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Abstract 
 
The Healthy Forest Restoration Act (H. R. 1904) allows for increases in hazardous fuel 
reduction activities throughout much of the western USA.  Our laboratory is currently 
conducting several studies to determine the short and long‐term implications to forest 
health of prescribed fire and/or mechanical fuel treatments in the large‐scale restoration 
of fire‐adapted forest ecosystems.   
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Under the National Fire Plan, the hazardous fuel treatment program has, and likely will, 
continue to increase in the future.  During 2002, 910,000 hectares of federal land were 
treated to reduce the hazardous fuels component by applications of thinning (commercial 
and pre-commercial), prescribed fire, and/or a combination of these and other treatments.  
The goal was to treat an additional 1 million hectares in 2003.  The recent passage of the 
Healthy Forest Restoration Act (H. R. 1904) in response to the President’s Healthy Forest 
Initiative allows for similar stand manipulations on an additional 8.1 million hectares.  In 
August 2001, the Secretaries of Agriculture and the Interior joined the Western 
Governor’s Association in support of a 10-year comprehensive plan developed to reduce 
the risk of severe wildfire to adjacent communities and the environment.  Currently, >200 
million acres are classified at risk to catastrophic wildfire or large-scale insect and 
disease outbreaks.  One of the key goals of this program is the reduction of hazardous 
fuels within the wildland urban interface (WUI) where the protection of communities and 
management of adjacent fuel loads has become paramount.  
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Resource managers are challenged to maintain forests for a variety of uses that require 
knowledge about the resiliency of these ecosystems to both allogenic and autogenic 
disturbances.  Understanding the complex ecological interactions that occur is essential to 
their long-term sustainability and management.  This is particularly true of the interior 
ponderosa pine, Pinus ponderosa Dougl ex. Laws, forest type in California (SAF 237) 
where past effects of highly effective fire suppression and differential cuttings of large 
diameter, fire-tolerant species have resulted in significant successional changes.  Prior to 
Euro-American settlement, open park-like forests of widely dispersed ponderosa pine 
were common, particularly on xeric sites at lower elevations.  Frequent thinning of small 
diameter and fire-intolerant tree species by low intensity surface fires, and competitive 
exclusion of trees seedlings by understory grasses maintained such conditions.   

Compared to presettlement conditions, today’s short interval, low-moderate intensity, 
fire-adapted forest ecosystems are denser, have more small trees and fewer larger, and are 
dominated by more shade tolerant and fire intolerant species such a white fir, Abies 
concolor (Gond. & Glend.) Hildebr.  High stand densities increase competition among 
trees for belowground nutrients, water and growing space, thereby further increasing the 
vulnerability of these stands to bark beetles (Scolytidae), and other forest insects and 
diseases (Ferrell et al 1994, Ferrell 1996, Oliver 1995).  Extensive amounts of bark 
beetle-caused tree mortality exacerbate problems associated with heavy fuel loads.  In 
recent years, unusually large and severe wildfires in the western USA have aroused 
public concern, and manifested the need for well-designed treatments to reduce the extent 
and intensity of such events.     

Prescribed fire is a forest management tool used to reduce the accumulation of hazardous 
fuels, enhance wildlife habitat, improve land for grazing, control certain insects and 
diseases, prepare sites for reforestation, and restore fire-adapted forest ecosystems to 
presettlement conditions (Sullivan et al. 2003).  Forest managers must plan and execute 
prescribed burns is a careful manner to minimize injury to desirable residual trees while 
still fulfilling associated management objectives.  Fire can often weaken trees, which then 
become increasingly susceptible to bark beetle attack (McCullough et al. 1998, Sullivan 
et al. 2003).  The interaction between prescribed fire and other silvicultural techniques, 
and their effect on the amount and distribution of bark beetle-caused tree mortality in 
interior ponderosa pine is of special interest to resource managers.  

Mechanical thinnings are commonly used to redistribute growing space to desirable trees, 
utilize anticipate mortality resulting from succession (e.g., stem exclusion), create early 
cash flows, setback succession, and to reduce risks associated with fire, insects and 
diseases.  Thinning has long been advocated as a preventative measure to alleviate or 
reduce the amount of bark beetle-caused tree mortality.  Bark beetle outbreaks have often 
been associated with high stand densities, presumably because below ground competition 
for nutrients and water lead to increases in host stress (Coulson and Witter 1984).   
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Short-term responses of bark beetles to differences in forest structure and 
prescribed fire in interior ponderosa pine: Blacks Mountain Experiment Forest?  

Recently, we have observed a significant response by several bark beetle species to the 
forest conditions created at BMEF by harvesting (high vs. low stand diversity) and the re-
introduction of prescribed fire.  For example, Unit 46 is a low diversity unit harvested in 
fall 1998 and burned in fall 2000.  Initial post-treatment bark beetle assessments were 
completed in June 2002.  Here we’ve observed large levels of tree mortality in the burned 
split.  Much of this has been attributed to borer species and not attacks by primary 
scolytid species or direct fire effects.  Similar observations are being made on other 
experimental units.   

  

In high-diversity plots, we are observing that many of the very trees that we are interested 
in retaining on the landscape (large DBH ponderosa pine) are succumbing to western 
pine beetle, Dendroctonus brevicomis LeConte, infestations.  For example, Unit 47, 
depicted below, is a high diversity unit harvested in fall 1997 and burned in fall 1999.  
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Initial post-treatment bark beetle assessments were completed in July 2002.  Recent data 
suggest that similar rates of mortality are now continuing five years post-treatment. 

 

The Fire and Fire Surrogate Study (FFS) 

FFS is a nationwide study of the economic and ecological consequences of fire and fire 
surrogate treatments in forests at risk from severe wildfire.  Currently, there are 13 
different sites in the network incorporating common treatments, experimental designs and 
replication, and core variables measured for each of seven disciplines.  An update on the 
activities of the entomology discipline was provided in this session. 

Ips and chips: effective slash management for hazardous fuel reduction treatments 
in the wildland urban interface or a recipe for disaster? 

Much of the biomass that is removed during hazardous fuel reduction treatments is not 
merchantable as markets have yet to be developed for small dimensional lumber.  On 
many Forest Service districts in the Southwest, this material is chipped, and/or cut and 
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lopped, and distributed on site.  As a result increased amounts of host material (slash), 
and host volatiles (slash and chips) are present and may concentrate bark beetles within 
these areas.  Individual high value trees, such as those in residential settings or 
recreational areas where most of these treatments are proposed to occur, are often under 
increased stress and susceptibility to bark beetles due to the compounding effects of soil 
compaction, mechanical injury, and/or vandalism.  The value of these individual trees far 
exceeds that of their counterparts growing in forest stands.  Trees that are killed by bark 
beetles after fuel reduction treatments increase fuel loads in areas likely not to be re-
treated for many years.   

This study is a randomized complete block design with three blocks (AZ, AZ2, CA), 
eight treatments, and two replicates (0.4 ha) per treatment per block.  Treatments include: 
1) chipped biomass with chips randomly dispersed in stand, 2) chipped biomass with 
chips raked 2m from the base of residual trees, 3) lop-n-scatter, and 4) untreated control 
applied in spring and fall.   

. 

    
            
            
             

The bark beetle response to these treatments was immediate.  The following conclusions 
are based on preliminary results from the CA block and could change over time.  Data 
analyses and field evaluations are currently ongoing. 

• Several bark beetle species were attracted to the recently chipped sites. 
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• Bark beetle attacks and associated tree mortality: chipped (23% of residual stems) 
> chipped/raked (14%) > lop-n-scatter (4%) > untreated control (3%) 

• Raking may be effective in reducing the amount of attacks (13 vs. 18%, both 
seasons). 

• The time of year (spring vs. fall) that chipping was conducted appears to influence 
the amount of subsequent bark beetle activity within these plots (14 vs. 24%). 

• Chipping may result in unacceptable levels of tree mortality, particularly when 
associated with hazardous fuel reduction treatments in the wildland urban 
interface. 

In late August 2003, we initiated a study to sample volatiles from chipped and cut-and-
piled ponderosa pine.  All samples were collected on Porpak-Q, and then extracted in 
pentane.  An internal standard (4-decanone) was added to each sample.  To date, 75 of 
150 samples have been analyzed by GC.  Target monoterpenes includes α-pinene, β-
pinene, 3-carene, and myrcene.  We have analyzed standards of these compounds, and 
the internal standard, to determine their retention times which is used to make 
preliminary identifications, and to calculate the area ratios for each sample.  Preliminary 
results (days 1-7) are reported below: 

                                      Mean Area Ratio (n = 5) 

Chips   α-Pinene/4-
Decanone 

  β-Pinene/4-
Decanone 

  3-Carene/4-
Decanone 

  Myrcene/ 
4-Decanone 

Day 1 165.1551697 843.6251954 802.1391376 199.8016552 
Day 2 92.63195829 391.7205717 261.9537563 62.95411048 
Day 3 117.8402349 488.8298156 275.8406584 60.31549749 
Day 4 43.76058583 180.6528381 137.6558039 26.17692609 
Day 5 65.25193808 235.4321388 171.7623056 29.49526239 
Day 6  20.79966321 69.45625277 53.93313009 8.486751866 
Day 7 28.80720693 105.1721551 70.55152673 11.20332868 
Slash     
Day 1 8.149101202 28.03957845 36.93238984 8.787591318 
Day 2 3.980792334 15.10266018 17.92111514 3.681380141 
Day 3 3.636934712 11.85940155 14.70606783 2.647876375 
Day 4 2.477430046 5.591707435 7.174759396 1.245507868 
Day 5 4.92989341 12.22172126 19.50171581 2.823157492 
Day 6 2.667826328 2.754961175 3.14078104 0.613830868 
Day 7 2.911224325 9.349597923 13.85089777 2.137911315 

 

These data show that in reference to β-pinene, and other terpenes, a >25X increase in 
initial release rates (day 1) was observed between chipped versus lop-and-piled 
treatments.  It is likely that this large pulse of terpenes is attracting some bark beetle 
species to these treatments. 
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