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ABSTRACT
Oliver, Chadwick D.; Irwin, Larry L.; Knapp, Walter H. 1994. Eastside forest management practices: 

historical overview, extent of their application, and their effects on sustainability of ecosystems. Gen. 
Tech. Rep. PNW-GTR-324. Portland, OR: U.S. Department of Agriculture, Forest Service, Pacific North-
west Research Station. 73 p. (Everett, Richard L., assessment team leader; Eastside forest ecosystem 
health assessment; Hessburg, Paul F., science team leader and tech. ed., Volume III: assessment.) 

Forest management of eastern Oregon and Washington began in the late 1800s as extensive utilization of 
forests for grazing, timber, and irrigation water. With time, protection of these values developed into active 
management for these and other values such as recreation. Silvicultural and administrative practices, de-
veloped to solve problems at a particular time have lingered and created confusion and consternation when 
knowledge, values, and vegetation conditions have changed. The present condition of most eastern Oregon 
and Washington forests is the result of disturbance and regrowth processes coupled with historical manage-
ment practices. Most areas contain high levels of insects, diseases, and fuels. Without many, diverse, cre-
ative, and active solutions, large fires and insect outbreaks will occur-with local loss of ecosystem and human 
values.

Keywords: Management practices, historical management practices, eastern Oregon, eastern Washington, 
ecosystem sustainability.



Contents

INTRODUCTION ..........................................................................................................................  1
The Area .................................................................................................................................  3
Organization of This Report ....................................................................................................  4

HISTORY ......................................................................................................................................  5
Pre-1930  ................................................................................................................................  5
1930 to 1960  ..........................................................................................................................  7
1960 to the Present  ...............................................................................................................  7

HISTORY OF MANAGEMENT PRACTICES ...............................................................................  18
Fire .........................................................................................................................................  18
Grazing  ..................................................................................................................................  23
Mining . ...................................................................................................................................  27
Timber Harvest  ......................................................................................................................  27
Roading and Access Management  ........................................................................................  36
Pest Management  .................................................................................................................  38
Riparian Management  ...........................................................................................................  43
Wildlife Management  .............................................................................................................  46
Wilderness Areas  ...................................................................................................................  47
Silviculture Practices ..............................................................................................................  48

REFERENCES  ............................................................................................................................  60

APPENDIX A  ...............................................................................................................................  68
Information Sources  ..............................................................................................................  68

APPENDIX B  ..............................................................................................................................  69
Timber Harvest Practices .......................................................................................................  69

GLOSSARY  ................................................................................................................................  70
 
 





1

INTRODUCTION
This paper describes the history of forest management in eastern Oregon and eastern Washington. To do this, 
the area is divided into seven geographic subunits (fig. 1; table 1). The ecological patterns and landuse his-
tory are roughly similar in each subunit. Division into subunits allowed combining data based on National 
Forest areas and county areas. Sources of information are described in appendix A.
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Table 1. Subareas of eastern Oregon and Washington (Figure 1 ), showing National Forests and counties associ-
ated with each area.

NORTHEAST WASHINGTON CENTRAL OREGON
Counties Counties

Ferry County Grant County
Pend Oreille County Harney County
Stevens County Crook County

National Forests Wheeler County
Colville National Forest National Forests

Malheur National Forest
NORTH CENTRAL WASHINGTON Ochoco National Forest
Counties

Okanogan County BLUE MOUNTAINS
National Forests Counties

Okanogan National Forest Baker County (Oregon)
Grant County (Oregon)

SOUTH CENTRAL WASHINGTON Morrow County (Oregon)
Counties Umatilla County (Oregon)

Chelan County Union County (Oregon)
Kittitas County Wallowa County (Oregon)
Yakima County Asotin County (Washington)

National Forests Columbia County (Washington)
Wenatchee National Forest Garfield County (Washington

National Forests
NORTH CENTRAL OREGON Umatilla National Forest
Counties Wallowa-Whitman National Forest

Deschutes County
Jefferson County
Klamath County
Lake County

National Forests
Deschutes National Forest

SOUTH CENTRAL OREGON
Counties

Klamath County
Lake County

National Forests
Fremont National Forest
Winema National Forest
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The Area 
Eastern Washington and Oregon consist of about 25,230,000 acres of forest. Forests with sufficient tree 
densities and growth to produce more than 20 cubic feet per acre per year are considered commercial forest 
lands and comprise 80 percent of the total (table 2, USDA Forest Service 1982). Most of the forest in eastern 
Oregon and about 46 percent in eastern Washington (fig. 2) is in National Forests. Because a large amount 
of land is in National Forests, Forest Service management policies and practices exert a strong influence on 
forestry activities, and trends reported on National Forests generally reflect management practices on other 
lands as well.

Table 2. Characteristics of eastern Oregon and Washington lands. (USDA Forest Service 1982,1991).

EASTERN OREGON EASTERN WASHINGTON
AREA (acres)
Total 42,391,000 26,762,000

Range Area 20,313,700 7,236,200

Forest Area
Total 14,656,000 10,574,000

Nonproductive 1 3,508,000 1,552,000

Productive 11,148,000 9,022,000

U.S.Forest Service 9,838,391 3,627,489

National Wilderness 1,040,330 1,276,034

National Wild & Scenic River 12,000 0

National Recreation 400,569 0

1 Land not capable of producing 20 cubic feet/acre/year in natural stands.
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Forests contain a variety of species in both pure and mixed stands (fig. 3). Tree growth is poorest on forest 
lands at the low elevations where soil moisture is limiting, and at upper elevations, where the cold climate is 
limiting. In the middle elevations, where soil moisture is more favorable, tree growth is moderate or better. 
In addition, dry conditions and frequent droughts predispose trees to insects and diseases, especially if the 
stands become overcrowded. The stands can also become susceptible to fires if dead material accumulates. 
Historically, large and small disturbances-both stand-replacing and partially stand-replacing-affected forest 
stands, creating stand structures suitable for a variety of wildlife and plant species (fig. 4; Oliver and Larson 
1990).

Organization of This Report
This report is organized by management practices. Presentation of the history of each management practice 
will be subdivided into three periods: pre-1930, 1930 to 1960, and 1960 to the present. For each period, an 
overview of the forest condition and associated rural land-use practices will put management in context. 
Specific management activities will then be addressed according to their historical application and policy 
environment, the extent of application of the practice (as it is known or can be estimated), and the known and 
estimated effects of the management. Management activities listed below are those identified as most influen-
tial on current conditions by an interdisciplinary panel of scientists convened early in the project.

• Fire management-Fire management primarily consisted of fire suppression, but controlled burning is 
presented as well.

• Grazing-Horse, sheep, cattle, and elk grazing practices are presented as are associated range manage-
ment practices.



5

• Mining-Methods of mining for minerals and precious metals and for gravel are presented.

• Timber harvest-Three aspects of timber harvesting are discussed: amount and type of harvest sys-
tems; equipment used in harvesting; and postharvest fuel treatment. For a description of timber 
harvest practices, see appendix B.

• Roading and access management-Road, railroad, and bridge construction and maintenance were 
done with varying degrees of quality control. Access allowed fire protection, insect and disease pro-
tection, timber harvest, and recreational opportunities.

• Pest management-Outbreaks of defoliators, bark beetles, and pathogens have been suppressed by 
various means. Outbreak and suppression histories are discussed.

• Riparian management-Three aspects of riparian management are discussed: flood control, irrigation, 
and riparian zone management.

• Wildlife management Activities presented include the killing of livestock predators,
 protecting and enhancing populations of game animals for hunting, protecting and enhancing
 populations of rare or endangered species, and enhancing habitats (such as by creating snags).

• Wilderness management-Aside from sheep grazing and some other special uses, wilderness areas 
were left alone, although fires were suppressed.

• Silvicultural operations-Silvicultural operations include those management activities that change 
stand structure and composition. Recently, silviculture has also been applied to managing landscape 
patterns. Silvicultural operations discussed include planting, release (weed control), regeneration, 
thinning, pruning, fertilizing, tree improvement, controlled burning, and other activities.

HISTORY
Pre-1930
Forests in eastern Oregon and Washington in the late 19th and early 20th centuries commonly contained 
open, parklike structures at low elevations. Frequent ground fires (Hall 1977, Volland and Dell 1981) main-
tained openness by burning most regeneration. The large trees were primarily fire-resistant ponderosa pine at 
the lower elevations, Douglas-fir and western larch at middle, and true firs at the higher elevations (LeBarron 
1948). On cooler sites and at higher elevations, fires were less frequent; however, where they burned, all or 
nearly all of the trees were destroyed. Fires that burned hundreds of thousands of acres were common in the 
late 1800s (Walcott 1900, Gannett 1903) and occurred in northeast Washington as late as the 1920s. Where 
a hot fire did not destroy all overstory trees and ground fires did not quickly follow, stands of several cohorts 
(age classes) formed layered canopies with one or several species that resembled mixed-species stands that 
develop after a single, hot fire (fig. 4, Johnson and others 1993). Shade-tolerant true firs grew into stands and 
formed a dense understory where fire did not prevent them from doing so.
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Forests in 1900 were a mosaic of many structures (fig. 4); open, recently burned areas and areas with dense 
stands in various conditions of regrowth after the hot fires. Pure or mixed species stands grew after the fires, 
creating a variety of layered or single-canopy forests. At various times, refugia of old stands were left in 
burned areas (Hessburg and others 1993) and refugia of open areas within regrown stands (Johnson and oth-
ers 1993).

Settlements of Eastern Oregon began in 1843 as pioneers followed the Oregon Trail through the Blue Moun-
tains (Skovlin 1991). Settlement of eastern Washington came later and settlement of northeastern Washington 
by cattlemen, farmers, and sheepherders came later still. Most rural residents lived on small farms, which 
increased in number until about 1920 to 1940 (U.S. Bureau of the Census). Farming and grazing were the 
main activities, and logging was limited to relatively accessible areas.
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1930 to 1960
During this time, eastern Oregon and Washington underwent a great transition. Forests had begun to change 
with regrowth after earlier fires, and management became more intensive and effective on National Forests. 
Additionally, more and more people moved off the land and into the cities. They also began to view the forest 
as a source of beauty and thus became more interested in the activities that went on there.

In many places, the forests were similar to those of the earlier decades because harvesting had not been 
extensive. Some high-graded stands were becoming dense with many layers, and shade-tolerant true fir and 
other species were becoming more abundant in stand understories. Grazing was extensive in most areas 
(tables 3A, 3B; figs. 5, 6). Some large areas that had been previously burned were grazed, and others were 
developing as dense stands (Cobb 1988).

Improved mechanization, access, transportation, and communication meant foresters were able to inspect 
larger areas. Farm mechanization caused the number of farms and farm laborers to decline dramatically (U.S. 
Bureau of the Census), although farm size increased.

Rural land use and population changed dramatically. Some activities declined and others increased. Sheep 
grazing, for example, reached a peak, then declined (fig. 6), while cattle grazing and irrigation continued to 
increase. Trucks and automobiles continued to replace horses, and hydroelectric plants generated electricity. 
(Wissmar and others 1993).

1960 to the Present
Several decades of successful fire prevention have allowed a younger class of shade-tolerant tree species 
to grow beneath seral overstories, creating dense, closed stands. These stands, along with previously high 
graded stands, contain multiple cohorts and canopy layers, making them increasingly susceptible to diseases 
and insects. Stands growing after the fires during the late 1800s and early 1900s are overcrowded, as are the 
stands planted and thinned to close spacings in the 1950s and 1960s. Only small areas remain in meadow and 
grassy understories and open parklike stands in the forest are rare (fig. 7).

Land use has changed dramatically. The area of National Forests in either wilderness or spotted owl reserves 
(tables 3A, 3B, fig. 5) is much greater than the area grazed or harvested in the two subsample basins.
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Table 3A. Extent of management activity per million acres for. sampled area in Yakima Drainage Basin. (Data 
available for subsample of about 350000 acres or less depending on activity.)
ACTIVITY
FIRE SUPPRESSION Pre-1900 1900-1920 1921-1945 1946-1966 1967-1992

fire starts 20 2,529 1,337 811 1,828
# suppressed NA 1,581 26,011 811 1,828
lightning fires NA 92 520 305 644
human fires NA 1,469 1,044 506 1,184
av. wildfire ac. NA 248 135 31 40
tot. ac. burned NA 95,383 2,075 4,833 18,790

TIMBER HARVEST
ac. clearcut NA NA 1,976 11,588 16,375
ac. shwdlshdtr NA NA 3,161 1,877 40,975
ac. thinned NA NA 1,976 118 10,591
ac. sel. harv. NA NA 208,475 11,427 19,040
ac. tractor yd. NA NA 164,646 10,666 28,762
ac. cable yd. NA NA 0 7,566 22,306
tot. MBF NA NA 265,640 461,616 931,171
major spp. harv. NA NA NA PP DF DF WL

GRAZING
   Sheep
# sheep NA 55,403 56,409 30,433 8,231
ac. grazed NA 288,998 338,525 306,339 240,592
AUMs allotted NA 16,927 21,685 10,680 6,626
   Cattle
# cattle NA 3,964 4,220 1,877 3,519
ac. grazed NA 212,235 178,312 195,130 199,902
AUMs allotted NA 11,096 15,343 5,485 6,049
   Elk
# elk NA NA NA NA NA
ac. grazed NA NA NA NA NA
AUMs allotted NA NA NA NA NA

ROADING
mi. railroads 26 53 53 53 0
mi. roads 99 176 290 672 2,251

RESERVE AREAS
ac. wilderness NA NA NA 65,303 318,525
Mother NA NA 66,323 192,644 181,193
ac. WL/plant habitat NA 306 NA 153 227,474

MINING
# active claims NA NA 20 112 1,105
# prodt. claims NA NA NA NA NA
ac. of claims 461 5,381 4,505 2,012 19,489
ac. by streams NA 2,305 NA NA NA

FLOOD/IRRIGATION
dams installed NA 13 NA NA NA
mi. dikes installed NA NA NA NA NA

1 Values vary because of differences in areas of available information.
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Table 3B. Extent of management activity per million acres for sampled area in Grande Ronde Drainage Basin. 
(Data available for subsample of about 350000 acres or less depending on activity.)
ACTIVITY 
FIRE SUPPRESSION PRE-1900 1900-1920 1921-1945 1946-1966 1967-1992

fire starts 46 75 203 651 1,382
fires suppressed 46 781 203 651 1,382
lightning fires 521 46 110 496 1,034
human fires 7 33 92 145 348
av.wildfire acres 282 192 2 1,039 1,050
tot. acres burned 1,971 7,826 4,385 17,368 45,383
TIMBER HARVEST
acres clearcut 0 0 0 6,9  09 3,213
acres shwdlshdtr 0 0 0 11,604 37,216
acres thinned 0 0 0 5,992 22,651
acres sel.hvst. 0 0 32,435 17,963 27,031
acres tractor yd. 0 0 0 35,025 61,020
acres cable yd. 0 0 0 668 14,010
total M bd.ft. 0 0 729,782 53,973 717,532
major sp.hvstd. NA NA PP PP PPDFWLGF
GRAZING
   Sheep
# sheep NA 301,153 420,253 510,535 327,062
acres grazed NA 258,360 67,452 171,684 190,726
AUM’s allotted NA 107,484 93,273 470,518 1,653,176
   Cattle
# cattle NA 190 59,363 66,139 368,429
acres grazed NA 948 76,184 232,139 452,784
AUM’s allotted NA 1,137 444,277 414,294 1,536,512
   Elk
# elk NA 0 0 352,543 1,891,434
acres grazed NA 0 0 711,831 711,831
AUM’s allotted NA 0 0 2,115,258 11,348,605
ROADING
miles railr’d 45 72 167 84 84
miles road 139 287 722 1,363 2,964
RESERVE AREAS
acres wildern’s 0 0 5,459 151,802 249,746
acres other 0 519,883 201,933 557 557
acres WL/pl hab. 0 0 0 0 5,489
MINING
# active claims 123 357 168 0 8
# produc’g cl’ms 0 0 0 0 0

acres of claims 1,949 3,790 3,358 0 56
acres near stream 0 0 0 0 0
FLOOD/IRRIGATION
# dams installed 0 0 3 0 0
miles dikes inst’d 0 0 0 0 0
1 Values vary because of differences in areas of available information.
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HISTORY OF MANAGEMENT PRACTICES
Fire 
Pre-1930-People living in eastern and western Washington and Oregon in the late 19th century and early 
20th century may have been responsible for large fires that swept through the forest at that time. Studies of 
regional fire patterns, however, suggest that fires also occurred naturally and in cycles (Agee 1993).

Ground fires that maintained parklike stands burned frequently at lower elevations. They were supplemented 
with settlement fires, early logging fires, and fires set by sheep and cattle herders when they left in the au-
tumn to “green up” higher elevations for the next year (Plummer 1902). Early settlers complained about the 
smoke caused by these fires, and conservationists were concerned about loss of timber.

Forest Reserves-forerunners to National Forests-were created in 1891. A forestry commission was organized 
in 1896 to study the condition of the Forest Reserves and to suggest how they might be protected from fire 
(Steen 1976). Actual provision for management of the Reserves was made in the Organic Act of 1897; the 
precise meaning of “protection” and “management” evolved through time.

Fire suppression primarily protected resources and private property. Fire protection was recognized as neces-
sary for investment in forest regeneration. Fires in western Washington in 1902 prompted the appointment of 
a State Fire Warden in 1903, and a State board of forest commissioners, formed two years later, was respon-
sible for eastern and western Washington forests. Private groups contributed too, culminating in the Western 
Forestry and Conservation Association. The Federal government assisted States in forest protection through 
the Weeks Law of 1911 (Steen 1976). The Clarke-McNary Act of 1924 expanded on the Weeks Law and al-
lowed further cooperation and funding among States and private landowners for fire protection.

One major obstacle to fighting fires was the enormous cash outlay needed to fight them. A single large fire 
had the potential to bankrupt a national forest. To prevent this, Congress passed an Act in 1908 that permitted 
the Forest Service to “deficit spend” in the event of forest fire emergencies (Agriculture Handbook 453 rev. 
1983). The large fires of 1910 tested the Act, and the resulting deficit expenditures were approved by Secre-
tary of Agriculture James Wilson. As a consequence, a system of double accounting was created: one set of 
economic criteria was applied to normal fire seasons, another to those seasons with major fires.

Another obstacle to fighting fires effectively was the lack of an organization and infrastructure. Forest Ser-
vice permittees at the turn of the century were obligated to fight fire without compensation whenever their 
permit area was threatened. National parks could rely on U.S. Army troops to aid in fire suppression, but for-
est reserves had no ready pool of fire fighters (Pyne 1982). Fire guards were often called for small fires, and 
paid only for those days when they were working in the field.

The debate between those advocating strict control of all fires and those favoring “light burning” or pre-
scribed fire began as early as the late 1800s when, for example, proponents of light burning in California 
spoke out in print (Pyne 1982), and they developed a following in areas with large expanses of pines, includ-
ing eastern Oregon. The concept was favored by timber owners and others who saw light, periodic under-
burning as a method to reduce fuels, and therefore future conflagrations. Opponents saw the practice as noth-
ing less than forest destruction because even “light” fires reduced humus and burned up reproduction.
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Light burning was viewed by many in the Forest Service largely as a folk practice and not of any use to 
professional foresters. Systematic fire protection was called for by many of the agency’s top officials. Coert 
duBois, an early Regional Forester, published Systematic Fire Protection in the California Forests in 1914, 
considered at the time to be the book on fire protection (Pyne 1982). His work helped give conceptual design 
to a Division of Fire Control created in 1915. Stuart Bevier Show and E.I. Kotok provided an almost constant 
flow of studies supporting the view that all fires damaged forests and should be suppressed while they were 
still small (Pyne 1982).

Lack of roads, mechanization, and an infrastructure of professionals and laborers limited early success with 
controlling fires. Tables 3A and 3B and figure 5 show that fires burned in some areas during this time. Fires 
covering hundreds of thousands of acres occurred in north-central Washington about 1900 ar in northeastern 
Washington in the 1920s. Major fire complexes in 1902 and 1910 were particularly influential. The 1910 
fires, in fact, so traumatized the Forest Service that they helped shape the Agency fire policy for over 30 
years.

Early attempts at fire suppression successfully stopped many small ground fires near settled areas, and pre-
vention efforts reduced the number of human-caused fires through a public relations program. Stands regrow-
ing after burns of the late 19th and early 20th centuries did not have frequent ground fires to space trees; 
consequently, these stands are now overcrowded and susceptible to insects, diseases, and fires.

1930 to 1960-Fire prevention efforts became more intensive and effective with an expanded and improved 
road system. In 1933 the Civilian Conservation Corps (CCC) was created, which provided firefighting crews 
and presuppression programs, including roads. Chief Forester Silcox wrote in the 1936 annual report, “Per-
haps the largest and most important contribution the Civilian Conservation Corps has made during the three 
years of its existence, has been in protecting the forests from fire” (Dyne 1982). Other specialty crews later 
supplemented and then replaced the CCC. The most important were smokejumpers, a corps especially adept 
at initial attack and the 40-man crew (later reduced to 20 firefighters and hotshots), a rapid deployment force 
for campaign fires. At about the same time, the Office of Civilian Defense organized the Forest Fire Fight-
ers Service (FFFS). In 1961, after some experimentation with smoke jumpers, the Interregional Hotshot or 
IR crew program developed. It was composed of 20-man units that could be sent anywhere in the country to 
fight a fire. Cooperation among State and Federal agencies in fire fighting was enhanced through the Coop-
erative Forest Fire Prevention program (CFFP) begun in 1942. At the same time State and private industry 
created the “Keep America Green” program, which was initiated in the Northwest.

In 1935, flushed with CCC manpower and the Conservation programs of the New Deal, Chief Forester Sil-
cox promulgated the so-called 10 a.m. policy, “an experiment on a continental scale” to break wildland fires 
in one massive effort. This policy stipulated that all fires must be controlled by 10 a.m. the next day. Efforts 
to promote prescribed burning continued to be dismissed. Not until 1943, did the Forest Service officially 
sanction even limited burning.

The fire- prevention activities have generally been described as successful. Nearly all fires that were started 
were suppressed and many traditional forms of burning were eliminated, but the total number of acres burned 
fluctuated greatly (tables 3A, 3B; figs. 5, 8), as did the total numbers of fires. Fires were small and frequent 
in eastern Oregon, and large and infrequent in eastern Washington (fig. 8). The proportion of the total forest 
area burned between 1946 and 1986 (table 4) is much less than the usual fire return interval (Agee 1993), in-
dicating the period had relatively few fires. How much of the reduced fire frequency can be directly attributed 
to fire fighting efforts, and how much is the result of previous decades of large fires and grazing reductions to 
fuels is difficult to determine.
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Fire prevention allowed fuel buildup and development of dense stands susceptible to bark beetle attacks 
(Hessburg and others 1993), which in turn created more dry fuels and greater fire risk. Prevention of small 
fires may result in large, uncontrolled fires such as the ones in 1970 that burned in south-central Washington, 
north-central Washington, and Canada (fig. 8).

1960 to the Present-Since 1945, an average of about 9500 acres have burned annually in eastern Oregon and 
about 7000 acres in eastern Washington within National Forest boundaries (table 4), but these wildfires have 
not occurred regularly or evenly across landscapes; some years had essentially no fires; in others, vast areas 
burned (fig. 8). In the 40 years 1946-1986, between 0.6 percent and 11 percent of each subarea (fig. 1) of 
eastern Oregon and Washington has burned (table 4). If these low burning rates are to be maintained, eastern 
Oregon and Washington are presently on fire “cycles” of 6300 years in northeastern Washington, 350 years 
in south-central Washington, and 640 years in the Blue Mountains-much longer than occurred before fire 
protection began in the 1930s.

Maintaining this low fire frequency is unlikely without far more intensive effort and investment than is pres-
ently applied. Low fire frequency between 1940 and 1985 is partly because of fire suppression and partly 
because many forest areas burned in the decades before 1940, and so have been resistant to fires until
recently. For example, hundreds of thousands of acres of forests burned in northeastern Washington in the 
1920s and 1930s, accounting for a reduction in fires there until the 20,000-acre White Mountain fire in 1988.

Table 4. Cumulative total and percent of area burned between 1948 and 1986. (from USDA Forest Service 1948-
1986).

SUBAREA (Table 1) AREA OF NAT. FOR. AREA BURNED 
1945-1986

% OF TOTAL N. 
FOR.  AREA EST.FIRE1 RETURN INT.

N.E.Wash. 1,028,162 6,360 1 6,300 yr.

N.C.Wash. 1,536,958 58,420 4 1,000 yr.

S.C.Wash. 1,908,006 211,955 0 350 yr.

N.C.Oreg. 1,852,497 39,807 2 1,800 yr.

S.C.Oreg. 2,811,379 57,244 2 1,900 yr. 

Cent.Oreg. 2,520,069 43,650 2 2,250 yr.

BIu.Mtn. 3,902,252 237,728 6 650 yr.

1 “Estimated fire return interval” assumed area burned between 1945 and 1986 is normal for 39-year period. In fact, fire return interval is much 
shorter; therefore, fires were (and will be) more frequent in long term.



23

A call for a reformed burning policy came with the 1963 Leopold Report, the 1964 passage of the Wilderness 
Act, and from a series of fire ecology conferences organized by the Tall Timbers Research Station from 1962 
through 1975. Backers of wilderness legislation noted the beneficial role of fire, but the Tall Timbers Confer-
ences focused on the beneficial role of prescribed fire in various environments. In 1967, the National Park 
Service revised its policy to encourage more fire, while the Forest Service reaffirmed the 10 a.m. policy for 
normal fire seasons, but allowed variance for some pre- and post-season fires. In 1971, the basic policy was 
amended by adding a 10-acre presuppression policy, the goal of which was to plan for the control all fires at 
no more than 10 acres. But policy also allowed for free-burning prescribed fires in select wilderness areas.

The 10-acre policy resulted in a wild surge of pre-suppression costs (Pyne 1982), but did not effectively 
reduce the average number of acres burned. With the increased costs, accumulating fuels and new ecological 
perspectives on fire, the use of prescribed fire began to look more attractive, and a new fire policy alterna-
tive was adopted at a Regional Forester Conference in 1977, becoming Forest Service policy in 1978. The 
revised policy encouraged fire by prescription and provided alternatives to wildfire the suppression if initial 
attack was unsuccessful. Current Forest Service policy says nothing about 10 a.m. rules or 10-acre minimum 
incident areas (Chapter 5130, Forest Service Manual).

Preventing wildfires completely is now widely recognized as impossible unless fuels are reduced. Without 
preventive silvicultural operations such as thinning and prescribed burning, large uncontrolled fires, such as 
the one in 1970 in south-central Washington, will periodically occur (fig. 8). Increasing human population 
and concerns about smoke pollution are making burning restrictions tighter which discourages prescribed 
burning. Even if begun now, a major effort would be needed to minimize current fuels through harvesting, 
controlled burning, or a combination of practices. With such mitigation activities, natural fires would burn 
smaller areas with less intensity. Without them the prospect is that fires will be more intense, frequent, and 
damaging.

Smoke volume and direction can be managed in prescribed fires by using proper timing and ignition tech-
niques. If managed fires are to be used to avoid uncontrolled wildfires, the current restrictive smoke guide-
lines are likely to need revision

Many factors complicate any attempt to restore fire-legal liability, public suspicion, the removal of smoke, 
housing developments, the buildup of fuels, and the changed environment itself. Fire exclusion did not, by 
itself, cause all problems, and fire’s return will not, unaided, restore an earlier landscape. Any reintroduction 
must accompany other practices and it must guard against escaped fires and unrestricted smoke.

Grazing 
Pre-1930-Livestock were brought to eastern Oregon and Washington in the 1840s via the Oregon Trail, and 
cattle herds were well distributed by the 1880s. At that time, many parts of eastern Oregon and Washington 
were covered with lush grasses. Evidence of extensive range use was observed as early as the 1870s (Gordon 
and others 1883). Elk were indigenous to the Columbia Basin (McCorquodale 1985), but were not common 
before 1850. Market and subsistence hunting by European settlers nearly exterminated elk by 1900 (Bailey 
1936, Shay 1954).

Sheepherders would make an annual migration with their flocks, following the snow from low elevations in 
the spring to high elevations in the summer, and back to low elevations in the autumn. Sheep grazing cre-
ated enmity between the cattle ranchers and sheepherders because the sheepherders were often itinerants and 
because conventional wisdom held that sheep destroyed the range and streamsides.
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The Forest Reserve Act of 1891 resulted in the first Federal regulations on livestock grazing in 1895. New 
regulations banned sheep grazing on Forest Reserves in the West, except in Oregon and Washington (Co-
ville 1898). As a result, western sheepherders brought their herds to the Northwest (Carter 1990). As early 
as 1898, the National Academy of Sciences (1898) judged that such unregulated grazing led to widespread 
destruction of forage resources.

Livestock grazing on National Forests was sanctioned after creation of the Forest Service by the Transfer 
Act of 1905 (USDA Forest Service 1905). From 1903 to 1914, sheep and cattle ranchers supported range 
regulations, including fencing to protect range from overuse (Steen 1976). Grazing fees and other regulations 
were established in 1906. Little enforcement was possible, however, and livestock routinely trespassed on 
mountain summer ranges. Political pressure by powerful stockmen kept grazing fees on National Forests low, 
thereby severely reducing cash flow from range management, and subsidizing grazing.

Grazing was a primary issue of management. In 1907, 80 percent of the receipts from eastern Oregon Na-
tional Forests and 40 percent from eastern Washington National Forests were from grazing; most of the rest 
was from timber sales (USDA Forest Service 1908). The Colville National Forest showed no receipts for this 
period. Sheepherders followed the large fires into north-central (1890s and 1900s) and northeastern Wash-
ington (1920s), where sheep could graze on young stands in the newly created “stand initiation” stage (fig. 2) 
after the fires.

Figure 6 shows trends in the number of sheep, cattle, and horses in Washington and Oregon counties from 
1880 to 1990 (U.S. Bureau of the Census 1890-1990). The data are from census reports for agriculture and 
do not necessarily indicate numbers of livestock grazed on National Forests. Tables 3A and 3B, and figure 
5 show similar trends in selected river basins. Production of domestic sheep generally peaked in eastern Or-
egon counties between the 1890s and the 1920s, and peaked in eastern Washington counties about 1930 (fig. 
7). Tucker (1968) and Forest Service records provided a history of the Wallowa-Whitman National Forest, 
where livestock use declined by 70 percent from 1911 to 1945. Horses declined in all areas after 1920, as a 
result of increased use of automobiles.

Technical studies that supported management of Federal grazing allotments began in 1907 (Strickler 1980). 
The number of livestock grazed on National Forests increased slightly after World War I, reflecting a policy 
change to increased food production. The new policy led to abusive grazing practices, and the Forest Service 
allowed stocking “to the most optimistically accepted carrying capacity” (Mortensen 1978, cited in Carter 
1990).

Heavy grazing resulted in:

• A general decline in range conditions in eastern Washington and Oregon.
• Excessive use of forage by 1909 on the Cle Elum Ridge area of the Wenatchee National Forest 

(USDA Forest Service 1909, cited in Carter 1990).
• Feuds among sheep and cattle producers over the dwindling forage resources.
• Removal of highly flammable fuels in some areas, reducing the ground fires that had previously con-

trolled establishment of dense stands of tree seedlings (Hall 1977).
• Setting of fires by sheepherders and cattlemen that spread to other areas.
• Establishment of non-native plants, including noxious weeds in some areas, at least partly as a conse-

quence of high stocking rates and associated loss of stable vegetation cover.
• Siltation of streams and reservoirs.

On the other hand, a thriving wool and meat economy had developed in eastern Washington and Oregon.



25

1930 to 1960-Several factors combined to dramatically change grazing practices on National Forests. The 
Dust Bowl and overgrazing made everyone more concerned with regulating grazing, and the Taylor Grazing 
Act of 1934 gave authority to the USDA Bureau of Land Management to regulate grazing on public range-
lands. This law resulted in establishing districts, which coordinated with Forest Service grazing allotments; 
it also continued to keep grazing fees low. Later, the Granger-Thye Act of 1950 recognized grazing as an offi-
cial use of National Forests and put the Forest Service in charge of range management.

Sheep herding was more difficult because of range wars, a declining price of wool, fences that restricted 
herd movements, government subsidies to kill sheep and thereby reduce overproduction, and policies by the 
King of Spain that increased the costs of keeping Basque shepherds. In addition, a report to Congress in 1935 
showed that forage depletion had occurred on most mountain summer ranges in the West (U.S. Senate 1936).

To stabilize Midwest soils in the 1930s, Asian grasses were introduced to rangelands. These grasses were 
soon introduced to eastern Oregon and Washington as well. Mule deer and elk populations increased as a 
result of protection and conservative hunting. Hunting for bull elk was authorized in Oregon in 1933, and 
females became legal game animals in 1939 after 30 years of protection.

The total number of sheep declined dramatically during the 1930s (fig. 6) in eastern Oregon and Washington. 
The number of sheep in the Yakima River basin declined faster than the area grazed, indicating less grazing 
pressure on the land; however, the number of sheep in counties of the Blue Mountains continued to be high 
(tables 3A, 3B; figs. 5, 6).

The number of cattle in eastern Oregon and Washington increased during this period, as did both the number 
and acres grazed in the Grande Ronde River basin (tables 3A, 3B; fig. 5). The number of cattle in the Yakima 
River basin declined at a greater rate than the acres grazed, indicating a decline in grazing pressure (tables 
3A, 3B; fig. 5).

Decline in grazing pressure allowed some rangeland recovery, although various intentionally and uninten-
tionally introduced grasses grew in many areas, with both positive and negative effects. The effect of grazing 
on nutrient cycling is unclear, though it has apparently created nutrient shortages in some areas. Less grazing 
and fewer fires allowed forests to encroach on rangelands (Lehmkuhl and others 1993) and contributed to the 
development of dense understories of trees in previously parklike stands (fig. 4b).

1960 to the Present-Recent legislation has promoted stronger application of scientific principles for improv-
ing rangelands. The Rangelands Renewable Resources Planning Act of 1974 required the Forest Service to 
offer an assessment of renewable resources every five years beginning in 1975 (Rowley 1985). It also man-
dated that 50 percent of the fees from livestock use on public lands were to go toward rangeland improve-
ments. The Federal Land Policy and Management Act of 1976 (FLPMA) provided funding for environmental 
impact statements for livestock grazing in the 11 Western States. The FLPMA also provided for a range-im-
provement fund, giving grazing on public lands a more secure tenure (Rowley 1985). The Public Rangelands 
Improvement Act (PRIA) of 1978 developed a stewardship program for combined management of large pilot 
projects on National Forests and BLM lands. The PRIA also authorized $2 billion for range improvements 
over the next 20 years. Another 1978 bill, the Forest and Rangelands Renewable Resources Act, authorized 
USDA research to be conducted on renewable resources (Joyce 1989).

Recently, elk populations have expanded (tables 3A, 3B) into areas where elk had not been common or 
abundant for at least 100 years, such as the arid lands reserve in central Washington (McCorquodale 1985). 
Forests have recently adopted recommendations for winter and summer thermal cover to enhance elk distri-



26

bution (Thomas 1979) and to reduce harassment from heavy recreational use (Skovlin 1982). Habitat effec-
tiveness models (Thomas and others 1988a, 1988b) are now standard for predicting the consequences to elk 
from forest management alternatives.

Livestock on National Forest allotments in the Pacific Northwest have increased since 1969, primarily as 
a result of an increase of about 30 percent in permitted cattle use (Joyce 1989: 42; see also tables 3A, 3B); 
permitted sheep use declined sharply. Livestock use on the Wallowa-Whitman National Forest did not change 
so dramatically.

Range research after 1960 determined proper seasons of livestock use, developed grazing systems, and set 
appropriate stocking rates for various ecosystems (Skovlin and others 1976, Svejcar and Vavra 1985). For ex-
ample, in 1950, fewer than 20 percent of National Forest cattle allotments in eastern Oregon and Washington 
were managed by systems other than season-long grazing. By 1970, over 60 percent of Federal allotments 
were managed by deferred rotation systems. Recent research has determined appropriate livestock grazing 
systems for riparian and wetland habitats (Galen and others 1985, Kauffman 1982, Skovlin 1984).

Application of scientific recommendations has partially restored some rangelands that had been abused
(Reid and others 1980, Reid and others 1991, Strickler 1969, Strickler and Hall 1980). The Wallowa-Whit-
man National Forest (1980, 1981) recently found that rangelands in allotments in two wildlife management 
units were generally in satisfactory condition. Many allotments in the Snake River and Chesnimnus unit were 
in unsatisfactory and declining condition, a result of poor livestock management practices before the Nation-
al Forest was established.

Management of big game populations traditionally kept densities low relative to the capacity of habitat to 
provide nutritional forage (Thomas and Toweill 1982); however, mule deer populations declined precipi-
tously in the 1960s and early 1970s in eastern Washington and Oregon, similar to patterns in other Western 
States (Schommer 1991, Workman and Low 1976). Conservative harvests have been instituted, and mule 
deer populations have not rebounded and continue to show low fawn production in many populations.

Rocky Mountain elk populations increased significantly between 1960 and 1981 in eastern Oregon (Edwards 
1992, tables 3A, 3B). Population estimates indicated that the aggregate winter population for 20 manage-
ment units in northeastern Oregon rose to 58,500 (ODFW 1982). Elk populations in southeastern Washington 
numbered about 24,000. Oregon adopted management objectives in 1981 that limited the size of some popu-
lations. Current elk populations may be as high or higher than any time in history.

Hunter numbers increased with increasing elk populations, and concerns about overharvest led to limited-en-
try permit hunts for elk in the early 1970s. Concern has also grown regarding vulnerability of elk to hunt-
ing, which is influenced by increased hunter access through road building, loss of security cover because of 
timber harvesting (Christensen and others 1991), and high densities of hunters (Vales and others 1991). As 
elk populations increased, private landowners complained about damage to their lands (Vavra 1980). On the 
other hand, wildlife biologists are concerned about heavy livestock use on big game winter ranges in sum-
mer and fall (Gowan and others 1989). At some point, an acceptable tradeoff and objectives will be set for 
productivity of elk herds and cattle in relation to objectives for vegetation composition and productivity.
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Mining 
Pre-1930-Mining activities peaked at different times on the eastside between 1850 and the present (U.S. Bu-
reau of the Census). Gold and silver mining were prevalent in north-central and northeast Washington in the 
late 1800s. Mining was prevalent in the Yakima (south-central Washington) and Grande Ronde (Blue Moun-
tains) River basins in the early 20th century (tables 3A, 3B). The Forest Service could not prohibit mining or 
prospecting, according to the 1902 Manual on Administrative Procedures (U.S. Department of the Interior; 
Steen 1976).

The extent of early mining was variable. The Yakima and Grande Ronde basin samples show mining before 
1920 affecting less than 0.6 percent of the area (tables 3A, 3B). Mining near streams, as in the Yakima River 
basin (tables 3A, 3B), created problems where running water was used in mining. The result was extreme 
siltation of streams (Wissmar and others 1993).

1930 to 1960-Mining activities fluctuated during this period, although extensive stream diversion projects 
aimed at moving mining waste diminished. As road construction increased, gravel was taken from stream 
and river beds, creating turbid water conditions that adversely affected fish populations (Wissmar and others 
1993).

1960 to the Present-Mining is still relatively uncontrolled in National Forests. The 1955 Multiple Use Min-
ing Act returns surface rights of claims to the National Forest unless the claim is proved valid (Steen 1976); 
however, little regulation is done of the mining itself. Mining effects are addressed by the National Environ-
mental Policy Act.

Mining increased in both subsampled basins in recent years (tables 3A, 3B). Chemical mining (for example, 
using cyanide with gold mining) has increased concerns about ecosystem hazards. Gravel mining of streams 
for road-building materials is more restricted to minimize the extreme degradation of fish habitats (Wissmar 
and others 1993).

Timber Harvest 
Pre-1930-Early timber harvest was in accessible areas near settlements, mines, and railroads. Large pon-
derosa pine and some Douglas-fir were harvested because of their fine wood qualities and the abundance in 
parklike stands at low elevations.

Timber was to be protected and grown “on land unfit for agriculture,” according to the 1902 Manual on Ad-
ministrative Procedures (U.S. Department of the Interior, Steen 1976). Specific guides were established for 
allowing private individuals to harvest timber and for selling it to timber companies.

In 1906, in lieu of paying taxes, 10 percent of the receipts from National Forests were to be returned to the 
States to benefit public roads and schools. The amount was increased to 25 percent in 1908 (Steen 1976). As 
National Forest receipts increasingly came from timber revenue, greater incentive was created for local com-
munities to encourage timber harvest. Other values, goods, and services that are currently provided free to 
the public by the National Forest do not generate receipts or this rate of income to local schools and roads.

Harvest systems-Both uneven-aged methods (selective cutting and high grading) and overstory removal were 
used in eastern Washington and Oregon. Forests were layered, either because they comprised several fire- or 
harvest-related age classes, or they were single cohort (even-aged), stratified, and well-differentiated. Both 
overstory removal and uneven-aged management promoted shade-tolerant species (Agee 1993, Hessburg and 
others 1993, Johnson and others 1993, Lehmkuhl and others 1993).
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Foresters often marked trees susceptible to insect attack for removal, resulting in selective harvesting and 
overstory removal. Foresters were also occupied with keeping loggers from destroying the forests through 
their logging practices, although the foresters were often unsure what the best practices were. The lack of sil-
vicultural knowledge was recognized, and many forestry guides were promoted, (for example, Carter 1908; 
cited from Mustian 1976), as temporary solutions until the foresters could gain more knowledge. Foresters 
vacillated between promoting even-aged management (shelterwood, seed tree, clearcutting, and overstory 
removal cutting methods) and uneven-aged management through selective cutting. As much as possible, 
foresters discouraged uneven-aged “high-grade” logging practices, which were most economical for timber 
companies. A relatively minor volume of timber was removed during this period compared with later periods.

Equipment-Railroad logging was not done in many places in eastern Oregon and Washington because high 
timber volumes per acre were needed to pay for their installation (Williams 1989). Spur railroads were de-
veloped in parts of the Blue Mountains, and ox teams yarded logs to these spurs (Skovlin 1991). Smallgauge 
railroads in south-central Washington also suggest that some railroad logging was done there (USDA For-
est Service 1908). Logging was sometimes done with splash dams, streams were temporarily dammed, the 
resulting reservoirs filled with logs, and the dams were opened to allow the logs to flow downstream with the 
ensuing flood (Skovlin 1991). Such practices severely altered streams and riparian zones.

Post-harvest fuel treatment-Although controlled slash burning was practiced by the Forest Service in western 
Washington and Oregon during this period, the few clearcut stands in eastern Washington and Oregon (tables 
3A, 3B) did not allow as much opportunity for controlled burning. This lack of burning to reduce logging 
slash, combined with dry growing seasons and slow rates of decay, produced the current high fuel loads.

1930 to 1960-Because trucks made trees easier to get to (fig. 9), and the newly invented chainsaw made cut-
ting trees down easier, timber harvest increased in eastern Oregon and Washington during the late 1940s and 
early 1950s (fig. 10). Timber harvest increased in part to meet the demand for new housing after World War 
II. Timber harvest increased dramatically in this period (tables 3A, 3B; fig. 10), with only a small decline in 
total conifer growing stock (fig. 11). Harvesting reduced tree mortality from other causes also abundant at 
that time (fig. 11). At first, ponderosa pine and Douglas-fir were harvested; later, as these species became less 
abundant, other species in middle and upper elevations, including grand fir, white fir, lodgepole pine, and 
western larch, were harvested (fig. 10, Hooser and Keegan 1985). Once the largest trees had been harvested, 
progressively smaller trees were used. The effect was to reduce the numbers of large diameter trees (fig. 10).

Harvest systems-Forest managers continued to be concerned about proper ways to harvest the many and 
varied stands (Moss 1953, Rapraeger 1940, Weidman 1936). Ecological theory of the day emphasized stable 
forests, free of large disturbances, growing naturally to a climax condition of tolerant species. Uneven-aged 
harvesting was promoted in western Washington and elsewhere in the 1930s and 1940s, but by the mid-
1950s, even-aged management was considered more biologically appropriate and simpler to administer since 
the weak, diseased, and injured trees were not left after the harvesting and the newly regenerated trees grew 
most vigorously in the full sunlight provided by the clearcut.

In the early part of the period, most harvesting was still done using overstory removal or uneven-aged cut-
ting methods (tables 3A, 3B; fig. 12) because of the multiple canopy layers and irregular nature of stands 
(fig. 4). With selection cutting, many acres were entered with relatively little total volume removed (for 
example, compare the acres harvested between 1921 and 1945 with the acres harvested in the Yakima River 
basin (tables 3A, 3B). The effect of uneven-aged cutting was to promote multiple canopy layers further and 
to encourage a lower stratum of shade-tolerant trees in areas where shade-intolerant and fire tolerant species 
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had previously grown. In other areas, dense stands of small trees were established where large fires of the late 
19th and early 20th centuries had occurred. By this time, it was becoming obvious that fewer parklike stands 
were in the stand initiation stage (fig. 4).
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Equipment-Technological advances in belt tractors (for example, Caterpillars and crawler-tractors) in the 
1930s and in automobiles and trucks in the 1940s allowed machines to do the work people used to do on 
farms and in the woods (U.S. Bureau of Census). Tractor logging using crawler-tractors to yard logs in-
creased dramatically during this period (tables 3A, 3B).

Post-harvest fuel treatment-The 1943 ruling that allowed broadcast burning did not affect stands in east-
ern Oregon and Washington to any major degree because these stands were still almost entirely selectively 
logged or thinned (overstory removal).

1960 to the Present-Timber management from 1960 until very recently has been dominated by concerns of 
an “impending timber shortage” (Oliver 1986), increased harvesting rates in eastern Washington and Oregon 
(fig. 10), harvesting of small-diameter trees, and more varied species (fig. 10), intensive management prac-
tices, increased risks from diseases, insects, and fires (Hessburg and others 1993), and greater public involve-
ment and distrust. The amount of timber harvested has differed greatly between subregions (fig. 13).

Harvest systems-By the early 1960s, even-aged (single cohort) management including clearcutting was 
accepted among foresters as a biologically and economically acceptable management technique. Forest-
ers continued to manage most stands in eastern Washington and Oregon with overstory removal, selection, 
shelterwood, or seed tree systems (fig. 12). Although these treatments could be termed even-aged, where 
the effect was to leave standing trees after harvest, the resulting stands often grew more like multiple cohort 
(uneven-aged) stands, with the multiple canopy layers, diseased residual trees, and favoring of shade-tolerant 
true firs species. As a result of these harvesting practices and fire protection, relatively few stand initiation ar-
eas, favoring species utilizing these areas, have been created in the past few decades. A very high proportion 
of stands on non-Federal lands in eastern Washington was also managed with overstory removal, selection, 
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seed tree, or shelterwood systems (CINTRAFOR 1993). Where scattered overstory trees remained, these 
areas .were commonly treated with an overstory removal cut. Sometimes selective harvesting was still done 
because foresters knew they could not regenerate an area using evenaged cutting methods.

Loggers sometimes defined clearcutting as removing the merchantable trees-leaving unmerchantable trees 
and in effect creating a high graded stand-“cutting the best, leaving the rest.” In response, foresters termed 
this “commercial clearcutting” and recommended “silvicultural clearcutting” or “cleancutting,” in which 
the unmerchantable stems were felled to allow a vigorous stand to regrow. At times, some foresters had 
to be reminded that clearcutting may not always be the only or best way to manage forests (Franklin and 
DeBell 1973). As foresters became comfortable with clearcutting, society was becoming concerned with it. 
Unsightly clearcuts on the Bitterroot National Forest (Burk 1970) and the Monongahela National (Minckler 
1973) Forest further aroused public concern and attention to clearcutting. Ecologists of the day questioned 
the scientific and ecological merits of clearcutting.

Forest harvesting policies have varied in eastern Washington in recent years, with restrictions placed on the 
sizes of harvesting units and much more consideration given to aesthetic appearances of forest landscapes. 
Forest management has improved and roads, equipment, and skilled labor has increased dramatically, but at 
the same time society has become more concerned about endangered species and forest health.

Although timber is one by-product of the management of ecosystems, timber production alone cannot eco-
nomically justify the silvicultural activities needed in many eastside forest ecosystems to control or prevent 
catastrophic insect and disease outbreaks, wildfires, and reduction in habitat diversity over large areas. If 
other values are also considered, such as maintaining or restoring biodiversity; long-term site productivity; 
habitats; fire, insect, and disease risks; employment, and recreation-active management of eastside ecosys-
tems using a variety of silvicultural techniques could easily be justified (Lippke and Oliver 1993). Analyses 
such as these are being initiated in forest planning and in the TSPIRS program (USDA Forest Service 1989-
1991).

Equipment-During the 1960s, rubber-tired skidders were developed that could rapidly yard trees on gentle 
terrain (slopes less than 30 percent); however, these machines adversely affected wet soils high in silt or clay. 
With increasing education and technical experience of forest managers, yarding equipment is now prescribed 
for specific weather, soil, and terrain.

Yarding equipment and yarding systems are now engineered to minimize soil disturbances. Cable yarding 
systems are more commonly used in the subsampled river basins in eastern Oregon and Washington (tables 
3A, 3B). Helicopters, mechanical shears (feller-bunchers), and other ground-based yarding machines have 
also been used on a limited basis.

Post-harvest fuel treatment-With improved burning standards, slash is left to rot in place; crushed and 
chopped and added to the soil; hand or machine piled and left to rot; or hand or machine piled, allowed to 
dry, and burned in the spring or fall.

Machine piling and burning has been widely practiced since about 1950. It often causes more soil distur-
bance than the initial logging, volatilizes more nutrients than broadcast burning, concentrates available nu-
trients and organic material at the location of the burn piles, and concentrates heat transferred to soil beneath 
the piles.

Extensive fuel loads created by thinning entries temporarily creates an extreme fire hazard, which further dis-
courages foresters from thinning dense stands. Before dense stands are thinned, they are often highly suscep-
tible to fire because of the many small, dead trees. Fire danger is extremely high immediately after thinning 
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