in woody fuel mass. The combination mechanical + burn treatments
   were the most effective at meeting stand structure and fuel objectives, having generally 
   additive effects. Fire performance analyses conducted at six western sites strongly 
   indicated that mechanical + burn treatments was most effective in reducing short-term 
   fi re risk. For two eastern sites at which potential fi re behavior analyses were conducted 
   (Central Appalachian Plateau and Southeastern Piedmont), the most effective treatment 
   was burn alone, because slash created by the mechanical treatment was not consumed 
   or had not suffi ciently dried by the time burns were applied. Repeat entries of both 
   mechanical and burn treatments will be necessary to meet long-term restoration objectives.

Soils Soils varied considerably among the 12 FFS sites, representing six soil orders and over 176, 177,  
   50 named soil series. Eastern and western sites responded differently to fuel reduction  178, 179, 
   treatments in terms of nitrogen (N) and carbon (C) storage, suggesting different  180, 200
   management approaches; strategies that maximize C gain by minimizing N loss may 
   be more applicable in western forests where C and N are tightly linked but not in those 
   eastern forests where atmospheric N deposition has decoupled C and N cycles. While 
   burning tended to decrease total ecosystem C, these losses were offset by increasing 
   C uptake in the years following fi re. Mechanical + burn treatments tended to generate 
   the highest fi re severity, and produced the greatest magnitude of effects, although overall 
   treatment effects were generally modest and transient for most variables, including soil 
   microbes, microarthropods, soil enzyme activity, soil N, soil C, cations, and soil
   compaction. Mechanical treatments did not serve as surrogates for fi re in terms of 
   soils, owing to distinctly different primary effects, and also the tendency for fi re to 
   produce more spatial heterogeneity in fuels, which leads to patchiness in soil variables. 
   Few long-term experimental studies exist to help understand links among fi re, the soil, 
   microbes, plants, and ecosystem function.
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Table 12—Principal short-term fi ndings of the national Fire and Fire Surrogate (FFS) study by discipline and 
ecosystem components (see table 14 for reference listing) (continued)

Discipline and 
ecosystem 
component Finding Key papers

Vertebrates Effects of fuel reduction treatments on vertebrate species varied among species, but were 165, 181, 
   generally subtle, transient, and different for fi re versus mechanical treatments. Fire-adapted  182, 183,
   birds including many cavity-nesters and bark-foragers tended to respond most favorably to  184
   treatments including fi re, and tended to forage on larger than average trees. Mechanical + 
   burn treatments had the greatest effect on smaller and more sedentary vertebrates such as 
   reptiles and amphibians through decreases in litter and increases in mineral soil exposure 
   and herbaceous vegetation. Because effects tended to be site-specifi c, adaptive management 
   at the local level may be most useful in understanding vertebrate responses to treatments.

Invertebrates Short-term impacts of treatments on litter arthropods were subtle, but treatments that  64, 73, 
   included burning altered feeding guild composition and increased richness in the two  159, 160
   western sites at which they were studied. Burning increased within-stand heterogeneity 
   in arthropod habitat through decreased litter depth and increased mineral soil exposure 
   and herbaceous vegetation cover, all of which were patchy at small scales. Compared to 
   burning, mechanical treatments had lower impacts and favored species similar to controls.

Bark beetles Four western sites exhibited bark beetle effects after treatment. In each case, incidence of  33, 46, 
   bark beetles was directly related to the application of fi re, and to fi re severity, with tree  51, 74
   mortality generally restricted to smaller trees. Mortality of larger trees occurred after 
   mechanical + burn treatments where cured logging slash was concentrated and resulted in 
   increased fi re intensity. There was no evidence at any site of bark beetle attacks spreading 
   to adjacent green trees, which was probably owing to a combination of high tree vigor in 
   residual stands and low background populations of bark beetles.

Fungi and Each site at which fungi were studied, researchers reported high fungal species richness,  15, 19, 
  pathology   including many previously unreported species, and species of potential importance for  28, 167
   biological control. At the Blue Mountains site, ectomycorrhizal fungi associated with plant 
   roots responded negatively to fi re in the short term, with greater effects in stands where 
   logging slash left in the woods increased fi re severity. At the Southeastern Piedmont site, 
   incidence of the forest pathogen Leptographium was reduced by treatments, but rebounded 
   within 5 years. At the Northeastern Cascades site, the mechanical + burn treatment caused 
   the greatest reduction in incidence of dwarf mistletoe, and modeling suggested that the 
   effect may last 20 years.

Operational In general, the lower the value of harvested product in a fuel reduction project, the more 29, 31,
  economics   advantage there was to use “purpose-built” machines designed specifi cally for a particular  187
   operation. On federal lands, giving contract offi cers more fl exibility to decide on the details 
   of a fuel reduction operation (e.g., whether to remove small trees, or whether to treat slash 
   on site) makes senses given market volatility. Financial analyses of costs and revenues of 
   fuel reduction treatments provided only a partial picture; a complete cost-benefi t analysis 
   involves both short- and long-term ecological effects and monetary values assigned to 
   nonmarket issues.

Sociology Surveys conducted at the Central Sierra Nevada site indicated that while most respondents  189, 190, 
  and outreach   understood the need for fuel reduction, fewer individuals found mechanical treatments to be  199
   as acceptable as fi re for fuels management. Forest managers tend to favor the use of existing
   electronic platforms within which to place information, favored the synthesis of technical 
   papers by topic, and emphasized the value of one-on-one contact with researchers. Multisite, 
   multivariate studies like the FFS are challenging to execute, and success depends on several 
   key features: adequate funding, design, partnerships, collegiality among researchers, 
   standardization, data management, and outreach.
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a rapid means of achieving forest restoration goals, however, is tempered somewhat 
by tradeoffs in effects, as the combination treatment tended to increase cover of 
exotics and decrease cover of coarse woody debris, which offers key habitat for both 
invertebrates and vertebrates. Finally, because of differences in overall site produc-
tivity, most eastern sites were distinctly different from western sites, especially in 
soil, fuel, and vegetation effects. 

Ecosystem components— 
The most substantial short-term effects were observed for those ecosystem com-
ponents that were the target for fuel reduction treatments in the fi rst place: vegeta-
tion (overstory and understory) and the fuel bed (table 12). This is not surprising, 
because both mechanical and burning treatments are designed to change stand 
structure (both living and dead trees), and the components of the fuel bed that 
infl uence fi re behavior (herbaceous vegetation, surface woody fuels). For most 
other components of the ecosystem, however, observed effects were more subtle, 
suggesting that fuel reduction treatments are relatively benign, at least as currently 
implemented. This is partly because these kinds of treatments leave an intact forest 
behind. But it is also because many fl ora and fauna are adapted to low-intensity 
fi re, and to the extent that thinning treatments mimic natural disturbances such 
as wind-throw, are also adapted to low-intensity mechanical treatments. Even for 
disturbance agents such as bark beetles, which can drastically accelerate changes 
in forest structure because of their capacity for rapid increase, effects were very 
modest, suggesting that managers can apply these kinds of treatments without fear 
of unintended consequences. Individual fi res have unique characteristics and effects 
because of temporal and spatial variation, however, suggesting that mechanical 
treatments are not surrogates for many ecological variables, and repeated appli-
cation of mechanical treatments without fi re would likely result in conditions 
divergent from those occurring in fi re-adapted systems where fi re is a common 
disturbance event. 

Sites—
Overall, treatment implementation was remarkably successful for nearly all sites, 
with most treatments applied on schedule, and with enough intensity to achieve 
fi rst-order effects that approached management objectives (table 13). There were 
some distinct differences in treatment effectiveness, however, mostly related to 
forest type (eastern hardwood forests compared to western conifer forests), and 
to the type of machines used for thinning (cut-to-length compared to whole-tree 
harvest systems; see table 1). As a group, eastern sites were more dissimilar from 
one another, with the two hardwood sites (Central Appalachian Plateau and 
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Principal Short-Term Findings of the National Fire and Fire Surrogate Study
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Southern Appalachian Mountains) tending to sort together for many variables, 
while the three pine sites tended to express more idiosyncratic effects. Despite 
substantial differences in productivity and forest structure, the seven western sites 
expressed similar effects for many variables. For some variables, there were consis-
tent effects across both eastern and western sites (e.g., response of native and exotic 
herbaceous vegetation), and in these cases, managers in most dry forest systems can 
predict with reasonable confi dence what will happen when they apply treatments. 
But one of the most important fi ndings of this study is that for some ecological 
variables that were analyzed across the FFS network, “site” often explained the 
most variation in response to treatment. Examples include multisite analyses on 
small mammal populations (Converse et al. 2006a) and avian nest survival (Farris 
et al. 2010a). This means that, in some cases, managers may be unable to predict 
responses for some variables at the local level unless site-specifi c data are available, 
especially for variables that are distant from fi rst-order effects (e.g., small mammals 
or birds). The best tool available to understand response well enough to construct 
management plans for the future will therefore be adaptive management conducted 
at the local level. 

Likely the most important part of this report is table 14, a detailed listing of 
principal science fi ndings summarized in the previously mentioned tables, with 
each science fi nding listed by individual reference number and arranged by site, 
discipline, and treatment. This table is directly linked to tables 7, 8, 11, 12, and 13 
by the reference number. Included in table 14 is an indication of supporting litera-
ture from other sources, where available.
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Principal Short-Term Findings of the National Fire and Fire Surrogate Study
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English Equivalents
When you know: Multiply by: To get:
Centimeters (cm) .394 Inches
Meters (m) 3.28  Feet
Hectares (ha) 2.47 Acres
Square meters (m2) 10.76 Square feet
Cubic meters per hectare (m3/ha) 14.29  Cubic feet per acre
Kilograms per hectare (kg/ha) .893 Pounds per acre
Tons per hectare (t/ha) 893 Pounds per acre
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