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Preface

The national fire and fire surrogate study: Ecological consequences of

alternative fuel reduction methods in seasonally dry forests

1. Introduction

The national fire and fire surrogate study (FFS) is a multi-site

interdisciplinary research project that evaluates the ecological

consequences of prescribed fire and its mechanical surrogates

(Weatherspoon, 2000), treatments that are intended to reduce

fire risk in seasonally dry forests of the USA (Agee and Skinner,

2005). The need for a comprehensive national FFS study stems

from concern that forest management practices over the past

150 years have resulted in conditions in dry forests that are

undesirable and unsustainable. In particular, structure and

composition of forests that once experienced frequent, low

intensity fires have been altered by fire suppression, over-

grazing, and preferential harvest of large diameter trees

(Parsons and DeBennedetti, 1979; Agee, 1993). Increased

stand density, decreased overall tree size, increases in shade

tolerant species, and increases in fuel loads are well

documented for forests of this type (Leopold et al., 1963;

Kilgore, 1974; Parker, 1984; Covington and Moore, 1994;

Skinner, 1995; Hessburg and Agee, 2003). Currently, over 10

million hectares of forests in the United States of America

(USA) are in moderate or high fire hazard condition classes

(Stephens and Ruth, 2005), and much of this land area is widely

thought to need some form of restoration, such as prescribed

fire, mechanical treatments, or both (Agee and Skinner, 2005).

Retrospective work has indicated that some fuel reduction

treatments can be effective in reducing fire severity when

wildfires occur (Omi and Joyce, 2003; Pollett and Omi, 2002),

and yet little comparative experimental information exists that

would give forest managers confidence to choose between

alternative fuel reduction treatments.

The primary goal of the FFS is to measure the effectiveness

and ecological consequences of commonly used treatments

intended to reduce potential fire risk at each of 12 sites, 5 sites in

the eastern USA, and 7 sites in the west (Fig. 1). All treatments

were designed to produce stands such that 80% of the dominant

and co-dominant trees would survive a wildfire under 80th

percentile fire weather conditions (Stephens and Moghaddas,

2005). Repeated use of prescribed fire and its mechanical

surrogates would be expected to modify stand structure, and

could result in stand conditions reflective of pre-European

settlement. Yet, the FFS was designed to measure the effects of

a single entry of each treatment, and to focus on how this entry

would influence the resistance of stands to wildfire. Site-level

treatments included no treatment (control), prescribed fire only,

mechanical treatment only, and a mechanical plus fire

treatment. Each of the 12 sites implemented treatments with

the help of local experts, including fire management personnel,

fuel specialists, and silviculturists. At each site, treatments were

assigned randomly to at least three replicate units, each

measuring at least 15 ha in size. Treatment effects were

evaluated for a wide variety of variables at the 12 sites,

including trees and other vegetation, the fuel bed, soils (both

chemical and physical), bark beetles (pine sites only), and

wildlife (small mammals, birds). Analyses were conducted on

single disciplines at single sites, but multivariate and multi-site

analyses were also performed (Waldrop and McIver, 2006).

The seven western sites vary widely in many attributes,

including elevation, tree species composition and productivity

(Fig. 1). All sites however, are located in the seasonally dry

interior and are dominated by conifer species, mostly firs and

pines. The Northeastern Cascades site is located between 650

and 1150 m elevation in north-central Washington, about

15 km west of Wenatchee (Dodson et al., 2008). Annual

precipitation averages 75 cm, falling mostly as snow in the

winter. Estimated mean pre-settlement fire-free interval was 17

years. Douglas-fir (Pseudotsuga menziesii) and ponderosa pine

(Pinus ponderosa) are the principle tree species, and pre-

treatment stands averaged 32 m2/ha basal area. Logging in the

1930s and pre-commercial thinning in 1970s has resulted in the

current dense stands of small diameter trees. Bitterbrush

(Purshia tridentata), birch-leaf spirea (Spiraea betulifolia), and

perennial grasses dominate the understory. Experimental units

are dispersed widely over a 100 km2 area in the Wenatchee

National Forest. Trees were felled by hand and yarded by

helicopter between January and June 2001. Prescribed fire was

applied with the strip head-fire technique in the spring of 2004,

and again in the spring of 2006.

The Blue Mountains site is located in northeastern Oregon

near Enterprise. Elevation is between 1040 and 1480 m, and

precipitation falls primarily as snow, averaging about 50 cm

annually (Youngblood et al., 2006). Pre-settlement fire return

interval is estimated to have been 3–22 years. Ponderosa

pine and Douglas-fir are the dominant tree species, with
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pre-treatment stands averaging about 18 m2/ha. Most stands are

composed of relatively small, young trees, with the larger and

older trees having been felled by railroad logging in the early

20th century, and during various selection harvest operations

since then. The understory consists of various perennial grasses

and shrubs such as birch-leaf spirea and snowberry (Symphor-

icarpos albus). Experimental units are widely dispersed within

a 100 km2 area of the northern Wallowa-Whitman National

Forest. Between July and October 1998, trees were felled by

single-grip harvester and skidded to landings with a forwarding

machine. Prescribed fire was applied in late September 2000

with the use of both backing and strip head-fires.

Botanically similar to Blue Mountains is the Northern

RockyMountains site, located in westernMontana about 60 km

east of Missoula. Elevation is from 1200 and 1400 m, and

annual precipitation averages 55 cm, with about half falling as

snow (Metlen and Fiedler, 2006). Pre-settlement fire return

interval is estimated to have ranged between 2 and 14 years.

Douglas-fir and ponderosa pine are the dominant tree species,

followed by scattered patches of lodgepole pine (Pinus

contorta) and western larch (Larix occidentalis); pre-treatment

basal area averaged 22 m2/ha. All stands were 80–90 year old

second growth, with most trees larger than 30 cm diameter

having been felled in the early part of the 20th century.

Understory plant communities are diverse, and include

dominants such as pine grass (Calamagrostis spp.), Idaho

fescue (Festuca idahoensis), snowberry, and Manzanita

(Arctostaphylos spp.). Experimental units are arranged in

blocks and located on the Lubrecht Experimental Forest,

operated by the University of Montana. Trees were felled by

single-grip harvester January and March 2001, and logs were

retrieved to landings with forwarding machines. Prescribed fire

was conducted in May and June 2002, using the strip head-fire

technique.

The Southern Cascades site is situated between 1480 and

1780 m elevation in north-central California, about 200 km

northeast of Redding. Average annual precipitation is about

75 cm, falling mostly as snow in the winter. Estimated pre-

settlement fire return interval was 5–20 years. White fir (Abies

concolor), red fir (Abies magnifica), and ponderosa pine are the

dominant tree species, with basal averaging about 40 m2/ha

pre-treatment. Most of this forest was railroad logged in the

1920s, with various entries since then designed to remove dead

or dying trees. The understory is comprised of annual and

Fig. 1. Name and location of 12 fire and fire surrogate (FFS) sites, showing nearest federal lands (western sites only), fire return interval (FRI), and elevational range

(meters). Black shaded areas are indicated federal lands adjacent to the western sites; 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 EPA Type III Ecoregions: www.epa.gov/wed/pages/ecoregions/

level_iii.htm.
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perennial grasses, bitterbrush, manzanita, and sagebrush

(Artemisia spp.; Ritchie, 2005). Experimental units are

dispersed inside a 25 km2 area of the Klamath National Forest,

within the Goosenest Adaptive Management Area. Trees were

felled in 2001 with tracked feller-bunchers, and retrieved to

landings with rubber-tire or tracked skidders. Prescribed fire

was applied in fall 2002, using the strip head-fire technique.

Situated between 1100 and 1410 m in central California,

about 20 km east of Georgetown, the Central Sierra Nevada is

one of two diverse mixed conifer sites in California. Annual

precipitation averages 160 cm, and occurs primarily between

November and May (Stephens and Moghaddas, 2005). Pre-

settlement fire return interval is estimated to have ranged

between 4 and 28 years. Dominant tree species, in order of

prevalence, include sugar pine (Pinus lambertiana), ponderosa

pine, white fir, incense cedar (Libocedrus decurrens), Douglas-

fir, California black oak (Quercus kelloggii), tan oak

(Lithocarpus densiflorus), bush chinkapin (Castanea alnifolia),

and madrone (Arbutus menziesii), with total pre-treatment

stands averaging about 50 m2/ha in basal area. Most of the

largest trees were removed by railroad logging early in the 20th

century, and commercial harvests since then have resulted in a

well-developed second growth forest. Experimental units were

arranged randomly within the 1800-ha Blodgett Experimental

Forest, which is adjacent to the Eldorado National Forest. The

mechanical treatment was undertaken in early 2002, with trees

>25 cm diameter felled, limbed, bucked, and hauled to

landings with skidders, and 90% of trees <25 cm diameter

masticated with the residue left in place. Prescribed fire was

applied in late October and early November 2002, using the

strip head-fire technique.

Located in Sequoia National Park, about 250 km southeast of

the Central Sierra site, and at slightly higher elevation (1900–

2150 m), is the Southern Sierra Nevada site. Dominant tree

species includewhite fir, sugar pine, incense cedar, redfir, Jeffrey

pine (Pinus jeffreyi), ponderosa pine, Pacific dogwood (Cornus

nuttallii), and California black oak (Knapp et al., 2005), with

basal area averaging over 60 m2/ha in the experimental units. The

study area has never been logged, and thus is comprised of

relatively large trees compared to the other FFS sites. Estimated

pre-settlement fire return interval ranges from 7 to 56 years

(average 27 years), but fire suppression during the 20th century

has helped contribute to the absence of fire since 1879.

Experimental units were randomly distributed over a study area

of 10 km2. No mechanical treatment was applied because this is

not an approved treatment for national park lands. Instead, both

spring (June 2002) and fall (September, October 2001)

prescribed fires were undertaken to compare burn seasonality.

The driest western site is Southwestern Plateau, located in

northern Arizona near Flagstaff. Elevation is between 2100 and

2300 m, and average annual precipitation is less than 50 cm,

falling roughly equally in amount as snow in the winter and

spring, and as rain during the summer monsoon (Converse

et al., 2006). Pre-settlement fire return interval is estimated to

have been between 2 and 10 years. Ponderosa pine is the only

tree species at this site, and basal area of pine averaged 28 m2/

ha pre-treatment. Most of the largest trees were felled by 1930,

leaving dense stands of small diameter pines between 70 and 90

years old. The understory is dominated by pine grass.

Experimental units are arranged in blocks and are located on

the Coconino and Kaibab National Forests. Between January

and April 2003, trees were felled and de-limbed by hand, and

logs skidded to landings. Prescribed fire was applied in fall

2003, with both backing and strip head-fires.

The five eastern FFS sites include two dominated by

hardwood trees, and three dominated by pines (Fig. 1). Located

on state lands in southern Ohio is the Central Appalachian

Plateau, a site dominated by hardwoods including oak (Quercus

spp.), maple (Acer spp.), tulip (Tulipa spp.), and black gum

(Nyssa sylvatica). Most of the forest in the study area is second

growth, having been clear-cut for charcoal 100–150 years ago,

but has experienced little human disturbance since then. Pre-

treatment basal area averaged 28 m2/ha. Precipitation occurs

throughout the year, and averages about 100 cm annually

(Waldrop et al., 2008). Pre-settlement fire return interval is

estimated to have ranged between 3 and 15 years. Experimental

units were arranged in three blocks over a 50 km2 area. Trees

were felled by hand and retrieved to landings with skidders

between November 2000 and March 2001. Dormant season

strip head-fires were applied in April 2001 and March 2005.

The Southern Appalachian Mountain site is similar to the

southern Ohio site, dominated by tree species that include oak,

hickory (Carya spp.), poplar (Populus spp.), and beech (Fagus

spp.), with shortleaf (Pinus echinata) and Virginia pines (Pinus

virginiana) growing on ridgetops (Waldrop et al., 2008). The

study area was cut over extensively in the 1800s and early

1900s, and so most trees are between 80 and 120 years old.

Basal area averaged about 26 m2/ha in experimental units pre-

treatment. Mountain laurel (Kalmia latifolia) and rhododen-

dron (Rhododendron spp.) are the principle understory species.

Pre-settlement fire return interval is estimated to have ranged

between 3 and 30 years. Precipitation occurs throughout the

year, and averages about 100 cm annually (Waldrop et al.,

2008). Experiment units were blocked within the 5800 ha

Green River Game Reserve. Trees were felled by hand in the

winter of 2001 and 2002, and prescribed fire was applied in the

spring of 2003 and 2006 using the strip head-fire method.

The Southeastern Piedmont site is located on the Clemson

University Experimental Forest, east of Clemson, South

Carolina. Most of the forest is second- or third-growth, 15–

60 years old loblolly (Pinus taeda) and shortleaf pines (average

pre-treatment basal area = 28 m2/ha), the result of reforestation

efforts on lands planted to cotton until late in the 19th century

(Phillips and Waldrop, 2008). A variety of hardwood species

occupy the understory. Pre-settlement fire return interval is

estimated to have ranged between 1 and 30 years. Experimental

units are blocked to account for stand age, with blocks

dispersed throughout the 7100 ha area of the Clemson Forest.

Thinning from below was undertaken in late 2000, followed

by prescribed fire in spring 2001 and 2002 applied with the

strip head-fire method. An additional burn was conducted in

spring 2005.

Located on Auburn University’s Solon Dixon Forest in

southern Alabama is the Gulf Coastal Site, our only longleaf
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pine (Pinus palustris) site. In addition to longleaf, the site

supports loblolly pine, and several species of oaks (Quercus

spp.; Outcalt, 2005). Together, trees averaged 20 m2/ha basal

area pre-treatment. Yaupon holly (Ilex vomitoria), huckleberry

(Vaccinium spp.), gallberry (Ilex coriacea), and several species

of perennial grasses dominate the understory. Precipitation

averages 150 cm annually, and falls entirely as rain. Most of the

study area has supported longleaf pine for hundreds of years,

although some of the units have been established on sites

formerly planted to cotton. Pre-settlement fire return interval is

estimated to have ranged between 2 and 5 years. Experimental

units are dispersed randomly across the 2100 ha Solon Dixon

Experimental Forest. Thinning was undertaken in the fall of

2001, followed by prescribed fire in April and May 2002 and

2006. An additional herbicide + burn treatment was also

implemented, with the herbicide treatment applied in the fall

of 2002, followed by fires in 2003 and 2006.

Located at Myakka River State Park, 25 km southeast of

Sarasota, is the least forested FFS site, called the Florida

Coastal Plain. This site has a sparse overstory of slash pine

(Pinus elliottii) and longleaf pine (averaging just 4 m2/ha basal

area), and a dominant understory of saw palmetto (Serenoa

repens) growing in most plots (Outcalt and Foltz, 2004).

Precipitation occurs entirely as rain mostly in the summer, and

typically exceeds 200 cm per year. Pre-settlement (and current)

fire return interval is 1–5 years. Fire suppression over the past

100 years has effectively favored saw palmetto over perennial

grasses in the understory, which has resulted in a savanna-like

system in which much more severe wildfires typically occur.

Experimental units are arranged in blocks to account for

systematic vegetation differences. Prescribed fire was applied

in summer 2001 and again in summer 2004. The mechanical

treatment was mastication of the saw palmetto understory with

a roller drum chopper, applied after the prescribed burns; no

tree removal was undertaken.

The eleven contributions for this Special Issue include two

papers on soil response to FFS treatments, four papers on

vegetation, two papers on fuels, and three papers on wildlife.

The two contributions on soils include a multi-site paper on

carbon stores, and a paper on soil compaction at the Central

Sierra site. Boerner, Huang, and Hart used meta-analysis to

explore treatment-induced changes in standing stocks of carbon

for all 12 FFS sites. They found that, while neither dead wood

or soil organic carbon were affected by fuel reduction

treatments, mechanical treatments tended to decrease vegeta-

tion carbon and fire treatments tended to decrease forest floor

carbon. Response to treatment of carbon storage and uptake

differed for western coniferous forests compared to eastern

deciduous, coniferous, and mixed forests, suggesting that

optimal management for fire, harvesting, and carbon seques-

tration may differ between regions. Moghaddas and Stevens

determined the effects of the treatments on soil compaction,

relative to that of the untreated control, in the mixed conifer

forests of the Central Sierra site, where mastication was the

mode of mechanical treatment utilized. Soil bulk density and

soil strength were used as indicators of compaction, and the

effects of the treatments were evaluated at three spatial scales:

treatment unit, the skid trail network, and the areas within the

treatment units that were not subjected to skidding. Soil

strength was more sensitive to treatment than soil bulk density,

and the two were only weakly correlated. Overall, the

mechanical and mechanical + fire treatments resulted in

increased soil strength, though this was primarily the

consequence of increased compaction of the skid trail areas.

Non-skid trail areas did not vary significantly from the controls

in soil strength, as the compacting forces of the masticator were

buffered by the debris bed it created as it moved through the

treatment unit. As soil strength in skid trail areaswas affected to a

depth of almost 60 cm, these results point out the need for

managers tominimize the creation of new skid trails, particularly

when fuel treatments required repeated entries to a site.

Four papers describe the response to treatment of vegetation,

both trees and the understory. Working at the Southeastern

Piedmont site, Phillips and Waldrop showed that, while species

composition changed more in burned units (both burn-only and

thin-burn) than the thin-only units, for most other vegetation

variables, the thin-only and thin-burn treatments resulted in

more similar conditions compared to burn-only units. In

particular, thin and thin-burn units experienced an increase in

saplings, grasses, and shrubs, while the burn-only units

experienced a decline in saplings and an increase in forbs.

Waldrop, Yaussy, Phillips, Hutchinson, Brudnak, and Boerner

evaluated the impacts of prescribed fire and mechanical

treatments on stand structure at the two hardwood-dominated

FFS sites (southern and central Appalachian regions). After two

fires and one mechanical treatment, no treatment or combina-

tion of treatment restored stand structure to historical levels at

either site. However, they found that combining mechanical

treatments with prescribed fire opened the overstories of these

dense forests the most, especially at the southern Appalachian

site where hot fires killed overstory trees and promoted oak

regeneration. Their results demonstrated the problems asso-

ciated with rapid and vigorous sprouting and growth of

undesirable eastern hardwood species following these restora-

tion treatments, and the need for repeated treatment applica-

tions during the restoration of historical stand conditions.

Dodson, Peterson, and Harrod described the effects of thinning

and prescribed fire treatments on understory vegetation species

richness, cover, and species composition in dry coniferous

forests of central Washington State. They found that these

treatments had mostly neutral to beneficial effects on

understory vegetation, with relatively minor increases in exotic

species. However, they reported that pretreatment conditions

greatly influenced understory dynamics, and in some cases

altered treatment responses. Beneficial effects of the treatments

on the understory were maximized in stands where understory

richness was lowest prior to treatment, suggesting thinning and

burning treatments should focus on areas with low understory

diversity. Moghaddas, York, and Stephens evaluated the impact

of the four treatments on woody seedling densities in the mixed

conifer forests of the Central Sierra site. Overall, treatment

units given prescribed fire alone had greater woody seedling

densities than did units given the other three treatments. Fire

and the combination of fire and mastication resulted in greater
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densities of Douglas-fir seedlings, and ponderosa pine

seedlings were more abundant after the combined fire + -

mastication treatment than after the other treatments; in

contrast, California black oak seedling density was negatively

affected by fire alone. Based on the results from a single

sampling during the growing season immediately following

treatment, these results suggest that the current conditions of

this site are not conducive for the recruitment of either

ponderosa pine or sugar pine, and the application of prescribed

fire may not be suitable for the recruitment of California black

oak. Sampling of these sites over time will be necessary to

determine the degree to which the trends will persist.

Two papers described how fuel reduction treatments

influence stand and landscape fuelbed dynamics. Youngblood,

Wright, Ottmar, and McIver investigated fuel-bed responses to

treatment at the Blue Mountains site in northeastern Oregon.

They found that for the year after treatment, thinning from

below significantly increased woody fuel mass, prescribed fire

decreased woody mass, and thin + burn had an intermediate

effect. Overall effects, however, were only slight to moderate,

and generally not sufficient to caused marked differences in

projected fire behavior among stands. Schmidt, Taylor, and

Skinner assessed changes in fire behavior to variation in the

type, amount, and spatial arrangement of fuel treatments for

simulated wildfires in mixed-conifer forests of the southern

Cascades (Goosenest Adaptive Management Area in north-

central California). They found that, at the stand level,

mechanical treatments followed by prescribed fire were most

effective in reducing both surface fire and crown fire behavior.

Landscape-level simulations suggested that treatment type,

amount, and arrangement had significant impacts on fire spread

and fire intensity. Their results suggest that treatments placed

strategically across the landscape in these forests can provide

similar reductions in high-intensity fire behavior with

substantially less treated area than randomly placed treatments.

Three site-level papers on wildlife consistently demon-

strated that, while FFS treatments had generally subtle effects

in the short term, some distinct treatment response patterns

emerged. Loeb and Waldrop measured bat activity before and

after treatment at the Southeastern Piedmont site in western

South Carolina. Their results suggested that treatments that

reduce clutter, particularly thinning, increase the suitability of

pine stands for bats’ foraging and commuting activity in the

Piedmont region. At the Central Sierra site, Amacher, Barrett,

Moghaddas, and Stephens found that, of four common species

of small mammals studied, only the deer mouse responded to

treatment, with a general decrease in thinned stands and an

increase in burned stands. Interestingly, abundance of the brush

mouse was positively associated with dense low vegetation

cover, demonstrating the connection between small mammal

abundance, habitat quality, and vegetation structure. Similarly,

Lyons, Gaines, Lehmkuhl, and Harrod, working at the

Northeastern Cascades site in Washington, found that foraging

in nuthatches and woodpeckers was generally enhanced in

stands that received both thinning and burning treatments, most

likely because the combination treatment increased average

tree size.

Overall, results from this set of FFS studies demonstrate that

fire and thinning have distinct but complementary short-term

effects on vegetation and fuels, suggesting that they be used in

combination for best fuel reduction results. Furthermore, short-

term treatment effects for most variables tend to be subtle,

suggesting that these treatments can be applied in most cases

with minimal risk to other ecological values.

Several recent fire policies and initiatives such as the

National Fire Plan, Ten-Year Comprehensive Strategy, and

Healthy Forest Restoration Act have been enacted to address

the national USA wildfire management problem. Managers

must supervise vast forested landscapes effectively within

complex ecological and social frameworks, while concurrently

providing for ecosystem services and values. Because it is

designed to measure a wide range of ecological effects of fire

and fire surrogate treatments across a network of research sites,

the national FFS study is providing answers to many of the

important questions that surround the issue of restoration in the

dry forests of the United States.
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