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DOUGLAS-FIR (Pseudotsuga Menziesii) is one 
of the really fine commercial timber species of the United States, and 
the Douglas-fir forest acre for acre is one of the most productive 
forest regions of the nation, if not the entire world. To perpetuate a 
forest of this character it is necessary to know its ecology. 

The Douglas-fir species extends over a wide range in western 
North America, from parallel 55 0 N in British Columbia, south to 
parallel 19 0 N near Mexico City, and from the Pacific Ocean east 
through the Rocky Mountains to Denver, Colorado (Isaac, 1958). In 
the most recent classification (Little, 1953), it has been divided into 
two varieties. Pseudotsuga Menziesii var. viridis occurs west of the 
Cascade Range in southern British Columbia, western Washington 
and Oregon, and west of the summit of the Sierra Nevada Moun
tains in northern California, and as far south as Sequoia National 
Parle Pseudotsuga Menziesii var. glauca occurs throughout the 
rest of the range of Douglas-fir, east of the Cascade summit through
out the Rocky Mountains to the north and to the south. 

It is in the mild, humid range of the species P. Menziesii, west of 
the summit of the Cascade Range, that Douglas-fir reaches its maxi
mum development, produces its maximum yield, and is of greatest 
commercial importance (McArdle et al., 1961). Because of this su
perior development and because Douglas-fir usually predominates in 
the forest, and often occurs in pure stands, this coastal area has be-
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corne known to foresters as the Douglas-fir regIOn. My paper is 
confined to this area. 

It is also thiS' coastal strain of Douglas-fir that is producing phe
nomenal results in European and other foreign countries, when the 
climate of the seed source is carefully matched with that of the 
planting site (Isaac, 1953). 

This coastal region has characteristically hot, dry summers and 
mild, humid winters reaching a maximum temperature of 110° F. in 
the warmest part of the range, and a minimum of about 25 ° below 
zero in the coldest part of the range. 

Rainfall varies from 25 inches annually in the interior to well over 
100 inches in the fog belt along the coast, with most rain falling in 
the winter months (Isaac, 1949). 

Soil types vary all the way from coarse gravel to a fine clay loam 
with sizable areas of pumice and glacial outwash (Tarrant, 1955). 

About 150 years ago when white settlement first started in the 
Northwest the area was well covered with a dense Douglas-fir forest. 
It occurred in a patchwise pattern of even-aged stands. These stands 
were of all ages from seedlings on fresh burns to dense forests over 
600 years old. The even-aged patches varied in size from a spot of a 
few acres to a whole mountain side or a whole watershed (Fig. 2). 

Natural reseeding in Douglas-fir is a progressive operation that 
may extend over a period of 5 to 15 years, and the stands produced 
are called "even-aged" even though there may be from 5 to 15 years 
difference in the age of the trees. To early observers it was at once 
evident that these, even-aged stands followed complete or nearly 
complete removal of a forest by windfall, insects, disease or fire, or 
a combination of these, with fire the most evident cause. Occasionally, 
when only part of a stand was killed by a crown fire, leaving single 
trees or small patches of timber, a two-story forest developed (Isaac, 
1943) (Fig. 2). 

Prior to white settlement the fires were set by the native Indians 
or by lightning (Jones, 1936). Lightning occurs and starts fires in 
this region in the entire absence of rain during the dry season, and it is 
still one of the greatest single causes of wildfire in our forests. 

We have finally corne to the real point of this paper-FIRE, and 
its place in the ecology of the Douglas-fir type, but all this back
ground material is necessary in order to understand what is to follow. 
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Fig. 2. Early day fires in virgin timber often left patches of old growth and single 
trees, and sometimes left even-aged patches of a younger age class. These continue 
to grow and when a new forest develops the single trees form an overstory, or a 
stand of two or more age classes. The patches of solid reproduction develop into 
even-aged stands. U. S. Forest Service Photo. 

Although Baker (1950), classes it as intermediate in the tol
erance scale of forest trees, Douglas-fir is so intolerant that it will 
not reproduce under its own dense shade in the Douglas-fir region 
proper. In the complete absence of cutting and fire, Douglas-fir will 
disappear in the stand and a climax forest of more tolerant species will 
take over (Isaac, 1943) (Fig. 1). As the forest matures Douglas-fir 
falls out, one by one; they are replaced by Western Hemlock (Tsuga 
heterophylla) , Western Red Cedar (Thuja plicata) , Pacific Silver Fir 
(Abies amabilis) , Grand Fir (Abies grandis) , and other tolerant 
species (Munger, 1930). A few sizable areas have escaped fire and 
advanced to the cli111ax stage but they are the exception not the rule 
(Isaac, 1952) (Fig. 5). 

My own studies (Isaac, 1943) show that Douglas-fir seedlings 
flourish under shade, but once established make their best growth and 
development in even-aged stands under complete overhead sunlight 
(Figs. 3A, 3B). European foresters sometimes call it a half-shade 
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Fig. 3A. Nine-year-old Douglas-fir transplants grown under 25 % of full sunlight. 
Once established Douglas-fir seedlings do not make good growth under shade. (See 
Fig. 3B). U. S. FOREST SERVICE PHOTO. 

species but it does not make good growth under such reduced light 
conditions (Isaac, 1953). Since it follows the removal of overwood 
by cutting or.iire, and since Douglas-fir will disappear from the stand 
in the continued absence of cutting and fire, the existing Douglas
fir forests of the region are classed as a sub-climax type. 

Most of you probably read in the January 1963 issue of "American 
Forests" the story entitled "The King is Dead-Long Live the King" 
telling of the death of the world's largest Douglas-fir (15.48 ft. DBH) 
in the Oregon windstorm of November 25, 1962 (Fig. 4). The inter
esting note about this tree is that it was the lone survivor in a Douglas
fir forest that had passed completely through the cycle from a sub
climax even-aged forest of Douglas-fir, to a climax type of Western 
Hemlock, Sitka Spruce and Western Red Cedar. The present climax 
forest that developed as an understory has many poorly formed trees 
and it is not the highest grade forest that this site will produce. It is 
living evidence that an all-consuming fire has not touched this damp, 
fog belt stand for nigh onto a thousand years. But again, this is the 
exception not the rule. A few other stands that still contain some 
large Douglas-firs are from 600 to 700 years old but they occur only 
in the moist coast country. 

Logging practice or procedure in this region as a whole has had 
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Fig. 3B. Nine-year-old Douglas-fir transplants grown under full sunlight. Once 
established, Douglas-fir seedlings make their best growth in the open. (Same planting 
stock as Fig. 3A). U. S. FOREST SERVICE PHOTO. 

a changing history. In the beginning, cutting consisted of taking out 
the best trees and the best logs and leaving the rest. Often the residual 
stand was killed by slash fires in a patchwise fashion. Then fol
lowed a long period of heavy power cable skidding and railroad haul
ing. This resulted in large scale, continuous clear cutting and broad
cast burning, chiefly b~cause of the large size of the timber, density 
of stand, and because of the over-mature, decadent condition of 
most virgin stands. Often these large areas were reburned, greatly 
retarding reforestation. In the 1930's, with the oncoming of tractor 
and truck logging, there was an abortive attempt at tree selection 
logging without burning in Douglas-fir (Kirkland and Brandstrom, 
1936). But because Douglas-fir is an intolerant tree, and because the 
single tree cutting speeded up the elimination of Douglas-fir and the 
conversion to the less desirable climax forest of tolerant species, the 
so-called selection logging soon stopped. Once more the pendulum 
swung back to clear cutting and broadcast burning, but this time on a 
smaller scale-smaller sized and less continuous areas, with more low 
hazard surfaces left unburned. Also there was much less l'eburni17g. 
That is about where we are today and will probably stay until cutting 
gradually moves into young growth stands and will consist largely of 
thinnings. As this comes about, burning will gradually become more 

5 



Fig. 4. Largest known Douglas-fir, 15.48 ft. DBH, windfallen in October 1962 
storm. This was the last survivor of a Douglas-fir forest that has now completed the 
succession to a climax forest of hemlock and spruce. A photo taken in 1908 showed 
several other large Douglas-firs within a thousand feet of this tree. Now none are left. 

U. S. Forest Service Photo. 

controlled than it is today but it will not be eliminated. The United 
States Forest Service policy on burning is flexible at the present time 
and can be varied as field or ground conditions demand. 

In this paper the term "fire" or "burning" means broadcast slasb 
burning when it pertains to cut-over areas, and crown fires when it 
pertains to standing timber. 

Just how important is fire in the life history of this forest? In the 
beginning it was very evident to everyone that fire was all important, 
for without it we would not have had the vast forest areas that were 
found there. But when the activities of the white man entered the 
picture, ecological conditions changed. Complete removal of over
wood came about through cutting and logging, and fire became a 
belper, rather an essential, in the conversion from old forest to new, 
as Douglas-fir would reproduce naturally on mineral soil surfaces 
as well as on burned surfaces. In the early stages of this cutting, as 
vast continuous areas of slash or cut-overs began to develop, slash 
burning was necessary from the standpoint of forest protection 
alone (Fig. 5). However, it not only removed vast accumulations of 
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dangerous slashings but killed; or at ··least retarded, a great deal of 
woody brush that develops under the forest or immediately after 
cutting. It also eliminated, in favor of Douglas-fir, many seedlings 
of the less desirable tolerant species that became established on the 
forest floor prior to cutting. As noted, these tolerant species will take 
over, in part at least, if they are not destroyed. In addition to the
foregoing, slash burning makes much more mineral soil surface avail
able for seedling establishment, and mineral soil is the most favor
able seedbed for Douglas-fir seed, but not for its more tolerant (but 
less wanted) associates. . 

Keep in mind that Douglas-fir is the superior tree species for the 
region, and the most sought after species from the standpoint of 
ease of management and the production of the most desirable wood 
products. 

Light or even medium burns are usually beneficial, heavy or ex
tremely hot fires are almost always damaging, and reburns are detri
mental almost without exception (Fig. 6). 

There are positive records from permanent sample plots examined 
by me over a long period of years in western Washington and Oregon 
which show that natural reproduction of Douglas-fir will come in, 

Fig. 5. Extensive clear cutting in 
over-mature old growth Douglas-fir. 
Surface is sometimes completely-cov
ered with large decadent trunks, slash 
and rotten wood. A poor seedbed 
and a high fire hazard. 

U. S. Forest Service Photo. 
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and young stands will become established on both burned and un
burned surfaces (Isaac, 1943). Similar plots examined by others gave 
comparable results (Figs. 5,6). After seven years of observation on 
63 pairs of burned and unburned slash areas in the Douglas-fir re
gion, Morris (1958) concludes that, "slash burning mayor may not 
significantly increase stocking but it does reduce the fire hazard and 
makes fire control much easier." 

On more than half of the individual plots and individual areas, 
restocking on the unburned surfaces was most prompt, but here is 
an important point often overlooked; on the burned surfaces the re
generation is usually more thrifty. It usually develops into more 

Fig. 6. This area was slash burned by a fire of moderate intensity promptly after 
cutting. There were timber edges and a few seed trees nearby. Five years later the 
area on the left half of the picture was reburned. Mo~t seed trees had disappeared and 
the timber edges had moved back. When this picture was taken nine years after 
the first fire, the single burn on the right half of picture had a dense stand of vigor
ous reproduction. The double burn on the left half of picture had none. 

U. S. Forest Service Photo. 
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beautiful even-aged stands with a higher percentage of Douglas-fir 
in them (Fig. 7). In one instance (Isaac, 1943), where only half of 
the surface was burned, the burned surface developed a moderate 
weed cover and the unburned surface a moderate, head-high, brush 
cover. Ten years after the operation, both surfaces were restocked 
but the unburned surface had the most seedlings, however, the height 
growth of seedlings on the burned area was about double that of 
the unburned brush covered area. Weekly soil moisture measurements 
through the summer showed, at the 6 and 12 inch depths, a higher 
soil moisture content on the open burned area than on either the 
brush covered area or an adjoining virgin timber stand. As the dry 
season progressed soil moisture declined on all three areas until by 
the end of August it approached the wilting point of seedlings from 
the surface down to the 3 inch depth, and sometimes lower. Other 
areas show similar differences in development. 

At this point it is worth mentioning that the tolerant associates of 
Douglas-fir, while they will reproduce in the shade and develop as an 
understory and eventually a climax forest, they make their finest 
growth and development (like Douglas-fir) when they occur after 
fires as even-aged forests, either in mixture with Douglas-fir or as pure 
stands (Isaac, 1952; Barnes, 1962). 

Fig. 7. A 66-year-old Site III nat
ural stand of Douglas-fir near Cottage 
Grove, Oregon. Dense even-aged 
stands of pure Douglas-fir often be
come established after fire, particularly 
in the dryer part of the range. 

u. S. Forest Service Photo. 
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As previously mentioned, heavy accumulation of slash and debris, 
burned when the material and duff surfaces are very dry and' atmos
pheric copditions are favorable for burning, result in extremely hot 
fires that are very detrimental to the soil. It can be so detrimental as 
to not only retard seedling growth, but actually cause seedling mor
tality. A study at the Wind River Experimental Forest showed that 
hot fires consume the humus layer and organic matter in the surface 
soil and greatly reduce its moisture holding capacity (Isaac, 1937). 
This is Important in· a region where soil moisture gradually declines 
as the dry season progresses (Isaac, 1943). With very hot fires, all 
nitrogen is driven off in the surface soil, and other plant nutrients 
such as calcium, phosphorus and potassium, are left in a highly soluble 
form that make them subject to leaching during the heavy rains that 
always follow during the winter months. These findings are sub
stantiated by the studies of Fowells and Stephenson (1934) where 
they found greater quantities of soluble mineral nutrients after burn
mg. 

In the existing Douglas-fir forests that followed fire, the humus 
or duff layer which is only as old as the tilTIber stand, is never deep 
-one to two inches. Decay almost keeps pace with the annual fall of 
needles and. twigs. On cold slopes in the higher mountains and on 
limited cold, damp areas in the fog belt along the coast where con
ditions are unfavorable for both fire and decay, duff layers (or raw 
humus) sometimes become deep, but this is the exception not the 
rule. When duff and humus are limited their complete loss by a hot 
fire becomes a serious matter, because from this humus layer, plant 
nutrients are continuously being made available to the soil layers be
low through bacterial action (Isaac and Hopkins, 1937). 

On the other hand, a light or medium burn is usually beneficial. 
It seldom consumes all of the duff, does no harm whatever to the 
soil, and (from the partially burned surface duff) leaves some plant 
nutrients in readily soluble form for immediate plant use. In addi
tion' light fires temporarily reduce the fire hazard, retard competing 
brush development, consume weed and other seeds on the surface, 
and leave more mineral soil surface available for a seedbed. But even 
a light fire will destroy both tree seed and seedlings of Douglas-fir 
if any are present on the soil surface at the time of burning. Silen 
(1963), after a very exhaustive study of slash burning, found that the 
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Fig. 8. Cover of Fireweed, Bracken Fern and brush sometimes becomes so dense 
that Douglas-fir seedlings cannot become established. U.s. Forest Service Photo. 

burning conditions on a single slash area could be extremely vari
able, depending on exposure, amount of slash, depth of dry material, 
dry and green vegetation, and many other variables. Current weather 
condition was found to be the greatest single variable determining 
severity of burn. 

The fact that Douglas-fir will reproduce naturally on some un
burned surfaces does not at all mean that burning does not have an 
important place in the ecology of the type, because it has been shown 
that there are many conditions under which it is exceedingly benefi
cial, and many situations where it is essential to good, full restocking. 
Weeds and brush often become so dense as to keep out Douglas-fir 
natural reproduction (Fig. 8). The older virgin Douglas-fir forests 
are often very decadent and when clear cut and logged they often 
leave the ground completely covered with rotten wood and other 
logging debris (Fig. 5). In a country "\vhere lightning starts forest 
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fires in the entire absence of rain, and where there are still lots of rec
reationists and others who carelessly start fires, the fire hazard is so 
great, I must repeat, that much slash burning is necessary from the 
standpoint of fire protection alone. 

As a matter of fact, we have not as yet completely learned where 
and how burning mayor may not be beneficial, because biological 
phases have had limited study and no Douglas-fir stand has been 
under management and study for a complete rotation. No measure 
has ever been made of how much insect life and disease is wiped out 
by fire, but we do know that young stands which follow fire are 
singularly free from insects and disease. Bird and animal life thrives 
in (fire made) sunlit openings in vast forest areas-they live in the 
openings and turn to the dense forest only for cover and protection. 
A dense continuous forest of Douglas-fir and its associates is almost a 
biological desert. 

The Tillamook forest fire of 1933 wiped out 250,000 acres of 
heavy timber. It was Oregon's largest remaining body of continuous 
virgin forest. There was much lamenting over the timber loss and 
the great loss of wildlife. But the animal and bird loss was not as great 
as people supposed, as the wildlife population in the deep forest was 
singularly low. I had often walked from daylight to dark in the 
Tillamook forest and saw only an occasional Hermit Thrush or woods 
wren. Within 5 years after the burn, the area was covered with lush 
weed and shrub growth, and was alive with deer and other wild ani
mals and birds. The largest Blacktail Deer ever taken in the coast 
country came off of this burn. Deer were healthy and singularly 
free from liver fluke and lungworm, that had plagued and debilitated 
the Coast deer herds in years gone by. Biologists discovered that the 
dry-land snail, present everywhere in coast vegetation, was wiped out 
over vast areas by this fire; they also discovered that this snail was 
the intermediate host for certain liver and lungworms. Wiping them 
out over vast areas most likely accounted for the healthy condition 

·of the deer. Thirty years have now passed; no doubt the snail popu-
lation has gradually built up again. At any rate, it is very evident that 
the deer population is again on the decline. Many factors of this na
ture are as yet incompletely known. 

With apologies to "Shakespeare"-"To burn or not to burn, that is 
the question" -there are many well founded reasons in favor of both 
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procedures. From available ecological information many of the pros 
and cons can now be listed for the benefit of practicing foresters. 
They are as follows: 

WHERE SLASH SHOULD BE BURNED 

Burn when slash and weather conditions are safe for burning and 
fire can be controlled. 
Burn when slash areas become so large or continuous that fire 
control is impracticable during weather periods of high fire hazard. 
Burn when slash and logging debris, is extremely heavy even on 
small areas, as heavy slash makes a high fire hazard and very difficult 
fire control if unseasonable or accidental fires should get started. . 
Burn when seedlings of inferior trees like hemlock, Grand Fir, and 
other intolerant species have taken possession of a site that is more 
desirable for Douglas-fir. 
Burn when brush and weed cover has become so dense at the time 
of cutting or immediately after, that natural reproduction of Douglas
fir cannot become established (Fig. 8). 
Burn when it is necessary to improve site conditions for broadcast 
seeding or hand planting. 
Burn when ground is so completely covered with slash and rotten 
wood that mineral soil seedbed is limited and Douglas-fir seedlings 
cannot become established (Fig. 5). 
Burn when it is necessary to retard or wipe out noxious weeds, 
insect infestations or disease organisms. 
Burn when there are neither seed nor seedlings on the cut-over area, 
but there is a seed crop in prospect on nearby seed sources. 

WHERE SLASH SHOULD NOT BE BURNED 

Do not burn when fire cannot be safely controlled. 
Do not burn if cutting leaves an understory or residual stand that 
will have a good future value if not killed by a slash fire. 
Do not burn if Douglas-fir seed has fallen on the cut-over area, or 
Douglas-fir seedlings have become established on the ground (Figs. 
9A,9B). 
Do not burn when slash is not heavy enough to make a dangerous 
fire hazard even during periods of severe weather. 
Do not burn light or medium slash on southerly exposures or other 
severe sites where some shade is needed for seedlings to survive. 
Do not burn when burning conditions are such as to make an ex
tremely hot fire that will seriously injure the soil, kill single seed trees, 
or seed bearing trees on a timber edge. 
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Fig. 9A. A clear-cut area near Humptulips, Washington was half slash burned 
one year after cutting. There were both seed and seedlings of Douglas-fir, Western 
Hemlock and Sitka Spruce (from the original stand) 011 the ground at the time of 
burning, but no seed trees or green timber nearby. This photo was taken on the un
burned half 8 years after the fire. It was well stocked with seedlings (See Fig. 9B). 

U. S. Forest Service Photo. 

Time and character of burns are of vital importance in the Doug
las-fir forest. If an area is to be burned for one of the reasons set forth 
in the previous pages, it should be done when conditions are such as 
to produce a light or moderate burn. Burning should be done as 
promptly after cutting as possible so an improved seedbed will be 
ready for a prospective seed crop from nearby seed sources. Delay 
reduces the chances of restocking. Vegetative competition builds up, 
and seed sources decline with every passing season. Seed bearing tim
ber edges are cut back and single seed trees die or are windfallen 
(Isaac, 1943), 

Reburns multiply the damaging effects of a late or delayed slash 
burn (Fig. 6). They not only occur after seed sources have diminished 
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Fig. 9B. Same area as Fig. 9A but this photo was taken on the burned half of the 
tract 8 years after the fire. Since there was no seed source nearby it now has prac
tically no natural reproduction. U. S. Forest Service ~hoto. 

but often kill such seed bearing trees as happened to escape the first 
fire, and in addition, they wipe out such natural reproduction as has 
become established after the first fire. Therefore reburns are out. 

In actual practice on a continuous forest operation that extends over 
a considerable number of years and over a large area, there is a great 
deal of overlapping between areas to burn and areas not to burn. The 
procedure that produces the best results is usually a compromise. As 
an operation moves from one cutting area to the next, if the reasons 
for burning outweigh the reasons for not burning, the area is burned. 
On the next area the reverse is likely to be true, and this area is left 
unburned. Often a more complete compromise is arrived at and a sin
gle area is partly burned. Heavy accumulations of slash are spot 
burned when conditions are such that fire will not run, and brush is 
cleaned up and burned around log landings and along route of travel. 
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Thus the fire hazard is reduced, seedbed conditions are improved 
where heavy accumulations are burned, and a considerable portion of 
the surface is left unburned to give some protection to a severe site, or 
to protect seed or seedlings that were present on the ground before 
the area could be slash burned. 

SUMMARY 

Our beautiful virgin forests of Douglas-fir followed fire. Since the 
advent of cutting and logging, burning has been found to be not 
always indispensable but often a useful tool in eliminating a fire haz
ard and preparing the site for a new stand. Foresters have learned 
under what conditions its use may be beneficial, and where its use 
may be harmful. It has also become evident that there is still much to 
learn about the biological and physical effects of burning in this forest 
type. Therefore, ecologists and foresters should hesitate a long while 
before they propose burning as a blanket rule, or before they try to 
eliminate burning as a prime factor in the ecology of the type. Instead, 
they should continue to use fire as a useful tool where its beneficial 
effects are known to outweigh any.harmful effects of slash burning. 
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Fig. 1. Good shooting conditions and highly productive legumes are maintained 
by prescribed fire in the pine woods of the Coastal Plain. U. S. Forest Service Photo. 

Fig. 2. Prescribed burning in Coastal Plain pine forests maintains quail and turkey 
food shrubs such as Runner Oak in good production. U. S. Forest Service Photo. 




