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OR THE PAST 14 YEARS we have studied fire
ecology in three vegetation types in California, the chaparral, woodland-grass, and Ponderosa Pine. The studies were concerned with various aspects of the use of fire in manipulating the vegetation to improve forage conditions for game or livestock, and to reduce wildfire
hazards. In most cases fire was used in conjunction with other
means of manipulation such as bulldozers, chemical sprays, reseeding,
and grazing management. My purpose will be to discuss our research
in each of these types. Most of the results appear in publications,
many of which are still available and can be had upon request. Other
scientists who have contributed to various aspects of the research are
Dr. A. M. Schultz, Dr. R. D. Taber, Dr. R. F. Dasmann, Dr. H.
Jenney, G. R. Struble, Dr. J. Vlamis, Dr. J. R. Sweeney, R. P.
Gibbens, and several others.
To begm, I want to mention that in California we have perhaps the
greatest fire hazards of any place in the world. Of course, we have a
Mediterranean type climate over much of the state with wet, mild
winters and long hot, dry summers. From May to September there
may be no rain at all in some areas and only thunder showers in the
mountains with many lightning strikes. During this long dry period,
maximum temperatures are sometimes above 105 0 F and relative humidity may drop to 5% or even lower. Naturally the vegetation and
fuels become extremely dry. When high winds are added to these conditions the fire danger becomes extraordinarily great. Under such con63
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ditions, any advanced fires, creating perhaps more wind and causing
further drying of the fuels, become almost impossible to put out until
after the weather changes. These are the fires that do so much damage. Perhaps only 2 or 3% of all fires reach this status but they do
95% or more of the damage. Such fires are usually in forest or brush.
At the present time we do not have the know-how or means for quick
control of such fires. What then is the answer?
Fire researchers must continue to look for new and better means
of wildfire control, of course, with the hope that some day better
methods will be developed. But in the meantime, perhaps the best
solution will be to manage our wildlands in such a way as to maintain
relatively low-fire-hazard conditions on a continuing basis. Several
land management practices could probably be modified to help in this
respect, but one method-and perhaps the cheapest and best in the
long run-is the use of fire itself to modify fuels and reduce hazards.
I am particularly interested in this aspect of fire ecology in Ponderosa
Pine.
I first became interested in the use of low-intensity fires while doing
research on the interrelationships between timber growing and grazing on the Georgia Coastal Plain. Some of my first information was
gained from reading articles by Herbert L. Stoddard, Sr. I can say
that he is a Master in the Art of controlled burning in the pine forests
of the deep Southeast.
Since these early experiences, I have found low-intensity fires to be
beneficial in the multiple-use management of three major classes of
wildland vegetation in California with which our research has dealt.
FIRE ECOLOGY IN CHAPARRAL
The term chaparral is derived from the Spanish word "chaparra"
meaning scrub oak. This term was applied by the early explorers of
California to the low, shrubby, dominantly evergreen vegetation
which they found to be so characteristic of the coast ranges and the
foothills of the Sierra Nevada (Fig. 1). Actually, the chaparral includes many species. The most important features are the deep root
system, the dense rigid branching, and the small, thick, heavily-cutinized, evergreen leaves. Among the principal species are Chamise,
Interior Live Oak, Manzanitas, Buckbrushes, Toyon, and Chaparral
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Pea. Any of these may predominate in special sites, but Chamise is the
more abundant; it predominates on about 7,300,000 acres. The various shrubs form almost a closed canopy, so complete as to preclude
much herbaceous vegetation as understory. Many of these crown
sprout after fire.
The soils, particularly under Chamise, are shallow, although some
are deep enough to be cleared for agricultural purposes. Some lands
are not steep but others are rugged and isolated and are not well suited
for cover manipulation. Wildfires are frequent and widespread, and in
recent years some of those in southern California have been particularly bad in denuding the watersheds and destroying homes located
in or near the chaparral.
Chaparral brushlands have been looked upon chiefly as valuable
for game and watershed, however, in the north coast range some are
utilized by sheep. Our studies in chaparral were directed towards two
main objectives; (1) to determine the extent to which deer populations increase when brush cover is manipulated; and (2) to study and
test various methods of manipulating Chamise brush for maximum
grazing and sustained yield of forage. Manipulation was done by
burning and livestock grazing, mechanical means, and chemical treatment. My remarks will be directed largely toward the use of fire.
Fire can be used only by permit, obtained from the District Ranger
of the State Division of Forestry.
Our studies were carried out mainly in the north coast range in
Lake County. The brushlands there form two cover types, one in
which Chamise predominates, and one containing a mixture of broadleaf shrubs and trees, known as mixed chaparral. The Chamise occurs
mainly on south-facing slopes and drier sites while the mixed chaparral is found on the more mesic, north-facing exposures and in ravines. The general objective in manipulating chaparral for game is to
reduce the brush cover in spots, or create openings, and introduce
palatable herbaceous species for use in winter and early spring (Fig.
2). Deliberate opening of the brush cover in spots results in a favorable interspersion of grasses, forbs, browse, and protective cover.
Deer Studies.-An opened area of chaparral was compared
with one of dense, untreated brush as a control. Counts of deer in
opened brush gave a summer population density of about 98 per
square mile after the initial brush manipulation treatment. This rose
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to 131 the second year, and then dropped to 84 the fifth and sixth
years. In the dense, untreated brush there was a summer density of
only 30 deer per square mile. Ovulation rate in adult does was 175%
in opened brush and only 82 % in untreated brush. Deer weights were
higher in opened brush than in untreated.
Burning and Grazing.-From the standpoint of game
management, either spring or late fall burning has proved satisfactory
in opening Chatnise. Spring burning, before the grasses outside of the
brush areas bec<!>me dry, is relatively easy, with good fire control. Any
time that the humidity is around 25 to 30% and the wind is calm
it is usually possible to light a fire at the bottom of a slope and have it
burn uphill (Fig. 3). The fire does not spread to the sides and it will
go out at the top of the slope. Areas of decadent brush, containing
considerable dead material, will burn easiest. In such areas, firing

Fig. 3. Strip burning up-slope in Chamise chaparral in early spring to improve
habitat conditions for game.
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should be started when the humidity is relatively high. Late faU burning is slightly more hazardous than spring burning, and usually re(Iuires more elaborate preparations. Summer burning in chaparral for
game is not recommended because of the difficulty and expense involved in fire control. The best way to learn about the use of fires,
of course, is through experience in the field under the instruction of a
competent person. It requires considerable planning, care, effort, and
patience.
Studies have not gone far enough to determine precisely whether
most of the burning for game in Chamise brush should be in the spring
or late fall, or whether a combination of the two seasons should be
used. After spring burning, sprouts will appear within 3 or 4 weeks.
They supply a highly palatable, protein-rich forage for deer during
the dry slimmer months. However, studies thus far indicate that few
brush seedlings appear on spring burns, especially where burning is
done after the first of April. This would mean that sprouting species,
such as Chamise and IVlanzanita, tend to dominate the stand while nonsprouters, such as Wedgeleaf Ceanothus, are gradually lost. If this is
borne out by further studies on burns made before seed maturity, it
may be found that the composition of the brush cover for deer may
be adversely affected by spring burning. Some fall burning may then
be necessary to provide young plants of Wedgeleaf and Wavyleaf
Ceanothus, and other valuable nonsprouting browse plants.
It should be mentioned that fires stimulate seed germination of most
brushland shrubs and prepare a seedbed favorable for new seedlings.
After fire in dense brush, seedlings appear by the thousands in springtime. Germination seems to be the greatest from fall burns and least
from fires that occur about IVIarch 15 to April 1. After about April
1 the seedlings do not appear until the following spring. By that time
the seedbed has become more compacted and herbaceous species have
mcreased enough to offer competition to the new brush seedlings.
Seedlings of some shrubs seldom become established without fire.
Also, frequent fires can reduce certain valuable nonsprouting species,
such as \Vedgeleaf Ceanothus. \Vhen a second fire occurs before a
new crop of seeds is produced, this plant can be nearly wiped out.
Thus, frequent fires favor sprouting species.
Control of sprouts after burning is an essential step in the opening
of dense Chamise brushlands. Our investigations indicate that deer
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are effective in suppressing sprouts through browsing. Sheep can also
be used in some places to good advantage, especially in large burns
where the deer population is inadequate to suppress the browse
plants. Without utilization, Chamise sprouts will attain an average
height of nearly 20 inches the first summer after fall burning, and
Interior Live Oak will reach 30 to 40 inches. Thus, unless the sprouts
are browsed they soon become unavailable as food for game. Deer
and sheep are effective in controlling sprouts by killing some of the
plants and suppressing the upward growth of survivors the first
season following burning.
Burned spots for game should usually be small in order to form as
much edge as possible. The acreage to be burned should be decided
upon before burning is started. If the deer population is dense or if a
band of sheep is available to control sprout growth the first year, the
acreage burned may be fairly large. In general, however, deer populations in areas of, heavy brush are fairly low, and the burns should be
kept small. Spot burns of 5 to 10 acres scattered here and there are
probably sufficient for initiating a program of managing Chamise
brushlands. The spots should be scattered evenly over the whole area,
rather than clumped. It is wise to proceed in stages, so that the deer
can keep up with the sprouting brush. In the second or third year it
might be desirable to make new burns in the region where deer use
has been heavy. If the deer are effectively opening the brush, it might
be well to go rather fast; but if not, proceed slowly. This procedure
should continue until the desired amount of opening has been accomplished. In the end perhaps as much as 75% of an area can be converted.
FIRE ECOLOGY IN WOODLAND-GRASS VEGETATION

In California we have about 7,500,000 acres of woodland-grass vegetation, most of which is used for domestic livestock grazing. Brush
has invaded or increased over much of this area. Ranchers became
worried about the decline in grazing capacity on these lands as the
brush thickened. Accordingly, in 1948 the ranchers began a rather
large program of controlled burning. Since then they have burned,
on an average, about 100,000 acres per year. Our research in this
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type was started in 1948 in Madera County in the central Sierra
Nevada foothills.
The principal species in woodland-grass are Buckbrushes, Manzanitas, Digger Pine, and oaks. In this association a large percentage of
the brush cover is made up of nonsprouting species. In most areas
there is considerable herbaceous vegetation in the understory. The
soils are fairly deep and productive.
In controlled burning for livestock grazing the objective is to destroy most of the woody plants and replace them with grasses to increase the grazing capacity (Figs. 4A, B, C, D, E,). Usually, however,
the brush cover is not destroyed completely but is only thinned so
that conditions are improved also for deer and upland game birds,
particularly California Valley Quail and doves. In many places spring
flow has increased after brush replacement and this has helped to improve wildlife habitat.
In woodland-grass vegetation the burning is done in summer when
the grasses are dry, because they serve as the fuel to carry the fire
(Fig. 5). Usually ranchers, working with farm advisors and State
Division of Forestry personnel, prescribe how the burns will be
carried out and later they make inspections to see if the burning can
be done safely. Even then, a small percentage of the fires escape and
burn over areas outside of the control lines. The burning is done by
groups of ranchers, perhaps 50-60 on each fire, with both ignition and
control equipment (Fig. 6). The fire boss is a rancher with much experience in controlled burning. The area covered in anyone burn may
be a thousand acres or more, however, 400-600 acres is a convenient
size. Regardless of size, the objective is to be able to start and complete a burn in one day. The fire is started on the side against the prevailing winds and the fire setters work in both directions around the
area to join forces about 2:00 p.m. The fire can then burn across the
area with enough intensity to destroy much of the brush.
Ranchers often carry out extensive pre-burn treatments, such as
pushing the brush over with a bulldozer blade held about 6 inches
above the soil, to create dry fuel for better combustion. In addition to
improving forage conditions for livestock and deer, many observations
have shown that controlled burning in woodland-grass vegetation reduces the wildfire hazard, and this is one of the very definite benefits
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Fig. 4A. Spot of dense brush and non-commercial trees in woodland-grass vegetation in the central Sierra Nevada foothills. In such places the grazing capacity
for cattle is very low. Before control burning in 1949.

Fig. 4B. Same as Fig. 4A after one control burn.

Fig. 4e. Same as Fig. 4A after reburning in 1951. Photo taken in 1952. The reburn was made to kill new brush seedlings.

Fig. 4D. Same as Fig. 4A after a second reburn in 1954 to destroy debris that had
fallen to the ground and was interfering with livestock movements over the range.
Photo taken in 1955.
'

Fig. 4E. Same. as Fig. 4A after a third reburn to further reduce debris. Photo
taken in 1960.

of controlled burning. Although some of the controlled burns escape
even in suitable weather, usually ranchers do not burn during the
most critical fire periods when wildfires are most difficult to control.
After an area has been controlled burned, brush seedlings will appear in great abundance during the next spring in places where the
shrubs were dense and most of the herbaceous species had been choked
out. Fire seems to enhance germination of most species, probably by
cracking the seed coat and enabling the seeds to imbibe water. More
important, however, is the fact that burned areas of brush, in which
the grass cover had been choked out, form an ideal seedbed for seedlings. In such places, sufficient moisture is present in summer to
carry the brush seedlings through the dry period.
The increase in brush seedlings after a first controlled burn, means
that a second one must be made in order to destroy the seedlings. In
some cases it is necessary to seed burned areas to annual grasses in
order to have uniform fuel cover for the second fire, otherwise the
fire would not carry through and kill the seedlings. Therefore, two
burns in succession are necessary; the first, to kill the old plants so no
more seeds are produced, and a second to kill the seedlings that appear after the first fire. With two such burns, the brush cover should
be diminished severely and the grazing capacity improved for many
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Fig. 5. Beginning of a control burn in woodland-grass. July 31, 1954.

years to come. Of course, in areas where sprouting species occur,
chemical sprays may be useful, and reseeding and grazing management
are important aspects of brush control.
FIRE ECOLOGY IN PONDEROSA PINE

As I mentioned earlier, one of my special interests has been in the
use of low-intensity fires in Ponderosa Pine (Fig. 7). My first interest
in this came from experiences in burning in the pine forests of Georgia. On returning to California in 1947, I was impressed by the tremendous fire hazards and the damage being done by wildfires; furthermore, it was obvious that some wildfires could not be controlled until
the weather changed. Certainly, I thought, the fire hazards should be
reduced. At first, it seemed that prescribed burning might be very
difficult or impossible on some of the rather steep slopes, and also that
it might be too wet during the winter and spring when the trees are
dormant. However, it was found that prescribed burning on slopes
is easier and safer than on level ground, and also we learned that there
are many days during the winter and spring when one can prescribe
burn. After several years of experience in California, I wrote an article on "Prescribed burning in California and Georgia compared."
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Fig. 6. Ranchers and equipment assembled in early morning in preparation for
a controlled burn.

Our research in Ponderosa Pine was carried out in two places; at
Hoberg's in the North Coast Range and on the Teaford Forest in the
Sierra Nevada near North F orle At both places Ponderosa Pine 'is the
principal tree; secondary species are California Black Oak and Sugar
Pine. Some Douglas-fir grows at Hoberg's and Incense Cedar atTeaford's. Broadleaf herbs and particularly grasses are considerably more
abundant at Teaford's than at Hoberg's. Legumes such as lupines" true
clover, vetches, and lotus species make up an important fraction of the
herbs at Teaford's. Bracken Fern is found in both areas. PriniCipal
shrubs are nonsprouting Manzanitas, Deerbrush, California Cdffeeberry, Poison Oak, Western Mountain Mahogany, and Snowb~rry,
all good deer browse species.
The soil at Hoberg's is Sal minas loam. It is moderately acidl the
available nitrogen is low, and the phosphorous is so low that it proBably
limits the growth of certain legumes. Infiltration capacity is high;
erodability is low. At Teaford's the soil is Holland sandy loam. 'It is
slightly acid and the nitrogen is low. Infiltration capacity is high if the
soil is covered by litter or herbaceous vegetation. Slopes in both areas
are moderate, being mostly below 45 %. Precipitation is mainly in the
form of rain. At Hoberg'S, normal precipitation is about 60 inches, at
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Fig. 7. Low-intensity fire being used ,in Ponderosa Pine to reduce wildfire hazard.

Teaford's 35 inches. Maximum rainfall at Hoberg's during the period
of study was 99.23 inches in 1957-58.
I do not have accurate figures on the acreage of Ponderosa Pine
such as we find at Hoberg's and Teaford's; it may not be more than a
million acres. However, a forest survey map published in 1945 showed
4,586,000 acres of Ponderosa Pine (Ponderosa, Jeffrey, and Sugar
Pine alone or mixed with Douglas-fir or true firs). At the present time
much of this acreage would be classed as mixed-conifer. No doubt
Ponderosa Pine is decreasing in this area as more shade tolerant species
increase, particularly White Fir and Incense Cedar.
Fire Sub-Climax Forest Type.-Ponderosa Pine in California, as
found by white man a hundred years or so ago, could be considered
sub-climax. When he first looked upon the pine forests, he observed
that they were open and park-like with the mature trees large and
spread far apart, except perhaps in certain areas where fires were not
so common or intense. The smaller trees were growing in even-aged
groups scattered here and there; a distribution pattern brought about
by frequent light fires in the forest.
Frequent light fires, no doubt, were certainly one of the most important ecological factors giving shape to the original forests. Frequent fires permitted little opportunity for undergrowth, litter or dry
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grass to accumulate before another one would consume them. The
occurrence of such fires in the Sierra Nevada was studied by foresters
who dated fire scars on the trees themselves. It was found that fires
were widespread and rather severe every eight years, on the average,
from 1685 to 1899. On a 74-acre area, there were 221 distinct fires
between 1454 and 1912, or an average of one every two years. The
fires were started by lightning or by Indians who, no doubt, burned
to improve forage conditions for deer.
In view of this evidence, I decided to check the number and distribution of lightning fires occurring today in the Sierra Nevada. It
seemed reasonable to assume that the pattern would be somewhat
similar to that of very early times, the main difference being that
lightning fires now are, of course, quickly suppressed. For the study,
I selected a township at the Tuolomne Grove of Big Trees and another near the Mariposa Grove, both in Yosemite National Park. In
the township at Tuolomne, thirty-nine lightning fires had been suppressed in the past nine years; for the Mariposa Grove, the number
was thirty-six. Similar data were obtained for a township at Sloat, and
another at Pinecrest where some of the fire-scar data mentioned above
were taken. During the past nine years, twenty-four fires were suppressed at Sloat, and eighteen at Pinecrest. Lightning fires were recorded for all townships in every year except 1954, when fires were
few throughout the entire Sierra Nevada.
Similar results were obtained for the Plumas, Stanislaus, Sierra, and
Sequoia National Forests in the Sierra Nevada. These data lead to
only one conclusion: during aboriginal times, fires must have been
widespread in the Sierra Nevada every year, not every other year or
every eight years as indicated by the fire-scar data. This does not mean
that every spot burned every year. The fuel under some trees will not
burn every year but certainly the needle accumulation under pine
trees is sufficient to carry fire every year.
These data could lead one to believe that perhaps as much as 6,000,000 or more acres of forest lands (of the approximately 18,000,000
acres) in California burned every year in aboriginal times. But the
frequent fires were necessary for the development of the primeval
forest.
Recent Changes in Forest Cover.-As a result of fire protection
during the past 65 years or so, two great changes have taken place in
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the forests, creating severe fire hazard conditions. First, the more
shade-tolerant White Fir and Incense Cedar have increased in relative
abundance and are developing in dense thickets beneath the less tolerant pines. In some places brush has increased. Second, large quantities
of debris have accumulated on the forest floor because decay is very
slow in the dry climate. The two changes, taken together, have tended
to create an almost solid fuel layer in many places from the tops of
the tallest trees to the young saplings and brush and litter on the
ground. During the hot, dry, windy days in late summer, when fire
fighters cannot reach every fire soon after the outbreak, these fuel
conditions, along with slash from timber harvesting, promote the
large crown fires which in recent years have been nearly impossible to
stop until the weather changes. The changes leading to these severe
fire hazards took place at an almost imperceptible pace, because the
young trees and brush plants grew slowly in competition with the
older trees, and mortality of older trees was gradual.
One should not need to mention the fact that adequate fire protection is the first essential in good forest management. This is absolutely
essential if the forests are to be managed for timber growing, water
production, grazing, landscape and recreation. In my discussion I have
merely tried to point out and explain the changes that have taken
place in the forest cover to create the severe fire condition that we
now have. Certainly we should be giving greater attention and very
serious study to methods of reducing fire hazards and maintaining
these at a level we can tolerate with present means of suppression.
Technique of Prescribed Burning.-Our prescribed burning in
Ponderosa Pine has consisted of two steps: (1) broadcast burning; and
(2) cleanup burning. The first step is initiated after enough rain has
fallen to wet the needles and duff to the mineral soil-not before.
\Vhere the debris is deep, two or three inches of rain may be needed
to do this. However, in areas previously burned one-half inch or so of
precipitation might be sufficient. After rain the top pine needles dry
in a day or two and are ready for burning. The pine needles are raked
to the side for about 3 feet and the fire is. set at the edge of the needles
on the upper side of the area to be burned so that the fire moves downhill. In heavy rough it is very important to keep the fire burning
down-slope; if it burns up-slope it is almost sure to be too intense,
even if the fuel is fairly damp. In broadcast burning we depend on

77

H. H. BISWELL

the needles to carry the fire-not the brush or other heavy fuel, because this would give too much heat. This is an important point to
keep in mind. In such burnings the fire moves along at the rate of
about one foot per minute. Broadcast burning is best done when the
relative humidity is above 25% and the air temperature is below 65° F.
The soil and duff should always be moist or wet. There are many
days when such broadcast burning is possible. At Hoberg's, for example, the number varied from 47 to 74 days per season for 5 years
of records (Fig. 8). The burning is done by small crews, usually three
people. When conditions (fuels and air) become dry, burning ceases.
Clean-up burning is done on the remaining coarse material which is
piled as it is burned in small heaps. This phase can be performed under
a wider range of weather conditions than broadcast burning since the
fire hazard has already been decreased by the broadcast fire. Also, it
is possible to burn piles in light rain. In dense stands of trees the piling
might have to be done by hand but in more open areas bulldozers can
be used to good advantage. The piles should be placed so that crop
trees are not damaged (Figs. 9A, B, C, D).
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Fig. 8. Days suitable for broadcast burning (shaded) at Hoberg's from October
through' March for 4 of the 5 years when records were maintained. The figures show
the date and amount of precipitation.
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In some places the clean-up burning may prove quite expensive. In
such cases, about the same result may be had by making 3 broadcast
burns in successive years, each fire set under progressively drier conditions.
In heavy accumulations of debris broadcast burning can be hazardous because such fuel conditions can extend over vast acreages. Mr.
H. L. Stoddard, Sr. would refer to all of the above as reclamation
burning.
Now, I want to discuss maintenance burning (another term and
method used by Mr. Stoddard). After a Ponderosa Pine forest is in the
best condition obtainable from the aoove procedures (but not before)
we can keep them that way by using frequent up-slope headfires
under damp conditions. This operation costs only a fraction as much
as the reclamation burning discussed above. In maintenance burning,
one sets the first fires in the spots where the pine needles dry out earliest right after rain. This will be on south or southwest exposures in
rather open stands of trees. Ignition continues in other places as the
needles dry. Soon all the south, southwest, and southeast facing exposures will be burned over and only the north facing exposures will
remain. Up until this time the north facing exposures have served as
fire breaks. Maintenance burning of this type is done s.oon after rain
during the few days when burning conditions are "just right." Later
on, the north facing exposures can be burned over and then, of course,
the other exposures, already burned, serve as fire breaks. This type of
burning is very fast and cheap, but can be done only after reclamation burning and preferably on large areas where there will be north
exposures to serve as fire breaks.
Fire used as a tool can be dangerous, particularly in the hands of
inexperienced people, or if conditions are too dry or if a strong wind
should come up. There are many combinations of events that could
cause it to be dangerous; this should constantly be kept in mind in
planning and carrying out such work. But this need I!lot be a sole reason for not using fire as a tool. Fire can be especially dangerous in
areas of serious fire hazards. However, after an area has been reclaimed, maintenance burning is not dangerous where fire is being
used by experienced operators.
Prescribed burning is essentially an art, not a science. It should be
done only by persons interested in this kind of work, and they must
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Fig. 9A. Very high fire hazard in Ponderosa Pine on southwest facing slope below Hoberg's resort buildings. Pine needles cover the ground but are obscured by
the living and dead brush in the understory of trees.

Fig. 9B. Same as Fig. 9A with a broadcast fire carrying through the pine needles.
This reduces the flash fuel.

Fig. 9C. After broadcast burning through the pine needles bulldozer being used
crush brush in a small opening in preparation for further burning a few weeks
later.
to

Fig. 9D. Same as Fig. 9A with the brush and dead fuel removed. The area is now
in relatively low fire hazard condition. Broadcast burning every 5 years or so can now
be done to maintain this condition.
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possess good judgment and patience. The art of prescribed burning is
something that should be learned through actual practice with an experienced person. It cannot be learned very well from reading descriptions in books. For this kind of work, experience is a great
teacher.
Amount of Fire Hazard Reduction.-We have not yet developed a
good method for measuring fire hazard reduction. We can measure
the reduction in amount of fuel, ease of ignition, and fire spread but
still this is not a satisfactory measure of hazard reduction. In one
study, simple tests were performed to determine the effectiveness of
broadcast burning in reducing the fire hazard during the following
summer. On a test day in late June the relative humidity was 64% and
the air temperature 60° F, but the heavy fuel in untreated areas was
dry to the mineral soil; even with the higher humidity and low temperature, fires started in the untreated areas of heavy debris burned
fiercely.
Lighted kitchen matches were thrown into the needles, landing no
less than 3 feet from each other. Where these started fires and the fire
went out before a spot had burned 12" in diameter, the test was considered negative, or fire-out; where fires expanded to more than 12"
spots, the test was considered positive~ The results are shown in Table
1. They show clearly that broadcast burning in the spring has a positive effect in reducing the ease with which fires can start in the
summer.
Further evidence of fire hazard reduction from prescribed burning
was illustrated very clearly when three wildfires occurred. One of
these was on August 20, 1954 in a two-year-old needle accumulation.
The second fire was on April 12, 1955 and burned through a one-year
crop of needles and also into an untreated area. Both fires were easily
controlled.
In the treated areas, the fires remained on the ground and scarcely
any needles on the trees were scorched. However, outside the treated
areas the wildfire of April 12 burned intensely and killed a majority of
the trees which were mainly 6" to 10" DBH. This incident showed
clearly the benefit of prescribed burning in lessening the severity of
wildfire').
The third fue, and the most pronounced demonstration of all, was
a wildfire that moved into Hoberg's in late August, 1962. This was
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Table 1.

Extent of Reduction in Wildfire Hazard from Broadcast
Burning in the Fall vs. Spring.

Treatment

lJnburned (check)
Approx. wt. of needles
on ground per A. =
11,500 lbs.

Test
No.

No. of
No. of
times
No. of
times
fire
matches went
fire
thrown
out expanded

1

8

3

5

37.5

2
3

8
9

0
2

8
7

0.0
22.2

8

7

2
3

8
9

1
2

7
7

1.

8

8

0

48.0
100.0

2
3

8
9

8
9

0
0

100.0
100.0

Avg.
Broadcast burned Nov. 17
Approx. wt. of needles
on ground per A. =
500 lbs.

=

20.0
62.5
62.5
22.2

Avg.
Broadcast burned Apr. 5
Approx. wt. of needles
on ground per A. =
42 lbs.

Percent
of times
fire
went
out

Avg.

=

= 100

nearly a perfect demonstration. One of the headfires of a severe 11,000
acre wildfire that raced about 7 miles in 4 hours came directly into
one of the areas that had been prescribed burned. On the outside it
had been crowning and jumping and there it burned the needles off
the trees and killed nearly every tree in its path. But when the fire
reached the area that had been prescribed burned it went to the
ground, became relatively calm, and progressed rather gently through
the pine needles on the ground. Actually it produced effects much
like those from prescribed burning. In December after the normal
needle drop it was difficult in some places to see that the area had ev~r
burned but on the outside the soil was bare since all the needles had
been burned off the trees and there was none to drop and cover the
soil. Of course, runoff and erosion were severe on the uritreated area
.that had been heavily burned by wildfire (Figs. 10, 11).
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Fig. 10. Results of an intense wildfire which came into Hoberg's in late August
1962. In this untreated area outside of Hoberg's, the fire denuded the trees of all
leaves and the ground was left nearly bare the past winter. Runoff and erosion was
high as a result of the bare soil condition.

In addition to the above, studies were made of fuel reduction by
successive broadcast burns. Three 100 X 100 ft. plots were laid out in
areas well stocked with trees and with an understory of dense Manzanita, both dead and living plants. Estimates of fuel weight were
made on lOX 10ft. sections of the plots after a period of training in
estimating. On one plot, the woody material on five of the subsections
was weighed with scales just prior to and after the last burn. The
reduction in fuel by three broadcast burns is given in Table 2.
The first fire was conducted under moist conditions and was very
light. It removed the flash fuel and killed some of the living Manzanita but reduction in weight of fuel was only 5%. Fuel reduction by
the second fire was 21 %, and all remaining Manzanita plants were
killed. The last fire reduced the fuel 31 %. For the three burns, the
total· fuel reduction was 57 %. All that remained was coarse material.
Amount of fuel reduction by broadcast burning varies· tremendously with type of fuel. In areas with old logs and stumps the volume removed may be very high while in standing Manzanita (as was
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Fig. 11. The intense wildfire that denuded the trees outside of Hoberg's (Fig. 10)
also burned through this area that had been prescribed burned and cleaned. Here
the wildfire burned rather gently under the trees. It failed to burn through this area
of reproduction that had been logged and cleaned of slash before the reproduction
came in.

the case on the plots in Table 2) the actual amount removed may be
rather small. In broadcast burning, the operator will be satisfied with
removal of a small amount of fuel with each successive burn. It is
dangerous to attempt to remove most of the fuel in a single broadcast
burn.
Detailed studies were made also of the amount of needles and duff
removed by broadcast burning. In no instance was all of the needles
and duff destroyed by controlled fire passing over 2 X 2 ft. plots. The
average loss of needles was 76% and of duff 23 %. In all cases sufficient
needles and duff remained after prescribed burning to cover the soil.
Timber Management Plan.-It was mentioned that severe fire hazards have developed for two reasons: (1) the growth of young trees
and brush under older and larger trees; and (2) the accumulation of
dead material which decays slowly in this arid climate (Fig. 12). With
this in mind a management plan has been developed that will permit
prescribed burning and if carried out will eliminate these two factors
and assure relatively low fire hazards on a continuing basis. Essentially,
this management plan provides for: (1) clear cutting in spots at the
end of a rotation cycle; (2) cleaning and prompt restocking of these
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Table 2.

10' x 10'
Sub-plot

65
67
76

77
80

Pounds of Woody Material on Ground Mter Successive
Broadcast Burns.
Before 1st
Burn
2-4-55
(est.)

177
120
(40)
83
(13)
28,144
2,766*

Total per
acre
Perc-ent
reduction from
previous amount

After 1st
Burn
2-9-55
(est.)

182
125
(20)
79
(15)
27,080
2,653*
5%

After 2nd
Burn
12-2-56
(est.)

142
94
(17)
55
( 6)
23,579

21%

Before 3rd
Burn
2-5-58

After 3rd
Burn
3-5-58

(wt.)

(wt.)

125
123
86
69

72
23,000

114
82
60
33
40
16,000

31%

.. Living Manzanita

spots; (3) the exclusion of prescribed fire in the spots of reproduction
until the new trees are 12 to 15 feet tall and can withstand a light fire;
( 4) periodic burning thereafter to keep out understory reproduction
and brush; (5) frequent intermediate harvest cuts; and (6) clearing of
all slash after each harvesting.
To explain this operation more fully, imagine that we have 3,000
acres, markets are available for all trees over 6" DBH, and we wish
to harvest trees every year. When stands are properly stocked the
trees grow fast, and light intermediate harvest curs can be made frequently, perhaps every 10 years in anyone spot as shown in Figure
13. The complete operation indicates a rotation cycle of 150 years.
Theoretically, then, 20 acres would be clear cut each year, perhaps
in 4 or 5 different spots, and 200 acres would be selectively harvested
or thinned in intermediate harvest cuts. The clear cut spots would be
cleaned of slash and managed to obtain fully stocked stands of reproduction, either by natural seeding or planting. Prescribed fire must
then be excluded from all areas of new reproduction until the trees
are 12 to 15 feet tall. After this time fire can be used to maintain low
fire hazard conditions. It should be emphasized that no more tree
reproduction is wanted until the end of the rotation cycle. Actually,
86.

Fig. 12. Trees that are more shade tolerant than the pines are invading in the
understory of pines, creating a severe wildfire hazard situation. (Yosemite National
Park).

the program here is nothing more than farming a crop of trees-we
get a stand of trees following clear cutting at the end of the rotation
cycle, and then we are concerned for many years with the growing
out and harvesting of this crop.
The 200 acres thinned each year in intermediate harvest cuts would
be cleaned by prescribed burning. Thus, under idealized management,
approximately 220 acres of logging slash would be removed each year.
This acreage, with about 80 other acres in the pre-harvest cut stage,
might be sufficient to maintain low fire hazard conditions in Ponderosa Pine management. If so, this would be prescribed burning
about 300 acres every year in the 3,000-acre forest, or about 10% of
the total area. However, the wildfire at Hobergs in August indicated
that a lO-year accumulation of needles on the ground can produce
tremendous heat under extremely dry conditions and therefore burning each spot about every 5 years might be better. This, of course,
would be burning 600 acres or 20% of the total area each year.
Cost of Prescribed Burning.-The cost of prescribed burning is
relatively high in areas of heavy accumulation of fuel. In the first place
it is dangerous to spread long lines of fire in heavy debris because the

87

H. H. BISWELL

fire needs close attention and must be kept moving down slope;
furthermore, the fire moves slowly, about one foot per minute. This
means that small areas must be burned at anyone time and naturally
this will add to the cost. Piling by hand and burning the remaining
debris, in dense stands of trees, will be high because one person can
pile only about 1,000 pounds per hour. Bulldozing in suitable areas
would be cheaper. Maintenance burning could be very cheap indeed.
In the southeastern pine forests prescribed burning is costing about
35 cents per acre. I expect we could do maintenance burning at considerably less cost than this; that is, in areas where there is no logging
slash or other heavy debris.
ONE FORM OF IDEALIZED MANAGEMENT
OF PONDEROSA PINE ON SITE II
500

TREES REMOVED PER ACRE
IN EACH CUT. RESPECTIVELY
100

400

75
75
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Fig. 13. Frequency at which forest cuttings might be made in Ponderosa Pine,
after which prescribed burning would be helpful in removing the slash. The rate
of stocking is set high purposely in order that the undergrowth of trees and shrubs
will be retarded by competition from the older trees.

In discussing costs we must, of course, also consider benefits. The
net cost of prescribed burning at Hoberg's could be considered very
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minor when we conclude that it was probably the prescribed burning
that saved the resort. This resort has facilities for sleeping 500 people
and feeding 1,100. It must be valued at one or two million dollars.
Other Effects of Prescribed Burning.-In addition to studying and
developing techniques in prescribed burning and evaluating its effect
in reducing wildfire hazards, several other aspects of fire use were
studied.
Effects on the Soil.-T 0 answer questions about the effects of prescribed burning on soils, pot tests were made of available soil nutri~
ents as a result of burning. Other studies were made of the effects of
burning on total soil nitrogen. Soil pH was studied in the field.
In the first case two intensities of burning were studied; (1) soil
from a spot that had been broadcast burned; and (2) soil from a spot
where debris had been piled during burning. Soil from unburnel.! clreas
served as controls. Lettuce· and barley were grown on these soils.
The unburned soils assayed low in nitrogen and phosphate. The intensely burned soils showed an increased nitrogen supply over the
lightly burned, and the latter over the unburned soil. The effect was
greater in the surface soil than in the subsoil. Pine seedlings in plots
showed a favorable response to the increase in available nitrogen as
a result of burning.
Concerning effects on total soil nitrogen, experiments showed that
prescribed burning of forest floor did not reduce nitrogen in the surface inch of mineral soil. It did, however, reduce nitrogen in the forest
floor.
Concerning pH, the only significant effect noted was an increase
in pH from 6.0 and 6.5 to 7.5 and 8.0 at the soil surface as a result of
burning brush piles. There was no change at the 2" level nor as a
result of broadcast burning.
Effects of Burning on Soil Stability.-In an area of high precipitation, one naturally wonders if soil erosion is accelerated by prescribed
burning on slopes. It was mentioned that rainfall at Hoberg'S averages
60 inches, and the maximum for any season since 1951 was 99.27
inches in 1957-58. The maximum for anyone day was 12.72 inches.
In answer to this question, a detailed survey was made following
heavy rains during the 1955 -56 season. The observations were based
on quantitative data. Fortuitously, within the same general area as
those prescribed burned were a state highway, private roads, a bull89
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dozer fire lane, a power line right-of-way cleared to mineral soil,
and bare trails from recent logging. All of these various situations
within a relatively small area made an ideal set-up for comparisons.
The principal observations may be summarized as follows:
1. There was no evidence of accelerated runoff and erosion following prescribed burning that could be related to the burning itself.
Evidence of runoff was observed in numerous places over the forest
but in every case its origin was in areas bared by roads, bulldozer
trails, etc.
2. Partially decomposed duff and debris remaining after prescribed
burning was effective in maintaining high infiltration and percolation
capacity. It must be concluded that the water went into deep seepage.
3. Surface runoff was clearly indicated to have taken place from
roads, bulldozed lanes, right-of-way cleared to mineral soil, and bare
skid trails running directly down slopes. The surface of bare mineral
soil seemed to be sealed by raindrop splash and in abnormally heavy
storms even very small bare areas gave rise to pronounced runoff.
It was concluded that the main problems in accelerated runoff and
erosion are connected with practices that give rise to bare soil. This
leads one to conclude that great care should be taken in locating and
maintaining roads and fire lanes, and in using equipment in ways that
bare the soil.·
In 1957 a set of 9 runoff plots was established for studies" of accelerated runoff and erosion, as related to prescribed burning. For the
season of 1957-58, when the rainfall was 99.27 inches, three treatments
were involved: (1) 3 plots had a two-year-needlefall cover and served
as a control; (2) 3 were broadcast burned in March 1957; and (3)
the remaining 3 had the needles and duff removed by hand to mineral
soil. Any freshly fallen needles were removed every two or three
weeks. For the season of 1958-59, the treatments were modified: 3
were intensely burned with a flame thrower; 3 were lightly burned;
and of the 3 previously cleared to mineral soil, two were left covered
with a one-year natural fall of pine needles, and the other was cleared
to mineral soil again when the rainfall season was about one-half
over.
1. Runoff from the controls and from all burning treatments was
negligible; the small amount of water caught in the traps was clear.
2. Runoff and erosion from the plots bared to mineral soil by hand
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were greatly accelerated. Water in the traps was very muddy. A oneyear crop of needles over the bared soils did not entirely stop runoff
but the water that flowed off was mainly clear. Clearing to mineral
soil a second year resulted in continued accelerated runoff and erosion,
but less erosion than the year before when the soil was loose and not
compacted. After the first clearing to mineral soil erosion seemed
heavy perhaps because the soil was loose and mellow: after one year
of compaction erosion decreased from that of the year before.
Breeding of Tree Killing Insects as Related to Prescribed Burning.-For several years observations were made at Hoberg's to survey
any destructive damage by insects to Ponderosa Pine related to prescribed burning. This work was started in answer to questions about
whether or not increased insect damage might be a factor to consider
in prescribed burning.
Special attention was given to Western Pine Beetle, the California
Five-spined Engraver, and the California Flatheaded Borer. Two
points were considered concerning the insects: (1) whether situations
develop from burning which invite attacks in Ponderosa Pine; (2)
whether breeding in any fire-injured trees might serve to cause additional infestations.
Conclusions were as follows: (1) minor injury to tree crowns found
at Hoberg's did not weaken the trees sufficiently to enable bark
beetles to breed in them; (2) the small amount of breeding by flatheaded borers in a few fire-injured poles did not serve as a hazard to
sound trees; (3) this kind of burning does not attra,ct tree-killing
species into the area; (4) it is evident that light burning of this sort
under the conditons at Hoberg'S constitutes no hazard in the development of tree-killing insects.
Forest Rodents as Related to Prescribed Burning.-The que~tion
has been asked, what is the effect of prescribed burning on forest
rodents? Trapping was done through treated and untreated areas at
Hoberg's; the success is indicated in Table 3.
Rodents were trapped in the following places; Harvest Mice in
grass around a refuse area, Pinyon Mice from patches of Manzanita,
and Deer Mice under pines near a storage shed. It is interesting that
not a single mouse was caught in areas of pine cleaned by prescribed
burning. The few rodents caught leads one to wonder if !nice are
scarce in the general area of Hoberg'S. Also, since no rodents were.
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Table 3. Success in Rodent Trapping in Ponderosa Pine at Hoberg's.
Total
traps
set

Date

Estimated
effective
trap
nights

Total
catch

Harvest
Mouse

Pinyon
Mouse

Deer
Mouse

1958

Dec.

7

73

0

0

0

0

(rain)

7
8
0

5
6
0

(rain)

2

1
1
0
2
0
0
4

1
1
0
0
0
0
2

73

1959

Jan.
Jan.
Mar.
Mar.
May
May
Totals

27
28
22
23
10

11

176
176
249
175
200
200
200
150
189
189
189
189
1,276 1,152

2
5
24

{)

2
5
18

caught in cleaned areas one might assume from these preliminary
data that prescribed burning creates conditions unfavorable to rodents.
Perhaps the burning destroys hiding places and the rodents are too
exposed to predators, in this case, owls.
Effect of Prescribed Burning on Tree Growth.-In this research
the tree crowns were barely scorched by the prescribed burning,
consequently no retardation in tree growth could be detected. Ponderosa Pine seedlings, on the other hand, made 20 to 25% more
growth on soils from spots intensely burned than on soils unburned.
Effect of Prescribed Burning on Brush Control and Tree Regeneration.-Prescribed burning was used successfully to manipulate
brush in second-growth ponderosa Pine: to kill mature non-sprouting
Manzanita; to kill seedlings that appear after fire, and deplete the
amount of seed in the soil; and, at the same time, prepare a better
seedbed for pine regeneration. As an example, a plot 60 X 60 feet, supported 604 Manzanita seedlings in March 1956. The plot was burned
with 100 % kill of the seedlings. In June 1957, 15 months after burning
the plot supported only 46 new Manzanita seedlings but 2,159 new
pine seedlings (Figs. 14, 15). In another study prescribed burning
proved very effective in preparing a seedbed for pine regenerationcompared to rototilling and bulldozing before seed fall.
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Fig. 14. Plot 60 X 60 feet showing distribution of Manzanita (x) and pine (.) seedlings before burning in March 1956. Every seedling was killed by the fire. Shaded
areas are projections of tree crowns.

Other Research.-Our research has covered several other aspects
of fire ecology that I will not have time to cover in this discussion,
such as time and amount of pine needlefall and their distribution over
the ground; also, the relationship of needlefall to seedfall and rainfall.
These results will be published in the near future. Our fire ecology
studies have also been concerned with the amount and kind of
herbaceous vegetation in the understory as related to fire and the
density of tree canopy. Certain studies have been made of deer
utilization in areas prescribed burned, and of water production as
related to ground cover manipulation.
Needed Research.-Much more research in fire ecology is needed
in forest areas. It would be desirable to select an area of 10,000 acres
or so of Ponderosa Pine for further research and demonstration of the
type being done at Hoberg's and Teaford's. Participants in the work
should include specialists in such areas as forestry, range management,
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Fig. 15. Same as Fig. 14 in June 1957 showing the great number of pine seedlings
and few Manzanita seedlings that appeared in the spring of 1957.

agronomy, soils, watershed, wildlife, outdoor recreation and landscape,
wildfire, and economics. In addition, studies should be expanded into
areas where combinations of trees and shrubs are different, and
particularly where Bearclover grows as understory in the Ponderosa
Pine forest. Finally, prescribed burning should be studied and tested
as a management tool in the mixed conifer forests, Coast Redwood,
Big Trees, and Douglas-fir forest types.
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