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FOREWORD

Flire—a tool in range ma‘nagenient—ithe use of which is an age-old
problem, extending from the day of the nomadic tribesmen down to the
present time in Califernia. Dense fields of brush have always been looked
upon as a nuisance and detriment to the herder of livestock. The conflict
between the stockmen and brush has become more complex in this day as
the interest of other citizens 111 these land‘; of economic marginal value
has increased.

' The simplest method of eliminating blush has been through the use

' of fire. The effect of this method of brush removal has long been a subject
of study and research to determine the effect upon the range land from
the standpomt of soil erosion, change in plant suceession and economics,
The varied records of most, range rescarch and experimental work have
not been made readily avallable to ranchers and others interested 111 the
management of wild land.

Therefore, in keeping with legislative Jauthorfcy and upon the recom-
mendation of the livestock mdustry, the State Division of Forestry
secured the services of Dr. Homer Le ROy Shantz, an internationally
recognized authority on plant ecology, botany plant geography and
plant physiology. He was requested to review all available literature on
the subject and to set forth in brief form, the pertinent facts dealing with
this complex problem.. ‘ ;

You will find his report réadable and - 1nstruet1ve His summary not
only rounds up the facts, but emphasizes that the use of fire is not the
whole answer to an abundant forage crop but should be supplemented
with range revegetation and proper livestock management, He also sets
forth problems in which addltlonal studyE and research should be con-
ducted. !

DeWirT NELSON
State Forester
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HISTORY AND LITERATURE PERTINENT TO THE
USE OF FIRE AS A TOOL IN THE MANAGEMENT
OF THE BRUSH RANGES OF CALIFORNIA

H. L. SHAN;]?Z
' |
““Fire in vegetatwn
A bad master, ' &

A good servant, and o
National problam 72

" (Phallips, 1936)

““The earth denuded struggles againgt water.
The ecarth armed by vegelation sirugqgles for waler.
Who would master water must master the mountain,
Spontaneous vegetation everywharé protects against erosion.’

: ! (Favre, 1907. )
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INTRODUCTION

Throughout the world theré is a c]ose correlation of soil types and

plant communities with climate. This ciose correlation is reflected in the

. use of these lands by man. Timber 'produohon range use, water supply
and erop pr oduction are determined to a large degree by weather condi-
tions. While plants, animals and soils ‘u‘e affected only by weather, the
summation of the day-to- day weather is referred to as climate. Chmaie is
an over-all controlling factor! It can be mea ured directly by recording
temperature, preeipitation humidity, air movement, air pressure, and
radiation, or it ean be inferred by the reaction of ammals plants, or soils

« to the climatic conditions. E' 1
THE NATU RAL PLANT COVER

““The original vegetation of any p01t‘on of the earth’s surface is m
approximate balance w1th the soil, weath er, and biological factors.’
(Shantz, 1941:33.) Vegetation' theref(are fif mopeﬂv interpl eted can be
used as un mdicator of the climatic (‘011(11’(1011% under which it was pro-
duced, of the soils on which it grew, and; of the practices of grazing or
other use to which it has been sitbjected. It is of value in the Iapld classifi-
cation of laud as to climatic conditions, soil types, soil texture, soil chem-
ical composition, the value of soil for erop produetion under natural
rainfall or under jrrigation, tlie value of land for grazing with domestic
stock or wild animals, and the value for wild life food production, Tt may
also indicate the amount of overuse to which the vegetation has heen
subjected, the kind of animal respomlb]e for this overuse, and the degree
of destruetion of the soil prolfj]e on which the vovotﬂhon is qrmﬂnf_{'.”

(7) 1|
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8 FIRE IN MANAGEMENT

(Shantz, 1938:835.) This phase was emphasized more than half a century
ago by one of California’s greatest scientists. ¢‘Since, however, the object
of soil surveys is essentially practical—is to enable us either to generalize
from the experience had on other lands, or to predict the agricultural
qunalities of new lands—the prima facie evidence of the natural vegeta-
tion, which results from the secular co-adaptation of soils and plants
under given climatic conditions, is manifestly of first importance. It is
almost self-evident that whenever we shall learn to interpret correctly
and aceurately the meaning, from the farmer’s standpoint, of the indica-
tions given by the local floras and sylvas, we shall be able to deduce from
them, measurably, the same results we now gather from long agricul-
tural experience, or from culture tests with fertilizers.”” (Hilgard,
1891:3.)

THE EFFECT OF HUMAN ACTION

At the present thne man is eonscious of his responsibility as a guar-
dian of natural resources. This responsibility, which is becoming more
evident each day, has been impressed upon man by the record of gradual
deterioration of natuval resgources due to unwise or wasteful practices.
Within a generation great areas of forests have disappeared, great areas
of grazing lands have lost their perennial cover, the top soils have been
lost from agricultural lands, productive rivers and lakes are almost
barren of wild life, and nonrenewable resources have been lavishly
exploited. There is abundant evidence in history to show that man has
moved into productive and often forested regions and has had to leave
them later as semidesert and nonproductive lands. The great valleys of
the Tigris and Euphrates eradled the world’s civilization and were
destroyed by the pressure of populations and the resulting excessive use
of the mountains which fed these rivers. The nomads overgrazed the wild
lands of the mountains, and the valleys swung rapidly from loxuriant
oases to drifting sand deserts. History is filled with the suecessive fail-
ures which man has made on the lands which he oceupicd. The outstand-
ing exception is the Nile Valley and the explanation seems simple. Even
today after continuous use for 6,000 years it is still one of the richest
areas on the earth. The dense population of the valley has however
never been connected industrially with the peoples of the headwaters,
which lands today dre wild areas not utilized to any great extent by
modern man. Protected by thousands of miles of desert swamp and often
by warlike tribes, it is in a natural eondition and the watersheds which
feed the Nile are as effective today as they were 6,000 years ago.

In the Near East

_ ‘¢ Archmologists read to us the story of the rise and fall of civilization
as they dig out the past from the discarded cradles of western civiliza-
tion at Kish, Babylon, Nineveh, Ur of the Chaldees, Ctesiphon, Opis, and
cther ancient eapitals. But little notice has been given to a human tragedy
of still greater significance to be read in the vast ruins of abandoned
irrigation works,

“‘The landscape of this ancestral home of western mankind is strewn
- with ‘tells’ or mounds of enltural layers upon layers, and relics of buried
cities and of fallen empires.”’ (Lowdermilk, 1939:3.)
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“*The history of eivilizations is a record of struggles against the

progressive dessication of civilized lands. The more ancient the civiliza-

tion, the drier and more wasted usually, the supporting country. .

““Recently the archeologists have turrjled back the pages of history,
not merely. centuries, but thousands of years. These post-mortems on
buried civilizations suggest that it has been the hand of man, more than
climatic change, which has reduced onee rich and populous regions to
desolation and poverty. - !

““We have a written record of encroaching deserts.”” (Lowdermilk,
1935:409-412.) !

On the Italian Campagna . “ i

The Campagna of Italy once nourished a mass population which
conguered Rome, the remainder of Ttaly, and most of the Mediterranean
Basin. ““Not only do all the authors preserve the traditions of forests
and sacred groves that are mentioned in tﬂe tales of the early kings, but
Theophrastus still knew of Latium as a séurce of timber as late as the
Third Century: ‘The land of the Latins is well watered, and the plains
bear the laurel and myrtie and remarkable beech trees. Trunks are found
that singly suffice for the keel beams of the great Tyrrhenian ships. Fir
and pine grow upon the hills. The Circacean promontory is thickly over-
grown with oaks, laurels, and myrtle.” (Frank, 1919:268.) ‘“When,

therefore, the early settlers pushed down into the Campagna and burned -

out ‘clearings’ for farming * * * they found a soil remarkably rich
* % *, The population in time grew dense * * ¥, There is nothing im-
probable in the tradition of the 50 villages that Pliny has preserved
* ¥ % Yet the wealth which made possible all this display * * * was
the produet of a rich soil cultivated with unusual intensity * % *.’
(Frank, 1919 :269-270.) ‘

‘“There are numerous relics from that remarkable agricultural
period still to be found in Latium, traces of drains, tunnels, and dawms
* % * The system involved hundreds of miles of excavating * * * By
diverting the rain waters from the eroding mountain gullies into undez-
ground channels the farmers not only checked a large part of the ordi-
nary surface erosion of the hillside farms but also saved the space usu-
. ally sacrificed to the torrent-bed. T know of no other place where labor
has been so lavishly expended to preserveithe arable soil from erosion.
¥ ¥ ¥ The pressing demand for land resulted in the clearing out of
every tract that could be made arable; the abundant population laid
large demands upon the forests for lumber, and commerce * * * cay-
ried Latin timber as far as Greece, now well stripped of trees. The defor-
estation of the Volscian Mountains on the south of the Campagna re-
sulted in ruin of that whole region, for the rains washed the mountain
sides clear of soil * * * The same process of deforestation of the Sabine
Hilis turned these also into bare rocks. Thejrain that fell found its quick
course to the sea, and Latium became gradually the semiarid plain that
it is today.” The land use iwent from: grain to grass for sheep.
Sheep went to the mountains for summeri feed. The “‘lack of grass in
August and September * * * neeessitatéd the laborious work of eut-
ting leaves from trees.* * * The depopulation of the Campagna pro-
ceeded apace.”” {Frank, 1919:270, 273-275;)

i
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10 FIRE IN MANAGEMENT

“The Roman Campagna today’’ is ‘‘the most desolate plain of
Ttaly * * * Today the grass parches brown in June, not to revive again
till near October, and the wheat is hurried to a premature harvest in the
middle of June. But Varro sets July down as the month of harvest in his
day and summer raing are frequently mentioned in the classical authors
# % * There can be little doubt that when the Sabine ridge from Prae-
neste to Monte Gennaro and the whole Volscian range were a thick for-
est instead of the parched white rocks that now stand ount, the cool moun-
tains caused eondensations and preeipitation over the plain when struck
by the humid siroceo. * * ** Today ‘‘* * ¥ the last rains of spring
leap off the bare rocks and flow away at onee in torrents to. reach the
sea.”’ (Frank, 1919:267, 269.) ¢‘Siroceo’” is here used in a technical me-
teorological sense meaning ‘A warm sultry wind blowing from a warm
recion toward a eenter of low barometrie pressure.”’

In tndia

A definite pictiire from India may illustrate the point. ““To give
. you an instance, when the Emperor Jahangir built the castlé of Nurpur
for his Queen, Nur Jahan, the Light of the World, lie writes in his mem-
cirs that the forest was so thick that a bird ecould hardly spread its wings.
“But if you go to that place teday, you will sce nothing buf a de-
nuded hill country, with hardly move than a few tufts of grass and thorn
bush on which a fow goats eke out a miserable existence. All that has
happened in a period of not more than 300 vears * * * They have
ntterly destroyed the whole vezetation of the hills by burning, cutting,
snd grazing.
“Tf'yvou will turn to Plate TTT, yon will see what veu might imagine
to be a watch-tower, but it is not. It is a well. When it was built it stood
.in cultivated land. The level of the land was natnrally where you see
the top of the well, and what you see before you is the remains of the
well standing in a dry and sandy river bed. All this is entirely dne to the
erosion and denudation which has taken place on the onter hills to the
Himalayas, subsequently to the year [ have mentioned * * *. Tirosion
mayv be summed up as ill-treatment of the surface of the soil. Whatever
the eause may be, and there are several causes; first of all, in my opinion,
comes the destruction of the forests by manlkind, which has so often
turned a garden into-a desert.
cx % % T would like to commend to you a few words from the pref-
ace to the ¢ Arabian Nights.” ‘The lives of former generations are a lesson
to posterity, that a man may review the remarkable events which have
happened to others, and be admonished, and may consider the histories
of people of preceding ages, and all that hath befallen them, and be
restrained.’ If vou and the governments of the countries von represent
will only realize this fact, and will consider the histories of people of
preceding ages who have destroyed the virgin covering of the earth and
what hags in consequence befallen them. Tt vou will take gteps to see that
in these enlichtened days the same fate does not overtake us as has over-
taken other naticnsg, perhaps in a thousand vears from now, the world
will be in a hetter condition than it is today.”” (Trevor, 1925:18-19.)
The story in the Huphrates and Tigris and many parts of the Medi-
terrancan country, of India, China, and cven parts of the United States
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should at least cause land planners to gnie these phases careful consid-

eration,

Man has been suecessful in moving ‘the plant cover toward a more
drought desert type. Man has been successful in cauging dessication of
lands largely by reducing hardwoods to eonl ifers, forests to brushlands,
and forests, brushlands and grasslands to desm ts. The reverse of this
process is e\emphﬁed_ in eftorts of fore%tﬁtlon of grasslands, of irriga-
tion of desert lands, and in attempts to bmld back soﬂ fertility and im-
prove the physical c0nd1t10n by cultural nethods. Praiseworthy as these
efforts are, they have been pl’rlably slow ahd local as compared with the
rapidity and extensiveness of''the destrucmve processes. This, however,
emphasizes eloquently the despela‘ce need)of the constructive processes.

Nature s Methold

In nature there is a eontinual striving to develop the highest type
of plant cover which can be attained under a given soil and climate.
Throughout the world the clithate determines the nature of thig elimax.
A elimax i is the fully developed commumts; in adjustment to soil, elimate
and biclogical factors, and a succession mvolves all the changes thrmwh
which an orlomallv bare or a denuded area passes in arriving at a climax
stage. ‘A knowledge of the natural trends of succession enables the
man who manages wﬂd land to work with . nature to bring about desired
results, Artificial reseeding or, planting for soil pr otectlo1 improving
grazing or timber productlon for mcreasmg the conc‘lhons favorable
to man or wildlife should not be uudertakon on wild land (land that
is not intended to be cultivated or disturbed) without a clear perception
of the natural succession on the area. To change this or reverse it means
continued expense and in all probablht}; u]tlmate failure. Often the
reestablishment of the natural grass, brush or forest cover is delayed
in proportion as a temporary success is secured by the use of the intro-
duced species.”” (Shantz, 1940:316.)

The climax type, however, is not always most usefnl to man who
often tries to throw back the succession to an early stage which better
suits his present needs. ‘‘ Agriculture applied to other than wild lind
is an intervention intended to step or turn aside the natural develop-
ment of the vegetation of the area.”” (Shantz, 1940:316.) We can always
throw back the succession to an earlier qtawe usually a dryver, more
desert stage. See as examples redwoods ‘rhrown back to ‘muqh and in
extreme cases to an early weed grass stage and on some of the Bald
Hills to moss and soil hchem the perennial bunch grasses of the Pacific
grasslands to wild oats and bromes and similar ammals southeastern
hardwoods to pinelands; the white pine fore';ts of the Lake States to
jack pine or even lower to ericacious brush® the forests of Asia to nearly
desert clay hills; and the grasslands of Afrma to waste lands. Such
change is always to the dryer, less Iuxuriant type.

The changes in plant cover which tend toward dessication are both
natural and man induced. Cultivation is{so important an adjnnet to
production and civilization that it is almost everywhere accepted as
the highest use of land for plant production. Tt has reduced much of
the world’s deciducus forests and many of the great grassland aveas
to crop land. On wild land, however, two other processes, one necessary
and one offen totally unnecessary, grazing and fire, have swung the

i
i
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12 FIRE IN MANAGEMENT

vegetation to dryer types. Grazing is closely linked with production
and civilization, although it was praeticed and is still practiced by unciv-
ilized man. Grazing by herbivorous animals which were at times very
numerous on the earth’s surface.was also a natural facfor and must
have exerted a great influence before man appeared and before the
primitive shepherds controlled their domesticated herds. At the time
of the appearance of the Iluropeans in America, herds of bison and ante-
lope grazed the great prairies and plains and even now deer, elk, and
antelope in places overuse the vegetation to deflect it into & community
different from that which would develop without this overuse. In Cali-
fornia and the Southwest the shepherds, with the background of genera-
tions of the Spanish Mesta which so thoroughly reduced so much of
central Spain to a near desert condition, soon reduced the perennial
grasslands of California to an annual weed stage which has not been
improved by the use by later generations of Europeans:

- [T | T »{ e [REPATERUR M



THE EFFECT 0}'5" FIRE 01\f VEGETATION
. ' A NATURAL FACTOR

Flre in vegetation was undoubtedly a factor long before man had
appeared on the earth. Many of the species of plants must have been
influenced by fire for hundreds of thousands of years to have so firmly
fixed the physiological charagteristics that they are now dependent
upon fire for their continuance on earth. Many fires are caused by
lightning and there is no reason to suppose that this condition did not
also prevail long before man appeared upon the earth. From the earliest
times fire has been a factor in the distribution of natural vegetation.

. Whenever vegetation was subjected to aihot drought period or even

to a cold droucrht period, the vegetation has been rneatlv modified by
reenrrent fires.

. Man’s confrol over natural forees began with a partial control of
fire. He soon began to use fire(to warm his caves, to cook his food, to
drive game from hiding and to; clear land for eultivation. Civilized man
appeared late on the stage of use .of fire by man. Primitive man looked
only to present benefits. But civilized man need not aceept the natural
conflagration as a necessary part of his planned use of resources or
the practices of primitive man jas necessarily safe guides to present day
practices. The fact that primitive man used fire to aid his hunting or
to improve his pasturage proves little as to its desirability in present
day practices. It does, however, aid us to explain the conditions we

" now find and the distribution of forests and grasslands. Much of the

earth’s snrface now in frrasslands wonld: ‘Wlthout fire surelv pass to
forests, many eomferous forests would pass to hardwoods, and much
of the higher and better parts of the Mediterranean type "would pass
to forest. Great tropical grasslands Wlthout fire would develop forest.
On a broad basis the following world eomm‘umtles of natural vegetation
are probably in their present state as the resnlt of recurrent fives. The
high grass savannas of the tropies and many of the tall grasslands,
e%pecmlly the moister side-such és the easte'rn parts of the prairie would
become forest. The Medltcrranean types th;e world over with a long hot
dry period which means recurrent fires, would become woodlands and
forest. The pine lands of the sontheast, would tend to change to hard-
woods and the lodgepole pme lands of the Roeky Mountain fOI ests would
be replaced by Ponderosa pine, Dounglas ﬁr and spruce and fir. Much
of the northern heath and tundra regions ‘are burned over rather fre-
quently and parts of the area would develop forest eover if protected
from fire. . 1

A HU|IyIAN FACTQR

Tt is difficult to separate natural fires from man made fires. Fire has
been used by man both before and after the dawn of civilization. *“In
America, as throughout the world, as soon as men came into possession
of fire the conquest of the animal L]ngdom was practically assured. The
Indians used smoke to drive animals out of hiding, torches to dazzle

(13)




14 FIRE IN MANAGEMENT

the eyes of deer and to attract fish and birds to their canoes, and fire-
brands and prairie fires for game drives.”” (Hodge, 1907, Part 1:581.)
““The ancient Mayas burned their forests.”’ (Riley, 1932.)

In the tropics, the Fang practice the cutting and burning of forest
to produce land for crop production. This has been a most destructive
process and in the monsoon type of forest is the chief source of fire.
““The underbrush once cleared away, the men cut down the big trees,
leaving here and there only some few giants * #* * In the beginning
of March after the long sunny days oi‘ February the stalks of the
bushes, the reeds, the branehes of the irees are chopped up in pieees
and burned and soon, in place of the great forest, there remain only
the big trunks lying on the ground, * * * the women place banana
plants, stalks of manioe, and seeds of gourds.”” (Brunhes, 1920:359.)

Ancient history is filled with references to burning vegetation.
“Sueh fires were a commonplace in anecient Palestine. Isalah deseribes
one in a nietaphorical passage: ‘It shall devour the briers and thorns,
and shall kindle in the thickets of the forest, and they shall mount up like
the lifting up of smoke.” Homer knows the effect of protracted drought
and strong summer winds upon such a conflagration. ‘Through deep
glens rageth flerce fire on some parched mountain side and the deep forest
beneath, and the wind, driving it, whirleth everywhere the flame,” * * #*,
Tires were often started, either intentionally or accidentally, by the
herdsmen who ranged the mountain forests with their sheep and goats
in the dry season.’’ (Semple, 1931:290.)

““Tt is as when a shepherd sets scattered fires in the woods when the
wind is right ; the places between cateh suddenrly, and one terrible battle-
line of Vulean spreads through the wide plains: he, sitting victorious,
looks down on the Trimphant flames.”’ (Virgil, Aencid X :405-411.)
Even at that time opinions of the value and use of fire must have varied
greatly. ‘“The Arabs, who inhabit the Valley of the Jordan invariably
put to death any person who is known to have been even the innocent
cause of ﬁrlng the grass.”’ (Burckhardt, 1822:331). In North Carolina
Bricknell in 1731 reports ‘‘they have sueh plenty of grass that they are
obliged to burn it off the ground every tenth of March, by virtue of a law
made in the country for that purpose.”’ (Carrier, 1923:197.)

““(Cabaza de Vaeca states that in Arkansas about 1535 they (the
Indians) take the pasturage for cattle (buffaloes) by burning, that neces-
sity may drive them to seck in such places as it is wished they would go.’
Tt is clear that in the early days burning off the vegetation was a com-
mon practice.’”’ (Sampson, 1923:217-218. )

In Spain the Mesta were for about 600 years a powerful group in
determining land use. ‘“The Charter of 1273 granted permission to the
shepherds to cut as many branches as they might require for their corrals,
fences, cabins, tan-bark, fodder, fuel, and dairy implements.”” ‘‘Far
more serious to the life of the forests was the herdsmen’s practice of
burning the trees in the fall to provide better spring pasturage—a custom
which has been common wherever sheep industry has prevailed.”’ (Klein,
1920:306-307.)

-~ ¢(ritical review of the mass of documents published from 1542 to
about 1853 leads to the conclusion that California Indians burned vege-
tation, limitedly at least, to facilitate hunting, to secure native _plant
foods, "and to clear small areas of woody vegétation for the growing of
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tobaeco. But these same documents mdlcate that the fires were seldom

extensive.”” (Sampson, 1944:18.) C
|
Tropical Forests

Since some of the present forests and grasslands have long been
subjected to fires those who wish to keep them in the same condmon often
use fire as the most evident méans of accomphshmfr this result.

In some of the monsoon forests of! the tropics, fires have swept
through, and the type is often a fire climax. When such fire trees are as
desirable as the teak, fire may be a desirable tool in management.

““Fires are of great antiquity and therefore a determining factor
in the present distribution of 'species * *’l # Fangya cultivation, one of
the principal causes of fire, is.one of the earliest forms of C‘,Hltl\dtlon
* * ¥ jnnumerable species can éxist in these forests, and possess con-
siderable powers of resistance to fire.”’ (Walker, 1912 :437. )

““In certain forests, however, fire-protection unaided by other opera-
tions hinders the naturdl reproduetlon of the most valuable species, espe-
cially in the case of teak forests.”” (Fishér, 1912:221.)

“‘The teak is a deciduous and very: fire-resistant tree, occurring
seattered in mixed deciduous’ forests within a somewhat wide rainfall
range. When fire-protection is introduced in the dryer regions of its

“habitat no radical change of type occurs; but if the moister type of teak
forest—such as those prevallmg over a larwe area in Burma-—are pro-
tected from fire, there appears a heavy undewrowth which prevents the
germination of teak seed and would prevent the survival of any seedlings
if germination did take place; in time the teak and many of its declduous
associates dlsappear altonether and the forest becomes evergreen or semi-
gvergreen in type. l

‘A consideration of these eascs leads to the inference that if five-
protection is introduced into certain typés of deciduous forest toward
their moister climatic limits, the ethbnum hitherto more or less stable,
may be completely upset, and progression toa different and more hygro-
philous type may take place rapidly. 1t Would also indicate that were it
not for annnal fives the relative distribution of monsoon and rain-forests
would be altered to the benefit of the ]atter: ** (Troup, 1919 :308-309.)

Tempefate Rain Forests
Central Africa . i

Much of the temperate rain forest of Central Africa is redueed
to grassland. ‘‘Much of this temperate rain] forest has been destroyed by
the natives in order to prepare the land for agriculture. After a few
years the land is abandoned and reverts rapldly The reversion is often
not allowed to beecome complete, and the temporarily abandoned areas
are again put under cultivation. The result is the formation around these
forest areas of immense tracts 6f what may be cailed brushland, domi-
nated at times by bracken.”’ (Shantz and Marbut, 1923:33.)

“Temperate Rain Forest of Urundi is now limited to two small
areas * * * and to many small patches on steep or shellered slopes
naturally protected. from destruction by primitive man or by fire or
preserved as sacred groves * *I'* Thege: small forest patches are rem-
nants of the preat temperate rain forest or vellowwood (Podocarpus)
forest which dominates the high mountain! fmest land of Hast Africa.
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Formerly this forest must have been much more extensive. It has heen
invaded by the natives seeking new land for agriculture and pasture.
Much of the mountain grassland would probably revert to forest were it
not for the constant burning and grazing.”” (Shantz, 1929 : 338 and 340.)

New Zealand

In New Zealand voleaniec action results in fire in the forests.
cox % % much forest must have been set on fire, and bracken and mamuka
assdciations come into being then as now: * * * “From the economic
standpoint’’ bracken ‘‘is far and away the worst weed which the farmer
has to combat.”” The Maori cleared the forests with fire to produce Pteri-
dinm heath (bracken). (Cockayne, 1928: 188, 195 and 353.) Burning
and overstocking have brought about a more xerophyiic environment,
©oE 2 (Ineioht, Cockayne and Laing, 1911:351.)

““When the whole of the tall trees are killed by fire, and the heat is
sufficient to have burnt the surface humus and killed all the seeds therein,
there will be no growth of any species of beech, but various plants appear,
the most common being mamuka and bracken-fern, * * *’ (Cockayne,
1926:60.) '

Coniferous Forests
The Rocky Mountains ‘

In the northern Rocky Mountains the fire types are less desirable
than the climax types. Lodgepole pine, the first forest stage following
burns, is a relatively undesirable fype. In northern Idaho Larson (1925:
1196) reports ‘‘In every instance where a single fire destroyed a mature

- forest, as in the fires of 1870, 1889 and 1910, the natural restocking of
the forest has been prompi, uniform, and complete * * *. In the case
of double burns, however, as instanced by that of 1910 and 1919, restock-
ing is woefully deficient.”” Again Larson (1929: 70-71) points out that
the first forest stage in reproduction in northern Idaho is lodgepole pine
and western larch, second western white pine and Douglas fir and third,
western hemlock, western red cedar and grand fir which is the climax
forest. This illustrates how necessary it is to know nafure’s method of
reforestation for it is nearly impossible to change this process.

California

In California similar stages are established by human agencies. A
careful survey of the vegetation cover in California bas been made. *“The
survey not only provides information about the present vegetation cover,
but also discloses that in many localities its character has been profoundly
changed sinee the advent of the white man. The most striking and
signficant of such changes are those representing a progressive deteriora-
tion from higher and more valuable to Jower and less valuable types of
vegetation as a result of such land abuse as destructive logging, acei:
dental and wilful summer fires, the practice of annual burning in many
foothill and mountain localities, and excessive grazing, As a consequence
of such treatment, there have been extensive replacements of commer-
¢ial timber stands by woodland, chaparral, or sagebrush; of big-cone
spruce and Coulter pine by chaparral or woodland; of pinon by chapar-
ral; of grasslands by chaparral or sagebrush; of chaparral by sage-
brush.”’ (Weislander, 1985: 142.)




OF BRUSH. RANGES 17

Even in many of our forests, fire has plobably occurred rather reg-
ularly. ““In analyzing the data for fire sears * % % During the past
three centuries the years 1685, 1690, 1699’ 1702, 1107 1719, 1726 173
1743, 1747, 1750, 1757, 1766, 1186 1(96 1804 1809, 1815, 1822, 182.)
1837 1843 1851, 1856, 1865, 1870, 1879,51889 are mdl(,ated clearly as
years of extenswe fires.

““The forests have been most euseeptrble in the lower limits of the
timber belt, since at best it must struggle severely to maintain itself
along this trans1t1011 zome in competltlon Wlth the more drought resisting
plants It is therefore not surprising to find that at these lower lnmls
the forest itgelf has been pushed back * ’*1 * 7' (Show and Kotok, 1924 .
4 and 39.) ‘ ,_

Pacific Northwest [ |

The study of burns and cut-over arteas i the Douglas fir region
of the Pacific Northwest has brought: out the following facts: The
distance to which seed trees are eapable of restocking the ground is
limited to from 150 to 300 feet. The 1rregu]a1, dense stands of young
growth are due to seed stored in the forest floor or in cones. Seed stored
in the duff are the prinecipal source of seed responsible for restocking.
(Hoffman, 1917 :21-24.)

The plant association in the Dounglas ﬁr region, when destroyed by
fire, goes through four distinet stages of successwn before it reaches the
chmax type, unless interrupted by fire or! logg ging. These stages ave the

“moss-liverwort,” *‘weed-brush,”’ “mtolerant even aged Douglas fir”’
and ‘‘the tolerant all-aged hemlock-balsam fir’’: ‘‘the last named, so
far as is known will persist.”” (Tsaac, 1940 : 721.) *“When brush species

are held in check by suceessﬁze fires and are replaced by herbaceous,

species, most of them run their course and disappear from the succes-
sion—but not so with bracken fern. It continues to build up and replace
other herbaceous species as they fall out, and if the brush species continue
to be held in check by oceasional fires, bracken will dominate the succes-
sion and take possession of the site. This aeeounts for the thousands of
acres of bracken-covered stump land to be seen today from the highways
of western Washington and Oregon * * * Bracken as it drics deposits
a layer of highly inflammable material on the ground every auntumn.
This accumulation becomes a bad fire hazard with the first dry days of
spring, which sometimes is months earlrer‘tllan the ordinary brush will
burn. Therefore not only does fire favor! bracken, but bracken favors
fire, creating a vicious cycle that tends to perpetnate the fern pateh
and ehmmate other weed species, brush, and coniferous seedlings that
would eventually form a new forest.”’ (Isaae 1940: 720, 721.) Bracken
thus becomes a true fire climax—similar ¢ causes have operated to form
the many other fire climaxes. i

Redwood Region :

“On the Siskiyou National Forest there are approximately 327,000
acres, exclusive of the Smith River Watef‘shed out of 1,302,393 acres,
that are covered with chaparral of many‘speeles *ow e “The cause
of their existence, however, is'not dlfﬁeult to aseertam and is seen on

2—66951
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every hand. The charred stumps, tree trunks and fallen logs tell plainly
that fire was the eanse and has done its work.

“Could a man have secn this southern Oregon country before the
original fires along the coast occurred, he would have seen a forest prac-
tically continuous and not broken by brush areas.”” {(Haefner, 1942:83.)

“‘The virgin redwood forest has been irreparably damaged by past
fires; current fires aggravate the damage and on cut-over land they
materially reduce ifs ability to produce new tree growth.”” (Fritz,
1932:2.) )

““ Actnally, foresters look upon fire as a nuisance that interferes
with their real work and which hurts also vour own business. It is not
enough to leave trees. They must be left in good condition and they must
be protected, otherwise the savings already noted will be lost to the
owner, 1f the trees are barked or burned at the base, they do not have
the capacity to grow as fast-as they would if unharmed; furthermore,
decay will get into the injured portions.’” (Fritz, 1939 :619.)

“* Although the redwood forests of California have supported active
lumbering operations ever since the ‘gold rush’ days, there still remains
roughly two-thirds of the original stand.

“For the most part, the forest was cut clean and nothing was left
but stumps, while the cut-over land, in large part, became a liability."’
(Tritz, 1940:859.)

“# % % Iarge areas of the finest redwood growing land in the State
are being eut up into very poor quality farms and ranches which instead
should be growing timber.”” ““Ranch clearings in many instances have
gone back to brush and are not usable by stock.”” “On the coast ranches
a large percentage of the area in pasture inspected during the past
summer 1s rapidly being taken over by bracken fern, iris, rhedodendron,
bush monkey flower, and other shrubs peculiar to the coastal fog belt.”’
“RBurning is not, and evidently has not been the answer here, as these
forms of vegetation come back more densely than before.”” (Smith, 1945 :
3and5.) .

“The Humboldt ranchers guite definitely have a land clearing prob-
lem. Brush and ferns quickly take over open land, the reversion being to
the original type, unless constant work is devoted to keeping down such
species. This is expensive on originally timbered sites when brush came
in after logging or burning. On the shore facing grassland, fern, both
bracken and other coastal species of ferns, Rrubus spp., Ceanothus spp.
and other coastal species of brush, are invading all areas and, as in
Mendocino coastal ranches, bid fair to take over in time and render much
area valueless for grazing. Fire does not kill out such species, but seems
to spread them.’” {Smith, 1946 :4)

Southeastern Forests

In North Carolina, ‘ Abandoned fields first grow up in brown sedge
and brambles, followed the second year by sassafras, sumae bushes and
vellow pine, and in a few years, except on badly eroded areas, there is a
good stand of pine. Forested areas support a fair or good growth of white,
red, black, post, scarlet and chestnut oaks, shortleaf or yellow pine, spruce,
pitch and white pines, hickory, black aum, yellow poplar, dogwood, and a
few persimmons, locust, sourwood, black walnut, white elm, sweetgum,
red cedar and hemlock trees.”’ (Liee, 1926:16.)

- e e —y - - = T L =T
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In discussing these results' Bennett! (1939 :252) says: ‘‘This repre-
sents the natural seeondary succession in old fields, which in many Joeali-
ties tend to remain more or less pcrmanently in the stage of a pine sub-
climax as a result of frequent fires.”” Most of the pine stands of the

Southeast are in a subclimax stage, in othel words, in the pine stage, and .

will remain in that stage if frequently burned

The Iongleaf pine forests of the boutheast have been sub;]eeted to
fire and are adjusted to withstand oceasional fires. Then again ‘¢ * * ¥
Annual spring fires retard he1ght growth and ultimately kill a lar oe per-
cent of the seedlings but that 4 few survive eveutudlly Unburned geed-
lings grow much more rapidly, hence reach ultimate fire resistant size
sooner.’” (Chapman, 1926 :20.)n o

Stoddard who has worked in this drea for years and is primarily
interested in quail production says, “Whlle a maximum crop of timber
and a maximum crop of quail ean seldom) if ever, be produced on the
same ground, some timber can be produced on lauds handled primarily
for quail, and some quail can be produced on lands handled primarily
for timber. * * * fire can frequently be {mh/ed to advantage In con-
trolling vegetation on portions of preserves that have a tendency to
grow up to heavy wire grass, bromo sedge, or dec1du0us jungle. Quail
cannot thrive in such areas.

‘‘Fire is rightly comparable to a two- ed@ed sword. While it may he
used to good advantage at times to obtain definite desired results, 1ts
abuse, or careless uncontrolled’ use, may be productive of great harm
(Stoddard 1931 :413-414.) -

“We would like it clearly understood that we are recommending
controlled use of fire mainly on quall and wild tur key ground, where an
abundance of these game birds i§ considered|of first importance by owners
of the land. We are also confining our discussion to the open pine land
type of forest * * * . Nothing, for instance, can be more destructive to
ground nesting game birds than summer fires which destroy nests and
young, together with growing food supplyjand cover, and all conserva-
tionists should eombme against them. We do, however, consider that
carefully controlled fire, used at the propér season under pr oper weather
conditions, for the deﬁmte purpose of regulatmo* cover and increasing
food supply of game bxrd‘;, 15 a necessary tool * ¥ * 77 (Stoddard,
1935:347.) " v

The importance of burns in, iner easing gex mination of longleaf pine
seeds, and the time and relative ocecurrence of fires is important. ‘At
Uranla Louisiana, longleaf pine seeds that fell in 1928 germinated at
the rate of 30,000 per acre on a freshly burnéd-over surface, as contrasted
with less than half this number - -on a surface that had eseaped fire for
two or three years. * * * another seed crop a year later did the same;
about 15,000 seeds per acre germinated on the burn as against half the
number on the rough surface. Fire that oceurs during the first year after
germination usually kills many individual longleaf pine seedlings. * * *
Flre during the first year aftel seeding should be avoided.”’ (Demmon
1935:332-333.)

“‘Data taken from the tally sheets of the line plot survey of 35
counties in southeast Georgia, finished last summer, show that 85 percent
of the 7,000,000 acres of land under forests of all types showed conclusive
ev1dence of fire history. In the ‘6,000,000 acres occupied by the several
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pine types as distinguished from the hardwood type, 91 percent of the
areca showed fire history.

“‘Explain it as you may, thc;e is every evidence on the ground dnd
in the history of this region to prove that this great pine forest wa
ushered into this world and has grown into its present development con-
stantly subjeeted to the influence of wholesale periodie burning. * * *
I know the fire problem can be solved—we need to get down to cases, to
work this thing out by types, by regions, and by situations and apply the
treatment called for by the diagnosis. * * * If controlled burning at
certain periods is indicated as a correct procedure, then we should use
it.”” (IEldridge, 1935 :342-344.)

““The development of fire as a tool in forest management has come
about gradually. First the realization by the forest owners and managers
that certain fires, or parts of fires, resulted in little or no damage to the
forests. This was followed by the recognition that fire of the less injurious
variety might be good forest management if confined to appropriate
areas. The proper use of fire is thus seen to consist of three steps: analysis,
planning, and execution.’” (Bickford and Curry, 1943 :3.)

“Fire is a deadly enemyy of young trees, and must be kept under the
strictest possible control. In the longleaf pine type, however, it may be
practical for a forest owner to divide his forest into several parts and
prescribed-burn a diffevent portion each year to remove excessive rough
and fire hazards, prepare a seed bed for pine, control brown-spot disease,
and furnish fresh, easily accessible forage for the livestock. * * * Long-
leaf pine reproduction needs to he protected from any burning uutil it
is in its seeond year of growth and from the time the buds are six inches
high until the seedlings are five to eight feet high. ¥ * * Burning is
not recommended outside the longleat pine forest type.’” (Campbell,
1945 :6-7.)

Woodland and Desert Shrub
Cedar and Mesquite Land

Fire is not used as a control of cedar or mesquite which are con-
trolled by the usge of arsenite, buﬂdoyinm or grubbing. Both of these
plants oceur on a grass cover which is damaned in propmtlon to the
amount of tree growth, (Parker and "\TcGumms 1941 ; Lancaster, 1941;
Parker, 1943 ; Sampson, 1946a:31-36.) ‘“‘Fircis a dangerous method fm
clearing cedar. It leaves the soil bare and subjeet to severe erosion, burns
valuable surface organic matter and destroys grass plants and seeds.”’
{Bell and Dyksterhius, 1943 :114.)

Sagebrush Land

The nse of fire to remove sagebrush and by removing competition
to increase the growth of grasses and herbs has been 1nvestw ited. ¢¢ There
was a good Stand of highly palatable and nutritious grasses and lupines
in the sumimer following the burning and ﬂ‘rubbmw ? “Seedlings and
left-over stocks of saﬂebrush were very few on both grubbed and bm ned
strips.’’ “‘Reseeding d1d not, natural]y increase the stand 1 ¢ Phe increase
in the yield of verretation the first year after burning varied from 40
to 222 percent over the yleld in the native Sﬂgebrush the year before.
The increase in the yield in the scecond year over the yield in the native
sagebrush two years before varied from 238 to 336 percent.”” (Hanson,
1929911, ) These measurements are subject to seasonal change and
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are therefore not comparable smce we know nothing of the eomparablc
production for the three seasons 1nvolved‘ As an examfﬂe the preeipi-
tation may be ten times the lowest in the}South\\ est (Lantov, 1940:1)
and in another case the produetlon of forage was 193 times the lowest.
(Talbot, Riswell and Hormay! 1939: :402.)

Sagebrush is entirely killed by fire and the roots do not sprout.
Fire removes the sage and leaves the wraqqeq and other plants without
competition.

“The sagebrush-burning éxperiments/in Clark and Fremont Coun.
ties of southeastern Idalo show that increased usability and greater
grazing capacity of the range Wwithout damage to adjacent pr oper ty are
dependable results of p]dnned burning.”! Burng were made in 1933,
1936 and 1939. i .

' ““The result was to inecrease grazing capacity an average of 69
percent on these experimental burns, Perennial grasses and weeds
inereased 60 percent in abundance, partially replacing the sagebrush.—
Range with but little understory of perennial grasses and weeds should
not be burned unless it is to be rveseeded the first fall following the
burn * * *__The haphazard burn that runs over steep slopes or range
land pooer protected by 1111d01 story vegetation exposes the soil to the
full play of wind and water erosion.’’ (Péchance, 1944 : 3, 4,7, and %.)

_ Grasslands ‘
Shortgrass

““The effect of fire ust be regarded as having been always opera-
tive in the Great Plains region. Fires are started hy lightning during
almost every thunderstorm, and the adverit of man, has, if anything,
tended to check rather than 'to increase.their ravages. The effect of
fires on short-grass vegetation in eastern Colorado results in modifying
this verre‘rahon very m‘lr}\edly‘ Grama grass seems to snffer but little,
but in plaees that have been : repeatedly‘ burned the buffalo erass is
completely killed out. Places of this kind are marked by a pure grama-
grass vegetation.” '

“The wire grass, howevel is badly bm ned. Where fires are very
frequent their tendencv 1s to convert this type of vegetation into a pure
short-grass cover.’ " {

“Under conditions of frequent fires and excessive grazing the short
grasses become established on land which-otherwise would be occupied
by bunch-grass.’’ (Shantz, 1911 :43, 53 and 57. )

”Burnmﬂ of range pastures in elthGI‘ spring or fall caused reduc-
tions in forage vield, and from three to five years was usually reqmred
for eomplete 1eeovew under eonditions of moderate erazing, * * * The
decline in yield of both spring and fall burned plots was greater on
vegetation of the Agropyront.type thanion the upland’ communities
donunated by Bouteloua and:Stipa. * * * The decrease in yield fol-
lowing burning was due mamiv to stunted;growth rather than to killing
of plants ” (lenk Tisdale and Sl«on’]und,gl.‘)B 49-52) :

Mountain Grassland |

In Utah ‘“Observations show that. are‘:as of spring-fall range, long
protected from grazing and fire, such as Ieemetemes and field corners,
support -a good cover of plants palatable to livestock * # * Observa-
- tions on promlscuously burned areas whlch have been protected from

— ]
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grazing indicate that burning tends to deplete the stand of perennial
grasses and to allow annual grasses, chiefly downy brome, to increase
sharply in density. * * * Observations on arcas which have been sub-
jected both to promisenous burning and to heavy grazing show that a
combination of these factors has aerlous]v reduced tho total density of
the plant cover, and has depleted the stand of perennial grasses nearly
80 percent. § aoebrmh cover likewise has been redueed 80 percent. Annual
grasses and poor perennial and annual weeds are predominant. These
changes in the plant cover due to fire and grazing have caused a redue-
tion of over 50 percent in the grazing capacity of the spring-fall range.”’

““Observations on areas subjected to heavy grazing only shew in
every case o serious depletion of perennial grasses, a decided increase
in density of sagebrush, in some cases a sharp inerease in the density
of poor perennial weeds and annual grasses and a decrease in the total
plant density. These vegetational changes have resulted in recuctions
of 40 to 75 percent in the grazing capacity of areas studied in four dis-
triets.”” (Pickford, 1932:171.)

Prairte Grassland

““These grassland areas were often burned over in late summer or
winter, and fires have donbtless been a factor in preventing forest growth
on adjacent land. * * * In the eastern portion of the area fires have
in all probability protected the grasslands from the encroachment of
the forests. Aided by high winds, these fires swept with great rapidity
across the grasslands of the prairies and plains, and early settlers and
travelers could find safety enly by starting back fires, since the broad
band of burning grass, often 100 to 200 Vardq across, made it impossible
to pass through the flames to the burnt areas of -;afoty behind.”” (Shantz
and Zon, 1924 :16.)

On the western part of the Prairie Region in the bunch-grass, “‘The
oreat mass of dry matter produced offers favorable conditions for the
spreading of fires, which are often started by lightning. Burning injures
the bunch-grass to such an extent that it does nof fully recover for .
several years. ®* # * Under eonditions of frequent fires and excessive
orazing the short grasses become established on land which otherwise
-~ would be oceupied by bunch-grass.’’ (Shantz 1911:57.) .

In Kansas, arcas were bumed early each vear and chartnw of the
vegetation made three times during the season. *‘The resulis show that
in the early part of the season there was considerably more growth of
grasses on burned areas than on those unburned, thereby qubqtantn‘rmg
thc popular opinion that hurning causes nrowt‘h to start earlier in the
spring. In the second eharting there was always more vegetation on the
burned areas but the difference was not so great as in ‘rhe first charting.
The third charting was done when the greater part of the season’s
arowth had been made. The differences found in the third charting were
slight, showing that as the season advanced the vegetation on the un-
burned sections tended to catch up with that on the burned area.® * *
Burning cansed a change in the composition of the grass type on the
experimental area. Big bluestem (Andropsgon furcatns) deereased on
the burned plot, while on the unburned plot it showed a decided in-
ercase.”’ (Hensel, 1923: 2 and 5.)

“‘Burning pastures is generally practiced through the prairie grass
region of Kansas. It is done primarily to stimulate early growth in the
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spring, to obtain more umform orazing over the pasture, and to control

weeds and brush. These nwestlgatlong condueted over two vears indicate
that burning ean be cffectively used in controlhng weeds and brush, but
the burning has to be done late in the season about May 1st or later in
the vicinity of Manhattan, to be very effectlve The main difficnlty en-
countered in the use of thlq system on e*cm emely weedy or brushy pas-
. ture lands is that these areas do not usually produce sufficient dry mate-
rial to make encugh fire to kill the w ceds;and brush. The effective use of
burning often necessitates the 1)101ect10n of such areas for at least one
season.”’ (Aldous, 1929: 661" ) The br u<;h;m thig case is Symphoricarpos
vulgaris. More extended experiments w ere conducted between 1918 and
1933. “‘Burning decreased the ¥ eld of the mature vesetation. The yield
was least on the plots burned in the late fall. The plot burned in the
early spring was next, followed by the plot burned in medium spring,
The plots burned in 1he late spring yielded more mature vegetation than
plots under any of the other burnmrr treatments ' (Aldous 1934: 63.)

South Africa ' i J

The high veld in South Afriea is domma’red by Themeda triendra,
called Rooigras, a grass similar to the htt e bunch-grass of central Kan-
sas and Oklahoma. ““Tf the tall, close Anthistivia-grass (Themeda) veld
he burnt or very heavily gr a7ed or if it 1shou]d sm‘fer from very severe
drought, the tall grasses are destroved and will not reappear in the fol-
lowing season. Instead, the next erop of vegetation will be a short, open
grass Veid consisting of such grasses as I’ranzs Aristida, Eragrostis, and
S’porobolus This shmt open’ type of grass veld is more primitive ﬂmn
the tall, close grass veld. Tt also grows on drier and poorer soils.® * *
}Teld) bmnmv is not now practlcea nefu Bloemfontein.”” (Potts 1993
97

‘“Kolbe, in his Beschryving van de Kaap de Goede Ioop, 1727,
informs us that the Cape farniers ]Larned the practice from the Hotten-
tots, who burned the grass when it beeame old and the cattle could not,
pasture there.® * * From the early davs of the settlement the govern-
ment set its face against this practice.® ®* * In 1687 a law was passed
imposing the severest penalties * * * This law had not become a dead
letter with the taking over of the Cape by the British in 1806 ” (Botha,
1924 . 351.)

However, the high veld, like our pr ames is partly a ﬁre type and
uniess subjected to oceasmnal burning the dommants would change. A
series of experiments was made to (.etm mine the effect of fire on the
high veld. *“The site was chosen so as to inelude as much Themeds trign-
dra, Forsk (Rooigras) as possible, this speeies being generally consid-
ered to be the most important grass from the grazing point of view.”’
The results were summarized as follows: ‘‘That the dominant grass,
Rooigras can well withstand yearly burning between June and Septem—
ber, if it is not grazed. That thls type of ‘ROO]OIELS veld, even when cov-
er ed by three seasons unbumed dead httér is not 1mpa1red by burning,
if the burning is done under suitable eond1tlons # % * That burnmw 1n
the beginning of January of a plot coveréd by three seasons’ aceumula—
tion of dead litter very effectively killed 011t all the Rooigras as well as
some associated species.”’ (Staples 1996 10 and 17.)
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. “In drier areas over all the eastern high veld platean, where the
climax stage consists of- Themeda and Andropogon spp., burning tends
to destroy this also, and the pioneer stages * * * take possession. These
being xerophytic are unpalatable to stock and of less value.”’ (Bews,
1926: 346.) ““The quantity of grazing and the density of cover in the
grass lands and in the tree-and-grass savannas, have much deteriorated
through the same agency (fire).”” (Phillips, 1931: 2.) ‘‘Continuous
grazing with cattle and sheep appears to be detrimental to the perma-
nency of Rooigras veld.”” “Burning * * * below 30 inches of rainfall
¥ ¥ % detrimental.”’ (Bosman, 1932: 295.) '

““Where grass land is the climax type, however, excessive burning
can do nothing but harm and will result in a deteriorated and weedy
pasture hastening the onset of erosion. Each type of veld, depending on
climate, altitude, soil and type of vegetation, must therefore be dealt
with on its merits and the degree of burning necessary to remove the
surplus dry vegetable matter determined. This surplus vegetation must
be removed in order to allow the new grass room to develop; mowing is
- generally impracticable and fire is the only alternative, All the existing

evidence, however, points to the fact that this burning should be carried
out with great eaution, that it shonld only be done when absolutely nee-
essary, and that it shonld not take place when weather conditions are
such that the blackened surface of the ground will be left for months
uneovered at the mercy of the desiceating powers of the sun and wind.”’
{Trevor et al, 1935: 15.) )

“The gucenlent green leaves which come up from the ground after
a burn cause the veld to be highly susceptible to damage by grazing.
Over grazing is rendered more probable, owing to the grass being very
muech more palatable on the burnt area than on the unburned which is
always mixed with a certain amount of hard nnpalatable remains from
the previons season’s growth.”” (Rowland, 1937: 20.)

“‘Complete protection for five years, and also burning for more
than three years in suecession in August, leads to the decrease in The-
meda trigndra in this series of plots.”” (Glover and Rensburg, 1938:
278.)

New Zealand

Originally clothed with a fairly dense covering of tussock-grass-
land. The dominant members of this association would be Fescue tussock
(Festuca novae-zealandiae) with the move palatable tall blue tussock
_(Poa intermedia), blue grass (Agropyrum seabrum) in its many forms
and plume grass (Dichelachne erinala) would oecur in considerable
quantity. ) ,
© t“Af the present time the scene is changed beyond recognition. Gone
altogether is the brown mass of tussocks, and with it have disappeared
nearly all of the members of the ancient grassland. Viewed from a dis-
tance the mountains resemble giant sand-dunes. A close acquaintance,
however, shows that on sunny slopes this is due to the surface of bare
hard soil in places destitute of all visible plant life, but nsually baving
growing upon it in their thousands at from a few feet to several yards
apart the large, flat, hard, silver, circular cushions or mats of the scab-
weed (Ravulia lutescens).” (Cockayne, 1922: 322 and 325.)



| ' -
OF BRUSII RANGES ) 25

““On the winter country, i1 the spmng, as soon as the ground 1s suffi-
ciently dry, as much as possible is burnt over, the object belnn to destroy
all the dead and harsh leaves of the tussock, and promote a rapld develop-
ment of young and tender fohawe which Wll]. be readily eaten by sheep
¥ % * Targe portions of this country may again be burned later in the
~ year, and much firing is done in mid-summer and autumn, more or less
unintentionally. |

““When constant burning takes place, the tussocks are either killed
outright, and the whole veﬂetatlon quickly disappears, leaving large
areas of absolutely bare ground, or else theE tussock will gradually dimin-
ish in vitality and afford an madequate shelter for other components of
vegetation,

““ After burning the tussocks 1ap1d1y shoot up again, but their
vitality is much impaired, * * * The strain that has been put upon them
in having to develop rapidly a few growth of leaves uses up all the reserve
food they may have aceumulated. Comequently, they stop crowing much

earlier in the year than if they'had not betn burned over, and althoun“h
apparently yielding for a few weeks a more abundant supplv of herbaoe,
they do not produce the amount that is nmmallv formed by an unburnt
tussock., ‘With regard to the b ue-grass, the most. important feeding-
.constituent of the pasture, the'young herbaﬂe that is formed after burn-
ing, is greedily devoured by sheep, and in many cases the planis are eaten
right out and killed. Such a condition would not occur on an unburnt
pasture, and although the yield for any particular season would be less,
there would be a succession of feed spread over a number of years;

““The spring burns lessen- the g‘eneral vitality of the pasture as a
whole, and render it less able to withstand unfavorable climatie eondi-
tions. The summer burns actnally kill out ithe tussock and hasten on the
work of depletion. The antumn’ burns render the process of regeneration
an 1n1pos31b111tv by dcstrovmo both the seed and the most favorable
medium in which it can develop. *

““Under certain conditions burning is an essential feature in the
management of natural pasturage; but whenever it is done the object
should be to attempt to destroy some special undesirable element of the
vegetation that by its spread or superabunddnce exerts an Injurious
effect on the ground for feeding purposes. |

N ature in faet, is for ced to build up a plant covering by a long
series of stcwes which may take many, mahv years hefore a snm]al type
of vegetation to that existing 'when the land was first occupied ean be
produced * % * The first step in this dlr'eetlon is the development of a
desert flora, for the conditions at present prevailing on the depleted
Jands are eventually of a desert character.’’ (Cockayne, 1910:7-14.)

““The tussock steppe of the Arrowsmith district is no longer a virgin
formation. Burning and OVeI‘StOCkIH“" have brought about a more xero-
phytic environment, and, although probably all the original species are
present, their relative proportlon is much ‘changed, the omnlnally domi-
nant tussock havmg decreased together Wlth the mcsophy tie grasses and
herbs which grew in its shelter, "while various xer omorphs hd,Ve increased
and ecertain introduced p]ants have O’alned a footing.”’ (Speight,
Cochayne and Laing, 1911 :351.) '

“Tt is, however fully recognized that over certain areas where
through speeial elrcumstanees the dominant tussock growth-form has
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been eliminated profound alteration has oecurred. This has resulted in
the production of a totally different formatlon approaching the desert
type.

“During the past- decade the utlhty of burning at all has been
largely questioned, and at present the montane tussock-land runholders
are divided info two distinet sechools, one asserting the necessity and the
other the fallacy of burning. The argnments adduced by both sides have
not been subjected to scientific experimental jnvestigation, so that the
truth or otherwise of the premises laid down by beth burners and anti-
burners has never been accurately determined.

““The evidence on which the anti-burners base their claims is on the
wide extent of country, more particularly in Central Otago, where the
gradual disappearance of the tussock has been followed by the elimina-
tion of the whole of the association and the production of a virtual desert
type of vegetation quite useless for grazing purposes. The pro-burners,
on the other hand, assert that many stations which do not burn, although
they keep the tussoek grassland in an apparently unimpaired condition,
cannot keep their stock in as good a eondition as when burning is carried
out.”” (Coekayns, 1916:158, 163- -164.)

““Even in the earliest davs of sheep-farming it was found that the
feseue-tussock and silver-tussock were but httle relished by sheep, but
that, on being burned, green leaves upon which sheep could feed were put
forth m ablmdance Bm ning then has taken place vearly since the fifties
or sixties of the last century * * * with the consequence that acres and
acres of tussock-grassland have been turned into stony debris; that
indigenous weeds * * * have replaced wide areas of more or less

palatable grassland; that the subalpine shingle-slips have increased in
" size; that forests and shrubland—hoth valuable for shelter purposes—
have disappeared; and finally that the depredations of rabbits have
become intensified.”” {Cockayne, 1919:6.)

““Other classes of farming in New Zealand have been gradually

made more produetive by the adoption of new methods, but that of the
tussock grasslands remains as in the begining, and, as a rule fewer sheep
are carried than at first. while in some localities ‘rhere is wreat depletion.’’
{Cockayne, 1926b :349.)

Southeastern Forest Grassiand

" The conditions are complicated on these lands since there is a con-
fliet of land use. They are used simultanecusly for the production of
forest produects and also are grazed by cattle and are sometimes managed
for the production of quail and wild turkey.

“Frequently burnine is one of the most serious and deceptive prob-
lems of east and central Texas.”’ (Foster, 1916.)

““While a maximum erop of timber and a maximum crop of guail
can seldon, if ever, be produced on the same ground * * * fire can fre-
quently be utilized to advantage in controlling vegetation on portions of
preserves-that have a tendency to grow up to heavy wire grass, bromo
sedge or decidnous jungle. Quail eannot thrive on such areas.’’” (Stod-
dard, 1931 :413.)

““The reasons advanced by cattlemen for burning the range are (a)
to stimulate early growth of grass, (b) to remove dead grass and (c)
" to control the growth of brugh and weeds.”” (Camp, 1932 ;17.)
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On the coastal plains of Georgia ,‘The burning 1s usually done

against the wind in winter at a time When the fire will burn slowly and
do the least damage to trees, The most common brush species invading
the range are gall- beny and’ palmetto. The first is never eaten by cattle

_and the latter is utilized only very lightly. * * # About 40 percent of the
farmers using forest range are practicing contlolled burning, stating
as their reasons: (a) to insure dgainst devas’satmﬂ' fives, (b) to improve
the forage for grazing, and (e) fo cheek brush invasion. Those who are
practicing fire protection are fairly suéeessful in keeping fires out of
their. forest areas * * *77 (BISWQH Southwel] Stevenson, and Shep-
herd, 1942: 16-18 and 24 )

“\Vhere ranges are burned during Wmtel .cattle should be kept off
of the burned portions from the time thé burmng is done until the new
growth has made enough growth to m'untém the eattie. * * * When burned
areas are available rate of stocking should be based largely on the graz-
ing capacity of these, sinee cattle mould spend most of their grazing
time on ‘burns’.”’ (Blswell Shepherd Southwell and Rog ggess, 1943 42, )

“Prehmmaly measurements indicate that in a vigorous seed stand
there is no place for preseribed burning. Recent studies at the Blackland
Branch Station near Plymotth, North Carolina, show that fires delay
the grazing season about two weeks, reduce the carrying capacity the
following year, and cause the reeds to be Imore easily killed by grazing.”’
(Biswell, Foster and Southwell, 1944 : 196 )

“““In many northwest pfmshes in the eastern Florida parishes, and
thronghout most of the delta, farmers protect their own wood lots from
fire and do not like to see the open range burned. * * * On the other
hand, in the central TFlorida ‘parishes and over much of sounthwestern
Lou181ana it is customary to'burn over the range during the fall, winter,
or early spring.’”’ (Campbeill and Rllodes,;1944 :30.)

““In the switeh cane or reed type, intentional burning to freshen
the forage is not advisable—Tfor several reasons. IMirst, burning delays
the grazing season from one to four weeks becanse new growth is easily
damaged even by light grazing. Second, the foliage produced after a fire
has low frost resistance the following fall and the leaves drop earlier
thah on unburned plants. Third, the 1m0unt of forage available during
the first growmw season after a ﬁle is less than on unburned areas and
a larger acreage is needed for each animal! Fourth, it is not only difficult,
but usually 1111poss1blc to control fires in the smtch cane type because of
the speed and severity with which they burn.’’ (Campbell, 1945:7-9.)

In experimental plots estimated Weiglllts of green herbage on grazed
plots gave the following results as total pounds per acre air dry for the
season February to Deeember Inelusive. They were burned in J anuary.

} Ratio
, : Unburned lo
It Burned Unburned Burned
Onpine___ . ___ . ______ 4,513 . 5,947 ) 1.32
Onoak . ______________ o _______ 6,363 7,315 1.15
On grass . ______ e 10,567 15,525 1.47

An inerease of from 15 to 47 percent in green herbage on unburned over
burned. (Campbell, 1946:199.) On the other hand Lemon (1946 115)
found that burning improved forage and ‘results in better cattle gains.
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Sclerophyll Brushland
{Mediterranean Type)

One of the most widely scattered plant commiunities but one cover-
ing a relatively small area of the world’s surface is the tempevate brush,
or sclerophyll brushland, generally referred to as the Mediterranean
type. This type is known under many different names. In California it is
generally referred to as *‘chaparral’” or ‘‘brushlands’; in the Mediter-
ranean region by the Corsican name ‘“‘macchia’’ meaming wild and
uncunltivated land, and by the Provencal term ‘‘Garigue’ which also
means uncultivated land, The ‘‘Garigue,’’ the dryer type, is mostly on
calcareous soil and the ‘‘macchia’ on siliceous soil, and this distinetion
is often applied when these tevms are used. In south Australia 1t is called
by a number of names, such as ‘‘mallee-serub,” ‘‘mulga-scrub,” or
“‘Brigalow-scrub.’” In South Africa it is often ecalled *‘Fijnbos™ and
sometimes ‘‘macchia’’ or “‘Garigue,”” and also ‘‘heath.”” In Spain it
is called “Tomillares’” and in the Balkans “‘Phrygana.”” ‘‘Heath' 13
used for ericoid vegetation such as that of South Africa, southwest

France, and would by Furopean botanists probably be apphed to areas
of Adenostoma in California because of 1ts heath-like foliage.

Throughout the world this selerophyll brushland is rvegarded by
plant geographers as a fire-induced type. Because of the adeguate rain-
fall during winter when growth is active and because of a long dry hot
period during late spring, summer, and early autumn, fires either man-
induced or natural burn off the vegetation every few years. The brush-
land is reduced to burnt stubs on a bare burned soil. Many species which
dominate this type are not killed by the fire, and sprout soon after they
are burned. Many plants which ave killed by five ave reproduced rapidly
by the seeds which germinate in the ash following burning and are there-
fore not eliminated from the vegetation by fire. Tt is therefore not a true
climax but a mixture of carly or late stages in a succession which never
passes to its final stage because of fire.

That this type was ever free of fire seems unlikely. Every plant in
these regions survives because it is capable of passing through fire with-
out bemw killed. Many of the plants are geophytes with stmage bulbs,
corm ov Tootstalks nnder ground. Many sprout quickly after fire, and
many produce great quantities of seeds which often germinate only
following burns. Fne must have been operating for thousands yes prob-
ahly hIIIldICdS of thousands of years, to have fixed the phvswlomcal
habits of these plants and plant communities to such a degree that with-
out fire they could not survive. The same physiological and ecclogical
requirements are found in this type whether it be in South Europe,
North Afriez, Asia Minor, Southern Australia, South Africa, Central
Chile, or in California. In all of these areas rainfall produces a brush
or small tree cover very inflammable during the hot dry summer season.
Since this type of plant cover burns often, it is a type made up of many
different communities dominated by one or several speecies. The sprouts
or seedlings usually are of equul age and began growth shortly after
the last ﬁxe

Throughout the area this type passes into a grassland or savanna on
the lower warmer side and into a forest farther up on the mountains or
into a desert on the dryer side where rainfall is not properly distributed
to produce a grassland. In California, grasslands lie below and coniferous
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- forests above. Fire is a part of the environment of this type, and it 1s
maintained by fire. Consequently it cannot be removed by fire alone.
However, fire carries this type far beyond its natural area. This is
especially true where it passes to higher elevations with higher rainfall
and shorter, cooler, less severecdmunht permdq into what Would be with-
out fire stands of timber trees. A gain where rainfall is inereased and
where forests such as redwood grow naturally, a brush type, somewhat
resembling the chaparral, becomes the only cover when the vegetation is
burned frequent]y 5

TUnder cultivation the whole environment is changed since fire does
not run through farm lands. The rainfall is usually supplemented by
pump or gravity water during the hotter, dryer part of the year. In some
places, partleularly North Afrlca ohves which are 111chgenous to the
Mediterranean region are planted far apart without irvigation and grown
with clean cultlvatlon Many California olive orchards are almost of this
type. However, in all agricultural practices man has escaped fires which
in this type have always been a part of natm'e s plan. The ranchmen
have generally protected their grass]dnds from fire. But the brush has
encroached on the grassland in South Africa in the form of Rhenoster
Bush. Here in California it is the general belief that the brush is eneroach-
ing on the grassland. There are many explanations of this encroachment,
and mueh controversy and but little agreément as to the real cause. Tt is
probably safe to say that there are so many variable facts controlling
the plant succession in the var Tous localities that arguments are often not
pertinent. ‘

Because of the equable ¢ 1mate and itsjadaptability to the produetion
of subtropical fruits, vegetables, small grdins, and almost any crops with
some irrigation this Medlterranean tvpe the world over has become an
important agricultural region. With a favorable climate it has also become
a resort and recreation land ineluding such well known areas as the
Riviera and other Mediterranean lands, Madelra Islands, the Cape Region
of South Africa, Central West Chile, South Australia, and Southwes‘rel n
California. The lar'frest area of this fype of xenetatlou is in the Mediter-
ranean region in Europe, Africa and ASIa Other' areas are found in the
Cape Region of South Afrlea in south] and southwest Australia, in
central Chile, in Lower California and other parts of Mexico, and in

~ California. . _ 'w

‘‘Broadly speaking, it is the total annual rainfall which is of the
most signifieance to trees, while growing 'qeaqon rainfall is necessary to
rrrasslands Where the rain mainly f alls m the late autumn and winter,
but is sufficient in quantity, and there is a hot dry summer, the veffetatwn
is of the evergreen selerophyll type—trees or shrubs with rathcr small
leathery leaves which are able to function during the winter and are
vet able to stand the summer drought. Ow ing to the comparatively low
winter temperatures the herbaceous veﬂetatmn is, for the most part,
dormant during that season, andl appears only with the spr ing rise of

femperature. Seleronhyﬂ regions always abut on desert regions. ” {Tans-
ley and Chipp, 1926:99-100. ) |
!

In Mediterranhean Lands I

This great avea contains over 80 percent of the world area of the
scelerophyll brushland and mclndeq moqt of the land bordering the
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Mediterranean Sca in Africa, Burope, and Asia. The climate is moderate
with a warm dry summer and a moist cool winter,

In the Mediterranean region this type is known by the Corsican
name ‘‘macehia’’ which is often found on caleareous soil. A smaller type
and found mostly on the saliceous soil is known by the Provencal name
““Garigue.”” In the Balkans it is known as ““P’hrygana’ and in Spain as
“Tomillares.”” (Rubel, 1914 :236-237.)

This vegetation is a fire type and has been subjected by man to
repeated fireg during the historie period and probably burned by natural
fires for hundreds of thousands of years before, ‘‘The long dry summers
and the resinous character of Mediterranean magui shrubs made forest
fires frequent and disastrous, while the high winds of the hot season
fanned the flames.”” {Semple, 1931:290.) 1t is therefore probable that
macchia was the ecause of the disappearance of much of the forest from
the Mediterranean region and is likewise true that the destruction of
much of the forest by fire has resulted in the great extension of macchia
over most of the area.

Like the California chaparral the more it is burned the more depau-
perate the vegetation and the less desirable. Near the Bay of Naples and
the Islands of Capri and Ischia with limestone soils, the macchia shows
such useless shrubs as Ostus, and such hard leaved shrubs as Pistacia,
Quercus ilex, Arbuius unedo, Myrtus communis, and Erica arborea:
(Bergen, 1903 :351-355.) Blanc (1905:206) lists under the Garigue the
worthless Cistus monspeliensis. In Portugal and Spain and also in south-
ern France mahy species of Cistus and Erica are prominent parts of
brushland. (Chodat, 1909:29 and 31.) '

On the Adriatie, Arbutus, Juniperus, Myrtus, Phillyreq, Pistacic and
Quercus are prominent. (Furlani, 1916:273 and 366.) An attempt fo
improve the forage of the central Apennines shows that the vegetation
has been almost eompletely destroyed leaving a poor limestone roek with
little soil. Mueh of the land is nearly useless t01 forage. {Trotter, 1920.)

On Sardinia the macchia is chiefly the worthless Cistus salvifolius,
Cistus monspeliensis, and Cistus incanus, and a taller maechia of Erica
and Arbutus. (Beguinot, 1922:29.) In eountl ies where there is a recurrent
long dry season, fires are a constant factor of the environment. ““If the
burnings are repeated at intervals over a long series of ycars a ‘fire
climax’ (a subclimax in Clements’ terminology) may be established,
and this will be composed of species which can securely regenerate, vege-
tatively or by seed (lying in the soil or migrating from without), after
the fire * * *?7 (Tansley and Chipp, 1926 :147.)

Again and again in the Mediterranean one of the extreme fire types,
useless for forage, is indicated as a prominent or dominant plant. Garigue
at Montpellier on limestone is of Cistus monspeliensis, Quercus and
Bhamnus, while the macchia has such plants as Myrtus, Ericae, Phillyrea,
Pistacia and Quercus. (Harshberger, 1926:58 and 59.) (Negri, 1932.)

In Corsica the macchia is of Arbutus wnedo, Phillyrea angustifolia,
and Erice arboree, and the plants are five to ten years old with great
ability to sprout after fire. In Dalmatia therc are Arbutus unede and
Phillyrea media, while in the eastern Mediterranean Cistus and Myrtus
are more important. (Riihel, 1930:92.98.)

‘With repeated burning Cistus beecomes more prominent and behaves
in the Mediterranean much as Adenostoma does in California. It is prob-
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ably less palatable than Adenostoma, but neither are wuch good as for-
age. The inerease and importance of Cistus in the degenerated fire climax -
of the Mediterranean is indicated by Rubel (1930:98-102.)

““Under the assault of the goats, the ' maqm even has grown shorter
and thinner, exposmg even larger spaces 'to the scouring action of rain
in winter and wind in summer, till mountams have become quite bare, as
in parts of Greeee and Spain. > (Semple, ‘19‘31 :291.)

Cistus In Greece is called phrygana.:(Fiori, 1932:454.) This indi-

- cates the low stage of the brushland brouﬂht about by both fire and heavy
gragzing.

The abundance of Castus with Ca!lu‘ms, Pistacia, and Phillyrea in
Moroceo indicate a degenerate fire climax! (Emberger, 1930:71-78.)

A recent paper on grazing in Morocco wonld indicate that most of
the grazing is done down on the agricultur ai lands. (Killongh, 1945:325.)

*The Medlterranean type has been subJeeted to fire and graang, and
s a fire type. Dr. W. Lud: of the Riibel Geobotameal Institute in Ziirich,
Switzerland, in a personal letter to the writer under date, Zirich, June
20, 1946, in response to an inquiry, says, “hare is also a dxiference in
point of view between investigators and Jand users on the subject of
forest and brush burning. The research men place in the foreground soil
erosion which becomes more rapid when the vegetation is r emoved Others
regard the storing of humus most important. Others regard the change
in plant cover since only a part of the plant cover can survive burning
And finally it is recommended, as a precantion that the better pasture
vegetation is the result of the fertlhzatlon but the facts are not clear.
It seems to me that one should attack the problem experimentally. Only
in this way ean one determine quwntitafivel'y and qualitatively the signif-
1eance of brush or forest burning for a desired sort of use of the p]ant
cover.’

Dr. Edward Riibel who established the:Rubel Geobotanical Research
Institute in Ziirich, Switzerland, and who Rhas directed much of the work
to a better under standmfr of the Me(htem anean type of vegetation, writes
in response to an inquiry under date, 7urlch May 25, 1946. i the
chaparral burning both sides are rlﬂh‘r W’hen you burn it the soil is
enriched the coming year in potash and the new 010wth 18 very good for
sheep. But that is onl_v on the short ran. In the long run the vegetation
degenerates more and more and the end isja waste and a deseri;. In the
Mediterranean wide stretehes of sclerophyll serub and even old forests
have degenerated by burning to poor garigue and bare stone fields with
some mints and C’Qstus which cattle detest.:So you see sheep mmels are
right in the short run and the seientists in the ] long run.”’

i

In Chile a .

In central Chile there is a large area of land with this type of vege-
tation on the mountains and in the valleys. .As in California this area is
an important agricultural region. Here glassv valleys glve way to hills

of shrubby matorral similar to the chaparral of California or the macchia

of the Medlterranean but with very different species, and this brush cover
in turn, at higher elevatlons gives way to forests of beech and conifers.
There is a hot and dry summer and a damp cool winter with the three
dry months January, February and March, (I efferson, 1921.) Much of
this grass and brush area has been burned.

|
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““The trees and shrubs of this intermediate zone have a character-
}fstim crookedness of trunk, hardness of wood, and light sharp]y defined

oliage.’

““Tts aspect is conclusively Mediterranean. "The plants, and the herb-
age of the plains, grow and flonrish during the rainy season (from
Autumn to Spring).-During the summer the vegetation disappears, or
dries up, where protecting trees and shrubs do not exist.”’

““This herbaceous vegetation Is composed of plants of Kurepean
origin, and more particularly Mediterranean. The gramineae are pre-
dominant. * * * Some of these, and those which have prospered and
extended most, were accidenﬂy exported from the old world, and have
long ago become naturalized in Chﬂe, such as the “Alfileriilo’.”’ (Chile,
1915: 31 32)

“‘SQituated between a coastal range and a mountainous baci\gl ound,
the central valley of Chile is almost an exact veplica of the Saeramento
Valley of California, and Jike it, frankly Mediterranean in character.
The valley itself has a grassy ﬂoor with thorny bushes mostly evergreen
of mimosas, colletias, etc., recalling the chaparral and the magquis.’
(Hardy, 1990 :168.) ““In central Chile, between 1,000 and 2,000 meters
elevation, a hardleaved bush, diffienlt to penetrate, is dommated by Quil-
laja saponaria, associated with Kageneckio oblonga, Intsce caustica and
others.” (Riibel, 1930:115.) ¢‘Many shrubs distinet from the California
chaparral species, but similar in appearance, are such plants as Aristo-
telia maqui, Cestrum pargud, and geneva such as Colliguayae, Ovidia,
Lobelia, Tupa, Fuchsia, Fabiniane and Berberts. Here also is a rich and
varied anrlcultur ? (Reiche, 1907, and Martin, 1909 :244.) These areas
have been subjected to fires both ndtural and man induced.

Iin Mexico

© Mexieo has large areas of ehapmral on the west coast and smaller
amounts on the east In Nuevo Leon, Mexico, Muller (1939:701-702)
states ‘*On the west side of the mountain range the desert plateau serub
gives way to a western montane chaparral in the foothills bordering the
mountains, usually at an altitude of about 2,000 meters. * * * The genera
Rhus, Ceanothus, GQuercus, Cercocarpus, Samuela (Yucca), Arbutus,
and A? ctostaphylos are abundant constituents which attest to the rela-
tionship of this vegetation type to the California” chaparral type.’
Chaparral of tlie typical California type extends down Into muech 01
Lower California.

In Australia

This type of vegetation oceupies a rather large area in southwest
Australia and a swmaller arvea in south Ausiralia. There are three main
types of selerophyll brushland known in Australia as ‘‘Mallee-serub’™
mostly of Enecalyptus, ‘‘ Mulga-scrub’’ mostly of Acacia, and the *‘ Briga-
low-serub’’ of Acacia and Casuarina. In general character these areas
are true sclerophyll brushland and lead to desert conditions. (Diels,
1906 ; Riibel, 1930:116.)

Durmg the long dry summers the oily plants burn but are exceed-
ingly resistant to ﬁre and recover. rapidly by sprout growth, and a vig-
orous crop of seedlings. A few annuals follow the fire. (Adamson and
Osborn, 1924 : 100. ) _ .
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““The association of dwarf-eucalypts: lnown as the Mallee is a very

important one from the settlement pomt of view, in s0 far as the areas
80 oceupied are of no value to the pastowhst in thelr virgin state, and
some form of agriculture must be available which will repay the cost of
clearing. The most important extensions of the wheat areas in south Aus-
tralia, VlCt()l‘lc.,, and western’ Australia have been in the Mallee belt.
R Important and wide-spread ch*mractemstlc species are Fucalyptus
dumosa, E. gracilis, and E. oleosa.’ !

“The brigalow (Acacia harpaphylla) -association and related sa-
vannah woodlands have proved to be an 1(1@3.1 habitat for the introduced
prickly pear (Opuntia), and much of tle brigalow eountry has been
invaded by pest pear.”’ (Pl esco’rt 1931: 57 ) :

In South Africa

In South Africa in the. Cape Regmn the selerophyll brushland is
lnown as Fynbosch, but both the Corsican name Maechia and the Pro-
vencal word Gariwue are used. “Scler()ph‘vl ous vegetation is character-
istic of the qouthwcstern region of the Cape, where the rainfall is mostly
in winter and the summers are comparatively dry.”’ (Bews, 1916: 135.)

The macehia termed Fynbosch ineludes olive, sumac and many pro-
teaceous plants. The Rhenostervdd is ehqmctemzed by Rhenosterbosch
(Elytropappus rhmocmotzs),l covers large areas, but is the result of
overuse and fire. A drier stage of macchia and more heath-like is made
up of many speeles of Erica. (Bev\s 191 6] 137.)

£OF the various selerophyll communities of the lower slopes two
stand ont by reason of their greater eomple\ltx and less degree of xero-
phytism. These are the commumtmq of large bushes 2 among which the
Proteaceae play the dominating role, and the open woodlands of the
silver tree, Leucadendron am(mtoum Theqe commuuities are fo be re-
garded as the climax types. ®* * # ProteaBush. * * #* The most abun-
dant plants are Protea lepidocarpodendron, on the northern and western
sides, and P. incompte on the sheltered | eastern slopes.”” (Adamson,
1927 . 285-286.)

““The vegetation can be d1v1ded into three tvpes or formations: a
selerophyll tvpe on the slopes, the climax of which is a xerophytic bush
community characterized by an abundance of even dominance of the
larger Proteaceae. Several forms of this dare noted with varying domi-
nants: Protea lepidocarpodendron on exposed slopes, Protea incompta
on sheltered ones, Protea grandiflora on saLdstone talus, Lewcospermum
COROCATHUNRL O scmdv soils and bouldetq and Leucademh on argenteum
on deep soils, mostly at low levels .(Adamson 1927 307.)

““Phe ‘heathland’is a treeless region, larwely sitnated on the rounded
foothills and lower mountain sloPes It reecwes less rain than most of
the true maechia, and at the height of summer fairly dry conditions fre-
quently prevail. Tt i is more ex posed to mountain fires and to interfercnce
by man and cattle, The vegetation is seldom here more than three or fonr
feet high and many plantq are common to it and to the macchia. Species
of Erica are dominant.”’ (Muir, 1929: 52.) .

““Heath passes insensibly;into true maechia. This sclerophyllous
type of vegetation, known in South Africa as ‘Fynhos’ is clogely related
ecoloo'lcally to the macchla of the Medlterranean region, and to the chap-
arral of California, although the constituent species of course differ.’’

3—66951 .
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“True macchia, when undisturbed by fires, varies from 6 to 20
feet in height, but typical tall growth is becoming more and more diffi-
cult to find, and nearly everywhere only a low insignificant vegetation,
often three to five feet high, represents the luxuriant form * * *’
(Muir, 1929: 55.) This macchia is dominated largely by Profea species.

In California (Chaparral}

““The mild temperate districts with winter rain and prolonged sum-
" mer drought are the home of evergreen xerophilous woody plants, which,
owing to the stiffness of their thick, leathery leaves, may be termed scle-
rophylous woody plants.® * * Wherever ofieinal conditions have not
been altered by man the sclerophyllous trees and shrubs of districts with
a moist winter always form dense and continuous woodland, which in
most cases consists principally or exclusively of shrubs, but which occa-
sionally beeomes tree forest, although of low or middle height only.”
(Schimper, 1903 : 535.)

““Chaparral evolved from chabarra, the Basque word for a scrub
oak of the Pyrenecs. The Spaniard adapted it to a dwarf evergreen oak
and spelled it chaparre.” (Cronemiller, 1942: 199.) -

‘When the national forests were set up, estimates were made of the
relative amount of timberland and chaparral. On the San Jacinto For-
est Reserve the timbered area was estimated to be 141,000 acres and the
brush-covered area 530,000 acres. ‘It is almost certain that the entire
brush-covered area of the reserve has been repeatedly destroyed by fire
in the past * * * Fires in the chaparral destroy the brush growth only
temporarily; the 100ts are rarely ]sﬂled and the species are all peren-

" nials, a new growth secon springs up;’ (Lubel 1899 : 355 and 354.)

“The chaparral growth has been” repeatedly burned over ldrge
tracts; in fact, fraces of firc exist over the entire brush-covered area.’
The qan Bernmdmo Forest Reserve bad 310,000 acres of tlmber and
370,000 acres brush-covered. (Leiberg, 1899": 968)

“The chaparral covers the greater portion of the reserve below the
5,500 foot eontour.”” The San (“abrlel Forest Reserve had 100,000 acres
of timber and 547,000 acres of brush-covered land. (Leiberg, 1899‘] 368
and 370.)

“The common height of the chaparral at middle elevations on the
slopes varies from three to four feet. In the canyons, where there are
favorable moisture and soil conditions, it may run up to 12 to 14 feet,
or fall to two or three feet where it grows on dry declivities.”’ (Leiberg,
1900: 418)

On the lower slopes ¢f the San Jacinto Mountains ““* * * we find
the principal shrub to be chamisal which ecovers the hills with almost
impenetrable thickets often miles in extent, while growing with it but
in less abundance are several species of Manzanila, Ceanothus, Yucca
and, on shaded slopes, the mountain mahogany, the tree poppy, and other
species.’

““The chaparral of the higher altitudes oceurs only in isolated
patches. ®* * * By far the most common species in these patches is the
Shrubby Chinquapin * * * less common are Ceanothus cordulatus,
Ccr)cocarpus ledafolins and Arctostaphylos petula.”” (Hall, 1902 18 and
19
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On the northern Sierra Nevada “* % * chaparral proper is found

only where the forest has been destroyed by fire. ¥ #* * Tt is in the
Shasta fir type of forest where the most intensive and destructive burns
have oceurred that the typieal chaparral 'oceurs.”” (Leiberg, 1902: 86.)

In Northern California ‘‘Chaparral being rather an elastic term,
it may be stated that it is used generally in the north to deseribe dense
brush of any and all species growing on!land once under forest cover
and capable of sut)portmrv forest growth. Thin brush alone or under
scattered timber, as found in canyons or in low elevations where aridity
or scanty soil prevents better growth, is ﬁot considered as true chapar-
ral.?’

In Northern California *‘Fire, elther with or without the aid of
lumbering is directly responsiblé for all chaparra] the usual sequence
being a forest denuded by fire, and replaced by chaparral.”’ (Sterling,
1904 :210 and 212.) !

Tn the region of Pasadefia and the iSanta Ana \Vatex shed there
are three classes of plant cover. ““Tirst, pure chaparral ; second, chapar-
ral with clumps of trees scattered througﬁ ity and third, an open stand
of coniferons forest at high' altitudes.’” ‘“The density of chaparral
inereases when ascending from the Tower .’éone 2,000 to 3.000 feet to the
upper zone 3,000 to 5,000 feet on the east, sonth and west.”” < The density
of the covér on north exposures decreasesmpon passing from the lower
to the higher zone. * * # Soil conditions differ widely on north and
south slopeq The poorly eovered south slopes are subjected to much
greater erosion * * *’7 (Miller, 1906 :147 and 153.)

“Tt is necessary, for two ‘reasons, to make a distinetion between
the true chaparral and the mock * * E in California chaparral holds
complete posqessmn of its domain, neither gaining on nor giving way
to conifers or larger deciduous trees. In other stateq the several chfmm--
ral species have generally taken pogqeqsion of logged, burned, or other-
wise denuded forest areas. Their hold upon the- so:l 13 therefoze tem-
porary. They were preceded by a forest, and will in time give way to
a new one if external mterferenee ceases. ”KP]UDHH“}. 1911:9)

“Chaparral * * * in Southern Cahfornva at least, * * * is often
an artificial subclimax, due to fire. |

‘‘Subelimaxes due wholly or partly to the activities of man are
-numerous. Conspicuous causes are burning, clearing, and erazing.
These produce subclimaxes 'in' a particular ave a by disturbance and
destruction of the community, * * * Gras‘q land areas are produced the
world over as a result of burning and grazing combined, and they per-
sist just as long as burning recurs. \Voodland is frequently reduced
to serub by fire, and the serub often persists. wherever repeated fires
occur. Even when fires cease with the settlement of a region, erassland
and scrub subelimaxes persist for a long. tlme because of the more or
less complete removal of the forest.”’ (Clemen*s 1916:180 and 108.)

The chaparral climax as designated by Clements (1920:178- 193)
is characterized by a list of ‘““major dom,nants belonging to 10 genera,
namely, Quercus, Ceanothus, Cercocarpus, Rl,ns, Pmmw Amefmwhwr
Sympkomcmpm Rosa, Arcl‘astaphylus’, (mcl Shepher (Zza ’* He recog-
nizes ‘“The Petran chaparral, ;Cereoearpus Quercus association’” and
‘‘the coastal chaparral, Adenostoma-Ceanothus association.”” Tt would
be difficult to associate petran and the coastal chaparral on the basis
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of climatie and soil conditions. Also, to eorrelate this conception of
floristic dominance with the Mcchtermnean types the world over. The
possibility of correlating a vegetation type with land use practices would
indicate that greater emphasis should be placed on the physiological and
ecological relationships as often expressed in their physiognomy and
less emphasis on floristie similarity. ““The coastal association has been
more subject to fire and its responses to this agency are correspondingly
emphasized.”” (Clements, 1920:190.)

“The coastal sagebrush assoeiation is in intimate eontact with the
Adenostoma-Ceanothus Chaparral * * *7 “Throughout its area, the
sagebrush lies just below the Adenostoma consociation of the chaparral.
The ecological requirements of the latter are so nearly equivalent to

- those of Selvie and Eriogonum in particular that these often seem an

integral part of the chaparral.”” (Clements, 1920:161.)

““The chaparral may be defined as a scrub community, dominated
by many species belonging to genera unrelated taxenomically, but of a
sinele constant ecological type, the most important features of which are
the root system, extensive in proportion to the size of the plant, the dense
rigid branching, and pre-eminently the leaf, which is small, thick, heavily
cutinized, and evergreen. This definition might be applied with equal
aceuracy to the macchie of the Mediterranean regions; chaparral and
macchie appear to be ecologically equivalent.”” (Cooper, 1922.7.)

Cooper (1922) has studied the location of greatest differentiation
of the chaparral type. He has separated the area into the Sierra Nevada
region, North Coast Ranges, South Coast Ranges, and Southern Cali-
fornia. He has, also, worked out areas of greatest number of species of
chaparral. The greatest number of species avé found north and south of
Monterey Bay and also on the T.os Padres Forest north and east of Santa
Barbara. Cooper has also divided the vegetation into broad-sclerophyll
formation which is largely in the oak or forest side of the area, and the
chaparral formation.’” This in turn is divided into the climax chaparral
association in which the chamiso is the most important plant, and the
conifer forest chaparral association. In this association ponderosa pine,
lies just above the climax chaparral, with which it overlaps. Arciosta-
phylos viscida and Ceanothus integerrimus are 1mportant in the climax
chaparral.

“Our conelusion, then, estended to the larger vegetation units, is
that the fundamental distingnishing difference between the two broad-
sclerephyll elimaxes—their continuing cause, so to speak is in the water-
balance and its variations, whatever the indirect factors influencing it;
that its importance is equally divided between wet and dry seasons, the
greater excess of supply over loss in the forest during the growing-season
explaining the size and luxuriance of the plants living there, and the
hicher evaporation-rate in the chaparral during the dry season, with
equally severs soil-moisture conditions, accounting for the absence of
mesophytic species in that habitat.”’ (Cooper, 1922:71.)

“In conclusion, then, the climax chaparral has transgressed its
normal climatic limits along its mesophytic border through its invasion
of the forest, fire being the causative agent; on its xerophytie border it
has been pushed back a considerable distance by the grasses and xero-
phytie forest in the north, and by the coastal sagebrush in the south.”’
(Cooper, 1922:82.)
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e
That the original perennial bunchgrass may have been much more
aggressive as an invading competitor than the present short-lived annual
grass should iifluence our interpretation! of present studies of the line
of competition between grass]and and‘ ehaparral.

after occasional burning or cleaunw (where the basal portions of thc
shrubs are left to sprout) and those aftér thorough destruetion of the
original vegetation, either by the grubbing out of the underground parts
or by burning at very frequent intervais. ’

-““In the first case the succession is g short one, bringing a return
practically to the original state in a veryifew years. * * * Most of the
species sprout readily from the stump, and the new shoots grow with
astonishing rapidity, even in the driest part of the dry season. * # *
With the first raing, seeds which have blown in or lain dormant germmatc
in enormous number and great variety ¥ # * (leanothi of several species,
when present in large numbers, seem to be indicators of recent dis-
turbanece.’’

' On a quadrat near Palo-Alto after a burn ““Of the first arrivals,
13 percent were Adenostoma and 62 percent Ceanothus czmeatus,
although the original growth was nearly: pure Adenostoma.”” (Cooper,
1922 :86.)

“‘ Greasewood ( Adenostoma fasciculatum) is the most plentiful of
all chaparral species. Tt is found almost everywhere throughout the
range of the Elfin Forest, and'is estlmated to form about one-third of all
the cover.”’ (Fultz, 1923:41.)

““The lower foothill belt is a grassland formation, sometimes with a
scattered growth of Quercus dounglasii and Q. engelmannit. * # * Next
above the lower foothill belt is the chaparral belt, or hard chaparral, a
very remarkable formation, so called by the wr iter to distinguish it from
the soft chaparral. It has an avelace altitnde of 1,000 to 4,000 feet and
is characterized by the presence of extensive brushlands cons1stmg of
shrubs, some of which have been reduced 1 in size from tree specles. Most
of the species represent extreme arid- land types and possess various
markedly xerophytic structures, such as small or reduced leaves, entire
leaves, thickened epidermis, hard and very dense wood, Vertlcally placed
leaves small flowers, and seeds adapted to xelophvtie conditions. The
most widely spread and chardcteristic specms are Ceanothus cuneatys,
divaricatus and sorediatus, Arcl‘osz‘aphylos glaucae, glandulosa, viscida,
and canescens, and Cercocarpus betuloidest * * * True or hard chapar-
-ral is always a mixed formation. Channs_e characteristic of the same
sub-life zone, is commonly a pure formation of Adenostoma fasciciulatum.

“Chapalral is, for the most part, a firetype formation and shows
evidences of long- contmued ﬁle -ravage, In all likelihood the factor of

fire has contributed to the xer ophytic ehalactel of the chaparral, because-

fire has, without doubt, run th¥ough the chaparral belt for many thou-
‘sands of years, very likely 100,000 vears dt least. ®* * * The responses
are of two main kinds and I have named them as follows: 1. Empyroism
(Empyrophytes) Under which the mchmdual continues to live. Some
species, such as Arctostaphylos qiandulosa, develop the root-crown hori-
zontally in the form of woody platforms at and just below the surface of
the ground after fire, and froln these woody platforms crown-sprouts
arise for the replacement of the shrub- cu‘}wn As fires run year dftPI‘
- v ! I .
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year, or decade after decade, the woody platform continues to increase
in diameter horizontally, and often becomes three to five feet broad.
Other species, snch as Adenostoma fasciculatum, form bulbous or carrot-
like root-crowns which continue to enlarge under successive fires.
2. Pyrodaptism (Daptophytes). Under which the individual dies. Cer-
tain species, such as Arctostaphylos sensitiva, are shallow—rooting and
are killed outright by chaparral fires. * #* * They must depend for
regeneration of the species wholly upon seeds. Seeds are produced in
ereat abundance, germinate freely after fire and promptly establish
seedlings on a burn, Such seedlings have the power to come into the
reproductive stage in a short period—sometimes in five or six years.”’
(Jepson, 1925:6 and 7.)

Kippen recognizes two types of Mediterranean climate, a hot sum-
mer type, ‘‘olive climate,”” and a cool summer type, ‘‘heather climate,”’
“‘This distinction works fairly well in California.

“In the Sacramento Vallev hot summer Mediterranean is the pre-
vailing climaté, Cool summer Mediterranean climate characterizes the
Coast Range region of Central California. The lowlands of the area are

eenerally grass covered, often with scattered oaks covering the open
formation, a park landscape. Chapparal occupies considerable areas of
the hills * * *’ (Russell, 1926 :81 to 82.)

““Yiven prior to the settlement of California it is reasonably certain
that fires did mueh to bring abeut changes in the distribution and charae-
ter of the chaparral, as they have surely dene in recent years.”” ‘‘The
commonest type of chaparral is that in which Adensstoma fascieulatum
(chamise) is the dominant shrub, and often almost the only one. In rela-
tively dry situations this type is common on both north and south slopes,
often clothing ridge after ridge with remarkably uniform cover.”
{Shreve, 1927:37.) :

“‘The vast chaparral association of California and Lower California,
in its present life-form, is the product of Pleistocene and Reeent periods.
The characteristic structures appear to have developed in assoeiation with
a progressively drying climate—decreased precipitation and deercased
humidity. * * #* Concurrently with these phenomena wild fires (origi-
nated by lightning or by the native tribes daring the period of human
occupation} played an important role in the development of the chapar-
ral. Nearly all members of the chaparral show such influence.

““The three species Arctostaphylos patula, stanfordiana, and man-
zanita, are enly slightly dissimilar as evinced by the usual morphological
criteria. Their singular unlike behavior under fire is as follows: 1. Arcto-
staphylos patula. The individuals are not killed even by intense ehaparral
fires * * * The root crown has developed a tuber-like hypogeal body
which is nniformly resistant to destruetion by ordinary chaparral fires.
2. Arctostaphylos manzanite. The individuals are killed outright by
chaparral fires of even low intensity. 3. Arciostaphylos stanfordiana.
Behavior similar to A. manzaenita. Regeneration in the case of these two
latter species shows the following adaptations: (a) Abundant produe-
tion of seed, the seed itself protected by very dense and impervious
layers of carpellary tissues. (b) The seeds hibernate and rest for indefi-
pite periods, but germinate freely under the abrupt changes of condi-

tions produced by fire. {¢) Abbreviation of the period beween ger-

mination and reproduction.’” ‘* All of these features (a}, (b), and (e).
indicate characteristic fire-type eonditions.
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“Tiarge scale fires are ndw reducindi forest lands to brush lands of
semi-desert character.” (Jepson, 1930 :114-116.)

““Chamiso {Adenostoma fascwulatum ), often called chamise and
greasewood, is an evergreen, somewhat resmous mostly spreading shrub
two to ten feet high, or occasmnal]y hlgher having small fascicled leaves,
and small white flowers. * * * one of the most common and character-
istic chaparral species of California, % ® % Tt quickly invades and
occupies burns, and it is possible that its pr esent abundance is due in
large measure to this fact. Chamiso is especially characteristic on long
steep slopes where it forms a chamisal, 101' dense impenetrable thicket,
which travelers have frequently likened to the heaths of the Old World.
It is almost everywhere regarded as o pést # % %7 (Dayton, 1931:53.)

In experiments on the effect of high tempera’mre on seeds of
chaparral plants such as Adenostoma and “Ceanothus it was found that
they were not killed by hightemperatures. *“This may partially account
for the aggressive invasion of shrubby. plants on burns and the formation
of typical brush fields as a result of forest fires.”” {Wright, 1931:686.)

““In California the ‘climax ehaparrfal association’ (Cooper) is the
dominant community over the whole of the southern Coast Ranges and
_the mountains of southern California and northern Lower California.
Adenostoma fasciculatum is for the most part the dominant species, but
many evergreens are conspicuous and qmte a few consociations will be

recognized within the association. Many species of Arctostaphylos and of
Ceanothus are prominent.”’ (Riibel, 1936 :274.)

““Tires have always been of frequent occurrence in chaparral. ® * *#
In much of the chaparral of the Santa Monica Mountains, no speeimens
over 12 years of age could be found. * * * Adenostoma fasciculatum
was the outstandmg' species of the area, leomhtutlnw 38.6 percent of all
the vegetation tounching the transect hne # % % Tha gpecies of second
importance was Ceanothus macrocarpusiwhich made up 16.5 percent of
the vegetation * * * Adenosioma fascwulatum was found to be most
abundant on all exposures. On the southerly facing slopes it constituted
58.8 percent of the vegetation touching,the transects * * * The more
xeric conditions of the southerly slopesido not favor the broad-leaved
species but seem to have little effect on Adenostoma.

““The almost weekly rains maintained the moisture at somewhere
near its fleld carrying capaeity during January and February.’” While
soil water was available at all depths from January 1st to June 15th,
none was available July 16th to October; 14th. *‘During several months
of the dry season, July to the middle oﬂNovember the moisture in the
soil at the station being considered was below the wilting coefficient and
the plants were, therefore unable to get énongh water for normal activi-
- ties and were praetleallv inla state of dormaney ” (Bauer, 1936 :420,
424, 425, 431 and 433.)

On the Santa Cruz Mountains unit “,Associations of the more or less
hard-woody shrub species *'# * the 84,080 acres coming under this
classification’’ make up about 9 percent of the area. ‘‘Chamise being
characteristic of relatively warm exposures and poor soils, the type is
found most extensively on the interior side of the main dwlde There,
and in other sections as well] it occurs predominantly on southerly and
westerly exposures and fﬂono' ridees. Fr 6m such localities its spread to
adjacent areas is favored by recurrent fires " (Jensen, 1939 :13 and 15.)
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““ At no place within these ‘chaparral’ districts does the snmmer pre-
cipitation exceed 20 pereent of the yearly total, and in the areas of
greatest concentration the summer preeipitation is less than 10 percent
of the total. * * * In areas where the precipitation averages much over
30 inches per year, conifers usually rveplace the chaparral species.
* * % The great concentration of chaparral in the south Coast Ranges
bears a close relation to the average precipitation which js 17.38 inches.
The variation is from 6 inches to more Than 45 mch es of annual rainfail.”’
(Sampson, 1940:1 and 2.) :

““The hard brush aveas of California, althoueh composed of many
species, are dominated for the most part by three genera of plants, popu-
larly called chamise, manzanita and ceanothus. (hamise is the most
common and abundant, oceurring to some extent in most of the brush
areas. ¥ * * (Ceanothus and manzanita are also found in most of the
brush areas but are composed of many species * * * extremely woody,
vary from 2 to 15 feet in height, are called ‘hard brush.” There are ‘two
kinds, sprouting and nonsprouting.” Other important plants composing
the hard chaparral ave oaks, maples, mahogany, hazel, buckeye, poison
oak, toyon, sumae, verba santa, ribbonwood, c¢hoke cherry and several
others notably in the rose family.

“Soft chaparral is commonly found as an understory in conifercus -

forests. It is composed of such species as ninebark, ereambush, California
huekleberry, common snowherry, thimbleberry, and wild eurrant.

““The northernmost portion of the brush areas in the Coast Ranges
is composed predominantly of chaparral species, with no chamise present.
From Shasta County to Santa Barbara County, chamise and chaparral
are more or less intermixed, but the valley side of the coast range is
dominauntly chamise, whereas the coastal side consists of chaparral and
mixed chamise and chaparral.

“The southern portion of the Coast Range brush fields is dominantly
chamise with an extensive area of mixed chamise and chaparral in the
San (abriel and San Bernardino Mountains, and with true chaparral
oceurring through the hicher parts of the Cuyamaca Range immediately
below the coniferous forest and in small stands along the lower limits of
the chamiso belts.

““The extreme southern portion of the Sierra region is composed of
various chaparral species, exclusive of chamise. From Tulare County
northward to the point at which the Bear River crosses the Sierra foot-
Lills the brushlands are coniposed mostly of mixed chamise and ¢haparral
with occasional restricted stands of pure chaparral. .

* “*North of the Bear River to the point of junction with the northern
Coast, Ranges, there is no chaniise, the area being composed of chapar-
ral similar in general charaecter to that of the northern-most part of
the Coast Ranges.

“‘In the southern part of the range most species start growth with
the first heavy rains in the fall, usually November or Deeember, whereas
in the most horthern part, growth is-usually slight until the warmer
spring period begins, The period of maximum activity for all species
oceurs in the spring months, especially March and April, when soil
moisture is still abundant ’md soil and air temperatures are especlallv
fdvorable for glowth > (Sampson, 1940 :1 to 3.) :
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In Bell Canyon of the San Dimas Experimental Forest Horton
(1941) reports ‘“The term ‘chamise chaparral’ is used in this paper
to indicate vegetation that has chamise as a dominant shrub. This asso-
ciation is one of the most important in the chaparral formation of
Southern California. Along the south face of the San Gabriel Range
the two dominant species of the chamise- chaparral are the chamise and
Ceanothus crassifolins with a]small percentawe of other chaparral and
sage species. ®* * * The presence of chamise to an amount of over 20
percent of the total vegetation density distinguishes chamise-chaparral
from other chaparral associations. _

““On the more xeric sites with steeper than average slopes or with
shallow soil, the chamise-chaparral is replaced by an open growth of
vegetation which for the purposes of this paper has been called the
chamise-sage association. * * * The northerly-facing slopes and the
other more protected sites are covered with a so-called oak-chaparral
with Quercus dumosa and Ceanothus ohq(mthus as major dominants.

““Chamise- chaparml the most abundant of the associations in Bell
Canyon, oceuples 147 out of the 225 quadrats summarized * * * In
general as compared to the ofher chaparral groups the stand is more
open, with an average vegetd‘rlon density: of 48.20 percent. Adenostoma
fasciculatum and Ceanothus crassifolins are the dominant shrubs with

- average density or area percentages of 18 93 and 13.30 respectively.”
(Horton 1941 :459-461.)

On the eastern Santa Monica mountalns ““ Adenostoma fascteulatum,
the chief shrub of the chaparral was plentlful on both exposures, but
reached about twice the size on the northelly as on the southerly expo-
sure * # * Autumnal growth began in géneral about mid-October with
the first rain, 2.5 inches, and - eeasecl durmrv the interval from about the
middle of N ovember to the middle of December due to low soil tempera-
ture of arcund 60 degrecs F. Growth berran again in F‘ebluary with
some species and as late as April with others. Growth stopped in the
different species from about the middle of May to late in July; in most
instances from mid-May to early June.”’ 1(Watkms and deForest, 1941.:
80 and 83.)

The chaparral and coastal sage associations of California have their

" present centers of distribution in “the Diegan area, that is, in San Diego
County and in adjacent Baja California.l

““It seems probable thaf ‘both communities have had a similar his-
torical development and that both are derlvatlves of the Miocene vegeta-
tion which entered the southwestern United States from the northmn
Mexican Platean.”’ (Epling and Lewis, 1942 :462.)

In a sector of the western slope of the Sierra Nevada foothills, the
vegetation map shows ‘‘Forest types of the pine, pine-fir, and fir belts
comprise over half of the total natural vegetation cmel Grassland
types, located chiefly in the lower foothills, cover nearly one-third the
-area. Woodland and chaparral types, located in general above the belt
of grassland, make up about one-sixth of[ the total " The woodland lies
for the most part in scattered areas in the upper or near the contact
line between grassland and pine and pine-fir forests while the ¢haparral
oceurs in scattered patches as above but ‘extending through to the suh-
alpine forest where the largest areas are{found. The chamise- chaparral
is found mostly in the grassland zone south of Auburn. The grassiand

!
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with brush problem forms a belt just below:the conifer forest belt.
““The classified area of the two foothill zones comprises 1,422, 000 acres
of which approximately 30 percent is grassland without a brush problem,
30 percent grassland with a brush plohlem 20 percent conifer forest,
10 percent weodlaud and 10 percent chaparral.”” (Weeks, Welalander
Josephson and Hill, 194321 and 37. )

n Tehama Countv the east side according to Fausett (1943 :8-10)
Is more mixed, containing (a) the mixed-brush t), pe being chiefly wedge-
leaf ceanothus, oreeileaf “manzanita and blue oak, often on thin soils and
not potential forest land, (b) the manzanita-black oak type adjacent to
timberline on deeper soils which were originally timber land, ereenleaf
manzanita, black oak, sweet birch, peison oak, live cak and wedgeleaf
ceanothus, and (e¢) the live oak-manzanita type on better soils in foothill
areas generally along the canyon bottom and north slopes and in coves
and pockets, and chiefly the live oaks (Quercus wislizenti and chryso-
lepts). On the west side the important types are (a) the chamise type
and (b} the whiteleaf manzanita-blue oak type.

(A) The Chamise Type. ‘“Where this type adjoins timberland,

chamise is found in pure stands and with a mixtare of other species
such as greenleaf, and whiteleaf manzanita, wedgeleaf ceanothus and
scrub oak. This type is found all along the west side and covers a wide
belt from the woodland oak type in the lower foothills to the lower
timberline, * * * Chamise invariably occupies the poorer-grade
soils, often being the only species present. It seems to invade woodland-
orass types in a few places where the soil is Pnpan ed and the grass cover
is thinned.

(B) The Whiteleaf Manzanita-Blue Oak Type. ‘% * * Oceurs
in the lower foothills below the chamise belt. In Tehama County
the distribution of it is scattered and limited, but in Shasta County it
covers extensive arcas. It consists of whiteleaf manzanita (nonsprouting)
wedgeleaf ceanothus and Hve oak. The soils are usnally eroded to mineral
soils. Most of the woodland types adjoining these brush areas have
seattered brush species in them, and it is believed that burning or other
misuse of the woodland has converted it to brushland.’”’ (Fausett,
1943 :8-10.)

““Chamise is not, as generally accepted, confined to rocky, sterile
or poor, shaliow, gravelly soils, but is found intermingled with other
broad leaved shrubs on various soils where the general appearance of the
shrubs show fair to good growing conditions, * * * The pure chamise
type is usually composed of an open stand of low brush. Large openings
with bare soil predominate. Mixed brush stands of Scrub-Oak, Man-
zanita, Ceanothus spp., ete., usnally on north slopes, is denser and more
vigorous.”' (Smith, 1946 :2 and 6.)

An extensive study of the ecological characteristics of the chaparral
association was made by Sampson (1944),

“The thin-leaved, deciduous, ‘soft brush’ understory of the conif-
erous forests of the upper mountain slopes intermingles extensively
with the more drought-enduring ‘hard’ chaparral only in localities
where conditions of growth are rather favorable.

“The chaparral species may be conveniently considered in two
groups—sprouting forms and nonsprouting forms.”’ Of the eight caks
listed, all are sprouting species as are poison oak, California huckeye,
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chamise, toyon, western mountain mah‘owany and yerba santa. Of the
manzanita species listed five are sprouting and eleven nonsprouting and
of the Ceanothus six sproutmrr and eleven nonsprouting. ““Stands of
nonsprouting species are killed when heawlv burned or when chopped,
but fields composed of sprouting species send up new shoots from the
crowns or rootstocks when burned or{ cut back. The root crowns of
chamise, like those of some sprouting species of manzanita, are distine-
tively swollen, enlarge with age, and develop rapidly but irregularly
after a fire,”’ (Sampson 1944:9.) ;

© ““The foothills and valleys of Cahforma are charaeterized by rains
which come late in the fall, in wmterl and in early spring; by mild
winter temperatures, and by hot, dry summers. Em]wty percent or more
of the yearly prec1p1ta‘r1011 of the va]leys and foothills occurs during the
winter and spring seasons.! Thus theclimate is distinetly ‘Medlter-
ranean,’ ® * # |

““The rapid growth perlod oceurs in the sprmw months, espee1ally
March and Aprll At this time, the soﬂ moisture is abundant and air
temperatures are far above the mmlmum necessary for 0frowth Most
chaparral species also flower, during thesn months; but in some species,
such as the manzanitas, ﬂowelnm starts as soon as growth begins, and
* continues until about late May, when growth for the year has practically
ceased. In most species, the fruiting permd is completed by J une, a short
time before the soil moisture is exhaueted % # % This cover is found
only limitedly, if at all, in the interior valleys and the deserts, where
extremes of temperatures in excess of{100° F., oceur for several sue-
cessive days at frequent intervals every summer. ¥ * * The chaparral
may survive, even though the precipitation in some years drops as low
as 10 mches In such locations the stand agssumes an open, desertlike
aspect. |

“ At the other moisture: extreme, dense chaparral stands are rarely
found where the average annual pree1p1taf10n is in excess of 40 inches.

““Chaparral is tolerant of Wldelyldlfferent soil conditions being
found on a large number of soil series. ‘Some chaparral species occupy
serpentine soils, which support few other plant species. Most of the
dense stands of this hard brush, however, are found on relatively poor
soils where other plant forms fall to grow These soils are usually shal-
low and are frequently interspersed | with stones or concretions.”’
(Sampson, 1944:11-13.) ,

““On the basis of climatic variation,jand differences in floristic com-
position, the California chaparml asqoelatlon may conveniently be
separatéd into five ‘ecological regions. *!¥ * (I) North Coastal Region,
(IT) Central Coastal Region, (III) South Coastal Region, (IV) North
Sierran Region, and (V) South Sierran' Region.

North Coastal Region. This I‘e“lOI’l‘ e*{tends northward from San
Francisco Bay to Trinity and Shastal Counties. Approximately the
northern one-fourth of this region, and the brush areas in the mid-
western portion of Mendoeino and Sonoma Counties, support mostly
broad-leaved chaparral, with only limited stands of mixed chamise-
chaparral. The remainder of the region is composed of chamise and of
mixed chamise-chaparral, in approximately equal proportions. The val-
ley side of the Coast Ranges is dominated by chamise, whereas the coastal
side ‘of the range supports mosﬂy mlxed chamise- chaparral
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““Central Coastal Region. This region extends from the San Fran-
cisco Bay area, southward through the Coast Ranges to the Santa Ynez
and San Rafael Mountain Ranges, covering Santa Barbara County and
part of Ventura County. In most of this region chamise predominates,
but chamise and broad-leaved chaparral oceur along the coastal side
of the ranges in Monterey and San Luis Obispo Counties, and along
the coast facing the Santa Barbara Channel in Ventura and Santa Bar-
bara Countles Much of the broad- lC(}.V{,d chaparral is restricted to
serpentine soils.

““South Coastal Region. This region extends through the Counties
of Ventura Los Anweles and San Bemardmo south to Lower Cali-
fornia, # * ¥ The native VC"ththll is pr edommantly chamise. A rather

: extensive area of mtennmg]ed chamise and broad-leaved chaparral cover,
however, occurs in the San Gabriel and San Bernardine Mountains, and
an area of predominantly broad-leaved chaparral extents south through
the Cuyamaca Range, from Riverside County into San Diego County.

“North Sierran Region. This region extends from Butte and
Tehama Counties, southward along the Sierra Nevada foothills to Mari-
posa County. The chaparral occurs intermittently within open forests
and is composed of isolated stands, compared with the extensive areas of
the Coast Ranges. North of Bear River the brush fields are essentially
composed of broad-leaved chaparral, whereas south of the river, a com-
bination of ehamise and broad-leaved chaparral predominates.

““South Sierran Region. This region forms a rather narrow strip
along the foothills, through Tulare County, and into central Kern
County. The northern portion of the region, in Tulare County, has a
cover of chamise and chamise-chaparral in about equal proportion,

- whereas the southern portion, in Kern County, has no chamise and is

made up entirely of a broad-leaved chaparral cover.

“The data presented indicate that temperature and precipitation
are the most important factors in determining the general distribution
of the chaparral cover. Extended periods of cold and snow in the winter,
or several consecutive days of temperatures higher than 100° H. recur-
ring throughout the summer, appear important in limiting the distribu-
tion of the hard-brush association. Annual precipitation below approxi-
mately 10 inches is evidently insufficient to maintain chaparral, and
annual precipitation over 35 to 40 inches i apparently more favorable
to forest growth which usnally replaces the chaparral in such climatie
areas.”’ (Sampson, 1944:13-18.)
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DOMINANT CHAPARRAL SEECIES IN EACH OF THE FIVE REGIONS
(Sam})son, 1944:14 to 17)

i 1

1 ! 11T v v
North Central South North South
coustal poastal coastal Sierran Sierran
region regiof; region region region
3 !
;
Sprouting 3 {
California serub oak._..____ X X X X
Chamise__________________ X X X X X
Eastwood manzanita_______ X X, X
Interior liveoak. ... ... ._ X X X X
Teather oak______._______. X {
Western mt.-mahogany.____ - X . X X X
Canyon live oak_ __________ | X _X
Chaparral whitethorn_ _____ X! X
Greenbark ceanothus. ______ . X
Mission-manzanita...._____ . i X
Ribbonwood _ _____________ o X
Brewer onk_______________ X X
Indian manzanita_ ...._____ h X
Toyon .. X
Woodyleaf ceanothus_ ______ N

Non-sprouting

Common manzanita________ X

Hoary manzanita_ . ________ X .
Stanford manzanita. _______ X i
Wedgeleaf ceanothus. . _____ X :
Whiteleaf manzanita X

Bigherry manzanits____ . ___ !
Jim Bush_ ___._.___.._____
Parry ceanothus._ .. _____.._
‘Wartleaf ceanothus__.______
Bigpod ceanothus- ... __._
Cupleaf ceanothus. . __.____ [ !
Hairy ceanothus__.________
Parry manzanita___________ .
Mariposa manzanita_ __.__. ! X X
Wartystem ceanothus. . ____

5
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Chamise and wedgeleaf eceanothus are common to all five regions.
California serub oak, interior hve oak and western mountain mahon'any
are common to four regions. Wedgeleaf ceanothus, common to five depart-
ments, is the oply one of the nonspmumﬁg species which is common to
more than two regions. It is interesting ito note that the temperatures
beginning with the highest are'V, IV III ‘1 and IT, and the rainfall from
the highest to the Iowest are IV, I IlI 1T, and V. (Sampson, 1944 :13-17.)

Deserlptmn of mdnqdual watcrshcds on the Los Padres National
. Forest brings out the 1mp01‘ranee of ch amlfs,e which varies from important

to domman‘r in most of the areas. Cacmqthus crassifolius is by far the -

most important associate. These surveys are very important to an under-
standing of the structure and phySIologv iand ecology of the vegetation.
(Ooleman Bean and Horton, 1945.)
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Similar studies on the Angeles National Forest were made and show
also the vast importance of charmse and certain speeies of ceanothus,
manzanita and oak. (Horton, Coleman, and Bean, 1945.)

“The vegetative cover of the Anﬂ“elcs Natlonal Forest is predomi-
nantly chaparra1 ¥ * % Nowhere in the chaparral or sage formation did
we observe any change in the spread of the various associations due to
fire * * * Tt must be emphasized that fire spread the chaparral types

into the big cone spruce and pine forest associations with partial or com- -

plete loss of the original forest cover. Big cone spruce especially at the
lower ele\ ations has suffered greatly from this action in the last
century.”” (Horton, 1945:1.)

The average density of chamise-sage which occurs at from 1,000 to
2,000 feet elevation, at an age of 20 _\,ears, is 40 percent. Tt is dominated
by chamise and Salvie mellifera and 8. apiane. Pure chamise with a
small amount of Arctostaphylos glauea at 1,000 to 3,000 feet has a density
of 35 percent at the age of 20 years. Chamise-ceanothus, chamise with
Ceanothus crassifolius and some Arctostaphylos glarce at 2,000 to 5,500
feet elevation has a density of 65 percent at 20 years of age. Chamise-
manzanita ecomposed of chamise with Arctostaphylos glandulosa, Ceano-
thus divericatus and some-Arclostaphylos glawca at 3,000 to 4,500 feet
elevation has a density of 65 perecent at 20 years of age. (Horton,
1945:7.)

“‘Tn summary, some phase of chamise-chaparral Oceupled practically
all of the south-facing slopes throughout the lower coastal chaparral
Tegion,

¢ Arefostaphylos glowca kills when burned and the seedlings require
a lone period to beecome large enough to set seed. Consequently repeated
burning may tend tc remove this species from the chaparral. Conversely,
presence of laree amounts of Aretosiaphylos glanca would probably indi-
cate that the area has not suffered repeated burning.

“Upper coastal chaparral between 4,000 and 6,000 feet altitude.
On south-facing slopes oak-manzanita chaparral predominates with some
chamise on the most Xeric slones. This type is dominated by Quercus
wislizenii, Q. chrysolepis, Arcmemphu?os- r/lrmdulosa Ceanothus divari-
catus, and other chaparral speeies. All SDBCIGS except Arctostaphylos
qlcmfca are vigorous sprouters and recovery is guite rapid though erosion
losses may be large in the first few years,

“On north-facing slopes, either Quercus chrysolepis woodland or
big cone spruce forests are found. In the spruce there is always a
.menklmfr of oak and severe fires will convert the forest to oak woodland.
The relation between the two seems to the wrapped up in past fire history.
The oak is a fire shrub and will form a cover similar to chaparral after
burnine. In time individnals become trees to form the woodland stands.
Fires burn incompletely through the woodland leaving many individuals
with the erown untouched so as to preserve the forest-like character of
the more protected spots. Tt is in these spets that spruce invades and
with protection from fire forms a forest. Spruce reaches its best develop-
ment in this zone and seems in some of its areas to be holding its own.
However, it must be stressed that repeated fives threaten its survival.”’

(Horton, 1945 :9 to 16.)
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“The vegetation cover of the San Bernardnm National Forest is

eomposed about equally of cliaparral and forest types, with important
minor elements of sage, grass, and woodland.

‘‘Here as on the Ange es big cone and pine are replaced by chaparral
as a result of fire. i

““The zone of chamise chaparl al extends for the full length of the
coastal front of the San Clabriel, San Bernardino, and Sﬂll Jacinto
Mountains, The zone enters Cajon Pass and extends around on the desert
side of the San Bernardino Mountains to;Deep Creek. It also enters San
Gorgonio Pass on both sides to a few mﬂes east of Cabezon. Tts average
upper limit is 4,000 feet. The rainfall is qreat from 20 to 40 inches.

“This large zone is definitely a fire zone and one which has developed
through the ages with fire as a factor of the environment until all species
are marvelously adapted to withstand burning,

“Chamise chaparral is the predommant vegetation asgouatlon n
this zone. It is variable and separates reidily into several subtypes but
in general any association Wlth Adenostoma f asciculatum 20 percent or
more of the vegetation cover is classed as ‘chamise’ or more properly

‘chamise-chaparral’ if other shrubs are present The chamise when pure
produces a thin cover, usually 50 percent or less density and almost no
litter, but in better soﬂs cover density wll average 60 percent with a
eorre%pondmﬂf increase in the Jitter layer.

¢ Chamise-ceanothus al“a\ s has a Imajor codomlnant Ceanothus
erassifolius, and frequentlv but often completely absent, Arclostaphylos
glauca. The Ceanothus is a rélatively short-lived plant whose seeds ger-
minate freely after fire. Individuals start to die at about 40 years W1th
the result that the cover. begins to open up at that time and soon
approaches pure chamise in character.”” (Horton, 1945a:1 to 5.)

““The vegetation cover of the Cleveland National Forest is composed
largely of chaparral, woodland and sage types. Alinost 50 percent of the
area of the National Forest is dommated by chamise-chaparral. Oak
chaparral and sage oceupy over half of the remaining arca with wood-
Iand and grassland types next in importance.’’ ( Horton 1946:1.)

On the Los Padres National Forest “Chamise-ehaparral stays
chamise-chaparral and sage will stay sage, regardless of the frequency of
burning. There is much ehaparral that,seems to be the direct cause
of five within former sage, ‘evass and woodland types. Chaparral is
undoubtedly spreading under the present frequency of burning. In the
chaparral areas, fires have burned into the big cone spruce and other
forest assomatlons with partial or complete loss of the original forest
cover.’

Pure chamise has a density of 30 percent at an age of 20 years and
ranges from 1,500 to 2,500 feet elevation. Chamise-sage, chamise with
Sal'vm mellcfem, Lotus scoparius, and L'Hoqomom fasczmﬂatum has a
density of 85 percent, ranges from 1,500 t0/2,500 feet. Chamise- ceanothus,
chamise with Ceanothus crassifolius, C.lcuncatus and (. MeGACErHus
ranges from 500 to 4,500 feet and has a density of 65 percent. Chamise-
manzanita is chamlse with Aretostaphylos glandu?osa, Ceanothus diveri-
catus and Quercus dumosae, ranges from 12,500 to 5,000 feet and has a
density at 20 years of 65 percent. Pure chamlse ig the lower elevation,
poorer site phase of the association, ( IIOIton 1946a:6.)
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““ Almost all of this type in this forest has been burned in recent
vears so that in general it is young cover and does not yet show the
reversion to stand from a deuse ceanothus stand to the pure chamise
that is found on the Angeles and on the other southern forests. The
ceanothus is a relatively short-lived plant and seeds germinate freely
after fire. Fires thus stimulate the growth of ceanothus. However, the
individuals start to die at about 40 years, with the result that the cover
begins to open up at that time and soon approaches pure chamise in
character. i

*‘ Chamise-manzanita is a high elevation phase of the chamise asso-
ciation * * * The dominants found associated with the chamise are
Arctostaphylos glendulosa, Ceanothus divaricatus, Cercocarpus befu- -
loides and oceasionally Quercus dumose. All the species are vigorous
stump sprouters. ' :

““‘Oak-chaparral is found abundantly on north-facing slopes.
Quercus dumosa is the principal dominant. Ceanothus oliganthus, Cerco-
carpus betuloides and occasionally other species of Ceanothus are com-
monly associated dominants. Recovery after fire is rapid.

“Upper Coastal Chaparral. On south-facing slopes of the moun-
tain portion above 4,500 feet altitude, oak-manzanita chaparral pre-
dominates with some chamise on the most xerie slopes. This chaparral
type is dominated by Quercus wislizenit, Q. chrysolepis, Aretostaphylos
glandulosa, Ceanothus divaricatus, Cercocarpus betuloides, and Garrye
veatchii. All species are vigoreus sprouters. On the north-facing slopes
either Quercus chrysolepis woodland or big cone spruce forests are found.
There is always a sprinkling of oak in the spruce, and severe fires will
convert these spruece forests into oak woodland.”” (Horton, 1946*:1 to 11.)
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THE EFFECT OF THE REMOVAL OF THE VEGETATION
COVER BY FIRE

Fire can destroy the pblant cover 'ehanging a green transpiring
surface to a blackened area with no transpiring surface and little moist
surface to evaporate water. The destructlon of forests and brushlands
by fire removes from the surface of the ea1 th a cover which is constantly
equalmng the sun’s light and heat by tlauspn'atlon in which process
heat is absorbed equiv alent to the latent'heat of steam (536 degrees C.
per gramme) in changing water to vapor.Undoubtedly the surface of the
earth is appreciably cooled by this process. :

ON CLIMATE

That the many local effects or the effects on miercelimate would affect
precipitation to an appreciable degree is a matter of great doubt, and
has been for a long time. *‘ The scientific reputation of many writers who
have maintained thdt precipitation has been diminished in particular
localities by the destruction of forests, or augmented by planting them,
has led the public to suppose that theu1 assertions rested on sufficient
proof. We cannot affirm that in none of these cases did such proof exist,
but I am not aware that it has ever been produced.”’ (Marsh, 1874:196.)

That rainfall.is increased by forestsihas been affirmed and denied.
““ Any local modification of temperature and humidity caused by the

. presence or absence of forést covering * * * could not extend
upward more than a few hundred feet * * **' (Moore, 1910:38.)
There is, however, abundant evidence of the deterioration of land due
to the removal of the plant cover. (Marsh, 1874, Willoughby and Sonde-
regger, 1932, Trevor, 1935, Zon, 1927.) !

““ After careful review Of‘ the data available, we are of the opinion
that at various times and i different dountues altogether too much
credence has been placed in the supposed mﬁuenee of f01 ests in lnereas-
ing the total rainfall of a country. We can find no reliable evidence to
this effect and would point out that the topomaphmal features of a
country exercise a far greater influence' upon precipitation than can
be exerted by forests alone, however vast. On the other hand, there is
evidence to show that forests have some influence upon the local distribn-
tien of rainfall, by lowering the temperature of moisture-laden winds,
and in other ways, and we affirm that from this viewpomt a judicious
distribution of forests thr ouﬂ"hout a country is highly beneﬁcml ”
(Trevor, 1935 :8.) : ,

““Studies of atmospheric-moisture relations reveal that the absolute
amount of water vapor in thie air has no immediate relation to the
quantity of rainfall a region may receive.In fact, it is frequently found
that a small concentration of “water vapor in the lower atmosphere is
associated with a greater amount of precipitation.

¢¢ Although it has been recogunized for some time that the principal
poltmn of continental preclpltatlou is re"rmned to the atmosphere by
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evaporation and that this moisture forms a formidable supply of water
vapor for a later eycle of precipitation, it was not known until recently
that most of the moisture evaporated from the land is earried to the
ocean and consequently Is not immediately available for reprecipitation
over continental areas. This 18 so because this moisture is generally
absorbed by excessively dry continental air bodies that pass entirely
across the continent without any reprecipitation. Continental precipifa-
tion is derived not from land-evaporated moisture but chiefly from great
maritime air bhedies whose moisture is obtained by evaporation from
oceanic areas,”” (Holzman, 1937 :3.)

“¥rom a study of the water eyele we learn that the meteorological
forees involved in precipitation are of such magnitude that no human
endeavor can even modify them sienificantly. Runoff, on the other hand,
ig highly responsive to human management. Careless and promiscuous
denudation of the land inevitably causes accelerated soil erosion and
increased runoff, with rvesultant flood hazards. * * * We are
limited in our ahility to modify the hydrologic balance; we must take

our rainfall as it ecomes, hut we can influence runoff and evaporation,”’
(Holzman, 19541:536.) (See also Rosshy, 1941.)

ON MICRO-CLIMATE

There seems to be abundant proof that miero-climate is affected,
and also that productive arcas have been reduced to deserts, but that
does not necessarily involve a decrease in precipitation and can be
accomplished by increased runoff, and such an unfavorable condition
at the soil surface that plants eannot grow. In Mendocino County, hills
and ridges now snpporting a very sparse worthless nitgrass cover giving
way to mosses and soil lichens were once covered by a luxuriant redwood
and Douglas fir forest. With no diminution of rainfall such a change
can casily be brouwght about.

There i1s abundant evidencs to show that a plant growing on a
forest floor or in a brush eover or cven in a field with other plants is
being produced under less extreme conditions of temperature, wind
movement and light, with resulting reduced tmnsplrdtmn or evapora-
tion rate than if produced in the open. ““* * * wheat grown in-pots
sunk in trenches and surrounded by a field of grain has a water require-
ment * * * 10 percent below wheat grown * * ¥ in a freely
exposed wind-swept position.”” (Briggs and Shantz, 1914:3.)

The inereased dryness of the air following denudation or fire in
vegetation, increase in temperature due to removal of transpiring plant
cover and the blackening of the earth surface, free exposure to light and
to air movement greatly increases the rate of loss of water from new
plants which may sprout from old roots. This also affects the seedlings
and is probably one of the chief causes of the failure of certain seedlings
to survive until afforded sufficient protection by other plants better
adjusted to the exposed conditions. These factors, light intensity, humid-
ity of the air, and also air movement and temperature are all affected by
the removal of the plant cover. All of these factors, increased by denuda-
tion, increase the loss of water from shoots or geedlmos (Blmgs and
Shantz 1916, 1916a, and 1917.)

“Firing lll\'d,[‘ld.bly'——lf for a short period only—results in the aerial
factors of greater importance—light-intensity, sun-temperature, true
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aerial or shade-temperature, humidity, wind-rate, evaporamwt} (the
complex of light, heat, humidity, wmd)——bemg made more severe than
they were before the fire, upon the surface of the soil.”” (Phillips,
1936:39.) i

|
ON THE solL
“‘Tt has often been useful to sct ﬁrei to sterile fields and burn the

light stubble with erackling flames: whether the lands thereby receive
secret forces and rich noumshment or every viee is cooked out of them

_ by the fire, and useless watet is evaporated or that heat opens up more

vents and hidden pores by which the moigture can reach the new plants,

.or, rather, hardens and closes the open vems lest seanty rainfall and the
violent force of the fierce suni or the piercing cold of Boreas parch the

soil.”? (Virgil, Georgics 1:84-93.)

“The burning of grasslands which it is desirved to ultimately aforest
with sal therefore is obviously injurious (‘)wmw to the destruction of all
humus and organic debris.”’ (Hole 1911:126.)

The harmful effects of heating soils have been summarized. “Both
beneficial and harmful compounds were produeed by heating the soils
and were isolated, This bears out the experience of previous investigators
with cultural tests. Cultural tests in these soils and their extracts showed
that the heated soils gave a poorer plant growth.”” (Schreiner and
Lathrop, 1912:37.) All organisms which normally occupy a fertile soil
are killed by heat but nitrogenous materials ave thereby liberated and
made available. Heating produces aninerease in soluble nitrogenous
material, but harmful effects predominate.

“Comparing crop production on the burned virgin soil with p1 odue-
tion on like soil unburned, sunflower produced equally well or better;
hay about as good; oats'and potatoes distinctly less. Clover catches
remarkably well in ash.”’ (Thompson 1925:19.)

“Tire reduces to a measirable extent the coloidal clay constituents
of the surface inch of soil, ias mea%ured by sedlmentatlon, and also
reduces the organie materlal ras here evineed by digestion in hydrogen
peroxide. * * * Fire increases the amount.of certain plant nutrients,
notably, nitrate nitrogen, as shown wheni analyzed in 1.1 water e‘{traet
solution.”” (Craddoek, 1927:31 and 32.)

- “Forest humus is made up (1) of a number of residnal constituents,
such as celluloses, hemicelluloses, fats, ‘waxes, etc., of various plant
products (leaves, twigs, roots, mosses, etc ) which are nndergoing decom-
position; (2) of the constituents of the plant products Wlneh are more
or less recent in decomposition, such as hgmnq, cutins, tanning, resins,
ete.; (3) of the microbial eells (fungus myenhum spores, bacterial cells,
protozoa worms, ete.) synthesized in the process of c1ecomp051t10n of the
natural or organic materials continuously added to the soil; and (4) of

‘the products of decomposition of the natural materials and cell products,

such as organic acids, ammonia, ete.”” (Waksman, Tenney and Stevens,
1928:142.) o I

“‘The largest source of available nitrogen for plant growth is pro-
duced in the surface soil through decornp051t10n of dead organic matter,
which the forest constantly ylelds to the soil in the form of leaves,
needles, twigs, fruits, windfalls, ete.”’ (Owe 1930:2.)
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In Florida yearly buining for 42 years decreased the organic matter
121,289 pounds per acre to a depth of 45 inches. (Barnette and Hester,
1930.)

Fire affects only the surfacé soil, the A horizon. ‘‘ The rate of growth,
both of the annual and perennial species studied, was appreciably greater
in soil horizon 4 than in horizons of lower depths regardless of the soil
series or the species used. Likewise, the amount of plant material pro-
duced in goil horizon 4 was consistently greater than on soil horizon C,
regardless of species or soil series.”’ (Sinclair and Sampson, 1931:172.)

“When fire sweeps an area covered with vegetation the latter is
reduced largely or completely to mineral ash. The ash is shortly dis- -
solved and carried into the soil where it becomes available for plants,
especially those with superficial root systems. Where plants grow for a
period of vears without being burned, only a limited amount of mineral
substance is returned annually in the leaf drop. When burning occurs
the mineral in the surface débris as well as in the woody portions of
plants is returned and made available for new growth.”” (Storer,
1932:324.)

“Burning and the inereased nitrification inereased the solnble min-
eral nutrients in the soil, probably for some time after burning. Burning
destroys not, only the organic matter on top of the soil, but may destroy
some of that in the immediate soil surface. The temporary effect of burn-
ing may be helpful at least in some respects, but, since the productivity
of the forest soil depends npon gradunal mineralization of the fallen
Iitter, it does not appear reasonable to expect continuous and often
repeated burning to improve fore@’r soil ferhh’rv "’ (Fowells and Stephen-
son, 1934:181.) :

“The top soil offentimes has been so severely baked and has had
most of its rich supply of the important macro- and microorganisms
Lurned out of it that it is impotent for a long time to reproduce the more
exacting seedling tree growth.”’ (Fritz, 1932:21.)

““Forest soil is much more porous than field soil * * * Where the
forest eover is adequately maintained, second-growth forest soil does not
lose its porosity unless grazing has been practiced to excess or the litter
has been destroyed by fire.”” (Auten, 1933:1014 ) -

““The soils subjected to frequent fires were found to be consistently
less acid, and to have higher percentages of replaceable caleium and total
nitrogen. An indication was found that these burned soils were also
eharaeterimd by larger quantities of organic matter as judeged by loss
on ignitton,”’ (IIeV\vm (l and Burnette, 1934 :38.) (See Waksman, 1936.)

““ Analysis of the soils taken after eight years of annual grass burn-
ing as compared with complete fire protection on rolling longleaf pine
land in southern Mississippi showed 1.6 times as much organie matter
in the burned-over soils as in soils protected from fire.”” (Greene, 1935:
820.) Again the organic matter in burned soil was 4.32 and in unburned
soil 2.63 percent. (Greene 1935*:431.) ““The average content of organic
matter In all samples from burned areas was 4.32 percent as compared
with 2.63 percent for the unburned areas or a ratio of about 1.6: 1.”°
*Analysis made by ignition method. ‘‘ The nitrogen was 0.072 percent
on burned and 0.048 percent on unburned areas.’’” {Greene, 1935:3.)
(See Waksman, 1936.)

. T_‘“_T R S
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“ At McNeil, Mississippi, after fire had been exeluded for seven years
the surface soil was found to be less densé and more porous. The results
from over 13,000 determinations of méchanical penetrability showed
that protection from either annual burning or grazing alone had softened
the surface from one to six times. I'his protection had likewise increased
the capacity of the soil to absorb water from one to five times. * * *
Thus although exclusion of fire henefits the soil physieally, frequent
burning beneﬁts the soil chetnically by slightly inereasing the available
‘supply of plant nutrients.”’ (Demmon 1985 :332.) (Sce Wal\sman 1936.)

“‘Studies to date reveal that soils protected from fire are much more
penetrable and porous than soils subjected to fire. * * #  Soils sub-
jeeted to frequent fives show a slightly higher ignition Joss due probably
-to charcoal, They contain more repla’ceab]e caleium and probably other
ash constituents, and are, therefore, slightly less acid. They likewise
contain a higher percentage of total nitrogen. No evidence is at hand to
indicate severe soil degradation due to periodic fires, nor is there any
mndication that the forest soils of the longleaf pine region ave definitely
benefited from fire,”’ (Heyward, 1936:42.)

“In other words, the black humus js.an unfailing indication of a
caleareous soil ; and a“rleultumlly it forms the erowning glory of soils.
Its blackness makes it appear so abundant; in reality, when the amount
is determined by the Grandeau method of extraction (not by the delu-
sive one of combustion), the amount producing these dark tints is often
found to_be surprisingly small.”” (Hilgard, 1891 :10.)

. “The determination of the loss-onsignition as a measure of the

humus content of the soil may:be justified only for the litter and F-layer,
“since the inorganie fraction in these formations is very small. When the
content of inorganic matter in the soil Iayer 1s greater than 10 pelcent
as usually occurs below the F-layer, a ]al ge error is introduced in the
determinations. ¥ * * 1In most of the earller analyses of the humus
content of mineratl soils, the loss on 101111:1011 was taken as the standard
method of measurement. It was $0011 reeogmzed however, that when a
soil is ignited, eertain inorganie eonst;tuents also undergo various
(,hanges with a marked loss of weight. This is true especially for soils

 rich in carbonates and hydrated silicates; these complexes lose carbon

dioxide and chemically combined water, upon ignition,-thus tending
to give too high humus values.”’ (Waksman 1936 :224, 225 and 242.)

It is clear therefore that the results reported above of inerease in
organie matter following burning, in Heyward and Barnett 1934, Greene
1935, 1935° 1935°%, Demmon 19335, Heyward 1936, and VVahIenbelg,
(ireene and Reed, 1939 especially the long series in the longleaf pine
lands at MeNeil, MlSSlSSlppl, ‘which have been so w idely quoted, eannot
be accepted as even an indication of an increase in organic matter. Loss
son ignition, never reliable as a method in deter mining the organic matter
in soils, is espeelally mlsleadm(r when apﬁ)hed to the southern soils.

“The A horizon of unbmned areas! contained approximately five
times as many microfaunal forms as the ground cover of burned areas,
* % % The diversified active soil fauna of the unburned areas is
believed to be responsﬂ)le for the penetrable and well-aerated soil typical
of such areas. This is in strlklng contrast t0 the more compact, less porous
soil of frequently burned areas in which animal activity is much less
.abundant.”” (Heyward and Tissot, 1936: 666 )
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“Deterioration of habitat * * *

““Soil temperature (surface, and to a depth of several inches),
organic matter, acidity, water-supplying power, and total chemical
solutes available to plants, are caused to change to a greater or lesser
degree. Soil organisms—notably soil bacteria, fungi, protozoa, earth-
worms, and insects—in the upper layers, are influenced directly by the
heat of fire, or indirectly by the change in aerial and soil factors follow-
ing removal of the vegetation cover.”” (Phillips, 1936:39.)

“Tn the Duke Forest 48 collections were made each month for &

vear; ¥ From 576 samples collocted and placed on Berlese
funnels 353,026 animals were recovered, an average of 1,719 per square
foot each w eelx or 2,590,082 per acre. - * * * An average of 65 per-
cent of the animals were recovered from litter, 30 percent from a depth
of 0 to 2 inches and 5 percent from a depth of 2 t0 5 inches.” (Pearse,
1946:144.) Burning the litter on the Duke Forest reduced the number
of animals to 22.5 percent. (Pearse, 1943 :422.)

The action of small animals has a great effect in mellowing the
~surface of the soil and this in turn on penetration of water. Fire destroys
the active animals in the surface soil and duft.

“ Another important effect of fire is that it leaves the soil surface
coated with black, charred debris. This inereases the soil’s capacity to
absorb heat. At air temperatures of 85 degrees F. for example at which
surface temperatures of yellow mineral soil may rise to 125 degrees or
higher, the surface temperatures of black charred soil may rise to 140
deﬁrees or higher.’

The usual heavy slash fire eauses the following results ‘(1) a loss

per acre of 20 tons (89 percent) of the organic matter contained in the
duff; {2) a change in duff reaction, from a highly acid condition (pH
4. 9:3) to an alkaline condition (pIl 7. 6) (3) the escape of approximately
435 pounds of nitrogen per acre; (4) an mclease in the supply of plant
nutrients available in the surfaee goil * % ; (8) an indicated loss
of a considerable part of the mineral nutrients eontamed in the duff,
presumably carried off in smoke.”’ (Isaac and Hopkins, 1937:265 and
278.)

rated organic matter increased the rate of entry of water into soil. * * #
the presence of organic matter on the soil-surface increased the rate of

entry of water.”’ Some reported ‘‘that the surface lifter filtered silty

1

water and thereby increases the rate of entry of water,”” while others
““attributed the increase in rate of entry to the prevention of puddling
of the soll surface by raindrops.”” ‘‘There is agreement ¥ * * that
organic matter is effective in retarding runoff.”’ {Veihmeyer, 1938:339.)

““YWater falling as rain on bare soil dislodges silt and clay particles
by its impact. These are taken into suspension and carried into the tiny
pores and channels between the soil particles as the water makes its way
downward. Very shortly the filtering action of the soil causes the open-

ings to be clogged by the particles; water can no longer move downward .

through the soil, so it flows over the surface carying with it the dislodged
silt and ¢lay; and erosion is actively under way. A protective layer of
litter prevents this chain of events by absorbing the impact of the falling
drops of water. After the litter becomes soaked, excess water trickles
gently to the soil surface, no soil particles are dislodged, the water

The eommlttee on physies of soil moisture found that “mcorpo— '
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remains clear, pores and chavmels 1ema1n open, and surface flow is
eliminated except in periods of protracted heavy rains.”’ (Munns, Pres-
ton and Sims, 1938+ 609 and: 610.) Comparing the infiltration on a fire
break and a forest over.a six-year periodjand with 337 paired determina-
tions led to the following conclusion: {‘On the whole, the four times
more rapid infiltration under forest appears to be caused chiefly by
the indirect influence of the forest canopy and floor in favoring the
development and maintenance of a more porous structure consisting in
part of channels of maero- orgamsms 7 (I\lttredwe 1938:1157.)

“Soil organic matter 'is one of {our most important unalivnal
resources; its unwise exploitation has been devastating; and it must be
given its propel rank in any conservation po]icy as one of the major fac-
tors affecting the levels of erop production in the future.

““Organic matter may well be considered as fuel for bacterial fires in
soil, which operates as a factory produen,]‘ plant nutrients. The organic
matter is burned to carbon dioxide, ash, and other residues. This pro-
vides carbonic acid in the soil water, dnd the solvent effect of this acidi-
fied water on caleium, potassinm, magnesivm, phosphate, and other
minerals in rock form is many hundreds of times greater than that of
rain water. At the same tinie the eomplex constltuents of the organic
matter are simplified, and nitrogen in the ammonia is released and con-
verted into the nitrate form,*’ (Alblecht 1936:347 and 348.)

‘While chaparral produces a small amount of litter as compared with
forests the amount is considerable and represents the amount of material
to be worked into soil by maecro-organisms and micro-organisms as dis-
cussed above. Chaparral in metric tons per acre on San “Gabriel Moun-
tains showed differences depending on species and age. ‘‘ The low group,
with an average dry weight of forest floor of 3.1 metrie tons, is charaec-
terized by the Drloaonum the inter medlate group, with 4.67 metric tons,
contains the types with chamlqo and the high group, with 7.33 metrie
* tons, a variety of types 1nelud1nﬂ‘ thoseaulnch have been suggested as
more persistent. }

““In Fern Canyon at elevatlom between 4,500 and 5,400 feet, the
mean of the forest floor in the different types range from 4.7 metrie
tons for chamiso to 21.18 for manzanita.

““When the 14-year old chaparral of Bell Canyon below 4,000 feet
is compared with the more than 50-year old vegetation of Fern Canyon
above 4,000 feet, the difference between 5.3 and 15.0 metrie tons per acre
dry Welght of forest floor is highly smmﬁcant 7 (Kittredge, 1939:526.)

““The average annual accumulation of organic material in the
chaparral communities of diverse com1)0$1t1on, age, and location rarely
varied beyond the amounts of 0.2 to 1.4 metric tons per acre, with a
general average of 0.6.” (Kittredge, 1939‘:541.) This litter is removed
by fire and this removal profoundly affects the surface soil.

““In 13,122 measurements§ the unburned areas showed universally
higher average mechanieal penetrablhty than the burned areas, the
surface of the burned-over soil varying from slightly harder teo five times
as hard as unburned soil. ‘!l ‘

““The studies of the physical properties of soil consistently showed
that porosity, mechanieal penetrab1hty, and ability to absorb water were
several times greater on areas protected!from grazing and ﬁre T¢I
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brief the studies of the chemical properties of the soil at MeNeil, includ-
ing those of Heyward -and Barnette, have shown that frequently burned-
over soils were slightly less acid in reaction * * * # * * QOrganie
(as indicated by ton on ignition) total nitrogen, and replaceab]e caleinm
were found in greater quantities in fr equent]y burned-over soils.”’ (‘Wah-
lenherg, Gleene and Reed, 1939:36, 40 and 42.)

As a resilt of repeated burns on the Mathews Raneh near Clover-
dale ““‘the combined sparse vegetation and the limited soil hamus account
for the heavy baking of the soil, notably on the south and west slopes.
Such hardening of the surface soil greatly retards and deercases per-
colation of rains, and obviously promotes surface runoff and soil erosion.
The large amount of soil removal, presumably from the steeper, heavily
grazed country, was evidenced along the main drainage channels, where
there are large deposits of soil and gravel.”” (Sampson, 1939 :3.)

. ““Under four pailed burned and unburned longleaf pine forests a
study was made of field moisture percentages throughout the year.

““The differences in moisture utilization and mulehmﬂ' effects between
the two classes of ground cover are believed to be respons1ble for the

higher percentages of soil moisture in longleaf pine forests ploteeted
from five as compared with similar forests subjected to annual five.’
(Heyward, 1939:323 and 324.)

“‘In forests of the Appalachian region, up to 10,000 individual micro-
anthropods (minute animals such as spiders, springtails, centipedes, ctc.)
may inhabit each square foot of forest litter. These small creatures,
which feed upon the litter and other organic material, aid greatly in
ineorporating organic residue into the soil, and in maintaining porosity.’’
(Forest Service and Soil Conservation Service, 1940:13.)

The influence of woodland-chaparral vegetation of the Sierra Nevada
foothills at North Fork gave the following results over a 10-year period.
““Changes in the environmental factors brought about by burning the
vewetation has resulted in approximately 94 perecent reduetion in the
infiltration capacity of the soil on the one-fortieth-acre annually burned
plots. This reduction in the infiltration capaecity of the soil was caused
largely by an almost total destruction of the litter cover, a 70 to 75
percent reduction in the organic matter of the surface 5011 a 70 to 80
percent reduction in the activities of certain of the soil fauna such as
earthworms and burrowing inseets ; the plugging of the soil pores, and the
destruction of the surface soil structure, due to direct exposure to climate,
surface runoff and erosion.”’ (Rowe, 1941%:105.) .

Different conclusion were drawn from a series of small plots in
Tehama and Shasta Counties. On one set the vegetation was eut, piled,
and burned and the trash and litter and small plants burned with a
blow torch. The brush was cut September 25, 1941, and on December
224 in 1941. The soil'moisture sampling from September, 1940, to Sep-

-tember, 1941, are gsn en as graphs for each six-inch depth down to 42

inches For each of six paired plots and from September 1941, to Sep-_

tember, 1942, on two of the plots.

“The records of soil-moisture COndltlons in paired plots, one of
‘which was denuded annually by cutting and burmng and the other left
undisturbed, are presented. -

‘‘Denudation by burning did not prevent the soil from becomuw
wet throughout its full depth as soon as that in the unburned plots. In
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fact, in most cases, the soil was wet earlier in the season in the burned
plots than m the unburned ones. The intereeption of rain by the vegeta-
tion on the unburned plots may have heen great enongh to account for
this difference by preventing the water from reaching the soil-surface.
‘Water, however, did get into the soil of the burned plots as the records
show and burning did not delay this process in comparison with the
unburned plots. The soil-moisture records indicate that the infiltration-
capacity of the soils on the burned plots was not impaired " (Veihmeyer
and Johnston, 1944 :83-84,) .4

© ““Mr. Rowe peints out that the use of Water by the plants on the
unburned plots during the rainy season may be the cause of the differ-
ences in soil-moisture contents between these and the burned ones. During
the winter months, our soil-moisture eurves are substantially the same
for both the unburned and burned plots. [(We had hoped to be able to
determine the use of water by the vegetation during this time but the
rains were so frequent during.the three years the plots were sampled
that we were unable to get periods during, the winter free of rain long
enough to detect with certainty the slope of the moisture-curves. There
may have been enough use of water by the plants during the early fall
months after the rains started to cause the soil-moisture in the covered
to be lower than in the burned.plots, but we believe if a reason for the
difference other than increased infiltration in the denuded plots is songht
for, that intereeption of rain by the vegetation is the most likely explana-
tion. The fact is, however, denudation did not prevent the wetting of the
_soil-mantle in the burned plots and in most cases this was accomphshed
at-an earlier date than in the nunburned ones, * % ¥ (Veihmeyer and
‘Johnston, 1944 :87.)

To evaluate these moisture determmahom it is necessary (o review
some facts of soil moisture well e@fabhshed early in this century by
Russian and Anierican workers in dry land agriculture. These are sum-
marized. ‘¥ * ¥ plant-transpiration is theichief means by which water
is lost from soils, and that the loss of water by evaporation directly from
‘the surface of the soil iy almost entirely confined to a shallow surface
layer of about four to:eight inches * * * 'water, when applied to dry
soilg, is rather quickly distributed until a condition known as the field-
capacity is reached. After this, the movement of the water, for practical -
purposes, may be considered to have ceased.!’ (Veihmever and Johnston,
1944:72.) (See also Shantz, 1927:146 to 148.) Tt is therefore impossible
to wet a soil under field conditions to any amount less than the field
carrying capacity, or to wet itimore, unless there is a hanging or real
watertable just below. With this in mind it, is diffienlt fo wuderstand that
the water content of any six-inch level of thé burned plot could be higher
than the unburned as a-result only of greater penetration. Tf available
water below the field carrying eapacity is shown in the sample it would
indicate (1) a wetting of only part of the gix-inch depth in which case
the six-inch sample next. below,would not have shown any increase in

water content or (2) a reduetion of the soil water content below the field
carrying capacity by the absorption of soil water by the chaparral on
.the: unburned .plot. .“‘Five.cores were taken for each depth at each
"'samplmfr date and. composited. -Results are the averages for the five
'sn_mples Alonw the mﬁltratmn front tms method could give resuits
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ntermediate between the field carrying capacity and the minimum mois-
ture content if there was any difference in the depth of moisture penetra-
tion in the soils sampled. This could also happen in single tube samples
if only'part of the s0il core had been wetted. Such values do not actually
occur 1n the soil as a result of infiliration, and would only show in
samples taken across the infiltration front.’

During the eritical months, September, October, November and
December too few samples were taken, the number being from three to
eight and in December when the greatest infiltration took place the
sample dates number two for three of the graphs, one for four of the
eraphs and none for one of the graphs, The shallow rocky nature of much
or most of the chaparral soils does not lend itself to the soil moisture
method. of experimentation. Even where samples can be taken to 42
inches this is not deep enough to seeure a true picture of the amount of
soil moisture stored. ¢‘ The fact that the curves showing the extraction of
moisture from the unburned plots were almost flat after about the middle
of July indicates that the plants were getting very little water from the
soil after this date. Since the deep-rooted brush plants did not die, it
follows that it is very probable that some additional water was obtained
from below the depth of sampling.”’ (Veihmeyer and Johnston, 1944 :82.)

The Button Canyon plot was denuded by cutting and burning on
September 25, 1940. The rains started during the latter part of October
and by the end of December, 13.29 inches had fallen. This was enongh
to wet the entire soil-profile, which would only have required about 6.4
inches 16 raise the 42 inches of soil from the permanent wilting-percent-
age to the moisture-equivalent. It is interesting to note that the moisture-
contents were the same in the unburned and burned plots until the rains
started ; then the moisture-content, as represented by the dotted line, for
the burned was higher than on the unburned plet until the entire soil-
profile in this plot was raised to its fleld-capacity. This means cither that
the infiltration-capacity of the soil on the burned plot was greater than
on the unburned one or that the interception of rain by the vegetation
cover reduced the amount of water reaching the soil-surface sufficiently
to make the difference.’”’ (Viehmeyer and Johnston, 1944 :75.)

The differences if one accepts the conelusion that they are due to
infiltration are small and might easily be due to the disturbed soil surface
on the cleared and burned plot.

When water is added to a soil, unless it actualliy runs down through
root or animal tunnels or soil cracks, the soil water content will be
inereased to field-carrying capacity before water passes on into the deeper
soil. If twice as mueh water had entered the burned as had entered the

“unburned at one time the depth of penetration would have been twice
as great, in the burned, but the water content would have been the same
if the soils were comparable. The removal of soil moisture by the plant
cover would reduce the soil moisture below fleld capacity. On the
unburned plet the lower water content would indicate that such was
the case. ' :

It seems unlikely that these results have any significance as showing
greater or equal infiltration into either the burned or the unburned
plots. Moreover, on the Button Canyon plot for 1940-41 over half of
the rainfall in October and December, 18.29 inches, is unaccounted for
by the soil absorption of 6.4 inches if the soils had been fully filled which
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they presumably were on the first of J anualy Six and nige-tenths inches
are not accounted for. | i

Experiments of this kind conducted on uniform deep soil where
frequent sampling can be carried down t0 6 to 15 feet would present a
very clear pieture of infiltration and of absorption by the plants. This
would contribute much to a better undérstanding of the role of soil
moisture and plant cover, in)the chapalral especially that oceupying
potential agricultural land. |, |

Bauer (1936) found that the moisture reached a depth of 150
centimeters one month later than it reached a 10 centimenter depth in
chaparral soils of the Santa Monica Mountams This is also clearly shown
in the results by Veihmeyer and Johnston (1944).

‘“Madson’s statment concerning the observations made so far were
that the figures on water peneration seemed to be significant, but that they
~were not satlsfaetmy for measuring erosion.”’ (\Neeks 1949.:3. )

“Qoil sampling for the past three years on the several paired test
plots in Tehama and Shasta Counties have definitely shown that denuda-
tion does not produce undesirable changejin the infiltration capacity of
the soil.”’ (Madson 1943:3.) These statements are based on Veihmeyer
and Johnston’s results discussed above. |

The ash liberated in chaparral bmmnﬂ estimated in percent of
oven-dry samples is as foll ows:

“Mineral : i Chamise Chaparral

Potassium, percent __ — e 0.640 0.730
Caleium, percent —___ R S 0.709 0.920
Phosphorus, percent - .. _______ e . 0062 0.073
|
Total - oo O 1411 1.723"

{Sampson, 1944 :87.)

“On hillsides, paltlcularly, a large part of the newly liberated ash
is blown into dralnage channels where it is washed away. Of that which
remains on the burned area, a fau‘ proportion of the potassium fraction,
being readily soluble, would presumdbly be leached away by the winter
rains, but part of it would certalnly beﬁutlhzed by the vegetation.”’
(Sampson, 1944:38 and 40.) '

“I]‘:cept in heavy loealued spots of ash on new burns, * * *
changes in acidity, or pH, of' the soil were so slight ag to a&ect little
the seed germination and substquent plant growth Ou the other hand,
the nitrate content of the upper soil layer of practically all (,hapam(u
covers studied was higher on fresh burns.?’ (Sampson, 1944 :131.)

Direet measur ements of infiltration were made by ‘‘ Auten’s tech-
nique—modified by wetting the s01l at the sampling point w 1th 50 ce.

of water immediately before measuring the infiltration capacity.’
) ““One plot lay in an arca that had not been burned for many years;
the other in an adjacent area’ where burnlno' had heen practiced at
intervals, terminating with a ‘burn the autumn hefore the sampling.
On the unburned area the average infiltration volume of 14 tests over
a 20-minute period was 535 cc., whereas the average vi uues of 11 tests
conducted on the burned area was 184 ec.”’ [

““The study of soil-moisture relations shows such slight quantitative
- differences in freshly burned versus unburned chapaual soils as to be
of little ecologlcal or economic: 1mp01tance‘ At depths belew about two
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feet, the soil-moisture. percentage is consistently somewhat higher in
recently burned areas. As the invading brush reoccupies the soil, the
differential in soil moisture declines, and is lost in a few seasons after
burning where the characteristically abundant crown sprouts reclaim
the area.’” (Sampson, 1944 :180, 181 and 190.}

“The father of William Barnwell did not believe in fire and kept
reproduction down to a fair degree by pulling up scedlings himself as
he went around, and having his boys do the same. * * * Over a period
of years falling limbs and twigs broke up and rotted and went towards
building up the soil. Today the soil is loose and crumbly, and not only .
deep but has a good depth of humus on top, and this black loam shows
no erosion characteristics. * * * The condition of the seil is generally
remarkable when compared with solls on other ranches that have had
the usual burning treatment.”’ _

““The next ranch visited * * * has land on both north and south
slopes quite similar to Barnweli’s * * * hag done considerable burning.
It is quite noticeable that on the open slopes the soil is quite hard
and light eolored * * * the goil is hard with little humus 7 (Smith,
1946.:1:2. )

Fire gterilizes the top goil, destroys microorganisms, also humus,
litter and the less heat tolerant seeds. (Sampson, 1946a:10.)

ON SCIL EROS!ON

"Fire effects erosion prineipally by killing the plants growing upon
the soil, by removing the litter and dead plant parts which lie on and in
the surface of the soil, and by following down to constume partly buried
logs and roots. The stevilization of the surface kills most of the insects,
worms, and maero- and micero-fauna and flora. It is not possible to
separate the effect of fire from the effect of denundation of vegetation.
However, fire is much more destructive of cer tam fypes of efretation
than of others, '

““During the years from 1881 to 1883, inclusive, fires were set by
herdsmen back of Los Angeles. The year 1884 saw a number of disas-
trous floods in the region, which ruined much agricultural land. * * * At
about the same time a tremendous fire covered practically the whole west,
face of the Santa Ana Range south of Los Angeles. * * * One particu-
larly disastrous flood, following soon after the fire, did much damage in
the Capistrano Valley. Many hundreds of acres of fine agricultural land
were washed away, and others were so gullied as to be valueless.”
(Phummer, 1911 :18 and 19.)

In northern Idaho ‘“Steep south slopes, however, present a serious
situation. ITere the burns are so destruetive to all vegetation and roots
that finer particles of the soil leach out or wash away, leaving surface
covering of fine angular rock and gravel which becomes very hot and
very dry in the summer, so much so that natural secedlings, whcn these
“do come up, succumb to drought shortly after welmmat]on " (Larsen,
1925:1195.)

“0Of all the man caused erosion, that resulting from ﬁre has prob~
ably been the worst.’” (Bennett and Chapline, 1928 :25.)

On the San Bernardino National Forest ‘‘* * % the total runoﬂe
from chaparral-covered plots was, 1.2 cubic feet as against 4.4 cubic fect
from the burned plots—a ratio of 1 to 3.7. Erosion from the chaparral
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plots amounted to 15.7 pounds-of material as against 284.4 pounds from
the burned plots—a ratio of 1 to 18.1.” (Lomdermﬂl\, 1930:474.)

“Pire is the ou‘rstandmg threat to California’s watersheds. All the
evidence so far adduced coriclusively proves that fire detrimentally
affects seepase, surface runoft; and stabﬂ;zatmn of the soil.”” (Pardee,
1932:22.) ’

“Fire, especially that for which maniis respongible, is probably the
most inexcusable of the vegetation-destroying elements. * * * Tire may
so completely destroy the cover that disastrous erosion immediately
follows. A very striking example of erosion after fire ocenrred during the
early spring of 1931 in the vieinity of Moorpark in Ventura Countv
Portions of this tract were so badly dissected by deep gullies that it has
no further use as either pasture or timber land, and the damage caused
by the deposit of eroded maferial on highways and cultivated fields
amounted to several thousand dollars.”” (Weir, 1932:18.)

Repeated fires cause profound changes in loeal ecologieal conditions.
Litter is destroyed, erosion accelerated on slopes, and on level land
the eycle of normal evolutlon is mtelrup‘red ( Enqunte internatienal
1933 :431.)

““The fire of November 21st-24th burned the chaparral on 5000
acres inelnding several short steep watersheds tributary to alluvial fans
and cones on which Montrose and other communities were built.”’ Rain-
fall from December 29th to Jannary lst was from 11 to 19 inches, “On
the burned area * * * many small parallel shoe%tring gullies formed.
FokoF Auwmented in volume, ‘eutting and Uurvmg power toward the

canyon bottoms.”’ ! i
) ““All this material spread ouf over 'rho valley fans and coursed
through the streets and highways with the all-toc-well known destrue-
tion of property and life. The 59-ton houlder deposited on the highway
at lea.s’t eight feet above the channel is evidence of the power of the
flood.”? ‘

“On the adjacent unburned watersheds where the slopes were pro-
tected by the brush and leaf litter, gullies did not form and the streams
did not carry excessive loads of soil and roek.”” (Kittredge and Mulfor d
1934.) !

““When fires denude the sparse vegetation from steep mountain
S]Opes the flood intensities increase and added débris hazards occur, due
to erosion.”’ (Baton, 1935:1021.)

‘“The intense rainfall of December 3], 1933, and January 1, 1934,
particularly its effect upon the recently denLded mm.ntam area el‘fected
by the Pickens Canyon fire, caused such loss of life and destruction of
publie and private property imithe Montrose-Glendale area as to foeus
public attention upon the valne of forest,cover in flood control. The
destruction caused by the swollen silt laden, bonlder carrying streams
from the burned area, in comparison to lack of abnormal streamflow
from unburned areas were sufficient to convinee both engineers and lay-
men of the great protection afforded by the native brush cover. The com-
parisons were as eloquent as no longer to leave the observer in doubt, in
spite of the many reports anda‘papers which have been written ft'om
time to time.’’ {Morris, 1935 :748.) %

““The settlers used fire as a servant but it became a very bad master
and burned the tree cover, then the underlying scrub and finally they
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burnt the grass itself. As a resnlt, in many parts the subsoil of clay is
showing on the top of the mountamsu‘le the top soils have almost eutirely
disappeared.” (Galbralth from Vlctorla Australia in Trevor, 1935:21.)

An extensive survey concludes that “The forest is the most effica-
ceous element in the protection of the surface of the soil.”” (Enquéte
international 1937:132.) '

““ A disastrous flood swept out of Verdugo and Haines Canyons in
Los Angeles County, California, on January 1, 1934, causing the loss
of 34 lives. The flood was more mud than water. * * ¥ Hrosion debris
removed amounted to 50,000 to 67,000 cubic yards per square mile.
Neighboring watersheds subjected to the same rainfall, but with their
forest eover intact, ylelded clear water which caused 1o unusual erosion
and did no damaoe

“‘In the pine region of the Sierras, a five-year record of runoff and
erosion from 1epeated burned and compaldble nnburned plots has shown
a yearly runoff from the burned area ranging from 31 to 463 times
that from the unburned, and yearly erosion ranging from 22 to 239
times that from the unburned. The runoft from a plot allowed to revege-
tate after a single burning exceeded the runoff from the unburned check
plots by 31 times the first year, and by 11, 5, 15, and 14 times in the
subsequent four vears. After carrying off 485 times as much eroded
material as the check plot the first year, runoff in the second year carried
only 81 times as mueh.”” (Forest Service and Soil Conservation Serviee,
1940:36 and 39.)

On the Sierra Nevada Foothills ‘“The surface runoff from the
annually burned plots for the nine-year period of the experiment was
equivalent to over 14 percent of the total preecipitation, and was approxi-
mately 390 times greater than from undisturbed check plots. This runoff
carried away the surface soil at a rate of more than 113 tons per acre,
a soil loss approximately 18,000 times greater than that fx om the undls—
turbed plots.”’

“During individnal storms of high rainfall intensities the the runoff
rates from the annually burned plots have often exceeded 50 percent
of the precipitation. In contrast * * * the runoff from the undisturbed
vegetation plots has never exceeded 0.1 percent of the seasonal precipi-
tation or 0.5 pereent of the individual storm precipitaiion. Regrowih
of the vegetation on the periodically burned plots rapidly reclaimed the
site and, by the fourth season after the firgt burn, appeared to completely
control the ercsion ; although the runoff was still approximately 12 times
greater than that from the undisturbed plots.”” (Rowe 1941":103 and
104.)

“PDuring the four days, November 21-24, 1933, a fire swept the
mountainous portions of small drainage areas of the San Gabriel Moun-
taing lying northwest of La Canada Valley, * * *. On December 31,
1933, and January 1, 1934, record precipitation of 10 to about 15 inches
fell in the mountain area. The resulting floods brought erosional debris
out of the burned watersheds in amounts ranging from 50,000 to 67,000
cubic yards per square mile. Neighboring watersheds subjected to the
same rainfall, but with their chaparral cover intact, yielded almost
clear water, which did little damage.”” (Brown, 1943:120.)

“In the Tehama-Shasta area a number of small plots have been
established to secure information on the effect of brush removal on
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water penetration, runoff, and érosion.”’ The summary of the findings to
date may be stated as f{)llows # ok “Soﬂ sampling for the past three
years on the several paired test plots in ‘Pehama and Shasta’ Counties
have definitely shown that denudation ‘does not produce undesirable
change in the infiltration capamty of theisoil. The results from these
test plots also seem to indicate that removal of the vegetation is not
harmful so far as runoff and erosion are concerned.”’ Bmsh was removed
by bemfr cut, piled and burned. (Madson, 1943:2 and 3.)

‘“Measurements of the amounts of runoff and erosion from the
plots have been made, but for most of them, these records have not been
obtained for enough years to be conclusive. The Ono plots have been
under obqervatlon for a longer period than the others. The measure-
ments of runoff and erosion from these plots for the past four years are
given in Table 3. The differences between|burned and unburned plots
have not been marked nor have they been consistently in favor of either
one or the other. The shorter records of the other plots give similar
results.”” (Veihmeyer and Johnson, 1944:83.)

““Cow Mountain has been repeatedly buI ned and the condition of
the slopes shows that there hds been a heavy soil loss, a decrease in
amount of forage produced, a'reduction in size and den51ty of brush
growing on such depleted sites, 'md a measur able loss in grazing value.’’
(Smith, 1946 :4.)

On university pastures near Ono, CallfOI‘nla, on burned chaparral
““The rates of erosion, as measured by the three gully installations,
ranged from 3.8 to 7.9 tons to the acre peryear. * * * The figures for
1935 showed a mean soil movement of 0.21 inch on the unburned pasture,
and of 0.56 inch on the burned area. * * * The movement between
1935 and 1937 averaged 0.09 1neh on the vinburned area, 0.15 inch on
the burned.” |

““ A similar study was made on a ranch north of Ukiah, in Mendocino
County, in a mixed chaparral-wdodland cover on a silt loam soil of the
Mariposa series. A full stand consisting of chamise, poison cak and
madrone, various species of manzanita and ceanothus, and a little herba-
ceous vegetation, made up the cover. Befor 8119% the area had not been
burned for 18 years; but it had been gr azed lightly by sheep each year.
In 1934 a part of the tract used for rrrauncr was burned, and erosion
stakes were then set on comparable slopes on the burned and unburned
areas. Measurements were made in 1935, 1936 and 1939, * * * the data
show, the soil movement was 140 ‘percent greater on the burned than on
the unburned area during the first year afteriburning, 85 percent greater
the seeond year, and nearly 70 percent greater the third year 7 (Samp-
son, 1944*:175, 176 and 178.) '

“Qummaiv of Field Observations on Burns. Of the 34 ranches
examined, 29 showed rapid reoccupation of the original brush. On seven
of the burns no animals were grazed because of the small amount of good
forage produced. Twenty-two of the 34 burms-showed only normal or
hght erosion. It is smmﬁcant that the average gradiant of these areas
was only about 15 percent. The tabulated recor ds revealed that 30 of the
burns had slight or no'soil shippage, wherea@ion four areas soil slippage
had been severe. Twenty two burns had little or no gully erosion, whereas
on four burns, soil erosion of a general nature was severe, and on eight
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“burns, soil erosion was moderate. The four severely eroded-areas had an

average glope of approximately 44 percent, whereas those classed as
moderately eroded had an average slope of about 32 percent.”” (Sampson,
1944:108.)

““A destruetive flood occurred in Salt Lake City, Utah, at about
10.30 p.m. on August 19, 1945, * # * The flood “ate1s carrying large
yuantities of roek, gravel and debris first debouched into the Wasatch
Boulevard then moved on through the city cemetery and into the resi-
dential and business sections of the city * * * The monetary value of
the damages * * * totaled $347,000." :

“Trully 80 percent of the arecas, including all but patches of the
headwater slopes and portions of the lower benchlands, was burned last
fall. * * * The most deteriorated watershed slopes, * * * are riddled
with a dense dendritic pattern of gullies. These vary from about one to.
§ix inches in width and from one to ten inches in depth. * * * The more
extensive, headwater burned area is also serionsly eroded by both sheet
wash and gullying. * * * Channels heading from the eroded slopes are
cut to depths of as much as seven feet in high gradient reaches. * * *
One of the minor subbasins of Valley View Canyon which was not burned
in 1944 and which has a dense stand of oakbrush and bunchgrass, did
not contribute a drop of runoff to the flood, That this area was subjected
to heavy rainfail is suggested by the fact that burned or otherwise
deteriorated stopes on all gsides of this nonflooded subbasin were cut by
Tresh gullies,”’- (Craddock, 1945 :35-38.)

““On one ranch in Lake County a program of controlled burning
has been under way for five years. This is a typical chamise area with
steep slopes and a thin, poor soil. Designated areas are burned each year,
and domestic ryegrass is seeded in the fresh ash. At the end of five years
the stand of ryegrass is still very good, and there has been no appx eci-
able erosion.’

“On the Pauba ranch in Riverside County an area of the range
near a nurgery was aceidentally burned in the summer of 1941, * * _*
there was 1o erosion, even though in one January storm over six.inches
of water fell in 12 hours.”’ (Jones and Love, 1945 :32.)

“Mwo prineipal kinds of damage commonh result from fire on
Southern -California watersheds, The first takes the form of immediate
loss of resources and improvements of ecenomic worth consumned by the
fire. The second occurs niostly in the form of increased runoff and
inereased erosion from burned areas during subsequent storm periods.
The latter damages are generally less immediately felt but may cumulate
over lang periods of years. They oceur as flood and erosion damages to
improvements both on the watershed and downstream from it, siltation
of reservoirs, spreading grounds and other improvements, and in some
cases to actual loss of water for economic use.”’ (Buck, 1946:1.) .

On the Angeles National Forest ¢‘There is a great inerease in the
size of flood peaks Tor all flood classes immediately aftm a fire. Flows for
the smallest floods inerease some 30-fold and. the largest about two-fold.””.

““Normal erosion rates are seen to vary from-about 1,000 to 4,000
cubice yards per square mile. Immediately after five, however, they rise to
10,000 to 300,000 eubic yards per square mile. The inerease from normal
in the first vear after fire is from 20- to 40-fold..
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“IFrom the best data available it appears that erosion rates drop

back to normal in ahout elght vears, despite the faet that peak flood
flows are generally st il far above normal at this time.”’ (Buck,
1946a:3-5.) !
' “ Aceording to the' ‘vesults of expenmente condueted by the Univer-
sity of Cahforma under Professor I J. Velhmeyer the burning of brush
resulted in the saving of water and, at the same time, iner eased produc-
tion of forage; furthermore, runoff and erosmn were not greater on the
Lurn plots as compared w 1th the unbumed plots in the areas where the
experiments weré conducted.’” (Crooks, 1)_46 :1.)

“Total runoff * * *. Forests did not ‘conserve the water supply,’
-because-after their removal there was an inerease in average annual yield
amountmgj to 15 percent in a mountain arca in Colorddo ‘md 29 pereent
in a Southern California coastal mountau{ area.

““In the Wagon Whee! (fap area there was an average increase of 46
percent in maximum daily discharge after deforestation.”” {Davis,
1946 :41 gquoting L. C. Bishop, State Englneer ‘Wyoming.)

‘“A very evident example of top soil Ioss was quite reeently checked
by residents and local forest officers at the edge of the lemon groves of
Goleta Valley. A late summer fire burned ovel several thousand acres of
chaparral watershed cover just above the Valley, denuding a lalge part
of the watershed of San Jose creek. The United States Forest Service, as
is eustomary in such cases, prompt]y sowed mustard seed on such parts
of the hurned area as funds permitted. Lashing winter rains descended
before the mustard plants had a chance to deve] op a protective covering.
San Jose creek became a raging torrent, washing tons of boulders and
silt down out to the valley ﬁoor “Water ehowed 18 pereent silt on burned
and was practically clear on unburned.”’ (Naeh Boulden, 1945.)

ON WILDLIFE

The effect of burning veoetatlon on wﬂdhfe is direet and indirect.
Probably the most-important is the indirect effect caused by changing
the micro-climate and conditions of the habitat. As an example of the
latter ‘““The occurrence of spasmodic floods, of comparatively short
duration and separated by inte'rvals of extreme low water, have a dele-
terious effect upon fish life in manifold ways.” (Cokel 1915:93.)
Direct effects arc also important. ‘ The follownm is quoted from a report
by. W. T. Cox on the bm fires 6f 1902 in Washington and Oregon: ‘In
the dense smoke hundreds of grouse, quail and Mongolian pheascmt were
surrounded by fire and roasted to dedth Huhdreds more had their wings
scorched, and now upou the blackened forest floor fall an easy prey to
prowhng vermin. Large and small mammals fared no better. Carcasses

" of deer, bear, cougar, and lynx have been found, and literally thousands
of dead squirrels Wolves and lynx are appearing in unnsual numbersg
since the fires, eudenﬂy attlacted by thelnumber of Ieddy -prepared
roasts to bé had in the forests.’ {

“¢J. H. Sizer, describing the M:d.[dtdfﬂ fire on ’rhe Tonto Forest in
Arizonia in 1921 says: ‘T encountered a bunch of deer hemmed in by a
fire against a rock binff. These, however, escaped by jumping hich over
the blaze as I approached.” * I ]ﬂedellc! Winn, deseribing the Rose
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Peak fire In the Apache Forest of Avizona in 1911, says: ‘We saw a
white-tail doe and fawn run blindly into a fiercely burning tangle of
down timber.” 77 (Lieopold, 1923 :515 and 516.)

“More game and other useful wildlife is destroyed by needless grass
fires turned loose in the spring than by illegal hunters and poachers
during the entire vear. ¥ * * Burning of swamps and marshes also
destroys great numbers of duck nests in places where these birds breed,
# % %37 (Leopold, 1926:726-7217,)

“Forest Supervisor Humphrey of the Manti National Forest, says:
‘In August, 1926, I was detailed to the Lost Johnny Creek fire, on the
Flathead Forest of Idaho, * * * Along the edge of the fire, whme Wwe
were trenching, we saw a number of pine squirrels that apparently had
their feet so badly burned that they could not climb trees. The deer in
this loeality are of the whitetail species. I found two deer on the creek
below the fire fighters’ camp that were burned to a crisp. Two other
deer—one a large buck and the other a yearling—died near the Riverside
pasture gate. Another old buck with the hair over his hind quarters
badly singed and his feet so burned he could hardly walk, was seen by
the entire crew a number of times between Riverside and Murry creeks.
I also saw a fawn in the vieinity of Spring Meadows that had evidently

lost its mother. The feet of this fawn were badly burned. -
' ‘A grcat many grouse that had died from the effect of the fire were
also found. In fact the fighters reported finding dead grouse almost daily.

‘This fire dicdl not travel fast enough to overtake either the game or
the birds. It is my opinion that both, after the fire had died down, drifted
back to their old rdange through the smouldering ashes. After getting
in where the ashes were extremely hot and hurning their feet, they
would become bewildered and probably they ran on until they were so
badly burned that, even though they got out of the fire, they would die
later from the effect of the burns. Both deer and grouse appear very
reluctant to move away from their home grounds which had heen de-
stroyed by the fire and returned immediately after the fire had guieted
down, before the ground had time to cool. Nearly every day we wonld
see deer wandering through the burn, especially on the meadows, cven
though the forage was practically all destroyed.’

“Ranger David Laing of the Beise National Forest, says: ‘In May,
1919, Ranger John R. Smith reported to me that he found thousands
of dead cutthroat trout in the creek above Smith Lake after a hot
forest fire had burned over the area. The trout were spawuing in the
creek at the time and as there was a heavy brush along the creek making
a hot fire, T believe the fire killed the fish’.”’ (Rutledge, 1928:315-316.)

In California ‘‘Losses through destruction of game and other wild-
life during the 333 fires which have been reported throughount the State
{0 June 28th are so great that they can hardly be estimated, Fred G.
Stevenot, Director of Natural Resources, has informed members of the
Governor’s Couneil. More than 4,000 quail were lost in southern firves
while between two.and three thousand perished in the disastrous Yolo
County fire which burned over 12,000 acres.

“Not only did quail suffer, the director reported. Rabblts in con-
siderable numbers are believed to have been burned as well as many
birds and some deer.”’ (U. S. Forest Service, 1928:3.)
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“Tremendous loss of gamé oceurred 1n the Cahuilla and Chilnahua
fires which burned in Riverside and San Diego Counties during .Sep-
tember, according to reports of Howard Small, President of the Pwel sicle
Chapter of the Tsaac Walton League. The Cahullla fire burned in the
shape of a horseshoe, thus trapping game, 'and further destruction came
when the wildlife found itself hemmed in between this fire and the
Chihuahua fire ecoming north from San Dlego County. These two fires
finally burned towether and  covered approxlmately 300,000 acres of
erass, brush and woodland. ]

““Carcasses of 300 deer Whlch peushed in the Cahuilla fire have
been reported from Riverside County alone and it is estimated that
15,000 quail perished in this territory. Dlank Robertson, Foreman of
the Frank Morris Ranch, reported that 7 OO guail which took refuge on
the ranch were killed by smoke and ﬂames and that he was feeding

over 1,000 quail and many deer on the lawn of the ranch house, the onlv
bulldmg .on the ranch that was not burned

““Small said he observed 17 deer in one eanyon, all pitifully thin
from lack of food, and the many miles they had to run to escape the
fires. These deer were eating the green leayes from unburned trees and
brush and were so tame that they did not run when he approached and
whistled.”’ (Forest Service, 1928%:2.) '

“During the summer of 1930, the worst forest-fire year Wisconsin

has ever experienced, * * * More than a éeore of deer were found dead
after the fire. Undoubtedlv, these were only a small percentage of the
number destroved. Surveys made by the Conservation Commission
determined that 60 percent of the deer survwing the fire had badly
burned feet. * * * For several months following the fire, freshly dead
deer were reported both in the ﬁre area a(nd in the district surround-
ing it.”’ .
Of sharp-tailed grouse ¥ % ¥ oy néme than 25 percent of the
total population were actually kllled Prairie chickens, ruffed grouse and
quail suffered great loss. Few, rabbits Were killed b; the fire as they
escaped into holes outside the peat beds. But the rabbits suffered par-
tlcularly from hawks and owls following the fire, due to lack of protective
cover.’
“““In thig fire, as in most other fires, lack‘ of oxygen, warmed and ash-
poisoned water combmed to k111 thousands of fish. Dead fish were found
in all parts of the drainage ditches -and " in the Yellow River, which
flows throngh the burned area. Pickerel were hit the hardest. \’[any dead
wall-eyed pike were observed. Dead quekers and minnows were seen in
most of the ditches. In the Yellow River black bass and sunfish were
found dead.’’ (Kipp, 1931:323-324.) i

““It seems very likely that’ 'the policy followed by forestry officials
of restricting the burning of brush areas has had an unfavorable influ-
‘ence upon quail in some foothlll regions. With the chaparral vegetation
restricted, the native weeds and grasses, Whll(ih constitute the chief items
of food for guail, were correspondingly more abundant, whereas at
present they have been largely choked out of such areas. & (Summer,
1931:280.) !

““While a maximum erop of timber and a maximum crop of quail
can seldom, if ever, be produced on the same ground, some timber can
be produced on lands handled primarily for quall and some quail can
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be produced on lands handled : pmnauh for timber. * * *-fire can
frequently be utilized to advantage-in contr olling veg etation on portions
of preserves that: have a tendencv 0 grow-up to hezwv wiregrass, broom-
sedge or decidudus- jungle. Quail cannot thive n such ateag ™ #* * 2
¢ A system-of plowed or plow-hartow fire lines that circle incipient
thickets and divide the preserve into sniall units that ean be-burned
out in winter by hght fires of the creephig type In alternate years, or
as needed, may’ ‘be'made to iner ease, diversify, and properly distribute
the food supply regulate density and extent of thicket and ground
cover, and ald in safeguatding. the nesting by bringing ahout more even
distribution of nests as well as permitting sterlh/atlon against parasites
and diseasés-of limited areas of cover where birds concentrate. While
winter burning of preserves is permissible for these purposes, spring
fires are injurious-to the food supply in general, and summer fires are
so destructive all-around that their use 1s unjustifiable from any known
viewpoint.”’ :
‘ “Fire is rightly comparable to a two-edged sword, While it may
be used to good advantage at times to obtain deﬁmte desired results, lts

abuse, or careless uncontrolled use, may be produetwe of g reat halm
(Stoddmd 1931 :413-414.)

‘A second item requiring attention in the deer ploblem is the
polley of forestry officials in restricting burhing on forest and chaparral
areas. “According to-old-time residents, in foothill aréas especially, fire
was of cominon and reépeated oceurrence in earvlier years. There were
nomerous small fires which ran only short distances and-then died out,
there being less accumulation of inflammable material then than now.
It is reported that old-time hunters used to set fires on purpose. Thesc
older residents veport that under the hurning practiee then in vogue the
‘brush’ (chaparral) was of more open stand and of lower stature, Hldkil]" ,
it possﬂole for a person or large animal to go anywhere on lnllmdcs which
now, sinee burning is restrleted ave covered with impenetrable growths
of dense, tall th\parml With the earlier restrietion of chaparral herba-
ceous vegetation was more plentiful, hut since burning has been pro-
hibited helbaeeous vegetation and grasses are screened out'by the growth
of the chaparral. Earlier, deer are reported to have stayed on the ehapm—
. ral slopes and not fo hd\e invaded cultivated ]ands even when the
latter were unfenced.”’ (Storer, 1932 :323.)

~On the high prairie near Selmour, Ylinois, “The total of animals
other than ants was greater on the unbm ned area in both years.”” Since
the ant nests are below f-10und they are not seriously disturbed by fire.
(Riee, 1932:399.)

Speaking of the fear of fire—*“No such fear seems to exist. I have
‘seen deer in New Méxieo-feeding peacefully within half a mile of a big
fire that had been filling the woods with smoke for a week. 1 have scen
where deer went -across a burn on whlch the snags were still smoking,
when they could just as well have gone dround it.’” (Leopold, 1933:347.)

Tate season organized fires have been -used in Tsetse ¥Fly control
in Bast Africa. “‘It will be asked whether these fires do not kill a lot
of game and it is thonght that the answer is definitely in the negative.
It is quite eertain that all forms of buck have plenty of warning and
their'speed will carry them well in front of the fire., Bmall ground animals
unhdoubtedly perish in large nuinbers as probably do snakes, lizards, ete.
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Rut it is not thought that the so-ealled: ‘game suf“fer at all sermusl;
(Swynnerton, 1934:3.)

A“We would like it clearly: undemtood ﬂldt we are 1eecmmend1nﬂ
controlled use of fire. mainly; on quail and wild turkey ground, where
an abundance of these game birds is considered of first importance by
owners of the land. ’We are also conﬁnmg our dlseussron to the open
pineland. type of forest * % * 2’

““Nothing-for 111~;tanee can be more. destructlve to ﬂround nestm“'
game’birds than summer ﬁres which destroy nests a_nd young, tooether
with growing food supply and cover, and all conservationists should
eombme against them.”” (Stoddard, 1935- :347.). .

‘A thousand-acre experimental burn-on the Ldssen \‘atlonal For est
had the following effect upon wild life: . -

-~ 1. Deer left the area before the fire and letumed m 1nereasmﬂ‘
numbers the first year, attracted no doubt bv new sproutmg shlubs and
inereased annual vegetation.

- 2., Rabbits, (,hleﬂy Lottontalls weLe completelv IuHed out or- the
few survivors moved oft 1mmedlateiv after the fire.. Many ecarcasses were
found,

) 3. Chipmunks were marhedly 1edu(,edfbut not eliminated. A breed—
ing nucleus survived at some of the rocky outerops. - o
4. Mice of the genus Peromyscus survived the hottest fire and were

caught in the center of the burned area two days after the fire. Litters
of miece were caught proving. that the presence of mice was the result
of Snruval rather than migration into the.burns from adjacent areas.”’
A good erop of ponderosa, jeffery and sugar pine seed was produced
: “Mlee were numerouns enough to pn,k up a large portion of their
seed.”’ Burns disconraged rabbits for several years. ”Bulnmn' of man-
zanita, ceanothus brush fields of northern Cahrorma would discourage
1abb1ts and cut down the 10<s of planted pine stock.””. (Horne, 1938
379-380.)

““If you ever go deer huntmn or clk huntmw or autelope huntmtr
in a brush-covered area in the moumams and vou want to find any of
these animals grazing, if there'is any burned area in_that country you
will find your wild g ame there, beeause the feed is so much better there.”’

““All the grazing ‘areas Whele the deer and the antelope and the
elk used to roam, with those mﬂ ions of acres over which to roam and
get good feed, have not been burned over, and have all grown up to
brush S0 there is no feed and.those wﬂd game animals are crowded
down into the low areas and, tal\e the farmers alfalfa, Sudan_ grass,
Ladino clover and acorns, not beeduse there are more deer, but beeause
their grazing area has been cut.down by 50 01 75 percent. ” (Ellenwood
1939 :2 and 6 ) ' '

“Tender sprouts from 100t Crowis or bmned perennials pI‘OVldCd
a source of food eagerly souﬂht b) decr. \Nhere any cover at all was
available, deer were found to work out into: the burn. When flushed from
the burn the deer invariably souohi to retreat to the edge to get into
cover. The burn at the debouehment of Sdn Antonio Canvon into. the
valley had such scant cover that it is very. spalsely occupied by deer.
The ‘burned area west of San, Antonio- Canyon, extending into Fern
Canyon and Cow Cdnyon contamed about 35, pe1 eent of the deer. tound
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althongh this area comprises only about 12 percent of the study area.”’
(Bartholomew, 1942:8.)

““There is a vigorous sprout growth in some speeies of the California
chaparral when the plants are killed back to the ground level by cutting
or burning. This is browsed eagerly by black-tailed deer through a
good part of the year. The deer tend to concentrate on this brouse to
such an extent that hunters consider burned or lopped areas of sprouting
brush ideal for bagging their deer. If erown sprouts could be produced
in sufficient amounts to favor deer populations on such areas without
injury to other values, the economic status of these lands would be
enhanced, as much of the region is clearly submarginal for agricultural
purposes.’’ : :

““These data show that succulent erown sprouts afford higher nutri-
tive values than samples of the current but older, uncropped growth
stages, having at least twice as much water, minerals, and crude protein
per unit of total dry weight, besides a lower caleium: phosphorus ratio,
and lower percentages of crude fiber.- From the standpoint of animal

nutrition these differences seem to be in favor of the browsed crown
sprouts.”’

““1t is problematical why deer favor areas ‘of burned or slashed
brushland, * #* * To offer speculation water is likely the first limiting
faetor in mormal animal metabolisin, so that the moisture content of
voung sprouts would favor their greater palatability to deer as com-
pared with more mature plants of chamise or other chaparral. During the
hot, dry summers in California chaparral, the sneculent sprouts may
be sought solely because of their higher moisture content. Associated
with the high water content are, however, high levels of both organie and
inorgaunic constituents important in animal nutrition.”” (Reynolds and
Sampson, 1943:119-121.)

“Wild life and recreation sites are important in vavious chaparral
areas, Fire destroys many small mammals, notably brush and tree
dwellers, or they may die later from starvation. Destruction by fire of
small surface-dwelling mammals, on the other hand, is mostly tempo-
rary ; frequently, because of the increased food supply, mice and squirrels
soon inerease in numbers in exeess of those present before burning.
Because of their mobility, covotes and certain other large predators ave
little affected by fires of ordinary size. Deer are seldom injured by small
fires, but extensive burns have sometimes resulted in their starvation,
injury, or death. Small cpenings may appreciably increase the forage
for deer, but larger burns destroy the protective cover and temporarily
deplete the food supply. Extensive brush fires are also adverse to bird
life, whereas small, judiciously placed spot fires may be beneficial by
providing secluded feeding areas adjoining the unburned cover. Unfavor-
able reactions of streams, which may follow extensive brush fires on
surrounding watersheds, may decimate the fish population. Moreover,
destruction of natural vegetation by fire greatly lowers the value of
otherwise attractive camp and recreation sites, and tends to divert the
normal tourist trade from fire-swept regions for some time thereafter.”’
(Sampson, 1944:133.)

~ Fire and overuse tend in the same direction. When only new shoots
are eaten, the plants producing them are naturally weakened, since
under these, conditions it is stored food which is consumed and only a
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small part of the carboly drates and plotems 1s actnally manufactured
by the shoots themselves. Therefore whilé sprout hrowsing may return
food to deer or livestoek it iséally the food manufactured by the plants
before the burn or before they were cut. That is why erazing following
fire is likely fo cause the extirpation of‘ many of” thc more palatable
Pplants, and has been condemned by many investigators. It is difficulf to
segregate the two effects of fire and overgrazing. “()veruse is the mark
of greed and it results in reduced total yield and even \vm se, a constantly
decreasing capacity of the'land to pr‘oduced‘fm"dﬂe * % % Jeientific range
appraisal is not easy but neither is it 1mp0€s1b]o Snrdv 1t is the wise
approach to improve big-game managerment. * * * Stockmen endanger
their position on the pubhc lands by a too insistent attitude that they
and they alone are the ‘rightful’ users.”” (Stoddard, 1945 :24.)

‘‘In summing up my statement I want to remind vou that fire is
not the total solution to the range problem. It is but a tool for dealing
with one phase which must be encrgehcally to]lm\ed by proper range
management of reseeding, proper stocking, ete.”” (Nelson, 1945:6.)

““The ‘biological deselts of Southern California are, all too often,
man-made. Many of these dense brushfields that now cover thousands of

i .
acres in the foothill zone were énee '\modlands that is oak and pine grew

with a ground cover of weeds and orasses, a parkland that attracted
deer and game birds by its edgeé-types. If one doubts this, select for your-
self a patch of land unburned for many years and compare it with an
equal acreage of brush on a burned hillside for evidence of game.
Examine the shrubs in each, and you will find twice or more different
speecies in the woodland or parl\ than in 1he old burn now grown up into
a brushfield of comparatively few species, ;md that is What a deer likes—

variety, a nibble of eeanothus; and a bite;of fillares or clover, a browse
off an OaL and one from a buekthorn or Fremontia.

‘“ Advocates of constant periodic barmnn would do well to eount the
cost 50 years after and not now. Why do dee). flock into the fresh burns?
For food, the variety of vegetation that nature provides so quickly to
cover the hare soil, and also to graze freely; Why are so many new species
of weeds found on a burn? Because seeds latent in the soil spring to life
when dense shade is removed by cutting or burning. And why should one
not keep up the ¢yele of burning off per 10(110a]lv and so pr ovide the r ange
feed so eagerly sought ? Bcecmse inevitably the hardier shrubs that arew
in seatteled guantities hefore, chamise, manzanita, yerba santa, and the
like, will return 10-fold and ‘the eﬂ’ect of fire W1H if repeated over a
number of years, encourage the vigorous hardy species that grow on
poor soils to the detriment of those shrubs and weeds more palatable to
deer.”’ {Fleute, 1946 :5.) |

In western Oregon black-tailed deer suffer from malnutrition.
““Many of the favorite food species, like the hedge nettle, common white
dover and fireweced, may be preferred féods in nndsmnmer but theyv
rhsappear entirely duri ing the winter. A]fhout*h commonly found ou
logged or burned-over ands they are almost “hollv absent from closed
canopies or heavily grazed areas, Deer on such lands usual}v are physieally
handicapped in winter. On the burned or| logged-over lands the browse
plants, other than those mentioned, usnally ave richer in protein, are of
more vigorous growth and, in l'mdumtm smll carry sufficient nutriment
to qns‘ram deer

|
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“On over-grazed or closed-canopy areas in Oregon, malnutrition in
black-tailed deer became eritical following a long period of dull weather.
* *' * If, however, the weather became mild and new vegetation began
to grow * * ¥ 3 erisis was avoided.”’

““ A chance oceurred to test this theory in practice in the fall of 1939,
when a large area of about 300,000 acres was designated by the Oregon
State Game Commission as a temporary refuge in the ‘Tillamook Burn.’
A forest fire of unbelievable intensity and destructiveness swept through
green timber and previously burned arveas, mostly in Tillamook County
and east of the city of that name, in Jate Aungust. This was originally a
rugged area covered by a heavy stand of giant spruce, hemloek, Douglas
fir, and cedar. With the soil sterilized by the intense heat of the -con-
flagration, it made an ideal study plot: As the result of two severe fires,
in 1933 and 1939, less than 5 percent of the original vegetative stand

remained on this vast area and the deer population was reduced to below
one animal per section of land. A fortunate heavy rainfall during the
last days of; the 1939 fire eroded the soil to underlying gravel in many
places, but stimulated immediate vegetative growth; in consequence,
fireweed shoots, most temptine to deer, appeared within 10 days after
the conflagration. The intense heat insured freedom from parasites and
improved the.areas as deer habitat. A few weeks after the five, the estab-
lishment of the entire tract and a marginal buffer strip as a sanctuary
protected the remnant animals. The area was closed to bunting until
September 26, 1942, when about two-thirds of the refuge was opened for
linnting male deer only. The vemainder was opened in 1943 under the
same restrictions.

“During the protection period, deer increased from an average of
less than one to over 15 per section. Most of the population resulted from
natural inereasge, but some deer moved in from adjacent areas of poorer
forage, particularly in the southern part, where populations in 1943 were
about 30 deer per section along the Trask watershed in the part closed
for four breeding seasons.”’ (Einarsen, 1946 :56 and 57.) Tt is difficult fo
understand the statement * * * ““deer inareased from an average of less
than one to over 15 per section. Most of the population resulted from
natural increase, but some deer moved i from adjacent areas’’ since
not more than one-fourth of that increase conld at the highest possible
rate have resulted from the one deer which occupied the section in 1939,

ON SUBSEQUENT FORAGE PRODUCTION

As previously pointed out, the shepherds of early days were accus-
tomed to use five in the belief that it benefited the forage for their flocks.
Farly diseussions of vange lands in California omit discussions of five
as a tool. (Davy, 1902 and Potter, 1905.) Speaking of the practices in
the Mediterrancan during the classic period ‘‘Burning ‘improved the
pasturage, because the ashes temporarily enriched the soil, and the
abundant shoots from the old roots furnished better fodder.”” (Semple,
1931:290.) )

On Spring and Fall Ranges in Utah

““Observations on promiscuously burned areas wlhich have been

subjected to both promiscuouns burning and to heavy grazing show that a
combination of these factors has seriously reduced the total density of
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the plant cover, and has depleted the stand of perenmal arasses nearly
85 percent.’ (Plekford 1932:171.)

““‘For many years cattlemen have obsewed that their stock exhlblted

a particular preference for foraging on rarveas recently burned over,
" Similar observations have beenA reported fér deer.”’ (Storer, 1932:324.)

In the longleaf pine belt ¢/ the average gain of cattle on the nnburned
pasture for 11 years was 69 pounds per head and for the burned pasture
the average gain was 101 pounds per head.”” (Greene, 1935":338.)

: ”Studies of grass and legume growth on the areas for periods of
eight and nine years respectively showed that the quantity of forage
rfrowth on the ungrazed burned areas at- the end of the period was more
than double that on the unburned areas.’” (Gireene, 1935":820 and 1935".)

At MeNeil, Mississippi. ““‘X'rom Tables 2 and 3 it appears that the
cumulative smotherlnn' effect ofy unburned plant debris not only reduced
the grasses on the proteeted areas but also reduced the legumes to the
extent that after nine yvears of fire protéction they were less than half
as numerous as on the area burned <111nua11y over the sanie period, where
neither area had been grazed.’!

‘¢ Andropogon scopaiis and A. tene?' wele taken in ]999 and again
in 1931 after seven and nine years of bur_pmfv and fire control, respec-
tively.’” The result showed 10.15 percent crude protein and 7 7 92 per-
cent ash when taken from the'annually burned area, and 7.77 percent
crude protein and 6,86 percent ash when taken from the unburned area.
(Greene 19357.) T |
“Destruction or Deterioration of errgetation !

“‘Fire may act destructively becnuse it destroys or impairs the value
of a given plant eommunity, and/or of. the- crop yielded by that com-
munity. At the same time, it may act harmf ully in that it puts back to
an earlier stage the ecolomeal status of the commumty A more advanced
stage being replaced by a stage much, orlsomeuhat earlier in the plant
SuccessiOIL Again, it may bring about an undesirable change in the
floristic and community structure of vegetation, by destroying or inhibi-
ting development selectively, or by aiding germination, and growth from
root-suckers and stump-coppice, in some species but not in others,

‘“While fire is used in sylvicultural practices with some forest species
sueh as teak, it may be looked upon as rrenerally detrimental in its effect
upon South African native forest ”

“‘In tree-and-grass savanna of various types, and in grass savanna
of probable climax nature (that is, the vegetation will devo!op no farther
than a grass stage, under present (,hmatlc conditions), it is becoming
more evident as w 01"1\ is done upon the mterl elations of fire and eonstitu-
tion of the grass flora, that ﬁre:ma) either, (destroy, retard, or accelerate
the development of certain species. \Vhat is equally important, how-
ever, is that the season of the year and the frequency of firing over the

S I
years appear to play a fundamental role 1 in this eonnection. Destrhctlon
_ of a species, or its:appreciable reduction i in extent may follow on firing
at one season, whereas spread of the species may result from firing at
another season.’

¢ ‘Fijnbos’ ( Macchia or Maquis of the sou'rhwest Cape) vegetation,
in-almost all of its types pr oductlve of some of the most beauhful flowers
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of our flora, has suffered severely by annual ravages by fire.”” (Phillips,
1936 :36-38. )

In a letter of March 3, 1938, Mr. Flenry C. Hindley, one of the lead-
ing stockmen of Humbol dt Coumv says: ‘‘In my ecasc in particular,
burnlng perniits as approved by the State Board of 17 orestry issued to ‘
me have inereased my range capacity by one-third, which seems inered-
.ible considering it is a raneh of 3,450 acres.

““If these permits were diseontinued this same property would soon
become s0 covered with brush and small fir trees that it would be useless
as a grazing eround.

“I believe that fire over grass land is of a benefif for it kills a moss
that grows in the open grass land that eventually chokes out the grasses.”’
“% % % Fven deer do far better and get fatter in burned over areas than
in any place else even though it is not sceded. They eat the young sprouts
and help keep the brush down, where in old brush they do little if any
feeding.”’ (Strickland, 1938: 5.)

““Whenever an area is burned over the feed will be at least ten times

as much and as good on a burned-over area asitisona nouburned area.’
(Ellenwood, ]939 2.)

Grazing, following fire, is econfined to young plants or new sprouts.
A study at the San J oaquin Experimental Range showed: ‘‘Review of
the literature here citéd veveals the fact that much confusion exists rela-
tive to the changes in composition of forage species. The fact that there
is a high percentage of crude protein, and a low percentage of crude
fiber in the early growth stages, followed by gradual deeline in the former
and increase in the latter with advance in the season, has already heen
well established: * #

““In most of the graminaceous, orass like, and broad-leaved herba-
ceous species, there is a continuous and rather orderly decline in the
crude protein, the silica-free ash, caleium phosphorus, and potassinm
from the carliest appearance of the teaf blades to plant maturity. The
percentage of -erude fiber in these plan’r groups, on the other hand, in-
creases Wlth the advance of the season.

‘“The crude protfein in the foiiage of the aec:duous shrubs and trees
deelines in an orderly way from the earliest appearance of the leaves to
their maturity. * * * The erude fiber * * * maintains nearly the same
level throughout the season, ® * * in silica-free ash, and in caleium
content, * * * the trend is distinetly upward with advancement in thé
season, ® # ¥ the trend in potassium content ¥ * * is distinctly down-
ward with increasing age of the foliage. * * * The phosphorus content
declines gradually from the carly leaf stage to leaf maturity.’’ (Gordon
and Sampson, 1939: §5-90.)

The uneertainty of an annual grass crop is pointed out for the inter-
nrountain region and would apply wherever grazing is largely or entirely”
dependent upon it. “‘These acute shortages in the yield of downy chess,
which may come without warning, introduce such a large element of
uncertainty into the feed supply program of stockmen that it is extremely
hazardous for them to use this plant as a basis on which to establish
perennial grazing operations.”” (Stewart and Young, 1939 :1015.)

At MeNeil, Mississippi, *“ Annual winter burning maintained more
favorahle eomposiﬁon, quality, and quantity of 'Eoragc than did exclusion
of fire.”” (Wahlenberg, Greene and Reid, 1959 :47.)
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In the woodland chaparral of the Sl@ll‘d Nevada foothills ‘“ With the

repeated burning of the vegetation there was a continual decrease in both
the growth-rate and density of the veoeta’mon and in the proportion of
grasses to weed-species until by 1938 apprommately 90 percent of the
mlneral soil was exposed.”’ (Rowe, 1941:92)

‘¢ After the first burns on both the perlodlcallv and annually burned
plots the her ba(,eous vegetation came in abundantlv and showed excellent
‘top growth, * The stimulus to the herbaccous growth was very short
lived, for Wlth repeated bmn}nrr there was continual decrease in hoth
n*rowth and density of the v e@etatlon and a comparatively rapid decrease
in the proportion of grasses to weed species.”” (Rowe, 1941*:101.)

Downy chess, an anunal, has taken over much of the northern and
intermountain areas. Studles ],1‘1 Nevada indicate ““The length of time
through which it remains green and palatable depends on the atount, of
soil moisture. Broneo grass is, therefore, not a reliable source of feed for
any definite length of time year after year!

‘“‘Invasion by bronco grass is lm-,tgned by any soil or vegetative dis-
turbance such as is caused by heavy grazinge or by fire.

It can withstand untlmeh and heavy grazing better than the
perennial grasses.

“Is there any assurance thdt per enn;a] grasses would withstand the
hard conditions of early spring grazing as \well as broneo grass if they
could be restored 2"’ (Flemuming, Shipley and Miller, 1942:20-21.)

““Cattle, sheep, or deer Wl]l usually ‘eraze a burned-over avea in
preference to for age on the unburned land ’ad;;ommn at least during the
first scason following the fire.. ‘ {

“In 1930 the phosphOrus content of the alfilaria from the bmned
area, at all stages of samphnw except in the leached condition, was
approxunately double that frdm the unburned, and the Ca:P ratio in
. the latter was extremely wide!'* # = Tn \'x ild (mfs there was about 23
%ggznt more phOSphOI‘US n the forage from the burned-over area during

““In the spring of 1932 opportunity w as presented to collect forage
samples from burned and unburned a1ef1§ on the more fertile soils mL
ranch No. 1 and on the University Farm. This was done with three species
of alfilaria and with bur clover! Sampling ‘was limited to the months of
March and Aprll No significant dlﬂerenee was observed in the phos-
phorus content in the samples on these places although the stock were
observed to give definite prefe1 ence to-the forage on the burned area.
This question of palatability, therefore, probably invelves many faec-
tors.”’ (Hart, Guilbert and G'oss 1932.31 and 33.) -

““By means of chemical analy ses of, samples from burned and
unburned areas an attempt was made to ascertain why the forage on
burned areas is more palatable to livestock during the first year ’rollowmo
the fire. In one area a deeided itlerease in phnsphm us_was shown to exist
in broadleaf alfilaria and to a less extent in wild oats on the burned area.
This was not substantiated in a limited nlﬁnbel of samples taken from
two other areas with more fertlle soil. ! (Harf Guithert and Goss,
1932:52.)

““Only 16 percent, of the species’’ of her bs and grasses ““which
beeome conspieuous after fivres tend to persis in comp(natn ely lavge
uumbers five years or more after burning; . Most of the species
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decrease sharply in population by the third year, so that by the fourth ov
fifth year after burning they are little or not more abundant than.on
unburned brush-lands. . -

“If the stand is composed predonunant]v of thc mueh more
restricted nonsprouting forms the seedling brush s,peeles wlll nog. com-
pletely recapture the soil for several years after burning * * #, (Samp—

son; 1944 :30-31.)

e e a -recovery. of channse and of sploutmn Lhapaual stands i$
rapid for several years after a burn. The average dry weights of chamise
per acre, for example, one and five years after burnmo were-1,560 pounds
and 8, 99() pounds, respectively.’’ The second year after burnine the dry
weight-was 2,760 pounds per acre, the third year 4,150, the fourth year
b, 600 the s1xth year 10,080, the seventh 10,840, the emhth 11,380 and on
mmsudllv dense unburned old stands 28 070 “Rapld nxowth rate of
brush has proved to be distinctly a deterrent to maximum production: of
herbaceous vegetation after the second year because of shadmg, and the
consumption of s0il moisture by sprouts and scedlings of the chapal ral
vegetation,”” (Sampson, 1944 :32, 38, 40 and 37.) .

“Tn all instanees, sprouts’ of eh-muse manmmta poison oak, a,nd
ﬁequently yerba santa, appeared early in the season of the first year
after burning. The sprouts and brush secdlmffs continued to develop in
subsequent years until little other vegetation remained ; but in the interim
the carrying capacity was increased on areas of produetwe soil, wher eas
on thin soils little or ne improvement was obtained.’’

““That fire stmmlated germination of the seed of bmsh speucs s
nnpl essively shown by the entire absence of brush seedlings before burn-
ing, as contrasted with the large number present after bm‘mnﬂ 77 (Samp-
son 1944 :44 and 46.)

“¢ After fire or logging and fire, pure pondelosa pine Tands have
largely passed to a deerbrush and wh1te leaf manzanita association, and
the warmer slopes have become a thicket of interior live oak, * * * In
other areas where severe fires have been frequent, the pine lands have
given way first to a manzanita-chamise cover, and ultimately to pure
chamise, Moreover, on grassland bordered by areas of chaparlal as in
11 Dorado Coun‘rv fire has resulted in extending the’ chaparral into’the
grasgland, * * * extension of chanise and various species of manzénita
and ceanothus into the burned brush-bordered grassland ‘was found to
oceur with rather marked regularity.”” A three-acre patch of chamise had
22-year- old plants in the center, 11-year- old plants around this area and
four-year-old plants on the per 1phe1y ““Thus, the ¢entral portion of the
stand showed an average age of 22 years and the effect of at least two
heavy fires. Surtoundmg.thls * %% the area averaoed 11 years, and
showed the effects of * * * one heavy fire. The outermost cirele of young
brush # * * indicating that the last fire had cr ossed the area about five
years pr ev10us]y - (Sampson 1944 :56-59.) "

A comparison of vegetation on burned and unburned areas shows
the following chemical dlfferences “The erude protéin content is seen to
be somewhat higher in the plant samples colléeted on the burned areas,
from the early growth stage until after flowering. * * * In all speciés
the levels of phosphorus and potassinm are, hwhest In the ear]y growth
stages. The percentaﬂe of calcium,, on the othe1 hand meteases 111 the

Y T P E ] ‘,/.zu.mn,

T R . .Y.m».....f-rﬁ.ﬂf v R L e e B



e

" OF BRUSH RANGES ~ 1

shivubs and decroases in the hérbs \Vlth the mar eh of the season (Samp-
son, 1944:97.) -
- “Inspectlons of the 1944 burn on COW 1\Iountdm covering different
areas in the north and south ends of the mountdm show * * * There is
little or no herbaceous vegetation growthon ‘the pure chamise type during
1945 and 1946, Chamise sprouts have not developed greatly here due to
soil condifions probably and henece little forage for game has been pro-
duced. No deer were seen on any of the chamlqe burned in 1944 nor were
any deer tracks seen on three different 1arrre areas on trips made to the
motntain in 1945 or 1946, Both' deel and niimerous-deer tracks were seen
in the dense brush types and in the woodland types. No domestic stock
or sign were seen on any of the-area at any time and liftle forage suitable
for cattle or sheep was produced in 1945 'or 1946 on any of the chamise
burn, but lower down in the woodland énd mixed brush types that were
burned, ecnsiderable herbaceous vegetation was found along draws and
on northerly slopes.”” (Smith, 1944.) '
-~ ““One objective should be to determine before brush removal w hat

will be the character and density of the cover that will conie in naturally.”’

© “*On the Pauba ranech in Riverside Cotunty, an area of range near a
nursery was accidentally burned in the summer of 1941, % * * In 1942,
pasturable forage on the burned area was estimated to-be twice as great
as on unburned areas adjacent: * * * The brush is wild buckwheat and
chamise.”” (Jones and Love, 1945 :35, 32 and 33.)

‘“Military use of the Hunter ngvett Reservation has resulted in a
large number of accidental fires. Because some of these were so intense
and diffieult to control, the Army has adopted the poliey of annual burn-
ing in the areas where shellfire and other military activities made a critical
fire hazard. ¥ * % Since careful records of all burns have been kept,
the Reservation offers an unparalleled opportunity of observation of the
effect of fire on vegetation, plant succession and erosion. It would be
very desirable for a well trained ecologist, assisted by a soil seientist,
© tomake a thorough study of this area.’’ The results are briefly as follows:

‘1, Annual Burning of Grasslands:

Shallow infertile hill soils showed a marked increase of broadleaved
filaree at the expense of several other species, especially soft brome., An
area of deeper more fertile hill soil showed little change in composition.

=

“2. Annual Burning of Oak-Grass Savannah: * * %

Annual burning has not injured the oaks (mostly valley white oak,
Quercus lobaie) of moderate size but has prevented all reproduction.
It has also destroyed many of the over-mature oaks with basal rot that
could be reached by fire. The acorn crop in many years has considerable
forage value. * * * :

“3. Brush and Forest Fires: * * #

‘“ A, Steep South or Southwest Slopes with Thin Soils Overlying
More or Less Fractured Rock. * * * Asa result of a hot burn the follow-
ing oceurred: (a) moderate to very severe erosion still occurring after
thi ee years, although at reduced rate. {b) Crown sprouting of the follow-
ing: chamise, eriodietyon, live oak and redberry. Sprouts of the last two
have some forage value. (c) numerous seedlings appeared of chamise,
eriodietyon, sometimes wild buckwheat, and buckbrush. * * * From a
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forage production standpoint, the results are to make worse an already
practically worthless type of vegetation.

“B. Steep North and East Slopes, with Moderately Deep Residual
Soils: * #* * The total results appeared to be on the average: Eventual
increase in the percentage and density of uupalatable shrubs; preceded
by, in most cases, an increase i palatable brush sprouts for the second,
third and fourth years after the burn; an increase of available grasses
and herbs on the seecond and third vears after the burn. This appears to
he a net profit for the burn. However, there was evidence that if a second
burn oceurred, say the fourth year, the replacement of desirable shrubs
by unpalatable shrubs, especially chamise, would be even more
marked, * * * ' '

““C. Deep Soils, Mainly Alluvial on the Level or Gentle Slopes. The
results of a hot burn are very similar to those discussed nnder ‘B’ except
that all vegetation, both grass and shruhs, grew more vigorounsly. We
obtained clear evidence that chamise and buckbrush, both worthless to
cattle, seeded out several feet into an area occupied only hy grass before

the hurn, * * #

““ An area of purple needlegrass (Stipa pulechra) was severely dam-
aged by a hot burn that oceurred last summer.”” (Bond, MeNntt and
Johnson, 1946 :1-5.)




THE EFFECT OF VEGETATION COVER ON SOIL
EROSION AND RUNOFF

The reduction of plant eover can be brought about by fire, over-
grazing, or by human actions sich as cuttipg, lumbering, road building,
or cultnatmn The reduction of the perennial cover to an annual crop
even of native grasses is an approach to agrienltural practice. It is not
easy to appreciate in advance what will be,’rhe ultimate result of human
action. Speaking of the grassland of the Abilene section of Texas, ‘‘The
pioneer stockman in the seetion thought he had ‘struck it rich,’ as he had,
and that there was not a sufficient number of cows in Texas to eat all the
grass he saw growing in what is now called the Abilene country. There
was no one in the country asserting any speelal claims to any particular
lands.’

““The idea that any of these grasses would ever become extinet, or
that this golden peuod of fatnese and pl‘enty would come to an end
never entered the minds of those who were reaping the harvest. At a
meeting of stockmen recently held those present were questioned about
the native grasses growing on their respective ranges. One of the best
informed undertook to describe the habit}at and thé characteristics of
certain varieties that were especially mentioned. * * * At last one
stoekman offered a resolution w‘mch was édopted without a dissenting
voice and with a shout. It was n words as Tollows : ‘Resolved, that none
of us know, or care to know, anything dbOllt grasses, native or otherwise,
outside of the fact that for the present there are lots of them, the best
on record, and we are after getting the fnost out of them Wh]le they
last’.?’ (Bentlev 1898:7, 12-13.)

Discussing the stoc,lx ranges of nmtlmeateln California although
not mentioning erosion as such the stages of deterioration of natural
plant cover are discussed. ‘' Range deterlorhtlon is traceable to the desire
to make as much off the land as p0551b1e coupled with two mistaken
ideas: (1) That a range can conhtinue to carry, the maximum number of
stock without detenoratmn yvear after year m'lthout any rest; (2) Thatin
order to get the most out of a range in a given period of time it must be
stocked to its maximum carrymw capaelty

“By maximum carrying’ capacity is meant the highest possible
number of stock that the range will tulrn off in good condition at
selling time, without taking mto aceount the condmon of the range
tself; * # #, ‘

“Two factors are at worI\ on range deterioration. One is the destruc-
tion of the choicest forage plants by selectlon the other the introduction
of uneatable weeds which multiplying rap‘idlv crowd out the often less

vigorous, useful species, and fill the spaees left wvacant.”” (Davy,.

1902 :38 and 40, .
The weeds are, so to speak, nature’s ef‘fort to maintain a plant eover
when the natural plant eover has been I'em‘oved Weeds may or may not
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he valuable as forage, but they are always valuable in proteetnw the sur-
face soil and in preparing the habitat for more permanent species.

“In eonelusion, it may be said that although forest may bave, on
the whole, but little appleuable efffect in inereasing the rainfall and the
annual rlmoﬁ its economic importance in regulating the flow of streams
is beyond computation. The great indirect value of the forest is the effect
which it has on preventing wmd and water erosion, thus allowing the
soil on hills and mountains to remain where it is fo1med and in other
ways providing an adéquate absorbing medium at the sources of the
water courses of the country. It is the amount of water that passes into
the soil, not the amonnt of rainfall, that makes a region garden or
desert.”” (Toumey, 1903 :288.)

From a six-year record on one-eightieth acre plots the runoff was
reduced by bluegrass to 23 percent the amount from bare soil uneunlti-
vated but with the weeds pulled. The loss of an inch of seil would have
taken 29 years on the bare soil and 3,547 years on bluegrass sod. (Duley
and Miller, 1923:17 and 31.) -

“Erosion and siltation effects follow deforestation in southeast

Australia. * * ¥ Two inevitable conclusions arise from this examina-
tion. In the first place the summer runoff is diminishing in volume; and
conversely, the winter runoft is increasing. This means that the natural
regulators, i.e., the forest catchments, are failing to the extent of approxi-
matelv 14 percent over a period of b() years. bocondfv the velocity of the
runoff is being accelerated over the whole area. After heavy rain hill
streams rise immediate]y and become very muddy. * ¥ * There is an
urgent necessity for more cnmplefe mvcst:gatlon of the dangers that
fhreaten our water supp]v ® % % The grazing license, which is the root-
cause of deforestation in the hill-secticns should be abolished immedi-
ately.”” (Wood, 1928 :134:138.)

On plots 6 x 96.8 feet with a 2 percent slope, buffalo arass cover with
a rainfall of 27.99 inches in 1926 lost soil at the rate of 11.32 tons per acre
and fallow not cultivated 38.65 tons. In 1927 with a rainfall of 10.12 buf-
falo grass lost nothing and bare seil 6.83 tons per acre. Tn 1928 with 16.79
111(3hes rainfall buifdlo grass lost 0.08 tons and bare soil 19.82. The totals
for the three years was 60.90 inches of rainfall and loss from buffalo grass
11 40 tons.of soil per acre-and from bare soil not cultivated 65.30 tons of
'::011 per acre. (Dickson, 1929 :418.)

““The results mdl@dte that vegetation cover is a contributing factor in
pon’m olling erosion,® * *7’ (Coner Dickinson and Scoates, 1930 49.)

A 40 percent vegetation cover as eompared to one of 16 perecent,
rediiced the amount of érosion caused by each 1,000 cubic feet of runoff
from melted snow by approximately 57 percent aud the average annual
quantity of erosion from summer rains by approximately 54 percent.’’
(Forsling, 1931.:61.)
© ““’Phe rock skeletons of Mediterranean lands are everywhere prone to
thrust through the meager envelope of soil.”’

“When the mountains were denuded of their forests, the violent
antumn storms, with their sudden downpour of rain scoured off the thin
covering of earth from the steep declivities. The shield of foliage was no
longer there to break the impact of the rain; the network of roots no
longer held the light humus to the slopes.’’ (Semple, 1931:291.)
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“ Affer several centuries of forest mariagement in France, Germany,

Switzerland, Austria, and Ifaly, the prmmple is universally reeogmzed
that a complete mantle of forest, brush, or certain types of herbaceous
vegetation produces maximum I'eglﬂdt}.()n’Of runoff and reduces erosion
1o a negligible degree.”’ (Pardee; 1932:13.)

“Vegetative cover is probably the most important factor of all those
mﬂuenemGr erosion.’

“Tts removal or alteration by man, or hlS influences, may be placed
in four general categories: 1: Cultnatlon and preparation of land for
agriculiural purposes. 2. Pasturing of stock. 3. Lumbering and other
nonagrleultm al land-clearing operations. {4 Fire.”’

‘‘Plants have a three- fold influence as a protection to the soil against
the destructive action of running water. The stems, leaves, and branches
intercept the rainfall before it touches the soil, thus ‘breakin e up the force
of its fall and the resulting peunding action which always takes place on
bare hard surfaces. Raindrops, therefore, reach the surface of the soil at
greatly reduced velocities. Vegetation tends to minimize the concentration
of rain water on the surface and its collection into small streams or rivu-
lets. The roots of ve@etatlon hold the 9011 particles together.”” (Weir,
1932:10, 11.)

In n01thern Utah ““‘It was s trlkmgly evident that the floods orig-
inated on the barren or nearly. barren areas of the upper zone® * * The
steep, well-vegetated intermediate side slopes of the eanyons contributed
practically no runoff to the floods which swept down ‘the main-stream
. channels.* * * No gullies originating onithe adjacent steep, brush-cov-
ered slopes led into the ﬂood channel.’’ (Baﬂey Forsling and Becraft,
1934 :16-18.)

“T'rom the data yielded by the North Fork installation, it may be
concluded that a mantle of undlsturbed vegetation serves in heavv rain
storws to maintain the soil at high ratesjof absorption of rainfall, and
that baring the soil of its natural cover of ve“etatlon under the eondltlons
increases <.;upe1ﬁe1a1 runoff.

““With increase of supeificial runoff soil erosion is. increased or
accelerated far above the rate which took place under the control of a
mantle of natural vegetation of the woodland brush type® * *77 (Low-
dermilk, and Rowe, 1934 :515.)

At Bethanv Mlssourl ““Under alfalf-l there was a loss of only .2 ton
of soil per acre o ow For the same period fallow land kept free of vege-
tation lost an average of 112 tons of soil * #* * 7

At Columbia, Mlssouu ““Soil loss from fallow land was at the rate
of 41 tons per acre, * * * while land in! continuous blucgrass lost only
.3 ton of soil per acre per year.”” At Tyler,|Texas, ‘‘very steep slopes (16.5
percent) lost scareely no soil When in grass, while the loss ran as high as
35 tons per acre when in cotton.”” (Upland, 1935:117 and 120.)

At Tndianola, Towa, measurements showed runoff to vary with difter-
ent vegetative cover from 0. 46 gallons for hazel brush-bluegrass to 7.62
gallons for oats.

““The mean plot runoff f01 the season was hazel brush-bluegrass 0.46
eallon, second growth oak-hickory 0.76 gallon, sweet clover 0, 90 eallon,
wheat drilled across 1.41 gallons, barley1 (weeds) 1.81 gallons, tlmOﬂl}
and clover 2.18 gallons, alfalfa 3.49 gallons, weeds on old field 4.24
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gallons, sudan grass 4.64 gallons, ragweed 4.90 gallons, \vheat drilled
down u4a rralions, corn 5 53 aHons soybeans 5.89 gallons, sorghum
7.58 gallons, oats 7.62 gallons.”” !Dodge 1935:193. )
At Hayes, Kansas ‘‘land has lost under a mean annual rainfall of
22.18 mches an average annual soil loss from native grass of 0.09 tous
per acre, * % the losses from a field rotated to wheat kaffir corn and
fallow were 15.79 tons of soil per acre * * ¥? (Lowdermllk 1935%:124.)

On the Colorado Platean ““The destruction and modification of the
plant cover by over-grazing appear to be the dominant causes of the
recent epieyele of erosion.”” (Bailey, 1935:355.)

“It is a well-recognized fact that close vegetation, such as bluegrass
sod or alfalfa, has a pronounced effeet in l'eduelnrr erosion and a somewhat
less effect tn leduemw runoff.”” (Musgrave and Free 1936:735.)

A vegetation cover of less than 30 percent appears to have little
_appr ecnble effect, on ]etzn ding erosion,

“Rodents appear to have been an mmportant factor in eontributing
to accumulated erosion. These animals have partially depleted the vege-
tation and disturbed the soil over four-fifths of the area studied. In addi-
tion, their effect upon erosion has probably been inereased by their habits
of concentration on scutherly exposures and other aveas which are heavily
grazed by livestock.,”” (Renner, 1936 :32.)

““Vegetation, with the accumulation of litter, tends to retard surface
runoff on steep mopes like those of Pickens Canyon, and its removal may
permit a great increase in the rapidity with which fhe water passes over
the surfaee of the ground. As the capacity of flowing water to earry
debris varies as about the 3.2 power of the veloelty if the slope remains
the same, the inerease in the velocity caused by removal of the vegetative
cover WIH greaily incérease the transporting capacity.’’ (Tm\ell and
Peterson, 1937 :94.)

On the upper Rio Grande *‘Historical evidence clearly shows that
the recent general decline of the watershed lands and resources began -
during the 1880°s following the impairment of the natural vegetation
" eover.”” (Cooperrider and Hendricks, 1937 :86.)

“The forest is the most efficient element to protect the surface of
- the s0il.”” (Enquete International, 1937:132.)

““The most chvious conclusion from this study is the unquestionable
superiority of the wheatgrass range over other existing range types for
controlling runoff and erosion.”’

“Little need be said eoncerning the place of the annual weed type
in range-watershed management. It is of little or no value at best for
grazing, and areas supporting it constitute an erosion hazard that
requires immediate attention in the interest of protection of forage and
soil resourees.”’ The weed type includes tarweed, lettuce, ete. (Craddock
and Pearse, 1938:18 and 19.)

“The forest tends to mitigate the small and middle floods but its
greatest value is in theé lessening of erosion, and preventing or reducing
the movement of material to the small streams, thereby preserving their
water carrying capaeities. The forest in effect is desired primarily to
hold back the soil, not the water.”” (Wannamaker, 1938 :48.)

“The natural, most effective, and most economically maintained
protection is through vegetation.’’ (Cooperrider and Sykes, 1938:64.)
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“Utilization of the foothill lands by hvestoek with or without burn-

ing of the vegetation is likely to effect all of the foregoing objectives to
the extent that the soil is exposed in the process. Thme is a considerable
literature that seems to show that the depletion of vegetation and expo-
sure of bare soil may have detrimental eﬁ"ectb several ways. Erosion
may be accelerated, surface runoff and 1esultmﬂ’ flood crests may be
inereased.’’ (Klttndrve 1940%)-

““The flood source areas are characterrzed by a 1ecent1y developed
gully system, disturbed soil-horizons, and remnantb of the griginal plant
cover. While numerous freshlv cut gulhes testify to rapid runoﬁ from
the depleted ‘sore spots,” there was no 1ndle'tt1011 of ‘lcce]era.ted runoff
from adjacent and interspersed well- ve"etated areas.’

““Prom this evidence it was coneluded that the formerly stable plant
and so1l mantle had been dlsturbed svfﬁelently to change the runoff and
grosion relationships on these areas giving rme to abnormnal floods. * * *®
From the evidence presented it is coneludéd that certain watersheds in
the semi-arid west have nor mally high rates of degradation ; that others
have relatively low rates of erosion and u'lnoff due to the dev elopment
of a plant and soil mantle, the binding power and infil{ration rates of
which are equal to or in excess of the ph‘, sical forees of degradation ; and
the accelerated erosion and runoff have been induced on some areas by a

-reduction of the normal infiltration-rate and stability of the soil mantle
by deterioration of the plant cover.’’ (Balley 1941 :245 and 250.)

“‘Trosion was found to be most rapid on the abandoned fields, inter-
mediate on the mountain buneligrass, and least on the valley bunchgrass
type.”’ (Johnson and Neldnlhop, 1941:856.)
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CONTROLLED AND LIGHT BURNING )

The use of fire as a tool in the management of vegetation is a many-
sided problem. In some cases only a light burning is desired, while again
the fire must be intense and severe to accomplish the desired end. The
immediate result may be favorable while the ultimate effect may be had.
On the other hand bad present effects may be followed later by desirable
effects.

In India—*‘Firstly, the want of unanimity in matters of fact is
forced on one’s notice; secondly, it is evident that conditions differ so
ereatly even in neighboring loealities, that it is very unsafe to generalize.

““One point must be conceded to the ‘too mueh protection’ school.
In certain localities and under certain conditions fire protection appears
to be inimical to natural regeneration.

“In all forests fire is harmful, both directly to the growing-stoek
and indirectly by the removal of the soil covering, leading to dessication,
lack of aeration of the soil, erosion, loss of nitrogen, destruction of

seeds, ete.
““In certain forests, however, fire protection unaided by other oper-

ations hinders the natural reproduction of the most valuable species,

especially in the case of teak forests. -

“Improved fellings and clearings on a sufficient scale suffice to
establish natural regeneration in the forests referred to.”” (Fisher,
1912:218 and 221.) ’

““As I'view it, protection may be essential in one locality, of liftle
importance in a second, and disastrous in a third. )

“In Burma teak has suffered under fire-protection.’’ (Walker,
1912 :438-439.)

“Destinetion by Fire. It is probable that a large number of tsetses
in any case fail to survive the hard conditions-of the height of the dry
season, and these conditions would be intensified by thorough burning.”
(Swynnerton, 1923 :356.)

“‘The heavy growth of bracken which follows the removal of our
large forest trees has always seemed to me one of the most serious after-
effects of deforestation in our mountain areas.”’ 2

“‘Tt is one of the greatest enemies to reforestation that I know in the

mountain areas. Not only does its vigorous rooting system overpower the -

young seedling eucalyptus, but it is just food for forest fires.”” (Ritchie,
1923:90.)

““The theory of ‘light buruning’ is based on three postulates: (1)
That under favorable circumstances fire will run through the forest con-
suming dead needles and branches, but with little or no damage to living
trees; (2) that the intensity of a fire depends largely on the amount of
inflammable debris which has acenmulated on the ground sinee the pre-
ceding fire on the same arca; (3) that complete prevention of fire is
impossible. ’ '

“Opponents to the theory veply: that even light fire always does
some damage both to mature timber and more especially to reproduction ;
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(2} that on the one hand the acenmulation of true ‘debris’ under a system
of fire prevention ceases afterifive or six years by decay, while on the
other hand the accumulation of inflammable reproduction is an essential
to timber production; (3) thatireasonablyicomplete protection has been
proven practicable by the experience of the!United States Forest Service.

“"Phe eonclusions of this dnd previous seasons are as follows: (1)
spring burning is dangerous because by the time the litter is sufficiently
dry to burn satisfactorily the season is normally far advanced. No more
rains can be counted on and smoldering logs and snags may hold fire
well on into the fire season; (2): summer burning can be kept under con-
trol, but apparently only at an expense out of propertion to the benefits
obtained ; (3) fall burning is often impractical because while vegetation
dries out slowly it may become saturated with water in a few hours. Not
infrequently the most eritical period of the fire season is terminated by
heavy rains, after which the ground never again becomes dry enough for

burning. This condition may not be universal, but it seems sufficiently”

frequent to make fall burning impracticable as a generally appreciable
plan; (4) at any season the cost of light burning appears eonsiderably
greater than the benefits resulting; (5) down-hill burning is decidedly
preferable to up-hill burning, but it seems impracticable to avoid some
up-hill burning on large experiments, and even down-hill fires are not free
from damage ; {6) no burn yet observed failed to damage seriously repro-
duction; * * * (7) no burn yet studied eritically failed to cause damage
to mature timber * * * ;(9) under eonditions where light burning seems
most necessary it is too dangercus to be practical; (10) light burning on
large areas at one time is impossible because the moisture conditions on
slopes of different directions vary widely.”} (Bruce, 1923 :130-133.)

“Light or controlled burning may be defined as the intentional
burning of the forest at intervals with the objective of consuming much
of the inflammable material and of so reducing the general forest-fire
hazard that accidental fires will be controlled with ease and will cause
but minimum damage to merchantable timber.

““In order for it to satisfactorily and economically accomplish the
specific purpose of reducing thé general hazard, which is its main purpose,
light burning should meet these three conditions: (1) the amount of
inflammable material must be considerably reduced ; (2) the direct money
cost of burning must be kept within reasonable limits,. particularly if

_frequent burning of an area is: found essential to reduce hazard; (3) the
indireet cost or damage, both in the form of merchantable timber and
small trees, must be held to a low percentage of the total destructible
value at stake. . -

“‘The whole question of grazing and fize ean be summed up by saying
that in California pine region timber production and forage production

- necessarily confliet; that what is benefieial to the one is usually a detri-
ment to the other; and that if lands are fo be handled for permanent
production of timber, grazing will inevitably be relegated to minor posi-
tion in forest management as the artificial{aid of fire is eliminated.

_ ‘“‘Fire in virgin forests in restockingibrush fields, and on cut-over
lands is important not only in:the loss of timber resources it causes, but
also because each fire paves the way for greater and more serious losses
from subsequent fires * * * ag a result of this process each fire, by allow-
ing the invasion of inflammable brush species, and adding fuel in other
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forms, makes future protection more costly, more difficult and more
uncertain.’’ (Show and Kotok, 1924 :45 59, 71, and 78.)

““Sinee preservation of advanced reproduction is so important in
continuing the stand, it follows that broadecast burning of the virgin
forest should be avoided, because even light surface fires destroy most
if not all of the young growth.”’ (Show, 1926:11.)

““Teak forests began to become evergreen in character and in other
areas bamboo and evergreen oaks invaded so that teak had lttle chance
of regenerating. Management plans now include rather severe burning

but when a young crop has been obtained, fire is excluded for at least
ten years.”” (Irwin, 1927.)

“Within comparatively recent years the deterioration of the pas-
turage in the native locations has made alarming strides, * * *. Tt has
been roughly estimated that over 60 square miles of previously excel-
lent pasturage has been more or less taken possession of by an everlasting,
* % ¥ locally known as the ‘Helichrysum Weed,” which even a hungry
goat will not touch,

““The fire had swept through a portion of the enclosure and about
a quarter of it had been burned. I had then, both burned and unburned
ground inside and outside the enclosure, * #* * The natives at once
put their cattle, sheep, and goats to graze on the young shoots of grass
as they were coming up on the burned greund outside the enclosure
* % % about 17 months after burning the burned patches exhibited a
fine dense stand of grass, chiefly consisting of rooigras, whereas outside
the fence the Helichrysum was strongly in evidence again, and eould
already be noticed at a considerable distance. In between the cushions
there were large empty spaces, and here and there grass nibbled to the
ground.’ *** * * it ig quite elear from our experience that where grass
has a fair chance the Helichrysum has none at all.”’ (Schénland,
1927:6-8.)

““Periodically, the forest protection policy of the United States For-
est Service, which seeks (1) to prevent fires from starting, and (2) to sup-
press quickly those that may start, is attacked by people who hold that
the deliberate and repeated burning of forest lands offers the best
method of protecting these lands from the devastation of summer fires.
The ‘light burning’ advocates base their contentions on the false premises
that fire prevention is in the long run an impossibility, that controlled
burning does protect the merchantable stands of timber, and that this
can be done at a lower cost than by fire prevention methods. But they
present no facts to prove the correctness of their theory.

“‘Periodic burning does at first increase the stand of forage plants,
but extensive experiments have shown that if this practice is continued,
the noxious weeds and shrubs, which are more hardy than the forage
plants, will soon take possession of the range and turn it into a weed aud
brush pateh.

‘‘Light fires, even if it were possible to properiy control them, cause
serious damage to the most valuable veterans of the stand by burning
them at the base and causing cat-faces—a loss that amounts to several
dollars per acre in merchantable timber every time a fire runs through
the forest. In addition, all the little trees and saplings, which are the
basis of the next timber crop, are killed outright. No more effective
mcthod of sure and tetal forest destruiction could be devised. ‘Light
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burning’ eauses the same sort of forest destruction it 18 claimed to
prevent,

““Do we want brush fields or torests in the mountaius of California?
Tf we want brush, let us ‘light burn’ and deliberately destroy the great
“natural wealth of the State."’ (Show, 1928 1-3)

““The recent discussion:over the question of the use of fire in remov-
ing brash from private lands int the North Coast conuties is an effort on
the part of landowners to improve the earrying capacity of some of thelir
hillsides from a grazing point of view. |

““ At this meeting there.was evidently a very strong demand for a
policy of assistance to farmers and stockmen in the removal of brush
from their lands in order that they would support the maximum namber
of grazing animals. 1 believe that Mr. |K0t01\ presented arguments in
opposition to any policy of burnineg, pointing out the daue.er of fire
getting out of control, damaoum the newhbm ing property and possibly
even constituting a menace to adJacent lands in Federal ownership. e
also stressed the potentml value of much of the land involved for recrea-
tional purposes and emphqsiyed the point that such rsereational values
would probably be far in excess of any Value from grazing and that fire
scars throughout the region would certam]y detlact fronl the scenic
values. |

““‘State Forester Pratt then dxscussed a tentative poliey in connee-
tion with such controlled burning involving the following essential
points: (1) Organization of owners of land m cach dJStuct nto an
aqsoelatlon for cooperative assistance to the state during the fire season
in preventing and controlling fires. (2) 'Agreement by mnmbcrs of such
associations that they would do no burnm” prior to September first and
then only nnder permit from and with the supervision of a represenia-
© tive of the State Forester’s Office * * #| (3) Agrcement on the part of
the State Forest Inspector and Ranger that assistance and direction
would be given in burning df such privately-owned lands outside the
national forests and wheve ; in'the judgment of the State Forest Inspector
that such burning could be .carried out' without damage to timber or
watershed values, * * # ‘ |

““Tt is my opinion that this poliey will greatly strengthen the fire
protective work of the State in the North Coast counties in the next fwo
or three years and should eventna Iy result in complete under standing
and eooperation in the pr on'ram by many of those who are now antago-
nistic to any supervised program of fire protection. I realize that the16
are dangers of misinterpretation iuvolvéd and also that there is some
h'keh'hood that a few fires may escape and do some damage. However,
the real test of the policy will-be in the appearance of the country in the
region after a seriez of vears and I have full confidence that the net
vesult will be a substantial decrease in burned arvea.”’ (Metealf, 1930:1-2.)

‘“In the past it has been a common custom to set fire to brush lands
during the hottest part of the summer in order that ‘a good clean burn’
couid be secured. In the natural course of events many of these fires got
out of eontrol and burned over much more ter ritory than was 111tendod
by those who set them. Much damage to timber stands, improvements,
and to seenic and recreational xalues was done but the average 1es1dent

of the region frequently adonts a complacent attitude abont such damage
i
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and usually dismisses the subject with the significant remark that, ‘ Any-
way, the fires are doing more good than harm.’

“‘It has been demonstrated on relatively few areas that burning
followed by careful handling to insure revegetation will result in
improved forage conditions. There are many other tracts where soil,
topographie, elimatic, or economic conditions do not warrant the expense
and danger involved. The College.of Agriculture is carrying on some tests
on typical areas and the results obtained should be pointed out to the
owner of similar soil types. He should be made to realize that other
methods, such as eutting and piling brush,. followed by close grazing by

goats, has nsnally given much better results than the use of fire.
~“Within the redwood timber-land area where natural and artificial
reforestation are bringing new stands of timber to replace the old, pro-
tection of these cut-over lands is a very vital problem. Such lands are often
interspersed with agrieultural Jands from which the owners desire to
burn the eover. Under the controlled burning policy such burning will be
carried on under such safeguards as will minimize the danger to near-by
plantations and young natural second-growth stands. Where such fires

are set out without such safeguards and supervision, they may result in
-the burning over of thousands of acres of second-growth even though they
be set late in the fall after the fire season is presumably over. I have
recently examined an area near Trinidad, Humboldt County, where such
a fire in November, 1929, caused irreparable damage to a large area of
fine young timber.

‘“The real measure of the worth of such a poliey will be the appear-
ance of the region after a series of years. If it results in range improve-
ment and less damage from fire than now oceurs, it will be a step toward
the better economic handling of the resources of the region. If the resnlt
is more widespread damage from fire than is now oceurring, the poliey
should be disecarded or changed. Bad fire scars on lands valuable for
timber, watershed or recreation cannot be folerated and will not be popu-
lar among the serious minded people of the region itself for very long.
T am firmly convinced that this policy of helpful assistanee to the private
owner in handling his problem safely and legally, coupled with good
law enforcement of the fire laws, good organization and equipment for
fire-fighting in each local community and a eontinuing program of educa-
tion in the fundamental principles of land use whether it be for growing
timber, for grazing or other agricultural use, will yield big dividends.”’
{(Metealf, 1930":2-5.)

““ A system of plowed or plow-harrowed fire laneg that cirele incipient
thickets, and divide the preserve into small nnits that ean be burned out
in winter by light fires of the ‘creeping’ type in alternate years, or as
needed, may be made to inerease, diversify, and properly distribute the
food supply, regulate density and extent of thicket and ground cover,
and aid in safeguarding the nesting by bringing about more even distribu-
tion of nests as well as permitting sterilization against parasites and
disease of limited areds of cover where birds concentrate. (Stoddard,
1931-:413.) ‘ o

“‘Tn the redwood region of California there is a very common apathy
toward the prevention of fires on forest and cut-over lands. Many local
residents believe that. fires do no harm in the forest; some go so far as to
claim that periodic burning of the forest is good for the trees and that

et S - e
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it stimulates their growth. Some believe that exclusion of fires invites the

growth of ¢ undergrowth’ or shrubs which ‘sap the v1tahty of the trees
and caunse ‘spike-tops’ and eventually death. ¢Old-timers’ believe that in
the early days fires were not so destructlve as they are today because the
more frequent burning kept the woods open. They claim that all of the
forest wasburned dehberately in those days every few years. These heliefs
are fallacious as ean be easily proved by close observation and correct
interpretation of what one sees. The virgin redwood forest has been
irreparably damaged by past fires; current fires aggravate the damage

and on cut-over land they materially reduce its ability to produce new

tree growth.”” #* * ¥ (Fritz, 1932.:1-2.)

“For the removal of brush and its replacement by grass, where
grazing is the best use of theland, or by timber on sites more favorable
for profit from timber growing, there is urgent need for methods which
are effective and cheap and at the same time without damaging results.

. ‘“Fire has been used for this purpose mainly because it has been

the cheapest means available and was at least immediately effective. In
some cases it has resulted in converting chaparral to grass. In others it
has only resulted in extending the brush area. Too little is yet known of
the reasons for suceess or failure. If ﬁre ean be made a good servant
without entailing damages, both publie and private, larger than its bene-
fits, much will have been gamed The dlfﬁeulty with indiseriminate broad-
cast burning is the lack of control. There is always danger of the fire
spreading into areas which should not be burned, such as those to be
devoted to forest-growing or those important for watershed control.
Broadcast burning has had three-quarters of a century of trial, from
which the evidence is clear that it has resulted in a continuously increas-
ing total brush area, which has invaded both upward into that for merly
occupied by the forest and downward 1nto that of the grass.”” {Weeks,
‘Wieslander, and Hill, 1934 :85.)

“‘Hire as a Good Servant Controlled ﬁrmg of vegetation, controlled
in regard to season and frequeney, for a given class of vegetation within
a given climate or soﬂ region, undoubtedly has much to be said in its
favor.

““From my own experience in the ﬁanos ¥ % % T am strongly
inelined to the view that experimental work relatively soon would show
one season to be more suitable than another, so far as obtaining the best
increase in browse or grazing, and the minimum development of poisonous
Monocotyledons * * * '’ (Phillips, 1936 :40-41.) -

) ““The dry season activity of the Tsetse Research Department at their

Field Station at Old Shinyanga culminates in the grass fires during
August. These organized late fires have been one of the main features of
the : anti-tsetse campaign at Shmyanfra for many years and have actually
been the sole method of reclamation in onejof the blocks of country into
which the area is divided for experimental purpo«es % B * (Swynner-
ton, 1934:1.)

Speaking of controlled burmng “The pohcy has bheen over-promoted
as a panacea for lack of produétiveness of; grazmm lands in some parts
of the region.”” (Metealf, 1935°:1.) s

“We do, however, consider that carefully controlled fire, used at the
proper season, under proper weather conditions, for the deﬂmte purpose
of regulating cover and increasing food snpply of the game birds, is a

i
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neeessary tool over much southeastern game territory, and an essential
feature of guail management in the region,

“When judgment indicates that each fire will" die out through
inereasing dampness after it has burned a spot of the desired size, we
start criss-crossing the block, setting fires about every 100 yards until
several dozen are burning.

“If all goes as planned, the bloek is ideally ‘spot burned’ when fires ‘

die out late in the night, and approximately half of the acreage burned
very lightly in well distributed spots, with equally well distributed cover
remaining befeen.

“Now for the procedure to be followed the second and succeeding
years, assuming again that we degire to burn about half the acreage. As
the ‘rough’ spots left last year will burn with greater intensity than the
one year cover, we will start our fires later in the night, and rather cen-
trally in these spots by the method previously described.”” (Stoddard,
1935 :347, 349-350.)

Fire in vegetation in South Africa is discussed as follows:

. ““A suggestion toward the solution of the national problem.

““While we would agree that the building up of an enlightened pub-
lic opinion would be the best protection possible against abuse of fire,
and indeed should be the aim of scientifie workers, agriculturists, for-
esters and edneationalists o attain in time, it is perfectly plain that we
cannot await such a time ag shall see the average farmer gifted with both
lnowledge and a sensitive conscience. Vegetation, soil, and water supply
are annually being lost. Hence action is urgently necessary. I consider
the rational proeedure to be much as deseribed below:

(I) We must make up our minds that, for present purposes, certain
classes of locality demand proteetion from all kinds of grazing, browsing,
and firing, and that certain other classes demand early application of
controlled firing ; the remainder of the country we mmust leave nnattended
until the more important portions bave been dealt with satisfactorily.
So far as complete protection from grazing, browsing and firing is con-
cerned, I consider the classes of locality to embrace (1) all important
catchment areas feeding water supplies utilized either for human con-
sumption or for irrigation ; in practice, such wonld be certain mountain
tops and slopes, valleys and water-course ravines; (II) certain mountain
and other areas unquestionably suitable for conservation and improve-
ment of national forests, and for planting and proper management of
suitable exotic trees required for timber or other purposes. Aveas
urgenfly calling for attention in terms of controlled grazing, browsing
and firing include some of the more important coastal and inland monn-
tain-regions, and less important catchment areas generaliy.’ (T'hillips,
1936:43.)

““The situation in reference to controlled burning we believe is in a
very satisfactory condition, at least for the northern part of the state.

“You will recall the Annual Convention of the California Wool
Growers Association held at San Franciseo November 19 and 20, 1936,
at which time representatives of the wool growers, eattlemen, lumbermen,
United States Forest Service, State Divigion of Forestry and the Fish
and Game organizations made an unsuceesstnl attempt to reach an agrec-
ment on a private land burning policy.

n
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“The eonference ﬁndily passed a resolutwu cqlhng upon the Cali-
fornia State Chamber of Commerce to appoiut the personnel of its regu-
lar Forest Study Committee, charged with the responsibility of eonduet-
ing hearings to the end that some ag reeable pO]l(,V coneerning the use of
ﬁre on private lands might be arriv od at. i It is distinetly understood that
the subject to be considered would deal only with a person’s right to burn
on his own land in a legal manner WJthout undue jeopardy to the prop-
erty of His neighbor. ‘

‘At the January 3d conference the stockmen stated that they felt
in all fairness to the State Board of T FOI‘estrV and the others in charge of
control of fires that it should be a general poliey of stockmen and other
private land owners who desire to bum' brush, that before securing a
-permit to burn brush they should in all cases ¢on sult with the State Divi-
sion of Forestry officials in réference to then‘ plans of burning brush on
certain aveas; secure the approval of the'State Division of I‘01 estry for
such burmnfrs to do certain work of dearmg trails and fire guards to
assure that weh fire when started would not get away and ddmawe neigh-
~ bors; work to secure cooperation of sever({l 1(1116]1013 of the same vicinity
for a fire burning program; lay the plans for brush burning perhaps a
year or two years in advance ‘consult with the State Division of Forestry
as to the proper time to bmn »not burn un]ess adequate means of protec-
tion were being taken to assure proper supervision and if possible have a
representative of the State Division of: Forestry supervise the actual
work of burning,”” * *-* (Wing, 1937:1,and 5.)

“‘The reason that more aereage was n,ot burned in the upper Saera-
mento Valley area this year was duoe to the heavy growth of grass. The
stockmen felt that they eould not afford to take the chances of the possible
Iosses in feed that might oecenr when endeavoring to burn brush lands
prior to the first rains if the fire should happen to get away from them
and burn more of an acreage than they had originally planned on.

“State Ranger Gum * % * quoted in part: * * * “There seems
to be a sticker in the permit that stops a lot of them ; that is the clause that
malkes the land owner responsible for the fire to the extent of paying the
suppression cost should fhc fire' get beyond his control.’

“In the North Coast area a eonslderabk more aclreage was
burned, * * *. About 20 or 25 property owners secured from the ranger
hurning permits with whom they ulI‘ﬂ]]D'Ed for the time of burning so
that no two fires would be ;romrv at the same time.

““It seems to be the consensns of opinion of many of the largs prop-
erty owners that it wili be neeessary for them to arrange to burn prior
to the first rains. They do not wish, howev'er to burn during July and
Aungust when a qmohv atmosphere wonld I lmpalr the very valuable tourist
Lravel |

“In Mendouno County * * * It Is qul‘thlﬂ&ﬂy interesting to
chserve that in this county whﬂe there were 11,000 acres of brush ]and
burned over under permit and eontrol, there were only 5,663 acres
bhurned over from incendiary and aceldentallv caused fires.

““We have not advoeated burning regardless of what our personal
opinion may have been in the matter. We have, however, endeavored to
comply with the wishes of the pro perty owner and as s18t b advising him
as how best to handle his rangé improv ement We have endeavored to
assume the attitude that where a man owns {his own property and pays

e ————
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the taxes thereon, that he should hate the right to handle it in a manner
best suited for his personal advantage, providing it does not damage his
neighbor or effect the general econcmic condition of the community
wherein he lives. Therefore, if he wants to burn we endeavor to make
arrangements so that he can do so at the right time and under the right
conditions. _

‘Tt is the duty of researchers to determine fully and aceurately the
value and losses caused by fire, not only to present existing vegetation,
animal lifs, soils, ete.,, but also to the future conditions of the burned
area.’’ (Strickland, 1938:2, 4, 6-7, 15-17.)

““I have discussed this matter with Mr, Pratt and Mr, Strickland
after reading the latter’s report of November 16, 1938, and my feelings
in the matter are summed up about as follows: (1) It is evident that
controlled burning on privately owned lands outside the timber zone is a
worthwhile experiment in publie relations. It has reduced the number
of incendiary fires and brought about better cooperation by stockmen in
county-wide fire protection during the danger season. (2) In view of
the uncertainty of range reseeding as demonstrated in most of the experi-
ments by B. J. Jones and of the effects of burning brush areas in depleting
soil fertility, increasing the proportion of unpalatable species of brush
plants, decreasing receptivity of soil for water percolation and strongly
influencing the possibilities of erosion on many steep slopes—as empha-
sized by the work of A. W. Sampson, I believe it should be recognized
that the ultimate results of such burning are still very much in the experi-
mental stages * ¥ * . (6) Emphasis should be placed on two points
which are of major importance in connection with controlled burning.
(a) Burning by itself will not solve the problem of increasing forage
resources of brush land. Tt must be followed by seeding, cultivation or
other constructive management and by intellizent and conservative
handling of the grazing animals. (b) It is of little avail to burn sprouting
types of vegetation such as tanbark oak,-madrone, live oak, ecte., as in
the words of Ranger ITufford, ‘It is impossible fo convert these to grass
anyway.’ )

‘‘Hixperience to -date with this program indicates that substantial
results have been seeured in cooperation by land owners. Some of them
are apparently not anxious to burn their lands when given the oppor-
tunity to do s0.”” (Metealf, 1939:1-2.) .

Drawing largely on the reports from-the long-leaf pine forests of
the East, where muech of the experimental evidence is misleading due to
the use of faulty experimental methods and where there is little agree-
ment in the interpretation of resulits and applying their practices to
California. “** * # I wish to prove to you that this present plan of con-
servation as practiced for over 30 years in the past by the United States
Forest Service has produced results in almost every case, exactly opposite
to those planned and work an exceedingly damaging effect to timber,
livestoek, wild game and water conservation.

““Now, we are all agreed on conservation; it is simply a method of
arriving at the proper plan.

_ S¢AN T can say is this: we believe the first thing is help nature do

the job. Years ago nature took care of all this together with the assistance
of the Indians and the timber men and the stoclkmer and the miners and
the prospectors. They all set fires.

~ y.V.r.y-.‘..f..vr,' e DI T R - paraba gyl - S
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““When T was on the State Board of Forestry—and this man right
here can verify this statement (indicating Mr. Pratt)—he was there then,
too, 20 years ago or so—we had at least two occasions when fires
brole out in Lake County and Shasta County. I believed that we sliouldn’t
spend any money, that we shouldn’t send any men over there. We didn’t
-do a thing except let a couple of rangers watch these fires to see that no
damage was done to farm buildings. In Shasta County the fire burned,
T think it was 14 days, and the State never spent one nickel. All the live—
stock men and everyone in Northern California were glad to see it. The
same thing was true in Liake County; the fire burned several days and
everybody was glad to see it burn because it was doing untold thousands
of dollars worth of good to everybody in the country.’”’ (Ellenwood,
1939 :2 and 21.)

Tt is not surprising to find so large an area of chamise in these
counties. :

“From a woodland and forest, the’ owner has eonverted nearly aﬂ
the cover to a condition varying from open range to dense chaparral.
This ranch is considered by many proponents of burmnrr {0 be a shining
example of range improvement by that means.

““The process employed by the owner in clearing his land may be
described as follows: The area selected to be burned for the first time
is usually larger than that on whieh the follow-up burns are made, Year
‘before last, for instance, a 3,000-acre piece which had reverted to brush,
was burned over. * ¥ *

‘“As a rule, a piece of land must be burned over at least three times
before an open condition is obtained. The inferval allowed to elapse
between burns varies with the exposure. In order to get a clean burn,
there must be a good growth of herbaceous vegetation on the ground to
carry the fire. On north and east slopes it is often dlfﬁcult and sometimes
impossible, to get an open condition by burning, since the brush grows
back so quickly that herbaceous veoetatwn is shaded out. Yet it Wﬂl be
from six to ten years before the b1 ush is thick enough to earry a fire
sufficiently hot to result in a e¢lean burn. On north and east exposures,
then, the usual interval between burns is three years.

“Om the southern and western exposures, a period of four years
between burns is the usual rule. Here the growth of brush is slower and
more herbaceous vegetation can be obtained which malkes possible a
cleaner burn than is usunally possible on the north and east exposures.

‘“Tt can be seen that the operator must continue to burn his range
land in order to stay in business. He would not have the earrymn" capacity
he has now, inadequate as it is, had he not burned in the past.

‘Tt is apparent from the foregoing that the land comprising this
ranch, and thousands of aeres in Mendocino County which are being
tr eated in a like manner, is bemg put to ani improper use. The solution of
the problem cannot be found in the prohlbltmn of burning. Enforcement
would be impossible. Private lumber companies who lease their cut-over
land to sheep men experlenee the greatest difficulty in preventing their
lessees from burning to improve the forage.

‘“(1) The report is based on the studv of a 7,700-acre ranch west
of Cloverdale on which the practice of range 1mprovement by burning
has been carried on for the past 68 years: (2) In its virgin COndItIOIl
this land produced very little forage. Estimated carrying eapamty (based
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on examination of areas still in woods) shows that 14 acres would be
required to carry one sheep on a year-long basis. {3) An area must be
burned at least three times to convert it from brush or woodland to
relatively open range. The interval between burns is usnally three years
on north and east exposures and four years on the south and west
exposures. {4) An area which had been hurned for the second time a
vear ago had a total vegetative density of ouly 10 percent and a carry-
ing capacity of 135 acres per sheep on a year-long basis, (5) On a similar
area burned two years ago, 58 acres per sheep would be required. Here
the total vegetative densify was 20 percent. (6) The best range pro-
dueed on the ranch, on slopes below 40 percent has a carrying capacity
of two acres per sheep. This condition prevails on a very small percent
of the total area. (7) Most of the better range land has a carrying
capacity of three acres per sheep. Both this and the type of land deseribed
in the preceding paragraph have been cleared for abont 20 years or
more, but not more than .6 of the ranch area ean be said fo have a
carrving capacity averaging three acres per sheep. (8) On a portion
of a one-year-old burn, with slopes in cxcess of 80 percent both sides
of a drainage have been washed nearly clean of all soil on a total area
120 feet wide and 500 fect long. Bare rock is exposed exeept for seat-
tered pockets of soil held in place by chamise sprouts. (9) On an avea
hurned two years ago, soil loss has been severe even on a 23 percent
slope. On the 65 percent slopes, the loss of soil from around the brush
stumps averages three to four inches and runs as high as six inches.
(10) The owner states that severe floods are inereasing in frequeney.
Direct losses from high waters include: (a) The washing out of fenees.
(b) The loss of most of the available hay Jand on the ranch both by
bank cutting and by deposition of sand and gravel. (¢) The drowning
of sheep. The owner lost over half of his sheep this vear. Most of this
loss was during the Webruary flood. (11) The average loss of soil during
the process of clearing the land by hurning can be conservatively placed
at two inches over three-quariers of the ranch area. (12) Keonomice pres-
sure forces ranchers on sub-marginal range land, such as that under
discussion, to hurn in order to keep sufficient forage for the number of
sheep required to meet expenscs. (13) Under present conditions, 3,200
sheep of all ages must he kept in order to gross $2,839 after taxes are -
paid. This svm must pay for all other expenses of the ranch including
the living expenses of two men-all year and the pay of extra help during
certain times of the year. (14) Tf the correct number of stock were run
on the ranch, the gross income, after paying the taxes, would be only
- $1,088 a year., {15) A possible solution of the burning problem is the
acquisition of submarginal range land by state or federal azency. Fol-
lowing this acquisition, the land should he classified as to its capabilities
and administered accordinely. Any revenues above administrative costs
would be turned over to the county in lieu of taxes.”” (Grover, 1940:
2.3, 7-9.) .

The danger of invasion of nonuseful plants and especially those
which thrive when vepeatedly hurned is not emphasized above but is
a very real danger everywhere in the Redwood and Donglas fir belt.
In the Douglas fir region. * #* * ‘“When brush species ave held in check
by sucecessive fives and are replaced by herbaceous species, most of them
run their course and disappear from the snccession * * * but not so
the bracken fern. It eontinnes to build ap and veplaces other herbaceous
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species as they fall out, and if the brush $pecies eontinue to be held
in check by oceasional fires bracken will dominate the succession and
take possession of the site. This accounts for the {housands of acres
of bracken-covered stump land to be seen today from the highways
of Western Washington and Oregon. On the better sifes bracken develops

- such height and density that only the most vigorous species can com-
pete with 1t, and only by cultivation and continuous cntting are ranch-
ers able to combat it. Bracken as it dries deposits a layer of highly
inflammable. material on the ground every autumn. This accumula-
tion becomes a bad fire hazard with the first dry days of spring, which
sometimes is months earlier than the ordinary br ush will burn. There-
fore, not only do fires favor bracken but bracken favors fire, creating
a vicious ‘eycle that tends to perpetuate the fern patch and eliminate
other weed species, brush and coniferous séedlings that would eventually
form a new forest.”” (Tsaae, 1940: 720-721.) The entrance of bracken
can be noted on most of the cleared ranch lands of the redwood region.
Since bracken spores are so fine that they are dust particles in the air
there is no way of protecting land from infection by this fern. It is
nseless as forage and is always favored by fire.

“Controlled Burning. The development of range on cut-over land
appears to be dependent on the use of fire as a land-clearing agent.
Much research must be conducted and factual material obtained befere
1t can be stated with certainty the actualt role that fire should play in
the management of lands in SouthwesterniOregon.

““This suggests that although the use of fire may be beneficial in
the early development of cut-over: land for grazing purposcs its con-
tinued and often-repeated use should he mmded V& xR (Hochmuth
and Corton, 1940: 11 and 19)

““The aim of this study is.to determine how much of a prohlem
the foothills brush area in Tehama and Shasta Counties are to the stock-
men and private land owners in these countries and to find cut whether
or not burning of these brushlands increase their orazing value enough
to justify the cost of contrelled burning.

Summary., ‘(1) The density of brush is inereased after hurning,
and brush types ave at times extended into ddjacent grass types. (2) The
herbaceous vegetation that comes in following fire is gencrally of lower.
value, and the more inferior forage species predommate (3) Burning
generally improves the hrowse forage for periods of from twe to fen
yvears. (4) Scme species, particularly wedgeleaf ceanothus, manzanitas
and chamise, germinate readily after fives, and burning seems to spread
and increase the density of these species. (5) Burning of grasslands
generally results in an increase of some species of lower value (annnal
fescue, nitgrass, rip gut) and a decrease in others of higher value (soft
chess and wild oats) (6) Hot-burning fires seem to have more effect
on the vegetation. It appears to recover slowly. This is quite evident

when dense manzanita is burned, Few grasses and weeds come in on the
sterilized 5011 (7) The first year, after a very .hot burn there may be
very little increase in forage values in most brush types. (8) It takes
from four to five years for better forage orasses to come hack on burned
areas. {9) Burning opens up brush stdnf]s and makes them accessible
for five to fifteen years. Soils, topography, the kind of brush, the nature
“of the brushfields, and the intensity of the five all have a relationship
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to the results secured. Conclusions in this respect follow: (a) The great-
est Increase in forage is secured on the better soils which are associated
with more level lands on novtherly slopes. (b) The steeper slopes (with
which poor seil is usually associated) yield low refurns. (¢) North slopes
vield better than south slopes because of better soil and more favorable
climate. (d) Open brush with intermingled grass and weeds usually
give bigher returns than dense brush. (e) Mixed brush yields more
usable forage than stands composed of single species. (f) Light, slow
moving ﬁles yield mme and better fomge, pa1t1culdlly in the years
following the burn, ‘than the very hot fires.”” * * * (Fausett 1043: 1,

18-19,

o )The committee has in progress of plepala‘mon a summary state-
ment of the problems relating to brush burning, the difficulties involved,
the various and divergent views which have been expressed relative to
their use and management, and the results of the studies of the committee

up to the present time,
Ty the Tehama-Shasta area a number of small plots have been

established to secure information on the effect of brush removal, on water
penetration, runcff, and erosion. These plots represent the major soil and
¢over types of that area.

“The findings of the commitfee to date may be summarized as fol-
lows: (1) That controlled burning is a practical means for the removal
of brush from the foothill arcas where such removal is desgired. (2) That
the production of forage for livestock and wild life is materially
increased for two-or more years following the removal of the brush by
burning. (3) Soil sampling for the past three years on the several paired
test plots in Tehama and Shasta counties have definitely shown that
denudation does not produce undesirable change in the infiltration

“capacity of the soil. The results from these plots also seem to indicate
that removal of the vegetation is not harmful so far as runoff and erosion
are concerned.’’ * * ¥ (Madson, 1943:1 and 5.)

Woodland-Chaparral and other brushfields. ‘‘They form a part of
the important vange area of the state and have been a problem with the
stockmen ever since the livestock business became a major industry. The
dense evergreen broad-leaved shrubs and trees prevented the growth of
desirable forage species, interfered with the bandling or gathering of
livestoek, impeded travel, and presented a high fire hazard, As a result,

‘such areas were flequenulv burned. Herbaceoub vegetation mcleased
temporarily in the burns, and succulent sprouts pr0v1ded additional
forage for a few years. In addition the sprouts partly remedied a diet
deficiency, particularly during the summer period when the herbaceous
vegetation was low in proteing and vitamin A and otherwise unsatis-
factory for the maintenance of grazing animals.

““With the recognition of forest values on the adjoining timber-
lands, and structural development of the range area with fences, build-
ngs, etc and the breaking up of the lands into smaller ownerships, the
problem of bandling fire bocdme mereagingly diffieult. The resulting
damage to improvements and timber, the difficulty of confining fires to
the 1ands owned or controlled, and the governmental requirements in
regard to the use of fire as an agricultural tool made burning uneconomie
in many areas. In parts of the area, erosion was significant, resulting in
damage to watersheds, developed agricultural lands, roads, railroads,
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reservoirs, and urban reas, with the result that public pressures elim-
inated the use of fire on range lands in many areas.

“PFrom time to time certain individuals tried and developed meth-
ods of handling such lands in a manner that wounld convert them from
brush areas to grassland or woodland-grass areas in a single step. This
consisted of clearing by hand or machinery, followed by goat grazing,
which eontrolled resprouting, and was continned until the undesirable
woody species were killed, leaving a grassland often dotted with decid-
nous oaks which were left intentionally. This was economic only on the
better soils and where there was a ready market for the fuel wood which
was harvested in considerable quaitity on the woodland-chaparral areas.

““In the first growing season following cufting, the area is imme-
diately invaded by annual grasses and weeds, but during the first two
or three years these are usually of poor gquality and low density, consist-
ing of annual fescues and.grasses of similar character, popeorn-flower,
and other low value weeds. The third yéar smocth brome shows up in
‘appreciable quantities, and by the fifth yvear there is a good density,
with smooth brome and alfilaria predominating and with some bur-
clover in the swales. The job is then complete and permanent. The graz-
ing capacity and value of land as well, is inereased several fold.

““The true brushfields of thé Sierra' foothills and elsewhere are a

more difficult problem. In areas with better soils, small acreages have

bheen hand-cleared and plowed for agricultural purposes. Some of these
were dry-farmed but are now mostly in permanent grasslands.”’ (Crone-
miller, 1943 :1-6,)
“Some exeellent work has'been done bv committeemen representing
agronomy, irrigation and animal husbandry #* * * TUnbiased research
2 Y, g Y

is badly needed to define the areas that-can be proﬁtably treated and

those where brush depletion or removal is not profitable and may be
(letrimental or destructive:

““In all the years of controversy no fau -minded man has argued that
burning or removal shonld be applled to merchantable timber or: stands

2

that may become merchantable - timber * * * 77 (Rlenwood, 1943.)

(Compare Ellenwood, 1939.)

“* Resolved, That the Califoinia Cattlemen’s Association express
their appreciation for the progressive attitude taken by the State For-
ester and State Board of Forestry., That the association urge the con-
tinuance and enlargement of the brush-burning program and that said
program be in keeping with good range managenient practices,’’ * * *
(McKinney, 1944*.)

In.a letter to the Los Angéles Chamber of Commerce ‘‘we would
like to suggest that the endorsement by the chamber of the principle of
controlled brush-burning would be greatly appreciated by the cattlemen
of the State as well as all others who see in this method the means
whereby vast areas of range lands can be restored for the use of sheep,
cattle and big game. Further by this method fire hazards to range, timber
and watershed areas are unquestionably reduced materially. By con-
trolled and systematic burning of brush lands and the consequent avoid-
ance of great uncontrolled fires, most erosion resulting from unseasonal
denudation of steep slopes ean be prevented. (See ‘‘ Common-Sense Con-

766951
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servation’’ by Fred A. Rllenwood, former Chairman, California State
Board of T I‘orestrv )

““The encroachment of br ush upon the higher ranges has erowded
the deer into the farming areas and presented a very grave problem of
crop damage of which we hear so much of late vears. A spokesman from
the Division.of Fish and Game at a recent meeting of cattlemen in Salinas
stated that experiments condueted by the division proved beyond doubt
that centrolled burning of the brush which had destroyved the former
ranges of the deer resulted in restoration of these ranges and the return
of the deer to them. He stated, that the division was convineed that this
was definitely at least a partial angwer to the crop damage problem.

“The story behind the brush problem is written on the Jands of this
state in visual langnage that cannot be misinterpreted by eyes which
have observed the writing of it. The balanee of nature is upset the
moment man begins civilized utilization of the land by the grazing of
livestock or any other means. The natural competitive position of various
kinds and species of vegetation is thrown out of balance. Grasses in many

cases are hand m‘),pped and brush plants given an advantage never
enjoved in natnre as evidenced hy the presence of grasses and the absence
of hrush in the virgin state on these areas where prasses were the best
fitted to survive; the opposite being true where conditions were reversed.
Kach species of plant life carried on its competitive struggle for survival
inst as did the various species of animals. Our arbitrary control of the
brusgh is necessary to offset onr control through usage of competitive
plants upon which we have placed a handicap.”” (Meinley, 1944.)

““The controversy over brush burning on California ranges has been
vigorously waged over a considerable span of years. ®* ¥ * it seems evi-
dent that there are areas in which brush removal is fully justified in the
end results attained. On the other hand, there are areas in which the
injuriotus effects of hrosh removal fav outweigh any benefits that are
derived from it

“The following general prineiples may be laid down as a starting
point. Future work should be ealenlated to demonstrate the areas on
which any or all of them may apply for or against this practice:

1. Soils and slopes that ave known to be erodible should not be
dennded of their native cover nnless adequate provision can be made to
prevent sheet or gully erosion,

2. Some scils and slopes are not naturally adapted to the produc-
tion of good forage after the brush is removed. On sneh sites it is not
cconomic to attempt to remove the cover that holds the seils in vlace.

3. In general the soils of steep south and southwest exposures are
too shallow and too much esposed to weathcring to justify burning the
brush from them. In Xl Dovado County and some other foothill areas the
burning -and reseeding of srich areas has not generally resulted in any
improvement in feed conditions. On the northerly slopes and deeper soils
such burning has often resulted in a marked improvement and inerease
in pasturable plants. On the other hand many south slopes in the north
eoast, connties have heen burned and have produced good feed—ivith or
without artificial seeding. That is a countyy of higher rainfall, hicher
summer humidity and more stable and productive soils.

‘4. Even under the most favorable conditions maximum results
cannot, be achieved unless the areas burned each year are restricted to

f
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an acreage that can be properly managed with respeet to the grazing of
" browse shrub sprouts, at the same time encouraging and preserving
Seeded or natural forage grasses that grow within the area.

““5, Burning of brush, or grass, does not kill out any considerable
percent of the perennial grasses that may. be growing within the burned
area. I .

‘6. Insome areas of the north coast seeding in a hurn tends to reduce
the amount of brush that returns after burning.

“7. It artificial seeding is done after bummg, it should be done
immechately—or before the fall rains. The ash is useful as a ecover for-
the seed.and early germination helps the seeded species to compete with
natural growth.

‘8. Brush removal should not be encom aged unless local experience
has previously demonstrated that serious erosion will not follow and that
natural vegetation or resceding will inerease the livestock carrying
capaeity.

9 Accidental burns should.be used for experimental or test plot
areas to determine these facts.”” (Jones, 1944.)

“‘'The use of fire to remove brush that interferes with the production
of forage and the handling of livestock on Western range lands has long
been a controversial subject. It has been condemned because of the harm-
ful, often disastrous, consequences of WldeSprQad haphazard or aceidental
burning. Prolmscuous bhurning of sagebrush has played havoc on literally
m1lhons of acres of range land, rémoving the sagebrush but leaving the
soll exposed to erosion by wind and water, becduse the burning was “done
in places or in a manner which dlscourarred the immediate rce%fabllsh-
ment of grass and other forage cover. * * B

““Carefully planned burning, when properly carried out, is an effec-
tive means of increasing torage production, a matter of immediate
importanee at this time in the food production program. * * #

‘‘Burning is like a fine tool or intricate machine; if it is to be used
with any suceess it must be used skillfully, and that use must follow an
intelligent plan. The simple, practical ruies and guides set forth here on
Whel'e, when and how to burn, and the grazing management to be used
after burning, if followed carefully, will afford a reasonable chance for
improvement of the range and help.to avoid the damage that so frequently
follows haphazard or promiseuouns burning.”’ (Wattg 1944)

“‘In the conrse of the present study, it seemed desirable to secure a
eross section of the observations and convietions of suceesstul Hvestock
men operating in or near the brushland areas of Northern California
counties ¥ * * | In Lake, Mendocino, Humboldt, Shasta, Tehama and
Colusa Countles, 85 operators were consulted ”

“Thirty-four out of 85 of the men interviewed said that the quality
of forage on burns was ‘good,’” but 25 said that burning made no difference
in fmage quality. Smaller nmnbels stated that the forage on burns was
‘fair’ or ‘poor.’

“Fifty-two men out of 85 agreed that the condition of animals grazed
on burns was ‘good,’ 20 men said that it Was ‘fair,” whereas six stated
that the condition was ‘poor.’ .

““OF the 85 men consulted, only 58 Ieported, and 28 of these would
malke no grazing-capacity estimates.




100 PIRE IN MANAGEMENT

““Qimilar uncertainity was noted in the responses to the slightly
different question as to how much the desirable feed was inereased
or decreased by burning brushlands. * * * Only one man out of 76
answering believed that the increase amounted to as much as 75 to 100
pereent for a considerable period of time after burning, while several
men believed that there was a definite decrease.

““ Angwers to questions on the frequency of chaparral burning in the
past showed that by far the most prevalent practiee in the counties con-
cerned is that of broadeast burning every eight to fifteen years.

““While an appreciable number of stockmen preferred to make no
statement as to whether the brush was killed and the invading grass made
permanent, among those men who did express an opinion, the conviction
seemed overwhelming that the brush is not killed by fire.

¢ About one-third of the answers favored burning every two or
three years if it were possible, while another third favored burning at

intervals of four or five years. Smaller numbers believed that burning

should take place at intervals of 8 to 15 years. A relatively small group
of men had been convinced by experience that burning on their land was
never desirable.”’ (Sampson, 1944:23 and 25.)

““Summary of Ifield Observations on Burns. Of the 34 ranches exam-
ined, 29 showed rapid reoccupation of the original brush, On seven of the
burns no animals were grazed because of the small amount of good forage
produced. Twenty-two of the 34 burns showed only normal or light
erosion. It is significant that the average gradient of these areas was
only about 15 percent. The tabulated records revealed that 30 of the burns
had slicht or no soil slippage, whereas on four areag soil slippage had
been severe. Twenty-two burns had little or no gully erosion, whereas
on four burns, soil erosion of a general nature was severe, and on eight
burns, soil erosion was moderate. The four severely eroded areas had an
average slope of approximately 44 percent, whereas those classed as
moderately eroded had an average slope of about 32 percent.

‘““Two factors most favorable to burning were that the animals
could graze over most of the area, whereas this was often not possible
before burning; and that more palatable vegetation generally became
available after burning. Perhaps the two most adverse factors noted on
the eontrolled burns examined, on the other band, were the temporary
nature of the forage produced and the shortness of the grazing season,
which on most of the areas was only a few weeks in the spring, or from
spring into the early summer. Only on fairly level sites,. and on the
more productive soils, was there measurable success from broadecast
burning.’’ (Sampson, 1944 :108.)

“The most suceessful use of fire requires careful planning in
advance. The first step is to make sure that the expected benefits from
burning, all economic factors eonsidered, will more than offset the cost.
The second step is to decide on the specific area to be burned, and to
establish adequate fire-breaks which will protect the units that are
not to be burned. A third measure is to burn late in the fall those areas .
where fire risk is high, and to start the® fire when the wind and air
humidity favor control of the fire.. And, finally, there must be an expe-
rienced crew of adequate size to procure as clean a burn as possﬂo]e and
to forestall complications.”” (Sampson, 1944 :134-135.)
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Resolution No. 11, “adopted by vote of the members of the Cali-
fornia Cattlemen’s Assomatlon in their Twenty-Nmth Annnal Meeting
at San Francisco, California, December 14-15, 1945 ’

‘““WHEREAS, "The annual losses from forest fires in California are
estimated at several million dollars, and -~

““WHEREAS, The entire state is vulnerable to attack by fire during the
dry season, with possibilities of enormous-losses, and besides the initial
loss of property (timber, feed, improvements, etc.,) vast amounts of
money, man power and equipment, are.used in combating these fires,
the cause and spread of which is due largely to accumulations of fire
hazards; and

“'WHERMS In Calaveras County ’rhe operation of the eontrol burn-
ing program has proved to be a practical answer for fire prevention,
for range improvement, from cleanup work reducing fire-hazards, and
for the reduction of wild fires; therefore, be it

“‘RrgoLvep, That we recommend that in all areas of California where
brush burning programs are inangurated in cooperation with the State
Board of Forestry, that the stockmen of each of said areas select loeal
committees to advise and cooperate with, the administrative officers of
the State Board of Forestry.”’ (MeKmney, 1945.)

In the southwestern cape of ‘South Africa ‘‘Total protection from
burning appears to be needed to eonserve water and soil, but if this
treatment were carried out universally the cost would be prohibitiv
and there is doubt as to whether total protection evervwhere i a prae-
tical possibility.

‘““Evidence exists in favor of controlled burning in order to reduce
the inflammability of the vegetation and to promote lavish displays of
flowering geophytic plants in selected areas, but such burning should
never be followed by sustained pasturing. Pasturing on the steep, acid,
mountain lands of the cape is barely profitable, and invariably leads
to destruction of vegetation and serious erosion. (Wicht, 1945:52.)

‘‘BEven in the Spanish era, the raising of livestoek was an important
California industry.”’ (California Forestry Study Committee, 1945 :98.)
One might add that in no country in the world were the sheepmen so

. thoroughly in control of the economic and political life of 4 eountry
as in Spain. (Klein, 1920.) ‘‘Briefly the range-forestry issne may be
described thus: As grazing continues, brush invasion hecomes more
general and more serious on certain lands. To survive against such
mmvasion stockmen must eclear off the brush. The values per acre are
so low that manual or mechanieal clearing is too expensive, therefore
fire is used as the tool. Stockmen felt that they should be permitted
rather broad freedom to burn their ranges however and whenever it
is possible. Unfortunately, some graziers, in the past, permitted their
fires to go beyond their own lands and into eut-over or natural brush
lands of others with the expectation that such burning would extend
their feeding grounds. It has been and still is the case that some stock-
men own more sheep or cattie than could bé grazed on their own lauds.
Some stockmen have complained that while the brush is driving them
out of business they are prohibited by law from burning, Ag far as
the committee knows, no law was ever passed in California prohibiting
burning, the only requirement being that burning shall be under control.
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“The committee is sympathetic toward the stockmen’s brush
encroachment problem and wanis to help them maintain the carry-
ing capacity of their range lands. Tt feels however that stockmen should
cooperate by making their plans for burning well in advance of the
burning season; hy installing the precautionary measures the ranger
recommends; by burning only when a permit is granted and only at
a time not declared to be ‘fire weather’ intensity; by doing all in their
‘power, through self regulation, and to control the illegal setting of fires.
‘Livestock ranges, as well as timberlands, must be kept productive.” .
*“(California Forestry Study Committee, 1945:08-99.) -t

““On one range in Lake County a program of controlled burning
has been underway for five vears. This is a typical chamise area with
steep slopes and a thin, poor soil. Designated areas are burned each
vear, and domestic rye grass is seeded in the fresh ash. At the end of
five vears the stand of rye grass is still very good, and there has been
no appreciable erosion. Sheep are pastured on this range in June, July,
and September. They browse the young sprouts of chamise and crop
the matured rye grass, trampling the grass seed into the soil. Alfhough
this browsing is materially retarding the chamise spronts, the brush
may perhaps eventually retake thé land unless it is reburned. Such
burning will destroy the grass litter that has improved the soil some-
what. It is impossible to predict what the end produet will be.

““Soils and slopes known to be erodible should not be denuded of
their native cover unless adequate provision can be made to prevent
sheet or gully erosion.

“Some soils and slopes are not adapted to the production of good
forage after the brush is removed. Detailed surveys to delineate these
areas are needed. :

“Tn general, the soils of steep south and southwest exposures arve
too shallow and too much exposed to weathering to justify burning the
brush from them.’” (Jones and Love, 1945 :31 and 43.)

“Control burning is the ‘deliteraie use of fire on land whereby
burning is restrieted to a predetermined avea and intemsity’; * * ¥
there are four broad categories of land elassification concerned with
this subject, three of which T am placing outside the limits of my dis-
cugsion. These three are (1) timber lands, (2) primary watershed lands
which, if we are to secure their greatest economic values to the stale
in the opinion of the State Board of Forestry, must he protected from
fire in the form it is being diseussed today. and (3) our open grass
ranges which vou want protected from fire for personal economic
reasons. . .

“The fourth category and the one to which T wish to limit my dis-
cugsion is the great intermediate area of brush land which has relatively
low range value and secondary watershed value and no timber value. In
this category there are several millions of acres ranging from the poovest
of soils on steep slopes supporting thin stands of chamise to rvelatively
good soils supporting heavy stands of ehaparral eomposed of the vavious
oaks, manzanita, ceanothus, ete. It is possible under proper treatment and
range nanagement that a goodly part of this area may be made to pro-
duee greater economic returns to the livestock industry and the State.

“To this end the State Board of Forestry is committed to a type of
Tand management that will produes the maximum economic henefits to

e ety
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the State on a long term or sustained yield basis. This policy applies to
the production of timber, water and range alike, since all three are natural
resources harvested from our so-called mld lands and each is essential
to California’s economy.

€0 % % * this is not a single problem but a composite problem with
many complexities. Te name a few we find (1) selfish inferests seeking
special privileges and serviees; {2) people and groups of people wishing
to burn someone else’s land for their own benefit; (3} large numbers of
people who are unwilling to assume the responsibility and obligation that
goes with the privilege of using fire as a tool in their land management as
legally authorized by the Legislature;'(4) people confronted with a
bread and butter economy on admittedly poor range lands; (5) lack of
sufficient knowledge to make prior determination of the economic benefits
from burning on many soils, slopes, sites and types; (6) lack of knowledge
as to best reseeding methods and speciesias well as an unwillingness on
the part of many to make the necessary 'cash outlay; (7) lack of a Jand
classification defining the areas within which eentrol burns may be used
profitably and, (8) inability of the Division of Forestry to eooperate on
control burns and af the same time cope with eritical wild fire situations.
These are but some of the problems which interlace and overlap to form
a complex pattern. The solution to these problems will not be found by
any simple formula or in any shért period.”’ (Nelson, 1945:1-3.)

- “‘Ranchers of Madera County have long been interested in the use
of control burning as a means of brush reimoval. * * #

““The object of the Control Burning Program in Madera County is
to set up a plan which will enable owners and operators of brush covered
lands to remove their brush by control burning or otherwise under the
supervision of the State Division of Forestry, as provided by law. The
program sets up district and county control burning committees which
will provide leadership in encouraging itidividual ranchers to draw up
and carry through detailed plans fon eontrol burning and land use, and
in eoordinating these plans into district ahd county programs.

““Phat there are many unsolved problems conneeted with brush
removal is well known. Brush can be removed by a number of different
methods, including mechanical means, burning and reburning, and by
various comblnatlons of mechanical means, burmno' and use of livestoel.
No one method will suit all conditions even in a smgle community. The
proper procedure to follow on each ranch will take the combined best
judgment of the rancher, the district committee, and the state or federal
forest ranger. Because of the:difficulties and dangers involved, it is
,important that a well thought out plan be drawn up for each ranch.
¥ % %07 (Madera Co., 1946:1.) ‘

““There are larwe -areas of fe1t11u range soil in the Western States
upon which a dense stand of sagebrush, undesirable shrubs and inacces-
sible and noneommereial timber render the soil unproductive for usable
forage. The removal of this cover would materially enhance productivity
of fomge remove overcrowded tree growth, reduce fire-hazard, preserve
moisture and -protect private resources. Seientifie e*(penmentat]on has
demonstrated that controlled burning and other methods ean be applied
advantageously to remove such cover. |

““We recommend that ]andowners and land-managing agencies use
supervised and controlled burning as one of the methods o aecomphsh




104 N FIRE IN MANAGEMENT

this result, In making this recommendation we avecognizant of the fact
that there has been some careless and unsupervised burning in the past,
and snch methods have diminished forage and damaged property. We,
therefore, explicity urge that full control of fire be exercised at all times
to the end that damage to any and all lands or property be avoided ; and
that such burning be done in strict accordance with law and regulation.
““We further recommend that proper reseeding be carried out in
connection with burning. * * ¥ 7 (National Wool Growers, 1946.)
“Tt seems high time for those whoge fear of fire amounts to no less
- than panie to pause for & moment and analyze their methods of control
and prevention. This panic has resulted in an extreme policy which con-
siders fire as strictly a destructive agent and refuses to recognize its
possibilities for constructive purposes. Under this narrow poliey the
prevention of all fire, at any cost, becomes the primary purpose to be
served. All other uses of the land must be subordinated to fire prevention.
We must realize that, assuming the most effective prevention imaginable
involving the complete removal of livestock, closing of the areas to hunt-
ing and recreation and all other human uses, natural causes still remain

to start unpreventable fires. Our encouragement of the growth of brush
and the accumulation of debris makes such fires inevitable and extremely
disastrous when they oceur.

“There are areas, particularly in Southern California, which prob- _

ably never grew anything but a dense stand of brush and where, to
eliminate this fire hazard it would be necessary to eliminate the land. I
refer to the brush itself as the hazard, not the risk of its burning for the
latter risk only exigts because of the former. Now, there are other areas
which were once free of brush and, therefore, free of this hazard which,
with intelligent management could have been prevented from over-
running them.”” (MeKinney, 1946:1-2.)

In Oklahoma ‘‘June s the ideal time to mow sagebrush for best

control of brush and maximum improvement of grass * * * °°

T 416 18 extremely important to defer ﬂ1amn"—~—exclude livestock
from a pasture—from June to September of the mowed years. This pro-
tection enables the grass to recover, develop a deepér and more extensive
root system, and compete to better advantage with the weakened sage-
brush. All of the mowed brush should be Ieft on the land to provide a
protective mulch for natural reseeding.’” * * * (Savage, 1946 :68-69.)

‘e % * T do not believe in any fires that are not controlled.

““Qo here is the way I sum up this problem: (1) Continue the fire
permit svstem. (2) Pass laws to give the Division of Forestry some money
for the prevention of fires g0 they can burn out some of the hazardous
places before the hot weather comes. Tt will help the ranges, protect the
timber and make it possible to control some of the fires. (3) And I con-
sider this most necessary : Keep up a steady educational campaign. Meet
as often as advisable and above all things, this Range and Land Clearing
Committee and the Division of Forestry must cooperate.”” (Elliott,
1946 :5.)

“‘Due to the encroachment of bmsh many thousands of acres of land
which were formerly capable of carrying large numbers of grazing live-
stock have been rendered practically useless for this purpose. Owners of
these lands nevertheless pay taxes and endeavor to earn a livelihood.
Furthermore, this brush utilizes large amounts of water which would
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otherwise percolate down through the soils and streams to be used by
irrigationists in the valley floors. A proper cooperative program for the
control burning of this brush would enable owners of this land to utilize
it for grazing purposes, thereby inereasing their income. '

““ According to the results of experiments condueted by the Univer-
sity of California under Professor I. J. Veihmeyer, the burning of brush
resulted in the saving of water and, at the same time, increased produc-
tion of forage; furthermore, runoff and erosion were not greater on the
burn plots as compared with the unburned plots in the area where the
experiments were conducted.

““The Madera County Brush Burning Committee recognizes that
there are many brush covered areas which should not be burned. These
include lands that are so steep that erosion would be a serious factor.
There are soils so thin and poor that probably their best use is to remain
in brush cover. There are brush covered areas which include valuable
stands of timber or grass which should not be burned. In any control
brush burning program, it is of course important that such areas be not
" burned. We believe that Jocal committees of farmers, land owners and
operators, should be the best judges of which areas should be and should
not be burned. v

““Suggestions for fire prevention and control burning program.
® * * (1) Abill should be enacted by the State Legislature enabling the
use of State Division of Forestry equipment for fire prevention purposes
' in counties which are organized for fire prevention and brush burning,
whether. such equipment is used on public or private lands. (2) A bill
should be enacted in Congress or change made in certain United States
Forest regulations exempting an operator of privately-owned lands from
a damage suit by the Federal Government, if a fire which he started
causes damage to national forest lands, provided such operator has eom-
plied with all regulations of the United States Forest Serviee pertaining
to the safegnarding of adjacent lands from damage from a control burn-
ing fire. (3) The State Division of Forestry should be provided with
sufficient funds to enable it to employ all of its foremen and truck drivers
on a-year round basis. At present, only a small proportion of these men
are employed on a year round basis. During the fire season, they are used
exclusively on fire suppression ; during the nonfire season, the few carry-
overs are kept busy on essential maintenance work, leaving no time for
fire prevention activities. A large number of foremen and truck drivers
are now employed during the fire season from May to November 30th and
are then laid off. * * * (4) The State Division of Forestry should be
provided with sufficient-funds to enable it to purchase adequate equip-
ment, * * ¥ (5) The State Division of Forestry should be provided
with sufficient funds t6 enable it to assion an Assistant State Forest
Ranger.to each county that is properly organized for a contrel burning
program. * * * (§) The State Division of Forestry should be supplied
with sufficient funds to provide in each county that is properly organized
for control burning, suitable fire fighting equipment and a standard nine-
man crew to be assigned to the control burning program from the season
May 1st to November 1st.”” (Crooks, 1946:1,3-4.)

““To summarize, burning is practiced in parts of Australia, New
Zealand, South America and in various tropical jungles chiefly to sup-
press or dispose of tree and brush growth, and of coarse grass. Every-
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where the practice is challenged by soie landowners, and by various scien-
tifle groups and individuals. In some localities, grazing lands have been
irveparably damaged by too frequent and unseasonable burning, whereas
in other localities rational burning has proved beneficial, and even neces-
sary. In all habitats burning results in throwing back the succession ; in
some localities the subelimax vegetation affords the best grazing values.
Most investigators agree that the ranges ave ‘fired’ too frequently.
(Sampson, 1946*:18.) ‘

““The Barnwell Ranch, which was originally about 900 acres, has
heen enlarged by purchase to around 10,000 acres and he leases 9,000
acres. This ranch has not been burned over. Only a few acres have been
burned in late season, or at a time when fire would not run, to get rid
of an aceumulation of debris, The father of William Barmwell did not
helieve in fire and kept reproduction down to a fair degree by puliing up
seedlings himself ag he went around, and havine his boys do the sume.
He also practiced givdling trees ﬂ'df were of no commercial valus and
employing his sons at a small stum per tree to girdle a large number of
fir poles and frees with the idea of keeping & uch timher tvpe open. Over
a period of yvears falling Hmbs and tww broke up and rotted and went
toward building up the <;01], Today the soil is loose and cr umbly, and not
only deep but has a good depth of humus on top, and this black loam
shows no erosion characteristics.

“The condition of the soil is eenerally remarkable when ecompared
with soils on other ranches that have had the usnal burning tr eatment.

. ““Mr. Barnwell has sowed grass seed of a numbey of gpecies. * * ¥
These grasses wnder the shade of the girdled trees attaing a density of
7/10 to 8/10 with an estimated D(ﬂ“tﬁblhtv of 70 to 80 percent, and an
estimated carryving capacity of a sheep to the acre or 1t acres which is
cuite hich even for this country.

“The next ranch visited was the W. Perry place east of Barnwell’s
place. Here Perry has land on both north and south slopes similar to
Barnwell’s and has gone in for girdling recently to some extent. He has
Lair feed on north 510pcs and a rather poor stand of annual vegetation
on south slopes, both on open glades and under dead timber. Soﬂs, eleva-
tion and degree of slopes are comparable with Barnwell’s, but with this
difference. Perry has done considerable burning. It is quote noticeable
that on the open slopes the soil is quife hard and light colored. A pre-
ponderance of low Hair grass, fescue, low soft Chess and some sparse
clumps of other grasses, while on burned or girdled and burned timbered
sites—slopes and benches—the soil is hard with little humus, and the
erasses arve neither so luxuriant nor as valuable as found on unburned
slopes on the Barnwell ranch. On both south and north slopes where
fire has run in the past, evidence of sheet erosion is to be seen and the
results of such erosion, or loss of the valuable top soil layers, is shown by
‘reduced growth of all vegetation and relative abundance of the less
valuable species of weeds and grasses,

‘It is not thought that such practices as those of Mr, Barnwell can
be held up as e\amples for all to follow, nor are practices followed hy
Mr. Perry to be frowned upon and held up to ridienle, but it is believed
mueh ean be learned from these two exaniples. (Smith 1946:1-3.)

““The Humboeldt ranchers guite definitely have a land clearing prob-
lem, Brush and ferns quickly t take over open land, the reversion hcmn 0
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the original type, unless constant work js devoted to keeping down sueh

species. This is expensive on originaily timbered sites when brush came
in after logging or burning. On the shore facing grassland, fern, hoth
Bracken and other coastal species of ferns, Bubus spp., ('canoﬂws spp.
and other coastal species of brush, are mv‘ldmg all aveas and, as in
Mendocino coastal ranches, bid’ fair to take over in time and Tender
much area valueless for grazing: Fire does not kill out such species, but
seems to spread them,

““Tt seems to me from the ObSE).thlOnS made around Mattole, Bear
River and Van Duzen River dramqn‘es and talks with the mﬂchers,
that we should eontinue to work with ﬂ‘le ranchers to seeure small ade-
quately controlled burns on such types, slopes and soils that will clearly
produce sufficient forage to justify the expense of control and try to
persuade them to refrain from burning sueh slopes as will quite certainly
not produce forage.”” (Smith, 1946 : 4)

““On the Cow Mountain burn of 1944 there is a vast area that pro-
duced little or no herbaceous vegetation in 1945 and very sparse stand of
low weeds and annual grasses in 1946 witlh a very sparse stand of chamise
sprouts. Lower down, on what appears to be somewhat hetter soil eon-
ditions, but still an a]most pure chamise stand, there is a very good stand
of ammal weeds and grasses together with a considerable pex.ceutagu of
perennials such as stipa.

““In Lake County, but still on east slopes of Cow Mountain somé
1944 and 1945 burns were gone over. Hew the same conditions were
observed. Some areas with same degree of slope and exposure have a
fine stand of herbaceous vegetation while nearby aveas will be a]moqt
bare of vegetation and have very small growth of sprouts, * * %
. ““On another area in Lake County, but on the Cache Creelk drainage,
a fire that burned with great intensity ifi Angust, 1945, cleaned off most
of the chamise and left the slopes practically bare. At this time (May,
1946), some of the slope is still practically bave but with a lot of chamise
sprouts, there is a fair stand of weeds! These weeds ave mostly of no
value or actually poisonous plants such as an abundance of Death Camas.
On other areas an abundance of soap root is found.

‘‘These observations demonstrate that we need to kuow more about
the soil and its potential eapamt\' to lsnppm’r other vegetation than
chamige.

““‘Instead of broadeast burning of .such areas it is sucgested that
hetter returns ean be secured if small drainages be burned under proper
control leaving some areas unburned for shelter for game. It is evident
that large, cleared out areas are not suitable for dem as no ghelter is
left and deer will not remain there but w1]1 seek forarve and shelter else-
where.

“Cow “\Iounfdm has been 1epeatedh’ burned and the condition of
the slopes shows that there has been a heavy soil loss, a decrease in amount:
of forage prodneed, a reduction in size and density of brush growing on
such depleted s1te€, and a measurable Ios& in grazing value.

‘e # * % only on favorable sites does Ke get mueh for age and not on
sites when chamise is the climax tyne, but rather when chamise is found

on sites where oak and other m]xed by ush species would and should grow
if given a chance. - '
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“The returns—on the pure chamise type, on the upper slopes and
top of ridges, do not warrant econtinued burning, or any burning. There-
fore, burning should not be tolerated.” (Smith, 1946 :2-5.)

The present California state law (Statutes 1945) says in part:

Chapter 1018—Section 1

CHAPTER 8 . .

““Secrion 4871,  The people of the State have a direet interest in the
protection and improvement of public and private lands which are
principally used or useful for range or forage purposes for domestic
livestock and wild life. This chapter is enacted in furtherance of that
interest to provide not only for controlled land clearance and revegeta-
tion of such lands but also having as its objective fire prevention and
protection, watershed protection and conservation, and the prevention
of soil erosion. . '

“Secrion 4873, The division may enter into contracts or coopera-
tive agreements with any person, firm, publie or private corporation,

district or municipal corporation, or other political subdivision of the
State, or any group or combination thereof, owning or controlling brush
covered land within the arca the fire protection of which is primarily
state responsibility for the purpose of engaging in controlled land clear-
ance and revegetation, including the burning of brush from such lands,
or portions thereof, under the supervision of the division or by the
division.

‘“Section 4874, In furtherance of such eontracts and agreements,
and also independently thereof, the division shall engage in experimental
land clearance and revegetation of such lands in the interests of protec-
tion and improvement of range and forage lands and shall also engage
‘in such research in connection with it as will enable it to determine the
value of such methods in relation to the several purposes and interests
of the people of the State as set forth in this chapter.

Crrarrer 1420

“Secrion 1. The purpose of this Act is to promote the public
security by climinating fire hazards and to reduce the risk of uncontrolled
“fires which result in great annual finaneial losses to the people of the
- State, to increase range forage, to return waste lands to production and
to reduce the danger of incendiarism. .

““Tt is also the purpose of this act to provide means and facilities
to determine the effects of controlled clearing and revegetation and
burning of brush covered lands which are primarily valuable for range
or forage purposes as a part of the legislative policy of providing for
and carrying on a eontinued study of range improvement.”’

Seorion 2. The Division of Forestry in the Department of Natural
Resources is hereby directed to engage in a program of experimental
controlled land clearance and the revegetation thereof with respect to
lands which are prineipally used or useful for range or forage purposes
and which lie within that area the fire protection of which is primarily
State responsibility. Such program shall also include such research
as may be necessary before and after such clearance of lands in order
to determine the value of the methods used in relation to the purposes
of this act. .
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The division shall determine the effects of such clearance and the
value of such methods-with reference to fire protection and prevention,
watershed protection and congervation, the prevention of soil erosion,
and the increased economie value of such cleared lands insofar as they
may be so made available for range and forage purposes. (Statutes of
1945.)

““In general, this policy has worked quite satisfactorily, the pri-
mary difficulties being that

““1. Too often the applicant does not want to e\pend money to
put in the necessary control lines prlor to the burnine in order that
the fire may be properly confined to the preserlbed hmltg

‘2. Too often the applicant W‘ll‘lt%_ to burn a larger area than
can be reasonably held under control. Under normal condltlons it 1s
difficult and often 1mposs1ble to properly conirol a fire burning morve
than 300 or 400 acres.

‘3. The applicants are often unwilling to assume the responsi-
bilities and liabilities that are required by law if their fires escape and
do damage to property of another.

““I believe some of the reasons for the nnwillingness on the part
of applicants to expend sufficient money on this program and assume
their legal responsﬂnhtles rests on the facts that many of them are
endeavoring to eke out a ‘bread and butter economy from submarginal
lands Whlch do not justify any material expenditure even when burned
over. Too often many of our ranchers think that the answer to their
" economic prayers is to burn the country over and next year turn the

livestock on the burned-over area and hope they get fat.’”” ¥ * * (Nel-
son, 1946.)
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LAND PLANNING

“‘Broadly defined, land utilization is the seience and art of achiev-
ng the most "effective use of land.” * # #

“The conception of efficient utilization includes the concept of
conservation of natural rvesources. The emphasis in land utlluahon is
on the mode of wse and the essential adjustments involved; but the
conservation of soil fertility, timber, water, wild life, 1ee1eat10m1 and
seenic resources is a basie conmdelatlon in the determmahon of effec-
tive present use. Tn the long run the determination of most effective

use beecomes a matter of regional or local planning which will take
aecount of important publie 001131dera’r1ons and necessary adjustments.”’
# % % (National Land-Use Planning Committee, 1932.)

Such work demands the best available technical jadgment and
« experience. It seems the only safe means of bringing into harmony the

many demands of the different interests to exclusive or nearly exclusive
use of these lands. The lTong view is seldom taken by those who derive
present benefit by hmproper land use.

Years ago many plans were proposed for the management of public
erazing lands (Coville, 1905) and years later, *‘Conservation of the
Girazing Resources of the Remaining Public Domain’’ was issued as
pubheatlon No. IV, Washington, Mar ch, 1933, by the National Land-
~Use Planning Committee.

“On the Siskivon National Forest there are approximatelv 327,000
acres, exelusive of the Smith River wat tershed, ont of 1,302,393 acres
that are covered with chaparral of many species. The cause of their
existence, however, is not diffienlt to aseertain, and is seen on every
hand. The charred stump, tree trunk and fallen log tell plaiuly that
fire was the cause, and has done its work.”

““The old story of burning over these hrnsh arcas vearly, so that
a large fire could not ocecur because of available material sufficient, for
a large fire has been told again and again.”’

“Could a man have seen this Southern Oregon eountry before the
original fires along the eoast occurred, he would have seen a forest
practically ‘continuons.”” * * * (Haefner, 1912:82 and 83.)

Tire is being used in the redwond belt to redunce the land to agri-
cultural or grazing land.

“The redwood thrives on many different kinds of soil * * * soil
conditions vary greatly within limited areas and no large section of
a uniform soil type is to be found in the valleys and slopes of the cut- -
over regions. ¥ * * This great diversity of soils, however, offers a
grave problem to the would-be farmer. :

“These preliminary operations clear the land of marketable forest
material but do not remove the larger waste limbs, defective logs, small
trees and stumps. The firing that has ocenrred does not usually affect
the large redwood waste and stumps. The redwood is extremely resistant
to fire and only such portions of the trees as may be broken and splin-
tered burn, tozether with the limbs and occasional defective logs.
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“The comparison with ‘other conifers stmngl) emphasizes the
remarkable reproductive power of the redwood. * * * The fire menace
which is always present in the forest is being guarded-against. * * #

“Tt is well to recornize the diffienlties of real agriculture in the
redwood belt. The farmer of such lands will meet many extraordinary
difficulties not present in ordinary unforested arrrlcultural sections.
Further there seems to be no doubt that the splend1d heritage of our
redwood forest should remain, through reforestation, an asset to the
State, not only financially but in grandeur and beauty.’” * * * (Clarke,
1922:168, 173 and 186.) ‘

¢ The su{ counties of California 1vmg north along the coast between
San Franeciseo Bay and the Oregon line present some interesting prob-
lems in land utilization and in administration of the fire laws. Something
less than one million acres are included.in the redwood timber belt and
these are lands of very high productivity from a timber point of view.
Tanbark oalt which oceupies a belt within and adjacent to the redwood
area, is also an important forest resource beeause of its bark, which is
used in the tanning industry. Mixed with the redwood and tanbarls oak,
and stretching over many thousands of acres o the eastward, are stands
of Douglas fir and oak of several species whicl Lave practically no pres-

. ent value except for firewood, for which there is only a limited demand,
and for Christmas trees from young stands of fir. There are many large
areas of brush fields of greater or leqs ‘density, made up of several
varieties of manzanita and eeanothus, serub oak, chamise, and other
shrubs. These brush fields are often so dense as to be almost nnpenetrab]e
and while they have some value as deer cover, they have very litile utility
for grazing domestic animals. There are also many thousands of acres of
grassland with scattered trees which furnish good grazing for cattle and
sheep and as grazing is one of the principal agricultural industries of the
region, there is constant pressure to inerease the forage resources by
xmttmo rid of unpalatable plants and dense stands of brush and young
reproduction which are coming in on private lands.

““The value of much of this land for grazing is not high, but it is also
frue that these areas have little value f01' other purposes, The market for
firewood or Christmas trees is very limifed and only a few owners of fav-
orably sitnated lands are able to obtdm.some return by leasing the deer
hunting privileges to some club. The raising of sheep or cattle is therefore
about the only way in which the private owner can manage these lands
to secure an immediate revenue.”’ (Metealf, 1930":1.)

“ Agriculture Las made continual inroads upon land areas often
little suited for other uses. The forest area has been reduced more than
30 percent in the past 60 years and brush has been replacing trees on the
mountain sides. The utilization of the deforested’ land is a question of
vital importance to the State-+~what areas might profitubly be retained
in brush for purposes of watershed protection, what areas might profit-
ably be returned to forestry, and how much ean and should be conver ted
to grassland. Since California livestoek consumes a large amount of the
products of crop land, the improvement of the range is of importance to
all farmers. It is vital that the various 'ppportunities for a better utiliza-
tion of California land be coordinated.’’ * * # (Sproul, 1930 :42-43.)

““While a maximum crop of timber and a maximum crop of ¢uail can
seldom, if ever, be produced on the same ground, some timber can be pro-
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dueed on lands handled primarily for quail, and some quail can be
produced on lands handled primarily for timber.”” (Stoddard, 1931 :143.)
Here it may be desirable to use the land for a dual purpose, or it may be
found best to limit it to one use, either that of timber production, or, as on
the lands of the sporting elubs largely to quail production.

“Torest Supervisor Jones made an excellent presentation of essen-
tial points in management of lands for timber and forage produetion and
pointed out that theso two objects did not always go hand in hand. He
emphasized land classification and stated that when certain lands were
classified as more valuable for grazing fire might he used in their manage-

ment, but could not be used untll addltmnal protective facilities and
improvements such as roads, trails, motorways, and fire-breaks were

available.”” * * # (Matealf, 1932 4.)

*“This bulletin is a report of the results of the first large-scale study,
in California, of land utilization and of the complex problems arising out,
of its lelatlons to the economic and social structure.

““The general objectives assumed by the writers of this bulletin are
to coordinate and harmonize land uses so as: (1) To obtain for the owners
of the land and for the community and the local government the greatest
possible return in proportion to the amount of energy and capital apphed
(2) To protect farmers from the results of unwise expansion and to give
such assistance as may be possible in the efforts being made throughout
the country to balanee production and consumption. (3) To assist resi-
dents in the area to adjust their economic programs to changing condi-
tions. (4) To conserve for the general public of this and future genera-
tions the natural resources, including the soil and its fertility., In the
maintenance of these resources in unimpaired productivity the public
has an interest superior to that of private exploitation. (5) To provide
information concerning adaptations and probable future utilization of
land which will make possible progressively greater efficiency both in
land use and in the administration and financing of the several functions
of government and public-service agencies. (Weeks, Weislander and
IIill, 1934 :3 and 7.)

In order to carry out a program of this type the physical basis of
Jand, climate, and vegetation cover must be clearly understood. It is
unfortunate that most of the lands under chaparral lie outside of the
limits of our state and national soil maps and are generally referred to as
“rough and stony lands.’”” Moreover, the vegetation, although mapped
in general terms, must be studied in far greater detail. The natural trends
of vegetation development, or in more technical terms the details of sue-
cession, must be known before the presence of a vegetation type can mean
much as to its response to any treatment whether cutting, grubbing, or
burning. This is essential to the ultimate soiution of the brush problem
in any local area. Too often it is just ‘‘brush’’ and ‘‘goed’” or *‘ poor soil.

““The status of fire protection efforts in the north coast region of
+ California is in a very unsatisfactory eondition in spite of rather strenu-
ous efforts to better the situation. I believe the important elements in this
situation may be stated about as follows:

1. The preponderance of acreage used for grazing. Two and one-
third million acres owned by farmers in the region are so used besides a
large area. of public-domain which is also grazed. Much of the privately-
owned area is of low quality but the owners are paying taxes on it and
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wish to get at least some revenue from it. Lands covered with brush,
woodland or even fairly good stands of Douglas fir have no value to the
man who wishes to graze them. 2. Exemption of redwood timberland from
the provisions of the fire laws and the desire of logging operators te carry
on burning at any time during the fire season, Owners of adjacent lands
see no reason why they should not be allowed to burn their lands as well
without penalty. 3. Lack of a definite management policy for cut-over
lands held by large lumber companies. The forestry branch wishes them
protected to secure a second stand of timber while the grazing depart-
ment of the company wishes to see them burn to open them up for graz:
ing. 4. Shght importance of vegetative cover for watershed piotection
from a state—mde or regional pomt of v1ew ‘Watersheds are short and
1rrigation or other water supphes are not' deemed of much importance.

5. Recreational use is important in a few rather small and concentrated
areas but does not bulk very large in influencing public sentiment against
fires. 6. Failure of the eduecational campaign te convinee many of the
land owners that fires are not a good thing for their lands.”” * * * (Met-
calf, 1935.)

Highly important, if a land planning program is contemplated, is
a knowledge of the distribution of vegetation types. ‘‘The survey not
only provides information about the présent vegetation cover, but also
discloses that in many localities its character has been profoundly
changed since the advent of the white man. The most striking and signi-
ficant of such changes are those representing a progressive deteriora-
tion from higher and more valuable to lower and less valuable types of
vegetation as a result of such land abuse as destrnctive logging, acci-
dental and wilful summer fires, the praétice of annual burning in many
foothill and mountain localities, and excessive grazing. As a consequence
of such treatment, there have been extensive replacements of commercial
timber stands by woodland, chaparral, or sagebrush ; of big-cone spruce
and Coulter pine by chaparral or woodland; of pifion by chaparral; or
sagebrush ; of chaparral by sagebrush.””'*® * * (Weislander, 1935 : 142.)

It is evident that, with this information at hand, natuve protected
or aided would return the more desivable types in a suitable time. More-
over, the site may be much better than would at first appear since the
land may not be oceupied by a elimax plant cover but by one of the early
stages which is probably the climax type on poorer soil and in a dryer
climate.

In land clasgification it is important that a detailed soil survey be
extended to all lands including those on the brush-covered lands. An
advance in the use of soil maps is that used in ‘* A Rating of California
-Boils.”” (Weir and Storie, 1936.)

Undoubtedly by a careful apphcation of the principles used in this.

work and by careful coordination of soil and brush types, a much safer
prediction of the probable suceess of any land treatment could be made
and much costly work by the trial and error method avoided.

As an argument against the control of the intensity of grazmg and
the reports of deterioration of range lands, ‘‘If and When it Rains”’
. (Mollin, 1938) merely echoes the statement of Theophrastus, *‘It is the

weather rather than the soil that determines the harvest.”” (Semple,
1931: 297.) Throughout man’s history he has looked largely to his gods
866951




114 FIRE N MANAGEMENT

fo provide feed for his flocks. This was probably emphasized by the fact
that so mueh of onr written history comes from semi-arid lands wherc
the shepherd furnished mueh of man’s sustenance. Droughts caused the
great famines of Biblical and classic literature, When rainfall is abund-
ant grass will grow almost anywhere. However, even rainfall on a soil
with no living plants cannot produce forage and the returns from rain-
“fall are tremendously effected by two factors, (1} the number of live

grasses or seeds in the soil and (2) tiwe penetrability, depth and fer.
tility of the soil on which the rain falls. A very deceptive recovery on
badly over-grazed range results, since if only one-tenth the full number
of plants have survived those that remain have 10 times as much water
and soil as would those of a full stand and the larger individual plants
are mistaken for range recovery, It is easy to infer wrongly that sinee
erosion is a natural process there is no Induced erosion, since range
orasses grow tall after drought when rains fall, there is no permanent
damage done to the plant cover by the drought, and that since grazing
is good in wet years there is no over-grazing during drought years. Rain
without soil will produee little. Rain and soil without a living plant-cover
or seeds will produce no forage.

“Wise use of farm lands, coupled with intelligent conservation and
use of our forests and with progressive development of our sceni¢ and
recreational mountains and beaches will maintain California as a state
of unexcelled possibilities for heaith, security and happiness.”” (Comn-
monwealth Club of California, 1938:1.)

~ ‘““Whether brush-cover ean he returned to grass-cover by repeated
burning and if so, whether or not too much erosion will oceur in the
interim to make the procedure practical are still nunsolved problems that
undoubtedly differ in different localities. :

“Livestock and game-animals constitute very important means of
realizing the great potential values of our natural vegetation on uncul-
tivated lands.

 “‘Domestic animals should be fitted into the forest-and-range picture
on public lands to the best advantage of all factors concerned.”” * * *
(Havt, 1938: 639-640.)

“In this system of classification the land is broken first into five
broad physiographie groups lettered A, B, C, D, and B: * * * F, the
upland or meuntainous land,

“Within each broad physiographic group ave found the naetural
land divisions, each of which is a Tand unit having a particular set of
natural characteristies, such as topography, soil, drainage, erosion, and
climate. These characteristics of the natural land divisions also define
the natural productivity of land for plant growth whether it be culii-
vated crops, grass, or timber.”” (Storie, 1940: 4-5.)

“'T'he upland and mountainous land which occupies 73.8 percent of
the land area in Santa Cruz County contains only 26.4 percent of the
total eultivated land but containg 96 percent of the timber land, 92.4 per-
cent, of the woodland, 86.1 percent of the brush, 68.9 percent of the grass
and 80.4 percent of the Recreational land.”” (Storie, 1940: 42.)

“IPhe present forest resources of the foothill zone around the Central
Valley are largely limited to the strip of second-growth ponderosa pine
of the Sierra slope at elevations between 1,500 and 3,000 feet from the
upper San Joaquin to the Pitt River. This strip averages perhaps 10

3
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miles wide and contains something over 700,000 aeves. The stands are

almost pure ponderosa pine, most of them bet\\ een 70 and 80 years old
# % # At a conservative value of $1.50 per thonsand board feet on the
stump, this would be the equivalent of a monetary return of $1.35 per
aere per annum. These stands are reaching a size at Whleh the larger
trees are already merchantable, © .

““The lower limit of the Pondu osa pine has been pushed east 5 to 20
miles and the pine has been replaced almost completely by brush and
Digger pine as a result of fires and heavy grazing.

“The foothills in the northwestern paxt of the State in the redwood
elt and adjacent territory to the east represeuts a different set of con-
ditions. Both redwood and Douglas fir formed extensive forests of large
timber in this region down to the valley floor. Some old growth remains
and parts of it are being logged currently. It is pOSSlble to reforest the
cut-over lands either natulallv or artificially if fires are controlled. The
growth rate of second growth redwood is the most rapid of any timber
species in the country.

“In a eonsiderable area somewhat baek from the coast Douglas fir
is aggressively reseeding cut-over and open areas, and these natural see-
ond glowth stands promise to yield increasing returns in marketable
products in the fature.”” * * * (Kittridge, ].9}0 1 and 3.)

““At the outset of the initial research in El Dorado County, the
central objeetive was the ‘delineation of the boundaries of areas best
suited for agriculture, forestry, recreation, water conservation, gras-
ing and other major uses.” A§ a means by which this primary objective
was to be attained, a group of' secondary objectives was set up. These
secondary objectives were: (1) A general classification of land on the
basis of its physiecal characteristics; (2) A statement of the way in
which the different elasses of land are utilized; (3) An analysis of farm
income under prevailing conditions and present utilization of the dif-
ferent classes of land; (4) A consideration of alternative uses for the
land and alternative employment for the people on the land; (5) The

_determination of the extent to which local areas are capablée of yielding
sufficient returns to justify the expenditure of public funds required
for their maintenance on the basis of their present utilization; and (6)
A statement of the eonditions under ivhich -land is Submdrﬂ‘lndl for
agricultural use.”” (Weeks, 1943 :154.)

“In outlining the land-character: types ¥ * * detailed data on
climate, soils, toponraphv natural vegetation, and timbersite quality
were recorded on maps, each having the same base. * * * For some
purposes, such as detailed plannmn of the use of individwual tracts, a
more detailed classification * * * michi be required.

““A large portion of the afea covered by conifer and chaparral
types comprising * * * about 25 percent of the total area of natural
vegetation in the foothills offers only‘hmited inducement for clearing
beeause of persistence of the brush, shallowness of the soil, unfav omble-
ness of location, and low returns eompared with costs of clearing, On
the other hand, foothill vegetation types comprising about, 45 percent,
of the total, oﬁer consldelable posmblhtles for land clearine. These
types include brushy grasslands, woodland, and chaparral. They are
chiefly located on famv prodnetlve smls and can be cleared by various
methods,
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“‘Opinions as to methods of improving land utilization vary from
a- belief that adjustments should be allowed to take their own course
through the results of economic pressure, trial and error, to the opposite

“belief of those who maintain that the government should determine
an 1deal social and economie pattern of land utilization and then take
steps to bring that plan into effect. Intermediate hetween these extremes .
lie many possible courses.”” (Weeks, Weislander, Josephson and Hill,
1943:12, 118, and 122.) This is an excellent example of study and analy-
sis of a large area and should point the way to a better management by
private landowners within the various zones. When it comes to the
application of fire to a type of vegetation far sreater detail of soil con-
ditions and an intimate knowledge of every important plant and its
reaction to fire will be necessary if the burn is to be more than one of
trial and error, - i :

In land planning and especially in the use of fire as a tool to estab-
lish a brush stand or secure a grass cover, it is essential to understand
clearly what will follow the fire, and whether the desirable plants will
be favored or whether, on the other hand, the undesirable ones will
survive or follow the fire, '

“‘In Southern California and on various sifes of severe conditions
elsewhere in the State, the chaparral association, especially when dom-
inated by chamise, is generally regarded as forming a climax cover, or
the final stable vegetation.

‘“‘Both the nature and the duration of changes in vegetative cover
resulting from burning depend on many factors, notably climate, topog-
raphy, soil, nature of the original vegetation, and land-use practices.

“Few plants of sprouting forms of chaparral were killed, and few
such stands were destroyed or materially thinned out by periodic burn-
ing * * ¥ _ .

“Invasion of chaparral species into brush-bordered grassland
oceurred commonly and with some regularity after burning, and were
more extensive and dense on the side of the brush fields leeward to the
prevailing winds, where abundant seed had lodged:”” * * * (Sampson,
1944 :26, 129 and 130.) )

““Most old unburned chaparral stands, however, become decadent
within a relatively short time. Branches of old chamise plants, for
example, as judged by their growth rings, die off or become virtually
defoliated at 20 to 25 years of age. After this decadent stage, the brush
arcas which happen to oceupy the better soils are strongly reclaimed
by grass or forest, according to which form of vegetation was climax.
In such replacement, the few brush seedlings which appear simultane-
ously with the opening of the chaparral cover are suppressed and
eventually eliminated.by eompetition with the invading climax vegeta-
tion. Beneath the brush cover, on sites of good soil, a fairly dense, vigor-
ous stand of purple needlegrass and various herbs is frequently found,
the roots of which oceur in abundance throughout the upper foot or
so of soil. Luxuriant grass growth also oceupies open spaces between
the brush plants, giving the grass vegetation an appearance of domi-
nanee over the chaparral. ‘“Where the replacement of brush by grass
is so far advanced that the under-story vegetation occupies 20 to 30
percent of the ground under a combination of dead and growing branches
of the brush, burning is almost certain to result in reversion of the
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:

vegetation of the area to its former tangle of brush.”” (Sampson,
1944 :60.) o N

‘“When sprouts of interior live oak begin to appear, after cutting
or burning, goats are placed on the area, the alm being to keep the
young shoots and seedlings browsed down. The browsing must be heavy
enough to prevent the sprouts from getting out of reach of the animals.
Thus the goats are restricted to relatively small areas, nsually by fencing.

“In localities of heavy deer population, close browsing by these ani-
mals is effective in eliminating sprouting brush from small burns.

“The advisability of using any one specific brush-clearing method
is limited by so many different factors and conditions that only general
recommendations ean be made. Tn steep slopes, total removal of brush by
any method, followed by close grazing or cultivation, is usually not
advisable because of the danger of excessive erosion. Even on moderately
steep slopes, the mechanical methods are not applicable because of diffi-
culties of manipulation, and the danger of soil loss. In the gentle slopes
the method most adaptable depends upon.a number of other conditions.
Cutting or chopping should precede use of the arca by goats, but these
methods are tedious and fairly expensive ; therefore they are applicable
only on the better lands. .

‘‘Heavy broadcast burning, although entailing fire risk, is the least
expensive in temporarily opening up the dense stands of sprouting forms
of brush ; but the benefits derived seldom exceed a duration of about three
or four years. A rotation-burning plan, in which advantage is taken of
the temporary influx of herbaceous plants, is useful on areas of sprouting
brush, if they are to be used more or less regularly for grazing. On non-
sprouting brush areas a two-year burning plan, with little or no grazing
during the period, is usually efféctive in eonverting the brush cover to
grassland. :

. ‘““Where dense chaparral, or oak browse, occupies soils of high qual-
ity, one of the mechanical methods * * * is useful, as the brush is
immediately and almost completely eliminated, and is followed by strong
suecessions of grasses of fairly high earrying capacity.”’ (Sampson,
1944 :118-120.) '

““The state should furnish fire protection for entover lands in non-
operating areas. In this respect, fire protection cannot be too greatly
stressed. While not belittling other efforts, operators experienced in
Douglas fir, pines, and redwood areas aré of the firm opinion that keeping
regrowing areas free from fire damage is by far the major consideration
in producing a second crop of timber.’” (California Redwood Association,
1944 :156.) B '

The amount of growth of redwood is phenomenal in forestry. ‘A
one-acre plot of second-growth redwoodion a high Site I on Big River
in Mendocino County, California, was measured for the third time in
20 years. At 65 years it produced 139,939 hoard feet of second-growth
redwood and 1,476 board feet of alder plus 11,000 board feet that was
added to five old-growth residual trees after the logging. Twenty years
later, at 85 years, the figures stood at 223,034 board feet of second-growth
redwood, 540 feet of alder, and 21,400 feet added to the five residuals
for a grand total growth in 85 years of 244,974 board feet per acre or
2,878 board feet per acre per year.”” * * * (Fritz, 1945:36.)

‘‘The control burning problem in the State and in Mendocino County
particularly, is not a single problem but a composite of a number of ecom-




118 FIRE IN MANAGEMENT

plex problems each of which must be studied and conelusions drawn
separately before an over-all conclusion can be made as to suceess or’
failare of the program.

“On the coastal belt, hecause of high humidity, it is said to be
npossible to burn clear land except for a few days in the fall, nsually
Scptember, when the humidity goes down and there is a ]dﬂd breeze.
Some years, becanse of the sidden changes in humidity, the ranchers
have not been able to burn at all, or secured only a partial burn, leaving

fingers of green brush with dry grass gone. Unburned, dead snags and
limbs present difficultics in utilization of any new torage that may come
in under such conditions. A reburn to clean up the area is not possible
for several years or until new fuel aceumulates. For this reason encroach-
ment of brush (Blue Blossom, Madrone, ‘Tan Oak) Redwood suckels and

fir reproduction has been rap1d

‘“‘Ranch clearings in many instances have gone back to brush and.
are not usable by stock. Some ranchers have been forced to reduce their-
number of stock or have sold out entirely. Others are trying to run a few
stoek while working for the lumber company or in town earning money
to support the ranch.

‘‘Capacities are greatly reduced, even on the better places and the
quality of forage produced is low. A. Gray Ranch, A. Luce Ranch, Ross
Raneh and I, Vierra Farm as well as numerous others are good examples
of this reversion to forest. Therefore, unless something is done to change
the picture, grazing of domestic stock will become uneconomic and will
cease to be an mdustry in that locality. :

““On the eastern side of the county under different climatie cond1-
tions, timber is not holding its own. Areas that were formerly producing
pine or fir and pine mixture are now either poor to fair grassland or
dense brush fields.

“‘Repeated burns, which probably do not date back farther than 50
vears, have so reduced the growing capacity of the soil that many of the
slopes and ridges now support mainly a stunted form of chamise which
has a very minor value for forage at any time. Nevertheless the land-
owner still tries to run an economic number of stock with steadily -dwin-
dling capacity which results in ever recurring attempts to inercase his
feed even for a year or two, by clearing his land of the encroaching brush
by the use of fire.

“This attempted land eclearing program is a never ceasing job if
thie rancher is to keep up with the growth, for as soon as he lets up in
his endeavors, nature moves in and takes over. Inspection of a numhberof
the ranches—Comptche, Redwood Valley, and elsewhere—seems o dem-
onstrate that the area of good pasture is less now than it was when the
raneh was first occupied. This is evidenced by even aged stands of repro-
duetion or brush that shows invasion characteristies Only seven to ten
years seems to be the period necessary for reversion to the original type.
This means that a cleared area in sprouting types at least, must be reburnt
gvery ten years, and some areas inspected every three to five yéars in

~order to retain the acreage in pasture, This procedure takes no account
of loss in quality of forage thus secured.

““The overall problem is one of land use—proper use of each soil
and eclimatie type. It is a problem to be attacked from the standpoint of
what is in the best interest of the people in which county, state and fed-
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eral 0fovelnment must work mth the 1&11(10“1161 on his 1nd1v1dua1 £e0-
nomic problem if there is to be an assurance of an adequate timber supply.

“The situation confronting ms here and elsewhere throughout the
State, clearly indicates the need for a ]and -use planning program with
land zoning set up as a primary o‘a]e(*tlve whereby it can be set down

©and enforeed that certain hnds'm o be“;t suited to certain uses and shall
be only $0 used.

‘“‘Mendocino County has becn tmrmed or used as stock raising coun-
try for many years. Lumber companies have logged the timber off dnd are
still doing so, selling such cut-over timber produeing land to former and
present emploveeb as well as 0the1 individuals, for farming and stock
raising. Little or no coneern is glven as‘to whet‘lel such an operation will
be suceessful or not. The conqequencc is.that large areas of the finest
redwood growing land in the State is being cut up into very poor guality
farms and ranches which mstead should be growing timber. These
recently cut-over lands possess etcellent uneroded soil, and growth of
forage plants is rapid.

“0n the coast ranches a lar ge pereentage of the areas in pasture
ingpected during the past summer is rapidly being taken over b;\' bracken
ferns, iris, rhododendron, bush monkey flower, and other shrubs peculiar
to the eoastal fog belt. This condifion seems to be present regardless of
whether area is heavily grazed or not. There is no doubt that some of
these open slopes were grazed much heavier in the past than now, but it
is noticeable on areas that are not being grazed at all. This condition has
reached a point where the ranchers are worried over the prospect of con-
tinuation of the stock industry. Burning is not, and evidently has not
been the answer here, as these forms of veo*etatlon come back more
densely than before. This being the case for these coast ranches which are
better than average, how much greater is the problem of those frying to
ranch on the better timber growing ]ands which quickly revert to brush
and timber ?

““The conditions on the east side of the county are somewhat differ-
ent. Here we find ranches, outside of the strietly fruit growing bottom
lands in the Hopland-Ukiah Valley that are and wil! eontinue to be
economic ranches in the future, but even here some of the range lands
have been so severely burned and over-gt azed that their carrying capacity

.is greatly reduced.

‘‘Burning of such brush ranges is {he only economie clearing method
poss1b1e aceordlnn to a number of investigators, Some ranchers agree
although a number admit such land ciearmn methods have been ruinous
to the soil ® * *27 (Smith, 1945:1.5.)

“Only 29 percent of privately-owned land in Mendoeino County
grows grass, we pay taxes on the balance but derive no income from it.
It is simply brush. Today we ﬁnd our grazing areas reduced 50 percent
as compared with 50 years ago, due to’ brush encroachment,’” (Mendo-
cino Co., 1945.)

It is necessary to know thé successmnal history of every important
brush species before a safe prediction can be made of the effect of brush
burning.

““Control burning is the ‘dehberate use of fire on land whereby
burning is restricted to a predetermined avea and intensity’. * * *
There are four broad categories of land classification concerned with this
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subject, three of which I am placing outside the limits of my discussion,
These three are (1) timber lands, (2) primary watershed lands which, if
we are to secure their greatest economie values to the state in the opinion
.pf.the .State. Board of Forestry, must be protected from fire in the form
1t is being diseussed today, and (3) our open grass ranges which you want
protected from five for personal economic reasons.”” (Nelson, 1945 1)

In the redwood region “‘Fire alone is responsible here for more
deforested and non-stoeking forest Jand than all the soealled improper
logging practices,”” * # * (Reveal, 1946.)

”'J ust today * * * forest technician with the Division of Forestry,
came in with the unbelievable news that * * * was burning 20- to 30-
year old second-growth redwood along the Eel River betwecen Pepper-

~ .
wood and Elenor flats and was reburning the ‘range’ along the east hank
of the Eel as far up as Dyerville. About eight miles of fire in some of the
best redwood producing lands in Humboldt County.”” (Reveal, 1946*.)

“The Madera County Brush Burning Committee recognizes that
there are many brush areas which should not be burned. These include
lands that are so steep that erosion would be a serious factor, There are
sotls so thin and poor that probably their best use is to remain in brush
cover.-There are brush-covered areas which include valuable stands of
timber or grass which should not be burned. In any control brush burn-
ing program it is of course important that such areas be not burned.”’
{Crooks 1946:1.) -

““The foothill and steeper upland areas in the mountains of Cali-
fornia are generally referred to as ‘wild lands’. These lands comprise
about 60 pereent of the total area of the state and constitute an important
natural resource of forests and grass. Timber trees are recognized as a
erop-—a product of the soil like lettuce, alfalfa or peaches. To date only a -
small portion of these lands has been covered by organized detailed soil
surveys. Recent soil survevs on ‘wild lands’ have been completed in
Santa Cruz County, in Santa Clara County, in Santa Barbara County
and in Colusa County. A soil survey now in progress in Madera County is
planned to cover the entire county which will include a considerable area
of foothill range land and the high mountainous land.

““Such important factors as profile depth to bedrock, nature of the
parent bedrock, texture of the soil, compactness, reaction, and porosity
of the various soil horizons are recorded -and studied * * #,

““All of the factors have a direct bearing. upon the nutrient level
of the soil, the water storage capacity of the soil, and the general behavior
of water and root penetration into the subsoil.

““The surface features of the region such as general slope, drainage
pattern, and degree of .man-indnced as well as geological erosion is
observed and recorded ® * * :

““A few key soils never can be sednored within the first year if the
soil survey of ‘wild lands’ program is initiated. An adequate number of
trained soils personnel for maximum production and efficiency will be
available in about three years.”’ (Storie and Harradine, 1946:1, 2 and 5.)

‘“ As early as possible the State shonld undertake a study of land
classification to determine factually which lands should be dedicated to
timber growing, which to Iivestock raising, and which are too poor or
unsatisfactory for either pursuit.”’ (Biggar, 1945:100.)
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SUMMARY

The plant cover or vegetation is in adjustment with or tends to
become adjusted to the climatic and soil conditions. Many factors can
destroy or partially destroy this balance and throw the vegetation back
to an earlier stage from which it will tend to recover and establish ulti-
mately the fully developed stage referred to as the climax.

By lumbering, grazing and clearing for cultivation man has brought
about great changes in the natural plant cover. Much of this was essen-
tial to his well- belng Much of the earth’s surface. still remains as wild
land where man is served direetly by the natural cover. He is especially
conscious at this time of his responsibility to conserve the earth’s mantle
of vegetation and soil. All food for man and beast must come from the
earth’s plant cover of natural and cultivated plants.

The reason for the present interest:in conservation is found in the
history of man’s use of these resources in earlier times and other regions.
Man has changed many regions from productive forests and grasslands
to deserts, from brushlands to nearly bare rock areas. History is filled
with a succession of failures to conserve the earth’s mantle, which failures
have forced him again and again to.migrate to new lands not yet
despoiled. These changes were brought about by unlimited cutting, graz-

-ing and burning, and always the change in the mantle is toward a more
desert type.

One of the most productive areas ‘on the earth is an exception to
this rule. The Nile Valley is as productive today as it was 6,000 years
ago. The reason seems evident. In other areas, as in Iialy and most of
the Mediterranean country, as well as on the Tigris and Buphrates, the
pressure of populations resulted in the over-use of the mountains which
fed the streams on which the people of the lowlands were dependent for
water supplies. The heavy populations of the Nile Valley impinged in
no way on the headwaters which lay thousands of miles inland, and
which are today in as good condition as they were 6,000 years ago. This
emphasizes the need of protection of watersheds from the destruction of
the soil and vegetation.

Movements in the direction of dessication may not indicate a lower-
ing of the rainfall, but may be brought about by the partial destruction
of the plant cover, followed almost immediately by the loss of the soil
mantle. These effects are confined largely to man’s use of wild land and
the result is always that of throwing the vegetation to a more desert type.
Nature struggles continuously to move. the other way. A bare area is
soon weed covered. The weeds are soon replaced by perennials, and these
in turn by still more luxuriant types until each area has reached the
highest type that it is capable of produemg

Man’s destruction is sometimes justifiable and sometimes unjusti-
fiable. Land must be cleared to produce crop land and pasture land, but
on wild land, land not to be cultivated, trees and forage must be har-
vested on a sustained yield basis. Timberland cut out and burned deterio-
rates very rapidly, likewise grazing land if so heavily grazed that the
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more palatable planis are eaten out and only the unpalatable ones left
m complete control also deteriorates rapidly. Weeds do not drive out the
palatable grasses but merely move in to take the place of those eaten out.
Fire, although not sclective, where immediately followed by grazing,
very greatly fosters the elimination of the more palatable forms.

The earth cover has throngh all time been subjected to fires from
n@tnral canses. There are great {ire belts among which should be men-
tioned the tropieal grasslands, the monsoon forests, and the praivie 'type
of temperate grasslands. Some of the temperate forests are on poor soils,
soils whicll have not developed hecause of fires which have held the Veue-
tation back to an early stage and Jikewise kept the soils from coming
into balance with the climate.

In the tropies the natives developed the Fang—a method of destroy-
ing a fully developed forest area in order to produce a few years of crop.
This area was then left and the tribe moved on to & new forest area,
This progressively destroyed the elimax tropical forest. '

The expansion of the live stock industry has as a rule been depend-
ent upon extensive areas of wild Jand, and these have received little ov

‘no constructive or conservation effort. Most of the vange improvement
has consisted of building drift fences and establishing watering places
to increase the consumption, rather than the production of forage.
Ranges were often burned and over-grazed, the main object being present,
results with little thounght of ultimate effects. In West Agia, Novth Africa
and Southern Europe, such areas are often devoid of any part of the
perennial grass or forest cover, which has been reduced to a crop of
annual weeds or a degenerate garigue, a poor substitute for the original
type. o
In rvegions of relatively heavy rainfall, such as the Pacific North
West and the temperate rain forests of Central Africa and New Zealand,
clearing off the forests by eutting and five reduces them often to useless
fields of bracken. Bracken thrives on five and fire thrives on bracken.
When once-well established bracken not only has no grazing value, but
makes reforestation and even clearing fov agriculture a tedious and
costly process. :

A third of the natural vegetation of the earth’s surface was
effected by fire. In each case the vegetation is thrown back to a less
fuxuriant type, a dryer or less productive type. However, many of these
areas have been aceepted by man as natural. In a scientific age, nman need
not continue to use a third of the earth’s surface in a fire stage, unless
that stage is more useful to him than the better developed stage. Except
for pinelands and monsoon forests, and the Mediterranean type, which
ineludes the chaparral of California, the forests of the world are not
fire types. The heavy eoarse grasslands of the tvopics and moist prairies
are fire types, but not especiaily good grazing lands. Civilized man need
not accept either natural conflagrations or the fives of primitive peoples
as a necessarily safe guide to present day practices. A few cuses may
make this clear. The choiee liés between hardwoods and a good soil, and
pinelands and a relatively poor soil in the sountheast ; between white pine
and the jack pine or ericaceous brush in the Lake States ; between Douglas
fir and bracken fields in the northwest ; Letween redwoods and bracken
fields, ov niterass, moss and soil lichens in the vedwood belt; and
in New Zealand and Ceniral Afrieca, between temperate rain forests and
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bracken fields. Fire in all these cases is the one factor that will shift the

vegetation rapidly down to an earlier stage in a long suceession.

The brush lands of California present a very complex prob]em
Similar in their ecological aspects and uses to the “Mediterranean type
the world over, the e\peuence‘; of other lauds apply to our problems in
a very direct way.

Tn the Mediterranean, fire necessary to provide a few grasses and
weeds for sheep and goats continually moved the once forested, or nearly
forested, areas toward a useless bare rock, and a low garigue of mints
and cistus which as Rilbel says,“‘cows detest.”” In South Africa, much
of the once luxuriant fijnbos is now down to a near useless heath-like
cover, which has been given up even by the sheep men, Where they have
successfully cleared off the brush for farm land, it was accomplished by
keeping fire out ¢f the brush, and by using meehamcal methods. Even
then fire cannot be used to destrov the grubbed out brush without reestab-
lishing a seedling stand of brush Where the land is burned. A fire on
land Whl@h has been cleared for as much as 30 years will cause dormant
brush seeds to germinate.

The brush problem in California is one of very great importance.
Everyone wants to stop the encroachment of chaparral upon both agri-
cultural and grazing lands. With a proper approach this probably ecan
be aeompliehed However, it seems to be true that the broadecast
burning is the main cause of so'large an area being now oecupied by
the nearly useless chamise. The problem is likewise comphcated by the
fact that the brushland abuts upon one of the finest forest areas of the
world, the Redwood area. Following cutting and burning the brush here
is mostly forest reproduction and consequently no part of the chaparral.
After repeated burns a soft brush may develop and on the dryer types
and poorer sites broad-leafed chaparral and ultimately even chamise.
More likely the land will be reduced to poison cak and bracken, and on
the bald hills, it will pass from annual ‘grasses to nitgrass and mosses
and soil lichens. This is the lowest stage it can reach above bare soil.

Brush is of many types and in order to deal intelligently with its
-eradication or control, it must be breken down into broad {ypes such
ag redwood, Donglas fir and tan oak or pine reproduction ; into soft brush,
broa,dledfed chapan al, oak-chaparral and chamise ehaparral, and these
also into much smaller commumtws W hu.h represent local adjustments to
soil and alse to stages in development iollowmw fire. The work of Weis-
lander, Sampson, Horton and others are e\eellent examples of attempts
to understand and interpret the many plant communities which make
up the brush cover.- With this knowledge one should be able to predict
with some certainty just what could be. accomplished by burning any
of the area. Still the problem is more complex than this would indicate.
To take a single example: S

- Chamise grows on a great variety of soils and sites and with eon-
siderable va_mrttlon in ehmate, not only sprouts when burned but reseeds
very rapidly in the ashes and is spread-and thickened by burning. This
type is carried far above its natural climatic zone by fire and by unfav or-
able soil or both. Tt is carried down into the gr asslands by soils unfavor-
able to grass. On soil good enough to prorhme good grass cover, it may
also be established by fire, o,ver'use or bad practices. Because of the
faet that it can indicate several types of soil and several types of climate,
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a lahd classification should combine both the condition of the chamise
as to age and vigor and the soil and climate conditions. In other words,
chamise might be established on good soils by bad practices of over-
grazing or fire and likewise, by fire and denudation of forests, carried

far above its natural range. However, there are areas where it 1s the
natural eover and may hold the land for so many years that it may
become practically a climax type, one which will not he naturally
replaced by any other type until the soil or environment is changed.
When we consider that the brushlands are made up of dozens of
different plants, each of which alone or in combination can form a dom-
mant community and indicate different environmental conditions, and
which ean be carried above or below its climatic.area by fire or more

favorable or less favorable soil conditions, 1t is not surprising that there
are conflicting results following the experiments of the various workers.
Added also to this difficulty is the different approach and the lack of
complete accord in the terms and meanings of words. Usually a worker

fully qualified for one type of work is not fully qualified m other
flelds, and this may lead to confusion in applying and interpreting
results. Even the word fire Is a conjure word. To one man it means
uncontrolled destruction, to another merely the removal of the brush
cover.

Until the chaparral is broken down into dominant species and the
many communities recognized and placed in their successional relation-
ship, and the life history, physiology, ecological and soil relations under-
stood, two men cannot well diseuss understandingly the advisability of
the removal of the chaparral even if a definite plant and a definite
environment-are under discussion.

It is equally important that we have a soil survey backed, of eourse,
by soil studies which give for the ‘‘rough and stony land’’ as careful
interpretation as has heretofore been given to agrieultural land. This
study should not only classify the land as to depth and character of
the soil, but the character of the underlying rock and all econditions
of topography and slope that are needed to properly supplement the
study. of the vegetation and to aid the interpretation of present condi-
tions, and serve as a guide to future management. Storie and his asso-
ciates have already shown the way.

As shown by many papers the plant cover is the most important
factor in keeping soil in place on slopes and preventing erosion. When-
ever the vegetation is removed by any means the soils soon give way
and are either washed away slowly or rapidly, or even where they hold
in place the soil surface becomes so altered that most of the water runs
off and is useless in producing plant growth. Some of the most desert
areas in the world lie in a region of ample rainfall. The clay hills with
little or no water penetration at the same time show comparatively little
erosion, but practically all the rainfall runs off. Too little attention
hag been given to the surface phenomena of soils. A plant cover, a
duff cover, accompanied as it is by a myriad of animal forms, and an
equally rich fungal and bacterial flora keeps the surface in a constant
stage of biological activity. This is tremendously important, not only
in keeping the surface loose and preventing ‘‘baking’’ but also in
providing an agency to digest the mineral elements and make them
available as plant food. This activity involving the upper inch or more
of soil, and the inch or inches of animal and plant eover is totally
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destroyed by fire. That fire enriches the soil chemically might be frue,
by reducing these plants and animals to dead matter, and yet be harm-
ful. But there is little evidence that the soil is enriched through a series
of burnings and considerable evidence that it is not. Too many conclu-
sions have been based on the determination of organic matter by ‘‘loss
on ignition,’” a totally unreliable method when inorganic soils are used,
especially in the warmer regions with high rainfall.

Another effect of reimoval of the vegetation by five is that the duft
and the myecorrhizal eontent so necessary for many of the forest trees
is largely destroyed and it may take years to bring them back to normal
activity.

Fire destroys the vecretatlon which under normal conditions is
utilizing much of the sun’s heat in the transformation of water. With
this stopped the earth’s surface would be appreciably warmer, and any
plants growing or beginning growth would use a greater amount of
water. That forests or the condition of the soil surface influences rainfall
is unlikely, but they profoundly influence the micro-climate and that is
what immediately affects the growing plant, and the-animals and people
that live in a region. _

‘With regard to wildlife, fire of the spot variety has benefited wild-
life of certain types, especially. deer, quail and turkey. Small fires with
edge effects and firebreaks are favorite feeding grounds. But large broad-
cast fires might either destroy outright or starve seriously many types
of game including deer, quail and turkey, as well as most of the other
wildlife forms except mice and ants and probably the larger predators.

By changing mixed types of vegetation to chamise, whole areas
are made unfavorahle for deer and other wildlife, and such ig the ten-
dency in most of the brush ranges. From a management point of view
wildlife is still in the panacea stage. Careful brush management could
probably make the brushlands far more valuable than they are now.
But here as elsewhere the present quick returns should not blind us
to a sane long range policy of game management. The ultimate dom-
inance of chamise on the brushlands of California which is alniost cer-
tainly predictable if burning still persists does not argue well for the
fature of either quail or deer.

There is every reason to believe that the valleys and hills where
now only an annual grass cover is found, were once covered with bunch
grass. Under natural conditions, bunch grass can compete with and
replace brush and annual grasses on many areas. When fire passes over
an area burning off the brush, both bunch grass and sprouting chaparral
begin to grow. The bunch grasses will grow at once, but almost entirely
from the previously stored food Experlments in many places emphasize
the necessity of protection from grazing after the burning until the
more palatable plants have time to get a footing. Grazing 1mmed1ately
after a burn has in many cases extinguished the most valuable forage
plants, and left the nonpalatable a free hand with no competition. The
annnal grasses cannot be expected to compete with perennial shrubs.
Perennial or bunch grasses on the other hand when not subjected to the
handicap of grazing often are completely sucecessful with shrubs. If
we wish to have grasses we must give them at least a fair chance in their
competition with the shrubs.
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Repeated burnings alone are usually effective in ehmmatlng the
better bunch grasses. When brush is burned, there is produced a flash
of annual vegetation, if seeds and a suitable 5011 are present, and often
a release of death camas fatal to livestock, and a sprout growth some-
what more palatable for a time than the old growth. This is accompanled

however, by a shift toward the less palatable plants, Young growth is
nore palatable than old. As plants become older the amount of crude

fiber increases which eauses, in all analyses expressed on the hags of
percentage, a decline in most of the food constituents. Although there
is much difference of opinion; there is surprisingly little evidence that
forage production is increased as a result of a burn, whereas there is

some evidence to show that production 1s reduced.

It is difficult to understand fully the many references to the elimi-
naticn of chamise and other chaparral by the use of fire when there g
so much evidenee and almost complete agreement by students of vegeta-
tion and succession that, although the ﬁle may destroy the stand of
above ground shrubs, it only nsures the continuance of these forms after

the burning. Not only do most of the species which burn down sprout
after fire, but thousands of seedlings begin to develop additional stands
of sprouting and nonsprouting chaparral. There is abundant evidence
that burning is responsible for the chamise chaparral which is so
dominant in the chaparral areas and in the Ponderosa Pine belt. Ttive
to many is a panacea for all their troubles, an anodyne to lull them by
giving them something to do_ while nature speeds up the process of
expansion of chaparral over some of Californias’ best timber, grazing
and even agricultural land. Possibly the expression ¢‘burn off the brush?’
is used only to apply to the brush above the ground. That each of the
sprouting species may put up 10 times as many new shoots and also
hundreds of seedlings will start and that the nonsprouting plants burned
‘to death, will leave several hundred of its seedlings to ‘‘avenge its death’’
is not taken fully into acconnt.

The destruction of vegetation.either by fire or other methods is gen-
erally accompanied by erosion resulting from increased runoff. The
effect of fire on the soil surface is probably cumulative since with no pro-
tection and devoid of the extra micro- ard macro-fauna and flora, the
surface is profoundly changed. The soil loses i"riability and becomes
mechanically hard.

In this phase some excellent plot studies have pl esented convincing
evidence of the inereased loss of soil by erosion and of water by runoﬂ
due to fire. I would be unreasonable to conclude that there are no excep-
tions where erosion and runoff are not aceelerated by fire. Indeed, if such
conditions ean be found, it is possible that this method may provide a
means of determining which land can be safely cleared for agricultural
purposes and which should be left for watershed protection. Extensive
experiments on the foothills of the Sierra Nevada and at San Dimas show
consistent loss due to fire and due to denudation.

An intensive investigation covering all Buropean countries made
by the International Institute of Agrieulture in Rome, concludes that
““forest is the most efficient element to proteet the surface of the soil,”’

Fire can be used as a tool in many cases of wild life management.
However, it is often impossible to confine it, or use it in such a way, as to
secure only desirable results, and avoid the bad results. Also present
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gains may mean future Josses. Conflicts in land use almost always enter.
When forest reproduction is destroyed to favor forage, it is a matter of
adjusting eonflicting interests. The destr uctive phases ave all too evident.
Torests and grass land are destroyed, habitat of both plants and animals
caused to deteriorate, the soil surface i§ changed, forage and timber
destroyed, erosion and floods cause secondary damage, and esthetic fea-
tures are damaged. All of these results pomt to fire as a bad master. Asa
good servant its use must be strictly controlled and applied only when
Good results can be accomplished. It is not possible in dealing with so
dangerous and uncontrollable'a. tool to allow each man to be his own
;Judo"e as to how it shall be used, at least until Le has assumed any and
all responsibility for damage done beyond the boundaries of his own
land. He should have all the advice Sclenee can give in the proper man-
agement of his land, and if fire can be uséd as a useful tool, it should be
used. Unfmtunately many look upon fire as a cure for all then troubles.
Often with no sure knowledge of what the fire will do to the range they
are still convinced that it w111 be improved by burning. ““Uncontrolled
firing is costing this country untold milligns and is creatmg for posterity
a most serious state of affairs which no amount of money would ever bhe
capable of putting right.”’

It is evident that land is not equally suited for all uses, some uses
are more exacting as to the physical base of soil and climate than other
uses. Some uses are more urgently needed from an economie and social
point of view than others. Naturally the most productive land offers the
greatest variety of profitable uses, but road ways, air fields and lands for
industrial plants do not require a fertile soil. Orchard land could becoms
good grazing land. Good timber land might be reduced to good grazing
]and and still the demand for timber take first rank. Redwood land ren-
erally recognized as the world’s finest timber land, can be redueed to
relatively 111fer10r agricultural or grazing land. From a national or state
point of view, and the general welfare, and from the standpoint of the
landowner, the proper use of land mnst be recognized. This need not
involve admmlstrauve control, but the federal and state agencies espe-
cially those in the educatmnal and extension phases should have this
elearly in mind in advising local land users. Agricultural agencies do
not hesitate to advocate 0“ood cultural praectices and to dlscouraue bad
cultural practices, nelthel should they hesitate to advoeate sound long
range land use practices, and eondemn bad land use practices. Often
there is danger in too narrow a view, and an attempt to bolster bad land
use by various devices and practices, which should be nnnecessary if the.
proper program of use were first outlined. It is not a good economic or
social policy to attempt to gather ‘“figs from thistles. "

The proper management of brush land will demand an expansion
of our present knowledﬂ'e of the ecology of brush communities, a thor-
ough understanding of the secondary suceessions initiated by bm ning
and the effects of heavy grazing and fire. This will also have to be sup-
ported by a study and classification and evaluation of the soil upen which
brush grows, and a knowledge of what the effect of the removal of the
brush will be on soil erosion and the loss or conservation of water. We
should determine the role of fire in the extension of brush aveas and also
the role of fire in destroying brush, and the most feasible and economic
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methods of clearing potential agricultural land from brush. There is
little evidence that fire alone can accomplish this result.

Studies in land use will, when the physical base is known,
consider the economic and soclal problems, determine which areas can
be most suecessfully devoted to agriculture, forestry, recreation, water
conservation, grazing and other major uses, analyze present use and
mcome, consider alternative uses and make other studies needed to give
sound advice to landowners.

The conflict of interests for the use of the land can only he solved
by proper land use studies. These should aid each landowner to avoid the
pitfalls and needless expense and futility of attempting to make land
perform unreasonable tasks.

We must work with nature to accomplish possible ends. If our
desires run in the opposite direction, expense and disappointment are
likely to result.

““As soon as possible the State should undertake a study of land
elassifieation to determine factually whieh lands should be dedieated to
.timber growing, which te live stock raising, and which are too poor or
unsatisfactory for either pursuit.’’

PRI A St ST S I RTTTRTTIY T T e



OF BRUSH RANGES ‘ 129

LITERATURE CITED

Adamson, R, 8.

1027, The Plant Communities of Ta.hle Mountain. Preliminary account. Jour. Ieol.
25 (2) :278-309.

1935. The Plant Communities of Table Mouuﬁﬁn. ITT. A six years' study of regen-
eration after burning. Jéur. Eeol. 23 (1) :44-55..

1038, Notes on the Vegetation of the Kamicsberg, Dotanieal survey of South Africa.
Memoir 18.
Adamson, IR 8., and 'l G. B, Osborn.
1924. The Ieolegy of the Buealyptus For csts of the Mount Lofty Ranges (Adelunide
District), South Australia. Roy Soc. So. Aust. 48 :87-144,

Albrecht, William A. ' )

1088] Loss of Soil Organic Matter and Its Restoration. Soils and Men. Yearhook of
Agriculture. U. 8. Dept. Agric. :347-360.

Aldous, A, T

1929. The Eradication of Brush and Weeds from Pasture Lands. Jour. Amer. Soc.
of Agros. 21 {6) :660-6065.

1934, Kffect of Burning on ]ﬂnsn Bluestem Pastures. Kansas Agr. Fxp. St
Tech. Bul. 38:1-65.
Alway, F. J., J. Kittredge, Jr., and W. J. Mcthley.

1933. Composition of the Forest Floor Luyers Under Diferent Forest T\]_)f‘.s on
the Same Soil Type. Soil Se. 36 :387-398.

Alway, F. T, and C, O. Rost.
1927, Effeet of Iforest IMires Upon the Composition and Productivity of the Soil,
Inter. Cong. Soil Sci. I'roe. and Papers. 8 :546-576.
Andrews, H. J., and R, W. Cowlin.
1940. Forest Resources of the Douglas Fir Region. U, 8, Dept. Agr. Mize. Pub. 889.
Appleby, Paul I,

1941, Letter From the Under Secretary of Agriculture. 7). &, Cong., 77l (Ist)
. Ress, House Doc. 426, 68 p, Wi 1slnngton D. C., 1041,

Auten, J. L. .
1953, Torosity and Water Absorption of Forest Soils, Jour, Agr. Res. 46 :097-1014.
Bailey, Reed W,

1935, Hpieyeles of Emsi(m in the \'1]](\\b 0[ the Colorado Platenu Trovinee.
Jour., Geol. 43 (4} :337-3560.

1941. Land Erosion—Normal and Accelerated—in the Seminrid West. Trans.
Amer. Geophysical Union 1941 :240-250.

Bailey, Reed W., C. I Torsling and I3 +I. Becraft.

1934. Floods and Accelerated Erosion in \'oltl'mJ Utah, U, 8. Dept. Agric. Misc.

Tub, 196 :1-21, '

Dalker, I", 8., and Clarence J7. Korstian!

1931, Suitability of Brush Lands in {he Iutermountain Region for the Growth
of Natural or Planted Western Yellow Pine Forests. U. 8. Dept. Agr.
"'eeh. Bul. 256 :1-82, .

9-—66951




130 FIRE IN MANAGEMENT

Barnette, R. M., and J. B. Hester.
1930. Effect of Burning Upon the Accwmulation of Organic Matter in Tovest Seils.
Soil Science 29 :281-284, '
Bartholomew, Paul 8.

1942, - Summary of Second Year's Work, Mss, Sun Dimas Decr Study. Feb. 26, 1042,

Bates, C. G. and A. J. Henry.

1928, Forest and Streamflow. Experiment at Wagon Wheel Gap, Colorado. W cathm
Bureau Monthly Sup. 30:1-79.

Rauer, Harry L.
1936. Moisture Relations in the Chaparral of the Santa Monica Mountains, Cali-
fornia, Beol. Monogr. 6:409-454.

Beck von Mannagetta, G. R.

1901, Die Vegetations—Verhaltness der Illyrischen Linder. Ingler and Drude,
Die Vegetation der Erde. IV, ‘

Béguinot, Augusto.

1922, La Macehia-Foresta Nella Sardegna Settentrionale ed i Suoi Principali Tipi.
Bull, Ist. Bot. R, Univ. Sassari. v.1, mem. 7. 35 p.

Bell, H. 3L, and E. J. Dyksterhius.
1948. Tighting the Mesquite and Cedar Invasion on Texas Ranges. Soil Conser-
vation 9 {5) :111-114 U. 8. Dept. Agr. Soil Conservation Serviee.
Benedict, 3. A, ’ '
1930. Twenty-one Years of Tire Protection in the Natioual Forests of California,
Jour, ¥or. 28:707-10.
Bennett, H. H.
1936, Conservation Farming Practices and Flood Control. U. 8. Dept. Agr. Mise.
Pub. 253 :1-16.
1939, Soil Conservation. MeGraw-TIill Book Co. N. Y. 1980 :1-998.

Bennett, H. 1., and W. R. Chapline.
1928. Soil Frosion a National Menace. U. 8. Dept. Agr. Cire, 35:1-20.

Bentley, H. L.
1898. Cattle Ranges of the Southwest. A history of the ex ‘mustlun of the pasturage
and suggestions for its restoration. U. 8. Dept. Agr. Farm Bul, 72:1-32.

1902, Experiments in Range Improvement in Central Texas. U. 8. Dept. Agr. Dur,
Plant Ind. Bul. 13:1-72.
Dergen, J. Y.
1903. Thc Macchice of the Neapolitan Coast Region. Rot Gaz. 85 :350-302.

Beutner, L. L., and Darwin Anderson,
1948. The Effect of Surface Mulches on Water Conservation and Forage Produc-
tion in Some Semi-Desert Grassiand Soils. Amer. Soe. Agron, 35(5) :309-
400.

Bews, J. W,

1912. The Vegetation of Natal. Ann. Natal Museum 2(3) :254-331. )

1913. An Oecological Survey of the Midlands of Natal With Specinl Refercuce
to the Pietermaritzburg District. Ann, Nat, Muscum 2(4) :485-545.

1916. An Account of the Chief Mypes of Vegetation in South Afriea, With Notes
on the Plant Succession, Jour. Ileol. 4 (34) :129-150.

1917. Plant Succession in the Thorn Veld. So. Afr. Jour. Science Nov, 1917,

1926. On the Survey of Climatic Grasslands, Based on Ixperiences in South Africa.

In Tansley, A. G. and I ¥. Chipp. Aims und methods in the study of
vegetation. London 1926 :341-348.

T I RS T ST R R TTEaT T AL T T Tt T ouEIL



OF* BRUSIH. RANGES ' 131

.

Bickford, C. A., and J. R, Curry,

1943, The Use of T'ire in the Protection of Longleaf and Slash Pine Forests.
. U. 8. Dept. Agr. Forest Service, Southern Forest D\p Sta. Occasional
Paper 105 :1-22.

Bicknell, John.
1737. Natural History of North Carolina.

Biggar, Senator Geo. M.

1945. Chairman, California I‘orestly Study Committee. The Forest Situation in
California. Report to the Legislature, California Forestry Study Com-
mittee ereated by Chapter 1081, Statutes of 1943.

Biswell, H. I1., J. E. Foster, and B. L. Southwell. .
1944. szm" in Cut-over Pine l‘mec-ts in the Southeast, Jour. Florestry 42(3)
:195-98,
Biswell, . ., W. O. Shepperd, B. L. Southwell and T. 8. Roggess, Jr.
1943. Native Forage Plants of Cut-Over Forest Lands in the Coastal Plain of
Georgia. Georgia Coastal Plain Exp. Stz of the University Systeni of
Georgia. Bul. 37 :1-43. ]
Biswell, H. H., B. L. Southwell, J. W. Stevenson and W. O. Shepperd.
~1942. Forest Grazing and Beef Cattle Producétion in the Coastal Plain of Georgla.
Univ, System of Georgian. Cire. 8:1-25.
Blake, 8. F., and Alice C. Atwood.
1942, Geographical Guide to the Floras of the World. art X. U. 8. Dept. of Agric.
Misec. Pub, 401 :1-386. '
Blake, S. T.

1938. The Plant Communities of Western Queensland and Their Relationships,
‘With Special Reference to the Grazing Industry. Dept. Bicl. Univ. Queens-
land 1(8) :155-204.

Blane, M. L. .
1905, La végétation aux environs de Montpellier. Bul. d.1. Soe. Bot, d.France.
52 :203-214,

Bode, Irwin T.

1920. The Relation of the Smaller Forest Areas in Nonforested Regions to Evapo-

ration and Movement of Soil \V.).ter Towa Ac. Sc.-27:137-157.
Boerker, R. H.

1912. Light Burning Versus Forest Munagement in Northern Califernia. Forest
Quart. 10(2) :184-194.
Boud, . B, W. D. MceNutt, and 8. B. Johngon.

1946. Observations on Burned Areas in the Hunter Tiggett Military Reservation.
Mss. Soil Conservation Service. Feb. 7-8, 1946,

Bosman, A, M. .
1932, Cattle Farming in South Afriea. South African Agri. Ser. Vol. 10. South
African Central News Agency Ltd. :}-458.
Botha, C. Graham. o
1924, Notes on Early Veld Burning in the Cape Colony. So. Afr. Jour. Sc. 21 :351-2.
Bowman, Isaiah.
1913. The Dwarf Forests of Southern California. Bul. Am. Geog. Soe. 45 :13—1.()'.

Bouyoucos, G. J.

1915. Eifect of Temperature on Some of the Most Linportant Plysieal Processes
in Seils. Mich. Agr. Coll. Exp. Sta. Tech. Bul. 22:1-63.

Brandegee, T. 8.
18912, The Vegetation of “Burns.” Zoe. 2 118 192,




132 TIRE IN MANAGEMENT

Sriggs, Lyman 1., and L L. Shantz.
16514, Relative Water Requirement of Planis, Jour, Agr. Res, 3015 1.6,

,

1916, Hourly Transpiration Rute on Clear Days as Determined by Cyelic Environ-
mental actors. Jour, Agr. Ites. 5{14) :H83-G44.

I916°, Daily Transpiration During the Normal Growth Period and Tt Corvelation
With the Weather, Jour. Agr. Res. 7(4) :155-212.

107, The Water Requirement of Plants as Influsnced by Bavironment. Seeond
Pan American Seience Congress, Washington U.8.A. Dee. 27, 1915-Jau. §,

1916 :1-15 Washington 1917,

Brown, Carl B.
1943. The Control of Rescrvoir Silting. U. 8. Dept. Agr. Mise. Pub, 521 :1-166.

Bruee, Donald.
1928, Light Burning, Report of the California Forestry Committee, Jour, For. 21

(2) 1120-183.

Brunues, Jean.
1920. Human CGeography. Chieago.

Brush Burning.
1944. Proposed resolntion for catticmen, Mss, Fresno, Dee, 1944,

Buek, C. C
1946, Southern Californin Fire Damage Appraisal Project. Mss. California Forest
and Range Ixp. Stu.
19460, TPire Damage Appraisal, Angeles National Forest, dss. Calif, Forest and
Range Lixp. Sta.

Burckhardt, J. L.
1822, Travels in Syrin and the Holy Land. London, John Murray. 1822,

California Redwood Association.
1944, Yorest Practices Recommended for Keeping Redwood Forest Lands Produe-
tive, In California Forestry Study Committee 1945 :155-156.

Catlifornia State Board of IMorestry.
1925. Forest Fire Control and Forest and Watershed Protection in the County
of Los Angeles. 44 :1-44. Sacramento, Culif., State Print. OLL.
1043, DMecting of California State Board of Forestry Furm Adviser's oflice, Ukiah,
California, Oct. 26, 1948,

California Foresiry Study Committee. v
1945. The Ilorest Situation in California, Report to the Legislature 1945,

Cuamp, Paul D.
1932. A Study of Range Cattle Management in Alachua County, Florida. Fla,
Agr. Bxp. Sta, Bul. 248:1-28.

Campbell, 2. S,
1945. Better Munagement on Southern Coastal Forest Ranges. A1N-17. Forext
Service, U. 8. Dept. Agr. ‘
194G, Determination of Grazing Values of Native Vegetation on Southern Pine
Trorest Ranges. Eeology 27 (3) :195-204.

Campbell, Robert 8. and Robert R, Rhodes.
1944, Torest Grazing in Relation to Beef Cattle Production in Louisiuna. Touigiana
I3ul. 530 :3-43.
Carrier, Lyman.
1928, The DBeginnings of ' Agrieulture in America. McGraw-Hill Book Co. 1923

:11-323.

i . A e e e o =



ot [

OF BRUSH RANGES 133

Cato, ' .
2nd Cent. B.C. De agricultura, Translated by Drne:t Birehaut. Columbia University
Press. 1933.
Chaptine, W. RR. oo
1920, Brosion on Range Land. Jour. Amer. Soc. Agron. 21(4) :423-429.
Chapman, H. H.

1926. Factors Detcrmining Nutural Reproduction of Longleaf Pine or Cutover
Lands in Ta Salle Parish, Louisiana. Yale Univ. For, School. Bul, 16 :1-44.

1935.: Discussion. Jour. Wor. 33 (8) 857,
Chilian Government

]9"" Chile. Suntiage de Chile, Empressa “Zig-Zag” 1915 1-801.

Chlttenden . M.

1009, Forest and Reservoirs in Their RPLLtIOH to Stream Flow, With P'uilcuhr
Reference to Navigable Rivers. Trans. Amer, Soc. Civ. Eng. 61:247

“hodat, R.
1909. Excursions Dotanigue en BEspagna et an Portugal. Bul. d.1. Soc. Dot. d
Geneve 2 me ser., 1:13-96.
Civil Enginecrs Amerienn Society!
Forests and Stream Flow. Proe. Am. Soe. Civ. Eng. 5S (10} :1811-36.
Clarke, I'rank C.
1044, Report of Mendocino County Farmy' Burecau Range Land Clearing Com-
mittee. Memo.
Clarke, 8. 17, I, W, Tisdale and N. A, Skoglund, .
1945, The Liiffect of Climate and Grazing Practices on Short Grass Prairvie Vege-
tation, Pulb. 747, Pech. Bul, 46, Minister of Agricuiture, Ottown, Canada.
Glarke, W. T . .
10922, Agricunlture in Cutover Redwood Lands: Calif. Agr. Ioxp. 8ta. Dul. 250 :167-86G.
Clements, F. F. )
1916, Plant Succession, Carnegie Inst. Wagh, Pub, 242 :1-512
1920, Plant Indieators. Carnegic Inst. Wash. Pub. 353:1-388,

Cockayne, A. I1.
S19190. Thv F'ﬁi(t of Burning on Tussock Country. Jour, New Zealand Dep. Agr,
T-15.

1816, Some Economic Considerations Coneerning Montane Tusseck Grassiands.
Trans, New Zealand Inst, 48 :154-1635.

Cockayne, T.. i
1911, Report on the Pune Areas of New Zealund, Their Geology, Botany and
Reelamation. Presented to both Houses of the General Assembly by com-
mand of His Excellency. Wellington 1911,

1919. An Eeonomic Investigation of the Montane Tussock Grassland of New
Zealand. New Zealand Jotur. Agr. 17(1) :1-9.

1922, An Fconomie Investigation of the Montane Tussock Grassland of New Zea-
land. New Zealand Jour. Agr. 24(6) :221-334.

1026, Monograph on the New Zealand DBeeeh Forests, Pt 1. The ceology of the
forest and taxonomy of (lie beeches. New Zealand State Forest Service.
Bul. 4:1-71. .

19265 Feologien]l Eeonomic Investigation of the New Zealand Nothefagus Forests,
In Tansley and Chipp, 1926 :530-340.

1026 Tussock Grassland Tnvestigation in New Zesland. Tangley and Chipp,
London 1926 :349-361.




134 " FIRE IN MANAGEMENT

1928, Mhe Vegetation of New Zealand., Ingler and Drude. Die Vegetation der
Erde. XIV.

Coker, R. IT.
1915. Water Conservation, Fisheries and Food guppl_y Pop Sci. Mo. 87:90-09.

Colman, 2. A., R. . Bean, and J. 8. Horton.
1941, Individual Watershed Descriptions, Los Padres National Forest. Mss. Sept. 3,
1941,

Commenwealth Club of California.
1928, Planning the Iuture of California Agricultural Lands. Memo, July 5, 1938.

Connaughton, Charles A.
1935. Torest IMires and ‘Accelerated Erosion, Jour. For. (7) :751-752.

1935% The Accumulation and Rate of Melting Snow as Influenced by Vegetation,
Jour, I'or, 33 :564-570.

Conner, A. B,, R. 1. Dickson and D. Seoates,
1930, Factors Influencing Runoff and Soil Lrosion. Tex. Agr. Exp, Sta, Bul
411 :1-50.

Cooper, W. S,

1022, The Broad-Selerophyll Vegetation of California; An Eeologieal Study of the
Chapareal and Its Related Cemmunities. The Carnegie Institution of
Washington. Pub. 519:1-124,

1926, Vegetational Development Upon Alluvial Fans in the Vicinity of Palo Alto,
California. Ieology T(1) :1-50.

Cooperrvider, Charles IX., and Bernard A, Hendricks.
1937, Soil Erosion and Streamflow on Range and Torest Lands of the Upper Rio
Grande Watershed in Relation to Tand Resources and Human Welfare.
U. 8. Dept. Agr. Tech. Bul, 567 :1-88.

Cooperrider, Charles K., and Glentou . Sylkes.
1938, The Relation of Streamflow to Precipitation on the Salt River Wafcrblwd
. Above Roosevelt Dam. Aviz, Bxp, Sta, Tech, Bul. 76:1-69.

Copeland, E. B.
1932. Transpiration by Chaparral and ¥ts Effect Upon the Temperature of Leaves.
University of California pub. Botany 17:1-21.

Coville, ¥rederick V. ‘
1905. A Report on Systems of Leasing Large Areas of Grazing Land. U. 8. For.
Serv. Bul. 62:32-67.

Craddeck, George W,
1927. The Successional Tnfluence of Iire in the Chaparral Type. hesis—Uni-
versity of Calif. Library, Berkeley, Calif, - .
1045, Salt Lake Oity Flood, 1945, Mss, Condensed from paper presented at the
fall meeting of the Utah Academy of Science, Arts and Letters. :35-40.

Craddock, G. W, and C. IK. Pefuse
1038, Surface Runoff and Ifrosion en Granitie Soils of Id.lh() as Influenced by
Range Cover, Soil Disturbance, Slope and Preeipitation. T. 8. Dept. Agr.

WCir. 482:1-24.
Cronemiller, Fred I*.
1042, Chaparral. Madredio 6 :199.
1943, Woodlaud chaparral. Mss.
Cirooks, W. H .
1944, Statement of the Madera County Brush DBurning Cowmmittee Before ihe
California Forestry Study Committee a¢ Sacramento in Madera County.
Mavrch 14, 1946, Memo.




[l
w

OF BRUSH RANGES . 1

Davis, Dr. B. F. -
1946. “TInconvertible Faets” Concerning Fovests Ave Proven False in Exfensive
Survey. The Westerner, June 1946:41-43

Davy, Joseph Burtt. N
1902. Stock Ranges of Northwestern California, U.'S. Dept. Agr. Bur. Plant. Ind.
Bul, 12:1-81.

Dayton, W. A,
1031, Important Western onwse Plants. U. 8. Dept Agr. Mise. Pab. No. 101:1-213,

Dellenbaugh, Frederick.
1921, Travelers and I‘\plmexs 1846-1900. The Cambridge History of Ameriean
Literature 3 -728.

Demmon, E. L.

1935, The Silvicultural Aspeects of the Torest Fire Problem in the Longleaf Pine
Region. Jour. For. 33(3) :323-331.

Dickson, R. E. . .
1929, The TResults and Signifieance of the Spur (Texas) Runoff and Irosion
Experiments. Jour, Amer. Soc. Agron. 21(4) 1415422,
Dicl, L, .
1006. Die Pflunzenvelt von West-Aunstralien Sidliche des Wendekreises. Engler
und Drude, Die Vegetation der Erde VIL

Dixon, Joseph S.

1934, A Study of the Life History and Food Habits of Mule Deer in C«J.hfonn.t
Calif. Fish and Game 20 (3&4) :5-146.

Dodge, A. T.
19385, Measurements of unoff as Influenced by Plant Cover Density. Towa State
Col!. Jour. Science 1:185-193.

Dryver, R. A.
1937, The Vegetation of the Dnmons of Alban) and Bathurst. Bot. Surv. So.
Afr. Memoir 17:1-138.

Duler, I T.., and . G. Ackerman.
1930. Runoff and Irosion from DPlots of Different Lengths. Jour. Agr. Res.
48 :505-510.
Duley, I'. L., and O. E: Hays.
1030. The Effeet of the Degree of Slope on Runeff and Soil Erosion. Jour. Agr. Res.
45 :349-360.
Duley, F. L., and M. ¥, Miller.

1923. Erosion and Surface Runoff Under Dli‘felent Soil Conditions. Mo. Xgr. Exp.
Sta. Res Bul. 63:1-50.

Eaton, B. C. i
1935. TFlood and Frosion Control Problems and Their Solution. Amer. Soc. Civ.
Eng. Proe. 61 :1021-1049. ’
Tiden, T.
1924, The KEdaphie Factors Accompanying the Succession After .Burning on
Harpenden Commen, Jour. of Ile: 12 {2) :267-286.
Einarsen, Arthur S.
1946. Management of Black-tailed deer. Jour. of Wildlife Management 10
(1) :54-59.
EFldredge, 1. F.

1935, Administrative Problems in Fire Control in the Long-leaf Slush Pine Region
of the South. Jour, For. 33 (3) :342-345,

[



136 TIRE IN MANAGEMLINT

Ellenwood, 7. A.
1937, Conservation and Sheep. Nat. Wool Grower 27 :12.

1939, Common-sense Conservation. Testimony before joint committee on forestry
of Taited States Congress. 21 p. United Conservition League, Vina, Calif,

1040, 1

—4

S. (wﬂms joint committee on forestry. Forest Lands of the United
:-hlo‘“ Part 5:792-804.

1943, Wil the Un“_egn of Agrieuttare Participate in Developing a Program for the
Beonomie Management of Brush Fields in California. Calif. Wool Grower
19 (4) 1, 3, .

Blliott, B. i.. 4 .

1048, Tire Drevention. Mendocino County range Fmd clearing committee offers
conerele program Lo state division of forestry : a plan for control hurning.
Cadif. Wool Growers 22 (8) 5.

1. Statement by Committee at Ukiak Meeting Ieh, 9, 1046. Memo.

Fmberger, Louis,
1950. La Vegetation de la Region Mediterraneenne, Rev. Gen Bolanigue 42 :505-
504. :
1030, Remerques Critiques sur les Ttages de Végétation dans les Montagnes
Maroeaines. Bul. d 1 Societe Bot. Suisse Volume d. Jubel Riibel. Vol. 46,
1939, Apercu géncral sur los Végétation du Maroe, Verdff. Geobot. inst, Iébel in
Zurich, 14 Tleft 1939 :1-157.
Bnguete International sur les Incendies de Toretes.
1933,  Imstitute International d’Agricalitur Rome.
Enaguete International sur Ian Correction des Torrents et sur la IRestauration des

Montagnes en Europe.
1937, Institute International d'Agrieultur

Rome.

Tipling, Garl, and . Lewis, -
1942, The Centers of Distribution of the Chaparvral and Ceastal Sage Associations.
Amer, Midl. Nat, 27 :445-462.

Tabricius, L.
1028, Yorstliche Versuche die Binwirkungvon Waldbrandasche auf Samenkeimung
nad Frste Pflanzenentwicklung, Forsiwiss, Centhl. 51 (8) :269-276.

fausett, A,
19843, Progress Report on Telima and Shastn Counties Brush Rurning Studies,
Memo, Maveh 17, 1043,

Favre, T, AL
1907, T/achevement de In Restoration des Montagues en France. Iouille blanche,
6 annde, pp. 12-18, 1907, See Willinms, 1987,
Fiori, Adrinno.
1932, T Associazioni Della Passa dMacehia, Alpe Riv. For. Lial, 19 :454-463.

Migcher, C. ¥, C
1012, The \‘eed of Wire Protection in the Lropics. Indian Forester 38 (§) :191-221,
Flemming, C. I' , AL AL Shipley, and M. R, Miller.

1942, I‘u)m'o Grazss {Dromus Tectorum) on Nevada Ram:es Univ. of Nevada Agr.
Exp. Sta. el 159:1-21.

Ireuct, Stephen.

1946, Good Hportsmen Shoadd he Good IFarmers! West Const Sportsman 3

(2) :5.




i

CAr
-1

OF BRUSIL RANGES

Faorest. Serviee and Hoil Conservation Rervice,
1940, Influcnces of Vesetution iund Waterslied “i'reatment on Runoff Silting aml
Stream Flow, T, 8. Dept. Agrie. Mi‘;c. Puh. No, 397.
Forsting, C. L.

10310 A Siudy of the Influence of Herbaceous Plant Cover on Surface Runoff and
Soit Erosion in Relation to (irazing on the Wasateh Plateau in Utah
1. 8 Dept. Agr. Tech. Pu] 220 :1-T1.

1941, Spow Melt. Climate and Man. Yearbook of Agriculture. U. 8. Dept. Agric,
1941 :557-560. '
TFoster, J. H. ) )
1916, Grass and Woodland Firves in Texas, Tex. Agr. & Mech. Coll. Dept. Forestry
Bul. 1:1-16, - . ’
Ioweclls, H. M., and R. L, Stephensun
1934, Iffeet of Burning on Torest Soils. Soil Science 38 (3) 175-181.,
Irank, Tenncy.
1919, Agrieulture in Early Latium. Amer. Econ. Rev. 9 (2) 1267-27G.
I'ritz, Emanuel. ) .
1482, The Role of Fire in the Redwood Region. Calif. Agr. Exp. Sta. Cire
823:1-23.
1939, How Much Forestry is Needed in the Redwoods {for Continnous Production.
Jour. For. 37 (&) :618-19.
1940. Lledwood Torest Management for Utilization. Mechanieal Engineering. Dec.
1940 :859-8G3. :
1845, Twenty Years' Growth on a Iledwood Sample Plot. Jour, For. 43 (1) :36-36
IMultz, F. M.
19237 The Wlfin-Torest of Californin. Tos Angeles Times-Mirror Press, 1923 :1-276.

Furlani, Johannes.
1916, Die Bedeutung des Unterlichts fiir die Mediterrang Macchia, Oostere, ot
1917, Zeitschr. 66:273-282, 366-276.

Gaines, Stanley H.

1933, Bibliography on Soil Eresion and Soil, Water Conscrvation. With abstracts
by IFrancesca Vinecent, Marion Ll(mm and James . Carter. 1. 8. Dept.
Agrie. Mise. I’ub 312 1~(m()

Galbraith, A, V. i
18353, Forests in Helation to Climate, Water Conservation and Erosion. Dept, of
Agric. and For. Bul, 159:19-23.

Galpin, Ernest 1.
1926. PBotanical Survey of the Springhok Fltlfb Transvaal. Bot, Surv. of So. Afr.
Memoir 12 :1-100.
Giavioli, Orazio. .
1937, Timiti Altimetriei Delle Forvmazioni Vegetali neu Gruppe del Pollino.
Cmmt.lto Nazionale per la Geogratia, 15 Bologua, 1937.
Giacobbe, Audrea. '
1538, Schmnu di una Teoria Feologica per la Classificazione Della Vegetazione
Della Vegetnrzione Italiana, Comitato Nuzionale per la Geografia 16
Bologna, 1938, .
(Gilliland, H, B.

1438, The Vegetution of Rhodesinn \lnm.xlrlud Jour. of So. Afr. Botany 4
(3) :74-99, . :




138 FIRE TN MANAGEMENT

Glading, Ben.
1940. -Coast County Quaill Study. Mss. Monthly Report, Qectober 1540.
1941. Ceast County Quail Study. Mss. Report for April 1941,
19412, Coast County Quail Study. Mss. Report for May 1941,
Glenn, I.. C. ’ .
1911. Denudation and HErosion in the Southern Appalachian Region and the
Monongahela Basin, U. 8. Geo. Survey Prof. Paper 72:1-137.
Glover, . K., and H. Jance van Renshurg.
1038. A Contribution to the Feology of the Highveld Grassland at IFrankenwald,
in Relation to Grazing and Burning. So. Afr. Jour. of Sc. 85:274-279.
Gordon, A, and A. W, Sampson,
1939, Composition of Common Califernia Feothill Plants as a Factor in Range
Management. Calif. Agr. Exp. Sta. ul. 627 :1-95,

Gortie, I}, MacLagan.
141, Land Management in the Punjab Foothills. Tunjab, 1041,

Graber, L. T
1926, Injury From Burning Off Old Grass on Bstablished Bluegrass Pastures.
Jour. Amer. Soc. Agron 18 (9) :815-819.

Grabkerr, W.
1036. Die Dynamik der Brandfliiichenv E"‘etdflon auf Kalk-und Dolomitbéden des

Kurwendels., Bichifte Botan. Ceatralblatt 55 ab. B. 94 s, 1936.
Graham, Edward .
1944. Natural Prineiples of Land Use. Oxford Univ. Press, 1944,
Graneila, Bill.
1925, Conscrvation—Its Aims and 1ts Mesults, Mss.
Greene, S, W
1981, The Fovests That Five Made. Amer, Forests 37 :538-H84.

Tffect of Annual Grass Fires on Organie Blatter and Grler Constituents in
Virgin Lougleaf Pine Soils. Jour. Agr. Res. 50 :801-822.

19356" Relation Between '\\'intu Grass ires and Cattle Grazing in the Longleaf
Pine Belt. Jour. For. 33 (3) :558-341.

1985, Burning the Woods. A complete report on the effect of properly managed

- woods burning with relation te timber production, forage, wild life and
goil fertility. The Ilorida State Cattiemen's Associantion, Kissimmee,
lorida.

1935 The Forests that Fire Made. The Hiorida State Cattlemen’s Association.
Kissimmee, Florvida.

10959 [iffect of Annual Grass Fires on Organic Matter and Other Constituents of
Virgin Longleat Pine Soils. The Florida State Cattlemen's, Association,
Kissimmee, Florida.

Griftith, B. (T, 15, W, IHartwell, and 'L I, Shaw.

1980. The Mvolution of Soils as Affected by the Old Field White Pine. Mixed hard-
wood suceession in eentral New England. Harvard Torest Bui. 15:1-82.

Grinnell, Joseph, and Jean M. Linsdale.
193G, Vertebrate Animalg of Point Lobos Ieserve, 1934-35. Carnegie Institution
of Washington Pub. 481 :1-15¢4.

(irover, Dana 8.

1940, Observation Report of Effect of Brush Burning on Range Land in Mendocino
County, Ukiah, Calif. Mareh 1940, .




OF BRUSH RANGES 139

Haasis, F. W,
1936. Erosion Control With the S E. R A. Soil Sm 41 :231-228,

Haefner, H. E. :
1912, Chaparral Areas on th(, 5151\1)011 \dtl()r]d] Forest. Proc. Soc. Amer. For.
7:82-95.
Hall, H. M.
1902. A Botanieal Survey of San Jaecinto Mountain. Univ, of Calif. Pubs. Bot.
1:1-144.
fanson, H. C.
1922, Pr‘urm Inclusions in the Deeciduous Korest Cilm.l\ Amer. Jour., Dot
9:330-37.
1929. Improvement of Sagebrush Range in Colorade. Colo. Agr. Exp. Sta. Bul
356 :1-12.
Hardtner, Henry Y.
1933. A Tale of a Root—A Root of a Tale or Root Hog or Die. Jour. For. 53
(3) :301-357.
Hardy, M.
1920. The Geography of Plants. Oxford, 1920.
Harshberger, John W.
1926. Mediterranean Garigue and Macchia. Proe. Amer. Phil. Soc. 65:56-G3,
Hart, George H.
1938. Forest and Range—Hydrology as Influenced by Livestock. Trans. Amer.
Gcophys. Tnion 19th annual meeting :634-40.
Hart, G. 1., I1. R. Gilbert, and H. Goss.
1932, Sensons! Changes in the Chemieal Composition of Range Torage and Their
Telation te Nutrition of Animals. Calif. Agr. Exp. Sta. Byl. 543:1-62.
H:ttton, John H. .
1913, Yiradieation of Chaparral by Goat (}mzing.'U. 8. Forest Service Review of
forest service investigations. 2:25-28.

Heintzleman, 13. .
1926. Alaska. In the Western Range Document 199 :581-598. In response to Senate
Resolution No, 289.
Hennehin, Louis.”
1698. A New Discovery of a Vast Couniry in America. London, 1698,
Henry, A. J. »
1916, The Disappearance of Suow i the High Sierra Nevada of California.
Monthly Wenther Rev. 44 :150-153. -
Hensel, R. L.
1923, Effect of Burning on Vegetation in Kausas Pastures. Jour. Agr. Res. 23
(8) :631-43.
Heyward, .

1036, Soil Changes Associated With Forest 'ives on Longleaf Pine Region of the
South. Amer. Soil Survey Assn. Bul, 17 :41-42,

1939. Some Moisture Relations of Soils I'rom -Burned and Unburned Longleaf
Pine Forests. Soil Sci. 47 :313-24.
Heyward, If., and R. M. Barnette. !

1934. Ifect of Frequent Fires on Chemical Composition of Forest Soils in the
Tongleaf Pine Region, Univ. of Florida Agr. Fxp. Sta. Bul. 265:1-39,

+




140 C O FIRE 1IN MANAGEMENT

Heyward, 77, and A. N. Tissot. ’ -
1936, Rome Changes in the Soil Fa hl.‘l Assoeiated With Forest Fires in the Long-
leaf Pine Region. Ecology 17 :G59-6G6.

Hilgard, E, W.
1891, Soil Studies and Seil Maps. The Overland Monthly, Dee, 1801 :3-12,

1914, Soils. New York and London 1914.

Hoclhmuth, Harold ., and William W. Gorton.

1940. Ranch Oreanization l.nd Range Tand use in Coos and Cnm Counties,
Oregon. Oregon Txp, Sta, Bul, 381,

Hodge, It W. )
1907, Handbook of American Todians Nerth of Mexico. Bur, Amer. Eihnology.
Bul. 30. :
Hofmann, J. V,
1917. Natural Reproduetion From Sced Stored in the Forest Floor. Jour., Agr.
Res. 11:1-26,

1924, The Natural Rewene\mtmn of Donglas-Xir n the Pacific Northwest, U, S,
Dept. Agr. Dept. Bul. 1200 :1-62,

Hole, R. 8.
©1011. On Some Indian It \)10bt Grasses and Their Occology. Indian Forest \Iunmlb
1 (1) :1-126.
1917. Best Method of Working Ulla Grasslands. Indinn IForester, Nov., and Dec.
1917 :479-488.

Iolscher, C. B.
1946, Fire as a Meuns of Range Retterment on Brushland, Ree. Stockman 57
(23) :7
Holzman, Benjamin.
1957, Sources of Moisture for I'recipitation in the United States. U. S, Dept. Agr.
Tech. Bul. B8Y :1-42,
1941, The Hydrologic Cyele. Climate and dlan. Yearbook of Agriculiure. 1, 8.
Dept. Agrie, 1841 :582-530.

Iicrne, 18, B
1988, Some Wildlife Norest Rel Atluubl.lpb Third North Amer. Wildlite Couf.
Trans. :376-350. Amer. Wildlife Inst.,, Wash., D. C.

Horfon, Jerome 8.
1841, The Sample Plot s a Method of Quantitative Analysis of Chaparral Vegeta-
tion in Southern Culifornia, Eeology 22 :457-408.

1945, Vegetation of the Angelus National Forest. Mss. Fire damuage appraisal
Sept. 1945,

19458, Vegetation of the San Berunrdino Forest. Mss. Oct. 3, 1945,

1946. Vegetation of the Cleveland Natioual Forest. Mss, June 19446,

1946®, Vegetation of the Los Padres Nutional Forest. Mses. Firve damage appraisal.
Aug. 1946,

Horton, J. 8., K. A. Coleman, and R. T. Bean,

1945, Angelus National IForest. lndividual watershed descripiive stutement to

aecompany coiplex sumnary sheets, Mss, Glendora, Sept. 24, 1045,

Horton, R. .
1923, Transpirition by Forest Treess Ul 8, Monthly 3Wenther Rev, 51:571-581.

TTough, W, ‘
1026, Fire as an Agent in Huwan Culture, U, 8. Nab. Mus, Bal. 139 :1-270,

- e e e e e ey



0¥ BRUSH RANGES 141

Hoyt, W. G., and H. C. Troxell.
1632.. Forests and Stream Flow. Am, Soc. of Civ, Eng, I'roe. 58 (6) :1057-1004.
1633, Forests and Stresin Flow, Discussion. Anior. %()c. Civil Engin. 59 (7) 1145
1166.
Hunter, 4. 8., and 1. H. Fry.
1940. Trogress Report on Gamekill Statistics. Calif. Fish and Game 2§ :338-83.
Ingram, D. C.

i9381. Vegetaiion Changes and Grazing Us(, on l)ou‘rlas Irir Cutover Land. Jour,
Agr. Res. 48 :387-417.

Ysaae, I AL
1930. Seecdling Survival on Burned and Ulllnuned Areas, Jour. For. 28:569-71.

194G, Vegetation Succession Foliowing Logging in the Douglas-Iie Region With
Special Reference to Fire. Jour. For. 38 :716-21.

Isauc, T A, and H. G. Hopkins, ; i

1587. The TMorest Soil of the Douglas- I‘ ir Region and the Changes Wrought Upon

it by Logging ¢nd Slash Burning. Heology 18 (2) :204-79.

Jacot, A. P, ‘ ‘
1936, Soil Populations. Sci. Monthly 17 :247-251.
Jefferson, Mark. ! :
1921. The Rainfall of Chile. Amer. Geog. Soe, Research Ser. 7:1-32.
Jensen, Herbert A,
1939. Vegetlation Types and Forest Conditions of the Santa Cruz Mountaing Unit
of California. Calif. For, & Range. xp. Sta. Forest Survey Release No.
1:1-55. - '
Jenking, B, C. .
1946, What About Controlled Burning? \Ln,m aan Conservation 15 (4) (12-14,
Jepson, W. L.
S 1910, The Silva of Culifornia. B ell\elq, Calif.y ]‘)10
1925, A Manual of the Flowering Plants of California. Berkeley 1925,
1930. The Roic of Fire in Relation of the Differentiation of Species in the Chap-
arral, Proe. Intern. Congr. Bot. 5th, Cambridge, 1930 :114-116.
Johnson, W. M., and C. H. Niederhof.
1241, Soeme Relationships of Plant Cover to Runoff, Krosion and Infiltration on
Granitie Sofis, Jour, of For, 39 (10) :854-858.
Joues, Burle J. i

1944, Introduction to Kodaslide Lectul es on Range Improvement Being Used by
the Agricultural Extengion Service Univ. of Calif. Mss. Revised Sept. 1944,

Jones, Burle J., and R, M. Love.
1945, Improving California Ranges. Calif. Agrie. Extension Scrv. Cire. 129:1-48.
Josephson, H. R. ’
1941, Faclors Affecting Income luom Secund Growth Forests in LhL Western
Sierra Nevada. Calif, Agr. Kxp. Sta. Bul. 658 :1-72.
Kelly, I. 1. ‘
1932, Ethnology of the Surprise Valley Daiute, Calif., Univ. Pub. Amer. Arch.
and Ethn, 31 (3) :07-210,
Killough, John R. )
1945. Grazing and Livestock Growing in North Africa. Jour. For. 43 (5) :324-326.

.




142 FIRE IN MANAGEMENT'

Kipp, D, H.
1981, Wildlife in a Fire. Amer. For. 37 (G) :323.95,
Kittredge, Joseph, Jr. :
1934, Working Plan for Range Bwrning Xxperiment Frosion Phase. Objeet—
effect of burning of Chamiso range under grazing. Mss,
193G. TForest and Water Aspects Which Have Received Little Attention. Jour.
For, 34 (4) :417-419.
19362, Effect of Forest and Brush on Snow, Litter and Soil Moisture. Mss.
1938. Comparative Infiltration in Forest and Open. Jour. For. 36 (i1) :1156-7.

1938 The Magnitude and Regional Distribution of Water Losses Iuﬁuenced-by
Vegetation. Jour, For. 36 (8) :775-778.

19539, The Forest Floor of the Chaparral in San Gabriel Mountains, California.
Jour, Agr. Res. 58 (7) :521-535. ,

19392, The Annual Accumulation and Creep of Litter and Other Surface Materials

in the Chaparral of the San Gabriel Mountains, California. Jour. Agr.
~ Res. 58 (7) :537-041.
1940. A Comparison of Forést Floors From Plantations of the Same Age and
Eavironment. Jour. For. 88 (9) :729-781,
1940+, Possible Use of Toothill Lands. Mss.

1940". Posgibilities for Use of Foothill Lands. Mss. Pr(;pose(l Publication by the
Range Committee. :

1940°. Charncteristics of the Foothill Lands. Mss.. Prdposed publication by the
Range Committec.

19404, Organization and Iistimated Costs for a Comprehensive Investigation of
the Feothill Land Problem, Mss., Proposed publication by the Range
Comiittee,

1945. Some Quantitative Relations of Foliage in the Chaparral. Heology 26 170-73.

19452, Range Lands Utilization Committee. Mss. Jan. 29, 1945.

1046. Progress Report. The YWater Balanee in Mountain Watershed as Influenced
by Forest Cover, Mss, March 12, 1046.

Kittredge, Joseph, Jr,, and Walter Mulford.
1934. The Flood Areu. Impresgions of the University Group. Mss.

Klein, Julius.
1920, The Mesta. A study in Spanish economie history, 1273-1836. Harvard
University Press. Cambridge. .
Kotok, E. 1.
1938. Tire, u Major Iicological Factor in the Pine Reglon of California. IMifth
Sei. Cengress Proe, (Vietoria and Vancouver, B. C., Canada.) Toronto

Univ. Press BT7-22:4017-4022,

Kraebel, C. J.
1935. Forest Cover Proved a Controlling Factor in Flood Prevention. U, 8. Dept.
Agr. Yearbook 1925 :202-206.
19852, Influence of Vegetation on Runoff and Eresion. U.S.T.S. Serviee Bul. 19
(21) :5-6. Oct. 14, 1935.
© Lancaster, R. R.
1041, Invasion of Grasslands by Mesquite., The Cattleman 27 (9) :75-76.
Lantow, J. L., and B, L. Flory.
1940. Fluctuating Forage Production. Soil Cons, 4 (G) :1-T.




OF BRUSH RANGES 143

Larsen, J. A.

1925, Natural Reproduction Afier IPorest IMires in Northern Idaho. Jour, Agr,
Res. 30:1177-1197.

1929 : Tires and Forest Suceession™in the ]»meuoot Mountains of Northern Id: 1]10
Eecology 10 (1) :67-76. .
1635. Natural Vegetation on Eroded Soils in Southeasteln Ohio. Towa State Col.
Jour. Sci. 9:151-164.
Lawrence, William E.
1922, The Principal Stock-Poisoning Plants oi Olcgon Oreg. Agr, Coll. Ilxp. Sta.
Bul. 187:1-42, :
Tee, W. D . :
192G, Soil Survey, Burke County, North Carolina. Bureau of Chemistry and Soils.
U. 8. Dept. Agric. 1926. No. 22 :1034,
Leiberg, John B.
1809. San Jacinto Forest Reserve. U. 8. Gedl. Survey 19th annual report Pt
5:351-357. -
1899+, San Bernardine Forest Reserve. U. 8. Geol. 104h Ann. Rept. Pt. 5 :359-3065.
1859". San Gabriel Forest Reserve. U. 8. Geol. Surv, 19th Ann, Rept. Pt. 5:367-371.

1900." The San Gabriel Fovest lxcser\e U. 8. Geol. Surv. 20th Ann. Rept. -T't.
D :411-428.

1900*. The San Bernardino Forest Roeserve. T. S Geol. Surv. 20th Ann. Rept. Pt.
5:429-454,

3

1900°. The San Jacinto Forest Reserve, U. 8. Gu)l 20th Ann, Rept. Pt. 5 :455-458.

'1902 Forest Conditions in the Northern Sierra \L\d(.D., Calif. United Shlthb Geol.
Surv. Prof. Paper 8.
Leighty, J.
1941, Settlement and Cultivation in the S
Yearbook 1941 :167-204.
Lemon, Paul C.

1946, Preseribed Burning Relation to Grazing in the TLongleat-Slash Pine Type.
Jour. For. 44 (2) :115-117. '

Leopold, Aldo.

1923. Wild Flowers of the Forests. The effect of fires on fish and gaine. Amer.
For. 29:515-19, 568,

1926. Fires and Game. Jour. For. 24 (6) :726-728.
1933. Game Manngelr‘lent. Chavles Seribner’s Sons, New York :1-481.
Levyns, Margaret R.

1024. Some Observatious on the Effects of Bush Fires on tite Vegetation of the
Cape Peninsula, Symposium on veld burning, So. Afr. Jour. Sei. 21 :340.

1926. A Preliminary Note on the Rhenoster Bush {(#ytropappus Rhingcerotis) and
the Germination of Its Seed. Traus. Roy. Soc. So. Afr. 14 (4) :384-388.

1929, - Veld-Burning Experiments, at Ida’s Valley, Stellenbosh. Trans. Roy. Soc.
So. Afr. 17 (2) :61-92. -

19292, The Problem of the Rhenoster Bush. So. Afr Jour, Sci. 26 :166- 169.

1935. Veld-Burning Experiments at Oalsland Riverdale. Trans. IRoy. Soc. So. Afr.
- 23 (3) :231-243.
Lister, . B.

1941. Fire Control on Grass Ranges in the Pacxﬁc Northwest, Jour. For. 89
(1) :23-25,




144 FIRE IN MANAGEMENT

Towdermilk, . C.
1830, Influence of Korest Litter an Runeff, Parcolation wind Brosion, Jour. ¥or. -
28 (4) :474-491.
1081, Role of Vegetation in the Yield of Water for Watersheds in Sonthern Cali-
fornia. Swunmary Memorandum Jan, 21, 1031,

183, Forests and Streamflow. A discussion of the MHoyt-Troxell report. Jour.
IFor. 31 :298-307.

1935. Man Made Deserts. Pacific Affairs 8 () :409-419.
1935% Certain Aspecis of the Role of Vegetation in Frogion Control, Towa State
Coll. Jour, Sei. 9:123-152.

1939. Reflections in a Graveyard of Civilizaiions. The Christian Rural Fellowship
Room 1201, 156 Fifth Ave., New York, N. Y.

FLowdermilk, W. C, and P, B. Rowe.
1954, Still Furilier Studies on Absorption of Rainfall in Its Relation to Surficial
Runeft and Brosion. Amer, Geophys. Union. Trans. 15 :509-515.

Ll‘(‘ll. W.

1046, Letter to M. L. Shantz Dated Geobotanisches Forschungsinstitut Tibel in
Zivich. June 20, 146,

AMackenzie, Alexander.
1801. Voyages From Monireal, on the River St Lawrenee Through the Contineng
of North America, to the I'rozen aud Iacifie Oceans, in the Years 1784-
1793, London 1801.
Alackie, W. W,
1903, The Value of Oak Leaves for Forage, Calif, Agr. BExp. Sta. Bul, 150 :1-21.
Madera Co.
184G, A DPregram for Control Durning in Maders Co. 1946,
Muadson, A. B.
1043, Letter to Dean O, B Hutehinson, Feh, 16, 1943, and Report.
Marsh, George I,
1882, Mhe Farth As Modified By Human Action, New York 1882,
Marsh, C. D, and A. B. Clawson.
1924, The Meadow Death Camas as a Peisonous Plant. U. 8. Dept. Agr. Dept. Bul.
1240 :1-14, .
Martin, C. E.
1009. Landeskunde von Chile. Mamburg. 1909,
MeKenney, IN. B, B, )
1901, Notes on Plant Distribution in Seuthern Galifornia. U.8.A. Beih. Bot. Cent.
10- :166-178.
McKinney, Dan C.
1944, Tetter to W. 8. Rosencrans June 14, 1944,
18442, Resolution No. 26, Brush Burning. California Cattlemen’s Association,
1945, Resolution No. 11. Tocal Committces in Brush Buraing Arvéas. Calif. Catile-
men's Association.
1046, Tetter to Floward A, Miller Jae, 31, 1946,
Mendocine Co, Farvin Bureau.

1945, Program Range Land Clearing Mendocing County. Mss, Mendocine Co, Ifarm
Bureau and Wool Growers IRungeland Clearing Committee.




. ' Oh‘ BRUSF RANGES 145

Mevendi, A,
1932, Ta macchia mediterranca nella selvieolfura ¢ nelt ‘economin rurade italiana.
Alpe Riv, For, Ital. 19 :387-394.
Metealf, Woodbridge. .
1630, A Dolicy of Controlled Ilurning on Private Lands in the North Coast Region.
Mss. Berkeley, Calif. Nov. 29, 1930. -
1930, Controiled Burnhing in the North Coast Counties. 2Memo, Dee, 193

1932. Conference on Range and Forestry Probleins. Memo. Red Blaff Feb.
1932,

26 and 27
1935, The Fire Protection Problem in the North Cosst Counties. Memo., 10235,
19350, The Controlled Burning Policy. Memo.

1939, Memorandum en Controlled Burning. Jan. 1‘)"‘

Michell, Mavrgaret 1T, .

1921. Some Observations on the Effects of a Biugh fire on ihe Vegetation of Signal
Hill. Trans. Roy. Soc. So. Afr. 10 :213.

Miller, L. . '

1906, Chaparrsl as a Watershed Cover in \mxthcm Califoruin. Iroc. Soc. Amer.
Wor, 1L 47-157.

Minutes of Meeting.

1946, Minutes of Meeting of- Sub- cunlmlttee of Ahwahnee Experimental Burn
Committee,

Meoellin, ¥, I

1038, If .‘md When lt Rains, The Stockmen’s View of the Range Questicn., Amer.
Nat. Tivestock Association, 515 Cooper Dldg., Denver.

Moore, Willis T.. ' '

1010, A Report on the Inftuence of ] oresis on Climate and Floods, House of Repre-
sentutives, United States Committee on Agriculture.

Morris, 8. B.

1935. Value of Watershed Cover in I‘Irmd Control. Jour, Forestry 85 :748-750.

Moss, C. E.

1913. Vegetation of the Peak Distriet. Univ. PresD, Cambridge

Muir, J. :

1929, The Vegetation of the Rl\&lb(xﬂ]e Awﬂ Bot. Surv. So. Afr. Memoir No.
13:1-82.

Muller, C. L.
1939, Relations of the Vegetation and Climatic l vpes in Naevo eon, Mexice, The

Y Amer, Midl, Nut, 21 (3) 687720, .
Muller, Paul.
1933, Verbreitungshiologie der gariquetloru. Beili, Bot. Cenirsdbl, ALt TT. 50390
469,

Munns, K. N.

1016, Results of the Effect of Chapuryal and Forest Cover on Meicorological Condi-
tiong, Science 44 :759-760. K

141¢. Home Biological and Economic Aspects of the Chaparral. Jour. For. 17 :8-14,

1920. Chaparral Cover, Runoff, and Hrosion. Jour. For. 18 :806-81:.

1923, Report to the Legislature on Sennte Concurrent Resolution No. 27 by the
California State Board of Foresiry, 165 p. Calif. State Printing Office,
Sacramento, Calif,

10—660561




146 PIRE TN MANAGEMENT

Munns, E. N, J. F. Preston, and 1. T1. Sims.
1938, [‘o- vsls for Tirosion Control. Soils and Men., U. 8. Dept. Agr. Yearbook

938 :609-614.

Musgrave, (1. W. .
1933, The Infiltration Capacity of Soils in Relation to the Control of Surface

Runoff and Erosion. Jour. Amer. Sve. Agron. 27 :3306-345.

Musgrave, G. W., and G. R. Free.
1956. Some Factors Which Modify the Rate and Total Amount of Infilteation of
Tield Soils. Amer. Soc. Agron. Jour. 28:727-720.

Nash-Boulden, S. A.
1945. To Burn or Not to Burn. No, Westem Ranch and Home. Pg 24.4 . M: ¥ 1945,

National Land-Use Planning Committee and National Advisory and Tegislative Com-
mittee on Land Use.

1932. Organization and Objectives of the National Land-Use Plaiining Committee
and the National Advisory and Legislative Committee on Land Use. Pub-

lication No. 2, Oct. 1, 1932, .
1953, Conservation of the Grazing Resgources of the Remaining Public Domain.
Publication No. IV, Washington, March 1933.
Nattonal Wool Growers, -
1946, Platferm and Program. Sait Lmke City.
Neal, W. M, and R. B. Becker.
1053, The Compensation of *Feedstuifs in Rolation to Nutritional Anemia in
Cuattle. Jour. Agr. Research 47 :249-255
Negri, Giovanni and others.
1932, La macchia mediterranea in Italia. Alpe Riv. Tror. tal. 19 :377-46G6.
*Nelson, B, W, -
1954, The Influence of 'recipitation and Grazing on Black Grama Grass Range.
U. 8. Dept. Agr. Tech, Bul. 409,
Nelson, De Witt.
1945, Brush Burning and Reseeding, 85th Annual Wool Growers couvention. Mss.
San Francisco, Calif.
1946, DBrush Burning and Resecding Some of California’s Brush and Timber
Runges. California Cattleman, Feb, 1940 :11-12,
19467, Letter to Paul AL Twing. Aug. 28, 19406.
Oison, Lois
1939, Erosion—A Heritage From the Past. Agric. History 13:161-170,
1943, Columella and the Beginning of Soil Science. Agrie. History 17:65-72.
Olson, Leis, and Helen L. Fddy.
1043, IBN—A. L—AWAM. A sgoil scientist of Moorish Spain. Geog. Rev. 32
(1) :160-1G69.
Owe, John M.
1030, The Iffect of Nitrification Upon Vegetation and Iforest Reproduction in
Some Califernia Pine Morests, Thesis on file Lib. Univ. of Calif. Berkeley.
I*ardee, Geo. C.
1932, Torestry in the State-Wide Water PPlau. A Report of Governor Rolpl’s

Honorary Watershed Committee. State of Calif, Dept. of Nat. Resource
Div. of Iorestry, January 14, 1032,




OF BRUSH RANGES 147

B

Parker, K. W.
1043, Control of Mesquite on South\wswn Ranges U. S. Dept Agr. leaflet
234 :1-8.
1944, Rev1ew Plant Succession on Burned Chf\p‘uml Tands in Northern Clh-
fornia by A. W. Sampson. Ecology 25 (3) :374-375.

Parker, K. W., and W. G. McGinnies.
1941. Mesquite—A Silent Invader. Cattleman 21 (12) :35-40.

Patton, Reuben T,

1930. Faectors Controlling the Distribution of Trees in Vietoria. I"IOC Roy Sec.
Victoria 42 (2) :154-210.
I

Pearse, A. S -

1943. Effect of Burning-over and Ralnng offt Litter on Certain Soil Animals in the

Duke Forests. Amer. Midl. Nat. 29 406494

1946 Obsery dthIlS on the Micro-fauna of the Duke E orest. Ficel. Mon. 16 (2) :127-
150.

TPechanec, J. F., and G. Stewart.
1944, Sagebrush Burning—Good or Bad. U. 8. Dept. Agr. Farmer’s Bul, 1048 :1-32.

Person, H. L.
1987. Commercial Planting on Redwood Cut Over Lands. U. 8. Dent. Agr. Cir
434 :1-40. .

Petroff, A. G.

1935. Improvement of Tarmlands by Forest Phntm" U. S. Iorest Service, Div.
Silvies, Trans. 114 :1-84., .

Phillips, E. P. ]
1920. A preliminary Report onm the Veld-buining Experiments at Groenkloof,
Pretoria. So. Afr. Jour. Se¢. 16 :285-289!

1920. Veld-Burning Experiments at Groenkloof, Second Report. Union of So. Afr.
Dept. Agr. Se. Bul, No. 17.

Phillips, John F. V. . .
1926. Virgillia Capensis Lank., (Ieurboom.) A contribution to its ecology and
sylviculture. So. Afr. Jour. Sc. 23 :435-454.

10262, General Biology of the Flowers. Fruits and Young Regeneraton of tlie More

Important Speecies of the Kynsna Forest. So. Afr, Jour. Se. 23:366-417.

1928. Influence of Forest Formation U pon Soil Mmshue Nature Vol, 122 (3063)
53-54.

19287, Plant Indicators in the Knysna Region. So. Afr. Jour. Se. 25.:202-224.

1929, Some Important Vegetation Comnnunities in the Central Provinee of Tangu-
nyika Territory. So. Afr. Jour. Science 26:332-372,

1930, Fire: Its Influence on Biotie Communities and Physical Factors in South

and Tast Africa. So. Afr. Jour. Seci. 27:3562-370.

193062. Some Important Veéetation Communities in the Central Province of Tunga-
nyika Territory (formerly German East Africa). A preliminary account.
Jour, Ee. 18 (2) :193-234. ~

1931. South Africa’s Wasting Heritage. So. Afr. Geo. Tour. Vol XIV, Decem-
ber, 1931.

19312 Forest-Succession and Feology,in the Knysna Region. Botf, Surv, So. Afr,
- Memoir No. 14:1-327.

1935. Report to Committee on Forest Influences, Fmpire Forest Conference,
. South Africa. Capetown, Sept. 24, 1935,

1936. Fire in Vegetation: A Bad \[.mim, i C()()(] Servant and a4 National Problem.
Jour. So. Afr, Bot, 2:35-




148 - FIRE IN MANAGEMENT

1938, Deterioration in the Vegetation of the Union of Sonth Afriea and How
Thig May Ba Controllad. Sa. Afe. Tour. Qe 279490,
Picklord, G, .,

19320 The Tnfluence of Continned Heavy Grazing und of Promiscnous Burning on
Spring-Fall Ranges in Utah, eology 13:159-171.
=) 2

Pidgeon, Tlma AL

1953, The Eeology of the Central Coastal Aren of New South Wales . Plant
Succession on the Hawkesburg Sandstone. Proe. Tinn., Soc. Now South

Wales 03 (1-2) :1-26.

Piemeisel, I. L. .

1938, Changes in Weedy Plant Cover on Cleared Sagebrush Laud and Their Drob-
able Causes, U, S, Dept. Agr. Tech. Bul. 654 :1-44,

1645, Natural Replacement of Weed Hosts of the Beet Leafhopper as Affeetud
by Rodents. U. 8. Dept, Agric. Cireular No. 739 :1-48.

Pillans, N, 8,
1924, Destruction of Indigenous Vegatation by Durning in the Cape Peninsula,
So, Afr. Jour, Sei, 21:348-850, '
Tumwer, I, G,
1911, Chaparral. U. 8. Forest Service Bul. 85 1148,
1012, Forest Fires. U. 8. Dept. Agr. Horvest Service, Bul. 117 :1-39.
Potter, Albert F.”

1905. Questions IRegarding the Public Grazing ILands of the Western United

Stutes. U. 8, Dept. Age. Tor, Serv. Bul. 62:7-31. :
IPotts, George.

1923, -The Plant Succession in the Orange Free State, and the Need for Mainlain-

ing a Covering of Vegetation. So. Afr. Jour. of Sci. 20:196-201.
Prescott, J. A.

19381, The Soils of Australiz in Helution to Vegetation and Olimete. Counedl of
Scientific and Industrial Research Commouwealth of Ausirnliz. Dol
0H2:1-82,

Purpus, C. A. T. -

1896. Die Chaparral-Region der Siidwestlichen Sierra Nevada von Californien.

Mitt. d. deutsche dendrol, Ges. No. 5 :16-20,
Quick, C. R.
1935, Notes on the Germination of Ceaonthus Seeds. Madrofio 3:(3) :135-140.

Tiaber, Oron.
1937. Water Utilization by Trees With Special Rleference to the Eeonomie Forest
Species of the North Temperate Zone. U. 8. Dept. Agr, Misge, Pub, 257 :1-97,
Range Committee.
The Ihilosophy of Complete Exclusion of Fire, Mss. Article for Ruuge
Conmiittee publication.
Range Managemeut Committee.
10385, Progress Report, From Tts Appointment to July 1, 1935. C. A. Bodman.

Reiche, KK
1007, Grundsiige der Planzenverbreitung im Chile, Iingler and Drudge, Die Vege-
tatzion der Hrde.
Ttenuer, I, G.

1926, Conditions Influencing Erosion of the Boise River Watershed, U. S. Dept.
Agr. Tech. Bul. 528:1-32.

e e e gy = — - O, -



OF BRUSH RANGES 149

19362, Causes of Iirosion on the Poise River Watershed. Seience n.s. 84 (2168) :
62-63. . )

Renner, I'. G., Bdward C, Crafts, Theo. C. Hartman and Lincoln Ellison.

1038, A Salected Bibliography on Management of Western Ranges Lnestoc!\ and
Wildlife, U. 8. Dept. Agric. \ ise. Pub. No. 281:1-469.

Reveal, Jack L.
1946. Tetter to M. Y. Shantz. Sept. 4, 1946.

10462, Tetter to H. L. Shantz. Oct. 22, 1046,

Leynelds, Hudson G., and Arthur W. Sampson.

1943. Chaparral Crown Sprouts as Bmwse gm Decr. Jour. of Wildlife Mgt. 7

(1) :112-123.

Rice, Lucile A,

1932, Fffects of Firve on the Prairic Animal Communities, Ecology 13 :393-401,
Riley, R. M, t

1932, Ancient Mayas Burned Their Forests. Amer. Forests 38 (8) :442-443, 480,
Ringland, A, C.

16383, Mossilini's Sybarites, Amer. Forests 20 :291-207, 334,
Ritchie, IT. G. ‘ '

1923. I‘orests in Relation to Water Congervation. Australian Forestry Jour,
6:80-95.

Robbins, W, W,

1840. Alien Plants Growing Without Cultlmtlon in California. Calif. Agr. Exp.

Sta, Bul. 637:1-128.

Robinson, Cyril 8.
1987, Plants Haten by California Mule Deer on the Los Padres Natioual Forest.
Jour. Tor. 35 (3) :285-202.

N
obingon, 1. 31,

1938. Problems in the DPreservation of \Vll(] Anm\llb in South Africa, So, Afe,
Jour, Sc. 35 :32-38.

RO“CI s, David H.

1J42 Measuring the Hificiency of Fire b011tr01 in California Chaparral. Jour.
Forestry 40 (9) :697-703.

TRossby, C. G.

1941, The Scientific Basis of Modern Meteorology. Climate and Man. T. 8. Dept.
Agriculture, Yearbook of Agriculture, 1941 :590-0655.

Rouschal, Dlnst
1687, Zum Wiirmehaushalt der ’\Idcchlenpﬁunaen Oesterr, Bot. Zeitschr. 87 :42-50,

1938, Zur Okologic der Macchien. I- Jahrb, Wiss. Bot. 87:436-523.
Rowe, P. B. : 4

1940. The Construction, Operation and Use of the North Work Inltrometer, 1.8,
For. Serv. Reg. & Calif. Forest and Range Exp. Sta. Mise. Pub. 1:1-G4.

1941. Some Factors of the Hydrology of the Sierra Nevada Foothills. Amer.
Geophys. Union Trans. Pt. 1:90-100.

- 19412, Influences of \Voodland Chaparral Ve"ctdtlon on Soil Water Relations,
Mss. April 8, 1941,

1944, Review: Effect of Chnpaual Burning on Soil Erosion and on Soil-Moisture
Rclatlo‘ls by A. W. ampsou Jour. I‘m 42:770-771.

i




150 FIRE IN MANAGEMENT

Rowe, P. B, O. M. Ileh and Ii. Bollaert.
1987, An Infiltration Study of a Denuded and a Forest-Covered Soil. U. 8 Forest
Serv. Calif. Reg. 5. Col. For. and Runge Bxp. Sta. Res, note 14 :1-14.
Rowland, J. W. .
1933, Notes on the Study of Plant Succession in Relation to Grazing. South
African Jour. Sei. 30:307-316.

1937. Grazing Management, Union of South Africa Dept. of Agr. & Forestry Div.
of Plant Ind. series No. 12, Bul. 168:1-26.

Riibel, Hduard A. )
1914, Heath and Steppe, Machia and Garigue. Jour. of Ecoclogy 2(4) :232-237.

1930. Pflanzengesellschaften der Firde. Bern-Berlin, 1930,

1936. Plant Communities of the World. Essays in geobotany in honor of William
. Albert Setchell. U. of Calif. Press, 1930, .
1940. Letter to H. I. Shantz, dated Geobotanisches XYorschungsinstitut Riibel
in Ziirich. May 25, 1946.

Russell, R. TJ.
1926. Climates of California. Calif. Univ. Pubs. Giog. 2 (4) :73-84.

1931. Dry Climates of the United States. I elimatic map, Univ. of Calif. Pub, in
Geog. 5 (1) :1-41. :
1932, Dry Climates of the United States. IT Frequency of dry and desert years,
1601-20. Univ. of Calif. Pub. in Gilog. b (5) :245-274,
Ruthledge, A.
1628, Forest Fire Destroys Deer, Grouse, Bear and Other Wild Life, U, S. Dept.
Agr. Yearbook of Agr. 1925:315-316.
1928+ Wildlife in a Fovest Fire. Amer. Forests and Forest Life 34:451-453.
Salisbury, B. J.
1925. Note on the Edaphic Suecession on Some Dune Seils With Special Reference
to the Time Factor. Jour. Heol, 13:322-28,
Sampson, Arthur W. )
1919. Plant Succession in Relntion to Range Management. U. 8. Dept. Agr. Dept.
Bul. 791 :1-76.
1923. Range and PPasture Management. 421 p. (especially 216-229.) John Wiley
& Sons, New York, N. Y.
1932. Meeting of Mountain Range Committee Fleld in Red Bluff, May 12, 1932.
AMemo.
1939. Memorandum Concerning Observations of DBrush-Burning Results on the
George Mathews Ranch, Cloverdale, Californin. Mss.
1940. The Moisture and Temperature Cycles. Mss..
19402, The Foothills Flora. Mss.
1944. Plant Succession on Burned Chaparral Lands in Northern Californiu.
Calif. Agr. Exp. Sta. Bul. 685 :1-144.
1944¢, Effect of Chaparral Burning on Soil Erosion and on Soil-Moisture Relations.
Keology 25 (2) :171-191.
1944>, Some DBio-Economic Considerations of Califernia Project No. 1204, Mss.
July 12, 1944. -
1946. Progress Report. Some Bio-Liconomic Considerations of California Brush
Burning. Mss. March 18, 1946.
. 19462, Chapter 19—Burning to Improve the Range for Grazing, Mss, Textbook
chapter,

1946P, Soil Erosion on Range and Pastare Lands, With Methods of Control. Mss.
Textbook chapter.

T T T I — - I T T T T e or e s e —e—



OF BRUSH RANGES 101

Sampson, Avthur W., and Kenneth W, Parker. ‘
1930. St. Johnsworth on Range Lands of California. Univ. of Calif. Agr. Exp. Sta

Dul. 503:148.

Sanford, B.

1932. Some Preliminary Studies Toward the Dcvclopment of a State I‘O]eht Fire
Protection Problem. Jour. Ior. 30 :616-619.

Savage, D. A.
1939. Grass Culture and Runge Imptowment in the C;eni' al and Soutliern Great
Plains. U. 8. Dept. Agr. Cire. 401:1-56.

1946, Results of Sagebrush Control Studies at Woodward, Okla. In Okluboma
Crops and Soils, 1946. Oklahoma Agrie. Txp. Sta. Bul. 13-295 :68-70.
Savage, I). A, and T.. A. Jacobson.
1935. The Killing Effect of Heat and Drought on Buffalo Grass and Blue Grama
Grass at Fays, Kans. Jour. Amer, Soe. Agron. 27 .566.
Schimper, A. F. W.
1903. Plant Geography Upon a Physiological’ B‘ISIS Tr. by W. R. Fisher. Oxford,
England.
Schinland, M. A. )
1027. On the Reclamation of Ruified Pasturage on the Amatolas, Near Keiskama
Hoek Union of South Africa. Dept. Agrie. Se. Bul, 55 :6-15.
Schreiner, Oswald, and Elbert C. lethrop
1912. The Chemistry of Steam Heated Soils, U. 8. Dept. of Agr. Bureau of Soils,
Bul. 89:1-37. '
Schulman, Edmund.

1945. Free-Ring Hydrology of the Colorado River Basin, Bul. 16 (4) :1-51. Univ.
of Ariz. Lab. of treering regearch Bul. 2:1-51.
)

Semple, Ellen Churehill.
1922. The Influence of Geographie Couditions Upon Anecient Mediterranean Stock-
Raising. Ann. Assoc. Amer. Geo. 12:3-38. -
1931, The Geography of the Mediterrancan Region. New York, 1931.

Shackelford, M. W.
1929. Animal Communities in an Illinois Prairie. Beology 10 :126-154.

Shantz, H. L.

1911. Natural Vegetation as an Indicator of the Capabilities of Land for Crop
Production in the Great Plains Arca. U. 8. Dcpt. Agr. Bur. Plant Ind.
Bul. 201 :1-100.

1922, Urundi Teluton and People. The Geovruphlcal Review 12 (3) 329 357.
July, 1922, ~
© 1927, Drought Resistance and Soil Moisture. Ecology 8 (2) :145-157,
1941, The Original Grassland and Desert Sh"rjub Végetation of the United States
as a Guide to Present Day Agricultural Practice. Conservation of renew-

able natural resources. Univ. of Penna. Bicent. Couference. U. of P’. Press
Phil. 1941 :33-56.

Sharntz, H. L., and C. F, Marbut. - -

1923. The Vegetation and Soils of Africa. Amel Geog. Society Research Series
No. 13:1-246. New York, 1923, :

'Shantz H. L., and Raphael Zon. s

1924, Natural Vegetation. Atlas of American Agriculture. Pt. I, The PllySlcal
BabIS of Agriculture; Scct]on B, Oct 1994

-

[




152 FIRE TN MANAGEMENT

Shapiro, A., and LI De Forest.
1982, A Comparison of Transpiraiion Rates in Chaparral. Eeology 13:200-205.
S[herm:‘m, L. K.
1933, Datermination of Infilteation Rates From Surface Runoff. Amer. Gaophys.
Union Trans, Pt. 1:430-435.

Show, 5, B.
1926, Timber Growing and Liogging Practices in the California Pine Region.
T. 8. Dept. Agrie. Dept. Bul, 1402 :1-76.
1928, The Light Durning Menace to California Forests,
Show, 8. B, and L. 1. Kotok.

1924, The Role of Mire in Gulifornin Pine Forests. U, 8. Dent. Agr. Dept. Bul,
1294 11-80. )

Shreve, Forrest. .
1927, Vegetation of-a Coustal Mountain Range. Reology S (1) :27-44.

Sims, Ivan ., 1. N. Munns, and John 1% Auten.
1938, Mauagement of Forest Soils, Soils and Men. U. 8. Dept. of Agriculture
Yearook of Agriculture 1958:737-752.

AR PO 1 1

Singlaie, J. D, and A. W. Sampeon.

1981, Tstablishment and Sueccessivy of Vegetation on Different Soil Iovizons.
Hilgardia 5 (7) :155-174.

Smith, Teland 8, )
1044, Summary, Cow Mountain Durn 1044, Mss,
1945, Control Burning Studies in Mendocine County 1945 :1-20 and Photographic
tecord. Mss.
104G, Fire Conirol, Coutrol Burning, the Perry and Barawell Ranches, Humboidt
County, Dist, 1, July 10, 1946, Mss,

Speight, ., L. Cockayne, and J2. A, Laing. .
1010, The Mount Arrowsmith District: A Study in Physiography and Plant
’ Tieology. Mrnns, New Zeland Inst, 48 :815-375.
Sproul, Robert G. .
1050, eonomic Problems of California Agriculture. Univ. of Calif, Age. Bxp. Sta.
Bul. 504 :1-78,
Staliard, H. N
1929, Secondary Succession in the Climax Forest Formations of Northern Minne-
sota. Ieology 10 :476-547.
Stantey, T. L.
1932, The Bffect of Torest Tire un Tourist Travel. Jour. For, 30:608-15.
Staples, R, R. _
1926. DExperiments in Veld Management, Iirst Report. Union So. Afr. Dept. Agric.
Sei. Bul. 49:1-35.
1980, Studies in Veld Management. Union So. Afr, Dept. Agr. Sci. Bul, 91:1-3810
Statutes of 1945. . ’
1945, Torest and Fire Laws, State of California, Dept. of Natural Resources,
Division of Iorestry.
Sterling, H.
1904, Chaparral in Northern California. For. Quart. 2:200-214.
Stewart, J. H. -
1933, Ethnography of the Owens Valley Puiute, Calif. Univ. Pubs, Amer. Archacol. '
and Ethnol. 33 (3) :233-250.

v =g T - - - = T .z T L=z



! . O BRUSH RANGES 153

Stewart, G, and A. E. Young. .

1939. The Hazard of Basing Permanent Grazing Capacity on Bromus Tectorum.
Awer, Sce. Agron,, Iour 31 (12) 100" 1015.

Stoddard, H. I.. L
1031, The Bobwhite Quail; Its Hahits, Preservation and Increase. Seribner's
Hons, New York :1-559.
1‘) . Use of (,Onthul Tire on Sou ]w\sfun Upland Game Management, Jour.
For. 83 (3) :346-331,
Stoddart, L. A.
1945, Bange Stock—Dig Game Relatiouship. American Cattle Producer 26 (11):
8-9, 24-26. ’
Stoddart, L. A, and A. . Smith. '
1943. Range Muanagement. 547 p. New York, MeGraw Till, 1943,

Storer, Tracy 1.
1932. TFactors Influencing Wild Iife in California, Past and I'resent. Eecology 13
(4) :815-334.
Strickland, C. G.

1938. Report by C. G. Shicld.md Deputy State Forester, to State Forester oun
Agrieultural and Range Impwvement Brush-Burning Ielicy. November

16, 1938, Mss.

Sumner, B. L., Jr.

1981. A Tife History of the Californin Quail, AVith Recommendations for Con-
servation and Management. C‘lht lxsh and Game 21 (3) ;167256 and
(4) 127H-842. ' .

Swynnerton, C. F. M
1923. The Entomwological Aspeets of an Outhreak of Sleeping Sickness Near
Mwanza, Tanganyika Territory. Bul. Ent. Res, 12 (3) :317-370.

1934. A Tturther Account of the Anti-Tsetse Campaign in Tanganyika Territory
by Officers of the Tsetse Research Department. The Tanganyika Standard
QOct. 17, 1933 and May 1, 19?‘4 )
Talbot, M. W., FL. H. Biswell, and A. Ti Iormay.
1939. Thictuations in the Annual Vegetaiion of'California. Iueolo*q 20 (3) :304-402,
Tansley, A. G. . :
1515, The International Phytogrographic Excursion (L.P.T.) in America 1913,
The New Phytologist, Botany School, Cambridge, 1915.
Tansley, A. (1., and T. F. Chipp. ' ) .
1926, Aims and Metheds of the Study of Vegetation. British Iimpire Ve"ct'ltmn
Committee, and Crown Agents for the Colonies. Tondon, 1926,
Taylor, N. H.
1938. Land Deterioration in the’ Heavier Rainfall Districts of New Zealand.
New Zealand Journal SCI and Tech. 19 (11) :657-6G81,
. Theophrastus.
Hist. Plant., v. §,5.
Thompson, M. .T.
1925, The Iiffect of Forest Fires on Land Cleduu" and Crop Preduetion. Miun.
Agr. Exp. Sta. Bul. 220: 12?
Thornthwaite, C. W.
1937. The Hydrologic Cycle Reexamined. Soil Conserv. 3 (4) Oel 1937

1946. The Moisture-Factor in Climate. Trans. Amex Geoph\ sical Union, 27 (1) :
41-47.

i

s




154 - FIRE IN MANAGEMENT

10467, Climate and Moisture Conscrvation, Manuscript for the U. 8. Dept. Agric.
Year Book 1946.

Toumey, James W.

1903. The Relation of Forests to Stream Flow. U. S. Dept. Agr. Yearhook, 1905

Trevor, C. G. and Committee.

1935. Torests in Relation to Climate, Water Conservation and Frosion. Union of
South Africa Dept. of Agrie. and Forestry. 159 :1-58. :

Trotter, A.

1920, Sulla formazione ed il miglioramento dei pascoli montani ¢ sul rimboschi-
mento nell’appenine meridionale. Federazione pro montibus, Commissione
per il miglioramento dei Pascoli Montani Pubb. N.I Idita Col Consorso
del Ministero per I'Agricoltura.

Troup, R. S.
1919. Problems of Forest Keology in India. In Tansley and Chipp 1919 :283-313.

Troxell, I, G, and Deterson, 4, Q

1937. Tlood in La Canada Valley, California. U. 8. Geol. Survey Water Supp]y
Paper 796¢ :53-98.

Urwin, R.
1927. The Use of fire in Silviculture. Australinn Forest. Jour. 10 (4} :87-88.

U. 8. Forest Service.
1928. Tire Destroys Game. Calif. Dist. News Letter 9 (27) :3 U. 8. Forest Service
Reg. 5, San Francisco, Calif.

19289, Wild Game Destroyed by Fire. Calif. Dist. News Letter 9 (44):2 U. 8.
Terest Service, Region 5, San Francisco, Calif.
Upland, R. It.
1935. The Iffect of Plant Cover on Soil and Water Losses, Towa State Coll, Jour,
of Science 1 (2-3) :115-122.

Yeihmeyer, F. J.
1938. Report of the Committee on Physics of Soil-moisture 1937-38. Trans, Amer.
Geophysical Union. 19th Annual Mecting @ 326-342. _
19382, Evaporation from Soils and Lranspivation. Trans. Amer. Geophysical Union
1938 :612-619.

Veihmeyer, F. J, and C, N. Johnson.
1944, Soil-Moisture Records from Burned and Unburned Plots in Certain Grazing
Areas of California. Natl. Res. Council Amer., Geophys. Union, Trans.
(Pt. 1) :72-84. :
Vergil.
70-19 B.C. Georgics I:84-98. Aencid 1T :802-308, X : 405-411, XTI :521-526. Trans-
lated by Mrs. ¥lmer 1. Merrill, Santa Barbara.
Wahlenberg, W. G., 8. W. Greene, and H. . Reed. '

1639, Effects of Wire and Cuttle Grazing on Longleaf Pine Lands as Studied at
MeNeill, Mississippi, U. S. Dept. of Agr., Tech. Bul. G683 .1 52.

Waksman, 8. A. )
1926. HMumus. Baltimore 1936.

Wa-ksman %‘A'. F. G. Tenney and K. R. Stevens..

1928, The Role of Micro-organisms in the Transformation of. Organlc Matter in
Forest Soils. Ecology 9:126- 144

Walker, . C.
. 1912. Fire-protection in the Tloplcs Indian Foréster 37 (9) :436-452,




T OF BRUSI RANGES 2155

Walter, Heinrich.

1989, Grasland, savanna und Busch der arideren Teil Afrika in ihrer Okologischen
Bedingtheit. Jahr, f. Wiss. Bot. 87 (5) :750-8G0.

Wannamaker, VVl. W.
1538. Flood Coutrol in Germf}ny._'l‘he Oberlun(.ier Trust, Phil. Pa.

Watkins, Xatherine 8. o
1939. Stem Anatomy of Chaparral Shrubs. Bot. Gaz. 101 :301-402,

Watkins, V. and H. De Forest, . ' .
1941, Growth in Some Chaparral Shrubs of California. Ecology 22-79-83.

Watts, Lyle I,
1944 Statement on Use of Fire to Remove 'Sagebrush in Sagebrush Burning—
Good and Bad. U, 8. Dept Agric. Fatmers Bul. 1948:1-32.
Weaver, Harold .
1943. Fire as an Ecological and Silvicultural Factor in the Ponderosa-Pine Region
of the Pacific Slope. Jour, For, 41 (1) :7-15.
Weaver, J. E. and W. C. Noll.
1935. Comparison of Runoff and Erosion in Prairie, Pasture, and Cultivated Land.
: Conserv. Dept. Consérv. and Survey,Div.,, Univ. of Neb. Contrib. Dept.
Bot. Bull. 11 (96) :1-37. ; . ’
Webber, H. T '
1935. The Ilorida Secrub, a Fire-fighting Association. Amer. Jour. of Botany.
22 (3) :344—361
Weeks, David.
1943. Objectives of Arca Analysis in the Northern Slemd Nevada. Jour. of Land
and Pulihc Utility Lcor_lomlcs 19 (2) :153-164.
‘Weeks, David, A. E. Wieslander and €. L. Hill. .
1934. The Utilization of Bl Dorado County Lmd Uuniv. of C!llf Agrie. xp. Sta.
Bul. 572 :1-115.
Weeks, David, A, E. Wieslander, H. R. Josepbson and C. ¥ Hill.
1943. Land Utilization in the Northern Sierra Nevada, Calif. Agr. Exp. Sta, Spec.
Publ. Giannini Found. Agr. Econ. :1-127.
‘Velr Walter \V
1932. Soil Erosion in California ; Its Prevention and Control. U. of Calif. Col. of
Agr. Agr. Exp. Sta. Bul, 538:1-45.
Weir, W. W. and R. E. Storie.
1936. _A Rating of California Seoils. Calif. Agr. Exp. Sta. Bul. 599 :1-157.
Weiglander, A. E. i
1935. A Vegetation Type Map of thi‘ornm Madrono 3 (3) :140-144.
Werth, Emil. .
1936, Makkie, heide and tundra in den atlantischen Kiistenlandern Europas.
Ber. Deut. Bot. Ges. 53 :857-8G9.

‘West, T. C.
1632. Fire History, Sheepmeu Fires, Memo.

‘Whitfield, C. J.

1932, Osmotic Concentrations of Chaparral, Coastal Sagebrush, and Dune Species
of Southern California. Eeology 13 :279-285.




156 PIRE IN MANAGEMENT

Wicht, C. L.
1045, Report of the Committee on thte Preservation of the Vegetation of the Souidh
Western Cape. Special publication of the Royal Society of South Afriea.
Capetown Aug. 1945, -
Wilkomm, M.

1896, Grundzuge der Pitanzenverbreitung auf der iberischen Talbinsel, Engler nnd
Drude Die Vegetation der Erde, I

Williams, Gordon R. and Others.
1087, Selected Bibliography on Erosion and Silt Movement. U. 8. Dept. Taterior.
Water Supply Paper. 797:1-91.
Williams, Mildred B, A v
1038, Bffects of Fire on Korests, n Bibliography. U. 8. Forest Serviee Tibrary,
Washington, D. C.
Willoughby, J. T, and A. L. Sondcregger,
1932, Forests and Stream Flow. Proe. Am. Soc: Civil Engineers. 589 :1614-1618.
Wilson, R. C.
1937, Redwoods of the Santa Cruz. A Logging Saga. American Forests. Oet, 1957,
1941, Vegetation Types and Forest Conditions of Douglas, Ormshy and South-

western Washoe Counties, Nevada., Calif. Forest and Tange 12xp. Sta.,
T'orest Survey Release No. 2, Aug. 1, 1941.

Wing, W. B.
1937, Letter to Burtt L. Blliott. July 15, 1937.
Wolfe, John G., Richard T. Warcham and Herbert 1. Scofield.
1948, The Microclimates of a Small Valley in Ceniral Ohio. Amer. Geophysical.
Union Trans. 19458 :154-1606.
Wood, G. L. )
1028, Australian Forests in Relation to Climate and Erosion. Austral. For, Jour.
11 :181-138.
Wood, J. G. ) .
1929, Floristics and Ecology of the Mallee, Trans. Roy. Soe. So. Australia, 53 :359.
Wooton, I8, O. ‘
1916. Carrying Capacity of Gruzing RRanges in Southern Arizonu. U. 3. Dept, Agr.
Bul. No, 367:1-40 (I’rofessional paper.)
Wright, F.
1031, The Lffect of High Temperatures on Seed Germination. Jour. For. 29:679-
- G687,
.Zahn, Curtis.
1944. The San Diego Fires; an inquest. Amer. Forests. 50:161-163.

Z.on, Raphael.
1927, Forests and Water in the Light of Scientific Tuvestigation. Senate Docu-
ment No. 469, 62nd Cougress, 2nd Session @ 1-106.

66951 12-46 3500

e = . - i - [ —







	69175a.pdf
	69175b
	Page 1
	Page 2
	Page 3
	Page 4
	Page 5
	Page 6
	Page 7
	Page 8
	Page 9
	Page 10
	Page 11
	Page 12
	Page 13
	Page 14
	Page 15
	Page 16
	Page 17
	Page 18
	Page 19
	Page 20
	Page 21
	Page 22
	Page 23
	Page 24
	Page 25
	Page 26
	Page 27
	Page 28
	Page 29
	Page 30
	Page 31
	Page 32
	Page 33
	Page 34
	Page 35
	Page 36
	Page 37
	Page 38
	Page 39
	Page 40
	Page 41
	Page 42
	Page 43
	Page 44
	Page 45
	Page 46
	Page 47
	Page 48
	Page 49
	Page 50
	Page 51
	Page 52
	Page 53
	Page 54
	Page 55
	Page 56
	Page 57
	Page 58
	Page 59
	Page 60
	Page 61
	Page 62
	Page 63
	Page 64
	Page 65
	Page 66
	Page 67
	Page 68
	Page 69
	Page 70
	Page 71
	Page 72
	Page 73
	Page 74
	Page 75
	Page 76
	Page 77
	Page 78
	Page 79
	Page 80
	Page 81
	Page 82
	Page 83
	Page 84
	Page 85
	Page 86
	Page 87
	Page 88
	Page 89
	Page 90
	Page 91
	Page 92
	Page 93
	Page 94
	Page 95
	Page 96
	Page 97
	Page 98
	Page 99
	Page 100
	Page 101
	Page 102
	Page 103
	Page 104
	Page 105
	Page 106
	Page 107
	Page 108
	Page 109
	Page 110
	Page 111
	Page 112
	Page 113
	Page 114
	Page 115
	Page 116
	Page 117
	Page 118
	Page 119
	Page 120
	Page 121
	Page 122
	Page 123
	Page 124
	Page 125
	Page 126
	Page 127
	Page 128
	Page 129
	Page 130
	Page 131
	Page 132
	Page 133
	Page 134
	Page 135
	Page 136
	Page 137
	Page 138
	Page 139
	Page 140
	Page 141
	Page 142
	Page 143
	Page 144
	Page 145
	Page 146
	Page 147
	Page 148
	Page 149
	Page 150
	Page 151
	Page 152
	Page 153
	Page 154
	Page 155
	Page 156
	Page 157
	Page 158
	Page 159
	Page 160
	Page 161
	Page 162
	Page 163




