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 Abstract. Increased forest density resulting from decades of fire exclusion is often
 perceived as the leading cause of historically aberrant, severe, contemporary wildfires and
 insect outbreaks documented in some fire-prone forests of the western United States. Based on
 this notion, current U.S. forest policy directs managers to reduce stand density and restore
 historical conditions in fire-excluded forests to help minimize high-severity disturbances.
 Historical logging, however, has also caused widespread change in forest vegetation
 conditions, but its long-term effects on vegetation structure and composition have never
 been adequately quantified. We document that fire-excluded ponderosa pine forests of the
 northern Rocky Mountains logged prior to 1960 have much higher average stand density,
 greater homogeneity of stand structure, more standing dead trees and increased abundance of
 fire-intolerant trees than paired fire-excluded, unlogged counterparts. Notably, the magnitude
 of the interactive effect of fire exclusion and historical logging substantially exceeds the effects
 of fire exclusion alone. These differences suggest that historically logged sites are more prone
 to severe wildfires and insect outbreaks than unlogged, fire-excluded forests and should be
 considered a high priority for fuels reduction treatments. Furthermore, we propose that
 ponderosa pine forests with these distinct management histories likely require distinct
 restoration approaches. We also highlight potential long-term risks of mechanical stand
 manipulation in unlogged forests and emphasize the need for a long-term view of fuels
 management.

 Key words: Douglas-fir; fire exclusion; fire suppression; fuel reduction; historical conditions; logging;
 northern Rockies; ponderosa pine; reference conditions; restoration; timber harvest.

 Introduction

 Many contemporary semiarid forests of western North
 America have been greatly altered since Euro-American
 settlement (Veblen and Lorenz 1986, Minnich et al. 1995,
 Hessburg et al. 2000, Kaufmann et al. 2000, Fule et al.
 2002, Baker et al. 2007). These forests are frequently
 more homogeneous and structurally simplified, with
 higher average density and a greater proportion of
 ladder fuels and shade-tolerant trees, but with fewer large
 trees and old growth stands than historical forests. While

 many causes have been invoked to explain these changes
 the active suppression of fire since the early 1900s has
 been the most widely studied and cited (Arno et al. 1995,
 Minnich et al. 1995, Fule et al. 2002, Keeling et al. 2006).
 However, widespread logging in western North
 American forests has predated effective fire suppression
 by many decades and has affected a majority of semiarid
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 forests (Veblen and Lorenz 1986, Habeck 1988, Minnich
 et al. 1995, Kaufmann et al. 2000, Hessburg and Agee
 2003, Baker et al. 2007). Despite the recognition that a
 variety of historical logging practices have resulted in a
 substantial lack of large trees and subsequent ingrowth of
 smaller diameter, less fire-tolerant trees (Gruell et al.
 1982, Habeck 1988, 1990, Smith and Arno 1999, Allen et
 al. 2002, Hessburg and Agee 2003, Brown et al. 2004,
 Baker et al. 2007) the magnitude and importance of these
 influences on long-term stand dynamics and contempo
 rary forest conditions is largely unknown. Therefore, we
 have very limited quantitative understanding of the
 extent to which historical logging has contributed to
 increased stand density and other shifts in forest
 structure and composition that are associated with
 uncharacteristically severe disturbances in some contem
 porary forests. As a result, the long-term effects of
 logging and fire exclusion are often conflated.
 The lack of quantitative data on long-term effects of

 historical logging has led to an emphasis in the scientific
 literature on fire exclusion effects over those of logging
 (Arno and Brown 1989, Bonnicksen 1989, Covington
 2000, Graham et al. 2004, Savage and Mast 2005) and to
 the common perception of the public and policy makers
 that increased forest density is primarily the result of
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 decades of fire exclusion alone. Based on this perception
 major federal forest policies have been enacted to hasten
 treatment in fire-excluded forests, as a method of
 reducing severe wildfires and insect outbreaks (Ten
 Year Comprehensive Strategy 2001, White House 2002,
 HFRA 2003). However, multiple anthropogenic distur
 bances can produce novel, non-additive responses in
 biological systems (Paine et al. 1998). Therefore, distinct
 forest management histories may necessitate unique
 restoration and fuel reduction priorities, goals, prescrip
 tions, and measures of success (Kauffman 2004).

 Circumstantial data suggest that logging may have
 contributed to increased stand density and abundance of
 fire-intolerant species above those caused by fire
 exclusion alone (Minnich et al. 1995, Kaufman et al.
 2000). These studies, though, were either not designed to
 test the relative effects of logging and fire exclusion or
 were not well replicated. If logging causes increases of
 stand density above those created by fire exclusion
 alone, the magnitude and nature of departures from
 reference conditions that have occurred during the active
 fire suppression period may differ in logged vs. unlogged
 forests. An important question, then, is whether the
 logging effect is quantitatively significant relative to the
 effects of fire exclusion alone. Here, we address this
 question by (1) assessing whether historical logging has
 contributed to contemporary forest structural attributes
 similar to those ascribed to fire exclusion alone and (2)
 quantifying the relative magnitude of departures caused
 by fire exclusion with and without historical logging.

 To test the relative effects and magnitude of distinct
 land management histories, we first compare forest
 structure and composition in historically logged, fire
 excluded sites with paired unlogged, fire-excluded sites
 in ponderosa pine/Douglas-fir forests of the Northern
 Rocky Mountains, USA. We then contrast our data
 with that of Keeling et al. (2006), who quantified the
 effects of fire exclusion alone in ponderosa pine/
 Douglas-fir forests within our same study region. Our
 combined data sets allow comparison of stand structure
 and composition in unlogged, fire-excluded and logged,
 fire-excluded stands relative to contemporary unlogged,
 fire-maintained stands which we use as a reference
 baseline to quantify management-induced changes in
 forest characteristics.

 Materials and Methods

 Study area

 Our study area encompasses a broad geographic
 region within the northern Rockies, extending across the
 Continental Divide from the island mountain ranges in
 central Montana west into central Idaho (Fig. 1). Within
 our study region, ponderosa pine is a dominant cover
 type in low and some middle elevation forests across a
 range of habitat types (Pfister et al. 1977, Steele et al.
 1981). Fire regimes in ponderosa pine/Douglas-fir
 forests of the northern Rockies region include low- and
 mixed-severity regimes (Brown et al. 1994, Arno et al.

 1995, 2000, Baker et al. 2007, Hessburg et al. 2007).
 Beginning in the late 1800s to early 1900s, many forests
 experienced a punctuated decline in fire frequency
 generally associated with a shift toward cooler spring
 and summer climate (Morgan et al. 2008) combined with
 expanding Euro-American settlement and fire suppres
 sion efforts in subsequent decades (Arno et al. 1995).
 Prior to the early 1960s, timber harvest in the northern
 Rockies was largely focused on high grade and
 individual selection harvest methods, with occasional
 group selection harvests (Gruell et al. 1982, Smith and
 Arno 1999, Hessburg and Agee 2003). Logging pre
 scriptions generally favored removal of many of the
 largest and some of the medium-sized ponderosa pine as
 well the majority of all other species (see Gruell et al.
 1982, Smith and Arno 1999). Residual stands generally
 retained some large and many medium sized ponderosa
 pine trees, although substantial variation existed in post
 harvest stand structure. Logging and fire suppression
 histories exhibit significant spatial overlap and have
 affected a substantial portion of the ponderosa pine/
 Douglas-fir forest in the region (Arno et al. 1995,
 Hessburg et al. 2000, Hessburg and Agee 2003, Baker et
 al. 2007).

 Sampling design

 We used a paired design of logged, fire-excluded stands
 (referred to as logged) with unlogged, fire-excluded
 stands (referred to as unlogged) to quantify changes in
 forest structure and composition associated with each
 management scenario while controlling for unrelated,
 confounding factors. A coarse analysis of potential
 watersheds for sampling was conducted using spatial
 data layers of vegetation and disturbance history (logging
 and fire) and through consultation with Forest Service
 silviculturists and fire management staff. Logging history
 coverages generally extended back to the 1950s.
 Information on historical logging predating the 1950s

 was collected from local Forest Service staff and was used

 to supplement spatial data layers to identify watersheds
 with patchy historical timber harvest. We did not collect
 detailed fire history data for our sites and instead relied on
 fire history atlases extending back to 1940. Based on the
 fire atlases, we define fire-excluded sites for the purposes
 of this study as those not burned since at least the 1940s.
 Fire history studies in ponderosa pine forests of our
 region report average fire-free intervals of approximately
 7-52 years, with an overall cross-study average of 20
 years (Habeck 1990, Brown et al. 1994, Arno et al. 1995,
 1997). Therefore, the minimum 65-year fire-free thresh
 old for our sample sites (derived from fire atlases
 extending back to 1940) is sufficient to represent fire
 exclusion effects. Furthermore, studies in the immediate
 vicinity of many of our sample sites date the last wildfire
 to the mid 1800s through early 1900s (Arno et al. 1995,

 Heyerdahl et al. 2008) suggesting that the 65-year fire-free
 threshold most likely underestimates the true fire-free
 interval by many decades. While a small number of our
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 Fig. 1. Map of the study region showing sample sites from this paper (solid circles) and from Keeling et al. (2006; solid
 triangles) in Montana and Idaho, USA. Stippled areas represent distribution of ponderosa pine forest based on USGS (1999)
 digitized maps. Sites from this study include: BB, Big Belts; C, Camas; CN, Canyon; CF, Clark Fork; K, Koocanusa; LB, Little
 Belts; LH, Lost Horse; S, Salmon; SV, Swan Valley; W, Ward. Sites used in the subset analysis are C, CN, LH, S, and W. Sites from
 Keeling et al. (2006) include: BR, Bullion Ridge; MB, Mackay Bar; TW, 23 Mile; LC, Lake Como; MC, Moose Creek; DC, Ditch
 Creek; WW, Whitewater Ranch.

 sample sites likely pertain to variable- or mixed-severity
 fire regimes which commonly experience long fire-free
 intervals (Arno et al. 2000, Baker et al. 2007, Hessburg et
 al. 2007, Sherriff and Veblen 2007) and may therefore not
 be outside the range of historically observed fire-free
 intervals, of importance for this paper is that even in these
 stands, changes in stand structure and composition
 consistent with the effects of fire exclusion have still
 occurred due to natural succession in the absence of fire
 since at least 1940.

 Extensive field surveys were conducted during the
 summer of 2006 in the initially selected watersheds to
 identify and select specific suitable paired stands. Site
 selection criteria included: no known grazing history,
 lack of fire since 1940, a single logging event no more
 recent than 40 years old, no tree planting following
 logging, close proximity of paired stands, and similarity
 of soil types and other physiographic parameters
 between them. All sites were surveyed for signs of recent
 grazing or fire, for the presence of old stumps in logged
 sites and the absence of stumps or other signs of previous
 harvest in unlogged stands, and for the presence of
 suitable pairs within the same historical stand or in
 neighboring stands with similar physiographic charac
 teristics. Although fire atlases have limited accuracy with

 respect to smaller and older fires and do not account for
 unburned areas within a fire perimeter, in all cases our
 field surveys corroborated the fire atlas information
 indicating a lack of fires since the early 20th century. All
 of our stands had no evidence of past high-severity fire
 (i.e., fire-killed patches, single-aged cohorts), and all the
 unlogged stands were uneven-aged old growth, where
 many trees had fire scars and other evidence of past low
 severity fire. Therefore, it is likely that all of our study
 sites historically experienced repeated low-severity fires.
 This interpretation is corroborated by fire history data in
 our region, including those found in areas thought to be
 characterized by variable-severity fire regimes (Arno et
 al. 1995, Heyerdahl et al. 2008). Paired sites were selected
 such that unlogged and logged sites prior to harvest
 exhibited old growth, or mature, stand characteristics,
 with similar numbers and sizes of large trees. Due to
 natural topographic variation, patchy disturbance histo
 ry, and natural heterogeneity of old growth forest
 conditions, the aerial coverage of sample stands varied
 substantially. Differences in pre-logging stand structure
 between paired sites were evaluated post-sampling (see
 Preharvest stand structure and logging reconstruction).

 In logged sites, the relative decay of stumps was
 visually assessed to determine whether multiple entries

This content downloaded from 137.140.1.131 on Mon, 09 Jul 2018 15:24:13 UTC
All use subject to http://about.jstor.org/terms



 1854

 Table 1. Sample
 treatments.

 CAMERON NAFICY ET AL. Ecological Applications
 Vol. 20, No. 7

 site names, physiographic information for individual sites, and overall averages for logged and unlogged

 Site name  National Forest  Elevation (m)  Aspect (degrees)  Slope (degrees)  A distance (km)f

 Camas 1J
 Logged
 Unlogged

 Canyon 1J
 Logged
 Unlogged

 Canyon 2J
 Logged
 Unlogged

 Lost Horse 1J
 Logged
 Unlogged

 Ward 1J
 Logged
 Unlogged

 Swan Valley 2
 Logged
 Unlogged

 Swan Valley 6
 Logged
 Unlogged

 Swan Valley 8
 Logged
 Unlogged

 Big Belts 1
 Logged
 Unlogged

 Koocanusa 1
 Logged
 Unlogged

 Koocanusa 2
 Logged
 Unlogged

 Koocanusa 7
 Logged
 Unlogged

 Koocanusa 8
 Logged
 Unlogged

 Little Belts 1

 Logged
 Unlogged

 Clark Fork 1

 Logged
 Unlogged

 Clark Fork 2
 Logged
 Unlogged

 Clark Fork 6
 Logged
 Unlogged

 Clark Fork 7
 Logged
 Unlogged

 Clark Fork 9
 Logged
 Unlogged

 Bitterroot

 Bitterroot

 Bitterroot

 Bitterroot

 Bitterroot

 Flathead

 Flathead

 Flathead

 Helena

 Kootenai

 Kootenai

 Kootenai

 Kootenai

 Lewis and Clark

 Lolo

 Lolo

 Lolo

 Lolo

 Lolo

 1570.73
 1606.10

 1556.40
 1542.68

 1733.84
 1753.35

 1436.89
 1406.10

 1617.38
 1620.43

 1122.26
 1108.23

 1256.40
 1249.09

 1155.18
 1150.91

 1375.30
 1415.85

 967.68
 980.79

 945.73
 1022.56

 1035.37
 1039.94

 1086.28
 1079.27

 1658.54
 1693.90

 1145.12
 1247.87

 1375.00
 1296.95

 1048.78
 1075.61

 1161.59
 1230.79

 1246.34
 1239.02

 140
 144

 82
 79

 82
 76

 187
 176

 131
 142

 219
 314

 199
 234

 2
 18

 165
 156

 228
 222

 153
 144

 173
 185

 229
 203

 194
 200

 242
 255

 173
 170

 210
 197

 173
 151

 64
 39

 20
 20

 23
 22

 19
 13

 2
 1

 5
 1

 10
 17

 16
 20

 24
 31

 17
 22

 13
 16

 34
 33

 29
 24

 30
 32

 29
 30

 28
 31

 20
 17

 0.04

 0.06

 0.04

 0.16

 0.10

 0.10

 0.22

 6.07

 0.23

 0.04

 0.28

 0.11

 0.28

 0.07

 0.27

 0.12

 0.04

 0.22

 0.08
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 Site name National Forest Elevation (m) Aspect (degrees) Slope (degrees) A distance (km)t

 Clark Fork 12 Lolo
 Logged 1142.99 240 22 n ^
 Unlogged 1148.78 252 21 U'Z0

 Salmon 1J Payette
 Logged 1297.56 267 24

 Unlogged 1291.46 271 27 UJ1
 Salmon 2% Payette

 Logged 1417.99 260 23
 Unlogged 1395.73 249 26

 Salmon 3J Payette
 Logged 1345.43 284 14

 Unlogged 1330.18 284 10
 Treatment averages

 Logged 1291.25 178 19
 Unlogged 1301.11 181 19

 Keeling et al. (2006)
 site averages

 Burned 1214.17 188 33
 Unlogged 1346.17 210 28

 Note: The distance between paired sites is "A distance."
 t Note that distance differences are aerial estimates that do not account for terrain. Actual site differences may have been

 somewhat larger.
 % Sites used in the subsample comparisons with sites from Keeling et al. (2006). Average physiographic information is also

 provided for the sites sampled in Keeling et al. (2006).

 21.24

 0.05

 .32

 had occurred. All stumps observed within and around a
 sample site were inspected for signs of substantially
 different states of decay based on the presence and
 quantity of remaining bark, total amount of bole
 degradation, and the amount of sapwood decay.
 Stands were also surveyed for evidence of distinct
 harvest techniques, indicating possible multiple entries.
 If sites with stumps of similar species and diameter
 classes exhibited distinct phases of visual decay, or if
 uncertainties existed, they were discarded. Otherwise,
 sites were considered to have experienced only one
 logging entry and were eligible for sampling. We cannot
 account for cutting of small trees that may have
 accompanied harvest of larger trees but whose stumps
 have fully decomposed. Approximate harvest dates in
 our sites estimated from historical accounts ranged from
 the early 1890s to the early 1960s, although most of our
 logged sites were harvested in the early 1900s.

 Once suitable paired sites had been identified and
 selected according to the above criteria, a rough
 boundary for each logged and unlogged stand was
 delineated using maps and ground surveys of the area.
 Sampling plot locations within each treatment area were
 placed a random distance (0-60 m) and direction (0
 360?) from the area's center. If a plot center was located
 such that part of it extended outside the treatment area
 (i.e., logged or unlogged area) or if the plot boundary
 lay closer than 50 m to the treatment area boundary,
 subsequent random distance, and direction readings
 were made until these criteria were met. Within each

 stand, one 20 X 50 m (0.1-ha) plot was placed around

 plot center with its long axis perpendicular to the slope.
 Physiographic site variables including slope, aspect, and
 elevation were recorded at plot center. Within each plot,
 the diameter at breast height (dbh) of all trees >4 cm
 dbh and the dbh of dead trees and stumps were
 measured and recorded by species. Stump diameter
 was measured at the highest point where an accurate
 diameter measurement could be taken, and the height
 above ground level for each stump diameter measure

 ment was also recorded. In total, we sampled 46 stands
 (23 pairs) of low to mid elevation (mean = 1296 m, range

 = 946-1753 m) pure and mixed ponderosa pine forests
 (Fig. 1, Table 1).

 Preharvest stand structure and logging reconstruction

 Because we could not obtain detailed records of the

 specific logging type at our sites, we used stump evidence
 and dendrochronology-based stand reconstruction of
 pre-logging stand structure to provide an estimate of the
 basal area (BA) harvested from each stand. For each
 tree species present within a logged site, we extracted
 increment cores from nine trees spanning the range of
 diameter sizes found within that site. In cases where

 fewer than nine trees of a given species were present in a
 plot, the total number of cores extracted for that species
 was equal to the number of individuals of a species
 within that plot. Increment cores were extracted at
 breast height and processed in the lab according to
 standard methods (Stokes and Smiley 1968). For each
 core, tree rings were counted to establish minimum tree
 age. Age corrections for core extraction height were
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 estimated from two to three contemporary young trees
 of breast height within each sample stand. Missed rings
 for cores that did not contain the pith were estimated
 using the height and length of the last incomplete ring to
 measure the distance to the pith, divided by the average
 ring width of the last three complete inner rings.

 Linear regressions were used to construct an age-dbh
 relationship for each tree species at each site. On
 average, tree-age-dbh relationships estimated from
 increment cores explained 68% of the variation in the
 data. Using these age-dbh relationships, we estimated
 the current age of all trees within contemporary logged
 sites and backcast the dbh of each tree to its age at the
 time of the logging event. In the absence of specific
 logging dates for each site, we backcast all trees to 1940,
 an approximate average date of logging for all of our
 sites. In a small number of sites where too few
 individuals of tree species other than Douglas-fir and
 ponderosa pine existed to construct a reliable age-dbh
 regression, we used an average species-specific age-dbh
 relationship derived from data pooled across all sites.
 Trees estimated to have established after the logging
 date were not included in the pre-logging stand
 reconstruction. The backcast dbh of all remaining trees
 was combined with corrected stump dbh values and used
 to estimate the pre-logging stand BA and density of
 logged sites. Stump diameter measurements were con
 verted to DBH estimates using a best fit regression
 equation (power curve; R2 = 68%) constructed from
 diameter vs. height above ground measurements from
 large living ponderosa pine trees within our sites (n = 30
 trees). The percentage of BA harvested was then
 calculated as the stump BA divided by stump BA added
 to the backcast stand BA.

 To corroborate field-based assessments of similarity in
 pre-logging stand density and BA between logged and
 unlogged sites, we also backcast stand structure in
 unlogged sites to the date of harvest in logged stands
 (see Statistics). For a subsample of our sites (n = 7 paired
 sites) for which cores from trees >40 cm dbh where
 available from both logged and unlogged sites, we found
 little difference in the age-dbh relationship of logged
 and unlogged sites (data not shown) suggesting that
 potential logging release effects were later offset by
 increases in density (see Results). Therefore, we used
 regression equations derived from cores for each site's
 logged pair to backcast BA and density in unlogged
 stands. Such estimates, however, are very coarse and are
 given only to complement our field-based assessment.

 Comparison with fire exclusion effects

 The paucity of fire-maintained stands outside wilder
 ness or remote areas precluded a fully factorial compar
 ison of paired frequently burned and unburned stands
 both with and without logging. Instead, we combined
 our data set with that of Keeling et al. (2006), who
 quantified fire exclusion effects in ponderosa pine forests
 of the northern Rocky Mountains by pairing unlogged

 stands subjected to two to four fires in the 20th century
 (referred to as "burned" stands) with unlogged stands
 not burned for at least 74 years. The combined data set
 provides a unique comparison of stand attributes across
 unlogged, fire-maintained stands, and both logged and
 unlogged fire-excluded stands. In order to match the
 sampling design of Keeling et al. (2006) we include only
 trees >5 cm dbh in the combined data set analysis.
 Stands from Keeling et al. (2006) encompassed a smaller
 geographic area of western Montana and north-central
 Idaho than our study (Fig. 1). To ensure the validity of
 combining the two data sets, we tested whether fire
 excluded, unlogged sites from both studies were similar
 (see Statistics section) and we compared results using the
 whole data set from our study (n = 23) with those using
 only a subset (n ? 8) of our sites nearby the areas studied
 by Keeling et al. (2006) (Fig. 1, Table 1).

 Statistics

 Paired Mests were used to evaluate statistical differ

 ences between logged and unlogged stands for plot
 elevation, slope, aspect, total stand density, total stand
 BA, and large tree age. We used a multivariate linear
 model (MANOVA) to test for omnibus differences (i.e.,
 at all factor levels) in the distribution of paired
 differences of tree density and BA across four size
 classes: 4-20 cm, 20-40 cm, 40-60 cm, and >60 cm and
 four tree groups: ponderosa pine, Douglas-fir, all species
 pooled, and snags. Based on the outcome of this test, we
 used paired t tests in a post hoc framework for all
 normally distributed data, to identify within pair
 differences between logged and unlogged sites for each
 size class and tree group combination. Normality was
 assessed through visual inspection of the data and with
 Kolmogrov-Smirnov goodness of fit tests. When neces
 sary, natural log transformations were used to meet
 normality requirements. Nonparametric Wilcoxon
 signed rank tests were used to assess differences in BA
 and density where data did not meet normality
 requirements. A similar process was used to test for
 differences in total stand BA and density between size
 classes for backcast logged and unlogged sites.
 We used the sequential Bonferroni technique (Rice

 1989) to account for multiple comparisons of density
 and BA between the four size classes and the three
 independent tree groups (ponderosa pine, Douglas-fir,
 and snags), with separate corrections made for pooled
 size classes and tree groups. Using this method, a-level
 adjustments were made separately for density and BA
 for all tree-group-size-class combinations for ponderosa
 pine, Douglas-fir, and snags (initial correction, a/12), for
 the remaining tree group (i.e., all species pooled) by size
 class (initial correction, a/4), and for all size classes
 combined for the remaining three tree groups (initial
 correction, a/3). Results of the sequential Bonferroni
 technique are displayed for initial significance thresholds
 of a = 0.05 and a = 0.10. Similar appropriate a
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 4-20 20-40 40-60 >60

 Diameter class (cm)

 Total

 Fig. 2. Diameter class distribution of density for (a) all species, (b) ponderosa pine, (c) Douglas-fir, and (d) snags. Solid bars
 represent logged sites, and open bars are unlogged sites. A sequential Bonferroni technique was used to establish significance
 thresholds between all species-size-class comparisons. Statistical significance of differences between logged and unlogged stands
 within a size class is indicated. Error bars represent +SE.

 * P < 0.05; tP < 0.10.

 adjustments were made for size class comparisons of
 backcast logged and unlogged stand density and BA.

 Independent samples t tests were used to test for
 density differences by tree groups between unlogged sites
 from Keeling et al. (2006) and our study. The use of a
 multivariate linear model for comparisons between
 burned, unlogged and logged stands from the combined
 data set (Keeling et al. 2006 and this study) was not
 feasible due to violation of the MANOVA procedure's
 requirement for homogeneous covariation between
 factors (i.e., sphericity). Instead, we used independent
 samples t tests to compare total density and density by
 tree group for both the subset and full analysis between
 burned stands (n = 6), pooled unlogged stands from
 both studies (subset, n = 14; full, n = 29), and logged
 stands from this study (subset, n = 8; full, n = 23). We
 used the same tree groups as in the previous analysis
 except that we replaced the "snags" group with a
 category incorporating all tree species other than
 ponderosa pine and Douglas-fir. This change was made
 because snags were not measured in the Keeling et al.
 2006 study as we did and because species other than
 ponderosa pine and Douglas-fir have been shown to be a
 significant contributor to changes in stand structure

 from recently burned to unburned sites (Keeling et al.
 2006), whereas we did not find this to be the case
 between our logged and unlogged sites. For all /-tests,
 variance homogeneity was assessed using Levene's test.

 We adjusted the a?level for multiple comparisons
 between treatments within each tree group and for the
 initial t test comparison of unlogged sites from both
 studies using the sequential Bonferroni technique (initial
 correction a/4 for each species group). Mann-Whitney
 non parametric tests were used to compare treatment
 differences for species other than ponderosa pine and
 Douglas-fir, for which homogeneity of variance assump
 tions were not met. Significance results for all tests were
 conducted for a = 0.05 and a = 0.10. Independent
 samples t tests were used in comparisons of slope, aspect
 and elevation between all treatments.

 Results

 Elevation, slope, and aspect were similar (P > 0.20 for
 all tests) between logged and unlogged sites (Table 1).

 With the exception of two sites that were separated by
 more than 5 km, the average distance between paired
 sites was 0.15 km, with a range of 0.04-0.31 km (Table
 1). Analysis of increment cores from contemporary large
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 Table 2. Mean values (with SE reported in parentheses) and range for density and basal area (BA) of ponderosa pine, Douglas
 fir, all species pooled, and snags by diameter size class.

 4-20 cm  20-40 cm  40-60 cm

 Tree group  Logged  Unlogged  Logged  Unlogged  Logged  Unlogged

 Density (trees/ha)
 All species

 Ponderosa pine

 Douglas-fir

 Snags

 Basal area (m2/ha)
 All species

 Ponderosa pine

 Douglas-fir

 Snags

 473.9* (86.2)
 0-1380

 178.7| (56.8)
 0-1070

 245.7 (68.7)
 0-1230

 108.3* (25.6)
 0-450

 4.72* (0.82)
 0-13.67

 1.97| (0.62)
 0-10.99

 2.37 (0.64)
 0-11.57

 0.63* (0.15)
 0-2.32

 179.6 (33.9)
 0-590

 28.7 (7.7)
 0-130

 122.2 (24.2)
 0-430

 36.5 (9.9)
 0-190

 1.81 (0.36)
 0-6.84

 0.30 (0.09)
 0-1.54

 1.26 (0.29)
 0-5.09

 0.26 (0.08)
 0-1.41

 182.2* (23.3)
 0-350

 72.6 (20.9)
 0-350

 101.3t (22.5)
 0-300
 10 (3.3)
 0-60

 11.69* (1.50)
 0-23.32

 4.77 (1.40)
 0-20.41

 6.38*t (1.38)
 0-19.59

 0.53 (0.16)
 0-2.62

 80.4 (11.6)
 10-240

 28.3 (7.6)
 0-160

 45.7 (11.5)
 0-230

 6.5(1.7)
 0-30

 5.37 (0.69)
 0.32-14.73
 2.17 (0.56)
 0-11.42

 2.82 (0.69)
 0-14.32

 0.39 (0.11)
 0-1.65

 28.3 (5.6)
 0-110

 18.7 (5.1)
 0-90

 8.7 (2.2)
 0-40

 0.4? (0.4)
 0-10

 5.05 (1.02)
 0-21.77

 3.36 (0.96)
 0-18.35

 1.58 (0.37)
 0-5.88

 0.09? (0.09)
 0-2.01

 43.0 (6.5)
 0-130

 30.4 (6.5)
 0-130

 10.4 (3.0)
 0-30

 3.5 (1.0)
 0-10

 8.28 (1.34)
 0-27.33

 6.00 (1.31)
 0-27.33

 1.85 (0.58)
 0-7.81

 0.07 (0.22)
 0-2.79

 Notes: The percentage of total density and basal area composed of trees <40 cm dbh is calculated for each row. Boldface type
 indicates P < 0.05. The symbols "t" and "*" in the Logged column indicate comparisons within a size-class-tree-group
 combination that met Bonferroni adjusted significance thresholds at a = 0.10 and oe = 0.05, respectively.

 % Nonparametric Wilcoxon signed rank test.
 ? Values were ln-transformed.

 trees > 40 cm dbh in logged and unlogged sites (C.
 Naficy, unpublished data) found no significant differ
 ences in the age of large trees between paired sites (P >
 0.05). Likewise, no significant differences were found for
 backcast density and BA of trees for all size classes in
 logged and unlogged sites prior to logging (P > 0.05 for
 all tests). Logging reconstructions indicated that all
 logged sites experienced removal of many medium and
 large overstory trees (average reconstructed dbh of trees
 harvested = 49 cm, range = 27-80 cm) although a
 number of large and medium trees remained in most
 sites (average density of backcast trees >40 cm dbh
 harvested = 72%, range = 0-100%). On average, 68% of
 backcast basal area (range = 24-100%) was harvested.

 Average total density of logged sites was more than
 twice that of unlogged sites (P < 0.001, Fig. 2a, Tables 2
 and 3). However, there were no significant differences in
 total stand basal area (P = 0.096, Fig. 3a, Tables 2 and
 3). Omnibus tests from the MANOVA analysis indicat
 ed significant differences in the distribution of density
 and BA across size-class-tree-groups (P < 0.01 for both
 density and BA). On average, logged sites had higher
 total density of trees in all tree groups (P < 0.05 for all
 groups, Fig. 2b-d), with higher BA of Douglas-fir (P <
 0.05) and lower BA of ponderosa pine (P < 0.05; Fig.
 3b, c, Table 2). Average basal area distribution across
 species shifted from 22.7 m2/ha ponderosa pine (74%)
 and 6.5 m2/ha Douglas-fir (21%) in unlogged sites to
 13.5 m2/ha ponderosa pine (52%) and 11.2 m2/ha

 Table 3. P values for paired / test comparisons of density and BA of logged and unlogged stands for ponderosa pine, Douglas-fir,
 all species combined, and snags by diameter size class and all diameters pooled.

 Tree group 4-20 cm 20-40 cm 40-60 cm >60 cm Total
 Density (trees/ha)
 All species 0.000* 0.000* 0.129 0.001*? 0.000*
 Ponderosa pine 0.009| 0.027 0.205 0.000* 0.025*
 Douglas-fir 0.040 0.009f 0.657 1.00J 0.010*
 Snags 0.002* 0.336 0.016J 0.705J 0.003*

 Basal area (m2/ha)
 All species 0.000* 0.000* 0.093 0.000* 0.096
 Ponderosa pine 0.007| 0.065 0.141 0.000* 0.014*
 Douglas-fir 0.029 0.008| 0.695 1.00J 0.017*
 Snags 0.002* 0.491 0.028t 0.612J 0.713
 Notes: Boldface type indicates P < 0.05. Comparisons within a size-class-tree-group combination that meet Bonferroni adjusted

 significance thresholds at a = 0.10 and a = 0.05 are indicated by "f" and "*," respectively.
 % Nonparametric Wilcoxon signed rank test.
 ? Values were ln-transformed.
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 Table 2. Extended.

 >60 cm

 Logged  Unlogged

 Total

 Logged  Unlogged

 Stems <40 cm (%)

 Logged  Unlogged

 10.4*j (2.4)
 0-40

 8.3* (2.1)
 0-40

 1.7?(1.0)
 0-20

 1.3f (0.7)
 0-10

 33.5 (4.0)
 0-70

 30.9 (4.0)
 0-70

 1.7 (0.8)
 0-10

 1.7 (0.8)
 0-10

 694.8* (94.1)
 0-1700

 278.3* (70.0)
 0-1280

 357.4* (80.5)
 0-1280

 120.0* (26.5)
 0-470

 336.5 (41.4)
 40-920

 118.3 (14.2)
 20-300

 180.0 (34.0)
 0-690

 48.3 (10.7)
 0-200

 94

 90

 97

 99

 77

 48

 93

 89

 4.41* (1.10)
 0-16.76

 3.43* (0.91)
 0-14.71

 0.86? (0.60)
 0-13.33

 0.65? (0.41)
 0-8.59

 15.13 (1.84)
 0-28.34

 14.24 (1.83)
 0-28.14

 0.59 (0.28)
 0-4.42

 0.78 (0.02)
 0-7.01

 25.87 (2.49)
 0-53.88

 13.52* (2.44)
 0-42.42

 11.19* (2.12)
 0-28.53

 1.90 (0.47)
 0-8.61

 30.59 (2.54)
 7.92-59.8

 22.70 (2.12)
 7.92-57.43
 6.52 (1.25)
 0-23.73

 2.14(0.42)
 0-7.32

 63

 50

 78

 61

 23

 11

 63

 30

 Douglas-fir (43%) in logged sites (Table 2). Stand
 density and BA increases in logged vs. unlogged stands
 were mainly due to trees <40 cm dbh (Figs. 2a-c, 3a-c,
 Table 2), although once adjusted for multiple compar
 isons only ponderosa pine 4-20 cm dbh and Douglas-fir
 20-40 cm dbh were significant at P < 0.10 (Fig. 2b, c,
 Table 3). In contrast, the density and BA of large (dbh >
 60 cm) trees was significantly lower in logged stands
 relative to unlogged stands (P < 0.001 for both density
 and BA, Table 3), due to a paucity of large ponderosa
 pine trees (P < 0.001, Figs. 2b, 3b). In combination, the
 lack of large trees and abundance of trees < 40 cm dbh
 in logged stands, resulted in strong dominance of small
 fire-intolerant trees in overall stand characteristics

 (Table 2) of logged sites. In contrast, there was a more
 even distribution of ponderosa pine tree density across
 all size classes in unlogged stands (Fig. 2b), with a larger
 proportion of stand BA and density contributed by fire
 tolerant ponderosa pine trees >40 cm dbh (Table 2).

 However, in both logged and unlogged stands the
 relative proportion of total Douglas-fir density com
 prised of trees <40 cm dbh was similar (Table 2), likely a
 result of their shared history of fire exclusion. The total
 density of snags was significantly higher in logged stands
 than in unlogged stands (P < 0.01, Tables 2 and 3), due
 to significantly higher numbers of small snags (P < 0.01,
 Fig. 2d). Although not significantly different once
 adjusted for multiple comparisons, snags 40-60 cm
 dbh tended to be slightly more frequent in unlogged
 than logged sites (Table 2).

 Comparisons of physiographic site variables from
 Keeling et al. (2006) and this study showed no
 differences in average elevation or aspect (P > 0.05),
 but mean slope of sites from Keeling et al. (2006) was
 greater than in our sites (P < 0.01, Table 1). However,
 total density and density by tree group between

 unlogged stands from Keeling et al. (2006) and our
 study were not statistically different for either the subset
 or the full analysis (Table 4, Fig. 4a, b) and were pooled
 in all subsequent analysis. Relative to burned stands,
 average total stand density was approximately twofold
 higher in stands subjected to fire exclusion alone for
 both the subset and full analysis (Fig. 4a, b). However,
 once corrected for multiple comparisons these differ
 ences were not statistically significant in either analysis,
 except for significant increases of Douglas-fir density at
 ot = 0.1 in the subset analysis (Table 4). In contrast,
 relative to burned stands, average stand density in
 logged stands was over threefold (full data set) and
 almost fourfold (subset) higher (P < 0.01, Fig. 4a, b).
 Total, ponderosa pine and Douglas-fir density was
 higher in logged relative to unlogged stands in the full
 analysis, while in the subset analyses differences were
 apparent for total and Douglas-fir density. However,
 once corrected for multiple comparisons, only differ
 ences for total density in the full analysis (P < 0.01) and
 for Douglas-fir density in the subset analysis (P < 0.05)
 were significant (Fig. 4a, b; Table 4). Lower statistical
 significance of differences in average total density
 between burned and unlogged sites in both analyses
 and between unlogged and logged sites in the subset
 analysis (Table 4) likely reflect the lack of pairing in the
 combined data set. Average density of species other than
 ponderosa pine and Douglas-fir was higher in unlogged
 and logged sites relative to burned sites (Fig. 4),
 although differences were not statistically significant
 (Table 4) due to high variability in their presence and
 abundance.

 Discussion and Conclusions

 We show that historically logged, fire-excluded pon
 derosa pine forests of the northern Rocky Mountains
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 j in ill i

 4-20 20^0 40-60 >60

 Diameter class (cm)

 Total

 Fig. 3. Diameter class distribution of basal area for (a) all
 species, (b) ponderosa pine, and (c) Douglas-fir. Filled bars
 represent logged sites, and open bars are unlogged sites. A
 sequential Bonferroni technique was used to establish signifi
 cance thresholds between all species-size-class comparisons.
 Differences between logged and unlogged stands within a size
 class are indicated. Error bars represent +SE.

 * P < 0.05; f P < 0.10.

 have more homogeneous stand structure, much higher
 average stand density, more standing dead trees and
 greater numbers and dominance of small, fire-intolerant
 trees than their unlogged, fire-excluded counterparts
 (Fig. 2a-d, Fig. 3a-c, Table 2). Furthermore, the
 interactive effects of logging and fire exclusion on stand
 density substantially exceed those due to fire exclusion
 alone (Fig. 4a, b). Although lack of pairing in the
 combined data set analysis reduced somewhat the

 statistical significance of cross-treatment comparisons
 relative to the respective paired analyses (see Results and
 Keeling et al. 2006), the similar results between the full
 data set and the subset analyses support the generality of
 our results for ponderosa pine/Douglas-fir forests across
 a broad area within the northern Rockies (Fig. 1). While
 fire exclusion has led to increased average forest density
 and abundance of fire-intolerant tree species in some
 semiarid forests of the western United Sates (Minnich et
 al. 1995, Fule et al. 2002, Keeling et al. 2006, Goforth
 and Minnich 2008), the rate and magnitude of this
 change are quite variable (Keeling et al. 2006). Our
 results from a relatively large geographical area show
 that historical logging has generally exacerbated these
 changes such that logged forests now bear little
 resemblance either to modern unlogged, fire-excluded
 forests or to contemporary, fire-maintained counterparts
 (Fig. 4a, b). Overall, our results reiterate the need to
 account for the long-term effects of multiple perturba
 tions (in this case, historical logging and fire exclusion) to
 understand contemporary forest structure (Paine et al.
 1998).

 It is unclear how differences in the current structure

 and composition of previously logged and unlogged
 ponderosa pine/Douglas-fir forests will affect stand- and
 landscape-scale dynamics in these systems on longer
 time scales than we have studied here. However, given
 the importance of disturbances in these forests, future
 stand characteristics will likely be dependent on
 interactions with and recovery from future natural
 disturbances. Our results suggest that, to the extent that
 modern wildfires are driven by vegetation and fuel
 characteristics, historically logged stands are likely more
 prone to severe, stand-replacing wildfires than unlogged,
 fire-excluded stands. Such prediction is based on the
 strong increases in total stand density, the abundance of
 smaller, less fire-tolerant tree species which serve as
 ladder fuels and reduce crown to base height, the
 increased homogeneity of forest structure, and the
 increase of dead trees that we have documented in
 logged sites (Figs. 2 and 3). Furthermore, the abundance
 of residual logging slash often generated by historical
 timber harvest produces higher flame lengths and more
 intense surface fires that can increase the probability of
 crown fire initiation (Dodge 1972, Steele et al. 1986,
 Agee 1993, Skinner and Chang 1996, Hessburg and
 Agee 2003, Stephens and Moghaddas 2005). This
 prediction is consistent with reports of uncharacteristi
 cally severe fires in contemporary, previously logged
 forests in the northern Rockies and elsewhere in the

 western United States (Dodge 1972, Steele et al. 1986,
 Agee 1993, Weathersppon and Skinner 1995, Skinner
 and Chang 1996, Odion et al. 2004, Baker et al. 2007). In
 contrast, modern wildfires in many unlogged, fire
 excluded semiarid forests continue to exhibit predomi
 nantly low- and medium-severity burns (Brown et al.
 1994, Odion and Hanson 2006, 2008, Collins and
 Stephens 2007, Collins et al. 2007, Fule and Laughlin
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 Table 4. P values for independent samples / tests of tree density of burned, unlogged, and logged sites from this study and those
 of Keeling et al. (2006).

 Tree group  Burned vs. unlogged  Burned vs. logged  Unlogged vs. logged
 Unlogged (K)

 vs. unlogged (N)
 Subset
 All species
 Ponderosa pine
 Douglas-fir
 Other

 Full set
 All species
 Ponderosa pine
 Douglas-fir
 Other

 0.047
 0.363
 0.021|
 0.051

 0.101
 0.395
 0.066
 0.235J

 0.007*
 0.388
 0.018|
 0.147

 <0.001*
 0.375
 0.001*
 0.212J

 0.049
 0.058
 0.049|
 0.889

 0.003*
 0.039
 0.049
 0.910J

 0.671
 0.178
 0.422
 0.370

 0.163
 0.744
 0.858
 0.4141

 Notes: The final column refers to comparisons made between unlogged sites of Keeling et al. (2006) (K) and this study (N).
 Boldface type indicates P < 0.05. Comparisons meet Bonferroni adjusted significance thresholds when followed by "|" for a = 0.10
 and "*" for oc = 0.05. To ensure the validity of combining the two data sets, we tested whether fire-excluded, unlogged sites from
 both studies were similar, and we compared results using the whole data set from our study (n = 23) with those using only a subset
 (n = 8) of our sites nearby the areas studied by Keeling et al. (2006).

 { Mann Whitney U test.

 2007, Holden et al. 2007, Safford et al. 2008; but see
 Goforth and Minnich 2008). High stand density and BA
 have also been consistently associated with greater
 susceptibility to widespread, high-severity insect out
 breaks (Negron and Popp 2004, Fettig et al. 2007).
 Given the extensive history of logging in semiarid forests
 across the western United States (Veblen and Lorenz
 1986, Habeck 1988, Arno et al. 1995, Minnich et al.
 1995, Fule et al. 2002, Hessburg and Agee 2003, Baker et
 al. 2007) these findings highlight significant ecological,
 social, and economic costs resulting from past timber
 harvest that have been poorly recognized and frequently
 ascribed disproportionately to fire exclusion alone.

 Similar to substantial regional variation in fire regimes
 and fire exclusion effects in semiarid western forests

 (Minnich et al. 1995, McKenzie et al. 2000, Fule et al.
 2002, Schoennagel et al. 2004, Keeling et al. 2006, Goforth
 and Minnich 2008), the effects of the interaction between
 historical logging and fire exclusion may also vary across
 broad geographic regions. For example, limited data from
 southwestern ponderosa pine forests suggest that histor
 ical logging may not produce such strong long-term
 density feedbacks as we have documented in the northern
 Rockies (Fule et al. 2002). In contrast, and similar to our
 results, apparent increases in stand density of logged, fire
 excluded areas relative to unlogged, fire-excluded areas of
 ponderosa pine forest have been reported in the Rocky
 Mountains of Colorado (Kaufmann et al. 2000) and in
 southern California's San Bernardino Mountains
 (Minnich et al. 1995). It is also important to note that
 long-term responses to timber harvest are likely sensitive
 to differences in the specific nature and intensity of
 silvicultural treatments. Our results are specific to single
 entry individual selection and small group selection
 harvest of medium and large trees, as was common during
 the early 20th century in the Inland and Pacific Northwest
 (Gruell et al. 1982, Smith and Arno 1999, Hessburg and
 Agee 2003) and many other regions (Veblen and Lorenz

 1986, Minnich et al. 1995, Kaufmann et al. 2000). Further
 examination of long-term responses to different silvicul
 tural treatments or repeated harvests is needed.

 There are notable implications of our results for
 restoration and fuel reduction strategies in semi-arid
 forests of the northern Rockies. First, historically logged
 ponderosa pine forests in the northern Rocky Mountains
 have experienced greater departures from reference
 conditions than unlogged, fire-excluded forests. The
 current forest structure and composition that we have
 documented in logged forests suggests that, where fuel
 reduction goals are primary, these forests should
 constitute a clear priority. Emphasizing fuel reduction
 treatments in previously logged forests, especially near
 communities and existing road infrastructure where
 long-term treatment monitoring and maintenance is

 most feasible, will also help maximize their efficiency
 and economy. Although specific management prescrip
 tions ultimately need to consider site-specific conditions,
 our results suggest that while previously logged, fire
 excluded forests may benefit from significant mechanical
 stand manipulations before fire can be safely introduced,
 unlogged, fire-excluded forests may require much less
 invasive treatments. This is consistent with growing
 evidence that labor intensive and costly mechanical
 treatments in many unlogged, fire-excluded forests may
 not be necessary to restore wildfire despite structural
 departures from historical conditions (Brown et al. 1994,
 Odion and Hanson 2006, 2008, Collins and Stephens
 2007, Collins et al. 2007, Fule and Laughlin 2007,
 Holden et al. 2007, Safford et al. 2008; but see Goforth
 and Minnich 2008).

 Second, our results point to potential long-term risks
 associated with mechanical treatments, especially in
 previously unlogged forests. While modern fuel reduc
 tion or restoration techniques certainly differ from
 historical logging practices in many ways, there are also
 some important similarities. As opposed to historical
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 1000

 Burned,
 unlogged

 Unburned,
 unlogged

 Unburned,
 logged

 Fig. 4. Combined data from Keeling et al. (2006) and our
 study showing tree density for ponderosa pine (PIPO),
 Douglas-fir (PSME), other tree species, and all species pooled
 for unlogged fire-maintained stands, unlogged fire-excluded
 stands, and logged fire-excluded stands. Results are displayed
 for (a) the regional subset analysis and (b) the full analysis.

 Within a tree group, bars with different letters across treatments
 are statistically significantly different at a = 0.10, once corrected
 for multiple comparisons with the sequential Bonferroni
 technique. Actual P values are listed in Table 4. Values for all
 variables in unburned, unlogged stands from Keeling et al.
 (2006) and this study were not statistically different and were
 pooled. Values for burned, unlogged and unburned, logged sites
 come from Keeling et al. (2006) and this study, respectively.
 Error bars represent +SE.

 timber harvest, current silvicultural practices emphasize
 slash treatment and retention of more large, fire-tolerant
 trees. However, both involve soil disturbance and
 reduction of canopy cover. Furthermore, some modern
 fuel reduction methods specifically recommend removal
 of medium and some large overstory trees in order to
 increase canopy spacing and reduce crown fire spread
 (Graham et al. 1999, Agee and Skinner 2005, Raymond
 and Peterson 2005). Others benefit from the harvest of
 medium or large, commercially valuable trees to help
 minimize treatment costs (North et al. 2007, Hartsough
 et al. 2008). While there is a significant body of modeling
 work which predicts short-term alteration of fire
 behavior associated with such treatments (Graham et

 al. 1999, Agee and Skinner 2005), their effects under
 different long-term fuels management scenarios, or if
 treatments are not well maintained, have not been
 thoroughly evaluated. As a result, the extent to which

 modern mechanical treatments could have similar long
 term counterproductive effects to those reported here for
 historically logged sites when treated stands are left
 unattended is largely still unknown. Results from one of
 the few existing modeling studies of multi-decadal
 landscape response to various contemporary fuels

 management scenarios corroborate the potential risks
 of increased fire hazard following silvicultural treat
 ments that we allude to here, if treatments are not
 maintained (Ager et al. 2007). Relative to untreated
 stands, Ager et al. (2007) found that thinned and burned
 stands left subsequently untreated developed similar or
 higher crown bulk density and lower canopy base height
 and crowning index, all characteristics associated with
 high fire hazard and consistent with the long-term trends
 suggested by our results from historically logged sites.

 It is important to emphasize that our intent is not to
 make direct inferences of the effects of contemporary
 treatments from historical logging, but rather to
 highlight the lack of data on long-term effects of various
 modern silvicultural practices. Such lack of scientific
 evidence incorporates a fundamental element of risk,
 particularly if recurrent fire is not effectively restored to
 fire-prone ecosystems or substituted by other means of
 long-term fuels management. The successful reintroduc
 tion of fire is contingent on the long-term commitment
 of financial resources and consistent management policy
 that promotes a greater use of prescribed and wildland
 fire on a landscape (i.e., greater than stand-level) scale.
 Currently, where over half of the Forest Service budget
 is spent on fire suppression and other wildfire-related
 activities and 97-99% of all fires continue to be
 purposefully extinguished (Kauffman 2004, Stephens
 and Ruth 2005), it is apparent that neither the financial
 resources nor the policy imperatives for such a
 commitment have yet been put in place. Where
 allowance of natural wildfires is infeasible and alterna

 tive fuel treatments (e.g., mechanical thinning) are
 deemed necessary, their potential negative impacts on
 future forest conditions, wildlife habitat, and other
 values should not be ignored (Wales et al. 2007).
 Clearly, there is a need for careful consideration of the
 long-term effects of modern silvicultural treatments as
 part of a forward-looking fuels management approach
 that balances fire hazard reduction with wildlife habitat

 needs and other ecological values and is commensurate
 with the realistic financial and institutional ability of
 public land management agencies to maintain such
 treatments over time.
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