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Vorwort

Auf Ei n1 adung der Forstwi ssenschaftl i chen Fakul tät der

Un'iversi tät Frei burg wurde vom ?4 . bi s ?7 . Mai I 983 'im

Forstzool og'i schen lnsti tut das zwei te 'internati onal e Sympos'ion

"Feueröko1 ogi e" veranstal tet. Di e neuerl i che Ei nberufung ej ner

sol chen Tagung erschi en al s ei ne konsequente und si nnvol I e

Fortführung des auf dem ers'ben Fre'iburger Symposion im Jahr .l977

erfol gten Gedankenaustausches und der daraus ergangenen

Anregungen.

Unter dem E'indruck der unverändert bedrohl 'ichen

'r,llal dbrandsi tuati on Südeuropas entstanden ei ne Rei he von

Forschungsakti vi täten , deren Darl egung ei nen Schlverpunkt des

Symposi ons b'i I deten . Neben den Bei trägen , di e s'ich mi'u den

0ko1og'ie des Feuers i n Nadel wal dgesel I schaf ten und dem E'insatz

des kontrol I i er+"en Feuers 'i n der Landschafispfl ege beschäfti gten,

waren i nsbesondere di e Ei nf i.jhrung 'in di e Grundl a.gen quanti tati ver

Feuerökologie und den Stand der Forschung in l{ordarnerika von

lnteresse.

Di e Zusammensetzung des Tei I nehmerkrej ses

Ei nberufung der iUFRO-SubJeci Group S. I

Research " , di e bei di eser Ge1 egenhei t di e

kiJnft'igen Arbe'it im i nternati onal en

errnög1 i chte ei ne

. 09 " Forest F'i re

Zi e'l setzungen i hrer
wi ssenschaftl i chen

Gedankenaustausch festlegen konnte.

Gleichzeitig trat erstmalig die 'innerhalb der ECE/FAO Agriculture
and T'imber Di vi s'ion neu begrtindeie Projektgruppe "Forest Fi re

Preventi on and Control " zusarnmen . Auch d'iese Projek'lgruppe, di e

ihre Aufgabe in der Ver:niti1ung des Dialoges znrischen Forschung

und Praxis sieht, nutzte das Forum fijr die Vorbereitung eines

ECE-weiten Seminars für -l985.
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Für di e Ermög1 i chung und nachdrückl i che Förderung di eses

wi ssenschaftl ichen Gespräches, das anl äßl ich dieses zweiten

Freiburger Symposions auch in der Öffentlichkeit beachtenswerte

Aufmerksamkei t gefunden hat, se'i dem Di rektor des

Forstzoologischen Institutes, Herrn Prof. Dr. J. P. V'it6,
gedankt. Ganz besonderer Dank gi 'lt der Deutschen

Fonschungsgemei nschaft, di e di e Durchfljhrung di eses Symposi ons

und di e Veröf f entl 'ichung der vorl 'iegenden Be'iträge ermögf ichte,
ebenso dem Verband der Freunde der Universität Freiburg, der die
erforderl i che Aufl agenhöhe durch ei nen Zuschuß s'i cherstel I en

konnte.

Freiburg, im Novernber l983 J . G. Gol dammer
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PR]NCIPLES IN QUANTIIATIVE FIRE TCOLOGY

Robert E. t\4artin and Matthias N. Diemer, U.S.A.

I NTRODUCT ION

Over the years, we have had a great deal of diffr'culty in
quantifying fires and the effect they have had on biological
communi ti es. Vari ab'i 1 i ty has been an important facet of these

djfficulties, and anyone who has attempted to measure forest
fuels can test'ify to these difficulties. Further, the fire wh'ich

wjll consume or modify the already variable fuels will add extra
vari abi 1 i ty wi th ei ther i ts spat'i a1 or temporal vari ab'i 1 i ty .

Descriptions of the effects of fires have also been distorted by

the nature of the f i res whi ch were studi ed. Bi ol og'i sts often
described fire effects from observat'ions on past fires. In Norih
America for instance, the bio)ogist often studied the effects of
large wjldfires which had escaped control for many days or even

weeks. One problem with these observat'ions is that there probably

were no accurate descriptions of fuel and weather conditions at
the time of burning, so the observer was describing the effects
of an unknown treatment. Further, si nce the f i res often had

managed to escape control for long periods of time, they were

most 1 i kely burni ng under the more extreme fi re behavi or
conditions. Thus, the results described would be biased toward

the most severe and damagi ng burni ng condi t'i ons , and the
subsequent drast'ic eff ects on vegeta'Li on, soi I s, nutri ents and

other factors. Almost never did the biologist study the effects
of the fractional hectare fires which firemen were able to pounce

on and stomp out at wi I I .

Over the years, more and more attempts have been made to descri be

both the condit'ions under which fires burned and the fire itself.
Descri pti ons woul d i ncl ude the amount of fuel s , both I i ve and

dead, present before and after the f i re al ong w'i th thei r
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arrangement and moisture contents. Various attempts have been

made to describe the fire itself, recording its visual and

thermal properties. It 'is with the various measurement of fire
related parameters that we will deal in th'is paper. I.'le'll first
di scuss techni ques for documenti ng most fi res and then cover

speci al 'ized techn'iques and probl ems i n applyi ng them.

IqEASUREMENTS

The order of coverage wiil be fire weather, fue1s, flora and then

the specialized measurements. In each, we'll cover generalized

techn'iques more app"licable for broad management applications and

techniques which require more effort but which g'ive more specific
information. The information we draw on 'in the presentation comes

primarily from techniques used .in Canada and the United States
(van I'IAGTENDONK et al .1982). It should be noted that measurement

of all factors except the fire itself should be made at varying
times before and following the fire and preferably also on

undisturbed control p1ots.

FIRE

The fi re i tsel f shou'l d be documented . General 1y, observati ons on

fire are simple and require only s'imp1e equipment (ROTHERMEL and

DETMING l9B0). Recommended observa.tions include:
- Flame length (slant length from middle of flame base to tip)

whi ch 'i s proporti ona'l to f i re I i ne j ntensi ty by the equati on

I = 25BL f 2.17

where L6 =

I-

- Fl ame angle

fl ames.

: Flame height as the vertical project'ion of the flames.

- Rate of spread (R) in meters/hour or other appropriate units

flarne length in meters

fire line intensity in kilowatts/meter of fire
front

as the angle from horizontal to that of the
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for the fl ami ng front.
-Residence t'ime (Tp) or the time flames persist at any point.

-Flame depth (D1) or the width at the base of the flames.

Flame depth, residence time and rate of spread are related by the

equation: Tr = Df

R

0ften these observations are made with an object of known size
for cornparison. My crews and I have used a vertical metal pole

with metal crossarms of varying length. Objects can also be

placed at known intervals on the surface for rate of spread

measurements.

F j re are qu'ite vari abl e and the observati ons of i ts behavi or g'ive

only a rough estimate of its behavjor. Even then, the est'imates

at specific locations can be quite beneficial in assessing a

fire's effects.

Photographs of burns, especially at sample points where fuels and

vegetation are samp'led and photographed, are very useful for
visually interpret'ing a fire's effects and for illustrat'ion. The

general use of photography for later interpretation of fire
behav'ior usually is expensive in time, film and equipment, and

does not not give the perception which an observer on the site
can give.

Spec'ia1 techn'iques for documenting fires are sometimes used, such

as time-1apse photography to measure flame lengths and rate of
spread . El ectri cal resi stance networks wi th I ow temperature

me1 ti nE I i nks have been used to i ndi cate the f i re' s rate of
advance. 0ther techniques, such as temperature measurement, are

covered under spec'ial measurements.

1,.IEATHER

l,'Ieather si gn'i f i cantly al ters fi re behavi or, and shoul d be
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measured for some time before the fire, during the fire, and

often following the fire if fire effects might be dependent on

subsequent weather. In some places, weather variables might be

taken as part of a fire danger rating system, and supplemented as

needed for proper fire documentation. Ordinarily, weather should

be recorded at the beginning and completion of burning, and at

hal f*hour i nterval s duri ng burni ng. The weather observer shoul d

get away from the smoke and temperature effects of the fire to
take the measurements . Weather observati on stat'i ons on or
adjacent to the burn are very helpful for obta'ining pre- and

post-fire weather. Belt weather kits are useful for measurements

during burning and for periodic measurements before and after
burn'ing.

ldeather vari abl es of use are:

Precipitation - amount, durat'ion, and time of precipitation,
or date at which snow cover ended

Temperature - maximum, mi n'imum, and peri od'ic measurements

duri ng burn

Rel ative humidity - maximum, min'imum and period'ic measurements

duri ng burn

Cloudiness - at least during burn if during dayf ight, as

insolation can affect fuel temperature and moisture content

hJind - speed and direction especially during burn

The degree of sophi sti cat'ion i n the measurements w'il I depend

equi pment and tjme avai I abl e. Even i nexpensi ve equi pment at

near the si te wi I I gi ve va1 uabl e i nformati on.

FUE LS

Fuels can be cons'idered to be the entire b'iomass on an area of
land. Genera'l1y, biomass fuels below the mineral soil surface do

not burn and are not measured ( a1 though stumps, 1 arge roots, and

buried logs frequently burn). To evaluate fuels effectively, we

must consider whether they are alive or dead and whether they are

on

or
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woody or herbaceous. To understand how a fire will behave in a

fuel comp'lex, we need to know several things about the fuels
(from BR0WN et al .1977, with chemistry added):

moi sture content

particle size
quant'ity

compactness

conti nui ty
chemi stry

Measurements taken to describe each of these properties would

pretty well define the fuelbed in which a fire is burning, or has

burned, since measurements should be taken before and after
burn'ing. The problem is how to measure them'in ways that are not

too expensive and difficult and do not disturb the fuelbed
excessively before burning. l,'le'11 d'iscuss measurement methods and

how factors cover the fuel propert'ies given.

Size of fuel particles is important in the surface area per unit
volume of fuel, greatly affecting availability to burn and for
heat or moisture exchange. For convenience in North America, dead

fuels have been grouped in time 1ag classes according to their
theoretical aryiqS rate. The time 1ag constant of a fuel to lose

63.2 percent tf -il of the d'ifference between its mo'isture content
at the beginning of the time period and the new equiljbrium
moisture content to which it is exposed (BYRAM 

.l963).

As an example, a fuel particle beginning at 20 percent moisture

content and exposed to l0 percent equi'librium cond'itions would

lose 6.3 percent mojsture content and be at .l3.7 percent mojsture

content in one t'ime lag period. If the period is one hour, the
f uel has a I hour time 1ag. l^le have grouped s'izes of dead f uel s

'into time 1ag cl asses for measurement conveni ence (DEEMING et a'l .

1977 ) :
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Timel ag c1 ass Fuel

Roundwood (di ameter) L'itter (depth )

I -hour
( 0-2 hours )

I 0 hour

(?-2A hours )

I 00 hour

(20-200 hours )

I 000 hour

( 200-2000 hours )

to 0,6 cm

0,6 to 2,5 cm

2,5 to 7,6 cm

7,6 to 20,3 cm

to 0,6

0,6 to 2,5 cm

2,5 to I 0,2 cm

.l0,2 to 30,5 cm

Tabl e l : T'ime l ag cl asses (dead f uel s )

listed above, except for continuity, enter strongly
behavior of fire as predicted by R0THERMEL's (1972)

Thei r entry i nto the equati ons are i n the fo1 1 owi ng

content

The factors
i nto the

equations.

forms:

Moi sture

M.C.A= Wtlield-hltdry
,tr*

Particle s'ize - by s'ize

Quanti ty

x .l00

cl asses, äl though to reduce

measurement time the 1, .I0, and .lO0-hour

classes are entered as the quadratic mean

d.iameter f or the cl ass , general 1y usi ng

standard QMD's gi ven by BR0hlN ( I 974) for
each speci es.

- tons/acre or tonnes/hectare which require
convers'ion of vol umes to mass usi ng

estimated speci f i c gravi ti es .

- by packing ratio, the volume of fuel in a

gi ven vol ume of space; th j s 'i s not entered

directly but comes out of the fuel quantity
and depth measurements, using measured or

Comp actne s s
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-I

assumed fuel parti cl e densi ti es .

- doesn't enter into spread models, as it
cannot handl e non-un'iform f uel s, i t can be

handled as mixtures of fuel types to some

extent.
Fuels are also grouped'into live or dead and woody or herbaceous.

0btai ni ng accurate fuel measurements has a1 ways been di ff i cul t
because of their variabil'ity and diversity. Today, the dead and

down fuel s are usual 1y measured by p1 anar i ntersect and the
latest on this method is given by BROWN et al. (.I982). L'itter and

duff are usually measured by depth 'in centimeters or inches and

may be related to weight by curves or equations (FFOLLIOTT et al.
1968, 1976, 1977). Grass, herbaceous, and sem'i-shrubs are

measured by clipping or estimated from equations for cover and

perhaps he'ight (0LS0N andMARTINl98l). Shrub fuels can be

estimated from basal diameter of stems (BROWN et al. 1982) or
crown cover (MARTIN et al. ]981). Fuels on trees or those which

will accrue from logging are often estimated from predict'ion

equations (BR0WN 
.l978, 

BROWN et al.1977). The effects of fire on

f uel s can be pred'icted, wi thi n f imi ts , by burn'ing condi ti ons . A

summary of the effects of fire on fuels is given by MARTIN et al.
(.l979) and more recent effects 'in the Northwest by SANDBERG

( I 980) and MARTIN ( I 981 ) .

FLORA

Descri pti ons of fl ora before and after f i re are extremely

important in assessing fire effects. Further, the flora supplies
the fuels for the fire, but we'll talk about the fuels and fire
later. Trees, shrubs, and herbaceous plants should be described,
and different techniques are often required. Th'ings we need to
know about flora are site coverage, frequency density condition,
and bi omass. General sampl i ng methods are gi ven by MUELLER-

DOMB0IS and ELLENBERG (1974).
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Site Coverage

The amount of the s'ite covered by vegetation can be measured as

canopy cover or basal cover, depending on the objectives of the

measurements and time avai I abl e for sampl i ng. Usual iy cover j s

recorded by species or by groups of species according to growth

hab"it such as overstory trees, understory trees, shrubs, sem'i-

shrubs, and herbaceous. Crown cover of trees could be estimated

usi ng spheri ca'l dens'iometers, photographs, or radi ati on .

Diameters of individual plants are often obtained by measuring

the major and minor axes (d'iameters) and calculat'ing the

e1 1 i pti ca1 area by the equati on:

Measurement of i ndi vi dual crowns wi I I gi ve an i ndi cati on of
species number in addition to cover on area p1ots.

Usual ly p1 ant cover woul d be measured as i ntercepts a1 ong a

I i ne-- the I i ne i ntercept method. Iach time a p1 ant i ntersects
the line the length of intersection is recorded by species. Since

there are several layers of plant crowns, frequently one might

record over 1 00 percent cover , and 'i t may be 'important to
separate 'intersecti ons 'into strata.

The point (or point contact) method is often used by pushing l0
pins downward through a frame and recording the species of plant
contacted, if any (NAS-NRC 1962). The frame may be placed for
vertical or 45 degree pin ang1e.

The step-poi nt method i nvol ves wa1 ki ng i n a predetermi ned

direction through a unit and recording what is contacted by the

tip of the shoe at each of -I00 paces (NAS-NRC 1962).

tstimation of cover by species within a frame such as the

20x50 cm Daubenmire frame is an excellent means of measuring

cover for low vegetation (DAUBENMIRE "l959). It can also serve to
i ndicate f requency of pl ants.

A =ä qrh
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For wildlife habitat, structure of the vegetation 'is important.
Methods for vi sual obstructi on have been deve'l oped by NUDDS

(1977 ) and R0BEL et al. (t970) to evaluate cover for various

wildlife.

Photographi c and charti ng techni ques are al so val uabl e i n

evaluating effects of fire on vegetation. Charting is t'ime-

consum'i ng and used only occas'iona'l 1 1y. Photographs, however,

especially when they 'include objects of known size, can be

especia11y effective in evalut'ing response of vegetation to fire
(HALL .l976). Much of our general information on vegetative
changes has come from old, often casual, photographs.

Frequency

The frequency of a p1 ant i s used to refer to the number of t'imes

a plant shows up'in samples and is a measure of the dispersion of
a p1ant. Whatever the samp'l'ing method, the samp'ler merely records

the presence or absence of the p1ant. The number and size of
sampl i ng uni ts 'i s important and the s'ize shoul d be sel ected so

not more than 1 or 2 species should appear in every unit (CLARK

and BRITT0N I 9Bl ) .

Densi ty

Density is used to express the number of individual plants per

un'it area (BR0l^lN .l954 
) . D'iff erent methods mi ght be used to

express dens'ity (CLAnf and BRITT0N l9Bl), and methods must be

described c1ear1y. Use of frames to count number of plants

originat'ing 'in each is a usual sampf ing method.

Bi omass

Eiomass measurements usually requ'ire destructive sampling either
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on each area to be samp'led or by establishing biomass curves from
I imited sampl i ng. Herbaceous vegetati on woul d often be cl'ipped at
the ground surface with'in a quarter square meter on a burn area

and oven-dried at 60 to B0oC for oven-dry weight. For shrub or

tree speci es, est'imates woul d usual 1y be made from curves

developed by deta'i1ed sampling of plants with a range of sizes.

SPECIAL TECHNIQUES

General 1y, speci a1 ski I I s and equipment are needed to measure

such factors as temperature, fauna, nutrients, soi'ls,
mi croorgan'i sms , smoke, physi o1ogy, i nsects , and d'i seases . hJe' I I

not discuss each of these, but we will point out problems in the

field of temperature measurement.

Temperature

Attempts have been made, often with great 'inaccuracy, to measure

temperatures occurri ng duri ng fi res . These measurements are

difficult because of the ephemeral nature of the fire, the high

temperatures involved, and the steep temperature gradients.

The temperature fluctuations 'inherent in the rapid passage of a

fire front would require that any sensing element have very

little heat capacity. Possibly the closest one could come to this
would be a very fine thermocouple junct'ion. Often materials which

mel t or change chemi ca1 
'ly have been used to i ndi cate fi re

temperature. In order to observe the change, general'ly a

substantial mass of the substance 'is required, thus lowering the

indicated temperature because of the heat requ'ired to bring about

the physica'l or chemical change. As the size of the indicator
increases, heat loss by radiation also increases. Such dev'ices

are probably quite worthless in measuring flame temperatures, but

coul d have some val ue i n i nd'icati ng temperatures 'i n sol i d

objects. lrlhen used to indicate temperatures attained in objects,
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the sensor should often be kept as srnall as practicable and/r:r
with physical and thermal characteristics as close as poss'ible to
the medium in which it is embedded.

General 1y, these devi ces have the I jm'itati on of i nd'icati ng only a

peak temperature attained and not giving any idea of the duration

of that temperature or the shape of the heat pu1se. As the
duration of the heat pulse shortens, under-measurement of peak

temperature coul d al so i ncrease because of the extra heat

requ'ired to bring about phase change or an endotherm'ic chemical

change.

hJe might consider the effectiveness of a temperature sensor by

looking at the balance of heat mov'ing to it and away frorn it.
S'ince conduct'ion, convecti on, and radi ati on are the three .rys i n
which heat is transferred, the heat balance of an obj;ct would

be:

Q K+*QC*+Q R+= Qf-*QC-+QR-

where the Q's are

subscnipt K is
radi ati on .

The + represents

loss.

(t)
heat fl uxes

conduction, C is convection,

a heat gai n i n the body and a

and R is

-a heat

If we cons.ider a sensor in the hottest part of a f1ame, then

there would be no conduction to the sensor. S'ince the sensor

would always be somewhat cooler than its flames as temperature

increases, there would be no convect'ion of heat away from it.
Thus, equati on ( I ) woul d reduce to:

QC**QR*= QK-+QR-

Since the flames often are small, not very dense, and since the
sensor i s approachi ng the gas temperatures, QR* i s general 1y

quite a bit less than Q6*. If we use small leads and expose as

much of them to the same temperature as possible, then Q6_ is
much less than Q*_. Thus we have

QC*, QR-)) QR+, QK-

(2)
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The major problem we face in gett'ing an accurate temperature
indication from a sensor in a flame, then, is to estimate Q61 and

Q n* . Th'i s can be done by maki ng est'imates of vari ous properti es

of the fiame, the sensoro and the surroundings, and the heat

balance can be calculated as follows (MARTtN .I963):

h6A16(Tn-T1) =! -1A1(T(-r4)

where h. = surface transfer coefficient ki
m' sec oC

At = surface area per unit length of sensor

€t = em'issiv'ity of sensor, dimens'ionless
d = Stefan-Boltzmann constant, equal to 5.67x.l0-ll

;n4;
tn = temperature of hot gases, "k
T1 = temperature of sensor, oK

T5 = temperature of surroundings, oK

hle are interested in the difference in temperature between the

thermometer and the hot gases, so the equation can be rearranged

to gi ve:

kj

AT = Tg - Tt= (T$ rr41

hc

Cal cul at'ions of errors 'in temperature i ndi cators can be made

usi ng val ues for h c and e from other sources . Dimens'i onal

analysi s wil'l provide estimates of hc (McADAMS .l954), 
and €

values can be obtained from standard tables. Using the last
equation and estimated values for h. and t, MARTIN (1963) found

in headfire and backfire temperatures to be essent"ially the same,

as would be expected.

If one wishes to improve measurements of flame temperature, then

it will be 'important to raise the temperature at wh'ich equation
(?) i s i n bal ance. Si nce QC* i s roughly proporti onal to the

square root of the vel oci ty of gases f I owi ng past an object, \^/e

would want to do this by draw'ing the gases or hot flames by the

sensor at a high rate of speed. Also, since Qq- 'is proportional
to the di fference i n the fourth powers of the absol ute

temperatures of the sensor and the surroundings, then we could
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consi der rai si ng the temperature of the surround'ings . Thi s i s

done by putting a series of sh'ields around the thermocouple and

drawing the flames by it faster with a vacuum. (tt could also be

done by reduci ng of the sensor. ) fne resul t of the two

modi f i cat'ions 'i s a sh'iel ded, aspi rated thermocoupl e. Crude

experiments comparing flame temperatures of woody cribs recorded

by exposed and shielded-aspirated thermocouples indicated exposed

temperatures of iust under 900 'C and shj el ded-aspi rated

temperatures up to ll68 "C. This would st'ill be less than

cal cul ated temperatures, but there was al so 1 ag t'ime i n the

thermo-couple and the recorder.

Temperature measurement 'in solids, such as tree stems, duff, or

soi I can be usef ul , but shoul d be done w'ith great care. The

problems are less severe, but sizable errors can result. The heat

balance equation reduces to essentially a conduction problem, so

that:
Qk+ = QK-

It might be better stated that we are interested in 'increasing

heat conduct'ion both to and from the surroundings and decreasing

conduction along the sensor. Rad'iation might be a problem in
porous sol'ids, but should genera'l1y be less of a problem than the

conduction errors. In soi1, duff, or 1og temperature measurement,

the leads should be para11e1 to the front of the heatwave, that
'i s , a1 ong an i sotherm, where there 'i s no thermal gradi ent .

Reduct'ion in size of leads reduces error if there is a gradient -

and there often is in field measurements. The sensor and leads

should be kept small to reduce heat capacity and be in good

contact with the solid, thus responding qu'ick1y to temperature

changes of the body.

Temperature measurement in tree stems is difficult, because one

cannot pred'ict accurately the orientation of isotherms, and they

woul d vary wi th characteri st'i cs of the f i re. Further, i f
'isotherms were predicted, locating leads along them may be very

difficult. It may be easier to predict errors in temperature

measurement of tree stems in fires and make corrections to
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readi ngs than to try to el imi nate the errors. Accurate
temperature measurements of small bod'ies may be very difficult.
0ften the heat gai n or I oss mi ght be better cal cul ated from

djmensional equations (McADAMS 
.l954, 

LANGHAAR l95l ) than to try
to do the experjmental work.

0ther Special Measurements

Measurement of any specia1 factors in regard to fire requ'ire
other fields of expertise. l,rle have c'ited temperature as one

examp'le because it is so often measured incorrectly. As with
temperature, measurement of other factors should be done with the
help of experts from those fields. Conversely, other scient'ists
or practitioners dealing with measuring fuels and documenting

fires should consult experts in these subjects.

SUMMARY

The sci ence of wi I dl and f i re i s advanci ng rap'id'ly, and proper

documentation of f ire can he'lp us move more rapidly and w'ith

fewer gross errors. Fuels, vegetat'ion, weather and fire generally
must be documented to give an accurate description of the fire
treatment and its effects. The more compatible the documentation

i s among f i res, areas, and conti nents, the more rap'i dly we' 1 1 be

abl e to di scern general i ti es, devel op cri t'i cal hypotheses , and

test them.

As wildland fire science develops, it becomes more important thaI
speci a1 effects on resources are measured. ryJhen speci a1

measurements are to be made, however, there is a need to have

speci al i sts from the subject di sci p1 i nes i nvol ved 'i n the p1 anni ng

and conduct of the fi res and measurements. Wi thout such

spec'i al i sts , measurements may be i naccurate, and worse,

mi s1 eadi ng .
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We have presented in this paper some of the techniques used for
fire documentat'ion in North America and have attempted to typ'ify
the problems in special measurements us'ing temperature as an

example. Hopefully'in the future there'll be a chance to look at

fire documentat'ion techniques used throughout the world and to
arri ve at some comb'i nati ons of techn'iques whi ch w'i I I g'ive

excel I ent documentati on and promote i nterconti nental
interpretation of fires and their effects.
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THE EXTENT OF TREE DAMAGES CAUSED BYMETHODS FOR DETERMINING

FOREST FIRES

Tytus Karl i kowskj , Po1 and

Read by Matthias D'iemer, Germany

The problem of determ'ining the extent of damages caused by forest
f i re turns out to be of bi g si gni fi cance, not only from

sc'ientific po'int of view, but mainly from it's economical 'impact.

Qualification of losses caused by fire, if done jmmediately just
after the end of fire-fight'ing action, may alIow an effective
i nterpretati on of fi re harmful ness. It concerns part'i cu1 arly
these kinds of fires which are called "ground fire".

In such cases 'in pine stands only the vegetal cover and l'itter
are being burnt. It can be said then, that no losses took p'lace,

since the stand is st'ill alive, and the soil flora survives quite
we1 1 , afterwards.

But this harmlessness is of apparent origin. As we know from the
f iterature, the so'il fauna 'is destroyed completely, which leads

to a certain instability of the biocoenos'is. l4oreover, the
resul ts of j nvesti gati ons carri ed out i n Pol and suggest that
mortality of trees from fire zone cont'inues for several years,

wh'ich consequently requires progressive cuttings with clear
cuiting inc'luded. Th'is period lasts 5-5 years and is dependent on

fire intensity, the season of occurrence, and even the litter
moisture. So, it may be suggested, that more than once, the

forest fire is the main cause of "d-isease-chain", because the
weakened forest is being attacked by insects and fungal pests.

This'is why the determ'ination of the extent of damage to trees
hi gh temperature just after the fi re ends, p1 ays such

important role.

by

an
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In the Forest Research Institute jn t,*larsaw the investigations
have been started (1979-80) to determine the air temperature in
the f i re-zone, temperature i n the ground, and i nsi de the trees .

0n the base of consultatjon with specialists from the Institute
of Electrical Engineering, several experiments had been carried
out with application of the thermographic camera AGA 680 Lt^,.

Thermography, as it is known, is a method for determining the

f i el d of temperature by v'isual means. The thermo'image

(thermogram) gives the full information of all points of the area

present in the field of view of the camera. 0n the black-and-

white TV image brighter areas correspond to higher em'ission of
thernial radiation. This em'ission is dependent both on temperature

and emiss'ion factor. Black-and-wh'ite'images can be converted to
color; then each color corresponds to definite temperatures.

Bes'ides visual presentation of temperature from the whole area

tested, the next advantage of th'is method 'is the capacity of
observation and measurement without disturbance.

The goal of experiments carried out by the Division of Forest

Fi re Protecti on , Forest Research I nst'itute, us'i ng the

thermographi c camera AGA 680 Lhl was to determi ne the

applicability of thermographic apparatus for this purpose. During

the investigat'ion different aspects of forest fire, such as

temperature of sojl sections and inside tree stems, temperature

at the root level, detection of fire centers, etc. were

eval uated.

The method of i nvest'i gati on consi sted of an observati on of a

given subject using the camera ment'ioned above.

l. The determination of temperatures in soil sections was done

by digging pits with three vertical walls and the bottom of
obf ique type, ri si ng i n di rect'ion to the camera. The

opposi te rectangul ar wal I of approx. 50 cm of hei ght

represented the aim of tests. The soil profiles were done
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during the fire was being continued and at the same time

the pi ctures were taken al so. The impact of fi re
suppressants on these temperatures t,'las observed

simul taneous"ly.

The fields of temperature of tree stem sect'ions were

recorded d'i rectly iust after the tree was fal I en. The

observation was made from the nearest accessible distance.

The determination of the field of temperature at the root-
collar was performed after a few hours of fire, by digging-
up the root-co'l I ar from smoul deri ng decay and few

cent'imeters of the soil.

Taki ng the resul ts obtai ned as the basi s,

conclussions can be made:

the fo1 1 owi ng

Thanks to the vi sual image of so'i I temperature, the

thermographi c method appears more advantageous i n
comparison to traditional ones as far as measurements of
temperature on various so'iI Ievels are concerned.

The experiments w'ith temperature measurements of soi I

secti ons showed the s'i gni f i cant i nfI uence of several

acc'i dental factors on soi 1 temperature. The rel ati onshi p

between heat f I ow i ns'ide the ground and the so'i I structure,
stone content, and the layers formation was noted too.
Al so the s'ign'if i cant eff ect of unburnt surf aces, oh I ower

so'il levels was detected. Thanks to visual'ity of the whole

fi el d of temperature i n the soi 1 profi 1 e, al I of these

causal factors can be rejected.
The strong soi I temperature gradi ent iust beneath the

surface of decay was detected, parti cu1 arly duri ng the

i ni t'i al phase of f i re ( approx . 2 hours ) .

The possibi1ity of visual evaluat'ion of the tree-stem field
of temperature after the f i re al I ows predi cti on of the

stand survi vabi 1 i ty, whi ch "i s of bi g economi cal

significance. The proper stat'istic method should be used in
thi s case.

2.

.)
J.

4.

5.

t.
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The appl i cat'ion of thermograph'ic methods f or determ'ini ng the

fields of temperature both inside the tree and in several layers
of the forest soil presented briefly in this paper, a11ow to
consider such an apparatus as a very profitable too'l, both

economical, and practical.
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THE FIRE, A TOOL FOR CLEARING THE FRENCH MEDITERRANEAN FOREST

ASSOCIATIONS*

Pierre Delabraze and J. Ch. Valette, France

I NTRODUCT I ON

Prescribed burning in wintertime has traditionally been used for
limiting the undergrowth and therefore the fire development, but

also improving the range qua'lity or facil'itating the chesnut

gatheri ng .

Because of rural depopul at'ion, prescri bed burni ng was pract'ica11y

abandoned and consequently brush and shrub areas expanded

tremendous'ly as "garrigues" or "maquis" respect'ive1y developed on

bas'ic (l'imestone) and ac'id parent material . In forest areas,

because of weed and shrub growth, there is now a continued

strat'ification of vegetal material from ground level to tree
crown. Such cond'itjons greatly favour the occurrence of strong

f ires very d'iff icult to control .

Some vegetal assoc'i at'ions , 1 i ke "garri gues " wi th

coccifera (this oak'isinfactashrub) may have a

Quercu s

stab'i 1 i ty 'in spi te of f ires, provi ded thei r f requenci es does not

exceed 20-25 years. By contrast, 'in forest stands where shrubs

have expanded under the canopi es, repeated and strong fi res

quickly invalue the degradation and even the destruction of the

forest.

Large fuel breaks are now establ.ished in order to protect the

forest areas. They usually are 50 to 100 meters (or even more)

wide and may be completely cleared or not (trees are left or
p'l anted ) . These stri ps, de1 i neati ng the forest I and i n

rel ati ve

* Translated by Y.BIR0T
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compartments, enable the fire fighters to be more efficient and

therefore to lim'it the rate of burned areas.

These fuel breaks are usually mechanica'l1y cleared by machine or
hand; then they may be mai nta'i ned by combi ni ng the same

mechani cal techn'iques wi th other techn'iques such as : spec'if i c

herbicides or growth'inhibitors application, grazing (mostly

sheep), winter burning. Concerning the last method, it is
presently more realistic to think in terms of operations ach'ieved

by agenc'ies or small companies with trained people rather than by

farmers (to date rare) as in the past. This remark prints out a

constra'int: burn'ing was conducted by farmers over day and night
(because of better meteorological cond'itions). Because of social
problems and costs, burn'ing should now take place in the normal

work time.

Weed and shrubr control in forest'is also intended to be achieved

w'ith the same techniques. In all cases, the objective is to set
up or to modjfy the structure and the composit'ion of vegetal

formatjons where trees are dominant in such a manner they become

I ess suscepti b1e to f i re. Financi al eval uat'ion of these

operations must also be taken into account uuith respect to the
patrimonial value of these forest areas.

The mediterranean Silviculture Research Station (in collaboration
w'ith other research organizations) has started investigations in
this field. The goal is to find out pract'ica1 methods for
maintain'ing "clean" fuel breaks or forest stands over a long
peri od, by combi n'i ng the di ff erent techni ques previ ous'ly

ment'ioned. As a finest step each technique is separately studied.
Attention is paid to factors or their modalit.ies of a given

technique wh'ich make 'it most efficient.

Concerni ng the prescri bed burn'i ng, the rel ati ve importance of
each factor involved such as flarnmability, combustibility of
1iv'ing (shrubs, trees) or dead materjal (litter), slope influence
is investigated. Evaluating the critical value of each factor and
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its range of validity seems to be of major

present paper reports some results from several

devoted to the factors cited above. They may

better use of f ire as a cultura'l method.

importance. The

research projects
contri bute to a

SPECiFIC FLAMMABILITY

Thi s parameteris assessed on a standardi zed sampl e (about I g )

wi th a standard'i zed procedure by usi ng an epi radi ator ( see fi g.

l). This radiator supplies a stable calorjf.ic flux of
7 watts . .* -2 . A gas burneris used for control1ing the
f1ammabif ity of gases produced by thermic decomposition.
F1 ammabi f ity i s measured as the timel ag between the sampl e

setti ng j n the radi ator and the fl amme appearance; I 00

replicat'ions are assessed at each series of measurements for each

species. This provides a method for rank'ing the species according

to their flammabi'lity. This parameter depends on several factors
such as, phenological stage, water status in the so'il as well as

in the plant (sap pressure) or on the p'lant (after raining).

An examp'le of rank'ing of flammabif ity 'in summer time 'is given

fig. 2 for different species. A more accurate figure may

obtai ned by us'ing a 6 steps progress'ive scal e (0 to 5 ) .

0n I imestone, white oaks (Quercus pubescens) may reach the

maximum flammability (5) as soon as July and remain at the same

level over the summer period until September, whereas evergreen

oaks (Quercus ilex) may have a mean value of 4 with short peaks

of 5 (during l0 or 20 days). For Aleppo pine (Pinus halepensis),
4 is a mean feature whereas for grasses such as Brachypodium

ramosum, often dried in summer time, flammabi'lity depends on

cl'imatic events (rajn, storm). For Q.coccifera, flammability may

progressively increase from low value (0, 2, 3) in June to 4in
hot and dry periods.

in
be

0n metamorphic bed rocks, three different heath species have a
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VERY FLATHABLE

FAIRLY FLAIT'TABLE

FL AItT ABL E

I{OT XUCH FLATIIABLE

FLATiABiLITY

CALCAREOUS PROVEIICE

Brachypodiui rarosu,
Thyrus vulgaris
Ulex parviflorus
Quercus ilex
Quercus pubescens
Pinus halepensis

PhilIyrea angustifolia
Buxus serpervirens
Juniperus phceni,ca

Quercus coccifera
Rosrarinus off icinalis
Cistus al.bidus

Cedrus atlantica

CRYSTALLITiE PROVII{CE

Erica scoparia
Erica arborea
Calluna vulgaris
Quercus suben

Acacia dealbata
Eucal yptus dalryr-

pleana
Pinus pinaster

Cistus ronspelliensis
Cytisus triflorus

Arbutus unedo
Abies cephalonica

Fig.2 Specific flammabilities

COITBUSIiBILIIY

Quercus cocci fera

SUTIIER

hi 9h

excellent

excellent

sl ight

hish

A U T UIIi{

slight

hiqh

slight

nul I

slight

IIXTER

nuI I

siight

null

null

nuI I

Ulex parviflorus

Erica arborea

Arbutus unedo

Cal I una vul garis

F'ig.3 Seasonal specific combustibilities
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Erica arborea may start from 3 in early
p'l ateau at 4 f rom mi d J u 1y unt'i I mi d

go down to 3, whereas Erica scoparia may

4 over Ju1y, August and September. Arbutus

may reach 3 only during the unfavourable

dry periods.

However the flammab'i'lity concept is obviously l'imited because it
does not take i nto account the whol e i ndi v'idual p'l ant structure
and even less the vegetal association. It .is the reason why the

concept of combusti bi I i ty has been deve'l oped and i nvesti gated.

2. COMBUSTIBILITIES

This term may be defined as the abil'ity of a given spec'ies or

vegetal assoc'i at'ion to burn . The combusti bi 1 i ty does comb'ine

f1 ammabi 1 i ty and bi omass vari ati ons among the di fferent
components ( stems , 1 eaves , branches ) of a vegetal formati on .

Combusti b.i 1 i ty i s ref I ected by parameters such as f ire
progression velocity, temperature levels and quant'ity of energy

i nvol ved.

These parameters are assessed by using an experimental wind

tunnel (s'ize I x B m). For practical reasons, monospecific
format'ions or assoc'iation composed with 2 - 3 species only are

studi ed. Fi g. 3 i I I ustrates how di fferent speci es rank at

different time of the year.

3. THE SPECIAL CASE OF DEAD MATERIAL (LITTER)

Litters and dead material have a major role in cond'itioning the

fire occurrence, which is studied for each species with the
methodology as below. Needle or leave beds are artificially
made and set on a mob'ile frame (size 86 x 58 cm) located on a

balance. A small sample is taken for evaluating the density (dry
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matter/volume) and the moisture content after drying in a dry.ing
stove. Then the i ni ti al mass of the mai n sampl e 'i s assessed.
l0 ml of alcohol are used to set on fire.

Then a sery of variables are measured (see fig.4).

a) for the flame front:
flame heigt (h), length

b) for the combustion:

(1), depth (p) and tilt (angleo().

fi re propagati on ve"l oci ty Vp , combusti on

calorific flux (§ n), maximum temperature at
vel oci t.y (Vc ) ,

d'ifferent levels.

Subsequently graphs are plotted (see fig. 5 and 6). Through

theses graphs, some fire characteristics may be estimated, after
having measured a simple variable, for example the minimum mass

necessary for starting the fire. These graphs are to be completed

with the slope as additional factor (down hill or up hill fires)
as shown in fig. 7.

4. PRISCRIBED BURNING

The progressive development of a prescribed fire strongly depends

on the quafity of the dead material. The mean levels of different
vari abl es as favourabl e ( or unfavourabl e ) for a prescri bed

burn'ing are summarized in fig. 8. This js to be related to the
environmental conditions during the periods when burning is
al I owed; f rench regul at'ions are very stri ct on thi s po'int.

5. CONCLUSlONS

Prescri bed burn'ing seems to be a promi si ng method 'in the whi te
oak (Q.pubescens) zone, especially on the fuel break areas which

protect o1d coppice stands. These fuel breaks have been cleared
up by remov'ing the shrubs and the poorest oaks. Because of a long
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Fig.4: perspective section of the fire front
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persistence of dry foliage in white oak early burning is harmful

for the coppice. Therefore it is much better to postpone the
operation unt'il March or April. Subsequently, a grass (mostly

Brachypodium) expends quickly, but its growth is delayed compared

with a non burned area. This favours a possible grazing.

0n acid soils in Provence, where the original maritime forest
( Pi nus p'i naster ) has practi cal 1y been destroyed by the pest

Matsucoccus feytaudi, the needle amount on the ground 'is too

smal I and the I i tter i s unsuffi ci ent or i rregul arly di stri buted.

Therefore, the fi re progressi on i s tremendously vari abl e.

Moreover, the v'igorous development of shrubs make very risky the
use of prescribed burn'ing. In these conditions, fires may be

harmful even for corky bank species such as cork oak (Quercus

suber ) .

In I imestone
'is somet'imes

A1 eppo pi ne

(Q .'i l ex ) and

areas, keeping the fire progression under control
problematic because of the extreme flammability of
( P . hal epensi s ) and even more of evergreen oak

Juni perus oxycedrus.
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EXPERlENCE AND PROSPECTS FOR PRESCiBED FIRE IN ITALY

Giancarlo Calabri, Italy

The ltalian forests cover a total area of 6.360.000 ha, about 21%

of the national territory in harmony w'ith the average cover of
the European Community. They are quite poor, as concerns t'imber

product'ion . Most f orests ( about 60% ) are copp'ices or coppi ces

with standards; high forests are distributed almost in equal

shares between con'ifers and broadleaved spec'ies. The total annual

cut, tak'ing into account agricultural and industrial plantations
out of the forest, does not exceed 9 millions 63, that is 30% of
the national needs. Timberis usually said to be the third item

in red of the balance of import and export after oil and meat.

Forest lands are 60% montainous, 34% h'i'l1y: 6% only are on the
p'l ai n . Theref ore thei r i mportance mai n'ly depends on soci al and

protecti on functi ons, i n favour of recreat'i on and touri sm and

agai nst erosi on, f I oods and I andsl i des and po'l l uti on . 0n1.y 6% of
them be'long to the State or to the Reg'ions, 34% to Communes or
other public bodies, 60% to private owners.

Almost all Ital'ian regions, because of their conditions of
vegetation, climate, topography and population, have severe fire
problems. Rugged terrains and dry summers and winds make forests
and brushl ands of the pen'insul a and i sl ands (especi a1 1y p'ine

pl antat'i ons and "macchi a medi terranea" ) exposed to frequent
wi I df ires . Surnmer i s of course the peak season : July and August

compete for the hjghest number of fires and forest areas burnt

down . But 'i n the northern regi ons and hi gh mounta'ins, normal 1y

the peak season occurs in winter and'in early spring. During the
pause of the vegetation, a layer of small branches, dead leaves

and dry grass covers the soi1, providing highly flammable fuels.

Fi re ca1 am'ity has become worse 'in recent decades, because of
social and economic reasons. The fall in fuelwood and charcoal
consumpti on and decrease of rural popul ati on, i nterested i n
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forest conservation and exploiting woods, have brought about fuel
accumul ati on .

The annual cut has been reduced to a half the corresponding

figure of the post-war period. Vegetation density, difficulty of
access and lack of local manpower make woods more and more

vulnerable. 0n the other hand the development of industry and

tourism, the rise of living standards and traffic, and sometimes

crime and v'iolence, enhance fire causes and damages.

0n1y a f ew f i res depend on natural causes, that i s 'l'ightn'ing;

with the casual ones (sparks, sunbeams) they represent about 2%

of all causes, or the average; the remaining 98% is ascribed to
negl i gence, arson and doubt , shari ng al most equal

responsi bi l'iti es. Unfortunate'ly the occurrence of i ntent'ioned

fires is ris'ing. In l9B2 about a half of the total area swept by

fi re was ascri bed to arson, dependi ng on nui sances, vengeances,

ri val ry , vandal 'i sm, protest agai nt p1 ann'i ng or natural i sti c

restrictions, and 'in some Regions even on the search of jobs

inside the firefighting agency.

Once the building speculation had been held responsible for most

fires, especially'in tourist areas. As from 1975 the law

prohi bi ts any k'ind of bui 1di ng or al terat'ion over the wooded

areas swept by fire. But nowin a few cases even the oppos'ition
to eventual plans 'is suspected of resort to fire, to bar any

possibility of building. The basic national law of I march 1975,

No 47 , preceded and fol I owed by several regi onal 1 aws, has

attri buted responsi b'i I 'it'ies and competences to the nati onal ,
regional, and local bodies. In .I977 

most competences have been

transferred to the Regions.

The Regi ons are responsi b'l e for prepari ng thei r own p1 ans

inc1uding alI measures to prevent and control fires and to
restore damaged areas. Accord'ing to the rate of fire danger,
forests have been classified into four risk classes, taking 'into

account fire statistics, type of climate and vegetation, and
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economic and soc'ial conditions. Detection and control of small

fires depend on local authorities; usually fire control is led by

a forest authori ty . Forest guard stati ons and mechani zed

bnigades, depending on the Ministr.y of Agriclrlture and Forestry,
have been equipped and given the main responsibil'ities for
firefighting, w'ith the cooperation of firemen depending on the
Ministry of the Interior (respons'ible for events threatening
bu'i 1 di ng or peopl e ) , of workers trai ned by the Regi ons and

mountai n communi ti es, and of vol unteers and other 1 ocal 1y

organized people. The Armed Forces are called fore help in the
gravest cases.

Forest fires situation can be resumed as follows. In the early
seventies the forested areas swept by fire were over 80.000 ha

per year. Since .l975 
some improvement derived from the State and

regi on al I i n'it'i ati ves of f i re protect'ion, just i n connecti on

w'ith mild summers. From 
.I975 to .l980, despite the increase of the

number of fires and a fuller information from Sardinia, the
yearly forested area burnt was kept arround 40.000 ha; the

average area of f i re be'ing 1 ) - 12 ha.

in l9Bl the situation worsened because of severe dropght and

strong winds over the western Alp'ine regions in winter and high

temperatures and 'i ncrease of arson over the central and southern

regions im summer. At the end of the year about 14.000 fires had

spread over 230.000 ha (74.000 ha of woods and 156.000 of non-

wooded areas ) . Sard'i ni a gave the hi ghest contri buti ons ( I 20.000

ha, 14.000 of them wooded). Rs a matter of fact fires don't burn

forests only but spread also over agriculturals lands, pastures,

v'ineyards, uncultivated fields. 0n the average the forested area

is only one third of the total area swept by fire. The record of
Sardinia depends above all on stock-raising. Shepherds are used

to burn brushlands for graz'ing. In the same year, ät the end of
August, a big fire swept about I.700 ha (600 ha of "macchia

medi terranea" and I . I 00 ha of uncul ti vated I and ) across the
promontory of Argentario, an important tourist resort 'in Tuscany.

The public opinion got excited by press campaigns and polem'ics,
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especially to support a wider use of aircraft.

Therefore, under the coord'ination of the Minister of civil
protection, the air firefighting systems have been strenghtened.

At present they include military a'irplanes equipped to drop

chem'icals under pressure (l-2 Lockheed C-.l30 with a capacity of

12.000 l'itres and 2-4 Aerital ia C-22? with a capacity of 6.300

I i tres ) and he'l i copters ( 3-4 Ch'inook CH-47 wi th sf ing-mounted

buckets of 5.000 I 'itres, HH3F I .200 I 'itres, Agusta Be1 1 205-600

litres), and two water-bombers Canadair CL-2.l5 (5.500 litres) and

nine light hef icopters (NH-500) belonging to the Ministry of
Agricul ture and Forestry. in addi ti on several reg'ions hi re 'l i ght

airplanes and helicopters for detection and initial attack (20

airplanes and l9 helicopters in .I982).

Last year, i n central and southern ita'ly the summer was

extraordi nari 1y dry and hot . But fi ref i ght'i ng acti vi ti es

succeeded 'in cutting down damages. The final yearly statistics
reported less than .l0.000 fires spreading over a total area of
.l30.000 ha (49.000 of them wooded). The decreased number of
dangerous fires, desp'ite the extraordinary drought and high

temperatures is probably related with the atmospheric stab'i1ity
and absence of strong wi nds.

The prevention activities in ltaly are based on a poficy of total
fire exclusion, aiming at controlling dangers from agriculture,
industry and tourism, and at suppress'ing a1l fires as soon as

possi b'le.

0n princi ple, f orest regul at'ions f orb'id any ki nd of f ire i ns'ide

the woods or at a distance less than .I00 
m from them. ln some

areas a h'igher d'i stance i s prescri bed . Si nce 'I975, 'in the peak

seasons of fire, the reg'iona1 authorities declare the state of
severe danger. ln such periods of time the law forbids to set

fires, to blast mines, to use engines, stoves, incinerators
produc'ing sparks or embers, to smoke and to perform any operation

which could create an immediate danger for wood.
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Forest regulations exclude grazing in forest areas swept by fire
as long as their regeneration 'is at stake. After fires affecting
broadleaved spec'ies the owners were obliged to cut stumps to make

regeneratjon easier. Such a rule has fallen into disuse because

of the scarcity and cost of manpower. 0n the other hand the law

of 1975 provides on principle the restoration of woods swept by

f "ire at total expense of the State. But th'is measure i s hampered

by the inadequate funds.

The European Regulation No. 269/1979 in order to restore forest
exonomy has provi ded f or f ire prevent'ion act'ivi ti es i n

di sadvantaged areas. Several Ital'ian reg'ions have proposed thei r
p1 ans, conta'i ni ng measures such as fuel breaks, I ookout towers,

water sources and chemical retardant suppf ies.

Prescri bed fi re 'i s not yet popul ar as a means of forest
protect'ion. 0n the whole, fire is always considered to be the

worst enemy of the environment. As a matter of fact, for
thousands of years fire has been used to eliminate forest and

brushland for agricultural and pastoral needs. in this country

the use of fire for sylviculture 'is almost unknown, as regards

forest work traditions. Apart from pi f ing and burning after
cutt'ing in some Regions, in edible chestnut groves, fire was used

for cleaning and to make fruit gathering eas'ier. But such

practice and experience are forgotten by now for social and

economic reasons. Even the burn'ing of stubbles is carried out at
present by many farmers without the care of the past and causing

heavier menaces to woods.

In Italy prescribed fjre can be proposed in theory for instance

to reduce the heavy accumul ati on of fuel i n "macch'i a

mediterranea" and the undergrowth of Med'iterranean pine stands at
least in areas having s'light slopes, to make easier regeneration,
as well as to clean and maintain fuelbreaks, road side slopes and

ditches. 0f course its use can be more or less advantageous than

other fuel reduction systems, such as mechan'ica1, chemical or
biological means. As regards biological means, despite the bad
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reputation of grazing animals, it is necessary to mention that
the law of .l975 has included the introduct'ion in woods of cattle,
sheep and swine, to clean the 1ow vegetat'ion, among the various
means of fire prevention. The only fire remains iII-famed.

At any rate the first scientific experiment of prescribed fire
was carried out in 1982 jn Tuscany * commune of Terranova

Bracciolini - by the Experimental Institute of Sylviculture. The

burning block with a flat area of .l.000 m2 had a stand of
maritime pine 50 years o1d, 16 m high, average diameter = 25 cm,

w'ith an undergrowth of heather and a few calluna and juniperus.

Some days before burning the brush was cut and measured, being

about .l9.5 tons per ha; the duff was about 2.l.6 tons per ha. The

brush was cut to decrease the flame he'ight and to prevent any

crown scorch.

F'ire was applied on the 6 Apri'l 1982, with a temperature of l7oc,
air humidtty 77% and a slight and variable w'ind, 6 days after the
I ast ra'i n. The average moi sture of dead fuel s was 28%. The

prescribed burning cond'itions had been determined as follows: air
temperature 1 3-25"C ; a'ir hum'i dity 25-50%; wi ndspeed 3-15 km/h;

dead fuel s moi sture 6-20%.

A backfire was set from a prepared base line and advanced s1ow1y,

burning the total area in 50 minutes, with a speed of 38 m/h. All
dead fuels were burnt out. The fire 'intensity was checked by

measuring the evaporat'ion of water from cans placed at regular
intervals inside the burning block. The experiment was carried
out with abundant safet.y measures. Twenty people with four fire
trucks took part"in'it to exclude any danger. At last everything
turned out wel I . No trees were scorched. A survey some months

later confirmed the perfect health of the stand, as well as a

sati sfactory fuel reducti on, that i s the mai n purpose of
prescri bed fi re.

This t'imid experience of prescribed fire in Tuscany was quite
convi nc'ing from a techni cal po'int of v'iew, but not to such a
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point to propagandize a new fire policy over the country. No

f urtheri n'iti ati ves have fol I owed up to now.

As a matter of fact, several physical reasons make 'it difficult
to spread the use of prescribed fire. Most forests and brushlands

are i n sl opi ng s'ites, mounta'ins and hi I I s, and of course sl ope i s

a severe I 'im'itat'ion . The i nf I uence of the sea and Al ps and

Apennines chains as well as rough topography favour m'icrocl'imates

and vari ab'l e wi nds ; the weather forecast i s somet'imes uncerta'i n .

Most for"ests depend on natural regeneration of various species,

wh'ich coul d be hampered by f ire. Italy 'i s an overcrowded

country. Forest estates are generally small and often cut off by

built-up areas, lines of communication and other "infrastructures.

A reckl ess techni ci an only coul d take the respons'ib'i 1 i ty upon

himself of a prescribed fire not comp'letely safe from risk. Any

escape of fire could be extreme'ly dangerous.

0n the other hand, the public opinion has been used to a policy
of total fire exclusion. Fire 'is not cons'idered to be a natural
part of the environment. The human action 'in Mediterranean

countries has been so intense for thousands of years to conceal

natural causes of fire such as lightning. Fuel reduction is not
yet a w'iderspread necessity. Most forest areas have been

threatened with destruction; have become poorer and poorer,

because of the growi ng rura'l popul at'ion . Forest regul ati ons had

been conceived against tillage and overgrazing, for soc'ial and

economic condit'ions d'ifferent from the present ones. However, ärty

regulat'ion change requires slow and complex procedures.

Nowadays forest protection is often connected with landscape,

recreation and tourism. Such valuable interests exceed strict
economic considerations and justify the heaviest expenses to put

out fi re everywhere by ground and ai r forces. Somewhere el se

forest activ'ities are subs'idized for pubf ic purposes, to protect
so'il from erosion or to relieve unemployment. Therefore the

advantage of prescribed fire as a cheap and effective means of
forest management cannot easily preva.il against the alternatives
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of mechanical and biological means.

At any rate, despite the strenghtened forest fire services, the

numbers of fires and areas swept by fire tend to increase year by

year. The total fi re excl usi on po1 i cy i s go'i ng to meet wi th
economi c restri cti ons sooner or I ater. Studi es and research on

prescribed fire will be useful also to 'improve firefighting
techniques and to suggest a more effect'ive and conven'ient policy
of fire management.

Reg'ion

Val I e d'Aosta

Pi emonte

L'iguri a

Lombard'ia

Trenti no A.Ad'ige

Friuli V. Giulia
Veneto

Emilia Romagna

Toscana

Marc he

Umbri a

Lazi o

Mol i se

Abruzzo

Campani a

Basi I 'icata

Pugf ie
Cal abri a

Sicilia
S ardegn a

TOTAL

Number of
fires

t0

163

I .578

195

66

277

11?

92

734

85

1?5

359

57

34

1 .427

241

349

915

285

2.453

9.557

Area

wooded

l0
790

5..l23

999

l6r
1 .470

438

250

3.084
.l36

253

1.490

219

129

4.839

I .335

I .700

6.404

7.699

I 2.303

48.832

12

390

4.367

866

59

1.322

132

78

2.287

135

248

3. 104

551

368

4.963

2.198

2.760
5.87?

4.486

47 .416

81 .624

2?

1.180

9.490

1.865

220

2.792

570

328

5.371

271

501

4.594

780

497

9 .802

3.533

4.460
12.276

l2.t85
59.719

I 30.456

swept by fire (ha)

non-wooded total area

Tabl. l: Forest fires in ltaly in l9B2
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Area swept by fire (ha)

wooded non-wooded total area

I 970

197 1

197?

197 3

197 4

I 975

197 6

197 7

I 978

197 9

I 980

I 9Bt

I 982

6.579

5.617

2 .358

5.681

5 .055

4.257

4.457

B. B7B

1 1 .052

I 0.325

I I .963

I 4.503

9.557

Yearly

average 7.714 51 .720 53 .996

23 .006

I 8.463

7 .989

24.400

36 .909

23.135

20.056

55.031

84.246

73.446

98.081

I 55 .563

81 .624

from I 970 to
a part of fires

91 .1 76

I 00.802

?7 .303

I 08 .838

102.944

54.686

50.791

9?.739

127 .577

I I 3.234

r 43.91 9

229.850

I 30.456

I 05.71 6

1982. Stati sti cs
'in Sardi ni a i nto

68. I 70

82 .339

r 9.314

84.438

66 .035

3.l.551

30.735

37 .708

43.331

39.788

45 .838

7 4 .287

48.832

Tab. 2; Forest fires in Italy
before 1977 take only
account.
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Year Natural C asual Negl i gence Arson Doubtful

1977

1978

1979

I 980

I 981

1982

Tab. 3a:

o,l4
0,.l4

0,54

0,ll
0, l4
0,46

1 ,97

?,20

2,11

2,14

1,76

l,B3

32,94

33,52

37 ,32

36,25

30,62

33,29

4.l,30

32 ,80

27 ,10

34,.l.l

36 ,39

37,36

23,65

3l ,34

32,93

27 ,39

3.l,09

?7 ,06

Year Natural

Distribution of fire causes per number of fires (%)

Casual Negl i gence Arson Doubtful

1977

1978

1979

I 980

I 981

1982

0,17

0,09

0,47

0,03

0,21

1 ,44

l,l0
I ,04

2,75

1 ,27

0, 84

0,74

25,78

37 ,22

29, Bl

30,78

25,98

3.l,69

5l ,90

37,5.I

35,6.l

46,58

45,45

45,84

2t .05

24,14

3.l,36

21,34

27,5?

20,29

Tab. 3b: Distribution of fire causes per tota'l area swept by

fire(%). The tables don't cons'ider fires in Sardinia.
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PRESCRIBED BURNING IN PINE STANDS FOR FiRE PREVENTION IN THE N.I,'J.

OF SPAiN: SOME RESULTS AND EFFECTS.

Josä Antonio Vega, Salvador Barä and Mq de1 Carmen Gi1, Spain

ABSTRACT

Prescribed fire experiments are bejng developed in Pinus p'inaster

and P'inus radi ata stands i n the Nt^J of Spa"in for w'il df i res hazard

reduction. Total fuel loads range from l3 to 6l t/ha (5.8-27

t/acre). Fire intensit'ies from 22 to 86 Kcal. ,-1.-l (92'376

Kw.m-l ) were used.

A year 1ater, shrub biomass of the understorey was only 20% of

the'initial accumulat'ion; no signifjcant d'ifference was detected

in other components of the fuel complex. M'ineral soil analys'is do

not show sign'ificant differences in e'ither textural compos'ition

or nutrient contents in the 0-.l5 cm layer w'ith regard to the

controls. Two years later, shrub was 25% of in'itial amount. The

o bher f ue'l components had recovered the 'i ni t'i al 1 oad.ings .

A study on edafic m'icroflora in 0-5 cm layer d'id not indicate

s'ign'if icant unfavorable effect in burned p'lots.

The N cycle microorganisms showed a favorable increase in burned

areas. Those of the C cycle, show close sim'ilarity in both burned

and control p1 ots, and coul d be i ncreased i n ami 1 olyti c and

hemi cel l u'losolyti c groups.

Af ter that same 'interval of time, Si gni f icant d'if f erences were

not detected in vegetative state of trees in burned plots and the

controls. Electrical resistence measurements in tree boles showed

cl ose rel at'ionshi p w'ith the general vegetati ve state of trees and

could be useful for damage pred'ictions by fire and other agents.
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I " INTRODUCTION

The principal forests of Galicia, situated in the N.hl. of Spa'in,

are f ormed by three mai n exot'ic speci es: P'inus p'inaster Ai t . ,
Pj nus radi ata D. Don and Eucalyptus gl obul us Labi I I . The fi rst
two species extend over an area of some 672.000 ha of which 90%

is P.p'inaster.

The yield is among the largest 'in the country, being 6m3 /ha/yr
for the Monterrey pi ne. Wi th these, there are popul at'i ons of
E.globulus (87.000 ha) which grow very wel1, above all withjn the
lim'its of the mild oceanic climate in North and western coastal

zones, adapting perfectly to the soi1, generally of coarse

texture, and producing the best y'ields: l5m3/ha/yr.

The orig'inal native forests, composed of deciduous trees, and

characteri zed mai n1y by Quercus robur L. occup'i es, after
thousands of years of expl oi tati on , on'ly smal I zones . The

formation of heathland dominates the landscape, increasing each

year, espec'ia11y after the i nnumberabl e forest f i res that I a.y

waste the forests of this area.

Since 1968, an average of 23.500 ha burns each year in Galicia.
S'ince that year, 30% of the woodland have been lost. Thus, forest
fires have made themselves an enormous problem. The Forestry
Serv'ice (ICONA) and the National Institute of Agrarian Research

(iNIA) have, s'ince 1977, undertaken joint projects to do research

i n the most eff ici ent preventat'ive means. Current'ly, several

systems are bei ng tri ed out, but especi a'l'ly the use of prescri bed

burni ng as wel I as I i vestock to reduce the quant'i ty of
combustible material beneath the trees-

it is well known that mainly in USA, Canada and Australia,
several mi I I 'i ons of has are peri odi ca1 1y treated by prescri bed

burning for fire preventjon and other management purposes. The

technology of prescribed burning has been welI developed 'in those

countries. In Europe, the sjtuation i s different, and the
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techni que i s used on a smal I er and more experi mental scal e

( LIAC0S 1973, TRABAUD 1974, VEGA )977 , PITA et al . 1977 ,

ALEXANDRIAN I9BO, DELABRAZE I9BI, MOREIRA DA SILVA I982). ThC

situation'in Galicia is very different to that of SE, N and hl of

USA, being monospecific forests through reforestation, rather
d'ifferent to the latter country, well adapted to continuous fire
reg'imes for thousandsof years. Thedens'ityof these Spanish

forests is very great, and their phytosanitary condition is
fairly precarious, frequently with large numbers of dominated and

dead trees, with too little thinning and clearing done. Usua11y,

they are young populatjons, So that the height of the crowns

above the understorey vegetation is not great throughout of major

part of thei r short I 'ives , as the f el I 'ing age "i s around 25 years .

As well, the topography is normally fairly uneven, and there are

h'igh average accumulations of fuel, reaching 40-50 t/ha of dry
matter.

The scope of this paperis to examine the short term effects of a

series of prescribed burning experiments carried out by the
Forestry Service in l9B0 in some 2.000 ha of forest land,
especi a1 1y:

a) To analyse the efficiency of prescribed fire to reduce fuel
loading under pine canopy 'in the NW of Spain circumstances, and

observe the fuel recovery after treatment by fire of vary'ing
intensity.

b) To study the effect of prescribed burning on the trees,
chem'ical composition, texture, and microbiological activity of
the soi I .

At present, other stud'ies are be'ing carried out to investigate
the influence of prescribed burn'ing on the phytosanitary state of
forests treated in this fashion, examine post-treatment, insects
and pathogens attacts, decompos'ing arthropod mesofauna 'in l'itter
layers as well as the nutritional state of trees after burning,
and to relate these variables with data on the fire behaviour and
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di stri but'ion i n soi I duri ng the fi re.

2. DESCRIPTION OF STUDY AREA

The experiments were carried out 'in forests of l.pfq§lqf, and

P.radiata of ?5-35 years of age, with average diameters of
between l7 and 28 cms (d.b.h.), he'ight '|0,5 and l6 metres, and

dens'ities between 
.l.200 

and 
.I.800 trees per ha distributed among

various zones throughout the'interior of Galjcia (province of
Lugo), embracing areas towards the south of the province which

has a submediterranean climate with summer drought, m'ild winters
wi th I 076 mm preci pi tati on annual 1y, up the centre of the
provi nce (Terra Cha ) w j th .l600 

mm and a more cont'inental cl 'imate.

The vegetation of the understorey'is formed of heather and gorse,
typica'l of the order Calluna-Ul'icetalia on which the
reforestation of pines has been undertaken. In the centre of the
regi on, Ul ex europaeus, Ul ex gal I i i and Chamaesparti um

tridentatum general 1y account for the greatest quantity of
biomass, äs well as being the most combustible. In lesser
quantities, Calluna vulgaris, Erica umbellata, Erica cinerea and

Daboeciu .untuO.i* u* to,rnO Ir .*.r .f higf, *if f,*iOity urO

i n waterl ogged zones Rubus sp. and Eri ca ci 1 i ari s, atnong others,
are found and, together wi th these, Quercus robur, Betul a

celtiberica and Saljx sp. frequently f ive. 0n the other hand,

Q.suber appears as the cl'imax in the south, and under pines

fl ouri sh spec'i es of cl ear medi terranean i nfl uence, such as

Arbutus unedo, Phyllyrea angust'ifolia, Cystus landaniferus and

Ul ex sp. bei ng rather more scarce, and mi ngl i ng wi th
Calluna.Chamaespartium and

Geologica1 substrate varies accord'ing to the area. Towards the
south shal I ow soi I s on shal ey schi st predomi nate. Towards the
centre, shal e and congl omerate, above ai 1 j n waterl ogged areas,
and some stands on granodiorite.
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3. MATERIAL AND METHODS

The burni ngs were undertaken i n March and Apri 1 . lnJeather

conditions varied according to the zone. Between 2 and B days

were left after the latest appreciable rain. in some places there
had been three or f our f rosts i n the preceed'ing days. The wind i n

almost all the sites was light, except in one, where wind

condi ti ons were vari abl e wi th a tendency to form smal'l

whir'lwinds. The techn'iques used varied from backfiring to
stri pped head fi re.

In these areas, burnt in 1980, eleven plots were installed of
varyi ng area ( 300-l 500 ,' ) i n zones of suffi ci ent i nternal

homogenei ty, especi a1 1y i n respect to trees, fuel s, topography

and fire'intensity, and the'ir eleven corresponding controls.

They represented the general cond'itions of the different forests
and the different types of fire intensit'ies used.

0n each tree, measurements were made of total height, diameter,

initial height of crown, he'ight of scorched crown and minimum and

maximum height of scorched trunk.

Ei ght months af ter the experiments, soi 'l sampl es were taken 'in 0-

l5 cm depth, ten sampl es for each p1ot. The fo'l 'lowi ng were

determined in the laboratory: % organic matter (I^JALKLEY & BLACK),

total Ni trogen % ( Kjel dahl semimi cro ) , pH ( soi I water rel ati on

l: 2,5), exchangeables Ca, K and l4g, and available P (BRAY-2) as

well as a mechanical analysis of soil by the internat'ional method

of ROBIN50N'S pipette. One year after fire, an inventory was made

of total fuel present in burnt p1ots, and in the control ones.

All vegetation and its organ'ic residues occurring within quadrats

I m' 'in size, twenty in each p1ot, was collected; this included

1 
.ivi ng woody materi a1 , herbaceous pl ants, f j ne ( O < 2.54 cm

diameter) and coarse (0> 2.54 cm diameter) dead material and

litter; twenty samples of the duff layer were collected after
removing litter, and all material within an area of 25 x 25 cms
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was sampled until the depth of mineral soil.

These samples were taken from the above mentioned I m'quadrates,
and th'i s materi al was cl assi f i ed 'i nto f i ve di ff erent components
'in the l aboratory: vegetati on, f i ne dead fuel (t<?.54 cms ) ,

coarse dead fuel (fi>?.54 cms), litter and organic 'layer (duff ).
This material was dried 'in ovens at .l05'C until constant weight.
In the case of the duff, the samples were ignited'in an furnace

in order to make away with any fine earth adherent.

A sampling was repeated in 1982, and in following years the trend
of fuel recovery wi 1 1 be made known.

In 1982 a study of microb'iologica'l activity in the so'ils was

undertaken, in order to analyse effects of burning.

For this purpose, €ight cores were taken from the first 5 cms of
the m'ineral soi I i n asept'ic cond'iti ons and averaged, f rom each

p'lot. Thi s depth was cons'idered to be the most probabl e to be

affected by the burning; the analyses were done throughout late
spring and summer; during transport, the samples were stored"in a

portable refrigerator and each analysis was done simultaneousiy

with that of a control sample. The techn"iques used were those of
the Pasteur Inst'itute, except for total microflora (STEVENS0N and

ROUATI 
.l953), fungi (THOM and RAPER 

.l954), 
anaerob'ic cellulose

decomposers (EGGINS and PUHG l96l ), Pectin decomposers (PATON
.I959), hemicellulose decomposers (BARA et al. .l983).

In this same year, in July and August, measurements were taken of
electnical resistance in trunks of every tree of both burnt and

control p1ots. These measurements were taken in about 4 hrs at

the midday, with a clear sky and without rain for at least a

week. Two steel electrodes were inserted through the bark up to
the xylem of the trees. The electrodes were separated by 1 cm and

mounted on a prismatic wooden plaque, completely dry. Four

measurements were taken from each tree at breast heighto each

measurement at 90' from the prev'ious. At the same time, trees
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were classified into on three types: dominant, codom'inant and

dominated, and an vjsual estimate was made of the general

vegetative state of the tree, using a scale of seven classes;
from dead tree up to a dominant or codominant healthy one.

4. RESULTS AND DISCUSSION

4.I EFFECTS ON FUELS

From the measurement of the heights of crowns scorch it is
possi b1e to determi ne the f i rel i ne 'i ntens'ity i n each case (VAN

WAGNER I 973) . Th'i s has been the procedure to estimate that
parameter in burnt p1ots, in preference to the flame length the
whose value is more variable and more difficult to fix with
prec'is'ion. The 'intensity used varied between 22 and 90 Kcal *-ls-l
(92-376 kwm -l ); the difference from a wi ld fire should be

underl 'ined, where normal 1y between '100 up to 5 or 6.000 Kcal

m -ls -l are generated.

in table I are shown average values, corresponding to the eleven

p1 ots, of total understorey fuel I oadi ng and 'i ts di stri buti on

into classes as well as relative proportion of each. Total values

oscillate between 13 t/ha for the stands in the south and 6l t/ha
for those cooler and more waterlogged areas.

From these results we can see that,
a) The amount of combustible material which has accumu'lates

the P.radiata and !.pinaster stands is very cons'iderable i
37 t/ha.

b) The duff makes up 70% of the total fuel load; excluding this,
the total we'ight is ll t/ha.

The amount of duff is not uniform throughout the p1ots. It can be

seen that 'in the slopes on schists of the south it is scarcer

in
e.
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than i n the cool er central areas, possi b1y refl ect.i ng condi ti ons
I ess favorabl e to decomposi ti on.

IABLE I: AVERAGE FUEL LOADING (gT/M') IN ELEVEN SIANDS

* Significant to 5%

c) In quantity, litter is second; however,
general ly underval ued by foresters. But,
cal I s f ori ts bei ng taken i nto account .

i ts importance i s
its high flammbility

d ) Taki ng a1 1 the pl ots as a whol e, on'ly the bi omass and f i ner
elements show the fire's effect after one year, although it seems
paradoxical that l'itter should not have played its part. The
reason is that the trees have fa'ir1y 1ow crowns, and the lower
leaves were scorched by the fires. At the end of one year, when
samples were taken, the amount was much the same as at the
begi nni ng, these scorched I eaves then hav-i ng fa1 1 en.

e ) G'iven the great di fferences of the i ni t-i al f uel 1 oadi ng among
the different p1ots, and the different intensjties with which
they were burnt, är overall comparison overshadows the reality.
An analysis of variance, plot by p1ot, reflects better the
changes produced by fire.

Table II indicates the total percentages of plots whjch show a

si gni fi cant drop i n fuel wei ght.

COMPONENT

Phytob'iomass

Fine elements

Coarse rr

L i tter
Duff

Total

CONTROL % ONE YEAR

AFTER FiRE

TWO YEARS

AFTER FIRE

5l t 14*

349 t 87

236 i 56

465 ! t5
2089 t 370

3,.I96

0

0

233r 6t 6

l" z8ot 5l l
l" 136t 33 4

+eet BB t3
2590 t 460 70

40 + l0*
120 + 24*

136 t 39

qs9 t 94

2040 t 339

/o

,
+

5
.16

t3

Z

ll
7

t5

65

.l003,731 I 00 2,786 100
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TABLE II: % OF PLOTS WITH SIGNIFICANT REDUCTION IN FUEL LOADING,

BY COMPONENTS.

COMPONENT FIRST YEAR

AFTER FiRI

SECOND YEAR

AFTER FIRE

Phytob'iomass

Fine elements

Coarse el ements

L i tter
Duff

BO

60

20

40

50

.l00

t8

0

45

30

f ) The linear correlation coefficients between f ire 'intensjty and

reductjon of each fuel component appears in Table III.

TABLE III: LINEAR CORRELATlON COEFFICIENTS BETWEEN REDUCTION OF

FUEL COMPONENTS AND FIRE INTENSITY.

COMPONENT CORRELATION COEFFICIENT

Phytobi omass 0,6848**

Fine elements 0,7399***

Coarse el ements NS

Litter NS

Duff NS

Total NS

** Significant to 1%

*** 5i gni fi cant to 0. I %

NS No significant
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4.2 EFFECTS ON THE SOIL

Great changes in the mineral soil were not to be expected, dS

low fire jntensities were used, and also the experiments were

carried out in a season where water content 'in fuels and the
soil was relatively high. Furthermore it should be borne in mind

that there were few cases w'ith direct exposure of the m'ineral

soil, given the small duff reduction.

In Table IV the values of edaph'ic parameters are g'iven for burnt
and unburnt soil. A variance analysis and comparison of means

have been carried out, and none of the variat'ions, in the stands

as a whole, are sjgnificant. However a'logical tendency in a

little increase of pH can be observed, as we'll as a small drop of
the total 0M and N, and a narrowing of the C/N relationship,
agreeing with other findings (BOERNER and F0RMAN 

.l982, 
METZ et

al. .l96,I, 
SARK 

.l977, 
t,rlELLS l97l). Stight increases in Ca, Mg, K

and P concentrations are dectectable eight months after the fire;
these are the product of the I i berati on of bases of burnt
vegetation and dead materia1, alI 'in very smalI quantities, and

are not stat'istically different to the unburned p1ot. Contents of
cl ay and si I t show a s1 i ght trend to drop, but nei ther are

correlated with the s1ope. This is a feature of great interest,
but would need to be invest'igated further.
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TABLE IV: COMPARISON OF MEANS OF BURNED AND UNBURNED PLOTS

VAR IABLE UNBURNED PLOTS BURNED PLOTS S]GNIF]CANCE

OF DIFFERENCES

pH

01,1 %

Total N %

C/N

ca (ppm)

Mg (ppm)

K (ppm)

P (ppm)

Clay %

sitt %

Sand %

4.52

12.36

.393

18.4

71

34

47

7.2

17.13
.l6. il
67 .O2

I:- .12
! z.sg
t .o6g
t 2.9
t5g
t:- l6
a:_5
I.! 2.5
! z.g
i o.g
t g.g

4.60 t
10.76 t

.336 t
l8.l t

95+
35t
55t

13.5 t
16.15 t
15.97 t
67.7) t

.09

2.86

.055

2.5
76

17

9

9.7

2.6

6.7

9.3

NS

NS

NS

NS

NS

NS

NS

NS

NS

NS

NS

The correl ati ons between f i rel'ine 'intensi ti es and the above

ment.ioned edaph'ic vari ati ons are no si gni f icant i n our case. The

same occurs with slope and edaphic variables. This is by no means

strange, g'i ven the smal I d'iff erences between concentrati ons and

that the val ues of i ntens'iti es are, overal 'l , smal I . The resu'rts
appear in Table v. Note the trend of the c/N relation to increase
proport'iona1 1y to f i re i ntens'ity , s'ign'ifyi ng perhaps a resi stence
to mi neral i sat'i on of organi c matter i n proporti on to the
intensity of the fire. However, in wildfires, this tendency has

not been confirmed (BARA and VEGA l9B3) and its sjgnificance is
s'light. However, this relation should be studied in greater
detail in the future.

The negat'ive correlation of slopes with K could indicate a

greater abi I i ty for th'is cati on to escape by run off on 'incl'ined

surfaces.
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LINEAR CORRELATION COEFFICIENTS BETI,.JEEN DIFFERENCES,

FIRE INTENSITIES AND EDAPHIC PARAMETRES

INTENS ITY SLOPED I FFE RENCE

pH2 - pH1

OMt - oMz

N1 - N2

(c/N)2 - (c/N)t

Kz - Kr

Pz - Pr

Mgz - Mg't

Ca2- Ca1

C1ay 1 - Clay ,

0.2397

-0.279

0.199

0.6177

0.345?

0. I 379

-0. I 090

0.0250

-0. I 06

NS

NS

NS

*s

NS

NS

NS

NS

NS

0.361 5 NS

0.01 I 3 NS

-0.4297 NS

-0.561 9 *S

-0.5740 *S

0. I 632 NS

0.?577 NS

0.3523 NS

0.3089 NS

Suffix l: unburned soil
Suffix 2: burned soil
* S'ignificant to 10%

4.3 EFFECTS ON SOIL MICROBIOLOGY

As it is we1l known, ffiicrob'iological determinations in so'il
present great variations, which, together with the geographical

djstrjbut'ion of the p1ots, and the different fire intens'it'ies,
make the study and 'interpretation of data very compf icated. For

this reason, the plots data were grouped into four burning

intensities: .l00 
kw m-], ]63 kw m-], 2?1 kw m-], and 643 kw m-],

and the data was subjected to a vari ance analysi s and compari son

of means , whi ch d'id not gi ve s'igni f i cant resul ts .

These results are given jn the attached graphs, considering that
the original populations in respective controls are the unit in
each case.



Total microflora

Two years af ter f i re, the popul at'ions are pract'ical 1y equal i n

burni ngs of I ow 'intensi ty, and sl'ightly reduced i n moderate and

high .intensities. BERRY (.l970) aid not find any changes'in
teluric populations after 50 years of controlled burning in
siummerin Loui si ana. J0RGENSEN AND H0DGES ( I 970 ) nei ther f ound

significant changes after burnings.

Acti nomycetes

Populations were equal in the two soils. There ex'ists a tendency

to 'increase the percentage of actinomycetes with respect to the
number of bacteri a 'i n burnt soi I s. Thi s corresponds to f i ndi ngs

in soils of this reg'ion by GIL ('l982) and by hIRIGHT and IARRANT

( 
.I957 ) i n other soil s. Perhaps this i s due to a greater

resistance this group shows with respect to heat and changes in
humi d'ity.

Fungi

The popul ati ons are very simi I ar. There seems to be a s1 i ght

trend in decrease of fungi proportional to intensity of burn'ing.

Nitrogen cycle

- Fixat'ion of aerob'ic N2. There'is alrnlays a preponderance'in
p1 ots treated by prescri bed burni ng over control s, and i s
accentuated from mi I d to moderate burni ngs. Looki ng at
overal I figures, the popul ation of nitrogen fixers has

tripled in burnt plots from the control.

Anaerobi c f ixers: I^li th i ntense burni ng there
spectacular increase w'ithin this group. The relative
in moderate fires is not well understood. trJ'ithout

into account the fire intensity the population 'is

fold.

is a

mi nimal

taki ng

th ree
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appear to devel op better under more

and the anaerobic fixat'ion of N2 . The

are man'ifest in the Nitrogen cyc1e.

4.4 IFFECTS OF FiRE ON THE TREE

in order to examine the tree evolution
two procedures were carried out:

after prescribed burning,

"Visu" classificatjon of the vegetative state of trees in plots
treated and 'i n control ( a ) . Measurement of el ectri cal res'i stance

of trunks of all trees (b).

a) Each tree was classified, according to its outward appearance,

in one of the following types.

B: Tree in good state, dominant or co-dominant, not showing

any external signs of stress or bad condit'ion.

C-B: As above, but a tree dominated with the stand, being 1ow

and/or compressed, etc.

R: Tree belonging to dom'inant c1ass, but showing some defect
of vigour. The 'ind'icat'ions are varied and range from absence

or decrease in growth for that year, to decolourat'ion or
yellowing 'in some leaves, branches, basis or top of crown,

leaves abnormally pendulous, or slight defoliation of crown,

etc. in other words, one or various signs that that individual
is not in good condition, and referring to a tree whose

surv'ival is held in doubt.

C-R: The same as R but a dominated tree.

d: It refers to a dom'inant or codominant tree somewhat worse

than R, and so wi I I probably d'ie within a short time.
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C-d: The same as d, but dom'inated .

D: Dead tree

In Table VI appear the percentages of these types of trees in
both classes of p1ots, burnt and control. An analysis of variance
and means compari son showed that there were no s i gni fi cant

differences in percentage of any type of tree 'in burned or

unburned p1ots. Accord'ing to this, one cannot deduce by outward

appearance that two years after, fires have produced more dead

trees, nor have altered the relative proportions of the above

menti oned types.

TABLE VI: PERCENTAGES OF TYPES OF TREES IN BURNT AND UNBURNT

PLOTS (SYMBOLS ARE EXPLAINED IN THE TEXT).

TYPE OF TREE PERCENTAGE

UNBURNT PLOTS

PERCENTAGE

BURNT PLOTS

SIGNIFICANCE

OF DIFFERENCE

B

c-B

R

C.R

d

c-d

D

70

6

oo

?

3

B

3

NS

NS

NS

NS

NS

NS

NS

66

5

12

3

4

7

3

b) The measurement of electrical resistance of boles and the
possi bi 1 i ty of usi ng the resul ts as an i ndi cati on of
phys"iological state has attracted the attent'ion of various
authors in recent years, among them COLE and JENSEN (.l980), COLE

(1980), SHIGO (1974) and WARGO and SKUTT (1975).
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In this case with the values of electrical resistance three

channels of inquiry were opened.

I ) Firstly it was decided to establish if electrical resistance
discriminates among trees classified artificially by appearance.

For this, each tree type was compared with the rest, making an

analysi s of vari ance and means compari son for el ectri cal

resi stance val ues.

This data appears in Table VII. As can be seen, the system works

qu.ite we11, given that of 15 comparisons, only the dominated

trees of good aspect (C-B) and dominant trees with some defect of
vi gour ( R ) , present el ectri cal res'i stance val ues of great
simi I ari ty . Al though speak'i ng of di fferent trees , thei r
physiological state is perhaps, very similar. In species need'ing

light such as l.pinaster, being retarded in growth for any

reason, and becoming dom'inated may be considered as in a similar
vegetative state as a dominant tree in bad health.

2) Then, in order to determineif the trees of each type
presented some d'ifferences accord'ing to burnt or unburnt p1ots,

average resistance values were obtained of trees in each plot
and for each type, and the averages of these were compared

stati st'ica1 1y . These measurements and the si gn'if i cance of the

means compari son are gi ven Tabl e VI I I .



Table VIl: Comparison between mean values of electrical resistence of tree types.

TREE RESISTANCE TYPE RESISTANCE SIGNIFICANCE TREE RESISTANCE TYPE RESISTANCE SiGNIFICANCE

TYPE (k0hm) COMPARED (kohm) or DIFF. TYPE (kohm) COMPARED (kOhm) 0F DIFF.

B 6.75 C-B 8.32 *** C-B 8.32 C-R 8.90 ***

B 6.75 R B.3l *** C-B 8.32 d 9.70 ***

B 6.75 C-R 8.90 *** C-B 8.32 C-d 9.50 ***

B 6 .75 d 9.70 ***

B 6.75 C-d 9.50 ***

R B.3l C-B 8.32 NS C-R 8.90 d 9 .70 ***

R B.3l C-R 8.90 ** C-R 8.90 C-d 9.50 **

R 8.3.l d 9.70 *** C-d 9.50 d 9.70 ***

R 8.3.l C_d 9.50 ***

* Significant to 5%

**r1%
*** " 0.1%

I

Ol\o
I

r
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ELECTRICAL RESISTENCE (K OIIm) ACCORDING

IN BURNT AND UNBURNT PLOTS.

TREE TYPE BURNT PLOTS (K Ohm) UNBURNT PLOTS SIGNiF. OF D]FF.

B

CB

R

CR

d

cd

D

NS

NS

NS

NS

NS

NS

NS

6.96

8.6

8.7

8.92

9.8

9.5

) t0

6.48

8.4

8"0

9.1

9.6

9.5

> t0

3) Last'ly, the electrical resistence values were grouped in
'intervals 4 -4.99; 5 -5.99; 6 -6.99; 7 -7.99; B -8.99;9 -9.99
and ) "l0, finding the percentages that represent, jn each
jnterval, the number of trees with respect to the total of the
p1ot, burnt and unburnt. Then, the averages of these percentages

were calculated by plot for the whole of the burnt and unburnt
p1ots. The comparison of these percentages, in each interval, is
given in Table IX.

TABLE IX: PERCENTAGES OF TREES IN BURNT AND CONTROL PLOTS IN THE

INTERVALS OF ELECTRICAL RESISTENCE INDICATED.

INTERVAL OF

ELECTR ICAL

RES. ( K Ohm)

% OF IREES IN

UNBURNT PLOTS

% OF IREES IN

BURNT PLOTS

SIGNIFICANCE

OF DIFF.

4-
5-
6-
7-
8-
9-
)

4.99

5 .99

6 .99

7 .99

8.99

9.99

l0

2.5

17.4

20.1

I 9.4

18.3

12.9

9.4

8.0

17.5

25.7

r9.3
I r .5

11 .7

6.3

NS

NS

NS

NS

NS

NS

NS
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We can conclude that:

- At the end at two years after the experiments of prescribed

burning, there are no external signs of debilitation'in trees
'in burnt p1ots.

- When the State of the tree 'is beginning to be bad, then the

electric resistance increases.

- Therefore, the electrical resistance in tree boles could be

used to predict damage by fire and other agents which result in
a weakness in tree.
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PRESCRIBED FIRES AND

GARR I GUE

Louis Trabaud, France
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THEIR APPLICATION TO QUERCUS COCCIFERA L.

I NTRODUCT iON

The study of the development of post-wildfire vegetation showed

that plant communities of the French med'iterranean rbgion quickly
recover, and that after about 10 years they are not much

different from those which existed before fire (TRABAUD .|980,

IRABAUD and LEPART 
.l980). 

To analyse more precisely and to better
understand the effects of fire on plants and vegetation, it 'is

necessary to set up experiments with prescribed burns. 0n1y an

experimentat'ion on commun'ities identified and studied before

burni ng wi I I g'ive re1 i atll e resul ts whi ch can be compared w'ith

observati ons f rom pl ots burnt by w'i I df ires .

By using prescribed burn'ing it is possible: (l) to compare the
post-fire florist'ic composition with the in'itial florist'ic
composi t'ion , (?) to study the mod j f icati ons 'induced by vari ous

fire frequencies and seasons of burning, and (3) to analyse the
effect of fire on the behaviour of the species of a Quercus
coccifera garrigue.

The experimentation was 'intended to analyse:

a) vegetation changes as compared to the state prev'ious to fire
i n order to determi ne the p1 ants'degree of res'i stance to
fi re;

b) the impact on vegetation of different frequencies of repeated
burns (a burn every s'ix years, a burn every three years, and

a burn every two years ) ;

c) the effect on the vegetation of the burning season (either in
.late spring orin early autumn) to determine 'if the seasonal

conditions influencing the changes of the pheno'logy and



_76_

physiology of species relate to fire effects and modify the

speci es behav'iour and the vegetat'ion equi 1 i bri um.

Thus, at the beginning the experimentation was not intended to

study the app'lication of fire to grazing purposes; it was only

during the course of the experiment and at the sight of the plant

modi fi cati ons that the appl i cati on of prescri bed fi res was

thought .

EXPERIMENTAL DESIGN AND METHODS

Study area

The experiment has been set up on a hi I I I 0 km north of
Montpellier .in a Q.coccjfera L. (Kermes scrub oak) garrigue
(Cocciferetum Br. Bl. 1924, subassociat'ion Brachypodietosum Br.

Bl . .l935; 
BRAUN-BLANQUET et al . .l952). Th'is area vvas a 'long time

ago cult'ivated then abandoned and fired several times by

shepherds. The climate is mediterranean with mild winters; the

annual mean temperature is about 
.l4.4"C, 

and the mean annual

ra'infall 'is ll02 mm. Bedrock is hard limestone from Eocene.

Burni ng treatments

The presentation of the experimental techniques and parti a'l

results were previously published (TRABAUD 1974, 1977, l9B0).

Thus only a brief description will be g'iven of the burns.

The burni ng seasons were chosen i n rel ati on to some mean

phenolog'ica1 stages of the Q.coccifera population.

Spring: the kermes scrub-oak has

first annual shoots and young 1ea

the fl owers have appeared. a.

started its spring growth; the

ves have a'lready been developed,

cocc'if era 'i s then i n a turgi d

maxjmally photosynthetic stage. Burns are usually lit at the end

of May or beginning of June according to the meteorological
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condi ti ons .

Autumn: in early autumn, after the lignification of the young

twigs when the p'lants seem to be at rest. Burns are set at the

beginning of September.

The comb'inat'ion of burn'ing f requenci es and seasons gi ves s'ix

treatments:

6P
3P
?P
6A
3A
2A

vegetati on

vegetati on

vegetat'ion

vegetati on

vegetati on

vegetati on

burnt every six years in spring,
burnt every three years in spring,
burnt every two years in spring,
burnt every six years in autumn,

burnt every three years i n autumn,

burnt every two years i n autumn.

An unburnt vegetat'ion

treatments have five
plot has a sjze of 50

Vegetat'ion analysi s

was considered as a control: T. All these

replicates; thus there are 35 p1ots. Each

m2 (]0x5 m).

the vegetati on .

'in the number of

A floristic list of all the taxa present in each plot is
recorded every year i n spri ng before the spri ng burns.

Furthermore a permanent l0 m long line is located in the middle

of the plots in the longest direction, observat'ions are made

every l0 cm by means of a needle. At each point the presence and

the number of hits per layer for each taxon are noted. This gives

an estimation of the percentage of vegetation cover and of the

above-ground phytomass (G0DRON 
.I968, 

DAGET and P0ISS0NET 1971,

1e74).

RESULTS

Frequently repeated fires alter the structure of
Immed'i ately after each burn there was a decrease
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h'its (d'i sappearence of above-ground vegetat'ion ) , then a

progressive increase; this increase'is slower following autumn

burns (TRABAUD 1977, .l980, .l982). 
When burning is only every six

years the vegetat'ion of Q. cocc'if era garrigue reaches a I evel

s'imi I ar to that of the I ongt'ime unburnt garri gue w'ithi n f i ve

years after prescribed fire. 0n the other hand, burns regularly
set every two years produce a decrease .i n the total number of

hits, for the first s'ix years cyc1e. Later on the number of hits
rema'ins rather constant i n equ'i I i bri um wi th the burn f requenci es .

The repet'ition of burning 'leads to a d'isappearence of the upper

layers (above 50 cm) but it favours an increase of the amount of

vegetati on 'i n I ower 1 ayers ( ( 25 cm ) .

The decrease 'in the number of h'its is main'ly due to the woody

plants which have fewer long sprouts bearing fewer leaves. But

the number of hits from herbaceous plants is not diminished by

successi ve f ires; on the contrary 'it i s 'increased and

particularly w'ith autumn burnings (TRABAUD .l980, l9B2). The

'influence of fire on the increment of herbaceous plant mass has

been recognized for a long t'ime (AHLGREN and AHLGREN 
.l960,

DAUBENM]RE I968, VOGL I974).

As sheep are grazing animals only the development through t'ime of
herbaceous plants will be considered later in this paper.

The development of the number of h'its of herbaceous plants during

the years of observations are presented 'in table l. Four remarks

can be stated.

l. In the unburnt vegetation the number of hits from herbaceous

plants decreases with time. Some little differences can appear

due to climatic vagaries during years, but th'is tendency 'is very

clear. This'is probably due to the progressive closing up of the

plant cover and a more and more important encroachment by woody

speci es.

2. In the p'lots burnt every six years the number of hits was
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+
- 21 ,8

154,7

: 28,2

t82,3

J a:, r

154,0

t ,0,, I
54,7

+
-uO

67 ,7
+
- 11,2

I l3,o

1 e,s

t25,7
+- 2t,z

86, 3

: 17,9

774,7

30,8

3P
58 ,0
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Table 1: Changes through tj-me and according to fire regimes of the number of hits
of herbaceous plants (means and standard errors)

burni-ngs I
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i ncreasi ng duri ng the fi rst ( 4-5 ) years fol 1 owi ng a prescri bed

fire, up to reach and even exceed the va.lues of h'its in the

unburnt vegetation at the beginning of the experimentation, later
this number of hits was decreasing.

3. When each fire frequency is compared respectively with its
corresponding season of burning, the number of hits by herbaceous

plants is always higher in autumn-burnt vegetation.

4. Vegetat'ion of plots burnt every two years 'in autumn does

always present the highest number of hits from herbaceous plants.

The ratio of the h'its from herbaceous plants to the total
vegetation number of hits strik'ing1y corroborates these results.
In the unburnt vegetat'ion the proportion of the number of hits of
herbaceous species compared with woody plants does not vary

importantly through years (fig. l), it does not exceed Z5%, and

has a tendency to decrease. At the beginning of the experiment
(.l969) the percentage of herbaceous plants was rather the same

for all the treatments. Afterwards according to the d'ifferent
f i re reg'imes there was a I 'ittl e change: the proporti on was

increased for all treatments as well at the end of the first six
years cycle (l9Bl); but when all the treatments are considered as

a whole no stat'istical difference (analysis of variance: P) 0.05)

appears between the treatments. The comparison between only the
vegetation burnt every two years in autumn and the unburnt

vegetat'ion was significant (P<0.0.I ). In the plots regularly
burnt every other year in autumn the proportion goes up fron ?0%

'in 1969, to 68%inl975and54% inl98l , which is nearly a

threefold increase, and a little more e3.5) comparatively to the
unburnt vegetation at each end of cyc1e.

These results are confirmed by a study of above-ground phytomass

as a function of the different fire regimes. In May l98l, for
each treatment seven lm' sampl es were col I ected from each

d'ifferent p1ot. Then vegetation was handsorted, separating woody

from herbaceous plants, dried, and finally we'ighed. Total above-
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ground phytomass of the unburnt vegetat'i on wei ghed, or an

average,28t.ha-l (tanle2), or about a production of I t.ha-l
yr-1 of dry matter since the last wildfire (TRABAUD 1980, l9B2).

This value 'is similar to that already reported by LONG et al .

(1967 ) fourteen years earlier.

Burning frequency has an effect on the amount of vegetation
produced. Six years after a second burn (l9Bl; 6P, 6A, table 2)

total phytomass only represented two th'ird of that of the unburnt

vegetat'i on . But herbaceous p1 ants di d consti tute a greater
proportion than in the unburnt vegetat'ion (respectively 7.3

percent for treatment 6P; .l4.7 percent for 6A; and 3..l for T).
Three years after a fourth burn the phytomass of plots burnt
every three years reached one fourth of the unburnt phytomass.

And the second year fo1lowing a s'ixth fire the phytomass of
vegetation burnt every two years represented only about one sixth
of that of the unburnt vegetation.

In regard to the effect of season of burn'ing the total mass of
vegetation burnt in spring'is respectively to each frequency

always greater than that burnt in autumn (taUl e ?). In spring-
burnt vegetation the above-ground mass of woody plants is always

greater than that of vegetation burnt in autumn. But, oh the

other hand, the mass of herbaceous p1 ants of autumn-burnt

vegetati on i s hi gher than that of spri ng-burnt vegetati on. The

most paramount change comes out from the vegetation burnt every

other yearin autumn (2A): herbaceous plants represent 40.4

percent of the total mass.

DISCUSSION AND CONCLUSION

hlhat are the causes producing such an increase of the phytomass

of herbaceous species?

The impact of fire is less severe on herbaceous than on woody

p1 ants because i n the Medi terranean country the above-ground



T 6P 6A 3? 3A ZP 2A

Mass of the woody plants
g. mz

2 702,6
(4 o48,o -
17 44 ,O)

I
(2

I

782,s
634,o -lll,o)

I 449,8
(2 48r,O -

325,8)

829,6
(t244,6 -

54 r ,O)

482,o
( 693,7 -

l 79,o)

510,1
(737 ,6 -

27 I ,6)

229,3
(4 r7 ,8

63,2)

Mass of herbaceous plants
_1g. n'

86,7
( 204,2 -

25,4)

I 39,8
( 326,a -

6,9)

250,7
( s96,o

77,3)

I lo,7
(333,7 -

8,6)

145
(32s

+5

I
I
l)

49,2
(109,9 -

8,0)

t55 ,4
(4r l,o -

43,9)

Total phytoEass
_1g,E-

2 789,3
(4 to2,7 -
t 924,7)

t 922,3
(2 640,9 -
l 328,5)

,
(2

70O,6
1O3,3 -
921 ,8)

940,3
(t3tt,4 -

682,4)

627 ,8
(8o9,3 -
340,0)

559,3
(755,2 -
286 ,6)

384,7
(612,0 -
2o2,2)

Age of the vegetation 3O years
after last
wildfire

72 months
after the
2nd burn

68 nonths
after the
2nd burn

36 months
afEer the
4th burn

32 months
after the
4th burn

24 months
after the
6th burn

2O months
after the
bLrr burn

r

@(,
I

Tab1e 2: Above-ground
in May 1981

phytomass according
(g of dry matter per

to the fire regj_mes collected
il', means and range values) .
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1 i vi ng materi al of these p1 ants i s renewed each year. As

hemicryptophytes or geophytes, herbaceous possess survival buds

or organs buried 'in the ground or located at the ground surface

level; each year the'ir new shoots come out from these buds wh'ich

i s ooposi te to woody speci es whi ch possess aeri al 1 i vi ng twi gs

and leaves persisting for several years. Thus, autumn fires
eliminate only a part of the dead herbaceous materjal without

influenc'ing the life cyc1e. Furthermore and thanks to the'ir
location surv"ival buds of herbs are protected from flame action

wh'ich is not the case for woody p'lants.

Besides, dur"ing winter frost appears regularly in the study area

and a killing necrosis due to frost appears on the t'ips of the

smaller sprouts of the woody spec'ies coming from autumn burns,

whi ch i nduces a new sprouti ng effort mobi I i zi ng and dimi ni shi ng

the nutrient reserves in the root systems of woody plants.

A third factor can be the competition between the spec'ies: with
spring burns woody plants (and principally Q.coccifera) reinvade

rapidly the burnt areas allowing very little room for herbaceous

species to establish; which is not the case fo11ow'ing autumn

burns. But, 'it is not out of the question that these three
causes, and others, react together favouri ng one k'i nd of p1 ants

or the expense of the other.

Fire has been recognized for a long time to be an important

f actor i n rangel and management (BAILEY 1978, TAINT0N 1978, t,JRIGHT

l97B; for an exhaustive bibliography on the subject). From the

results of this study prescribed fire can be a valuable tool and

has potenti al 'iti es 'in the mul ti p1 e use management of garri gues 'in

this part of the French mediterranean country. However, for the

best improvement the best season of burning 'is autumn and on a

two year rotational frequency since the number of hits of
herbaceous p1 ants , as representi ng thei r phytomass 'i s h'igher wi th
this kind of fire regime. Despite the fact there'is more grass in
the vegetation burnt every six years in autumn (6A; table 2) than

in the vegetation burnt every two years jn autumn, the importance
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and the dens'ity of the woody plant mass and the height ( I m) of
the vegetation hinder the sheep to go into and to graze the
grasses.

The study is still under way and continued because it js quite
obv'ious that fire utility will depend in large measure on
"learning its impacts on ecosystems and learnjng how to use it to
obtain des'irable results while minimizing undesirable effects.

RE FERENCES

AHLGREN, I. F., AHLGREN, C. E. 'l960: Ecologica'l effects of forest
fires. Bot. Rev. 26, 483-583.

BAiLEY, A.hl. l97B: Use of fire to manage grasslands of the Great

Pl ai ns: Northern Great Pl ai ns and adjacent forests.
Proc. F'i rst Intern. Rangel and Congress, 69.I -693.

BRAUN-BLANQUEI, J., ROUSSINE, N., NEGRE, R. 1952: Les groupements

v6g6taux de la France M6d'iterran6enne. C.N.R.S, Paris,
297 P.

DAGET, Ph., P0ISSONET, J. l97l: Une m6thode d'analyse
phytologique des prairies. Ann. Agr. 22, 5-4.l.

DAGET, Ph. , P0ISSONET, J. 1974 Quel ques 16sul tats sur I es

m6thodes d ' 6tude phyto-6c01 ogi que, I a structure, I a

dynamique et la typologie des prairies permanentes.

Fourrages 59, 7l -Bl .

DAUBENMIRE, R. l968: Ecology of fire in grass'lands. Adv. Ecol.

Res. 5, 209-266.



-86-

GODRON, l968: Quelques applications de la not'ion de fr6quence

6cologie v696ta1e. 0ecol. Plant. 3, 185-?12.

L0NG, G., FAY, F., THIAULT, M., TRABAUD, L. 1967: Essais de

d6terminat'ion exp6rimentale de la productivit6 d'une

garrigue de Q.coccifera. CEPE/CNRS, Doc.39, ZBp.

TAINT0N, N. M. l97B: Fire in the management of humid grasslands

i n South Afri ca. Proc . Fi rst . Intern . Rangel and

Congress, 684-686.

TRABAUD, L. 1974: Experimental study of the effects of prescribed
burning on a Q.coccifera L. garrigue. Proc. Annu. Tall
T'imbers Fi re Ecol . Conf . I 3 , 97 -129 .

TRABAUD, L. 1977: Comparison between the effect of prescribed
fi res and wi I d fi res on the g1 obal quanti tati ve

development of the kermes scrub oak (Q.coccifera L. )

garrigues. Proc. Symp. Environm. Consequences Fire and

Fuel Manage. Medit. Ecosystems. USDA For. Serv. Gen.

Tech. Rep. InlO - 3, 271-282.

IRABAUD, L. l9B0: Impact biolog'ique et 6cologique des feux de

väg6tation sur 1'organisation, la structure et
I '6vol uti on de I a v6g6tati on des garri gues du Bas-

Languedoc. Thäse Etat, Uni v. Sci . Tech. Languedoc,

Montpel 1 i er, 2BB p.

TRABAUD, L. 1982: Effects of past and present fire on the
vegetati on of the French Med'iterranean reg'ion . proc .

Symp. Dynamics and Manage. l4edit. Type Ecosystems. USDA

For . Serv . Gen . Tech . Rep . PSt^l - 58, 450-457 .

TRABAUD, 1., LEPART, J. l9B0: Diversity and stabif ity in garr.igue

ecosystems after fire, Vegetatio 43, 49-57.

M.

en

VOGL, R. J. 1974: Effects of fire on grasslands. In: Fire and



-87-

Ecosystems . Academ'ic Press , New York , I 39- I 94.

WRIGHI, H. A.1978: Use of fire to manage grasslands of the Great

Pl ai ns: Central and Southern Great Pl a'ins. Proc. F'irst
Intern. Rangel and Congress 694-695.



-88-

THE USE OF PRESCRIBED BURNING iN THE NORTHWEST OF PORTUGAL

Francisco G. Rego, Jose M. da Silva and l,laria T. Cabral , portugal

I. INTRODUCTION

Fire is very

areas of the

afforestati on

important in Portugal.
country (taUte i) with
capacity (SILVA l98l ).

lnli I dfi res burn annual 1y 1 arge

a rate superior to the normal

TABLE i. Areas burnt by forest fires (MARTINS l98l )

Areas burnt (ldrra)Forest and

shrubl and

area (ldna)

2500

1975 1976 1977 1978 1979

After the Afforestation Plan (.l939) forested area increasecl.
Pi nus pi naster was the mai n spec'i es used. These p1 anted pi ne

forests are among the nrost flammable ecosystems 'in the region
(TRABAUD l9Bl, CRUZ lg8l). Domestic livestock was kept outside
those forests, emigration began, and harvest'ing the understory of
the forests for fuel or l'ivestock "beds" by v'i11agers decreased a

lot. Excess fuel buildup began. Obviously we are dealing with an

"exceptional" period of 1arge, numerous and severe crown fires
(SILVA I9B3).

197 4

32 4B681221B?

The major causes of wi I dfi res i n

unknown or carel essness ( SUSMEL

contri bute to wi I dfi res when they
improve forage avai I abi f i ty and

the Med'iterranean Regi on are

I 973* ) . Shepherds certa'i n1y

burn the shrublands in order to
quaf ity. So, it is easy to

* Cited by LE H0UEROU (1974)
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understand that causes of fire are hard to fight. Policies of
fi re excl usi on and fi re suppress'i on were undertaken but were

shown to be uneffect'ive in many cases.

Evi dence of natural underburni ng i n Ponderosa p'i ne forests
(BiSI^IELL 1973, HALL 

.l977, 
t^IRIGHT 

.l978, 
DAVIS et al . l9B0) showed

that fire is an ecological factor and can play and important role
in pine forests. However, as this natural rnanagement of pine

forests is difficulttomaintain, itshouldbereplaced by a

correct art'ific'ial management, naturally by the use of prescribed
fire. In Portugal , the use of this technique'is making'its first
steps .

2. PRESCRIBED BURNING

In 0ctober l9Bl the Forest Services of Porto began a program for
the use of prescri bed fi re to reduce wi I dfi re hazard. Thi s

program was to be executed in 80.000 ha of public area, mostly

occupi ed by pi ne forests ( P . pi naster ) .

In each of the 7 Forest Administrations an emergency plan was

designed in order to break the dangerous homogeneity of the
forests. So, priority was given to actual fire breaks, roads and

streams. Many of the fire breaks were invaded by shrubs making

the operat'ions of fire fighting difficult. So, fire breaks were

burned and, 25 m for each side of the fire break, road or stream,

the understory vegetat'ion vvas burned.

From January to April 1982,179 prescribed fires burned about 420

ha, correspond'ing to 50 effective days of work. The average

expenses for each hectare burnt were l6 man-hours and 6.7 liters
of fuel . The di fferences between Adm'i ni strati ons were very
important due to numerous factors.

From January to March 
.l983, 

174 prescribed fires burned more than

900 ha in 40 days of effect'ive work. The expenses decreased to
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5.5 man-hours and 
.l.6 liters per hectare. This can be explained

by a iretter use of the technique and more familiarity with fire.
This caused some prob'lems, and 'in two cases fire escaped but
fortunately with minor damages.

The effectiveness of this Program in the prevention of wildfires
t,vas tested 'in Summer 1982. The precipitation in this Summer was

20% nore than the average and, therefore, wildfires burned "on1y"

583 ha, about one third of the average between 1972 and l9Bl.

Three w'ildfires occurred in areas w'ith prescribed fire. The first
one d'idn't stop in a fire break prev'iously burnt, but stopped in
a stream where prescri bed fi re was executed. The second one

stopped in the second fire break "cleaned" by prescribed fire.
The trees near the first fire break are still alive. The third
wi I dfi re vvas stopped near a road where fi re was executed i n

Spring. P'ine trees near the fire breaks are still alive.

These results are not extraordinary but we think they are

important, in the motivation of people'involved in the program

for further work.

At the same time research on fire effects on the ecosystem began,

in order to have data ava'ilable for the Fuel Management P1an,

that should begin in October '1984, after the execution of the

Emergency Pl an.

3. RESEARCH

3. I Methods

Data are be'ing col I ected for eval uati ng f i re effects on so"il s and

vegetation. Changes in p'lant communities are going to be detected
by periodic surveys. First results will be available by this
wi nter. Changes i n soi l chemi stny and so'i 1 f auna are more rap'id"ly

evaluated. This paper intends to give fjrst results of that
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research .

3..l..l Field plots

Two I ocat'ions were chosen i n two d'iff erent ecol ogi ca1 s'ituat'ions .

In each of those locations two 30 x 30 m plots were establ'ished,

near each other and 'in similar situation in terms of stand age

and density, and with similar understory vegetat'ion.One plot'in
each location was burnt in l9B2 by the Forest Services staff.

In VIEIRA D0 MINHO (altitude 775m, aspect South, 12% slope) tfre
pine stand (P.p'inaster) 'in the plot was 30 years o1d, with
700 trees per hectare, with an average d.b.h. of 20 cm and ll m

as domi nant hei ght . The understory vegetat'i on was mostly

Chamaespart'i um tridentatum ß4% cover ) , w'ith some Pteri d'ium

aquiIinum (9%), Erica sp. and CalIuna vulgaris (6%), Ulex sp.
(3%) and grasses, mostly Agrostis sp. (4%). Granite is the parent

materi al of the soi I .

The plot was burnt in early afternoon of March, ll (1982). The

temperature range was l3-.l5"C and relative humidity varied from

70 to 51,5%. Fuel moisture was measured separately in twigs (45%)

and litter (61%). Flame he'ight was recorded as 60 cm. L'itter was

reduced significantly (P < 0,0.| ) from 21oO g/# (air dried) to
,2//3 g/n

In AMARANTE (altitude 375 m, aspect N, 2% slope) the forest stand
(P.pinaster) was 40 years o1d, with 250 trees/hectare, 25 cm of
average d. b. h. , and I 3 m as domi nant hei ght. Understor.y

vegetation 'is sparse with dominance of Ericaceae (C.vulgaris,

Eri ca ci nerea, Eri ca umbel I ata ) . In opposi ti on to the former,
these plots were located in sch'istous soil

The plot was burnt'in January, 28 (1982), between 14 h 30 min and

17 h 30 min. No data were recorded for temperature, relat'ive
humid'ity, or fuel moisture because, ät that time, material was
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Litter reduction was

to 1026 g/mz (air
m.

not si gn'if icant: 'it vari ed

dri ed ) . Fl ame hei ght taras

3.1 .2 Methods for soil and mesofauna ana'lysis

SoiI samples were colIected by a metal cyf inder (l0 cm d'iameter,

I 0 cm he'i ght ) . Ten sampl es were col I ected i n each date for
mesofauna extraction by the BERLESE method modified by TULLGREEN

as described by PHILLiPS0N (.I97.l ). Three samp'les are collected
for standard chemical analysis. Determinations of pH were done 'in

suspensi ons of soi I and di sti I I ed water. 0rgan'i c matter i s
computed by multiply'ing the results of organic carbon analysis by

1.724. Available phosphorus and potassium are evaluated by

ammonium lactate extraction.

3.2 Fire effects on soil characteristics

3.2..l 0rganic mattg!

All authors agree that there is a decrease of the organic matter

in the surface organ'ic horizon as jn the surface of the mineral

soil (VALENZUELA .l959, 
BRAATHE 1974, DE BYLE 1976, 

.l981, 
CASTILL0

I 9BI , TEMES I 982 ) .

In our case, in sp'ite of d'ifferences 'in organic matter between

the two locations, both exhibjted a significant decrease in 0.M.

after fire (Table 2, Fig. I ). The effects of fire in Vieira do

Minho varied from time to time, almost disappearing in December

and January. In Amarante therewere sign'ificant differences
between sampl i ng dates.

Variat'ion of organic matter is very important because of its
consequences on other soil characterist'ics and in soil fauna.
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TABLE 2 - Analysis of variance for organic matter

o.s. - Not significant P'> 0.05
,r -SignifieantP<0.05
rr* - Highly significant P < o.o1

Source of
vari ati on

Sum of
squares

Degrees of
freedom

l,lean
squa re

F

LOCATIONS

VIEIR.ä. DO },{INHO

BURN

TIME

BxT

AUARANTE

BURl-I

TIME

BxT

ERROR

98. 93

604 .7 3

104 . 02

198 .34

568. 41

232.4L

39.51

7 45.50

1

13

t
6

6

13

1

6

6

56

98. 93

604.73

L7 ,34

33 .06

568.41

38,7 4

6.59

13.31

7,43 x*

45.43 *t
1.30 n.s
2.48 x

42.7L r.*

2,9L *

0.49 n. s

TOTAT 2 59L.86 83

TABLE 3 - Analysis of var.iance for pH- 
H^ O_T

Source of
vari ati on

Sum of
squares

Degrees of
freedom

Ir'!ean

square
F

LOCATIONS

VIEIRA DO MINHO

BURN

TIME

BxT
A}IARA}ITE

BURN

TIME

BxT
ERROR

0.0026

1.1408

1.3858

o.6392

3.57 s2

I .0748

0.3931

2.3s33

1

L5

1

7

7

15

1

7

7

64

0.00260

1

0

0

14083

L97 98

09131

57 520

153s4

05616

03677

3

0

0

0

0.07 n.s.

31.03 **
5.38 *rr

2.48 x

97.23 **

4. 18 ,"rr

1.53 n.s.

TOTAL 10.5649 95
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3 .2.2 Soi I chemi stry

Soi I pH i s general 'ly 'increased by f i re. In both I ocati ons thi s

was clear (Table 3, Fig. l). Also, this effect was not constant

over t'ime 'in Vieira do Minho. Both locations showed sign'ificant
differences between sampling dates.

Avai I abl e phosphorus 'increased very si gni f icantly 'in Vi e'ira do

Minho, but showed no d'ifferences in Amarante (Table 4, Fig. 2).
Leaching of the duff-ash layer can account for the observed

increase of available phosphorus 'is the top of the mineral soil
(B ISl,.lELL 1973, DE BYLE 1976, TEMES I 982 ) . As 'in Amarante I 'itter
was not significantly consumed, phosphorus release was not great
and no significant d'ifferences'in available phosphorus in soil
were detected. At this locat'ion changes from time to t'ime were

found. Th'i s coul d be 'in rel ati on wi th mycorrhi zal acti vi ty i n

C . vul gari s and Eri ca sp . , the two mai n speci es 'i n the p1 ots .

Available potass'ium decreased in both sites after burning (Table

5, F'ig. 2). This highly soluble element (GIMINGHAM 1972) is very
1ike1y leached from the m'ineral soil. IEMES (.l982) found the same

in his trials. The great mobility of th'is element can also
explain the s'ignificant variatjons of available potassium between

sampl i ng dates.

3.2.3 Soil mesofauna

The effect of fire on so'il fauna has not been studied very
extensively, because of its apparent lack of economic importance
and the procedures involved (AHLGREN 1974). METZ and FARRIER

(.l97.l)*, working 'in forest stands, refer that m'ites and

collembolans are reduced w'ithin 24 hr after fire. They report a

recovery to preburn populations in 3 to 4 years after fire.

* Cited by AHLGREN (1974)
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TABLE 4 Analys'is of variance for phosphorus

TABLE 5 - Analysis of variance for potassium

n.s. - Not significant P > 0.05
* -SignificantP<0.05
*r( - Highly significant P < O.01

Source of
variation

Sum of
§nil:na

Degrees of
freedom

Mean

s0uare F

LOCAT]ONS

VIEIRA DO MINT1O

BURN

TIME

Bx T

A.MARANTE

BURN

Tnm

BxT
ERROR

16 250.010

17 941.333

3 139.250

t 864.667

35.021

6 871,646

352.479

15 132.000

1

15

1

7

7

15

1

7

7

64

16 250.010

L7 94t.333

448,460

266.38t

35.O2L

98L 664

50. 354

236,437 5

69.73 **

75.88 ?tr(

1.9O n.s
1.13 n. s

O.15 u. s

4. 15 ,.*

0.21 n. s

TOTAL 61 586.406 95

Source of
vari at i on

Sum of
squares

Degrees of
freedom

Mean

square F

LOCATIONS

V]EIRA DO MINHO

BURN

TIME

BxT
AI,IABANTE

BI'RN

TII'IE-

BxT
ERROR

1 169.010

3 2L7.688

23 2t7.479

4 479.8L2

2 133.333

17 313.333

7 82 .667

23 163.333

1

15

1

7

7

15

1

7

7

64

169.010

3 2t7.688

3 3L5.926

639 .97 3

2 ]-33.333

2 473.333

t- 11 . 810

36L.927

3.23 n.s

8.89 x*

9.16 ,.*

1.77 n. s

5.89 *

6.83 **

0.31 n. s

TOTAT 75 470,656 95
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In our case, counts were made grouping ind'ividuals in 4 major

classes: Collembolans, 0ther insects, 0ribatei, 0ther mites. F'ig.

3 and 4 show the evolution of these groups in the consecutive

samples. Table 6 and 7 show the analysis of variance for
"Collembolans and other insects" considered together, and

"0r'i batei and other mi tes " .

Some conclusions can be drawn from that data: variations from

t'ime to time were always important; mjtes and insects were

reduced by fire in both situat'ions; recovery to preburn levels is
apparent in Amarante; in Vie'ira do M'inho the effect of f ire was

not constant over time. This is in agreement w'ith the concept

that with moderate fires, "the heat of fire is apparently less

important than I ater envi ronmental changes i n reduci ng i nsect

popul atjons" (AHLGREN 
.I974) 

.

3.3 F'ire effects on understory vegetation

No quantitat'ive studies were done at the moment. However, it was

observed that in Vieira do Minho, most C.tridentatum sprouted as

some Erica sp..Seedlings of Erica sp. and C.vulgaris were

observed. in Amarante Erica sp. and C.vulgaris d'id not sprout,
but seedl'ings were very abundant.

4. CONCLUSIONS

From this pref iminary research (August 198? - Apri'l l9B3) some

concl us'i ons can be taken: effects of prescri bed fi re i n soi I

chemistry are important, since pH and Phosphorus are generally
considered lim'itant factors for plant growth, and were improved

by the use of this technique. Decrease of organic matter and

potassium are not alarming, because they can not be considered

scarse 'in these situations. So'il mesofauna can recover to preburn

levels one year after burning'if l'itter is not strongly reduced.

So, prescribed burning seems to be a very promising technique in
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qoLEMqoLLANS (103 individuats/m2)

MI

oTgEI. rlisEcrs (103 ind./m2)

Fig.3: Comparison between burned (-----) and control
plots (-*-) for collembolans and other j-n-
sects in May, August, November and March.
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TABLE 6 - Analysis of varjance for Collembolans and Other Insects (after
transformation Y = log (x + 1))

TABLE 7 - Analysis of variance for Oribatei and 0ther Mites (after transfor-
mation Y=log(x+1))

n.s. - Not significant P > O.O5

rk -SignificantP<0:05
** - Highly significant P < O.OI

Source of
variation

Sum of
squares

Degrees of
freedom

Mean
square F

lI_rJ(1'tuN5
VIEIRA DO I{INHO

T]ME
ET'T'ESI OF FIRE

MAY
AI]GUST
NO\M,IBER
MARCH

AI{ARA}TIE
A IIVII,

EFEECT OF F]RE
MAY

AUGUST
NO\NE|IUBER

MARCI]
ERROR

I. )4ö

24.425

59.37 4
L6.763
I. 458

38.226

86.756

t2.387
11.2BO
15. o17

1 14tr

145.804

I
't

3

1
1
1
1

7
3

1
I
I
I

L44

r. 548

8.142

59.37 4
16.763
1. 458

38.226

28.9L9

L2.387
11.280
15. o17
I.225
1.O13

l.5J n.s.

B.o4 **

58. 61 **
16.55 **

1 LA a c

37 .74 **

28.56 **

12.23 **
11.14 **
14.82 **
1.21 n.s.

TIIIAL 4) 4 .264 159

Sour.ce of
variai.ion

Sum of
squares

Degrees of
freedom

l'lean
square

F

ltl;l{l't-uN5
V]EIRA DO MINHO

TI}IE
EM'ECT OT'FIRE

I{AY
AUGUST
NOVEItsm.
MARCH

AMARAT'IIE
T]ME

ETEESI OF I'IRE
MAY
AUGJgI
NOVS,IBER
I{ARC}]

ERROR

4.4q1

88. O12

o.330
15.435

1 Et1

11.056

35.026

15. 789
7.2L2

12.O90
o.251

151 _ 553

1
7

3

1
1
I
I

7

3

1
I
1
I

144

4.4q2

29.337

o.330
15.43s
I. s57

1r.056

11.675

15.789
7.212

12.O90
o.251
1 1?)

J.vb -

26.15 **

O.29 n.s.
13.76 ,k*

1.39 n. s.
g.g5 **

10.41 **

14.o7 **
6.43 *

10.78 **
O.22 n.§.

T01'A], 352.7 52 159
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Portuguese Forestry: reduction of fire hazard seems effect'ive and

envi ronmental consequences are not a1 armi ng ( and, 'i n some

aspects, even benefitial ). However, questions are, at this point,
more than the answers. The need of further research 'is obvious.

A'lso, continuat'ion of th'is work is necessary for a longer period,
j n order to assess opti ma1 peri od'i ci ty f or prescri bed f i re 'i n

these regions. hlith the execution of the 3.000 hectares of the
Emergency P1an, and wlth the results on the ecological effects of
prescribed fire, the Fuel Management Program w'i11 have condjtions
for a confident start.
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FIRE PROPAGATiON RISK IN A FOREST PARK

(Parque Florestal de Monsanto)

Carlos Souto Cruz, Portugal

SUMMARY

The use of controlled fires at the Monsanto Park (Lisbon) as a

prevention fire measure has been restrict so far due to the lack

of precise information in Portuga'l about the propagation risks
envol ved .

This lack of data regarding such k'ind of natural risk determ'ined

an analysis and interpretation procedure using only the ava'ilable
data about fires that occurred in this area.

The impossibility of using the automatic treatment of ex'isting
data in order to obtain useful bas'ic elements for forest works in
the spring of 1983, led us to adopt a previous analysis of the
data 'in order to obtain the following elements:

a) A fire propagation potencial risk gradient (concerning only
the geocoenosi s characteri sti cs )

b) A fire propagation biotic risk gradient (concerning only
the vegetat'ion characteri sti cs )

I. PRIVIOUS CONS]DERATIONS

Forest f i res are f acts with rather important repercuss'ions i n

Portugal .

The'ir number and the area burnt are condi ti oning f actors to the
use of territory and to the preventive measures to be adopted in
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the forest management to face th'is natural risk.*

Due to the reduced number of stud'ies on this subject, almost all
the terr"itorial plann'ing adopted up to now in Portugal omm'ited

the fi re rj sks as a basi c data or consi dered them only on

qual i tati ve terms.

Fires in a forest environment depend upon the following factors:

a) the soj I and meteorological conditions when fires occurs
( soi I mo'i sture, äi r humi di ty, temperatures and wi nd

ve1 oci ty )

b) land morphology (s1opes, exposure)

c) characterist'ics and amount of fuel
d) liable elements for the fire conflagration and control

(speci a1'ly the human ones )

However, the meteorolog'ica1 factors at the fire conflagration
moment and duri ng 'it are not taken 'into account i n the
terri tori al p1 anni ng.

Exception to the above occurs in the analys'is process where

d'ifferent meteorological conditions strongly di sgui se the
relat'ive .importance of the permanent factors.

The importance of such factors I i es mai n1y i n the fores't
management setti ng up of fi re meteorol og'i ca1 ri sk ( VELEZ I 98l ,
DELABRAZE I982) or instantaneous fire risk (DIAS I958).

Instead of thi s, the micro or meso-cl imati c characteri st"ics i n

average terms for the critical period appear as the main factors.

* In this paper the english
portuguese word RISCO,

american f ire term'ino1ogy.

word RISK corresponds directly to the
whose sense i s sim'il ar to HAZARD i n
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As a way of framing the fire problem from the territorial
planning po'int of view (CRUZ l98l) it is important to define the
fi re ri sk under the fol 1 owi ng aspects:

in conflagration terms, that could be defined by the number of
fi res
'in propagati on terms, that coul d be def ined b.y the average

diment'ions of each individual burned area.
'in burning terms, that could be defined by the total area

burnt, that is the result of the prev'ious ones.

The risk of fire can also be env'isaged according to the risk
conditjoning factors, namely:

potentia1 fire risk, which corresponds to the occurring
probability of fires due only to climatic, edaphic, hydric
and orographic factors.
bi oti c fi re ri sk, whi ch corresponds to the occurri ng

probabi 1 i ty of f ires due only to b'iocoenos'i s characteri st'ics
(total bjomass, cover density, tree cover, stratification
type, fuel combustibity and understory moisture.
natural fi re ri sk, wh'i ch corresponds to the occurri ng

probabi 1 i ty of fi res due to the bi ogeocoenosi s

characteri sti cs. It corresponds therefore to the data

related with both the pontencial and biotic fire risks.
d ) real f i re ri sk, whi ch corresponds to the occurri ng

probabifity of fire based not only in the natural risk but

also jn factors of antropic origin (deljberate or careless

setti ng of fi res, acessi bi 1 i ty and f i re control and

prevention measures).

However, the knowledge of the different kinds of risks have

different impacts.

So, the potenc'ial fire risk concerns main'ly the 'long 
berm

territorial p1anning studies (due to the fact that on'ly the
geocoenosi s factors are not consi dered as potenci a'l 1y vari abl e ) .

c)
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The natural fire risk concerns mainly the medium and short term

terri tori al p'l ann'ing , where i t i s a envi ronmental el ement

condi t'ion'i ng the di f 'Ferent human uses . Al so the knowl edge of thi s

factor and its cartograph'ica1 reproduction may become a useful
element in the fire control measures.

The real fjre risk is a basic element to the study and ana'lys'is

of the different k'inds of risk, as jt corresponds to what real1y
happens. As an element easily to obtain "a posteriori" jt could

be used directly as a first approach to the fire risk, specially
f or the def i n'iti on of the cri ti cal areas wi th thi s k'ind of
natural ri sk.

Fig. I shows a theoretical integration of the different k'inds of
f i re r j sks consi dered w.ith the correspondi ng determi nat'ive
el enrents.

2. OBJECTIVES

Concerning the problem of prevention and corrtrol of forest fires,
the Municipality of Lisbon (cAunnn MUNIcIPAL DE LISB0A) defined a

i nvesti gat'i on programme on the fol I owi ng phases:

gathering and selection of data concerning forest fires.
setting up of correlat'ions among the number and the average

burnt area of each fire and the follow'ing factors:
- type and density of vegetation
- hydric factors
- physiograph'ic factors
- meteorological factors
- human factors
drawi ng i n cartographi cal terms of the confl agrati on and

propagat.ion f i re ri sks based i n the correl ations def ined on

the previous phase.

d) adopt'ion of measures for territorial planning and forest
management as a way to prevent and control the forest fires.

a)

b)

c)
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THE PARQUE FL0RESTAL DE MONSANTO was choosen as a study area.

Those 
.I.000 

ha forest park stays inside a urban area (Lisbon) and

has a hi gh di versi ty i n ecol ogi ca1 terms . There occurs an hi gh

frequency of fires (with a average of B0 fires per year) quite
well reported about data (time, p1ace, burnt area, number of
atta'ined trees and burned ones ) .

In this process the data concern'ing the nurnber and average burnt

area correspond to the real f i re ri sk . The el im'inat'ion or the

settlement of the antropic factors make possible the definit'ion
of the natural fire risk, which can be devided in fuel parameters

(biot'ic fire risk) and environment parameters (potentia1 fire
risk).

Controlled burning is used at the MONSANT0 forest park as a fire
prevention measure. The knowledge of different propagation fire
ri sks on thi s park may hel p the f ores'l techni c'ians i n the area

management.

The delay of the informatic process envisaged, obliged uS, 'in

order to obtain useful elements for the works in the spring of
.l983, to define the propagation risk only w'ith the following
el ements:

a) Potential propagation fire risk
b) Biotic propagation fire risk

These two elements are complementary once its integrat'ion defines
theoreti ca1 1y the natural propagat'i on fi re ri sk.

But such integration 'is not valid in the present case as the
f i rst el ement (potenti a1 r'i sk ) i s determi nated by a qua'l 'itati ve

aggregation of the environmental factors and the second (biotic
risk) establ'ished by a previous analys'is without correction w'ith

any env'ironmental f actors (i ncl ud'ing the 'instantaneous ones ) .
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3. POTENTIAL PROPAGATION FIRE RISK

Cartographi ca1 ly represented 'i n fi g. 2 it was based on a

methodological proposal included in the Ecological Cartography

Project from the European Econom'ical Communitee (E.E.C.)

(KNOBLICH I9BO).

The proposed method (AQUATER l9B0) concerns the 'ident'if ication of
the threated areas by the wild fires.

Different versions adopted for Portugal has been used 'in several

territorial planning studies (R0X0 l98l, KNOBLICH 
.l982).

In the present case the method concerns the aggregation of the

mai n permanent envi ronment factors that determi ne the fi re
propagation risk: Emberger's p1uviothermic quotient, insolat'ion
intens'ity, soil moisture in the summer and slopes.

3.I EMBERGER'S PLUVIOTHERMIC QUOTIENT

Determined through the formula Q2 = 2,000 P

where

(M+m+546.7) (M-m)

(average annual precipitation)
(average maximum temperature in summer)

(average minimum temperature in winter)

The basic climatic data has been previously corrected. *

P

M

m

* J. de Pina Manique e Albuquerque has developed in
several studies concerning the values of I {
established at sea level and afterwards corrected
al ti tude gradi ent.

Portugal

and m,

wi th an
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The Q2 val ues (Ernberger' s

reorgan'ized on a 9 degrees

correspondence:

pluviotherm'ic

grad'ient wi th

quoti ent ) were

the f o1 1ow'ing

Q2 between I 50 and I 55

155 and 
.l60

160 and 
.164

]64 and 168

168 and 172

172 and 176
.l76 

and lB0

lB0 and ]85

lB5 and 
.l90

below I
between

above

degree 9

B

7

6

E
J

4

3

2

I

3.2 INSOLATION INTENSITY

Cartographi ca1 1y establ i shed through i ntegrati on of el ements

obta"ined in physiograph'ic analys'is (slopes and exposure). The

number of insolation hours (BART0RELLI, 1967) is gathered and

transl ated 'in a 9 degrees gradi ent w'ith the f o1 l owi ng

correspondence:

,600 hrs/year degree 1

1,600 and 1,800 hrs/year ?

1,800 and 2,000 hrs/year 3

2,000 and 2,100 hrs/year 4

2,100 and 2,200 hrs/year 5

2,200 and 2,300 hrs/year 6

2,300 and 2,400 hrs/year 7

2,400 and 2,500 hrs/year 8

2,500 hrs/year 9
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3.3 SOiL MOISTURE IN THE SUMMER

Established from the physic and hydric substratum characteristics
i n the fol I owi ng gradi ent:

so'ils with high water-table .... degree 2

silty-1oam so'ils 5

3.4 SLOPES

These phys'iographi c f actor has been used through the fo"l l owi ng

gradi ent:

slopes below 5% degree 2

between 5 and l0% 4

10 and 20% 6

above 20% 8

3.5 INTEGRATION SCHEME

The values obta'ined from the d'ifferent factors have been added

and latter on reduced to a 5 degrees universe.

Such process makes possib'le the establishment of different
potent'ia1 propagat'ion fire risks through the area under study.

4. BIOTIC F]RE PROPAGATION RiSK

This element is only an approach, as'it was established through a

very 1im'ited analys'is of the basic existing data.

Several important factors have not been used 'in the analysis as

fol I ows:
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a) physiograph'ica1 factors that have been included in a

different el ement.

b) meteorologica'l factons, such as temperature, dir humidity,
soi I moi sture and wi nd vel oc'ity occurri ng at the moment of
defl agrati on and fi re spreadi ng.

c ) human f actors, rnai n1y on the aspects of detect'ion and f i re

control . These factors have been considered of smal ler
importance than the previous ones due to the existence of a

dense road network (with a total 'length of 120 km), a

f i remen head-quarterin the centre of the park, forest
guards houses, ffiilitary and private installations along the
park.

The conclusions concerning the biotic risk in such conditions
have a rather limited importance, however,"it could be used as a

first approach to the problem.

4.I USED BASIC DATA

The MONSANTO forest park constitutes an emergent relief with
.l.060 

ha of total area, presents an altitudinal variation between

30 and 200 meters and has a rather diverse vegetation.

The reforestat'ion began in 'l936 and has been concluded 30 years

I ater.

The exist'ing data about wild fjres in the park concernes ma'in1y

the time, 1oca1 (in a 6.25 ha reference reticulate), burnt area,

type of vegetation attained and quant'ity of dead trees.

Although the fire records started from 1950, only after .I964*

they have been considered as rel'iable.

* .1965 
has not complete data, so they have been not used.
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The basic data, refered in short on TABLES I and 2 pointed out
to:

a) A total of .|..126 wild fire occurred (with a average of 10.4

fires per year during the period). hlith a minimum in .l969 (40

fires) and a maximum in .l976 (.l25 fires).
The maximum of fires occurs in August (25.8%) and July
(23.3%), fol lowlng by June (11 .8%) and September (11 .6%) . In

October occurs 3% of the fires and in May 1.4%. In the other
months (November to April ) only 1 .7% of the fires occur.
The average burnt area per fire during the period considered

is 2.345 sq.m., wjth a minjmum in 1976 (l.l9l sq.m.) and a

max'imum in l9B0 (4..l63 sq.m.)

The majonity of the fires has been of low intens'ity and slow-

spread'ing. The f I ame rarely attai ned 2 m 'in l enght (the

average lies between 0.5 and I m).

c)

d)

e)

f)

From the exl sti ng data 'it was sel ected to analyti c treatment

only those concerning the average burnt area per fire, density
and type of vegetation. All the data has been reported to the

refered reticulate used in these park as the fire reference

el ement .

The selected data are shown in figures 3,4 and 5 per gradient or
presence/absence of data.

Different types of vegetation reveal

susceptib'i1ity to the fires.
A rather importance of wild fires in Monsanto

years the fires spreading through 295 hectars

al I area) .

a d'if f erent

park. In I 6

(almost 30% of

as a basic methodology the

burnt area and the type of
Ernberger' s p1 uvi othermi c

4.2 DATA TREATMENT

The original study project pointed out

settjng up of correlations between the

vegetati on , densi ty of tree cover,
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Table 1z Fire statistics

Table 2z Fire data referred to the type of
vegetation

The total occupied area exceeds the gtobat area understudy. The different types of vegetation include boththe pure stands and the mj_xed ones.

occupied
area (A )

burnt area
(B)

rf4 r number
of l!res

mlxed stands
carvalhal (0uercqs sp)
rcacial (!9g"1", 

"p)pinhe I manso ( Dinus Pinea )

suca.LiptaL (Eucalyotus sp)
pinhäI dF alepo (Pinus halepensis)
cupressal ( Cupressua sp)
olival ( 0Iea europaeg)

i63 t2
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l-]-z,5

60 ,8
)t )
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l)4rt

31 ,0
4ga,l
, a] (

L26,)
ztbt>

39,9
26,5

)1 c

a) A

r1,0

2

121
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251
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quoti ent, average so'i I mo'i sture i n summer, i nsol at j on hours ,

s'lopes and meteorological conditions at the moment the fires
start (temperature, a'ir humi d'i ty, wi nd vel oci ty and t jme e1 apsed

after I ast ra'in ) .

As "it was mentioned before, this kind of analysis that normally
'impl ies the automatic treatment of ava'il abl e data, was not

interely completed.

In th'is phase, the analysis was limited to the determination of a

probabi1ity risk grad'ient of f ire propagation based only in the

type of vegetation and the tree cover density. The remain factors
related to the fire propagation were not taken into account.

The vegetation types considered are the fo11ow'ings:

ACACIAL - tree cover:

cyanophi I a,

occasi onaly

understory:

dominance of Acacia

Acacia longifolia, or

mel anoxyl on, Acac'i a

Acaci a pycnantha and

Acacia cyclops

mainly composed by Acacia sp. regeneration

CARVALHAL - tree cover: dominance of evergreen sclerophyt'ic

Quercus species, mainly of Quercus suber (cork oak),

and Quercus rotundifolia (iberian holm oak). Locally
al so occurs Quercus fagi nea, Quercus robur and

Frax'inus angust'if ol i a subsp. angusti f ol 'i a

understory: a very dense one that 'includes not on'ly

the domi nant speci es regenerati on but al so

Phillyrea latifolia, Viburnum tinus, Arbutus unedo,

Rhamnus alaternus, Quercus coccifera, Jun'iperus

phoen'icea, 0l ea europaea var. syl vestri s

Au*Ur.i.i.o I unO pi ttorporr.* *dul atum

CUPRESSAL - tree cover: dominance of Cupressus sp., mainly of
Cupressus I usi tani ca but al so of Cupressus

macrocarpa and Cupressus sempervirens

understory: almost absent with pract'ically no shrubs
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EUCALIPTAL - tree cover: dominance of Eucalyptus sp., mainly of
Eucalyptus camal dul ensi s or Eucalyptus cornuta.
Local 1y occurs al so Eucalyptus botryo'i des,

Eucalyptus saligna, Eucalyptus sideroxylon, etc.
understory: 'i s rather di versi f i ed and al ways

present, i t j ncl udes Rubus ulm'i fol i us, Loni cera

etrusca, Prunus spinosa subsp 'insi st'itoides, Ulmus

minor, Acacia longifolia, etc.

OLIVAL tree cover:
(ol ive tree)
understory:
( agri cul ture

dominance of 0lea europaea var. europaea

w'ith strong antrop'ic characteri sti cs

or grazing)

PINHAL DE ALEPO - tree cover: dominance of Pinus halepensis

understory: w'ith an intense regeneration of the

domi nant pi ne speci es. Incl udes al so Arbutus

unedo,Phillyrea latifol ja, Quercus coccifera,
Rhamnus al aternus , Rhamnus lyci oi des subsp,

ol eoi des, 0l ea europaea var. syl vestri s

PINHAL MANSO - tree
pine)

cover: dom'i nance of P'inus pi nea (umbrel I a

understory: a very di versi fi ed one, from

scarcely herbs to very dense format'ions with

Quercus rotundi f ol i a, Ph'i I lyrea I ati f ol i a,

Rhamnus alaternus, Jun'iperus phoenicea, etc.

MIXED STANDS - This kjnd of vegetat'ion refered the remain vegetal
cover, usual1y very diversified and w'ith a strong
number of dominant species. The more frequent
species in the tree cover are: Quercus faginea,

Quercus robur, Quercus pyrena'i ca, Gl edi tchi a

tri acanthus, Ulmus mi nor, Ce.lt'i s austral 'i s ,

Popu'l us al ba, Popul us ni gra, Fraxi nus

angusti fol 'i a, Fraxi nus ameri cana, Cerc i s

sjljquastrum, A'ilanthus altissima, Acer negundo,
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Ceraton'i a si I i qua, 0l ea europaea, Schi nus

terebenthi fol i a, Al bi zzi a I ophanta, Pi ttosporum

undul atum, Acaci a deal bata, Acaci a decurrens,

Acacia retinoides, Acacia Karoo, Acacia pycnantha,

Acaci a mel anoxyl on, Eucalyptus sp. , Cupressus sp. ,

_Pjry: canari ens'i s, Pi nus p'inea, P j nus hal epens'i s

and P'l atyc'l adus ori ental 'i s

The average burnt area of the different types of vegetation is
shown 'in TABLE 3 in function of tree cover density. The pure

stands and the mixed ones are presented separately.

Through regressi on analys'i s we tri ed to determi ne the evol ut'ion

trends of the average burnt area on the d'ifferent types of
vegetat.ion whose I 'inear regressi ons are represented i n FIG . 6 .

The correlation coefficients (r) and the regression coeffic'ients
(B) of those regressions are shown in TABLE 4.

4.3 CONCLUSIONS

Based on the correlat'ions between burnt area and the different
vegetat.ion types and tree cover dens'ities, 'it is possible to
concl ude i n a f irst approach the fo'l1owi ng:

in 91oba1 terms there is a inverse correlat'ion between the
average burnt area and the tree cover density, mainly for 1ow

cover dens'ities (the average burnt area varies from .l0.900

sq.m., 7.300 sq.m. and 5.900 sq.m. for tree cover densities
below 20%, 30% and 40% respectively). For tree cover density
over 70% the average burnt area present a trend to stabilize
at 2000 sq.m..

on Quercus sp. and Acaci a sp. stands occurs a di rect
correlat'ion between the average burnt area and the tree cover

density.
The fact may be related with the high pluri-strat'ification of

a)

b)
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these stands and the fuel continuity.
low grow'ing rate of the evergreen oaks

the existing Acacia species.

the mixed stands, the Cupressus sp. stands and the 0l'ive
tree stands present a i nverse correl ati on between the
average burnt area and the tree cover density. This fact 'is
apparentely based on the low understory density of the

Cupressus stands ( due to a I ow I umi nosi ty ) and 0l i ve tree
stands (due to traditional agriculture uses), whereas in the

mi xed stands thi s effect i s probabi 1y due to several

d'ifferent factors (mainly to the highly interspecific
competi ti on and the di sconti nous strat'if i cat'ion )

in the pine stands (of Pinus p'inea and Pjnus halepensis) and

in the Eucalyptus sp. stands the correlat'ions between the
average burnt area and the tree cover density are not very

welI defined:
- in the pure stands the correlation is a direct one,

although not very accentuated.

- 'i n the m'ixed stands the correl ati on i s a i nverse one .

t^lith the ex'isting data it'is difficult to find a correct
expl anati on .

e) in the different vegetat'ion types the average burnt area

increases jn the following order: 0lea europaea siands

Cupressus sp. stands - Pinus halepensis stands - mixed stands
- Eucalyptus sp. stands - P'inus pinea stands - Acacia sp.

stands - evergreen Quercus sp. stands

4.4 FIRE PROPAGATION RISK AND CORRESPONDING INDICES

The above conclusions open the poss'ib'if ity to define a variation
in the probability of the fire propagation risk depending upon

the vegetation type and tree cover density.

Such probability may be represented by a qualitative gradient
directed correlated with the average burnt area. It may vary
between degree I (min'imum) and degree 5 (maximum) .

Both result from the

and the low height of

c)

d)



-126-

TABLE 5 shows the results in accordance with the above gradients.

In the case of MONSANTO park and taki ng j nto account the
different vegetations types and considering always the highest
value of fire gradient, the biot'ic risk of fire propagation may

be chartered as follows (Fig. 7):

maximum risk - presence of vegetat'ion with degree 5

medium risk - presence of vegetation with degree 4

minimum risk - presence of vegetat'ion w'ith degree 3, ? or 1

Table 5: Averagie burnt area gradient

Vegetation type ? of tree cover

0 20 30 40 50 60 70 80 90

20 30 40 50 60 70 80 90 100

Quercus sp.

Pinus pinea

Eucalyptus sp.

Acacia sp.

average

mi.xed stands

Cupressus sp,

Pinus halepensis

Olive trees

44444455
44444444
44444444
44443344

544443333
s44443322

44443322
44443222
44443211

I
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KONTROLLiERTES BRENNEN IM I,.IESTEN DER VEREINiGTEN STAATEN VON

AMERIKA

Robert E . Mart'in , Matth'i as t,.J . D'iemer und iohann Georg Gol dammer,

U.S.A. und Bundesrepubljk Deutschland

Ii nl ei tung

Feuerist ei n wicht'iger Bestandte'il vi el er naturnaher Ökosysteme

der hlel t (PYNE 19BZ). D'ie Peri odi k des Auf tretens von Feuer i st
abhängi g von der Vegetat'ion , dem "Feuerwetter" (rneteorol ogi sche

Bedingungen, unter denen hohe Brandgefahr herrscht) und den sich
daraus ergebenden Unterschi eden im Verhal ten des Feuers und

dessen Auswjrkung auf d'ie Vegetation (MARTIN l9B2a). Kenntnis

ljber das Vorkommen und Auswi rkungen von Bränden werden al s

Grundlage zur Anwendung des Feuers als Bewirtschaftungsmethode

benutzt. In diesem Beitrag sollen die h'istorische Rolle von Feuer

im westl i chen Nordameri ka und dj e si oh daraus ergebenden

derzei ti gen und zukünfti gen Anwendungen des kontrol I i erten
Brennens behandelt werden.

l-iistorisches Vorkommen von Bränden (Feuergesch'ichte)

Feuer wurden a1 1 täg1 i ch von den Europäern beobachtet, di e

Nondamerika durchquerten. Berichte über das Auftreten von Bränden

kamen von Forschern, Trappern und Siedlern aus dem Flachland des

Mi ttl eren Westens und den Rocky Mountai ns, bi s hj n zuy

Paz'ifikküste. Diese Feuer wurden hauptsächlich von Biitzschlag
und Indi anern verursacht, aber oftma'ls trugen auch S'iedl er dazu

be'i .

Den von ind'ianern verursachten Bränden wird in jüngerer Zeit
stärkeres InLeresse entgegengebracht. Niemand zweifelt an der
Tatsache, daß Indi aner Brände i egten , wobe.i es umstri tten 'i st, ob

d'ies vorsätzl'ich oder unbeabsichtigt geschah, uffi bestimmte Ziele
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zu erreichen. Jahrelange untersuchungen über die Anwendung von

Feuer durch ameri kan'i sche Ure'inwohner veranl aßten STEI^JART ( I 963 )

zu der Feststel'lung, daß die "Eingeborenen in allen
Vegetationstypen brannten, die dazu geeignet waren". Manche

Forscher vermuten, daß der Besitz von Pferden die Ind'ianer zum

großräumigen Brennen veranlaßte; d'iese Vermutungen stimmen aber

ni cht m'it Untersuchungen aus dem Nordwesten der USA ljberei n .

Seit einer halben Million Jahren ist der Mensch in der Lage, das

Feuer zu nutzen und zu beherrschen, aber erst während den I etzten
l0 - 20.000 .lahren lernte er es zu erzeugen (STEh,ART .l963).

Dennoch war di e Entzündung von Feuern f ür di e I ndi aner rel ati v

problematisch, und sie ließen daher ihre Lagerfeuer brennen oder

benutzten I angsam brennende Vorri chtungen, ufft den mühsamen

Prozess der Feuerentf achung zu vermei den . Be'ide Gewohnhe'iten

waren Ursache für weiträumige Brände.

Die Indianer benutzten Feuer offens'ichtlich zur Jagd, zum Sammeln

von Insekten und zuy Erhal tung geei gnet schei nender

Vegetationstypen, wie z.B. offener Flächen um ihre Lagerplätze
zum Schutz gegen Fe'i nde. Im Mittl eren Westen wurden Feuer

wahrscheinl'ich gelegt, um den Bison in Fallen zu treiben, während

in der "Intermounta'in"-Region d'ie Hänge am Fuß entzündet wurden

um Wi1d, das vor Rauch und Flammen flijchtete, abzuschießen. In

Nordkal i forni en wurde di e Rauchentwi ck1 ung von qual menden Feuern

zum Sammel n der Larven von Coloradi a pandora genutzt und

Grasbrände wurden gelegt, ufl Heuschrecken in Gruben zu treiben
(B0DENHEIMER l95l ). Diese Insekten wurden getrocknet, in Pulver
zerrieben und als Proteinzusatz zur Nahrung genutzt. Ungeachtet

der tatsächl 'ichen Zwecke erwei terten d'ie Ind'ianer i n den

Landschaften des hlestens das Vorkommen von Bränden.

Aufgrund des Auftretens von Gewittern in diesen Gebieten war das

Feuer jedoch berei ts ei n wi cht'i ger Bestandtei I der Natur .

Dokumente aus der Gegenwart deuten darauf h'i n, daß durch

B1 i tzschl ag bi s zu I 00 Brände/l m'i o ha verursacht werden
(SCHR0EDER and BUCK 

.l970). In den meisten Gebieten des westlichen
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Landesi nnern, außer auf feuchten Standorten, auf denen di e

Douglas'ie (Pseudotsuga menzjesii ) dominiert, werden jährlich
mindestens 25 Brände/l mio ha durch Gewitter verursacht. Die

große Anzahl durch Blitzschlag entstandener Feuer ist auf die
'l ange sommerl'iche Trockenperi ode m'it geri nger Luf tf euchti gkei t
zurückzuführen . Krautarti ge Pfl anzentei I e verhol zen , das

Brennmaterjal trocknet aus, und aufgrund der Tatsache, daß der

Ni ederschl ag verdunstet, bevor der Boden errei cht w'i rd, erhöht

si ch di e Brandgefahr.

Die Anpassungsformen v'ieler Pflanzen im westlichen Nordamerika

deuten auf e'ine Evolution in einem "Feuerklima" hin, d.h. unter
kl imati schen Bedi ngungen , 'in denen der Ze'itraum zwi schen den

Bränden relat'iv unterschiedf ich, aber dennoch vorteiIhaft für
bestimmte Pflanzen sein kann. Am offens'ichtlichsten.ist dies bei

Baumarten, die resistent gegen das Feuer sind, mjt Ausnahme von

Kronenfeuern. D'i e starke Borke der Ponderosa-Ki efer ( Pi nus

ponderosa) , der Lärche ( Larix occidental i s ) , der Sequoi a-Arten
(Sequo'ia sempervjrens, S.gigantea) und Douglasie (P.menziesi'i )

sind völlig widerstandsfähig gegen Bodenfeuer, obwohl sie im

Säml i ngsstadi um recht anfäl 1 i g si nd. Di e Säml i nge der Ponderosa-

K'iefer werden, aufgrund des kräft'igen Astwuchses und der 'langen

Nadel n, di e di e Knospen schtjtzen , dl s erste di eser Arten
resistent. Andere Arten entwickeln "serot'ine" Zapfen, in denen

keimf ähi ge Samen ijber I ange Zei t hi nweg erhal ten werden . D'iese

Anpassung i st besonders an fol genden Ki efernarten ausgebi I det:
Pinus contorta, P.attenuata, P.muricata, P.radiata, sowie dem

Mammutbaum (!.gigantea). We'itere PfIanzen haben "harte" Samen,

die b'is zu 200 Jahre lang keimfähig im Boden ruhen können. Diese

E'igenschaft ist in verschiedenen Arten der Gattungen Ceanothus

spp. und Arctostaphylos spp. und verschi edenen

Schmetterlingsb'lütlern (Leguminosae) vorhanden (GRATKOWSKI 1962,

MARTIN et al. .l975a)."Leichte" 
Samen sind eine weitere Strategie

di e, wi e z .B . bei Popul us spp . , di e Besi ed1 ung entfernter
Brandfl ächen ermög'l j cht . Letztl i ch i st di e Fähi gkei t vi el er
Pfl anzen erwähnenswert, si ch m'i ttel s Stockausschl ägen und

Proventi vknospen vegetat'i v zu vermehren , t^tas bei der
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l,.Iiederbesiedlung offener Flächen große Vorteile mit sich bringt.
Ein e'inmaliges Be'ispiel e'iner Kombination von "leichten" Samen

und Stockausschlägen sind die Millionen ha von Pappelbeständen
(hauptsächf ich Populus tremuloides und P.grandidentata) in den

Staaten entlang den Großen Seen, dje in den letzten B0 Jahren

nach Abhol zung oder hlal dbränden entstanden si nd. Di e hi stori sche

Bedeutung des Feuers in Nordamerika 'ist umfassend dokumentiert
(ALEXANDER 1979, l9B0; ST0KES and DIETRICH l9B0; MASTROGIUSSEPPE

et al . I 983 ) . D'i e unterschi edl i che Beschaffung von Daten und

deren Auswertung erschwert iedoch d'i rekte Vergl ei che. Di e

Resul tate können zur Erstel 1 ung ei nes a1 1 gemei nen Verhäl tni sses

zwi schen dem Feueri nterval I und kl 'i mati schen Gegebenhei ten

herangezogen werden (MARTIN l9B2).

Das h'i storj sch nachgewi esene Auftreten von Feuern auf ei nem

bestimmten Standort und dessen Vegetati on l'ief ert e'ine

öko'logi sche Grundl age f ür d'ie Anwendung des kontrol I'ierten
Feuers. Das unberechenbare Verhal ten und Vorkommen von

tnlaldbränden würde, sofern unkontrolliert, viele der natürlichen
Reize unseres Landschaftsbildes beeinträchtigen. Demzufolge wird

das Feuer so eingesetzt, um bei weitestgehender Reduzierung der

Umwel tbel astung di e f orstwirtschaf tl 'ichen Erträge zu erhöhen . D'ie

Verfolgung der Idee, das Feuer aus den Grenzwirtschaftswäldern

fernzuhalten, resultierte'in überbestockten Beständen, erhöhtem

Schädl i ngsbefal 1 , katastrophal en Brandbedi ngungen und i n

erhebl 'ich reduzi erter Primärprodukt'ion unserer l^le j de- und

Feuchtgeb'iete . M'it di eser Takti k haben wi r versucht, natljrl i che

Prozesse auszuschalten, anstatt sie durch wohlijberlegte Anwendung

des Feuers nachzuahmen.

Pl anung des kontrol I i erten Brennens

Die Anwendung des Feuers als Bewirtschaftungsmaßnahme hängt von

den Zielen und der Konzeption der jeweiligen 0rganisation ab

(MARTiN l97B). Wenn innerhalb einer Verwaltung das Feuer als
Management-Methode n'icht vorgesehen 'i st, dann f i ndet di ese
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Nutzung auch nicht statt. Dieser Zustand herrschte "in einem

großen Te'il der Verei ni gten Staaten mehr al s dre"i Jahrzehnte

1 ang.

Falls die Anwendung von Feuer mög1ich ist, muß sie aus der

Di esegesamten Bewirtschaftungskonzeption hervorgehen.

Entscheidung sollte auf den folgenden Kriterien basieren:

l. Ein bestjmmtes Gebjet wird mit Feuer behandelt, um eine

erwünschte Nutzungsform zu erreichen.
2. Das kontrol I i erte Brennen i st aus ökonom'i scher und

öko'logischer Sicht die am besten geeignete Maßnahme der

Behandl ung ei nes Bestandes.

0ftmals sind jedoch mehrere Methoden notwendig, um bestimmte

Z'ie1 setzungen zu errei chen, und i n di esem Fal I wijrde Feuer i n

Komb"inati on mi t mechani schen, chemi schen und b'io'logi schen M'ittel n

angewandt; dabe"i müssen d'ie verschiedenen Methoden aufeinander

abgestimmt werden.

Beim Ei nsatz des kontrol I i erten Brennens si nd verschi edene

Planungsschritte notwend'ig. In privaten 0rganisationen muß dieses

Verfahren nicht formell sein, vorausgesetzt, daß Erfahrungen über

das Verhalten und dje Auswirkungen eines Feuers vorhanden sind.
I n den mei sten staatl i chen Behörden wurde di eser Prozess

inzwischen formalisiert, ufl die Erfolgschancen zu erhöhen und

eine Basis für spätere Auswertungen zu bilden. Es jst in vielen
Fäl I en mö91 i ch, Zei t- und Kostenei nsparungen zu erzi e1 en, wenn

ruehrere Projekte koordin'iert werden.

Die meisten Feuer werden im ldealfall von Expertengruppen, aus

Fachl euten verschj edener D'i szi p1 i nen bestehend, gepl ant bzw.

deren Anregungen berljcksi chti gt . 0bwohl si ch d'ie aus di esem

Vorgang ergebenden Anderungen nachtei 1 i g auf di e ursprüng1 i che

Zi el setzung auswi rken können, wi rd dadurch oft d'i e Verwi rk1 i chung

e'ines Oberzi el es auf rati onel I e l,rlei se ermö91 i cht . Der

Feuerökologe muß sich z.B. rnit einer verm'inderten Reduzierung des

brennbaren Materi al s zufrieden geben, fördert aber damit
Entw'ickl ungen aus f orstw'i rtschaf tl i cher, jagdwi rtschaftl i cher
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oder Standorts-bezogener Si cht, di e oftmal s den Wert der

ursprüngf ichen Zie1setzung übersteigen. In den verschiedenen

0rgani sati onen wi rd der P1 anungsvorgang unterschi edl 'i ch

gehandhabt, enthält aber prinz'ipie11 in jedem Fall d'ieselben

logischen Schritte (M0BLEY et al . 1977, G0LDAMMER 
.l978, 

MARTIN

and DELL 
.l978, 

FISCHER 
-I978). 

Der Umfang einer derartigen Planung

w'ird i n der Rege'l auf e'in e'insei ti ges Formul ar mi t ei ner Karte

als Grund'lage reduziert. Sie enthält folgende Ejnzelheiten:

I . Standortsbeschreibung:

Di e Beschrei bung des zu brennenden Standorts i st der erste

Schritt 'in der Planung. Die zu erfassenden Daten beinhalten

brennbares Materi a1 , Vegetati on, Böden, Topographi e , Gewässer

und Bewe'idung bzw. Asung durch hl'i I d und Vi eh . Di ese

Inventari si erung kann unter Umständen zur Modi fi zi erung Von

Bestandesabgrenzungen führen, ufl homogenere oder auch

vi el fäl ti gere Brandfl ächen zu gestal ten, wobei

unterschi edl'i che Lagen, Vegetati on, Brennmateri al anhäufungen

und andere Faktoren gegebenenfal I s ei ne gesonderte Anwendung

des Feuers zu bestimmter Zeit und unter speziellen Bedingungen

erfordern.

Z. 7ie1 setzung:

D'ie aJ erre'ichenden Ziel e si nd auf den iewe'i 1 i gen Fal I hi n

konzi pi ert und berücksi chti gen di e generel 1 en

Bewi rtschaf tungsp'l äne und standörtl 'ichen Gegebenhe'iten . Diese

Vorstellungen sollten klar und quantitatjv dargestellt werden,

um Mißverständnisse und Fehle'inschätzungen zu vermeiden, sowie

ei ne Bewertung des Branderfol gs zu ermö91 i chen . Sol che

Zielsetzungen beinhalten z.B.:
- Redukti on des Brennmateri al s der I 00-Stunden-

Zeitverzugsklasse (A 2,5 - 7,6 cm) lOt/ha *

- 90% der Humussch'icht auf dem Standort zu belassen

* S.a. Be'itrag von MARTIN und DIEMER
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70% der Bäume mit einem Durchmesser unter 7 cm abzutöten

Kronen bi s zu 6 m Höhe zu versengen

3. Brennplan und -vorschrift:
Der Brennp'lan enthäl t d'ie Voraussetzungen und Ri chtl i n'ien zuy

Anwendung des Feuers , di e auf Erkenntni ssen der obi gen

Kategori en (1 ,2) basi eren . Mehrere quant'itat'ive Hi I f sm'ittel

stehen a)y Verfügung, uffi ei ne gewünschte und g1 ei chze'i ti g

real i sti sche Vorschri ft anzusteuern . Das Feuerverhal ten kann

anhand der Gleichungen von ROTHERMEL (1972), durch Nomogramme

(ALBINI .l976), 
Computern oder Taschenrechnern, wie dem Texas

Instruments TI 59 oder Hewl ett-Packard HP-4.lC, berechnet

werden . VAN I^JAGNERS Gl ei chungen ( 
.l 

973 ) oder di e graph'i schen

Darstel 1 ungen von ALB IN i ( I 976 ) ermög1 i chen ei ne Vorhersage

über di e Höhe der Versengung der Baumkronen. Be'i Cer

Verfassung der Brennvorschri ft i st di e Kenntni s der

vi el fäl ti gen Auswi rkungen des Feuers auf di e Resourcen

h'i I f re'ich . Dazu können zusammenf assende Darstel 1 ungen

herangezogen werden ( LOTAN et al . I 981 , LY0N et al . 'l 978,

MARTIN et al . 1979, SANDBERG et al. 1979, TIEDEMANN et al.
1979, TAIELLS et al . 1979). Der durch das Feuer verzehrte Anteil
des Brennmateri al s kann über den Feuchti gke'i tsgehal t anhand

von G1 ei chungen prognosti z'i ert werden ( SHEARER 1976, NORUM

1977, SANDBERG 
.l980, 

MARTIN lg8l ). Djese quantitativen
Hi I fsmi ttel si nd bei der Erstei 1 ung des Brennpl ans äußerst

nützlich. D'ie Genauigkeit der Brenn-Vorschrift und deren

Ausftjhrung erfordert jedoch Erfahrung. Insgesamt basi eren

vi el e Brennpl äne im t^lesentl i chen auf Erfahrungen, di e bei

anderen Bränden unter ähnljchen Bed'ingungen gemacht wurden.

Bei der erfol grei chen Anwendung des kontrol I i erten Brennens

tragen viele Faktoren bei, u.a. Topographie, hletterbedingungen,

Brennmaterial , Jahres- bzw. Tagesze'it, Entw'ick'lungsphase der

Vegetati on, Bodenbeschaffenhei t und Anwendungswei se des Feuers.

Im Gegensatz zur ( Schad- ) Wat dbrandbekämpfung 'i st es beim

verordneten Brennen mög'lich, alle diese Faktoren zu

berücksichtigen oder gegebenenfal ls zu modifizieren. 0bwohl die
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Topographi e e'ines Gebi etes unveränderl 'ich i st, kann man di e

Auswirkungen eines Feuers durch d'ie Anordnung der Brennflächen

nach geographischen Gesichtspunkten optim'ieren. Deswegen ist es

notwendig, daß der Feuerökologe bei Entsche'idungen über die

Abgrenzung und Bew'i rtschaftung von Fl ächen zu forstl i chen,

weide-, jagdw'irtschaftlichen oder anderen Nutzungsarten betei)'igt
wi rd.

Das brennbare Material wird durch die Vegetation eines jeweiligen

Standortes charakteri si ert und kann vor dem Brennen auf

verschi edene i,,Jei se, vor al I em der Anordflur1g: mani pul i ert werden.

tnleiterhin sind bestimmte Anforderungen an den Zeitpunkt und d'ie

Wetterbedi ngungen zu stel I en, da Jahres- und Tageszei t von

charakteristischen kl'imatischen Verhältnissen geprägt werden, d'ie

einen bedeutenden Einfluß auf den Zustand der Vegetation und das

Brennmaterial haben. Die Brenntechnik ist'in der angelsächsischen

und auch 'in der deutschen Literatur ausgiebig behandelt worden

(M0BLEY et a].1977, MARTIN & DELL 
.l978, 

G0LDAMMER l97B). Für die

Entzündung kommen dabei verschi edene Methoden und Geräte

unterschi edl i cher tali rkungswei se 'in Betracht :

Die Brennfackel oder Feuerkanne (drip torch) ist aufgrund ihrer
vielseitigen und einfachen Handhabung am weitesten verbreitet.
Fackel n, d'i e i n der Hand gehal ten werden ( road f1 ares,

Warnleuchtkörper), entzünden Brennstoffe äußerst 1 angsam, aber

s'ind leicht und kompakt. Flammenwerfer (Rückenspritze) mit Propan

oder Di esel s'ind gee'ignet, uffi das Brennmateri al über ei ne

Entf ernung von 6-8 m 'in Brand zu setzen . Nachtei'l i g wi rkt s'ich

jedoch d'i e kompl i zi ertere Bauwei se und der rel ati v hohe

Kraftstoffverbrauch aus. Elektron'ische Zündungsmethoden, wie z.B.
mit Sprengschnur und Benzin-Gel ermöglichen eine g1e'ichzeit'ige

Entzijndung großer Fl ächen. Diese l'lethode 'ist jedoch mit mehreren

Nachtei I en verbunden: Erstens erfordert di e Verdrahtung ei nen

großen Zei taufwand und zwei tens muß das präpari erte Gel ände

bewacht werden, ufir eine verfrühte Zündung zu verme'iden. Mit
Ka1 i umpermanganat und litfryt englycol gef ü1 1te Hül sen , di e 'in

Australien zur großf1äch'igen Entzündung mit Flugzeugen entwickelt
worden s'i nd, wurden i nzwi schen i n den USA zum Ei nsatz von
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Hubschraubern aus umkonstru'i ert. Außerdem gi bt es di e

"helitorch", eine große, unter dem Hubschrauber hängende

Brennfackel, dessen Anwendung s'ich vor allem in steilen oder

großf1 ächi gen Lagen bewährt hat und zunehmend verbrei tete
Anwendung fi ndet.

4. Logi sti k

Der nächste Schri tt im P1 anungsvorgang bei nhal tet 1 ogi sti sche

Uberl egungen zuy Vorberei tung, Ausführung des Brennens und

anfallenden Nachlöscharbeiten ("mop-up"). H.ierin werden d'ie

notwend'igen Arbeitskräfte,
Versorgungsmaterial aufgeführt.

Ausrijstungsgegenstände und

5. Offentl.ichkeitsarbeit und Genehmigungen

Heute werden zur Durchführung des kontrollierten Brennens eine

Rei he von Mi ttei I ungen und Genehm'i gungen benöti gt. Sowohl pri vate

Grundbesi tzer, al s auch Körperschaften des öffentl i chen Rechts

müssen Genehmigungen einholen, um den gängigen Bestimmungen über

Luftverschmutzung a) entsprechen. tlierbei sind vor allem die

erwartete Rauchentw'ick1 ung und d'ie hJetterbedi ngungen , di e das

Feuerverhal ten wesentl 'i ch beei nfl ussen, von Bedeutung .

Benachrichtigung der Öffentl'ichkeit über Rundfunk, Fernsehen oder

Zei tungen, b'ietet dem Feueröko'logen außerdem noch di e

Mögf ichkeit, die Grijnde und VorteiIe des kontrolIierten Brennens

zv publ i zi eren. In der Regel werden zudem noch zuständi ge

Pol 'i zei - und Feuerwehrstati onen benachri chti gt, um Anrufe von

der Bevölkerung entgegenzunehmen.

6. Auswertung und Bericht
Di e Beschrei bung und Auswertung des Brandgeschehens s'i nd

w'ichtige, aber oftmal s übergangene Bestandtei le des

kontrollierten Brennens. In letzter Zeit wurde dieser Schritt in
den P1 anungsprozess ei ngegl i edert und ermög'l i cht ei nen

"Feedback", um eventuel Ie Mißstände zu beseitigen und d'ie

l,.lirksamkeit zu verbessern. Die Beschrejbung sollte u.a. die
allgemeinen Bedingungen während des Brandes, das Verhalten des

Feuers und dessen Ausw'i rkungen über mehrere P1 anungs-Peri oden
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hi nweg bei nhal ten.

Die Ausführung des Brennens

Ein erfolgreich durchgef[ihrter Brand erfordert umsichtiges und

vors'ichtiges Vorgehen aller Bete'i1igten. Nachdem d"ie im Brennplan

vorgeschri ebenen Bed'i ngungen erf ül I t worden si nd und s'ich das

Personal vo1 1 ständi g versammel t hat , müssen di e neuesten

Wettervorhersagen ausgewertet werden, da ei n unvermuteter

I^/etterumschwung si ch verheerend ausw'irken kann . Beobachteli n

Feuerwachtürmen sol I ten 'i nformi ert werden, uffi sofort über

Veränderungen beri chten zu können. Das Personal sol I te über

Zi e'l setzung, Inhal t des Brennp'l ans und 'i hr Verhal ten bei

außergewöhnl i chen S'ituat'ionen 'inf orm'i ert werden . Schl 'ießl i ch

sollte e'in Testfeuer entzündet werden, gewöhnlich in einer Ecke

der zu behandelnden Fläche und mit repräsentat'ivem Brennmaterial.
Das Verhal ten di eses Testfeuers ermögl i cht es dem

Verantwortl i chen , €i ne Entschei dung i.jber d'ie Gewährl ei stung der

Zi el setzung zu fäl I en.

Anwendungsberei che des kontrol I 'i erten Brennens

Feuer wi rd i m Westen der Verei ni gten Staaten pri nzi pi e1 
'l al s

Bewirtschaftungsmaßnahme anerkannt. Die Anwendungsbereiche s'ind

bei versch"iedenen Nutzungsarten bereits festgelegt, .in anderen

Fällen jedoch nur experimenteller Natur oder erst im Stadium der

Vorberei tung .

Standortvorberei tung

Di e häufi gste Nutzungsmaßnahme des kontrol l'i erten Brennens jm

Westen der USA di ent der Bodenvorbereitung. Hunderttausende

Hektar abgehol zter hlal dfl ächen werden al s Vorberei tung zur

Aufforstung abgebrannt (MARTIN et al. .l975). ntlgemein wird diese
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Methode hauptsächl i ch nur auf Kahl sch'l ägen, aber auch verei nzel t
im Schirmschlag-, Uberhälter- und Plenterbetrieb eingesetzt.

hJe'iterh'in besteht di e Mö91 i chkei t der Reduz'ierung von

Brennmaterial, der Verminderung der Konkurrenz durch Sträucher

oder unerwijnschter Baumarten und der Fre'il egung des

Mineralbodens. Bei der Aufforstung m'it Feuer behandelter Flächen

verbessern si ch di e Arbe'i tsbedi ngungen sowohl bei manuel I en al s

auch bei maschi nel I en Pfl anzenmethoden erhebl i ch ( MARTIN 1977 ) .

Generell wird ein Feuer mit hoher Intens'ität bevorzugt, um Rauch

mi ttel s Konvekt'i onsströmung rasch i n großen Höhen abzuführen .

Demzuf ol ge werden, abhäng'ig von Lage, t^J'i nd und anderen Faktoren

Streifen-Lauffeuer oder R'i ngfeuer ei ngesetzt. Fal I s Schutz des

Mi neral bodens notwendi g i st, muß e'in Großte'il der Humusschi cht

nach dem Brand erhalten bleiben. Dieser Bed'ingung kann man

dadurch nachkommen, indem man im Brennplan festlegt, nur unter

Bed'ingungen m'it hoher Bodenfeuchte zu brennen (SHEARER 1976,

NORUM 1977, SANDBERG I9BO).

Ei ne neuarti ge Methode der Bodenvorbere'i tung vor dem Ei nschl ag

wjrd in Geb'ieten erprobt, 'in denen Konkurrenz durch Straucharten

e'ine erfolgreiche Aufforstung verhindert (MARTIN l9BZb). Diese

Anwendungswe'ise bas'iert auf der Tatsache, daB die Straucharten im

di chten Baumbestand oftmal s schwach und gestreßt si nd. E'i n

Bodenfeuer vor dem Einschlag tötet v'iele Sträucher ab, die sich

i n I i chten Beständen durch Stockausschl äge vermehren würden .

Zudem wird die Anzahl keimfähiger Samen 'in Streu- und

Humusschicht reduziert. Es sche'int, daß zwei Feuer notwendig sind

um di e Konkurrenzfähi gkei t der Sträucher nachhal ti g zt)

beei nträchti gen, zumal das erste Feuer unter gemäßi gten

Brennverhäl tn'issen hauptsächf ich der Reduz'ierung des

Brennmateri al s di ent. Der zwei te Brenndurchgang w'i rd

durchgeführt, wenn die Streu- bzw. Humusschicht relativ trocken

ist, um dem tJurzelstock der Sträucher größere H'itze zuzuführen

und mehr Samen zu vernichten. Vorversuche in 0regon waren

vielversprechend, aber weitere Untersuchungen sind notwend'ig, um

d'ie Zweckmäßigkeit dieser Methode zu dokumentieren.
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Verminderung der Schadfeuergefahr

Jeder Einsatz des kontroll'ierten Brennens vermjndert, zumindest

vorübergehend, die Brandgefahr (MARTIN et al. .l979). Da das

Vorkommen von Bränden auf unseren Forst- und Weideflächen aus

wirtschaftlichen und klimatischen Gründen nicht zu verhindern

i st, kann durch di e Verni ngerung brennbaren Materi al s di e

Entztjndung und Ausbreitung eines Schadfeuers effektiv reduziert
werden. Die Anhäufung des Brennmaterials ist ein natürl'icher
Prozess, der jedoch durch menschl 'i che Ei ngri ffe nachhal ti g

bee'influßt werden kann. Leicht entzijndbares, abgestorbenes Holz

auf der Bodendecke, Kräuter, Sträucher sowie n'iedere Baumkronen

ermög'lichen das Entstehen von bestandsvernichtenden Waldbränden.

Di ese Verhäl tn'i sse werden zudem durch Schl agraum von

Durchforstungen oder Hieben zuerst als "red slash" mit leicht
entzündbaren Nadeln und später a1s weniger entzündbarem, aber

dennoch gefähr1 i chen "gray sl ash " geschaffen . Aus d'i esem Grunde

wi rd das kon[rol I i erte Brennen verstärkt zur Reduzi erung

natürl i cher und anthropogener Anhäufungen von Brennmateri al

ei ngesetzt.

D'i e beste Anwendungsmög1 i chkei t besteht i n Beständen der

Ponderosa-Ki efer, di e durch i hre Feuerfrequenz und -res'i stenz

optimal an Bodenfeuer angepaßt si nd. Im a1 1 geme'i nen werden

Bestände mit e'inem Stamnrdurchmesser von 7,6 cm (BHD) und größer

behandelt, doch kann das kontrollierte Brennen auch in jlingeren

Beständen mi t mäßi gen Baumschäden erfol grei ch durchgeführt
werden . ',,Jei terhi n werden auch junge Bestände mi t Lärchen ,

Douglasien oder res'istenten Kiefern durch Bodenfeuer behandelt.

Di e Anwendung von Feuer i st jedoch be'im Vorhandensej n von

feuerempfi ndl 'i chen Baumarten, wi e z . B . Tannen , Fi chten und

Ki efern mi t dünner Borke, dri ngend abzuraten. Bei di eser

Anwendungswei se werden 'i m Brennpl an Feuer mi t geri nger bi s

mäßi ger Intens'ität f estgel egt . 0f t i st es ausre'ichend, nur das

Brennmateri al bi s zu ei nern Durchmesser von 2,5 cm

(Zeitverzugsklasse l-.l0 Stunden) zu bese'itigen, ufil extreme

Temperaturentwi ck1 ung 'i nnerhal b des Bestands zu vermei den .
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Niedrige Lufttemperaturen und mäßige l,'linde sind zum Schutze
junger Bestände absolut notwendig. Einige Monate nach dem

Einschlag, wenn s'ich die Nadeln'im Schlagraum rot färben, ist der

Brennstoffkomplex in vielen Fällen a) entzünd1ich, um e'ine

erfolgreiche Durchführung des "kontrol I ierten" Brennens zv

gewährle'isten. in diesem Fall muß die Behandlung auf mindestens

zwe'i Jahre hi naus verschoben werden, bj s der Schl agraum

verdichtet werden kann oder die Nadeln abfallen. Während dieser

Zeit s'ind der gelichtete Bestand sowie angrenzende t,Jald- oder

l,.Jeideflächen extrem schadfeuergefährdet. Versuche von G0LDAMMER

("l983) in subtropischen Kjefernaufforstungen Südamerikas haben

a1 1 erdi ngs gezei gt, daß bei Beachtung bestimmter

Feuchti gkei tsverhäl tni sse dj e hochentzündl'i chen Nadel n ( "fI ash

fuel s " ) aus den Durchforstungsabfäl I en ohne e'i ne Gefährdung für
den stehenden Bestand herausgebrannt werden können.

Beeinflussung der Konkurrenz

Der auf die Z'ielbestockung wirkende Konkurrenzdruck durch die

Beg'lei tvegetati on kann 'in versch'iedenen Phasen des

Bestandeswachstums beeinflußt werden (BARRETT 1973, l982; 0LIVER
.l979). Die Untersuchungen von BARRETT zeigen, daß der Zuwachs der

Ponderosa-Kiefer bei einem mittleren Baumabstand von B m etwa

doppel t so groß i st, wenn di e aus Ceanothus vel uti nus,

Arctostaphyl os patul a und Purshi a tri dentata bestehende

Buschvegetati on unterdrUckt w"ird, al s d'ies bei ungehi nderter

Konkurrenz der Fall 'ist. Bei einem mittleren Baumabstand von

5,7 m betrug dieser Zuwachsvorsprung immer noch das .l,6-fache.

Auch wenn diese Untersuchungen mit mechanischen und chemischen

Behandl ungsmaßnahmen durchgeführt wurden, sol I ten di e Ergebni sse

auch auf das Feuer übertragbar sein. Feuer könnte dabei entweder

eine noch stärkere Auswirkung haben, da d'ie Nährelemente besser

verfUgbar gemacht werden, oder auch geringere, wenn der Gesamt-

St'ickstof f vorrat reduzi ert w'i rd oder l,rlurzel n , Stamm oder Krone

besch äd'i gt werden .
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Ein Teil der unerwünschten Vegetation kann durchaus die gleiche
Art sein, wobei das Feuer dann zur Läuterung eingesetzt würde. Es

i st zwar ni cht zu erwarten, daß ei ne Feuer-Läuterung oder
-Durchforstung den gewünschten standraum bew'irkt, immerhin lassen
sich aber dadurch die Kosten e'ines derartigen waldbaulichen
E'i ngri ff es senken .

Beschleun'igung der Astreinigung

Di e heutzutage angewendeten wei ten Pfl anzabstände beschl euni gen

zwar das wachstum, s'ie haben aber auch di e B'i l dung starker Aste
zuy Fo]ge. Kontrolliertes Feuer würde diese Aste zwar nicht
verbrennen, kann sie aber frühzeitig, wenn der Baum noch jung
i st , abtöten , S0 daß dann schnel I er und mehr astfrei es Hol z

gebildet wird.

Artenzusammen setzung

Auf standorten, auf denen die Zielbestockung aus feuerresistenten
Baumarten besteht, kann das Feuer di ese fördern und dabei
gleichze'it'ig die konkumierenden Baumarten elimin'ieren. Das kann

aus versch'iedenen Gründen wünschenswert sei n , w'ie z .B , aus

standortsspezi fi schen , ästhet'i schen oder anderen Gründen des

Forstschutzes (Insekten-, schadfeuer-Gefahr). Es kann aber auch

bedeuten, daß es mög1i ch 'ist, i n e"inem ungl ei chal tri gen Bestand

eine lichtbedürftige und feuerresistente Baumart zu erhalten, d'ie
normalerweise die Rolle einer schattbaumart übernehmen würde.

t^Jei del and

Feuer hat di e Tendenz, d'i e ökol ogi sche Sukzessi on von

Buschformationen zurück in das Gras-Kraut-stad'ium zu versetzen,
wobei das verfügbare Asungsangebot für vieh auf eine Dauer von

mehreren Jahren vervi el facht werden kann . hlo lnje'i del and durch
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übermäß'i ge Nutzung beei nträchti gt worden i st, sol I te es di rekt
nach dem Brennen fri sch e'ingesät und so 'lange von Vi eh

frei gehai ten werden , bi s es 'i n der Lage i st , den erneuten

Beweidungsdruck zu verkraften. in v'ie1en Gegenden schlagen d'ie

heimischen Grasarten, die durch Sträucher unterdrückt wurden,

nach Feuer und ohne weitere Behandl ung wi eder aus. 1n

baumbestandenem Wei de1 and, das ei nen rv'ichti gen Bestandte'i I der

i nsgesamt verfügbaren Fl äche ausmachen kann, kann kontrol I i ertes

Brennen das Futterangebot wesentl i ch erhöhen, se'i es durch

hJurzel ausschl ag oder vorhandene Samen oder zusätzl ich
eingebrachtes Saatgut (HALL 1976). Bei Aussaat muß a1 lerdings
beachtet werden, daß eventuell neu eingeführte Arten n'icht zu

einem Hindernis ftjr e'ine spätere Naturverjüngung des Bestandes

sind. Die in der entsprechenden Bestandesphase durchgeführte

l,,lal dwei de kann wi ederum erheb'l i ch zur Vermi nderung

konkurrierender Vegetat'ion und damit zur Wachstumsverbesserung

bei tragen .

Habi tate von !'li I dt'i erarten

Die Feueranwendung im l,lesten der Vereinigten Staaten d'ient zum

größten Tei I zur Verbesserung von Wi I dhab'itaten , auch wenn d'ies

i n der Küstenebene des Südostens berei ts sehr v'i el wei ter
entwi ckel t worden 'i st. Auftreten oder Anwendung von Feuer ändert

die Struktur e'ines Ökosystems, wobei, allgemein ausgedrückt, die
Habitatvoraussetzungen für die einen Arten verbessert und für
andere verschl echtert werden . Bei sorgf ä'lti ger Ei nbez'iehung

wildb'iologischer Aspekte sollte für das l,.I'ild insgesamt ein Nutzen

erre'ichbar se'in . Für vi el e Fäl I e bedarf es aber noch wei terer
Kenntnisse und Informationen, um die Ausw'irkungen des Feuers auf

die nicht jagdbaren h/ildarten bewerten zu können. Die

Zusammenhänge zwi schen den Auswi rkungen des Feuers auf

tr,lildtierarten und die Konsequenzen auf die Bestandesverjüngung

dürfen von den Forstleuten dabei nicht übersehen werden.

Monokulturwirtschaft hat oft e'ine Verm'inderung des Artenspektrums



- 145 -

von hl'ildarten zur Fo1ge, mosaikartige Struktur der Vegetation
h'ingegen bew'irkt Randstufen ( "edges" ) und erhöht Anzahl und

D'ivers'ität der Arten (THOMAS l97B). Untersuchungen haben

beispielswe'ise gezeigt, daß kontrolliertes Brennen eine Anzahl

von Vogel arten f ördern (TIAGI^IAD et al . I 982 ) und

K'l ei nsäugerpopul ati onen ( FRENZEL et al . I 979 ) und Jagdwi I darten
(LY0N et al . l97B) bee'inf I ussen kann. l,li chti g i st vor al I em ei ne

kl are Zi e1 setzung und Brennvorschri ft, uffi ei n gefordertes

Vegetati onsmosai k zu erhal ten . H'i erbei kann auch di e

Wirkungsrichtung des Feuers mit e'inbezogen werden, den Samenfa'll

oder das Aussch'l agen von Verbi ßpf 1 anzen von Schal enw'i I d zu

verbessern (MARTIN and DRIVER l9B3).

Insekten und P'il zkrankhe'iten

D'ie hlechselbeziehungen zwischen Insekten- Pilzkrankhe'iten- Feuer

können einen der interessantesten Aspekte der Ökosystemforschung

sein. Entsprechende Grundlagenforschung wird derze'it betrieben,

wobei bi s1 ang 1 edi 91 i ch d'ie di rekten Ausw'i rkungen der drei

Parameter auf die jeweiligen anderen beiden bekannt sind. Mehrere

Hypothesen wurden berei ts aufgeworfen, ohne daß s'i e näher

untersucht oder bestätigt werden konnten (MARTIN et al. 1976,

PARMETER 1977, GEISZLER et al. .I980, 
MITCHELL and MARTIN 

.l980,

MARTIN and MITCHELL l9B0). Ein'ige Untersuchungen haben sich mit

den Auswirkungen des Feuers auf Insekten und andere Krankheiten

befaßt. Im Südosten haben FR0ELICH und DELL (.I967) und FROELICH

et al. (.l978) die Möglichkeiten untersucht, nit Hilfe von Feuer

di e durch Fomes annosus verursachte Wurzel fäul e 'i n Ki efern zu

bekämpfen und konnten dabe'i e'inen le'ichten Rückgang der

Befallserscheinungen nach dem Brennen feststellen. REAVES et al.
( I 983 ) haben di e Bee'inträcht'igung des Wachstumes und der

Rhi zomorphen von Armi I I ari a me'll ea unter Laborbed'ingungen

aufgezei gt .

Die Erf orschung di eser l^lechsel wi rkungen gen'ießt

wobei die konventionellen Bekämpfungsmethoden

hohe Pri ori tät,
ni cht vergessen



- 146 -

werden sol I ten . sol I ten d'i e di rekten Auswi rkungen des Feuers

ni cht erfol gversprechend sei n, müssen d'ie i ndi rekten Ei nf I i.jsse

mit in Betracht gezogen werden, die eine ökosystemveränderung zur
Folge haben, auf die ein Organismus sensibel reag'iert.

l,,las ser

Kontrol I 'iertes Brennen zur Erhöhung der (trink- )t^lassergew'innung

w'i rd sel ten angewendet, obwohl es pri nzi pi e1 1 mö91 i ch i st
( H iBBERT I 983, LEAF I 975) , besonders dort, wo der j ährl i che

Ni ederschl ag 400 mm i.iberstei gt . Zwi ngende Gründe, w'ie

Hangstabilität oder Erosion, können das Ausmaß der Feueranwendung

zur Erhöhung der i,rJassererträge begrenzen. Untersuchungen über die
untersch'iedlichen Ausw'irkungen des Feuers auf l,rlasserertrag und

-qualität sind für die me'isten ökosysteme nicht bekannt und

Mittel für langfristige Untersuchungen auch nicht vorhanden.

Erhol ungswi rksamkei t und Landschaftsbi I d

Feuer wi rd i n der Regel al s nachte'i 1 i g für Erhol ung und

ästhet'i schen Ei ndruck der Landschaft beurtei 1 t, wobei s'i cherl i ch

in der Regel nur an die kurzfristige Wirkung bestimmter Brände

gedacht w'ird . Das Brennen 'in Wal dbeständen i st si cherl i ch dazu

geeignet, die S'icherhe'it und Begehbarke'it durch die Verminderung

von insektenbefallenem und totem Holz und auch hinderlichem
Unterstand zu verbessern und die Luftz'irkulation zu erhöhen.

Landschafts- und l^laldbilder können zu einer parkart'igen Form

zurückverwandelt werden, wie sie sich den frühen Siedlern und

Waldbesuchern dargestellt haben. Hierzu wird das Feuer, häufig
auch durch manuelle Arbeiten ergänzt, 'in den Mammutbaumwäldern

(Sequoiadendron giganteum) der S'ierra Nevada oder auch in den

Ponderosa-Kiefernwäldern im Crater Lake National Park eingesetzt.
In diesem Zusammenhang wird das Feuer auch im Sinne einer
l^liederherstellung des "natürlichen" oder "h'istorischen" Zustandes

von Naturparks eingesetzt.
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SUMMARY

Prescribed fire is being used more and for a wider variety of
uses than ever before in Western United States. As more is
Iearned about the ecology of fire and fire manipulat'ion, we

should see more use of fire even though constraints, particularly
from smoke production are tightened.

Fire can be used in many aspects of timber, fue'l , wildlife,
i nsect , d'i sease, range, water, and recreat'ion management . The

extent of fire use, and its effectiveness, will depend on the
'ingenuity and skill of both the researcher and manager.
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RECENT DROUGHTS AND FOREST FIRES

Ri cardo V6l ez Muffoz, Spai n

I ntroduct i on

Ecological studies on the forest fire, when moved by bodies 'in

charge of fire fight'ing, undoubtedly have a purpose going beyond

the study itself. The idea, of course, is to get to know the
phenomenon of wildfires better, hotnl they occur, how they develop

and what effects they have. Neverthel ess, the aim of thi s

knowledge is to 1ay the foundat'ions for fire prevention policies
and techniques or for limiting damage occurring when fires break

out.

For some years now, we European foresters find ourselves with the
doctri nal trends arri v'ing from North America which do not just
advocate the simple prevent'ion of fire but the management

thereof. Fire is a dynamic balancing factor conditioning wildland
vegetation, its forms and associations. Fire must therefore be

controlled, somet'imes suppressing it and others prescribing it in
order to obtain the type of vegetation required. There should

al so ex'i st a forestry and reforestati on po1 i cy, one of whose

bases is the recognition that fire may exist'in w'ildland for bad

and, at times, for good.

It is curious to Iisten to the comments at spec'ialist meetings of
veteran foresters when they are presented with the possib'i1ity of
prescribed f"ire, on occasions followed by goat grazing, which are

ideas runn'ing against those they have maintained and defended
I

al most ax'i omati ca1 1y for many decades .

The truth
phenomenon

they are

ecosystems

i nexorab'ly

i s that forest fi res consti tute such a frequent
in Mediterranean countries since far remote times that
now one further element 'in the configuration of the

of south European countri es and fi re must be

considered 'in a forest conservation policy.
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It 'i s nai ve to bel i eve that a forest, whether natural or
art'if i ci ai , i s goi ng to rema'in the same for ever by simply
preventing any human intervention.

Static equilibrium does not ex"ist in ecosystems. 0n the contrary,
there exist permanent processes of evolution and succession, at
t'imes slow and gradual o ät others accelerated and irregular. It
is difficult for models endeavouring to reproduce the course of
change processes to accurately pred'ict the system's situation at
a future time. It is highly 1ike1y that the process will not be

linear, that it will jump, that it will seem to be governed by

chance rather than I ogi c. Neverthel ess, there are observati ons

whi ch are repeated. Ecosystems have a bi ol og'ica'l i nert'i a to
change and can resj st strong envi ronmental acti ons wi thout
intense alterations. Somet'imes they even need tem for the process

to be mainta'ined. For instance, conifer forests remain productive
on the long term only if once a century fire frees the nutrients
that have been accumul ati ng on the forest fl oor or i f man

introduces a system of logging and destroying slash wh'ich has the
same effect.

Thi s capac'ity f or taki ng i n act'ions of change and bri ngi ng them

into the ecosystem's evolution process is naturally 1im'ited. if
the frequency of these act'ions or their intensity are excess'ive,

the change may be an i rrevensi bl e 1 eap 1 eadi ng to another

ecosystem model. Repeated fire transforms the forest 'into

brushl and and the I atter i nto grassi and . Evol utj on model s ,

however, provi de f or a sl ow reconstruct'ion of the or"igi na1

system. It is the theory of cl'imax successions, from the rock to
the hardwood stand. Unfortunately, irreversab"ility would seem to
occur at timei as 'in desertification processes, where the
meteorological component may prevent unwise changes or changes

not thought out by man from being rescued by Nature's own v'igour.

In fact, at the present time we are faced with s'ituat'ions where

the danger of i rrevers'i bi 1 i ty 'i s very h'i gh . Large, f requent

f orest f i res I 'i nked wi th 'irregul ari ty of preci pi tati ons may
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aggravate the risk of desert'ification, at least locally (Fig. l)

2. Drought i n Spai n

Man is the agent unleash'ing 95% of fjres either in economic

activities (for example, shepherds and farmers who use it to
clear the ground) or in recreational activities (hikers and

w'i I dl and vi s'itors ) orin warl i ke acti vi ti es (manoeuvres and even

wars themselves). However, these activities have to be undertaken
'i n a meteorol ogi ca1 envi ronment favouri ng the fi re' s devel opment.

One of
refers ,

starti ng,

0ver the

occured

pro 1 onged

times.

the current I'ines of research on f i re ecol ogy i n Spa'in

in fact, to the correlation between the weather and the

spread and effects of fi res.

last few years in Spain, a meteorological situation has

noticeably influenc'ing a1l human activity. This is a

drought, apparently more pers'istent than at other

To ana'lyse the inf1uence of drought on forest fire phenomena a

start can be made on the diagnosis (VELEZ l98l ) made on the

si tuati on j n the Med'iterranean bas'in , applyi ng the system of f i re
danger determining used in Spain (VELEZ .l982) with a macroscopic

perspective. The system leads to a High to Very High basic danger

i ndex cal cul ated f rom a H'igh to Very Hi gh F1 ammab'i 1 i ty of the
forest fuels, a High to Serious Causality and a grow'ing fire risk
or frequency. The fire weather danger rating is High to Extreme

for 60 to 120 days a year. The composition of the Basic and

weather ratings give a resulting High effect'ive Danger of a

permanent nature aggravated during 120 days a year.

The last few years' figures (ICONA l9B3) reveal that in fact the

number of fires and average area per fire tend to be on the

increase (Fig. 2), and that large fires are becoming a more and
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more frequent threat (Table l).
In the 1 i ght of thi s di agnosi s, to what extent i s drought an

important or decisive component in forest fire phenomena?

It is est'imated that drought ex'ists (GARCIA DE PEDRAZA l9B3) when

the rainfall collected is less than 60% of the monthly normal or

75% of the annual normal 'in a region. The problem 'is aggravated,

as the same author states, when the scarci ty of rai nfal I i s

joined by its untimeless, because it does not rain when it is
required to spread over large areas and persist for many months.

F'igure 3 represents the dev'i ations of atmospheri c prec'ipi tati ons

since .l965 for the whole of Spain (PEINADO .l983) in percentages

compared to the average for the period from .l947-1979.

Two prolonged dry periods appear therein, from .l973 to .l975 
and

from I 980 to I 982.

The dev'iations in the number of fires in percentages compared to
.l965, the prec'ipitations in which were the same as the average

for the period mentioned, are shown in the same figure. A certain
parallel'ism can be observed between both curves. It can be seen

particularly that the periods of prolonged drought coincide with
high upward jumps in the number of fires. However, the drought

curve shows fluctuat'ions not appearing in the number of fires
curve, the growi ng trend of whi ch i s c'l early and hi ghly

accel erated .

In addit'ion, anomalies appear, like that in .l976, 
1978 and 

.l979

wh'i ch were wet, overal 1 , yet the number of fi res strongly
i ncreased .

The exp'lanation for these discrepancies must be sought, on the

one hand, i n the untimel 'i ness of the ra'ins and, on the other, i n

human action which, for reasons not fully explained, has "shot

up" over the last few years.

As 'important as the intensity of precip'itations is their
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distribution in t'ime and space. That is why it is necessary to

find out how each year's dry periods have come about.

Dry, pro'longed summers create su'itabl e condi ti ons of humi di ty i n

the vegetation for a small amount of heat to be the origin of
l arge conf I agrat'ion.

However, summers are not always the same from one year to the

next; ne.ither are their characteristics even over the whole

Mediterranean bas'in. According to GARCIA PEDRAZA (.l980), the

eastern Med'i terranean ' s weather i s general 1y at odds wi th the

Iber"ian Peni nsul a's (Fi g. a) .

Duri ng the two year peri od 1976-1977 , summer brought stormy

weather and squal 1 s to Med'i terranean Spai n and the south of
France whi I st the drought was i ntense and 1 ong i n Italy and

Greece.

0n the contrary, in 1978 and 1979, the drry weather commenced very

early in the western Mediterranean, with storms appearing in

Ita'ly and Greece. That i s to säy, whi I st hi gh pressure

established itself over the lberian Peninsula, to the east of the

Mediterranean, the weather's instabi'lity relieved the drought.

0n the other hand, in the three year period from .1980 to 1982,

conditions have been abnormal and a much more homogeneous weather

state has occurred over the whole of the northern Mediterranean.

Low pressures fol I owed the paral I el s, e1 ud'i ng the European

pen.insulas and giving rise to extraordinarily prolonged dry

periods during which fire danger conditions grew to l'imits never

before recorded.

l,Ji th ref erence to Spai n, i n I 980, the danger season , coi nc'idi ng

with the dry period, began in Andalusia in June. It then became

general over the whole country, except the north, where the month

of July was relativeiy wet and cool. August turned out to be

typica'l1y dry, and very hot, and extended'intensely and unusually
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7976 - 1977

7978 - 7979

1980 - 1982

Figure 4
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'into September and 0ctober. There was a high windstorm 'in the

I atter month around the 12th, whi ch hei ghtened the danger

extraord'inari 1y over the whol e Med'iterranean area.

Autumn was f ai r1y dry, just I i ke w'i nter of I 98.l , wh'ich al so

heightened the danger, particularly in Galicia and Cantabria

where the south wind blew on many days.

The months of April and May, l98l were, however, very rainy and

rel i eved the s'ituat'ion . Neverthel ess, an 'i ntense heatwave

occurred from June 6 to 22, more accentuated in Extremadura, the

Central Region and Andalusia but also reaching the Douro, Galicia
and Cantabri a. Danger was spec'i a'l 1y i ntense i n Andal usi a and

Extremadura where the thermometer reached 43'C.

It cooled at the beginning of Ju"ly but the heat and drought

returned with the dry weather extending up to November and the

danger season persist'ing until that month. November l98l was the

driest of the century with an almost total absence of
precip'itations. Before the rains came in December, there were

h'igh gales in Catalonia, creating a situat'ion of extreme danger.

1982 was more irregular. t,rl'inter and spring continued dry. The

March-Apri1 dryness in Galicia and Cantabria was particularly
noted, producing an intense danger season 'in those areas. The

beg'inning of summer was wet in these regions, however, whilst an

intense heatwave castigated Catalonia, the Ebro bas'in and Central

Reg'ion, reach'ing 43"C in Logrono and L6rida. Danger was therefore
extremely high in those regions during the first half of Ju1y,

but dropped later on. In Galicia, the hot weather returned'in the

middle of August and a further danger season commenced unt'il the

end of September when the storms came.

The i ntense downpours 'in Val enc'ia and Catal on'ia i n 0ctober ended

the drought and the ground's water deficit. Danger also was over.

Even though dry weatheris fundamental for fires to start, w'ind
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is the decisive factor for them to spread. The summer land

breezes of the "foehn" type have a high speed and dry'ing

strength. These are the "Tramontana" of Catalon'ia, the "Pon'iente"

of Valencia and the "Levante" of the Straights. They a1l make the

atmospheri c humi d'i ty drop be1 ow 30 percent and , i n add'i t i on ,

contribute towards propagating fires, moving firebrands over long

di stances. In Spai n there i s another dangerous wi nd a1 so, that
which blows from the south at the end of winter in the Bay of
Biscay and causes numerous fires at a quiet time for the actual

Mediterranean basin'itself .

0ver the three year period from l9B0 to .l982, the wind likew'ise
aggravated the danger at certain times.

In .l980, the windstorm in the Mediterranean in the middle of
October favoured the advent of over 700 fires in one week, which

covered more than 7.000 ha in Catalon'ia and Valencia, causing

five deaths. The south wind storm'in Asturjas in April had

I'i kewi se caused hi gh 'losses 
.

In I 9Bl , the south w'i nd was al so an occasi on of danger i n

Asturias in February and March. In December, the extremely h'igh

gales preceding the rains spread fires over extensive areas.

0n the other hand, l9B2 was not part'icular'ly a w'indy year. 0n1y

i n the second week i n Ju'ly was there a hot south wi nd i n

Catalonia and the south of France, causing a fearful wave of
fires. Likew'ise, jn the m'iddle of August, a gust of wind in the

Sierra de la Almijara (Granada) caused a fire to advance 3 kms.

in one hour, turning it 'into the major forest disaster of the
year.

3. Forest fires in Spain during the period from 1980 to 1982

A summary of the foregoing four year period is included as

background to the period under cons'iderat'ion.
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In 1976 few fires occurred in Med'iterranean Spain. if the

nat'ional total r^tas high, this was due to fires in Galicia,
favoured by the extreme drought that affected the Atlantic region

and also parched central Europe. The number of fires in France

increased for th'is same reason and forest fires had to be fought
even i n Germany. 0n the other hand, the number remai ned

stat'ionary i n the French Med'iterranean departments .

The fo1 1 owi ng year, the number of f i res i n Spai n and France

dropped cons'iderably because of the rainy summer but, on the

other hand, they rose enormously in italy and Greece because of
the prolonged drought. A large fire on the island of Evvia

occured in Greece, affecting over .l.I.000 hectares of pine stands

and crossing the island from sjde to side.

The situation was reversed 'in .l978. 
The total number of fires

doubled in Spain and tripled in France for the Mediterranean

departments. The high number was maintained in Italy due to the

high fire incjdence of the island of Cerdena located more to the

west. The number descended in Greece thanks to the relatively wet

summer.

Very high figures were reached again in Spa'in and the south of
France in "l979, whilst the danger index dropped in the east of
the Medi terranean .

The data for the three year period from 1980 to '1982 appear in
Tabl e 2.

3.1 1 980

There were 7 . I 93 fi res duri ng thi s year o practi ca1 1y the same

figure as in 1979, which devastated 265.954 ha in all. This is an

area slightly less than that affected the prev'ious year.

By reg'ions , the f i re 'i nci dence occured as f ol I ows:



I

Regi on

Gal'ic'ia.......
Cantäbrico....
Ebro.

Nordeste

Duero

C entro
Levante

Extremadura. . .

Andalucia.....
Canarias......

Total

Number of fires
I 980 I 9Bt I 982

Forested surface (ha)

I 980 I 981 1982

Non forested surface (ha)

I 980 I 9Bl 198?

1.974 5.086

965 1.052

271 363

8t 3 794
.l.120 

1.r43

383 548

468 734

326 301

837 778

36 83

2.394

803

195

632

929

263

395

l58

629

45

r 0.356 54 .6?A

13. I 78 13 .072

6.848 3 . 709

r 7.853 I 6.736

8.265 8.172

3.670 8.547

r 3. 165 12.705

7 .251 6.873

I 0.684 r 4.007

1 .232 3.?26

92.503 14].666

16.212

12 .17 4

2.875

I I .375

5.743

2.007

5.827

I .068

6 "542
36

63.879

I 4. 258

9.729

5.36.l

B.85I

43.668

10.3.lB

I 5 .236

27 .883

37 .233

914

62.BtB 20.053

1?.546 8.865

7 .915 2.592

5 .219 7 .068

22.01 0 20.865

5.795 6.8il
19 .?64 B. 1 85

6.421 1.952

13.768 il.323
1.013 47

I

Ot
\t

I

7.193 10.882 6.443 173.451 156.769 78.804

Table 2: Forest fires in Spain in the period from l9B0 to 1982.
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Galicia: The danger season was delayed until well into the

summer which, together with the prevention measure adopted,

enabled the damage to be reduced to less than one third of that
whi ch occurred the prev'ious year.

Cantabria: The dry March-Apri1 period caused by the south wind

raised the danger index a lot in Asturias and Santander, wjth
very high damage.

Ebro: The dry weather even affected high mountain areas and

large fires occurred in Huesca, f ike that of Aineto, Sabinänigo

and Trillo (August Z - 15) which affected 4.060 ha of pine

stands.

Northeast: hl'ith a fire'incidence similar to 1979's, damage was

greater because of the drought. The following can be quoted:

several fires in Gerrj de la Sal (Lerida) at the beginning of
August affect'ing .|.400 

ha of forest; the Roquetas and Mas de

Barberans (Tarragona) fire at the end of August affect'ing 3.400

ha; the fires from October 6 to 12 with a strong gale spreading

over 7.000 ha in Tarragona and over 6.000 ha in Barcelona.

Douro: The nurnber of fires grew considerably (30% more than in
1979) as a result of the longer duration of the danger season

because of the drought and w'inds, especially in the Tietar and

Alberche valleys in Avila where a fire of 2.100 ha occurred
(Ju'ly ?8 to 29\.

Central Region: The insufficiency of the spring ra'ins and a

very dry July with temperatures higher than normal increased

the danger and several strong f"ires occurred'in the area of San

Mart'in de Val dei gl esi as (Madrid ) at the end of July .

Levante: F'ires conti nued

although they did not cause

Neverthel ess, there was a

bei ng frequent due to the drought,
damage as serious as that in 1979.

fire covering 6.079 ha in Requena -
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Loriguilla (Valenc'ia) from August l5 to .l9. 
The October gales

also favoured tlre spreading of numerous fires in Alicante and

C astel I on .

Extremadura: The drought was intense over all areas, even the
hi gh mountaj ns wi th the number of f i res i ncreasi ng

by 50% and the area affected by fire doubling in comparison

wi th I 979

Andal us'i a: The pressi ng heat of July i ncreased danger

particularly in Seville, Cadiz and Cordoba. From July 13 to 16,

a fire affected 3.845 ha 'in Aznalcollar (Seville). There were

1? f i res affecti ng over 500 ha each 'in Cad'iz.

Canary Isles: The area affected by fire doubled in comparison

wi th I 979.

3.2 I 98t

During this year, '10.882 fires occurred, the maximum up to now,

covering 298.436 ha.

The fire incidence by regions was as follows:

- Galicia: The dry weather starting in June caused the danger

season to begin two months earlier than usual, and the fire
'incidence and area affected grew enormously. Damage even

reached the north of the region, where rainfall js a maximum in
normal years, but with a fairly prolonged dry period this year.
Completely out of character,28 fires covering over 500 ha each

occurred.

- Cantabria: t^Jith a very dry winter and a summer also extremely
dry in Asturias, damage was again very h'igh.

- Ebro: Due to the drought, the number of fires increased a 1ot,
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although the damage descended with there not being part'icu1ar1y

strong wi nds.

Northeast: The fire inc'idence was influenced by the prolonged

dry weather and the gales at the beginning and end of the year

when the major fires occurred, i.€., outside the usual danger

season. Tarragona and Barcel ona were the provi nces most

affected. The fi re ran through 7 .659 ha from December I 2 to I 6

'in Vandellos and Pratdip (Tarragona) driven by the wind.

Douro: The drought gave ri se to a s'imi I ar f i re i nc.idence to
the prev'ious year' s .

Central Reg'ion: The number of fires continued to grow affecting
areas wh'ich beforehand were unaffected, l'ike the province of
Cuenca where a fire occurred from August 7 to l3 running

through 2.900 ha i n Contreras.

Levante: W'ith the danger season extending much further than the

normal, the number of fires increased alarmingly, although the

damage remained at the previous year's level.

Extremadura: The s'ituati on was s'im'i I ar to the previ ous year' s ,

wi th danger duri ng a t'ime l onger than the normal and h'igh

damage.

Andalusia: As in the other
the heatwave. The bi ggest

covered 4.220 ha in Paterna

Canary Isles: The number of
doubled compared with .l980.

regions, danger began in June, with
fires occurred in Huelva where one

del Campo, from June 13 to .l7.

fires tripled and the area affected
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3.3 I 982

There were 6.443 fires this year, with fire incidence dropping

because of the danger season being shorter. The total area

affected was 
.I5.l.644 

ha.

F j re i nc'idence by reg'ions occurred as f ol I ows :

- Gal i c'i a: Desp'ite the hi gh Spri ng f i re i nci dence, the year' s

balance was more favourable due to summer being shorter.

- Cantabria: The dry spring season gave rise to numerous fires in
Asturias with big losses.

- Ebro: Desp'ite the drought, the number of fires dropped,

although damage was similar to l9Bl's.

- Northeast: The most noteworthy were the Barcelona fires in the

mi ddl e of Ju'ly whi ch coi nci ded wi th a hi gh heatwave. In one

week, fire overran more than .l0.000 
ha of forests.

- Douro: The drought favoured fire incidence, dlthough the

measures taken enabled damage to be reduced.

- Central Reg'ion: The number of fires was reduced to half that
recorded in l98l despite the drought. Damage was also much

1ess, i n v'iew of the I ack of wi nds.

- Levante: The s'ituation was similar to that of the other reg'ions

with a noticeable reduction in the number of fires and damage,

despite the pers"istent drought and ground water deficit which

dated from I 98] .

- Extremadura: Damage was also less.

- Andalus.ia: The number of fires and losses descended. The La

A1m'ijara fire (Granada) in the month of August affecting 4.600
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ha of wh'ich 3.870 were forest land is to be ment'ioned, however.

The importance of this fire lies in the fact that it ran

through parts of areas burned out i n the bi g 1975 fi re,
destroying natural regeneration and creating a problem of

desertification over an extens'ive area.

Canary Isles: Losses were very small due to the weather aiding

in the control of fires.

4. Drought and fi re effects

The immediate effect of fires is to destroy 'life in the terra'in
they overrun. The medjate effect is the acceleration of evolution
processes in the vegetation and so'il. A research project was

commenced in Spa'in in .I979 on fire effects (VELEZ l9Bl b) to
which the analys'is of the influence of drought thereon has been

recently added. Some of the observations made in three areas

strongly affected by fires are given hereafter.

4.1 The big Ayora-Enguera fire (Valencia)

This broke out on July 17, .1979 at B a.m.. It was caused by a

bolt of lightning and an extreme danger index was in force after
two weeks without ra.in. Signs of incendiary fire which abnormally

extended it were found.

It affected 22 .796 ha of f orest I and covered wi th P'i nus

halepensis and 5.5,l4 ha of brushland in the municipal d'istricts
of Ayora, Enguera, Teresa de Cofrentes, Jarafuel Bicorp, Quesa

and Mogente. T'imber losses were appraised at 62.l million pesetas.

It ended at 6 p.m. on July 21 .

The area affected is located in a mixed stand of P.halepensis and

Pinus pinaster covering about 60.000 ha. It is partly natural and

partly reforestation. Sorne areas were planted in the 1920s and
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others later on 'in the 1940s and thereafter. The area's rainfall
'is over 500 mm , with average summer temperatures between 22 and

?4" C and average winter between 6 and BoC. Its altitude varies
between 700 and 90C metres.

One year after the fire, the regeneration of the trees tntas almost

complete (9A% of the area), both as regards P.halepens'is and

I . p'inaster . The autumn f o1 1ow'ing the f ire had been f ai 11y

favourable, with frequent non-torrent'ial rain, so that the seeds

that had fallen from the pine cones opened by the fire were able

to germ'inate with the arrival of Spring, rooted in well with the

rain of that season and withstood the .1980 
summer with a low

mortality rate. In November, 
.l980, 

20 cm tall pines were already
being found together with others that had just germinated. The

whole fire area had been affected by extensive burnt wood

removal , s'ince i t was prof itabl e on the market .

In 0ctober )982, the situation of the pine trees which grew up

after the fire continued to be good. In addition the brush had

th'ick1y regenerated, made up mainly of Quercus cocc'ifera, Quercus
'ilex, C'istus albidus and Juniperus oxycedrus (RUIZ DEL CASTILLO
.I982). That is to say that the vegetation had withstood the

drought of the last few years, making full use of the scant

ra'infall there had been. The maps of water reserve in the ground

have shown a deficit'in this area for many months. 0n 0ctober 19

and 20, 1982, torrential rain fell over the area, at some po'ints

reaching over 500 mm in 48 hours (MIRÖ - GRANADA l9B2). The

effect of the ra'in was terrible downstream, causing enormous

dra'inage 'i n f i el ds of crops and townshi ps . Neverthel ess , 'in the
fire areas, the brush and regenerated pine stand held the so'il

efficient1y, Iim'iting washings by the torrents. However, the odd

small fire had occured 'in the area in the summer of 1' rle

effect of the rain on the recent'ly burned land was descructive,
having bared the rock. Fortunately, these .l982 fires were very

small and eros'ion damage was reduced.
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4.2 The la Almijara fire (Granada)

The first big fire 'in this area (VELEZ 1976) broke out on August

?0, 1975 at I p.m., and was an incendiary fire. An extreme

danger i ndex was 'in force after 6l days si nce the I ast ra'inf al I .

It affected 11.762 ha of forest land with P.pinaster and 229 ha

of brushland in the municipal d'istricts of Jayena, Forneso Arenas

del Rey, Albunuelas, Lentegf and Ot{ver (Granada) and Nerja and

C6mpeta (Mälaga), all in the Sierra de la Almijara. Losses 'in

timber and resins were assessed at 554 million pesetas. A strong

wind blew during the first three days of the fire, reaching as

much as 75 km/hour.

The area affected
unbrokenly coveri ng

the watershed between

of 800 to I 000 m.

The area's rai nfal I

temperatures between

and I 2"C.

I i es wi thi n a natural stand of !.p'inaster
about 40.000 ha of compf icated topography on

the Atlant'ic and Mediterranean with heights

is less than 40 mm with average summer

24 and 26oC and average winter between l0

It is a very sparse wooded pine stand worked for its resin, w'ith

a very thick undergrowth of gorse (Ulex minor). In former times,

apart from resin tapping, there was intense goat grazing. The

d'isappearance of the goats and reducti on 'in res'in tappi ng due to
the high costs of tapping and low resin prices led to the gradual

abandoning of the forest and its invas'ion by brush. The

'importance of the vegetat'ion in this area does not l'ie so much jn

its commercial use but in its ground protection effect. The area

burned formed part of the basins of the Los Bermejales, Izbor and

Ri ver Verde reservoi rs.

One year after
i n some p1 aces,

mai n1y pri ckly

the fire, the

although in a

U.mi nor brush

pines were seen to be regenerating

smal I proporti on; I i kew'i se the

began to appear. Logging of the

burnt wood was carried out over the whole area that first year.
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Little work was done in the area in the following years, in view

of the high costs of reforestat'ion because of the rough terrain.

The contj nuous drought hi ndered the devel opment of natural

regenerati on whi ch, neverthel ess, appeared over many p1 aces,

parti cu1 arly where f i re 'i nsurance trees rema'i ned, not destroyed

by the fire.

Unfortunately, 'in 19BZ a fire broke out in the same area. It
started at 12 noon on August 13 and was caused by brushland

burning. The danger index was extreme after 39 days w'ithout rain
and a wind of 36 km/hour. The fire affected 3.870 ha of
P.halepensis and l.pinaster and 730 ha of brushland in the

districts of Arenas del Rey, Fornes, Jayena and Alhama. The fire
ended on August 17. A great part of this area had burned'in the

previ ous f .ire, so the natural regenerat'ion was destroyed. The

extremely'intense drought over the area is increasing the risk of
desertification, a process that will be stopped with great

di ff i cul ty 'in vi ew of the h'igh costs of ref orestati on i n thi s

terrai n .

i n addi ti on , the ra'i ns have shown the'i r typ'i ca1 sense of the

untimely. At the same t'ime as in Valencia, there were torrential
rains in Granada, although not so violent, during the autumn of
I 982 . The burnt areas , with steep s'l opes and no vegetat'ion , under

went intense erosion. The water washings bared the mother rock,

destroyi ng accesses and I anes and cancel 1 i ng out any possi bi 1 i ty
of the burnt pine stand regenerating naturally.

4.3 The Las Hurdes and Sierra de Gata fires (Caceres)

l9B0 and l9Bl were truly exceptional in the mounta'ins located to
the north of the province of Caceres. Numerous fires burst out'in
the pine stands covering them, causing a great deal of damage.

These pine stands were created as a result of the extensive

reforestat'ions undertaken after .l940 
and currently cover about
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30.000 ha in Las Hurdes and 5.000 ha in the S'ierra de Gata at

altitudes around 
.l.000 m. The rainfall in the area exceeds 500 mm

and the mean summer temperatures vary between 20 and 22" C with
w'inter means between 4 and 6"C.

In former times, this reg'ion was one of the most economically and

cul tural 1y depressed 'i n Spa'in . In f act, the ref orestat'ion work

has contributed in a decjsive manner to the general raising of
i ts popul ati on ' s standard of 1 i v'i ng, or g'ivi ng permanent

employment in planting, treating and operating jobs in the p'ine

stand. In addit'ion, the extensive mass of trees has changed the

area's microclimate, making'it wetter, regulating springs and

streams and favouring the small crops'in the va11ey. There are no

local conflicts, therefore, which would have come out into the

open through fires beforehand.

Fuel management work in the reforestations with the making of
fi rebreaks, constructi on of roads, pruni ng and thi nni ng works

were begun jn 1975.

Fore the foregoing reasons, the wave of fires in l9B0 and l9Bl

came as a supri se si nce, "i n addi ti on, many of them were
'incend'i ari es . Possi b1y the i ntense drought f avoured the acti ons

of people alien to the area whose wish was to cause conflicts
arti fi ci a1 1y .

In .I980 there were f ive f ires bigger than 'l .000 ha:

on July '12, a fire burned 
.l.950 

ha of brushland in 12 hours

after 28 days dry weather, with a 8 km/hour wind.

on July 19, another fire burned 800 ha of cork stand and 200 ha

of brushland'in two days after 35 days w'ithout rain with a low

w'ind but with temperatures reaching 39'C and relative humidity

that dropped to 14%.

on August 11, a fire burned 1.300 ha of brushland jn 24 hours

after 58 days dry weather, with a low wind and maximum

temperature of 36"C.
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on September 16, a fire burned 1.225 ha of reforestation of
l.pinaster, of which 500 ha were 40 years old and the rest 22.

The fire lasted three days, after 20 days dry weather, with a

25 km/hour wind at the beginning, and so there was a crown

fi re.
on September 25, the last big fire of the season burned 800 ha

of P.pinaster reforestation 30 years o1d, after 5 days without
rain. The fire lasted three days.

In l9Bl, the fires bigger than .l.000 
ha were:

on July .16, a fire burned 2.000 ha in three days, after 13

rainless days. .l.200 
ha were P.pinaster varying in age from 5

to 20 years. The fire also affected some small chestnut stands

amongst the pines. The rest of the area burned was brushland.

on July 20, another fire, which lasted two days, burned 
.l.500

ha, of wh'ich 
.I.000 were l5 to 30 year o1d P.p'inaster. The rest

was brushland. The drought 1asted 17 days and the wind was 15

km/hour.

on Ju'ly 21, another fire started, wh'ich lasted three days and

burned .l.700 
ha of !.pinaster ?5 to 30 years old. There had

been no ra'in f or 18 days .

These fjres were accompanied by many more of a lesser extension.
Some of the l98l fires overran areas burned in .l980, destroying
the natural regeneration of pines and brushland wh'ich had begun

to appear.

Ihe l98l Spring rains, älthough sparse, were highly concentrated
and caused i ntense wash'i ngs on the areas burned, parti cu1 arly
damag'ing the road system running round the wildlands.

In other areas observed in autumn l9Bl, the pine stand

regenerat'ion vvas extraordinary. The new pines withstood that
autumn's drought with a low morta'lity rate and enable the pine

stand to be reconstituted with simple clean up work. However,

there is a big problem caused by the need to remove the burned
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trees for wh'ich no commercial use has been obtained before the

t'imber commences to deteriorate through the action of fungi and

i nsects.

The regenerat'ion of brushland

Eri ca austral i s, Geni stel I a

i ncl uded the f ol 1ow'ing mai n speci es

tri dentata, C'i stus popul i fol i us ,

C.l adaniferus and C.salvifol ius.

5. Comments

The foregoing data enable the conclusion to be drawn that the

areas most affected by drought are also those wh'ich have suffered
the most devastating fires. A1so, .I98.l, 

which appears to have

been the driest 'in the century, recorded the maximum number of
fjres. Another important feature is the appearance of fires in
certa'in regi ons of Spa'in trad'iti onal 1y exempt f rom thi s danger,

e .g., the Pyrenees or the prov'ince of Cuenca.

That 'is to say, the drought has extended the danger season and

the danger areas. It is curious to see that a para11e1 phenomenon

has occurred with anotherimportant p'ine stand destruction agent
'in Spa'in, the caterp'i 1 1 ar p1 ague (Thaumetopoea p'ityocampa ) ,

I i kewi se because of the drought. Thi s pl ague has become

extraordinarily active, with damage spreading to many places

where the usual temperature and precipitation cond'it'ions

prevented these i nsects devel op'i ng.

However, the significance of drought in fire danger would seem to
be to increase the probabilities of human act'ion causing fires
ei ther through negl i gence or'intenti onal 'ly . Neverthel ess, the

extraordinary increase in the number of fires over the last few

years'is higher than could be inferred from the'intensity of the

drought. Blame cannot be attached s'imp1y to the drought for the

increase 'in fire damage. It is therefore necessary to investigate
the causaf ity of the fires and the motivations causing some

people to set them.
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The influence of drought in fire effects is anotherissue of
great i mportance . The f actor of the ra'i ns ' unti mel 'i ness i s
perhaps more significant than that of their intensity. The

Medi terranean w'i I dl ands are marked by a thousand year ol d

scarci ty of ra'i n . The p1 ant speci es popul at'ing them requi re

little water, but they need it at certain times. If the spring or
autumn ra'i ns or both are I acki ng, the regenerati on of p1 ants

after a fire will be at stake. If, on the other hand, the rains
come, but with abnormally high intensities, eros'ion w'ill occur

al so maki ng regenerati on d'iff i cul t .

When fi red areas are I arge, the accumul ated effect of fi re,
drought and erosion increase the risk of desert'ification. This js

a very serious problem 'in the Mediterranean area bringing about

the organ'izati on of prevent'ion and exti nct'ion work so that the
number of highly extended fires (over 500 ha) may be reduced 'in

order to min'imize the effects of each fire.
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EFFECTS 0F liILDFiRtS 0N FOREST S0IL IN IHE NORTHIIIEST 0F SPAIN.

Sal vador Barä and Jos6 A. Vega, Spa'in

ABSTRACT

An 'increase of one pH uni t was measured . 0rgan'ic matter content
decreased by about 40% and the C/N ratio lowered from 20.9 to
12.1; at 5-30 cms layer significant changes were not detected.

Two years af ter the wi I df i res , at the 0-5 cm 'l ayer,
concentrations for K and Mg were lower than before fire, wh'ile Ca

was invariable; pH was 0.1 higher than the initial va1ue. Silt
and c'lay dropped by 15% due to soil erosion. No changes were

found at 5-30 cm 1ayer.

S'ign'ificant correlations were obtained between fireline intensity
and absol ute and rel at'ive reduct'i on of 0 . M. contents af ter f i re,
absol ute reducti on of N content and rel at'ive mod'if i cati on of C/N

ratio, äs well as pH and conductiv'ity of saturation extract at
the 0-5 cm 'layer.

INTRODUCT ION

A study on wi I dfi re effects on

experimental plots showed that soon

exchangeable Ca, K and Mg contents

depth of 0-5 cm.

forest so'il in forty two

after f ires, ava'il abl e P and

increased considerably at the

in N.i^1. Spain.

for ten years, has

occurred in this
in Spain occur in
the most dramat'ic

forest fires have

Forest fires account for serious annual losses

Galicia possesses 25% of Spain's forests, and,

suffered almost half of the fires which have

country. Each year, 5A% of the total area burnt
Galicia; the province of Pontevedra is perhaps

i I I ustrati on of thi s si tuati on; si nce I 968,
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destroyed more than 60% of i'ts forests, with the loss of some

120.000 ha.

One of the most important repercussions to arise from these fires
is the modification in texture and composit'ion of the affected
soi I s. Ihi s study i ntends to eval uate some of these changes,

attempting to find a connection between intensity of fire and the

evol uti on of edaphi c propert'ies.

2. AREA OF STUDY

hiithin the province of Pontevedra twelve fires, occurring in
spring and summer, were chosen of vary'ing extensions, between 5

and 429 ha. Stands of P'inus pinaster and Pinus radiata were

chosen, the most representative of present forests, and in which

no fire had occurred since reforestation; the age of the trees
varied from l5 to 50 years, with average b. h. diameters between

l0 and 30 cm, and height between 7 and lB.5 m.

In the above ment'ioned fire sites, a total of 42 plots were

chosen each of .l.000 m' 'in area, which proved a convenient size
for the purpose; their s'ituation can be seen in fig. l. The

criteria used were as follows:

a) Ample 'internal similarity. The problem of variation of
populations under study was accentuated in burnt areas.
Fi re affects soi I , trees and undergrowth i n a very
d'is'imilar form, and w'ide variations w'ithin a small area

are very frequent.

b) Availability of an unburnt control, wh'ich would allow
compari son.

c) To embrace a wide variety of values that would reflect the
si tuati on of forests after burni ng, ( e. g. different
'i ntensi ti es, ori entati ons , accumul ati on ) , of combusti bl e
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material, slopes etc.

0vera11, the plots are situated in an area of a mild atlantic
cl'imate, with prec'ip'itation of .l.600 

mm anua11y, average annual

temperature of I 5 " C and a short peri od of summer drought
(Gaussen) of approximalety one month.

The geol og'ica"l substrate i s , i n most cases , two mi ca gran'ite, and

in some plots micaschists, in almost all the cases slopes ranging

from l5-30%. Undergrowth is composed of typical heathland-gorse

spec'ies, with a predomination of Ulex europaeus and belonging

principally to the Ulicieuropaei-Ericetum cinerea association
(BELL0r r949).

3. MATERIAL AND METHODS

The fires occurred in variable meteorologica1 cond'itions between

3 & 35 days after the most recent appreciable ra'infall (0-5 mm);

wi nd speeds duri ng these fi res vari ed from 5-l 9 tkh -l , and

average rel ative humid'ity ranged from 34-lB%. Almost al I f ires
started around mid-afternoon with temperatures from l4-32" C. 1n

these condi t"ions , f i res devel oped f rom 'intensi ti es of -l67 
kcwm-l

at light burning surface fires during the night, to others of
high rate of spread, produc'ing crown fires and reaching .l9.000

kcwm-1.

In fourteen of the plots it was poss'ible to make estimates of
rate of spread and behaviour of the fires. In all of them, some

days after the fires, soi'l samples were taken at two depths: 0-5

cm and 5-30 cm. Four average samples were taken from each p1ot,

each one itself being an average of ten independan'u extractions.
These samples were later analysed separately. The samples were

a'lways taken before the onset of autumn rainfall. This was a

restrict'ing criterion, given that it was essential to know the
basic situation after a fire'if it is required to compare results
and be able to analyse the influence of intensity: many of the
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i ncons'i stenci es between i nvest'igators are due to taki ng sampl es

when ra'ins have commenced, wh'ich can consi derably al ter the

conditions of the soil.Our experience had shown that erosjon and

infiltration produces a rap.id change in the state of the so'il. In
the same manner, average samples taken from ten further samples

were extracted from each control p1ot. These samplings were

repeated two years after the fire.

Later, the he'ight of crown scorch was measured'in all the trees
situated jn the p1ots, the height of trunk scorch, diameters at

breast height (d.b.h.), also physiograph'ical data. In each p1ot,

burnt and control, a sampling was made to determ'ine the amount of
combustible material before and after the fire, by means of
placing twenty random 1 m square quadrats and collecting all
vegetation and its residues present.

This was later dried inanovenatl05'C until reaching

constant weight, and was then weighed.

The soil was analysed, mak'ing % 0M determinations (WALKLEY and

BLACK), % of total N (Semim'icro KJELDAHL), pH, C/N, saturation
extract conduct'ivity, as well as exchangeables K, Mg and Ca

cat'ions ( atom'ic absorpti on spectrophotometry ) and ava'i I abl e P

(BRAY-2). The values assigned to each plot were arithmetic means

of the four average samples of each p1ot.

The 'i ntensi ti es of surface fi res were cal cul ated from the

experimental formul a of VAN WAGNER ( I 973 ) . For those of the

crown, calculat'ions were made from the amount of fuel consumed

and the rate of spread.

The corresponding data for the 42 p1ots, for each constituent of
the soi1, were subjected to a variance analysis, comparing the

mean values for recently burned soi.l, after two years, as well
as that of the control. Linear correlations were effected between

average f i re 'intensi ty and edaph'ic parameters .
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4. RESULTS AND DISCUSSiON

Forest biomass accumulates nutrients throughout many years and

are violent)y released by a w'ild fire. It is 'important to know

the f ate and evol ution of these nutri ents as 'it i s necessary to
quant'ify the effects of the fires, for them to be known in depth,

and i t 'i s of great i nterest i n order to p'l an the tasks of
recovery of affected soi I .

Parti cul ar ernphasi s has been I a'id i n th'i s work 'i n studyi ng an

aspect which up to now has been dealt with very little. The

majority of authors agree that forest fires are very variable,
depending on many factors; intensity of fire'is one of them. Some

studies (VAN I^IAGNER 
-l965, ALBiNI 

.l975, 
R0THERMEL and DEEMING

.l980, I^IELLS et al . .l975), insist on the necessity of
characterising fires by parameters, which can reflect its effect
on the soil. However, in almost all the studies on the ecological

effect of fires th'is datum 'is om'itted.

However, extracti ng thi s 'inf ormati on i s a f a'ir1y 1 abonious task;
variables such as intens'ity of reaction, residence time and flame

l ength, whi ch 'in I aboratory f ires and experimental f i res 'in the

field can be rigourously measured, cannot be easily and exactly
determined in a real wild fire. in this study the firel'ine
intens'ity was used; it is a basic variable, which in some cases

can be calculated from the rate of spread and fuel consumption,

or can be est'imated from the he'ight of crown scorch as an jn'itial
aproximati on.

4.1 EVOLUTION OF COMPOS]TION OF BURNT SOILS

4.ll Exchangeable bases

Exchangeable cations retained by absorption

the reserve of eas'i1y ass'imi I abl e nutri ents.
nutrients after the fire originate in the

compl ex respresent

Part of the existing
combustion of the
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organic matter, and from the combust'ion of the undergrowth and

organic residues, especially litter and duff, making up the

majori ty of organi c materi al accumul ated under pi ne forest
canopy.

in table I corresponding average values for exchangeable K, Ca,

M§ and available P are 'indicated. These values are the means of
the 42 plots burnt, and refer to ppm with respect to fine dry

earth in an oven of 105"C

TABLE I: Average contents of elements in burnt and unburnt soil
'in i nd'icated condi ti ons (ppm ) .

* Si gn'if i cant to 5 %

** " tol %

*** il to 0.1 %

E LEMENT

Potassi um

Cal ci um

Magnesi um

Phosphoru s

U 5 cm 5-30CM
CONTROL RECENTLY

BURNT.

2 YEARS

AFTER

BURNT.

CONTROL 2 YEARS

AFTER

BURN ING

il3
62

rc2

13,7

369***

500***

346***
oo tr***

72*x

6l

4B***

41,6***

34

3

6

l0,B

36

B*

9

I 2,90
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Al I the nutri ents studi ed consi derab'ly i ncrease thei r
concentrat'ion after the fire at a depth of 0-5 cm. Many

'invest'igators have found a sim'ilar effect. Among the most recent,
ADAMS and BOYLE (.l980) measured s'ignificant increases of Calcium,

Magnesium, Potassium and Phosphorus for one month after the fire,
decreas'ing after five months. CHRISTENSEN (1977), studying

savanna p'ine soi1s, found that the fire provokes an increase of
nutri ents 'i n herbaceous p1 ants; WELLS et al . ( 

.I 
979 ) found a

s jmi I ar effect, "incl udi ng phosphorus, but there are cases 'in

which th'is diminishes. ST. JOHN and RUNDEL (.l9i6) found similar
i ncreases . CAMBELL et al . (1977 ) f ound si gn'if .icant i ncreases i n

burnt so'ils for Ca and Mg, but a decrease in K and no change for
P.

After two years, concentrations for K and Mg are lower than

before the fire, while Ca was invariable. What must be considered

is that after combustion, K, Ca and Mg are like carbonates,

calcium and magnesium being poorly so1ub1e, and potassium very

sol ubl e.

The way in which these losses are effected coincides with the

capacity for soi'l to retain these nutrients. it 'is estimated that
for the three elements mentioned, the order of retent'ion is:
Ca) Mg) K.

Phosphorus shows djfferent behav'iour; its concentration'increases
greatly after the fire, and two years later mainta'ins a high

level, which is not too surprising as the movement of phosphorus

i s not great 'in aci d'ic soi I s on account of its tendency to react
with iron oxides and aluminium which are frequent'in these soils.

The above is fortunate, as the phosphorus equilibrium is the most

precari ous of al I nutrients, as 'its total reserves 'in m'ineral

soil are very small (0.2 p. .l00 or less) jn these soils.

In the level 5-30 cm there are no significant d'ifferences except

for cal ci um, whi ch I eads us to suspect that some of the
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nutrients were lost through infiltration.

4.12 0rganic matter, Nitrogen and pH

In tabl e I I average va1 ues, correspondi ng to the contents of

organic matter, are given with other variables.

TABLE I1: Average contents of elements in burnt and unburnt soil
'in i ndi cated condi ti ons .

* Significant to 5%

** " tol%
*** " to l%

As foreseen, the content of organ'ic matter between 0-5 cm

dim'in'i shed qu'ite a I ot af ter the f i re, as 'it has been poi nted

out by many 'investigators. After two years the 0M content is

E LEMENT

0-5cm 5-30cm
CONTROL RECENTLY

BURNT

2 YEARS

AFTER

FIRE

CONTROL 2 YEARS

AFTER

FIRE

ORGAN iC

MATTTR (%)

NiTROGEN (%

C/N

pH

29 3B

0 .851

21 .25

4.38

17 .78**x

0.949

I I .6***
5.24

I 7 .09***

0.6.l0***
I 7 .3***
4.56**

14 35

0 .496

17 .6

4.4

t4 l6

0.51 6

t6.B

4.53
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still inferior than that prior to the wild fire; however, the

loss of Nitrogen must be of less degree than that of Carbon, äs

it is indicated by the great reduction of the C/N relation after
the fire. VIR0 (1974) points out that this quot'ient is more

favourabl e for that of unburnt soi I .

t^lith respect to Nitrogen, CHRISTENSEN t1977) 'indicates that
contents of N03- and NH4- are not significantly different to
those of unburnt soils. CAMPBELL et al. (1977) did not find N03-

in different quant'ities with respect to the control. vlR0 (.l976)

however poi nts out that the heati ng of the humus produces

ammonia, losing total Nitrogen w'ith the fire, while improving in
m'ineral Nitrogen. MROZ et al. (.l980) found, after artificial
fires, that there are superfic'ial losses of total and available
Nitrogen, älthough these losses are transformed into gains in
I ower hori zons , consi deri ng that the changes that th'i s

element undergoes depends on the type of organic matter. hIELLS et
al . (1979) suggest losses of N that are made up for fairly
quickly. However, in our study, total nitrogen is still 'inferior

to the jnitial stage after two years, possibly owing to the
consumpti on by mi crobi o.logi ca'l f I ora and vegetati on acti vated by

favourable condit'ions which permit fires, and the contributjon of
more bases and'increase of pH. GIL (.l983), studying the evolut'ion
of burnt soil in Ga.licia, found that the number of ammonjfiers
'increases.

However, th'is decrease in total
as an adverse factor, but that
signifying a greater absorption

N must perhaps not be interpreted
it has been made more accessible
by plants as well as loss.

PH undergoes an init.ial increase, which, after
dropped considerably, but remajns higher than the

two years, has

'i ni t'i al val ue.

d i fferences .Between 5-30 cm the soil does not show any great
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4.2 SILT AND CLAY

in table III average values for these components are given:

TABLE III: Average contents of clay and silt in burnt and unburnt

soils in the ind'icated condit'ions.

* Significant to 5%

** ,, to 1%

*** ,t to 1%

Two years after the fire there is a significant decrease 'in the

contents of silt and clay in the first 5 cm of the soil. These

components do not move to lower horizons, äs results for 5-30

cm show, but are lost by erosion and represent a considerable

Ioss of material. VEGA et al. (.|983) have quantified the eros'ion

produced on a hiIIside after a intense w'i1dfire, confirming that
after forest fires in Galicia there are 'important losses in the

soi I that may we1 
'l jeopardi ze i t .

4.3 RELATiONSHiP BETI^IEEN FIRE INTENSITY AND EDAPHIC PARAMETERS

In table IV are given the

have been obtai ned frorn

Iinear correlation coefficients which

intensity values and each one of the

COMPONENT

0-5cm 5-30cm
CONTROL RECENTLY

BURNT

2 YEARS

AFTER FIRE

CONTROL 2 YEARS

AFTER FJRE

CLAY

SILT

15.56

14 .94

I 2 .43***
I 2 .08**

I 3.06
.l1.34

12.99

10.59
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vari abl es analysed beforehand for the 0-5 cm 1 ayer j n each

p1 ot.

TABLE IV: Linear correlations between average intensities of all
plots and all soil variables in the 0-5 cm 1ayer.

Notes' *Significantto5 % Subindexl=unburnt
** " to I % " 2 = immediately

*** " to 0.I% after fire.

E C = Sum of K, Mg, Cä, and P concentrations.

significant correlations were obtained between fire intensity and

absolute reductions of organic matter after the fire, and this
relation is 'improved when the 0.M. reduction is expressed in
terms rel ati ve to i ni ti al val ue.

VARIABLE

Mfi - M02 =a M0

a M0/M0t

Nt -NZ -^ N

aN/N';

C1 /N1 - C2/t't2=C/N

a C/N

C1 /N1

PFIZ-P{ = ÄpH

ä pH/pH1

CZ-CI = ^ C

aC/C1

CORRELAT ION VAR IAB LE

0.368*

0.574***
0.574***
0.2957

0.01 49

0.44]**

0.50.l ***

0.529***
0.367*

0.33.l *

KZ-Kt =aK
.aK/K1

Ca2-Ca1 = a Ca

a CalCa1

MgZ-Mq = a'Mg

^ Ms/Mgt

PZ-PI =

aP/P1

Ecz -Ect

af c /Ec1

CORRE LAT ION

0. 163

-0.071

0.062
-0. I 0l

-0.142

-0. I Bt

-0. 255

-0.081

0.t0t
-0.266

aP

=aTC
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The more intense the fire, the reduction of 0.M. represents a

greater proportion relative to initial content.

This does not occurin N. It does not seem that the 1oss, with
respect to the in'itial percentage, becomes any greater, supposing

that the intensity increases. So this correlation is not

significant. However, there 'is a greater absolute loss of N when

the intens'ity of the fire increases.

The absolute variat'ion of the C/N relation is not strictly allied
to lineal intens'ity. However, in relative terms, this relation
seems to "improve with high intensity fires. The more intense the
fire, the relative decrease of C/N is greater with respect to the

C/N quot'ient of unburnt soi I .

The pH shows a relation with fire intensity, a characteristic
which had been mentioned more or less intuit'ive1y by most

authors, though without having made an simultaneous measured of
both variables. Again, the relation is more evident 'in the
quoti ent referri ng to i ni ti al pH, showi ng that the effect
mentioned is stronger as fire intensity is greater. Conductivity
reflects the same phenomena, although less sign'ificant.

It does not fail to seem paradoxical that the absolute and

relative concentrations of K, Cä, Mg and P and the sum total of
el ements show no change i n respect to fi re i ntensi ty. Thi s i s

probably due to the fact that this parameter is insufficient .in

showing the whole effect of the fire. It'is obvious that a fire
can be of a very h'igh lineal intensity, simply by 'its rate of
spread wi thout produci ng consumpti on of fuel 'i n any great
proportions, which supposes that it does not produce any great

amount of ash. It is probable that a measurement of fuel consumed

could possibly improve the preceeding relationships.
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5. CONCLUSIONS

t,.le can indicatethatfiresinN.tJ. Spain are provoking many

sudden changes in the condit'ions of fertility 'in the first 5 cm

of soi1, shown by spectacular increases -in average contents of
exchangeable cations: K (3 times more), Ca (B times), Mg (3,6

times) and available P (7 t'imes). 0M undergoes an important

reduction (39 %) and pll 'increases by 0.86. The C/N relationship
diminishes and the amount of total N of res'idual 0M is not

affected. These effects, however, do not seem to occur in the 5-

30 cm 1 ayer.

After two years, the deposited nutrients have vanished in the 0-5

cm layer, showing lower concentrations for K and Mg, equal for
Cä, and P has rema'ined hi gher than at the begi nn'ing. 0n1y Ca has

been retajned, very s1ightly, in the 5-30 cm 1ayer.

The loss of clay and s'i1t by erosjon should be stressed, and that
the soil i s bei ng depl eted of these 'important material s.
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RECOVERY OF PINUS HALEPENSIS MILL. hl00DLANDS AFTER 1^IILDFIRE

Louis Trabaud, France

I NTRODUCT I ON

Due to its frequent recurrence fjre is an important factor
influencing the dynamics of the plant communities 'in the French

medi terranean area. Former stud'i es ( BRAUN-BLANQUET I 936,

KUHNH0LTZ-L0RDAT 
.l938, .I958, 

K0RNAS 
.l958, 

BARRY 
.l960) 

considered

fire as creating more and more degraded successive stages. But

they d'id not analyse exactly the vegetation success'ion in the
course of time after fire. Recently TRABAUD (1977, .l980, 

l9B2)

and TRABAUD and LEPART ( I 980 ) demonstrated that burnt
phytocenoses both f I ori st'ica'l 'ly and structural 1y recovered ver.y

qu'ick'ly reverti ng to a state sim'il ar to the previ ous ones

exi sti ng before fi re. By such resul ts they reached the same

establ'i shments found by researchers from Cal iforni a ( SAMPS0N

1944, PATRIC and HANES 1964, HANES and J0NES 1967, HANES 1971,

V0GL and SCH0RR 197?), from South Africa (KRUGER 1977), and from

Austral'ia (SPECHT et. al . .I958, 
PURDIE 1977a, 1977b, PURDIE and

SLATYER 1976).

To have a prec'ise knowledge of changes occurring 'in the French

medi terranean vegetati on fo1 'l 
owi ng fi re, a study has begun

fi fteen years ago to fol I ow the mod'i fi cati ons brought by

wiIdfire. Several (B) communit'ies were investigated and observed

duri ng about twel ve years; the present contri buti on deal s wi th
the Pinus halepensis Mill. woodlands which are very flammable and

combustible communities and consequently frequently fired.

2. METHODS AND KINDS OF CBSERVATIONS

The "d'i rect " (or

permanent plots was

burnt areas. Thi s

diachronic) method (PAVILLARD .l935) based on

chosen to observe the vegetation recover.y on

method allows to observe and follow relatively
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smal I both fl ori sti c and structural changes . The study mai n1y

concerns the first years (,l0-l? yr) following fire, these are of
primary importance for the establishment of vegetation.

The 7 studi ed p1 ots concerni ng the A1 eppo pi ne woodl ands are

I ocated 'in f ormerly burnt areas i n the northwest reg'ion of
Montpellier. Thanks to the courtesy of the "Service d'incend'ie et
de Secours du D6partment de I'H6rault" the burnt areas could be

precisely located and thejr age known. After a reconnaissance of
the fired areas, the study plots were selected according to the

apparent homogeneity of the stands.

Each observation plot consisted of a permanent 20 m intersect
l'ine (LEVY and MADDEN 1933, L0NG 1957, 1958, DAGEI and POISSONET

l97l). Reference posts are cemented'into the ground. 0bservations

were done every l0 cm. Presence and number of hits along a needle

were recorded for each species. In add.ition to these observations

a floristic survey of the species present in a 100 m'plot (i.e.
in d 2,5mw'idestripate'ithersideof theline) was carried
out.

During the first five years which followed fire, the observations

were performed a few months after the wildfire, then every year

in spring. Afterwards the vegetation was observed only every two

years as the stands appeared to physiognomically stabilize.

3. RESULTS

3. I Devel opment of fl ori sti c composi ti on

The floristic richness corresponding to the number of taxa

encountered in p'lots at each time of observation was first
considered.

During the years following fire, the development of floristic
rjchness follows a general model sim'ilarin several studied
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communities (IRABAUD 
.l980, 

IRABAUD and LEPART 'I980). Immediately

after fire, the ground js entirely bare; then p'lants appear

progress'ive1y. Fl ori st'ic richness i s I ow duri ng the f irst twel ve

months. It grows gradually to reach a max'imum between the lOth

and 40th month. Then, the fIoristic richness decreases. Final1y a

relative stabil'ization does appear from the 60th month onwards

(fis. l).

In the same area, a para11e1 study on burnt pine woodlands also
found that diversity presented the same trends as floristjc
richness and confirmed these results (MICHELS l9B2).

The generally higher number of spec'ies during the first three
years can be attributed to the opening of the vegetation cover

created by fire, to the disappearence of litter and to the
richness in nutrients of the upper soil 1ayer.

The curves of the development of floristic richness are similar
to those which are observed when an unbalanced biological s.ystem

reverts to a metastable state after a perturbation. TRABAUD and

LEPART (.l980) have proposed an'index of fugacity to expla'in the

changes i n fl ori sti c ri chness and how the communi ty fl ora

stabi I i zes.

A species is called fugacious when it does not remain on a nlot
all along the oeriod of observations. The fugacity of any species

is measured by the number of observations 'in which it is missing.

A fugacity'index for the floristic ensemble of a plot should

correspond to the mean value of the fugacities of the species

present on the plot at a given time. Fugac'ity 'index can be

cons'idered as a measure of the floristic stab'ility of a p'lot : if
the 'index 'i s hi gh the communi ty has not reached a stabl e state,
'if j t equa'l s zero the commun.ity 'i s f I ori sti cal 1y stabl e.

Immediately after fire the index of fugacity is 1ow (fig. 2).The
spec'ies whi ch are the f i rst to appear on the pl ots do rema.in

thereafter. Then fugacity increases and reaches its maximal value
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duri ng the second and th'ird year af ter w'i I df ire when f I ori st'ic
richness is at 'its maximum. Thus the fugac"ity follows the model

of the fI ori sti c ri chness . Therefore the ri chness of the
intermediate stages clearly proceeds from spec'ies ( most of them

coming from outside the community) which temporarily add to the
community richness and will disappear as the stands get older.
Most ofter these species are annuals. Then the fugacity index

decreases progressively to stabilize towards the Bth year after
fi re.

3.2 Changes in the quantitative development

Not only fire'influences the floristic composition of communities

but it also modifjes their structure and phytomass. Structure
stands for the spat'i a1 di stri buti on both hori zontal 1y and

verti ca'l 1y of p1 ants .

a) Horizontal growth

l^Jhen only the presence of a speci es i s recorded at each

observati on poi nt a1 ong the I i ne thi s gi ves a speci fi c frequency
(GORDON 

.l958, 
DAGET and P0ISS0NET 1971, 1974). If this frequency

i s referred to the total number of po'i nts observed on the I i ne

the result is the percentage of ground covered by the species,
which may represent the cover of this spec'ies.

As the recovery of vegetation is very quick following fire, the

total cover reaches rapidly a large amount of the ground surface,
therefore it seems better to follow the cover changes according
to the principal life forms of plants (RAUNKIAER -I905, 

GODRON et
al. l968). Hence, plants were put together accord'ing to their
potential life forms, that is the adult size they would reach

without any fire or perturbation. Four main groups were set up:

woody plants h'igher than 30 cm: woody phanerophytes

woody plants always smaller than 30 cm: woody chamaephytes



-202-

gras ses

other herbaceous plants: forbs.

Rapid1.y after fire vegetation sprouts and covers the ground

surface. As a matter of fact, generally fifteen days after a

wildfire p'lant begin to sprout, then progressively tend to become

denser. The cover of woody phanerophytes regularly 'increases as

communities get older (fig. 3a). At the end of the period of
observat'ions (12 years after fire) the growth tends to slow down

and stabi I i ze. The commun'i ti es reach an equi 1 i bri um stage

s'imi I ar to that of the mature state. The cover of woody

chamaeph.ytes passes through a maximum which persists from the

th'ird to the sixth year foi lowing f ire, then decreases (f icl. 3b).

The developments of the grass and the forb covers (fig. 3c and

3d) are similar to that of woody chamaephytes. Cover reaches a

maximum which can spread over several years but neve'r passing

beyond the fjfth. Then the cover of these two types of life fo'rms

decreases less and less rapidly as communities grow ol<ier.

As woody plants develop and invade a more and more 'import.ant

area, the cover of all the herbaceous plants tend to decrease.

There 'is a sort of competition for growth between the different
life forms, woody plants prevailing over the herbs. Th'is tendency

appeas very soon after fjre. However, towards the end of the
period of observations (about 12 years) a relative steady state
seems to appear. The rat'io of the different forms remains rather
constant. This stage 'is very similar, if not identical, to that
of older communit'ies which have not been burnt.

b ) Vert'ical growth

The number of p1 ant hi ts al ong the generati ng I i ne of the

observat'ion needl e gi ves an est'imat'i on of the above ground

phytomass ( DAGE and P0iSSONET 1971 , 1974). The growth of
vegetation was observed accord'ing to different strata:
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As communities grow o1d plant material tends to become more
'important in higher strata, whilst it decreases in the lower

strata. Immed'iately after fire Iayer 1 appears and dominates

during the first five years (fig. 4a). Progressively the

i mportance of thi s 'l ayer w'i 1 1 decrease . Layer 2 'i ncreases , then

stab'ilizes. Layers will appear the more 1ately as they are

located at a higher point: 'layer 3 appears only the second year

follow'ing fire (fig. 4c). The decreasing importance of layer I

after the fjfth yearis due to the fact that vegetation grows up

and the max'imum of p'lant material tends to be at the periphery of
plants (tip of twigs and branches).

If pine woodlands do not grow higher than layer 3 during the
period of observations this 'is due to the strategy used by the

dominant plant (pine) to survjve fire, for Quercus ilex woodlands

reached layer 5 during the 12 years of observations (TRABAUD

l9B0). The oak sprouts and grows up very quickl.y (in 70 months
'its height can reach 2 n), whereas Aleppo pine can reproduce only
by seeds and has a slower growth during the first years fo'llowing
fire (it reaches only I m in 10 years). But with t'ime the higher

l ayers wi 11 prevai'l .

Thus, after fire, there is a recovery towards a steady structural
state similar to that existing before fire. In 25 years the p'ine

woodl ands wi I I be restored.

4. DISCUSSION AND CONCLUSION

The post-f i re

P . hal epensi s

devel opment of
woodl ands i s

the f I or j st'ic composi ti on of the

very different from that of
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revegetat'ion of bare soil or after abandonment of old fields
(B0URNERIAS -l959, 

BAZZAZ 
.I968, 1975, MELLINGER and McNAUGHTON

1975, GUILLERM 1978). The opening of the vegetation allows alien
species to come in but these are rapidly e1 iminated with the

return of commun'ity speci es exi sti ng before fi re. Duri ng the
peri od of study there was no successi on i n the sense of
substitution of a community by another one. Concerning the
florist'ic composit'ion fire seems to be a rather superficial
phenomenon. Vegetation obviously follows the model proposed by

EGLER (.l954) as "initial florist'ic composition", that is all the
taxa of the mature stages appear in the plots 'immediately after
fj re, even i f afterwards the rel ati ve abundance of i ndi vi dual s

changes a little. There js no "re1ay floristics" or different
communities succeeding on a same plot through time.

There is a progress'ive 'increase of the phytomass, and a change of
the ratio of the plant material from the lower layersimmediately
af ter f i re to the hi gher 'l ayers as vegetat'ion grows ol d .

L'ikew'ise, the rel ative importance of l'ife forms (woody and

herbaceous ) progressi vely changes through time. Whi ch i s

identical to the theoretical model proposed by 0DUM ('l97.l) for
simul ati ng the mass changes occurri ng through success'i on

following fire a11ow'ing to explain the development of plant
forms.

Infrequent wildfires do not profoundly mod'ify the flora and

structure of Aleppo p'ine woodlands in the French mediterranean

regi on because these ph.ytocoenoses have been probab'ly i nf I uenced

by fire for a long time and species present adaptive traits to
survive fire.
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KONTROLLIERTES BRENNEN

KI EFERNAUFFORSTUNGEN

Johann Georg Goldammer,

IM FEUER-MANAGEMENT SÜDBRASILIANISCHER

Bundesrepubl ik Deutschl and

Einle'itung

Zur Deckung des Nutz- und Brennholzbedarfes und zur S'icherung des

Landschaf tspotent'i a1 s werden we1 twei t i n zunehmendem Maße

Aufforstungen m'i t raschwüchsi gen Baumarten angel egt . In den

Regionen der Subtropen und der Tropen wird dabe'i schwerpunktweise

auf die Gattungen Pinus spp. und Eucalyptus spp. zurückgegriffen,
deren wei te öko1og'i sche Ampl i tude e'i ne Anpassung an extreme

Standortbedingungen erlaubt und'in kurzem Umtriebszeiten von l5
bis 30 Jahren die Erzielung guter Holzerträge ermögf icht (FAO

1967).

in Bras'il'ien, das zu ei nem der f ührenden Aufforstungsl änder

zählt, stellen die Pinus spp. etwa ein Drittel der für die
Peri ode I 967-l 980 projekti erten Aufforstungsfl ächen ( IBDF i n
MAFF IA I 982 ) . Der Schwerpunkt des Ki ef ernanbaues 1 i egt dabe'i i n

dem im Süden des Landes gelegenen Bundesstaat Paranä. Von den

insgesamt etwa 
.l00 

bekannten Arten der Gattung Pinus spp., deren

natürl iches Verbreitungsgebiet sich im Wesentl ichen auf die
nördl'i che Hemi sphäre beschränkt, werden dort vorzugswei se Pi nus

elliottii Enge1m., Pinus taeda L. und Pinus caribaea frfo"efet

angebaut ( s. a. GOLFARI I 97.l ) .

Di ese Arten zei chnen s'ich durch ei n außerordentl 'ich schnel I es

lnlachstum aus . Di e dam'i t ei nhergehende hohe Produkti on an

Nadelstreu führt mit Beginn des Bestandesschlusses zur Bildung

ei ner mächti gen Streuaufl age, di e den Aufwuchs von

Bodenvegetat'i on und ei nes Unterstandes wei testgehend verhi ndert;
durch diese Artenarmut sind die Aufforstungen vergleichbar mit
Agro-Ökosystemen , di e durch geri nge ökol ogi sche Stab'i I i tät
gekennzeichnet sind (C0NELL and 0RIAS 1964, VAN MIEGR0ET 

.l979).
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Im Totastraum der Bestände, in denen eine natürliche Astrein'igung
innerhalb der angestrebten Umtriebszeiten zwischen l5 und 30

Jahren nur sehr zögernd erfo'l gt, bl ei ben di e herabfal I enden

Nadel n hängen und b j I den e'ine zusätzl i che, verti ka1 e Sch'ichtung

der Streu . Zusammen m'it den peri od'i sch anf al I enden

Durchforstungsabfä1 1 en hat di ese Anordnung des forstl i chen

Brennmateri al s ei ne hohe Schadf euerdi spos'it'ion zur Fol ge . Wal d-

und Frei fl ächenbrände , di e Südbrasi I i en am häuf i gsten durch das

Felderbrennen oder die Brandrodung verursacht werden (S0ARES und

C0RDEIR0 1974), können in den niederschl agsarmen Monaten des

südljchen W'inters katastrophale Ausmaße annehmen. Im Jahr .l963

verbrannten al I ei ne i n Paranä i nnerhal b weni ger Wochen über I ,5
mio ha Sekundärwa1d, 0,5 mio ha Araukarien-Naturwald (Araucaria

angust'ifolia (Bert. ) O.Ktze. ) und über 33.000 ha Neuaufforstungen
(IORIB I0 I 982 ) . Im Jahr l g8l nahmen di e l,,lal dbrände wi ederum große

Ausmaße an und flihrten zu einer Schadf läche von mehreren m'io ha,

darunter ca. 40.000 ha Aufforstungen, von denen besonders die
Kiefernplantagen im Süden Brasiliens betroffen waren (SBS l9BZ).

Di e hohe Wal dbranddi sposi ti on di eser Aufforstungen mi t
fremdl ändi schen Ki efernarten wi rft di e Frage i hrer zukünfti gen

Bew'irtschaf tungsf orm auf . Hi erbei kann ei n Bl 'ick i n d'ie Ökol ogi e

natürl i cher Ki efernwal dgesel I schaften Nordameri kas hi I frei ch

sei n . In Regi onen, i n denen Bl i tzschl agfeuer regelmäßi g

auftreten, haben die vielfachen Wechselbeziehungen zwischen Feuer

und Vegetati on d'i e Ausf ormung von Feuer-Ökosystemen begi.jnsti gt
(s.a. KOZL0WSKI and AHLGREN 

.I974, 
G0LDAMMER 

.l978, 
WRIGHT and

BAILEY .I982). 
Neben der selektiven W'irkungsrichtung haben

regel mäßi g auftretende Feuer di e wi ederhol te Reduzi erung

f orstl i chen Brennmateri al s zur Fo1ge. In liJal dbeständen entw'ickel n

s"ie si ch daher auch me'ist nur al s Bodenf euer geri nger intensi tät,
denen die im unteren Stammteil dickborkigen Kiefern angepaßt

sind, gehen nicht in die empfindlichen Kronen über und bewjrken

somit langfristig die Sicherung der Bestände vor der Entwicklung
ei nes Schadfeuers.

In der nordamerikanischen Fortwirtschaft ist man daherin Abkehr
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von der stri kten Feuerbekämpfung dazu übergegangen, das

kontrol I i erte Durchbrennen von Koni ferenwäl dern, i nsbesondere von

Kiefernwaldgesellschaften, a1s Maßnahme der Schadfeuerverhütung

in das Feuer-Management zu'integrieren (s.DeBRUIN .l974). Für die
forstl i che Praxi s stehen entsprechende Empfehl ungen und

Anlejtungen bereits zur Verfügung (MOBLEY et al . 1973, US F0REST

SERVICE 1976, MARTIN and DELL 
.l978, 

FISCHER 
.I978).

In die Bewirtschaftung von Kiefernaufforstungen außerhalb des

natljrl i chen Verbrei tungsgebi etes hat das kontrol I 'i erte Brennen

noch keinen entsprechenden Eingang gefunden. Untersuchungen über

die Auswirkungen eines kontroll'ierten Feuers'in P.elliottii s'ind

aus Australien bekannt (VAN L00N and LOVE 
.l973). Für den Einsatz

von kontrol I i ertem Feuer i n den Ki efernaufforstungen Südameri kas

lagen neben einem Pjlotversuch in Pinus radiata D. Don in Chile
(JULI0 'I975) und jn Pinus oocarpa Schiede und P.caribaea in Minas

Gera'is/Brasil'ien (SOARES .l979) bislang nur hypothetische

Formul'ierungen vor (GOLDAMMER 1976, 1982, S0ARES 1977) (s. a.

Tab. I ).

In der vorliegenden Arbeit wurde versucht, anhand des Beispieles
von Aufforstungen mit P.elliottii und P.taeda verschiedene

grundsätzl i che Fragestel 1 ungen der Erhebung forstl 'i chen

Brennmateri al s und des Verhal tens und der Auswi rkungen des

kontrol I i erten Feuers zu kl ären . Di e Ergebni sse, di e i n

ausführlicher Form bei G0LDAMMER (.l983) dargestellt sind, werden

hi erin Auszügen ski zz'rert.

2. Material und Methoden

Für d'ie Durchftjhrung der Untersuchungen im südbrasi I i ani schen

Bundesstaat Paranä, der zwi schen 22" 29'3Ou und 26o 42'59"
sijdl i cher Bre'ite und 48" 02'24" und 54 37'38" westl i cher Länge und

im Wesentlichen in den nach KÖPPEN mit Cf a und Ctb zu

charakteri s'i erenden Kimazonen 1 i egt ( MAACK I 968) , wurden

insgesamt l9 Versuchsbestände m'it P.elliotti'i und P.taeda
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ausgesucht. Si e l'iegen 'im Versuchswal d der Bundesuni vers'ität von

Paranä, Fazenda Canguiri , bei Curit'iba, und dem Forstbetrieb
Klab'in do Paranä, Fazenda Monte Alegre, Tel6maco Borba.

2.1 Erhebung der Streuauflagen, der Durchforstungsabfälle und des

Nadel fal I es

In den nicht-durchforsteten Beständen oderin den häufig

vorzufi ndenden bi s zu I 6 Jahren al ten und nur ei nmal

durchforsteten P1 antagen wi rd der größte Tei I der

Brennmateri a1 aufl age durch di e Nadel streu gestel 1 t. Das größere

Material ist von den Nadeln überdeckt, so daß der E'indruck einer
sehr homogenen Bodenaufl age entsteht. Unter derarti gen

Voraussetzungen wurde die Menge des forstlichen Brennmaterials

auf dem Bestandesboden Uber zufä1 1 i g vertei I te Kl ei nfl ächen-

Stichproben ermittelt. In e'inem Holzrahmen mit einer Innenfläche

von I m2 wurde das gesamt Brennmaterial außer Nadeln und Zapfen

gesammelt. Die Nadelauflage wurde mit Hilfe eines Holzrahmens

(Seitenl änge 30 x 30 cm) und eines geschl iffenen Spatels

herausgestochen. D'i e Hochrechnung der Brennmateri a1 aufl age j n

t'ha-l erfol gte nach Trockengew'i cht .

Nach e'inem Durchforstungseingriff bildet sich eine sperrige
Brennmaterialauflage aus Asten und Kronen bis zur Derbholzstärke.

Di e Erfassung d'i eses räuml i ch unregelmäßi g angeordneten

Brennmaterials ist schw'ierig. Die .in den USA speziell für P.taeda

oder P.ell'iottii entwickelten Regressionsmodelle, in d'ie

bei spiel swe'ise Grundf I äche, BHD, Kronengew'icht und Eigenschaften
des Unterstandes Eingang gefunden haben, sjnd entweder nur auf

nicht durchforstete Bestände anwendbar (BRENDER et al . .I976),

beschränken s'i ch auf di e Kronenmasse (WADE I 969 ) oder

berücksi chti gen e'ine Begl ei tf l ora, di e i n Brasi l 'ien ni cht

angetroffen wird (EDWARDS and McNAB 1976, McNAB et al. l97B). In

Beständen mit einem vorangegangenen Durchforstungseingriff wurde

daher eine inventur des Brennmaterials mit Hjlfe einer "p'lanar

intersect techn'ique" (BR0l^lN 1974) durchgeführt.
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Da e'ine natürliche Astreinigung von P.taeda und P.elliotti'i erst
sehr zögernd etwa ab dem Alter von 15 bis 20 Jahren erfo'lgt,
bl ei bt e'i n Tei I der herabfal I enden Nadel streu im Totastraum

zwischen Bestandesboden und Kronen hängen. Insbesondere vor der

ersten Durchforstung fü1 1 t di eses am I ei chtesten entzündl i che

Brennmateri al den Stammraum hori zontal und verti kal auf
("draped" fuels). Bei der ersten Durchforstung wird es dann nicht
nur entzerrt, sondern die fallenden Bäume reißen auch einen Teil
der Totäste mi t oder zertrümmern s'ie. E'ine Erf assung di eser

Nadel masse wurde daher nur i n ei nem 9-j ähni gen, ni cht

durchforsteten Bestand vorgenommen. An l0 Bäumen wurden dabei

sämtl i che an den Asten hängenden Nadel n ei ngesammel t und das

Trockengewi cht bestimmt.

7ur Untersuchung des Nadel fal I es wurden zehn versch'i edene

Bestände ausgesucht, die be'i Beginn der Versuchsanlage zwischen 5

und 22 Jahre alt waren. Die Nadeln wurden in Streufallen m'it

ei ner Sammelfl äche von I m' aufgefangen. Pro Bestand wurden

jewei 1 s zehn di eser Fa1 I en entl ang ei ner Sti chprobenl'ini e und

unabhäng'i g vom Standort der Stämme und der Kronenprojekti on

ange'legt. In ke'inem Bestand war e'in Unterstand vorhanden, der den

Streufal I hätte verfäl schen können . hJährend der 1 3-monati gen

Beobachtungsperi ode zwi schen Mai I 9Bl und Mai 198? wurden di e

Streufallen monatlich geleert, das Trockengewicht bestimmt und

der monatliche Nadelfall pro Hektar hochgerechnet.

Zur Trockengewichtsbestimmung wurden die Streuproben bei 85"C b'is

zuy Gewi chtskonstanz gebracht: Di eses Verfahren i st bei der

trhebung des übrigen forstlichen Brennmaterials nicht notwendig,

da die Errechnung über die "planar intersect techn"ique" auf dem

Trockengewicht basiert. Der Feuchtigkeitsgehalt der Streu 'ist

während des Verbrennungsvorganges eine kritische Variable (s.a.

VAN WAGNER 197?). Die Errechnung erfolgte Liber Darrtrocknung bzw.

ein thermogravimetrisches Meßgerät*.

* COMPU-TRAC MA-3, Motorola Proc. Contr., Inc., Tempe/Arizona
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2.2 Erfassung der Feuerintensität

Das Verhalten von Gegenw'ind- und Lauffeuern wurde auf Grundlage

des von BYRAM ( I 959 ) vorgeschl agenen Ausdrucks der

"Feuerintensität" beschrieben, alternativ auch mit der dazu eng

in Beziehung stehenden Flammenlänge (s.a. ROTHERMEL and DEEMING

l9B0). Als He'izwerte der Streu wurden dje Berechnungen von HOUGH

( I 969 ) zugrunde ge1 egt.

2.3. Erfassung der Ausw'irkungen auf den Standort

Unter besonderer Berücksichtigung der Feuchtigkeitsverhältnisse
wurde die Temperaturentwicklung unterhalb, in und oberhalb der

Streuauflage gemessen (NiCr-Ni-Thermoelemente). Daneben sollte
di e Untersuchung der Bodenf auna Hi nwei se auf d'ie Ti ef enwirkung

des kontrol I i erten Feuers geben und i hre mö91 i che Reakti on auf

veränderte Umwel tbed'i ngungen aufze'i gen . Dazu wurden i n zwei

Brandparzel I en und i hren entsprechenden Kontrol I fl ächen

zy'l i ndri sche Bodenproben ( Vol umen : 225 cffi 3 , Ti efe: 4 cm )

entnommen und mi t Hj I fe ei nes Apparates nach BERLESE/TULLGREN

(BAL0GH l95B) nach Bodentiergruppen ausgezählt.

Di e Beobachtung derin diesen artenarmen Bi ozönosen sporadi sch

vorkommenden Bodenvegetati on sol I te ei nen H'i nwei s auf di e

Bee'i nf I ussung der Keimungsbedi ngungen bzw. di e Reakt'ion der

Pflanzen auf das kontrollierte Durchbrennen hin ermög'lichen. In
zwei nahe bei ei nanderl i egenden Beständen mi t 'l 5-j ähri ger

P.elliottii, in denen vereinzelte Bodenpflanzen zu finden waren,

wurden di e Pfl anzen bestimmt und di e Standorte dauerhaft

markiert; vor dem Brennen (April l98l) und ein Jahr danach (März
.l982) 

wurde eine Aufnahme nach der synsystematischen Methode von

BRAUN-BLANQUEI (1964) durchgeführt.
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Abb. 1a: Monatliche Verteitung d.es Nadelfalles (t'ha-11
boden in 5- bis 13-jährigen Aufforstungen mit
da Monte Alegre, Paranä, 1981-82.
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Abb. 1b: Monatliche Verteilung des Nade1falles
in 15- bis 22-)ährigen Aufforstungen
Alegre, Paranä, 1981 -82.
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Abb.3: Durchschnittliche prozentuale Verteilung des
Nadelfa1les von Pi-nus taeda auf den Bestandes-
boden im Jahresgä-q. Faz$aa Monte Alegre, pä-
ranä , 1981-82.
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3. Ergebni sse

3. I Der Kompl ex des Brennmateri al s

Di e Hochrechnung des Trockengewi chtes derin den Streuf al I en

aufgefangenen Nadeln auf den monatlichen Nadelfall in t.ha-l ist
für die einzelnen Altersgruppen von P.taeda in Abb. la und lb und

der jährliche Streufall in Abb. 2 dargestellt" Abb. 3 ze'igt, daß

der anteilige monatliche Nadelfall als l4ittelwert aller Bestände

seinen Schwerpunkt in den Monaten April bis Junj mit zusammen

7l ,B% auf wei st . Di e Höhen der Streuauf 1 agen und i hr Gew'icht

schwanken erhebl i ch, ohne i n ei nem Bezug zum Al ter oder

Durchforstungsstatus zu stehen: Bei Höhen zw'ischen 5 und 29 cm

wurden Auflagegewichte zwischen 8,9 und 35,2 t 'ha-l gemessen

(Abb.4) . Die Aufl age der Durchforstungsabfä1 1e (bi s zur

Derbhol zstärke) vari i ert ebenfal'l s beträchtl i ch. In Abb.5 si nd

vier verschiedene Bestandesphasen von P.taeda und P.elliottii
exempl ari sch dargestel 1 t. Di e im Totastraum hängengebl i ebenen

Nadeln beliefen sich bei einem 9-jährigen Bestand mit P.elliott'i'i
vor der l. Durchforstung auf ein Gewjcht von 5,4 t.ha-].

3.2 Feuerintensität

In den Streuauflagen, in denen sich bereits deutliche Schichten

zunehmender Zersetzung (AoooL, AooF, AoH) ausgebildet haben, ist
ei n ausgeprägter Grad'i ent des Feuchti gkei tsgehal tes mi t
zunehmender Ti efe vorhanden . In ei nem I 5-j ähri gen Bestand mi t
P.elliott'ii betrug der aktuelle Feuchtigkeitsgehalt der AoooL-

Schicht (4,5 t.ha-l ) 34,9%, der AooF-Schicht (4,3 t'ha-l ) 146,5%.

Mit einer Feuerintensität von 
-l8,09 kJ.m-l .s-l wurden dabei

insgesamt 4,8 t'ha-l Auflagematerial verbrannt (Gegenwindfeuer).

I n ei nem wei teren Bestand mi t P " el I 'i otti i konnte ei ne

Drei schi chtung des Feuchti gkei tsprofi I es beobachtet werden

(Aoool : 29 ,5%, AooF: 161 ,7%, AoH : 301 ,9%) . Mit e j ner

Feuerintensität von 39,23 kJ .m -l .s-l wurden 5,5 t ha-l
Streuaufl age verbrannt ( Gegenwi ndfeuer ) .
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Der hohe Feuchti gke'itsgeha'lt der AooF-Schi cht ( 219 ,2% ) und d'i e

schwache Aoool-Auf1 age ( Feuchti gkei tsgehal t 38 ,5%) er1 aubten das

Herausbrennen der hängengebl 'iebenen Nadel n 'im Totastraum bei

leichtem Gegenwind. t,llährend auf dem Boden l,l7 t.ha-l AoooL-Streu

verbrannt wurden, betrug di e Reduzi erung der abgestorbenen

Nadelmasse aus dem Totastraun 70% (3,79 t-ha-l ), wobei d'ie Kronen

zw"i schen I 0 und 30% versengt wurden.

Das Herausbrennen der Nadeln
'in einem l5-jährigen Bestand

ei ner Intensi tät von 455

starken Feuchtegradi enten 'in

35,6%, AooF : 23A,0%) .

aus sperri gen Durchforstungsabfäl I en

mit P.taeda bei leichtem Mitwind und

- I . 290 kt^J .m- I wurde auf grund des

der Streuaufl age ermög1 i cht (AoooL:

3.3 Die Auswirkungen des Feuers auf den Standort

D'ie 'i sol i erende l,rJi rkung der t'i ef er ge1 egenen, feuchten

Streuschichten zeigen d'ie Temperaturkurven in Abb.6, die bei

einem Gegenwindfeuer geringer Intensjtät und einem M'itfeuer hoher

Intensität 'in der Streusch'icht und 0,5 m oberhalb gemessen

wurden.

Bodenproben zur Untersuchung der Bodenfauna wurden in einem l5-
jährigen Bestand m'it P.elliottii im gebrannten Teil und der

Kontrollfläche 9 l4onate nach dem Brennen im Hochsommer und einem

g1e'ichaltrigen und -strukturierten Bestand 6 t^lochen nach dem

Brennen im Frühjahr entnommen (Abb.7 und B). Die Unterschiede

zwischen Brand- und Kontrollflächen sind statistisch nicht
gesi chert.

Di e pf1 anzensozi ol ogi sche Aufnahme i n den untersuchten Beständen

ze'igte ein Jahr nach dem Brennen keinerlei Neuansiedlungen, so

daß s'ich die Auswertung der Vegetationsaufnahme auf eine reine
Zustandsanalyse der zuvor vorhandenen Bodenpfl anzen beschränken

mußte. Sie ist in Tab.2 nach Artmächtigkeit und Häufungsweise

gekennzei chnet und Gruppen zugeordnet, die 'i hr
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Abb. 6: Ausgegrichene Temperaturprofile beim Kontrollier-
ten Brennen
Gegenwlndfeuer (-) in einem '16- jährigen Bestand
mit P.elliottii. Stärke der Streuschicht 20 cm.
reucEtffi: Aoool,= 322 , AoH= 14G2. Feuerin-
tensität: 18r09 kJ.m- ls-|.

Mitwindfeuer (---) in einem 15-jährigen Bestand
mlt P.taeda.stärke der streuschicht 25 crirr Feuch-tigkäi@aLt 230?. Feuerintensität beim Heraus-
brennen der Nadeln aus den DurchforstungsabfäIlen:
455 t91-1290,73 kI{.m-1 bei Flammenhöhen äwischen
113 und 2r1 m.

x = Passierzeit des Feuers an der Meßstelle
Meßpunkte Gegenwindfeuer: (1) 50 cm über der Streu_

oberfläche
l2t Auf der Streuauflage
(3) Oberfläche des Mine-

ralbodens
Meßpunkte Mitwindfeuer? 14) 50 cm über d.en Durch-

forstungsabfä11en
(5) In der Streuschicht,,

5 cm über dem Mineral-
boden
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Durchschnittliches Fangergebnis der wichtigsten
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Pflanzen mlt l{lederausschlag

Ocotea ouberula (Lauraceae)
Faqara klelnli (Rutaceae)

Egrrg$g sp. (Composltae)
ygsuq sp. (Saplndaceae)

Compomanesia sp. (Myrtaceae)
Jacaranda puberula (Bignonlaceae)+. 1

Solanum sancta-catharinae
(Solonaceae )

Polystichum sp. (Pterldophyta)

E$!!g sp. (Ptertdophyta)
Ilex Daragualengis
Rosaceae
Composl tae
Myrclnaceae
C1 etraceae
Rublaceae
Celastraceae
Myrtaceae
Flacourt laceae

Pflanzen durch Feuer abgetötet

Pelexla sp. (Orchldaceae)
Rapanea ferruglnea (Myrslnaceae)
Mavtenus sp. (Celastraceae)
Nectandra sp. (Lauraceae)
Eusenia sp. (Myrtaceae)

&Eg sP. (Rosaceae)
Gramineae
Melastomatacea6

+.1
+.1
+.1
+. I-

+.2

+.1
+.2
+.1
+.1
+.1
+.1
+.2
+.L+.1

+.2
+.1,
+.1
+.1
+.1
+.1
+.1
+.1
+.1
+.1
+.L

Pflanzcn z.T. abgctötct, z.T. m1t lflcdcrausschlag

Podocarpus lambertll (Podocarpaceae) +.1
LeandTa sp. (Melastomataceae)
Allophvlus edulis (Saplndaceae)
Solanum sp. (Solanaceae)
Plptocarpha sp. (Composltae)

Artmächtlgkelt: + - spärllch od.sehr spärIlch
vorhanden, Deckungswert gerlng

Häufungsw€1se ! 1-olnzeLn, 2-gruppenwetso wachsend

+.2
+.1
+.1
+.1

Tab.2: Pflanzensoziologische Aufnahme nach Artmächtigkeit und Häufungs-
!üeise in den gebrannten Beständen 1 und 2. Brenndatum: April 1982.
Kontrolle des Regenerationsvermögensz März 1982. Fazenda Canguiri,
Paranä.

I

l§
N)(o
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Regenerati onsvermögen nach ei nem Jahr nach dem Brennen

charaktersi ert; Merkmal e h'i erbei si nd hlj ederausschl ag und

vol I ständ'i ge Abtötung durch di e Feuerei nwi rkung.

4 . D'i skuss'ion

Die jährliche Menge des Nadelfalles ist im Vergleich zu ähnlichen

Untersuchungen 'in P'inus spp. wesentl i ch höher (HEYWARD and

BARNETTE 1936, \4ETZ 195?, WILL 1959, VAN L00N and L0VE 1973,

POGGIANI I 9Bl ) . Den synopti schen Auswertungen weltweiter
Streuprodukt.ion von BRAY and G0RHAM (.l964) und MEENTEMEYER et al.
(-I982) folgend dürfte dieses Ergebnis auf d'ie Klimabedingungen

und d'ie geographische Breite zurückzuführen sein.

Das sehr une'inheitliche Bild der Höhe und des Gewichtes der

Nadel streuaufl agen und der Durchforstungsabfä1 I e bi s zur

Derbhol zstärke wi rd durch di e Standortsbedi ngungen und den

Durchforstungsrhythmus bestimmt. Das einzige dynamische Modell

der Brennmateri a'l auf 1 age 'i n Beständen mi t P . taeda, das von

J0HANSEN et al. (.l976) von den sehr komplexen natürljchen
P.elliottii-Vergesellschaftungen abgele'itet wurde, ist selbst im

natürl 'i chen Verbrei tungsgebi et nur beschränkt anwendbar ( US

F0REST SERVICE l97B) und läßt sich aufgrund der unterschiedlich
gehandhabten Durchforstungszykl en auf di e südbrasi I'i ani schen

Verhäl tn'i sse n'icht übertragen .

Ei ne von SOARES (1979 ) durchgeführte Best'immung der

Brennmateria'lauflage in 4,5- bi s 7,5-jährigen Beständen mit
P . oocarpa und P . cari baea var. hondurensi s 'i n Mi nas

GeraislBrasilien (20 " S) zeigt eine Entw'icklung des

Auflagegewichts von durchschnittlich 5,7 auf .l0,6 t.ha-l
innerhalb dieses Altersrahmens. Der Autor berichtet dabei auch

von ei ner extremen Streuung und ei nem Höchstwert des

Aufl agegewi chtes von I 7 ,3 t.ha-l , wobei der Bestand a1 1 erdi ngs

ni cht näher beschri eben i st.
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Zusammenfassend kann festgestellt werden, daß d'ie Menge der

forstlichen Abf älle 'in den K'iefernaufforstungen von Parana und in
dem von S0ARES ( I 979 ) gezei gten Bei spi e1 von Mi nas Gerai s

erheblich höher ist als jn den Ursprungsgebieten d'ieser Arten.
Mit zunehmender Aufforstungsfläche und steigendem Anteil älterer
Al tersk'l assen ergi bt si ch hi erin den nächsten Jahren ei n

wi chti ger Ansatz f ljr we'itere Untersuchungen, di e n'icht nur al s

Grundlage für Entscheidungen im Feuer-Management, sondern auch

f ijr di e potenti el I e Nutzung der Durchf orstungsabf ä1 
'le f ijr di e

Energiegewinnung darstellen (s.a. CARVALH0 
.l982, 

BALL0NI et al.
1982).

Der ausgeprägte Feucht'i gkei tsgradi ent i n den stärkeren

Streuschichten I äßt die Voraussagbarke'it und Steuerung des

Feuerverhal tens zu . Dam'it I äßt s'ich auch das I ocker ge1 agerte

Brennmateri al ohne e'i ne Gefährdung für den stehenden Bestand

herausbrennen . GI ei chzei ti g wi rd d'i e wei tgehend zersetzte
AooF/AoH-Schi cht al s Schutz des Mi neral bodens erhal ten.

D'ie Feuerintensität bewegte sich 'im Fal I des 15-jährigen
Bestandes mit P.elliottii m'it l8 kJ.m-l.s-l an der Untergrenze

des von McARTHUR (1962) tl;r das kontrol I i erte Brennen i n

Wal dbeständen gesetzten Rahmens . Di e Tatsache, daß hi erbei ca .

48% der "fI ash fuel s" verbrannt werden konnten, zeigt die
Notwendi gke'i t der Uberprüfung di eses Model I es auf, nach dem

unterhalb einer Intensität von 
.l7,3 kJ.m-l.s-l ein kontrolliertes

Feuer als zu schwach und mit der Tendenz, leicht von alleine zu

verlöschen, charakteris'iert wird.

Di e i n Abb .7 dargestel 1 ten Temperaturentwi ck1 ungen auf der

Mineralbodenoberfläche bzw. in der feuchten Streuschicht zeigen

das I sol at'i onsvermögen der i ntakt gebl i ebenen Streuaufl age. Di ese

verbl 'iebene Schutzschi cht f ührt off ens'ichtl i ch dazu, daß di e

Bodenfauna durch di rekte oder i ndi rekte Ei nfl üsse des Feuers

sowohl quaf itat'iv als auch quant'itat'iv nicht berührt wird, wie es

nach l,laldbränden bzw. heißern Schlagabraum- oder Rohhumusbrennen

beobachtet wurde (s.a. JAHN und SCHiMITSCHEK 
.|950, .l95.l,
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KARPPINEN 'l957, HUHTA et al. .l957, .l969, 
FELLIN and KENNEDY 1972,

VLUG and BORDEN 
.l973). Hinsichtlich der in der Streu lebenden

Milben und Springschwänze kann die vorl'iegende Beobachtung durch

Untersuchungen gestützt werden, die ze'igen, daß das Austrocknen

der Streu und der jahreszei tl i che E'inf I uß ei ne vert'ikal e
Abwärtsbewegung dieser Gruppen 'in die tiefer gelegenen - und hier
durch Temperaturerhöhungen erwiesenermaßen wenig beeinflußten

Streusch'ichten und den Mineralboden m'it sich bringen (USHER 
.l970,

I 971 , METZ I 971) .

D'ie erwünschte Verbesserung der Keimungsbedi ngungen f [jr
Bodenpfl anzen wi rd durch di e bel assene Streuschj cht und den

jährlichen Nadelfall allerdings nicht erreicht. Das beobachtete

Ausschl agvermögen ei nes Tei I es der Bodenpfl anzen nach dem

Durchbrennen kann durch den Schutz der Uberdauerungsorgane im

Mineralboden bzw. bodennaher Proventivknospen in der unteren

Streusch'icht erkl ärt werden.

Für den E'insatz des kontrol l'ierten Feuers i n den

Ki efernaufforstungen Südbras'i I i ens I äßt si ch zusammenfassend

f eststel l en, daß d'ie Feucht'igkei tsverhäl tn'isse 'in der

Nadel streuschi cht das Herausbrennen des I ocker ge1 agerten und

daher le'icht entzündlichen forstlichen Brennmaterials im Bestand

erlauben. D'ie Feuerintensität hängt dabei von der Anordnung und

Kompaktheit des Brennmaterials und der gewäh1ten Brenntechnik ab.

Be'i der Heranzi ehung von Bodenf I ora und -f auna al s l,r,le'i ser f ür di e

Auswirkungen des Feuereingriffes zeigt sich, daß sich m'it dieser
Form des kontrol l'i erten Brennens unerwünschte öko1 ogi sche

Nebenwirkungen weitestgehend reduzieren lassen.

5. Schl ußbetrachtung

Nach VOGL (1977, i n NIERING I 9Bl ) können Ökosysteme 'i n drei
Feuer-bezogene Kategori en ei ngeordnet werden: Al s

feuerunabhäng'ig, als durch Feuer begründet (Feuer-Folger) oder

al s feuerabhängi g bzw. -angepaßt. E'ine Ei nordnung der"
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Auff orstungen mi t exoti schen K'ief ernarten i n Südameri ka i n e'ine

dieser Kategorien steht vor dem D'ilemma, die Charakteristika
einer feuerangepaßten und feuerabhängigen Baumart .in Einklang mit
einer umwelt zu bringen, deren bioklimatische Eigenschaften eine
Ausformung eines Feuerökosystems per se nicht zulassen.

Folgt man den synoptischen Betrachtungen von L0uci(s (.I970) ijber
di e Stabi I i tät von Pfl anzengesel I schaften, so führt der bewußte

Ausschl uß von peri odi schen störungs- und Recycl i ngsei ngri ffen zur
Zerstörung der Formati on . Das natürl i che und das kontrol I i erte
Feuer stellen einen solchen störfaktor dar. se'in Ausschluß - oder
das Nicht-Einbringen - aus den Kiefernaufforstungen Sijdbrasiliens
hat ei ne Anhäufung von fors Ll i chem Brennmateri al zur Fo1 ge,

dessen frei gesetzte thermi sche Energi e bei Auftreten ei nes

lnJaldbrandes in einer Trockenperiode zur Zerstörung des ökosystems
führen kann.
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EFFECT OF FIRE ON THE PLANT ENVIRONMENT IN PINE FORESTS

Tytus Karl i korvski , Pol and

Read by Erhard Schaefer, Germany

Forest fires destroy plant biomass and bring about negat'ive

alterat'ions in the forest environment, thus causing serious

econom'i c probl ems . Duri ng [,lorl d 'dar I I and the t'ime peri od

directly after left enormous devastations of pure pine stands due

to wild fires. Impairment of stands caused by fires contributed
then to the occurrence of outbreaks of harmful i nsects,
particularly in the western part of the country.

At present, nevertheless, the forest fires indicate an increasing
trend, älthough they do not devastate large areas as 'in the
peri od menti oned.

The number of fi res grows. Thi s i s the phenomenon di rectly
connected with economic activit'ies in the forests as well as the

i ncreasi ng recreati onal penetrati on of forest . Under present

cond'it'ions, there are only f ew f i res wh j ch are caused by

1 i ghtni ngs each years . The number of forest fi res i n 1975

amounted to .l920 (l8l8 ha), in .I976 to 3827 (693] ha), in l9B2 to
3798 (575? ha); the number of fires caused by lightnings are: 11

in 1975, B in .l976, 
and 5 in .l982. This paper is lim'ited to a

complex discussion of the impact of fire upon forest env'ironment.

That i s why only pre'lim'inary resul ts of studi es concerni ng the

i nfl uence of temperature on woody p1 ants are presented here.

High risk of fires in Polish forests results first of all from a

consi derabl e predomi nance of coni ferous stands and from

remarkable acreage under young p'lantations and young stands.

Pi ne stands of young age-c1 asses, wi th part'i cu1 arly bi g amounts

of i nfl ammabl e materi al , are the at most exposed to the



Tab.l: Quantitat'ive and percentual cornpilation of forest fjres which occurred'in .l970

on various forest sites

Month

Si te VIIVIII VIJ VIIl Total

Dry coniferous forest
Fresh con"if erous f orest
Moi st con'if erous f orest
Fresh mixed coniferous forest l/33,3
Moist m'ixed con'iferous forest
Mixed deciduous forest l/33,3
Fresh deciduous forest
Moist deciduous forest 1/33,4

Marshy deciduous forest
Al derwood

Montane moist coniferous forest
Montane con'iferous forest
l,lontane m'ixed con'iferous forest
Montane m'ixed decidupus forest
Montane deciduous forest

2?/37 ,3
z/3,4

12/ 20 ,3

5/ 8,5

1?/20,3

2/3,4
?/3,4

?/3,4

14/9,6

70/ 47 ,9
1/0,7

34/ 23 ,3
4/2,7

18/1?,3

1/0,7

24/1?,8

I I 3/69,5

2/1,1

35/18,7

1 /0,5
6/3,2
1/ 0,5

2/1,1

1 /0,5

2/1,1

22/ 14,1

9g/ 62,9

4/ ?,6

19 / 1?,?

6/3,8
3/1,9

2/1,3

1/0,6
1/0,6

z0/ \6 ,5
7 6/ 62,8

2/1 ,7
18/14 ,9

1 /0,8
2/1,7
l /0,8

l /0,8

9/14,0 1/20

41/64,1 3/60

1/1,6
B/1?,5 1/20

2/3,1

2/3,1

l/1,6

90/ 1?,1

423/57,1

l2/ 1 ,6
128/17,3

19/ 2,6

44/ 5 ,9
5/A ,7
5/0,7

6/o,B

4/0,5
2/0,3
2/0,3
1/0,1

I

t§§
J

I

2/1,4

1/0,7
1/0,7

Total 3/.I00 59/ r 00 146/100 tB7l100 156/100 121/100 641r00 5/r00 741/100
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occurrence and spread of fires. Stands in I and II-nd age class
(0-20 and 2l to 40 years), occupy at present 50% of the forested
area, i. e. ca. 4 mil ha. Table 1 presents the occurrence of
fires in varjous types of forest sites in Poland. it shows the
average distribution of fires according to site types in relation
to the season of a year.

Contemporary science defines a forest as an ecological pattern,
in whjch the elements of flora and fauna are linked along with
the abi oti c el ements w'ith i nterrel at'ionshi ps i nto a spat'i a1 1y

outlined entity.

Factors of the abiotic nature, äS 1 i ght, water or temperature

play an enormous role in the forest life. Each of the factors
mentioned, while being in deficit or in excess, exerts a negative
impact on the forest. Forest fire, as one of factors of abiotic
nature, in light of studies carried out by the Forest Research

Institute and other scientific un'its cooperating, seems to exert
exclusive'ly a negative impact on the forest. Such an opinion can

be substantiated by fo11ow'ing phenomena:

charring of plant material in the course of burning,
negat'ive impact of high temperatures on plants and animals,
negative influence of high temperature and burning process upon

physical, chemical, and biological properties of forest soils.

The effect of high temperature associated with forest fires
causes , dependi ng on thei r durat'i on and hei ght, death of
assimilation apparatus and cambium on tops of shoots, twigs,
stems of trees, and root parts si tuated cl ose to the soi I

surface. Particularly frequent is the destruct'ion of foliage.

LJhen one assumes that the temperature of 50"C is lethal to the
cambium, then in the case of the total fire in a stand, i. e. the
fire jn the course of which the foliage of the plants is charred,
the stand has to be removed. Damage and possi bi 1 ity of
regenerati on of the camb'ium 'in a tree stem, parti cul ar'ly 'i n i ts
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lower part, where air temperature and heat attains their highest

val ues , i s an 'important prob'l em. Thermal ki I I i ng of ph1 oem and

camb'ium in the lower part of a stem had been usually found.

Joint research carried out in 1974 by the Sect'ion of Forest Fire
Protection, Forest Research lnstjtute, and the Institute of Plant

B'io1ogy, Agricultural Un'iversity, enabled the prelim'inary

determination of temperature of branches and litter burning iust
on the ground surface attained 540"C. The lowest values of this
temperature amounted to 450-500 " C. Changes of temperature

recorded at 3-second i nterval s, fl uctuated around I -2 " C. The

temperature at the ground level increased from 495 to 56.l"C. The

soil temperature at the depth of 3 cm in the course of these

experiments ranged from 200oC (at the beginning) to 239"C after
several minutes, and under a longer burning reached even 330"C.

Present studies on the impact of fire on trees, carried out by

the Section of Forest Fire Protect'ion, enabled the presentation

of distribution of air temperature values, those of the layer of
soi I cover ( I i tter, rooti ng wood ) burni ng, and soi 1 temperature

recorded i n the course of so-cal l ed control l ed f i re.

Table 2 presents temperature values measured at definite t'ime

i nterval s. Maximal temperature val ues measured at one mi nute

intervals amounted to:

I

I

+

+

200 cm
.l30 

cm

50 cm

5 cnr

0cm

5cm
'10 

cm

20 cm

g3 "c

l g0"c

637'C

925'C

5l 5"C

I 32"C

I 00"c

70 "c

2l m'i nutes

21 *

21 '|r

23 '|r

38,
ll5 '|,

ll5 '|,

.l50 
'|,

of fi re
nil



Tab.2: Distribution of temperatures occurring during the fire of soil cover ('C)

Temperature measurement s
Time of temperature measurement (min)

6050403020l0 120 tB0

A.

B.

Air temperature:

at the he'ight of 5

50

130

200

Soi I temperature:

beneath the litter
l ayer

at the depth of 5

l0

20

cm

cnt

CM

CM

ctn

CM

cm

22

20

22

22

24

1B

t6

t4

24

67

54

37

?4

18

t6

r4

605

378

146

60

6B

30

t6

14

488

60

5B

30

380

50

20

14

196

43

40

36

437

66

40

l6

132

40

36

30

344

B6

58

28

92

3B

36

30

372

100

70

40

7B

132

100

66

40

3B

30

26

50

126

96

66

50

3B

36

30

I

t\)§§
I
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The nature of temperature impact on 'ind'ividual strata of

vegetation and soil is to be seen from data conta'ined in table 2

and the maximum val ues presented. One can see an obvi ous

differentat.ion of a'ir temperature in relation to the height above

the ground level and thus an occurrence of real dangerin the
close*to-ground stratum of a tree stem. High air temperatures are

caused by the direct act'ion at the front of the fire 'in the
forest, are short-jn-time and dependent upon the general pattern
of meteorological factors (i. e. the wind velocity). The

temperature at the soil surface, d'irectly beneath the layer of
burn'ing litter, is utmost dangerous for the survival of trees. It
affects the root-collar and roots themselves and through its
prolonged impact causes the killing of cambium, because even the

thickest layer of bark is not resjstant against temperature that
risk. Presented values of soil temperature at individual depths

al so i ndi cate thej r destructi ve acti on upon f i v'i ng organi sms .

Measurements taken on several trees permit to draw few genera'l

conclusions about the jnsulative propert'ies of the bark of pine

trees . Indi vi dual trees behave qui te di fferently. The bark

th'i ckness al one i s not suff i ci ent to determi ne accurately the
penetration of high temperatures.

This statement was confirmed in numerous stands affected by fire.
The bark on root col I ar, despi te 'its rather cons'iderabl e

thickness, does not provide an efficient insulation against high

temperatures as one would expect. Moisture propably decreases the
insulating properties of bark at the root collar. The bark in
higher locatjons js ever more dry than in the root collar and

empty spaces are betterinsulation than those filled with water.

Besides, äir temperature values at these levels are by far lower
(except for the short moments, when the fire front passes).

Recent studies on the mechan'ism the destruction of the foliage
and camb'ium in pine trees by high temperature, as well as field
observati ons, 'indi cate that f ire ent'ire1y destroys thi ckets and

stands i n the f i rst age-c1 ass. Stands i n the second age-c'l ass
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also have a low chance of survival. Stands in older age-classes

on poor sites, where root systems are less developed 'in the

cl ose-to-surface hori zon, reveal better prospects for the

surv'ival after the ground f ire. S'imilar stands on better sites
are subject to destruction. This is a consequence not on'ly of the
distribution and the structure of the root system, but also of
the accumul ati on of greater amounts of i nf1 ammabl e materi al 'i n

these stands. Thi s materi al burns 1 onger extendi ng thus the

durat'ion of exposure of the root collar and the roots.

Recently, TV equipment was used 'in stud'ies carried out by the

Secti on on tree resi stance aga'inst h'igh temperatures. Th'is

equ'ipment permits the measurement of temperature occurring ins'ide

the tree in relation to the distance from the external layer
subjected to the impact of h'igh temperature. Studies were only
jnitjated, so final conclusions about the usefulness of thls
equipment cannot be drawn yet. It may be cited as an example,

that in the case of a stem felled near the ground surface, within
2 hours af ter a not 'intensi ve f i re ( smoul deri ng substrate ) ttre

mean value of temperature fluctuated from 54'C beneath bark to
2?"C in the pith zone. However, the temperature within the bark

zone exceeded 54oC and therefore, the cambium was destroyed.

From the thermograms produced in the course of experiments, it
results that the value of temperature 'ins'ide the wood depends on

fjre intensity. It should be added, that the mortaf ity of stands

occurs one year to three years after a fire and is of great

economi c si gni fi cance. Qui te frequently i ntensi ve mortal i ty
occurs i n a stand of f i rst cl ass heal th. Th'is I eads,

consequently, to the removal of the stand. At the same time

through the destruction of the herbaceous layer and the litter
fires adversely affect the chem'ical, physical, and biological
properti es of f orest soil s.

This 'is why, according to the statement in the 'introduct'ion, the

fi re shoul d be cons'i dered as a phenomenon wi th defi nabely

negative impact on forest environment.
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PESTS AND DISEASES ON PINE PLANTED AFTER l^JILDFIRES ]N NORI^IAY

Knut Solbraa, Norway

ABSTRACT

In comparison wlth several other countries, only small areas are

hit each year by w'ildfires in Norway. 0n 1ow product'ivity sites,
however, some of the burned areas have shown difficulty in
regenerat'i ng because of wi despread attacks from fungi and

'insects. In 1ow lying southern regions these may restrict the
regeneration for a couple of years on1y. Under less fortunate
climatic condit'ions other species of both fungi and insects may

restrict the regeneration of Pinus sylvestris for longer than two

decades.

I shall present results from one area with short-time damage,

mai n1y caused by the fungus Rhi zi na undul ata and the i nsects

Hylobius abietjs, Brachyderes incanus, and Strophosoma capitatum.

Al I of these are dependent on dyi ng tree roots for thei r
propagation. Their attacks were thereby restricted to the first 2

to 3 years after the fire. The plants could therefore probably

attain suffic'ient protection after one treatment with selected
fungicides and'insecticides under Norwegian conditions.

The long-lasting forms of damage were majnly connected to the
f ungus Gremmeni el I a abi eti na, whi I e al so Phaci d'ium 'inf estans and

the 'insects M'icrodiprjon pallipes and Rhyacionia duplana have

attacked the p'lants. Even if it should be poss'ible to protect the
p1 ants wi th frequent treatments w'i th chemi ca1 s, thi s seems

economi ca1 1y impossi b1 e on a practi ca1 scal e. Arti fi ci al

regenerati on

recommended 'in

results so far.

wi th P . syl vestri s coul d therefore not be

such areas, but Pinus contorta shows prom'ising
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I NTRODUCT I ON

0n1y small areas are hit by wildfires each year in Norway as

compared to several other countri es. Duri ng the peri od I 946 to
1974 the average was 470 ha of a total forest area of 7.5 mill.
ha. In the dry summers of 1947, 1959, and 1976, however an

average of 2000 ha forest'land burned. After a w'idespread use of
prescribed burn'ing in parts of the country during the years

around 
.l960, 

up to I 500 ha annual 1y, th'i s practi ce 'i s carri ed out
on a very smal I scal e only wi th'in si I vi cul ture nowadays .

For natural reasons, most of the wjldfjres take place on low

productivity soi'ls, mainly sedimental sands with a vegetation of
Calluna vulgaris, Cladonia spp. and P.sylvestris or shallow
layers of moraine soil with C.vulgaris, Vaccinium vitis-idaea,
V.myrtjllus, and m'ixed stands of P.sylvestris and Picea abies.

Areas with richer soils seem to present less severe problems in
reforestation after burns. 0n areas of thick humus 1 ayers

dominated by V.myrt'illus and P.abies, a w'ildfire may usua'l1y

improve the condi t'ions f or both natural and art'if i ci al

regenerati on .

I will therefore concentrate in this paper on problems faced 'in

art'ificial reforestation of low product'ivity so'ils with
P. syl vestri s and furthermore on resul ts from two different
experimenta'l areas wi th short- and l ong-t'ime damages

respecti ve'ly.

Short-time damage

The area hit by short-time damage covers 950 ha and is situated
at a he'ight of 240 m above sea level and at 6l degree north in
the south-eastern part of Norway. it covers both sedimental,
wind-transported sand and outwashed moraine soil. The fire took
place in June 1976. Three year o1d {2/l) bare-rooted plants were

planted 'in the spring of 1977. Dead plants were rep'laced in the
spring both of .1978 

and 1979. Results shown in Figures I and 2
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are based on 8200 plants on sand and moraine soil, and'in Figure

3 on 
,l280 

pl ants f rom thi s and simil ar areas.

More than 50 per cent of the p1ants d'ied during the first and

another 42 per cent in the next year (Fig. l). Some of these

p1 ants were ki I I ed by H. abi eti s. About I I 5 of the dead

plants showed coherent bark gnawing around the lower part of the

stem. A large part of the ki1'led plants was dead after 3 to 4

weeks. Most of these dead plants were planted on areas adjacent

to fresh stumps after the harvest of trees killed by the fire.
These areas also carried large numbers of fruit bodies of the

fungus R.undulata. Including al so areas without stumps and fruit
bodies there were found averages of 0.6 fruit bodies per sq.m in
1977 and 0.2 in 1978. Later no fru'it bodies were found until some

trees were felled at the edge of the burned area in 1979. This

resulted in netnl Rh'izina fruit bodies and dying of plants on the

burned area close to the stumps'in .l980. 
The fungus was isolated

from roots of dead plants. Several earlier reports from other
countries demonstrate the abiljty of this fungus to attack tree
roots and ki I I the trees. It i s therefore reasonabl e to suggest

that thi s fungus 'is the mai n cause of the heavy I osses of p'lants

during the first two summers after the fire. The annual height

i ncrement has been i ncreasi ng si nce p1 anti ng( ni g. I ) .

An experiment wi th the f ungi cide Benl ate, started 'i n the spri ng

of .l978, a'lso gives evidence to support this assumption. Three-

year old (2ll) plants were djpped in a suspens'ion wjth 0.3 per

cent of the act'ive compound Benomyl before p'lanting or p'lanted

w'ithout thi s treatment i n an area wi th f rui t bod'ies of
R.undulata. Nine per cent of the treated and 35 per cent of the

untreated plants died during the first growth season. Later this
fungus d'id not seem to be able to kill plants based on the stumps

from .1976 not even after planting in the autumn of 1978. Benlate-
treated one year old containerized plants planted on another area

with large amounts of fruit bodies burned the previous year, had

less than l0 per cent dead plants after two growth seasons. The

effect of Benlate will be tested further in new experiments.
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Year

Fig. 1

During the first growth seasons 93 per
cent of the initial pl_ant number died,
approximately 1/5 of these hrere stran-
gulated by Hylobius abietis (right dia-
gram) .

during
The
six

height increnrent was 80 cm
growth seasons (left diagram)

inc remenl

oLstrangulated

79 80 81 82 79 80 81 82
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The normal treatment with a DDT-suspension in the nursery before

sal e of p1 ants g'ives 'i nsuff i ci ent protecti on agai nst H . abi eti s

and needle-eating insects which may be found in dense populations

on burned areas. As shown before about 20 per cent of the p1 ants

were severely damaged by H.abietis (fig. I ). In add'ition 82 per

cent of plants on sand and 6l per cent of plants on moraine soil
showed visible attacks by bark-eat'ing insects until the autumn of
1979 (F'ig. 2).Later very few H.abietis were caught in the area.

New experiments demonstrated that an additional treatment with
DDT or Li ndane before p'l ant'ing decreased the attacks , but that
synthetic pyretroids such as Permethrin, Fenvalerat, and Ac

222.705 gave the best protection against H.abiet'is (Flg. 3).

The needle-eating insects were probably dominated by S. cap'itatum

and B.'incanus in the described area. These attacked 92 per cent
of plants on sand and 6l per cent of plants on mora'ine soil
during the first summer. New attacks hit B0 and 57 per cent
respectively the next summer and 7 and 'l per cent in the third
summer after the fire (Fig. 2). Despite the fact that most of the
needles on each plant could be eaten, these attacks killed only a

very small share of the plants. Because most of the consumed

needles are developed after plant'ing, a treatment before planting
could not be expected to prohibit these attacks.

The reason for the rather short duration of 2 and 3 years for the
damage caused by these organisms, is that the fungus as well as

the i nsects are dependent on dyi ng tree roots for thei r
propagation on burned areas. When tree roots have been dead for
some time, they are not fit for this purpose any longer. The

fungus wi I I then return to i ts i nact'i ve state, whi 1 e the
remaining insects withdraw from the area.

11
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Year

ELg.2

Bark-eating insects attacked 82 per cent
of llving plants on sand and 61 per cent
of plants on moraine soils during the three
first growth seasons (right diagram).
Needle-eating insects attacked 92 per
cent of plants on sand and 61 per cent
of plants on moraine soil during the first
growth season and 80 and 57 per cent re-
spect.ively in the next. fn the third sea-
son only 1 and 7 per cent of the plants
were attacked (left diagram).

"/,with needle gnaws
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2/1 bare-rooted
4314 19 5 12

1/0containerized plants
111431410

plants
1010 12 t,

Legend
r,|.dead

Wat1.0%1.0%1.07O5% DDTDDTDDTDDT

s1- DDTPerf6n.pe6. r.&Lf,öf.föy.
onty DDTLin.Per.

Wat 1O%lO%0.5?J.0%10%1.0%
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0.5%onty Lin.

plants
Strang-
u la ted
Medi um
damageE

1-2
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visible
gnaw s

Trea t-
ment

Fig.3
Compared to plants treated with water only, the
chlorated hydrocarbons DDT and Lindane (f,in.1
decreased the attacks from bark-eating insect,s
(right and left diagrams). AIso treatment with
DDT in addition to the normal DDT-spraying in
the nursery decreased the attacks (central dia-
gram). Synthetic pyretroids represented by Per-
methrin (Per.;, Fenvalerat (Fen.), and Ac 222.705
(Ac) induced an even better protection. Con-
centrations are given as per cent active com-
pound.
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Long-l asti ng damage

The area hit b.y long-'lasting damage covers .l50 ha and lies only
40 km north from the previously described area at a he'ight of
nearly 300 m above sea level . It covers sed'imental sand with a

vegetation of C.vulgaris and s'ing1e trees of P.sylvestris,and in
lower parts of Betula odorata, with heights of up to abrout 3 m.

The fjre took place in .l959, but earlier attempts of planting and

seedinE of P.sylvestris have been unsuccessful .

The first experimental plots were planted in 1975, close to
the edge of the burned area,w'ith three year o1 d (2/1 ) bare-rooted

P.sylvestris A 5 cm layer of spruce bark was mixed into the
soil before planting in one of the p1ots. Dead plants were

rep'l aced 'i n l97B and 1979. Thi s was f o'l l owed by p1 anti ng of
similar P.sylvestris plants in l97B both on the burned area, and

on a nejghbouring part of an unburned area where the trees had

just been harvested. At the same time one plot on the burned area

was planted with one year o1d containerized P.contorta plants.
Dead p'lants were replaced 'in .l979 'in these new p1ots. Each plot
comprises 440 plants, and 330 of these have been fertilized up to
three times. Numbers given in text or on figures, however, are

averages of both f erti I i zed and unf ert"i I 'ized p1 ants f rom each

p1ot. Fert'ilization on soil wjthout bark increased growth with a

smal I percentage only because of the I ow cati on exchange

capaci ty.

For P. syl vestri s, the percentage of dead p1 ants i ncreased wi th
the age of plants and seems to reach .l00 after a period of I to
l0 years at the burned and after 6 years at the unburned area
(fig. 4). Slightly above l0 per cent of the plants on the
unburned area were strangulated by H.abietis and near 50 per cent

of living plants were attacked. Such attacks were not found at
the adjacent part of the burned area, separated by a narrow
forest road and a mantle of about l0 m. These attacks do not
fu11y explain the differences in survival between the two areas.
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Microdiprion pallipes
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Rhyacionia duplana

Year

Fig. 5

The insects ltiqqggjff,igg pg+ipeq and Rhyacj-or-ria
duplana attacked the largest share of plants in
1979 \^iith up to 80 per cent of living plants for
the first and 36 per cent for the last mentioned.
These attacks were gradually reduced to between
15 and 1 per cent in 1982.

76 77 78 ?9 80 81
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P.contorta has 7.5 per cent mortality so far, äs aga'inst 50 per

cent for P.sylvestris on the burned area, and 86 per cent on the

unburned area after planting in .l978. 
The soil improvement with

bark increased both the growth and the mortality. The annual

he'ight increment has been fairly constant throughout the period
(nig. 4). The growth is restricted both by lack of nitrogen and

by attacki ng 'insects and f ungi .

Cl imati c condi ti ons i n cooperati on wi th fungal attacks are

supposed to be the main reason for the accelerat'ing mortality in

P.sylvestris. As average for all P.sylvestris plots without bark,

48 per cent of living plants had at least one dead shoot within
the spring of .1981. This number increased to 65 per cent until
the autumn of 1982. In the bark-improved soil, w'ith taller
p1 ants, äs much as 77 and 89 per cent of the p1 ants had dead

shoots i n l9Bl and 
,l982 respect'ive1y. The pathogen'ic fungus

G. ab'i eti na t,las i denti fi ed from most of the dead shoots

investigated in .l981. Also P.infestans was ident'ified both years,

but covered only a small percentage of the attacks - below 10 per

cent - each year. When the weather condit'ions jn the spring are

favourable for this fungus, however, it may cause a large
mortality in plants at this stage. P.contorta have shown

promising resistance against these fungi w'ith only 3 per cent of
living plants with dead shoots so far.

Two 'i nsect speci es have attacked a 1 arge share of the

P.sylvestris plants in parts of the experimental period. They

attacked mainly the last year's needles or the tip of the new

shoots , and were i denti fi ed as M. pal I j pes and R. dupl ana

respectively. Up to 80 per cent of 'l'iving plants were attacked by

M.pallipes and 36 percentby R.duplana in 1979 (Fig. 5).
M.pallipes seemed to prefer the tallest plants which grew in the
bark-improved soi I . The smal I er p1 ants from I 978 were

consequently attacked most severely in l9Bl. The attack frequency

was gradually reduced, and in 19BZ below 8 per cent of
P. syl vestri s p1 ants were found to have vi si bl e i nsect attacks.
Probably because of a I ower i ni ti al growth rate than for



-257-

77 78 79 80 81 82

Fig.4
The mortality increased with the age of plants
and reached 42 per cent of the initial plant
number on untreated soils (1 ) and 58 per cent
after soil improvement (3) during seven growth
seasons. After planting j-n 1978 the percentage
of dead plants after five seasons was 86 per
cent on unburned soil (6), 50 per cent on bur-
ned soil (5), while Pinus contorta had 7,5 per
cent dead plants onrf-ä?i-uüIE6ffiir (7) (rishr
diagram). The height increment was 36 cm during
seven growth seasons on untreated soil (1), as
against 63 cm after soil improvement (3). Plan-
ting in 1978 gave increments of 29 cm on un-
burned soil (6) and 24 cm on burned soil (5),
while P.contorta grew 2A cm during these five
growth-se-asons on burned soil (7):

Cm heighl incremenl

Year

'/, dead plant s
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P.sylvestris, P.contorta was attacked to a cons'iderable smaller
degree during the first 3 to 4 years. This spec'ies, however,

showed the h'ighest rate of attacked p'lants i n l9B2 with
approx'imate'ly 15 per cent for each of the insect species.

In the early spring of l98l 6 per cent of the plants from 1976,
30 per cent of P.sylvestris plants and 92 per cent of P.contorta
plants from l97B did not show 'insect attacks in the last year,s
needl es nor carry dead shoots. No vi s'i bl e j nsect attacks were

f ound on p'l ants f rom natural regenerati on w'ith hei ghts of
approx'imately 1 t.o 3 m during the whole period.

Because of the nature of the insect attacks these are not

supposed to make any important contribution to the mortality of
P . syl vestri s 'in th'i s case . Even 'if newly started experiments with
f ungi ci des agai nst G. ab'iet j na and P . i nfestans shoul d i nd'icate

poss^ibilities to reduce the high frequency of mortality for
P.sylvestris, such treatments will be too expens'ive on these low

product.ivity s'ites. It is reasonable to believe that the

treatments have to be repeated annually - possibly twice each

year.

Concl usi ons

Short-time damage by R.undulata and H.ab'ietis could probably be

reduced to an acceptable level by treating the plants with
Benl ate and syntheti c pyretroi ds before p1 anti ng . 0n I ow

productiv'ity sites exposed to hard attacks by G.abietina and

P. i nfestans al I artifi ci al regenerat'i on shoul d be carri ed out
with P.contorta instead of P.sylvestris.
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AUSh'IRKUNGEN DES KONTROLLIERTEN BRENNENS AUF VEGETATION UND

STANDORT AUF VERSCHIEDENEN BRACHE-VERSUCHSFL;iCHEN

Jochen Schiefer, Bundesrepubf ik Deutschland

Se"it 1975 werden im Auftrag des M'in'isteri ums f ür Ernährung,

Landw'i rtschaft, Umwel t und Forsten auf I 6 verschi edenen

Versuchsflächen in Baden-l,rlürttemberg Landschaftspf'legeversuche

durchgeführt (SCHREIBER 1977). Die Versuchsfl ächen tragen

Grasl and-Vegetati on der Verbände Arrhenatheri on, Cynosuri on,

Tri seti on, Cal thi on , Fi 1 i pendul i on, Mol 'i ni on, Mesobromi on,

Violion caninae, Trifolion medii, Magnooaricion und Convolvulo-

Agropyrion (SCHIEFER 198l). Neben dem kontrollierten Brennen sind

auch Varianten mit Mulchen, Mähen, Beweidung und ungestörter
Sukzession eingerichtet. Das Brennen erfolgt im lnl'inter (ca.

l.November - l5.März) mit dem Ziel einer teilweisen Beseitigung

der Streudecke (SCHREIBTR .l978, l98l, SCHiEFER l9B2). Be'i der

Durchführung des kontrol I i erten Brennens wurden i n e'i nem

Brennprotokol I fo1 gende Kenngrößen erfaßt: Bewöl kung,

t,.li ndgeschwi ndi gkei t , Temperatur, rpl ati ve Luf tf euchte,

Streufeuchte, Feuchtigkeit des Oberbodens, phänologischer Zustand

der Vegetation, Feuerart, Feuergeschwind]igkeit und Ergebnis des

Feuerei nsatzes (Z der u..b.unnfun Streu ) . Di e

Pf I anzenbestandsauf nahmen erfol gten auf Darfrerf 1 ächen , wobei wi r
I

die Bedeckung nach einer feinstufigen Ska1f, geschätzt haben.

I

I

D'ie Veränderungen im Pf I anzenbestand hän(en 'im wesentl i chen von
I

der Feuerart und der Ausgangsvegetation ab.l Sie lassen sich mit
Hi I fe der h/uchs- und Lebensformen der eilnzel nen Pfl anzenarten

I

kausal erkl ären ( SCH IEFER I 98.l ) . Durch lei ße Feuer werden vor

al I em Moose, Horst- und Rosettenpfl anz!n stark geschädi gt,'l
während si ch Arten mit Rhi zomen ausbre'itenl (Tab . I ; vgl . auch

ZIMMERMANN 
.l979). Kalte Feuer verursachunl *.ist keine direkten

I

Schäden an der Vegetation, es kann jedoch lauch hier zu kräftigen
I

Bestandsveränderungen kommen, weil Brennpn d'ie Vitalität und

Bl ühj ntensi tät ei n'i ger Pfl anzenarten I fördert. hlährend
I

I

I

I

I

I

I

I



?ab. '1: Verhalten einzelner Pflalzenarten bei kontrolliertem Brennen.
Mittlere änderr-mgen der Deckr.rngsprozente innerhalb von 2-4 Jahren in einer

' llnterschiedlich großen Anzahl von Dauerflächen ( ).
Reaction of several plarrt species upon prescribed burniug.
Average changes in cover percentage during 2-4 years in a d.ifferent number
of permanent plots ( ).

ABNÄHIVIE

( d ecrease )

Horstpflanzen (caespitos e plants )

ZUNAHME

( inc reas e )

Rhizonpflarrzen (rhizome plants)

Poa pratdnsis
Agrosti s tenuis
Veronica chamaedrys
Brachypodir.m pinnatr.rm
Polygom-m bistorta
Galium albun
.Achillea mi1l ef olir.:rn
Iris pseudacorus
Filipendula u1maria
Agropyron repens
Cirsil-un ararense
Trifol-ium medium

Ga]-ilm verum

Festuca r. ssp. corumutata
Trifolium pratense
Änthoxanthum odoratum
Dactylis gfomerata
Festuca pratensis
Briza media
C3mosums cristatus

Rosettenpflanzen ( rosette

Taraxacum officinale
Plantago laneeolata
Hieracium pi1osel1a
Leontodon hi-spidus
Hypochoeris radicata

41 4 q at I , t - | t-

2ro - or7
1,8 - or5
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(4)
(4)
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(5)
(4)
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(z)
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1,5 - 2,6
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5o - 73,3
2-4,4
2,1 - 4,7
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Brachypodjum pinnatum auf brachliegenden Flächen meist steril
bl ei bt , bl ijht es i m ersten Jahr nach dem Brand sehr ijppi g und

zei gt auch vegetat'i v ei nen höheren und di chteren Wuchs . Auch

Mol inia caerulea, Calamagrostis epigeios, Trol lius europaeus,

Thalictrum aquilegifolium, Rubus idaeus, Gentiana ciliata,
G.germanica, Trifol ium med'ium, Lathyrus tuberosus sowie Li stera

ovata ließen eine deutlich erhöhte Vitalität und Blühintensität
erkennen. Die genannten Effekte sind vyeniger durch die beim

Brennen frei werdenden Nährstoffe zu erklären, als vielmehr durch

di e Besei ti gung der wuchshemmenden Streudecke und di e dadurch

bewi rkte Temperaturerhöhung des Bodens sow'i e di e erhöhte

L'ichti ntensi tät 'i n Bodennähe (vg1 . HULBERI I 969, I^JEAVER und

ROt^lLAND I 952 ) . D'ie Förderung i hrer generat'iven und vegetati ven

Entwick'lung verschafft diesen Pflanzen Konkurrenzvorteile, so daß

s'ie s'ich ausbrei ten können.

Brennen wirkt s'ich in vielfältiger tJe'ise auch auf den Standort

aus. So 1ag die Bodentemperatur in einem gebrannten Mesobrometum

von März bis September in 5 cm T'iefe um 2-5"C höher als in der

ungestörten Sukzession (Abb. l; Brennbedingungen siehe Tab. 2).

Das hatte eine Verfrühung der phänologischen Entwicklung einiger
Pf I anzenarten um 2-3 hJochen zur Fo1ge. Sal v'ia pratens'is bl ljhte

auf der Brennparzelle in allen Versuchsjahren (.l975-,l982) ?'3

Wochen früher al s auf der brachl i egenden Fl äche. D'i ese

Unterschiede s'ind im wesentl'ichen durch die Streuschicht bedingt.

Auf der Sukzessionsparzel'le in Rangendingen bildet sich eine

di chte Streudecke aus, di e w'i e e'ine I sol i erschi cht w'i rkt und di e

Erwärmung des Bodens verzögert. Durch kontroll'iertes Brennen w'ird

di e Streu besei ti gt, wodurch di ese Hemmung entfäl I t . In

Arrhenatherion-, Fi lipendul ion- und Calth'ion-Gesel I schaften haben

ei nzel ne Bodentemperaturmessungen dagegen kei ne Unterschi ede

ergeben . in d'iesen Pf I anzengesel I schaf ten konnten wi r auch bi sher

keine phänologischen Unterschjede beobachten. Die Streu w'ird hier
wegen der fri schen bi s feuchten Standortsverhäl tni sse rel ati v

schnel 1 zersetzt, so daß si ch kej ne geschl ossenen, di chten

Streudecken ausbi I den.
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kontrotliertes
Brennen

,/ungestörte' Sukzession

23.

J

1977

I

Abb.1: Bodentemperaturen (oC) i11r 5 cm Tiefe auf
der Versuchsfläche Rangerfrdingen. AIle Mes-
sungen erf olgten nachmit{,ags.
Standort: \^/echseltrockenär pelosol aus
Gipskeuper, Mesobrometum 

I 
arrhenatheretosum.

Soil temperatures ("C) ir| . depth of 5 cm
on the plots "undisturbe{ succession" and
"prescribed burning" on lhe experiment,al
f ield of Rangendingen. All measurements
took place in the afterngon.



versuc}.sfläctre Bremteruln t§X;*r- Iil?fäI:nr" 
I{ind 

i!::,A*::"Ur. "t""*"'*' 
Feuerart uverbreubare vesetation

(X wassergehalt)

emerioental date of air relative ,ind liiter ]r@idi-ty litter. iire type uburrt vegetatioD
ii:iä*-'"* tJäi"ä iäoo.""t "e 

air h@idity upper-/wder Iäver ouetitY litter
öö5=' (S) "*---- (m/s) (i{-vatlr contedt) (dtlha)- (%)

GFo
CF 20

GF 20

cFo
GFo
GFo
GFo
GFo
Wa^
I'{F 15

MF,BF o

BFo
BF <2o
GFo
BFo
MF 10

IIF 2o

b! +o-)o

MF 10

oberstetten 6. 1.79
14. 2.8o
24.11.ao

St. Johffi 1o. 1.?6
7, 1.77

1o. 1.78
19. 1.79
24. 

'-8024.1'l -8o
12. 2.82

Rdgendingm 1. 1.76
7. 1.77
1- 1-78
2. 

'.7929- 2.Ao
20. 1 I .8o
25-11.41

RMgendingen, '15- 2.74
au8erh. d.
Versuches

Ebersbach 21. 3.41

c.

2
11

rI
g,

10

g.

14

5
12
2A

24

9.
14

-1

14

7o

72

79

20

21
1
2

1

3
2

2

!

Dittel 2

v1
17 o-5
44 1
A1 o

6, 1

5o z'2
8o!

25

1L
1o

2o

2o

1o
25

17

11

15
2o

1o
25

19
1o

15

7o

haLbruderales
Dauco-Aryhenatere-
tM brosetosu

Gentiao-I(oelerie-
tw, Subass. von
Trisetm flavescens

Iilesobrcmetw
arrheEathereto§@,
brach]'iegend

FiLipenduletw

gering
gering
Bittel

62

oittel
4a
5o

6,

<1o
<)o
<1o

1A

20

?1J2"
12/2.

<ro
Uo-ro

11

1'
14

25/22

lltzn

?2/46

I

r§
O)(,

Tab.2: Kenngrößen und Rahmenbedingungen des kont,rollierten Brennens auf ver-
schiedenen Versuchsflächen. Unterstrichene Zah1en sind gTemessene t{erte,
alIe übrigen Angaben sind geschätzt. GF=Gegenwindfeuer, MF=Mitwindfeuer,
BF=Bodenfeuer.
Parameters and conditions of prescribed burning on different experimental
fields. Underlined figures are measured, aIl other dat,a are estimated.
GF=backfirer MF=headfire, BF=Iow fire
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Be'im Bodenwassergehal t waren auf zwei Versuchsf I ächen mit
Mesobrom'i on -Gesel I schaf ten deutl 'i che Unterschi ede zwi schen den

Brenn- und Sukzessionsparzellen festzustellen. In Rangendingen

lag er während der Vegetat'ionsperiode l98l in der Brennparzelle
um 2-7% niedriger als auf den brachliegenden Flächen. Djese

Untersch'iede re'ichten bis'in 20 cm Tiefe (Abb. 2).ln St. Johann

I i eßen si ch d'iese Untersch'iede nur von März b'i s Jun j nachwei sen,

während si ch di e Verhäl tn'i sse ab Jul i umkehrten (Abb . 3 ) . D'i e

Untersuchungen der Bodenwassergehalte 'in den Jahren 1976 und 1977

erbrachten tendenzi el I di esel ben Ergebn'isse. Der ni edri gere l,rlert

i n der Brennparzel I e dljrf te 'im wesentl i chen e"ine Fol ge der durch

d'ie Bese'iti gung der Streu erhöhten Evaporati on se'in . Nach unseren

Untersuchungen gehen nur auf relativ trockenen Standorten mjt
Magerrasen di e Bodenwassergehal te i n den Brennparzel 1 en zurljck.
Auf feuchten, niederschlagsreichen Standorten wiesen s'ie in den

einzelnen Parzellen dagegen stets gleiche hlerte auf.

Auf einigen Versuchsflächen haben wir b'is zu drei Jahre lang die
St'ickstof fmi nera'l i sati on nach der von 76TIL ( I 958 ) , ELLENBERG

(.l964) und RUNGE (.l970) entw'ickelten Methode untersucht, weil der

Stickstoff der in erster Linie ertragsbest'immende chemische

Wuchsfaktor i st; außerdem wi rd si e sehr stark durch di e

Standortsf aktoren bee'inf I ußt . In St . Johann und Rangendi ngen 'l 
ag

di e Sti ckstof fm'ineral i sat'ion der Brennparzel 'le 'in al I en dre.i

Jahren niedriger a1s in der ungestörten Sukzession (Abb. 4). Dies

dürfte zum e'inen durch den auf gebrannten Flächen niedrigeren
Bodenwassergehalt verursacht werden ) zum anderen entwe'icht

Sti ckstoff beim Brennen tei I we'i se gasf örmi g , was e'inen Verl ust
bedeutet. Nachdem i n den ersten Versuchsjahren tei lwei se heiß

gebrannt wurde (Brennbedingungen siehe Tab. 2), und der N-Verlust
bei he'ißen Feuern größer ist als bei kalten (AHLGREN & AHLGREN

I960, DAUBENMIRE I968, GOLDAMMER I978, MUHLE 1974, SCHREIBER
.I978), dürfte diesem Gesichtspunkt durchaus Bedeutung zukommen.

Auch der ni edri gere Bodenwassergehal t i st auf di esen zuy

Trockenhei t nei genden Standorten wahrschei nl i ch von erhebl i cher

Bedeutung. Das zei gt si ch auch dari n, daß auf den gebrannten

Parzel I en der Ni tri fi kati onsgrad, d .h . der prozentual e Antei I des
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Abb.2: Wassergehalt des Bodens an fünf Probenahme-
terminen 1981 auf der Versuchsfläche Rangen-
dingen. Standort: s.Abb. 1 .

Soil molsture content on the plots "undi-stur-
bed succession" and "prescribed burning".
Samples \,vere taken on 5 days in 1981 on the
experimental field of Rangendingen.

HrO Gew.%

\ unoestörte\ ^-,.5UKZeSSrOn\
\
\

kontroItiertes
Brennen

1

AMJ SO M

1981



-266-

SI JOHANN

0-5 cm

30

25

1981

Abb.3: Wassergehalt des Bod,ens an fünf Probenahme-
terminen 1981 auf der Versuchsfläche St.Johann.
Standort: mäßig trockene Braunerde-Rendzina
aus Ir'Ieißjura 6; Gentiano-Koelerietum, Subass.
von Trisetum flavescens.

Soil moisture content on the plots "und.istur-
bed succession" and "prescribed burning"
Samples hrere taken on 5 days in 1981 on
experimental field of St.Johann
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RANGENDINGEN OBERSTETTEN

Abb.4: Summe der Ammonium- und Nitratstickstoff-Akkumulation während der Vegetations-
zeLt 1967, 1977 und 1981 in den Oberböden (0-20 cm) der Versuchsflächen St.Jo-
hann, Rangendj-ngen und Oberstetten. Standort: St.Johann und Rangendingen s.Abb.
1 und 3. Oberstetten: mäßig trockene, kalkhaltige Terra fusca aus oberem Mu-
schelkalk; halbruderales Dauco-Arrhenatheretum brometosum.
Sum of ammonia and nitrate nitrogen accumulation on the plots "und.j-sturbed
succession" and "prescribed burning" during the vegetation period of 1976, 1977
and 1981 in the upper soj-Is (0-20 cm) of the experimental fields of St.Johann,
Rangendingen and Oberstetten.
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flächän St.Johann und Rangendingien' Die
Ertragsermittlungen erfolgten jeweils
Mitt.e August.
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burning" on the experimental fields of
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Abb.6: Erträge (dt/ha TS) auf den Versuchs-
fIächen Oberstetten und Rangendingen
(außerhalb der Versuchsfläche) . Die
Ertragsermittlungen erfolgten jeweils
Mitte August.
Yie1ds (dt/ha dry matter) on the plots
"undisturbed successionrr on the experi-
mental fields of Oberstetten and Rangen-
dingen (outside of the experimental
f ield) . Yield was const'antly investi-
gated in mid-August.
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N0 an der insgesamt mineralisierten Stickstoffmenge abn'immt. Die

N'itrifikat'ion s'inkt nämlich bei unteroptimalen Wassergehalten

stark äb, während d'ie Ammon'if i kati on i n geri ngerem Maße vom

I,rlassergehalt abhängig ist (RUNGE 
.l965). In 0berstetten dagegen

lag d'ie Stickstoffmineralisation der Brennparzelle geringfügig
höher al s 'in der Sukzessi onsparzel I e und der N'itri f i kati onsgrad

wies gleiche Werte auf (Abb. 4). Der Vergleich der

Bodenwassergehalte der Brenn- und Sukzessionsparzelle ergab hier
keine signifikanten Untersch'iede, und die Feuerintensität war in
den letzten Jahren meist gering. Es ze'igt sich, daß heiße Feuer -

zumi ndest auf rel ati v trockenen Böden - die
Sti ckstoffmi neral i sati on und i nsbesondere di e Ni tri f i kati on

verri ngern , während kal te Feuer di e N-Mi neral i sati on eher

erhöhen.

Auf ein'igen Versuchsflächen haben w'ir seit .l979 die Erträge der

Brenn- und Sukzessi onsparzel I en ermi ttel t. In St. Johann und

Rangendi ngen kam es al s Fo1 ge des Brennens zu ei nem

Ertragsr[.ickgang, während i n 0berstetten und auf ei ner neben dem

Versuch in Rangendingen gelegenen Fläche der Ertrag zunahm (Abb.

5 und 6). In St. Johann, Rangendingen und Oberstetten verhalten
s'i ch Erträge und Sti ckstoffmi neral i sati on auf den bei den

Parzellen g'leichgerichtet. Dabei ist der Ertragsrückgang in St.
Johann und Rangend'i ngen si cherl i ch ni cht al I ei n durch di e

verringerte St'ickstoffm'ineral i sati on bed'ingt , sondern auch durch

ei ne Veränderung anderer Standortsfaktoren (2. B. des

Bodenwassergehal tes ) . Darüber h'i naus kommt auch der di rekten

Schädi gung von Pfl anzen durch hei ße Feuer ei ne erhebl i che

Bedeutung beim Ertragsrückgang zu. Besonders erwähnenswert ist,
daß di e ertragsmi ndernde I'li rkung ei nes hei ßen Feuers j ahrel ang

nachwirken kann - vor allem durch e'ine nachhaltige Schädigung der

Vegetat'ion -, selbst dann, wenn in den Folgejahren ka'lt gebrannt

wird. Bei kaltem Brennen kommt es dagegen eher zu einer
Ertragszunahme (Abb. 6). In Rangendingen wurde am .l5.2..l978

außerhal b der Versuchsfl äche ei n sei t Jahren brachl i egender

Halbtrockenrasen kontrolliert gebrannt; es handelte sich um ein
kaltes Feuer (Brennbedingungen siehe Tab. 2). Die gebrannte
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Gal i um al bum und R.'i daeus stark gefördert, So daß der

Pfl anzenbestand am 28.6. I 982 i n der Brennparzel I e I 00 cm hoch

war, während er i n der Sukzessi onsparzel I e erst 70 cm Höhe

errei chte. Auch 'i n Magnocari c'ion- und Phragmi ti on-Gesel I schaften

werden di e dom'ini erenden Rhi zompf 1 anzen w'ie Carex graci I i s, Carex

acutiformis und P.communis durch heiße Feuer nicht geschädigt, so

daß auch hier nach dem Brennen mit Ertragssteigerungen zu rechnen

ist.

Abschl i eßend wol I en wi r noch auf ei n Probl em h'inwe'i sen, das d'ie

Auswertung von Brennversuchen gelegentiich etwas erschwert. Auf
j ährl 'ich gebrannten Parzel I en i st es tei I wei se schwi eri g , d'i e

Veränderungen 'im Pflanzenbestand und in den Standortsbedingungen

kausal zu erklären, weil die Brennbedingungen jährl'ich wechseln

und besondere Feuerereignisse jahrelang nachw'irken können.

Beispielsweise vermag ein heißes Feuer den Pflanzenbestand so

stark zu schädi gen, daß es zu jahrel angen Ertragsdepress'i onen

kommt und die entgegengesetzte, d. h. ertragssteigernde trlirkung

kalter Feuerin den Folgejahren völlig Liberkompensiert wird. In

diesem Fall ist es kaum mög1ich, die Vegetat'ions- und

Standortsveränderungen antei I smäß'i g den unterschi edl i chen

Feuerarten zuzuordnen. Deshalb schlagen wir vor, auf jährlich
gebrannten Parzel I en stets nur e'i ne Feuerart und ei ne

Feueri ntensi tät anzuwenden . Di e l,rl'i rkung unterschi edl i cher

Feuerarten und -'i ntensi täten sol I te auf versch'i edenen Parzel I en

erforscht werden. Die Nachwirkung der einzelnen Brennbed'ingungen

auf Vegetation und Standort kann am besten auf Parzellen mit
mehrjährigem Brennintervall (Brennen jedes 2. oder jedes 3. Jahr)

untersucht werden. Im Bereich des I andw'irtschaftl ichen

Versuchswesens sind diese Forderungen be'i Düngungsversuchen seit
1 angem erfül I t; hi er werden oft über I 0 Düngungsvari anten

angel egt.

Die Analyse der Mineralst'ickstoffproben erfolgte in den Labors

des Lehrstuhl s für Landschaftsökol ogi e der Un'i versi tät MUnster;

für diese Untersttjtzung danke ich Herrn Prof. Dr. K.-F. Schreiber

sehr herzl 'ich .
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Fl äche zei gte im Sommer I 978 ei nen auffä1 1 i g höheren und

Upp'igeren Wuchs und war i ntens'iver grlin al s der ni cht gebrannte

Te'il. Die Ertragserm'ittlungen erbrachten im Jahre .l979 
und auch

,l980, d. h. 'in der 3. Vegetat'ionsperiode nach dem Brennen, einen
um etwa 50% höheren Ertrag al s auf der danebenl i egenden

Brachfl äche. Di eser jahrel ang nachwi rkende Ertragsanst'i eg al s

Folge eines einzigen kalten Feuers kann nur zum Teil dam'it

erkl ärt werden, daß der Pfl anzenbestand ni cht mehr der

wuchshemmenden t^lirkung der Streu unterworfen war und daß be'im

Brennen größere Mengen pflanzenverfljgbarer Nährstoffe freigesetzt
wurden (v91. G0LDAMMER 1978, SCHREIBER 

,l978, 
lgBl ), vielmehr ist

di e nachhal t'ige l,,li rkung auf di e Phytomassenprodukti on Fol ge ei ner

Bestandsveränderung. So haben sich in diesem mäßig artenreichen,
von Saumarten durchsetzten Hal btrockenrasen nach dem ersten
Brennen Legumi nosen ( T.medi um und L . tuberosus ) kräfti g

ausgebreitet - auch andere Autoren berichten über einen Anstieg
des Legum'inosenante'il s nach dem Brennen (DAUBENMiRE .l968,

G0LDAMMER l97B). Die Leguminosen haben vermutlich den

Mi neral sti ckstoffgehal t des Bodens erhöht, so daß si ch sei t I 980

anspruchsvolle und ertragsreiche Arten wie Dactylis glomerata und

Arrhenatherum elatius ausbreiten konnten. Es zeigt sich, daß es

auch be'i kaltem Brennen zu starken Bestandsveränderungen kommen

kann, weil einige Pflanzenarten dabe'i stets gefördert werden. In
E'inzelfällen konnten w"ir sogar bei heißem Brennen kräftige
Ertragsste'i gerungen feststel I en. Di e Pfl anzenbestände di eser

Versuchsfl ächen waren von Rh'i zompfl anzen beherrscht, dj e gegen

heiße Feuer gänzf ich unempfindlich sind. Im Jahre l98l haben wir
j n Ebersbach (A1 penvorl and ) e'i nen neuen Versuch i n ei ner

brachliegenden Streuw'iese angelegt. Die Brennparzelle wurde 'im

März I 98.l erstmal s gebrannt; dabei war di e Feueri ntens'i tät
relativ hoch (Brennbedingungen siehe Tab. 2). Die

Ertragsermittlungen im August 1982 ergaben für d'ie Parzelle
ungestörte Sukzessi on e'inen Ertrag von 55 dtlha TS und f ür d'ie

Parze^lle Brennen jedes 2. Jahr (gebrannt nur l9Bl ) 67 dtlha TS.

Brennen hat i n dj esem Fi 1 i pendul etum di e domi n'i erenden

Rh'izompflanzen Fil'ipendula ulmaria, Lysimachia vulgaris, Inula
sal 'ic'i na, Mentha aquati ca, Phragmi tes communi s , C . epi gei os ,



-273-

Zusammenfassung

Hei ße Feuer schädi gen vor al I em Moose, Horstpfl anzen und

Rosettenpfl anzen , während si ch Arten mi t unteri rdi schen

Ausläufern und Rh'izomen ausbreiten. Durch kaltes Brennen w'ird die
Vegetati on zwar n'icht di rekt geschädi gt, es kann jedoch auch h'ier
zu Bestandsveränderungen kommen , wei I di e Vi tal i tät und

Bl ijhj ntensi tät ei ni ger Pfl anzenarten gefördert wj rd.

Kontrolliertes Brennen bewirkt in Mesobromion-Gesellschaften - im

Vergle'ich zu brachliegenden Flächen - von März bis September eine

Erhöhung der Bodentemperatur in 5 cm Tiefe um 2-5" C, was eine

Verf rühung der phäno'logi schen Entwi ck'l ung ei ni ger Pf I anzenarten

um 2-3 Wochen zuy Fo'lge hat. In Arrhenatherjon- und

Fi 1 i pendul i on-Gesel I schaften waren di ese Wi rkungen ni cht zt)

beobachten. Auf gebrannten Flächen mit Mesobromion-Gesellschaften

1ag der Bodenwassergehalt während der Vegetationsperiode um 2-7%

n'i edri ger als auf Brachfl ächen. Auf feuchten,
n'iederschl agsre'ichen Standorten waren dagegen ke'ine Untersch j ede

nachzuwei sen.

Hei ße Feuer bewi rken mei st ei nen Ertragsrückgang, wobe'i d'ieser

Effekt jahrelang anhalten kann. Umgekehrt erhöhen kalte Feuer die
Phytomassenprodukt'ion um b.i s zu 50%. Diese Ertragsunterschiede
werden u.a. durch e'ine Erhöhung bzw. Verminderung der Stickstoff-
M'ineralisation verursacht. In Filipendulion- und Magnocaricion-

Gesel I schaften hat auch hei ßes Brennen ei ne ertragsste'i gernde

Wi rkung, wei I di e domi ni erenden Rhi zompf 1 anzen gegen Feuer vö'l 'l i g

unempfindlich sind.
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SUt\4MARY

Effects of prescribed burning on vegetation and soils on different
landscape management s'ites

0n behalf of the Ministry of Agriculture and Environment since
.l975 different measures of landscape management are tested on l6
experimental fields in Baden-Wijrttemberg. The experimental fields
are covered with grassland vegetation in the broadest sense.

Apart from prescribed burning there also ex'ist experimental plots
w'ith mul ch'ing, mowi ng , graz'ing and undi sturbed success'ion .

Burning takes p'lace in winter (I.lI.-.I5.3.) wjth the aim of a

partia'l removal of dead organic matter.

Hot fires are damag'ing f irst of all mosses, caesp'itose plants
(e.g. Bromus erectus) and rosette plants (e.g. Hieracium

pilosella), while species with rhizomes (e.g. Agrostis tenu'is)

are expandi ng thei r coverage. Cool fi res do not damage the
vegetation directly, however, changes in the plant stand are

possible in this case too, because fire increases v'igor and

v'itality of some spec'ies (e.9. Brachypod'ium p'innatum).

In Mesobromion communit'ies prescribed burning effects - compared

to und"i sturbed successi on- an i ncrease i n so'i I temperature from

March tjll Septemberin a depth of 5 cm by ?-5"C; this causes a

precocity of the phenologica'l development of some species (e.g.

Salv'ia pratensis) by 2-3 weeks. In Arrhenatherion- and

Fi ) i pendul 'ion communi t'ies these eff ects coul d not be observed .

0n burnt areas wi th Mesobrom"ion communi ti es soi I mo'i sture was

2-7% lower during the vegetation period than on abandoned land.
0n moist s.ites, however, no diff erences could be proved. Hot

fires result in a reduction of yield; this effect can hold for
years. 0n the other hand cool fi res i ncrease the b'iomass

production by up to 50%. These differences 'in yield are caused

among other things by an 'increase respectively reduct'ion of the
ni trogen mi neral 'izat'ion 

.
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AUSWIRKUNGEN DES ABFLAMMENS VON I^IEINBERGBOSCHUNGEN i14 KAISERSTUHL

AUF DIE FAUNA - FRAGESTELLUNGEN UND ERSTE ERGEBNISSE

Klaus Lunau und Leo Rupp, Bundesrepublik Deutschland

Se'it Mi tte l9B2 wi rd im Auftrag des Mi ni steriums f ür Ernährung,

Landwi rtschaft, Umwe'l t und Forsten Baden-Württemberg ei ne

Untersuchung über d'i e Auswi rkungen des ortsljbl i chen Abbrennens

der hleinbergböschungen auf die Fauna durchgeführt. Zum besseren

Verständn'is der Probl emat'ik sol I en der Kai serstuhl al s das

Untersuchungsgebi et sowi e di e hi stori sche Entwi ck1 ung des

Abbrennens al s Pf I egemaßnahme kurz dargeste'l 'lt werden, uffi vor
diesem Hintergrund die Fragestellungen und die ersten Ergebnisse

der Untersuchung zu sch'i I dern .

DER KAISERSTUHL - DAS UNTERSUCHUNGSGEBIET

Der Kai serstuhl erhebt s'ich wi e ei ne lnsel 300 Meter hoch iiber

di e Oberrhei nebene, di eses aus dem Jungterti är Gebi rge

vul kani schen Ursprungs i st nur 92 qkm groß. Sei ne für
Mi ttel europa ei nz'igart'ige Geomorphol ogi e beruht auf e'i ner

Lößüberdeckung aus den vier Kaltze'iten des Ple"istozäns. Durch

sei ne kl imati sche Begünsti gung - der Kai serstuhl zähl t zu den

wärmsten und trockensten Gebieten Deutschlands - ist hier eine
Lebensgemei nschaf t mi t e'iner f ljr Deutschl and ei nmal i gen Ti er- und

Pflanzenwelt entstanden, die viele mediterrane und pontische

Elemente aufwe'ist (l,ljILMANNS 1977a, triJIMMENAUER I977).

ABBRENNEN ALS PFLEGEMASSNAHME - HISTORISCHE ENTI^I]CKLUNG

Al s Fol ge einer Anderung der trli rtschaftsstruktur im

Ka'i serstuhl gebi et von ei ner M.i schwi rtschaf t, geprägt von hlei n,

0bst-, Getreideanbau und Viehhaltung zu einem intens'iven Rebanbau

entfiel die bisherige Nutzung und Pflege der l^Jeinbergböschungen
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(FISCHER l9B2). Einst stellte das Mähgut der Rebböschungen einen

bedeutenden Antei I des V'iehf utters und b'il dete vor al I em im

zentral en Ka'i serstuhl ei ne w'ichti ge Grundl age zur Vi ehhal tung.

Mit dem Rückgang der Tierhaltung nach dem 2. t,.leltkrieg wurde die

trad'itionelle Bew'irtschaftung der Böschungen.in Form der Mahd als

unzumutbare Mehrbel astung sei tens großer Tei I e der llli nzerschaft
angesehen . Al s al ternati ve Pf1 egemaßnahme setzte si ch das

Abbrennen der Böschungsvegetati on durch . Es kann dami t nach

Meinung der Winzer folgendes errejcht werden:

Unterbindung des Aufkommens schattenspendender Gehölze

Vermeidung der Entstehung e'iner dicken Streuauflage, die be'i

starker Durchnässung durch ihr hohes Gewicht zu Abrutschungen

der Vegetationsnarbe führen kann.

Schaffung und Erhal t ei ner ordentl j chen Böschung nach

0rdnungsvorstel 1 ungen mit gärtneri schem Vorb'i ld.

Die Intensivierung des Weinanbaues hat zu e'iner Ausdehnung der

Rebanbaufl äche geführt, zudem wurde i n verschi edenen

Rebfl urbere'i ni gungen das ursprüng1 i ch kl ei nfl ächi g terrassi erte
Rebgel ände für den Ei nsatz von Masch'i nen neu gestal tet, dabei

entstanden auch hohe und großf1äch'ige Böschungen. Die nun starke
maschinel le Bearbeitung und der hohe Bioz'ideinsatz auf den

Anbauflächen ließen d"ie Rebböschungen zu wichtigen Refugien der

Ti erwel t des gesamten Rebgel ändes werden . Aus der Si cht des

Naturschutzes 'ist daher die richtige Gestaltung und Pflege der

Rebböschungen ei ne entschei dende Voraussetzung, um d'i ese

Standorte al s Lebensräume f ljr d'ie typi sche Fauna der off enen

Standorte des Kai serstuhl s 'in einer i ntensi v genutzten

Reblandschaft erhalten zu können. Es bestehen erhebliche Bedenken

und Hinweise, daß durch jährliches Abflämmen der

tnle'i nbergböschungen gerade di e schützenswerten Arten des

Kaiserstuhls vernichtet werden und e'ine a1'lgemeine Feldfauna

übri g bl e'i bt, wi e si e auf Kul turfl ächen mi t vergl ei chbaren

Störfaktoren vorgefunden wird. Vor allem 'in den sechziger Jahren

wurden die Böschungen häufig geflämmt, seit .l975 besteht jedoch

ein gesetzliches Flämmverbot. Von der t,tlinzerschaft wird eine
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Anderung der bestehenden gesetzl i chen Regel ung angestrebt;
unterdessen wi rd ei n Te'i I der Böschungen wei terh'i n i I l egaI

gefl ämmt.

Z IELSETZUNG

D'ie Versuchsplanung vvar so angelegt, daß unterschieden wurde

zw'ischen

den unmi ttel baren Fo1 gen des Abbrennens durch di rekte
H i tzee'i nwi rkung ( Primärwi rkung ) ;

sow'ie den Auswirkungen der Biotopveränderungen infolge des

Abflämmens auf die überlebenden Tiere (Sekundärwirkung).

Dabei solIten hier nur Ergebnisse zur Pnimärwirkung dargestel1t

werden, da der geri nge Untersuchungszei traum wei tergehende

Aussagen noch n'icht erlaubt. Das Feuer stellt für die betrachtete
Tiergemeinschaft ke'inen natürl ichen Standortfaktor dar, somit

wurden in der Evolut'ion keine Anpassungen an d'iesen Faktor

erworben. Für die potentielle Gefährdung der Tiere ist daher der

Entwjcklungs- und Aktivitätszustand sowie der Aufenthaltsort zum

Zeitpunkt des Feuers entscheidend.

CHARAKTERISIERUNG DES FEUERS

Von den verschi eden exponi erten Untersuchungsfl ächen sol I en hi er
nur di e Ergebni sse e'i ner südexponi erten Böschung vorgestel 1 t
werden, d'ie 75 m lang und 6 bis 8 m hoch ist. Dort ist die für
d'iese Exposi ti on charakteri sti sche Pf 1 anzengesel I schaft, ein
Di p'lotax'i-Agropyretum ausgebi l det (FiSCHER .l982, 

hlILMANNS

1977b). Das Flämmen wird von den lnlinzern an sonnigen Tagen der

Wi ntermonate Dezember bi s März durchgeführt, wenn di e durch

Frostei nwi rkung abgestorbene Vegetati on für ei ne gute

Feuerentwi ck1 ung hi nrei chend abgetrocknet i st ( si ehe Abb. I ) .
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Abb.1 : Abbrennen der Vegetation an einer südexponierten Böschung
am 18 .2. 1983 .

wil
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Der Feucht'igkei tsgeha'l t der Streu, d'ie Wi ndstärke und -ri chtung,
die Höhe der Böschung sowie d'ie Gefährdung der am Böschungskopf

stehenden Reben werden bei der Art des Feuers berücksichtigt, das

vom Fuß oder Kopf der Böschung als Mit- oder Gegenwindfeuer

entzljndet wird. Daraus geht hervor, daß d'iese Form des Abflämmens

ein "kontrolliertes Brennen" darstellt (G0LDAMMER l97B). Mit
Hilfe einerThermoelementmessung, die einen Meßbereich von -.l00

bis +.l000"C umfaßte, wurde der Temperaturverlauf kontinuierl'ich
mi t ei nem Kompensati onsschre'iber auf geze'ichnet . Dabe'i wurden an

ejner Meßstelle jeweils drei Meßfijhler in versch'iedenen Höhen

über der Bodenoberfläche angebracht (-l oder 0 oder 1,5, 12 cm).

Es zeigte s'ich in vielen Messungen folgender charakterist'ischer
Temperaturverlauf (siehe Abb. 2):

- Nachdem das Feuer d'ie Meßstelle erre'icht hat, steigt die
Temperatur in wen'igen Sekunden bis zum Max'imum an.

- Das Temperaturmaxi mum 1 i egt 'i n 5 und I 2 cm Höhe ljber der

Bodenoberfl äche bei 700" C.

- Auf der Bodenoberfläche liegt das Temperaturmaximum, je nach

Feucht'igke'itsgehal t der Streu zwi schen I 50 und 450'C .

- Mei st bl e'i bt der untere, f euchtere Tei I der Streuauf 1 age

unverbrannt, so daß im Mj neral boden nur geri nge

Temperaturenhöhungen von wenigen "C gemessen wurden-

- Die Phase der Temperaturabnahme dauert 1änger als d'ie Phase des

Temperaturansti egs. Besonders ausgeprägt 'ist d'ies auf der

Bodenoberfl äche.

- E'ine Temperatur von 100"C wirkt auf der Bodenoberfläche ca. 2

Minuten, in größeren Höhen etwas kürzer auf die T'ierwelt ein.

Zimmermann ( I 979 ) fand ei nen ähnl i chen Temperaturverl auf bejm

Abflämmen von Halbtrockenrasen 'im Ka'iserstuhl . Um das Ausmaß der

unterschi edl'i ch hohen 0berfl ächentemperaturen fl ächendeckend

kartieren zu können, wurden unmittelbar nach dem Feuer Infrarot-
Aufnahmen der Böschungsoberfläche gemacht. Dabei w'ird die von der

Böschung au sgehende infrarotstrahl ung 1n ei nem

Wellenlängenbereich von B bis l3 Mikrometer erfaßt und die
Fl ächen g1 ei cher Temperatur duch bestimmte Farben auf ei ner
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Pol aroi daufnahme dargestel 1 t .

Durch di ese fl ächenhafte Kart'i erung konnte im Fal I e ei ner

südexpon'ierten Böschung f ijnf M.inuten nach dem Passi eren des

Feuers ein Mosaik untersch'iedl'ich hoher 0berflächentemperaturen

nachgewiesen werden. Bei einer Lufttemperatur von 5"C traten auf

Teilflächen noch Temperaturen von mehr als .l25'C auf. Eine über

di e Fl äche i ntegri erte Messung mi t e'inem Rad'iometer, das im

Prinz'ip genauso arbei tet wi e das Strahl ungsthermometer f ür d'ie

infrarot-Thermographi e ergab ei ne Durchschni ttstemperatur zum

selben Ze'itpunkt von 30"C.

Der Verg'l e'ich des gef 1 ämmten und des ungef 1 ämmten Tei I s einer
südexponi erten Böschung I 5 Mi nuten nach dem Abfl ämmen

veranschaulicht das Mosaik von 0berflächentemperaturen, das lange

nach dem Erl öschen der Fl amme anhäl t. Di e Farben der

Polaroidaufnahme wurden auf einer Zeichnung in entsprechende

Graustufen übertragen (Abb. 3).

EINFLUSS DES FLAMMENS AUF VERTRETER DER VORI^IIEGEND EPIGAISCHEN

FAUNA

METHODE

Zur Erfassung der auf der Bodenoberfläche aktiven Tiere wurden

Bodenfal I en und Boden-Photoekl ektoren verwendet. Auf der

Brandfläche und der entsprechenden Kontrollfläche (ungebrannt)

befanden sich je v'ier Barberfallen mit einem Fallendurchmesser

von 14,6 cm. Die Bodeneklektoren (Abb. 4) hatten einen

quadratischen Grundriß, wobe'i zwei Seiten angeschrägt waren,

dam'it die Spitze des Pyramidendaches auf den steilen Böschungen

senkrecht nach oben ragte. Die vier Seiten des Daches waren mit
Stahl gaze bespannt . Mi t H'i I fe von vi er Bodenfal I en ( S cm

Durchmesser) konnten oberflächenaktive Tiere 'in der abgegrenzten

innenfläche erfaßt werden. F'lugaktive Tiere wurden in Flaschen an

der Dachspitze abgefangen. M'it je vier Bodeneklektoren auf den



Abb.3 : Infrarotaufnahme
Böschung, 15 min
23.2.1983. Links:
Brandfläche.
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einer südexponierten
nach dem Abbrennen am
Kontrollfläche, rechts:
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..,:- .,ffii 2 22oC

ffi : is'c
f i 41 "C
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Abb.4: Boden-photoeklektor auf
Böschung.

einer geflämmten
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Versuchsflächen konnten jeweils 2 qm Bodenoberfläche abgegrenzt

werden. Als Fang- und F'ixierflüssigke'it wurde iitfrytenglycol
verwendet. Die Leerung erfolgte monatlich.

D'ie h j er dargestel l ten Ergebni sse bez'iehen si ch auf e'inen

Untersuchungszei traum von zwe'i Monaten ( März und Apri 1 ) .

Barberfallen und Eklektoren wurden unmittelbar nach dem Flämmen

au sgebracht .

BARBE RFAL LE N FANGE

Di e Bodenfal 1 enfänge ergaben für di e Gruppen : Carabi dae,

Staphyf inidae und Araneae keine deutliche Unterschiede zwischen

der gebrannten und ungebrannten Fläche (Abb. 5). Die

vorgefundenen Differenzen 'in den Artenzahlen zw'ischen Kontroll-
und Brandfläche (Tab. l) beruhen auf dem Vorkommen mehrerer Arten

mi t jewe'i I s nur e'inem Indi vi duum.

Carab'idae

Araneae

Geh äu se-Gastropoda

Tab. l: Artenzahl 'in

Fangzei traum

Kontrol I e und Brandfl äche für den

März und Apri 1 .

Kontrol I e

22

t6

B

Versuchsfl äche

l6
?1

7

Bei den Carabi den domi ni erte i n bei den Fl ächen di e 91 e'i che Art
Harpal us tardus mi t jewei 1 s 28%, i n der gebrannten Fl äche

erreichte noch Harpalus vernalis mit .l6,5% einen hohen relativen
Anteil an den Fangzahlen aller Carabiden. Ein ähnl'iches BjId
ergab si ch f tir di e Spi nnen: h'ier errei chte di e lalol f ssp'inne

Alopecosa accentuata in der gebrannten Fläche 66% und jn der

Kontrol I e 59% der gefangenen Spi nnen. Auffal I ende Unterschi ede
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Abb.5: Bodenfallenfänge: Gesamtindividuenzahl nach zweimonatigem Fang-
zeitraum (MärzlApril 1983)
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ergaben si ch aber bei den Assel n, d'ie i n

Kontrollfläche 3,4-mal häufiger gefangen wurden.

kam durch hohe Fangzahl en von juveni'l en Assel n

vulgare) in der ungebrannten Fläche zustande.

den Fal I en der

Diese Differenz
(Armad'illidium

Um

um

Ei ne hi nre'i chende Interpretati on di eser Ergebni sse erschei nt
jedoch erst mö91 i ch , wenn wei tere Daten über 1 ängere

Untersuchungszeiträume vorl i egen und nach der Artbestimmung

weiterer Gruppen eine genauere Analyse mögf ich wird.

FANGE AUS DEN BoDEN.PHOTOEKLEKTOREN

eine Einwanderung aus ungebrannten Flächen zu unterbinden, und

aus dem Boden und der Streu schlüpfende flugaktive Arthropoden

w.i e etwa Di pteren auf der gebrannten und ungebrannten

Versuchsfl äche verg'l ei chend zu erfassen, wurden Bodenekl ektoren

verwendet (Abb. 4). Hierbei zeigen die Fangzah'len der in Abb. 6

dargestel 1 ten Gruppen ( Carabi dae, Staphyl i ni dae, Araneae,

Isopoda, Gastropoda, Diptera, Hymenoptera) eine einheitl'iche
Tendenz: Auf der Brandfl äche wurden jewei I s weni ger T'i ere
gef angen . Di e deutl i chsten Untersch'iede zei gen si ch be'i

Laufkäfern und Gehäuseschnecken. Bei beiden Gruppen waren die
Artenzahlen in Kontroll- und Brandfläche gleich.

Die höheren Fangzahlen der Carabiden in der ungebrannten Fläche

ergaben si ch aus dem häufi geren Vorkommen von zwei Arten
(H.tarduso Amara aenea), die 40%und19% der Indiv'iduen am

Gesamtfang ausmachten. Be'i den Gehäuseschnecken kommt di e

Di fferenz durch das Fehl en von Monacha cartusi ana auf der

gefl ämmten Fl äche zustande. Gegenljber der Bodenfal I enmethode

ergeben d'ie Bodeneklektorenfänge zuverlässigere Ergebnisse über

direkte Auswirkungen einer Feuerwirkung. Die Fangzah'len werden

nicht durch e'ine Einwanderung aus ungebrannten Flächen verwischt
(ein Eklektor befängt eine abgegrenzte Bodenfläche) und die
Faktoren Akti vi tät und Raumw'i derstand spi el en zumi ndest für
größere Arthoropoden beim Vergl ei ch bei der Fl ächen kei ne
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entschei dende Rol I e.

EINFLUSS DES FLAMMENS AUF BEI^IOHNER LEERER SCHNECKENHAUSER

Eine Anzahl von Arthropoden benutzt leere Schneckenhäuser als
Versteck und N'i stp'l atz; d'ies gi 1t vor al I em auf e'iner

strukturarmen Bodenoberfläche. So sind z. B. einige Arten von

Mauerbi enen der Gattung 0smi a auf I eere Schneckenhäuser

angewiesen, um darin ihre Brut unterzubringen (BELLMANN l9Bl ). Im

Kai serstuhl gebi et kommen di e dre"i he1 i ophi 1 en 0smi a-Arten
0.bicolor, 0.aurulenta und 0.rufohirta vor (KRAT0CHIdIL .l983).

Um d'ie Bedeutung I eerer Schnec kenh äu ser als
Überwi nterungsversteck f ür versch'iedene Arthropoden 'im

Untersuchungsgebiet zu ermitteln, wurden leere Gehäuse, vor allem
von Zebrina detrita untersucht. Dies ergab, daß 52% der

untersuchten leeren Schneckengehäuse Anzeichen einer ehemaligen

und aktuel I en Arthropodenbesi ed1 ung aufwi esen, 20% davon waren

von D'ipteren mit Larven, Puppen und Imag'ines bewohnt, 10% von

Sal ti c'iden (Hel 'iophanus, Myrmarachne formi cari a ) und 2% von

Drilus Larven und t^leibchen. Drilus concolor (Drilidae) ist e'ine

Käferart, deren Larven spezi al i si erte Gehäuseschneckenfresser

sind. Larve und weiblicher Imago (deutlicher Sexualdimorphismus)

überwintern in Schneckengehäusen (PLATE l95l, ZIEGLER l98l ). Um

quantitative Aussagen über eine eventuelle Feuerschädigung der

Schneckenhausbewohner oder -überwinterer zu machen, wurden in
Gehäuse von l,.le'i nbergschnecken (Hel i x pomati a ) und Z . detri ta
Larven, Puppen und imagines von Fliegen aus Laborzuchten (Phormia

terraenovae und eine Art der Phaoniinae) eingebracht und auf

e'iner Versuchsfläche exponiert. Nach dem Abbrennen der Flächen

wurden diese wieder eingesammelt und im Labor d'ie Schlupf- bzw.

Überlebensrate ermittelt.

Unter Schl upfrate wi rd der prozentual e Antei 1 geschl üpfter
F'liegen-Imagines an der Gesamtind'iv'iduenzahl der eingesetzten
Larven und Puppen verstanden, di e Überl ebensrate i st
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dementsprechend der prozentual e Ante'i I i.iberl ebender Imag'ines an

der eingesetzten Gesamtind'ividuenzahl . Um ein Entkommen der Tiere
aus den Schneckengehäusen zu verh'indern, wurden diese mit Ton

verdeckel t . E'in Vergl ei ch der Schl upf raten von F'l i egenpuppen i n

sol chen verschl ossenen und offenen Gehäusen ergab kei ne

Unterschi ede .

Aus den Helixgehäusen, dje dem Feuer ausgesetzt waren, schlüpften
von den jüngeren Puppen etwa 60%, von den älteren l0%, während

Imagines und Larven nicht überlebten (Abb. 7). Aus den Gehäusen

von Zebri na detri ta, die m"it Larven von Ph . terraenovae, Puppen

von einer Art der Phaon'ii nae und Spri ngspi nnen versehen waren,

schli.jpften nur etwa l0 bzw. 2% der Fliegen'larven und Puppen

(Abb. 8) .

Di e abwei chenden Schl upfraten der Puppen und Larven (Abb. 7)

deuten ei nmal auf ei ne untersch'i edl i che Tol eranz der

verschi edenen Entwi ck'lungsstadi en gegenüber Hi tzeei nw'irkung hi n,

zum anderen gab es bei dem mosaikart'igen Verteilungsmuster der

Temperaturen auf der Bodenoberfl äche auch Bere'iche, wo die
Hi tzeentwi ck1 ung unterhal b e'iner Schadensschwel 1e 'l 

ag . Von den

Spri ngspi nnen, di e si ch 'i n den Gehäusen i n i hrem

Uberwinterungsgespinst befanden, konnten keine lebenden Tiere
mehr gefunden werden.

Auf den Versuchsflächen wurden e'inige Helixgehäuse gesammelt, 'in

denen Osm'ien i hre Brutzel I en angel egt hatten . Di e B'ienen der
neuen Generation waren bereits entwickelt; die T'iere aus Gehäusen

der geflämmten Böschungen waren tot, was auf e'ine Hitzeschädigung

hi ndeutet.

E]NFLUSS DES BRENNENS AUF IIERE, DIE SICH I^JAHREND DES FLAMMENS IN

DER VEGETATiON BEFINDEN

Di e mei sten Ti ergruppen verbri ngen den Wi nter i nakti v i n

unterschi edl i chen Entwi ck1 ungsstadi en an geschützten Stel I en. In
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der Vegetati onsschi cht verbergen si e si ch hi erzu i n

Pflanzenstengeln oder überdauern geschützt durch Gespinstkokons
( Spi nnen, Schmetterl i nge ) , Mörte1 töpfchen ( Töpferwespen ) ,

Schaumgel ege ( Gottesanbeteri n ) oder andere Überwi nterungsformen .

Auf den Kaiserstühler Rebböschungen findet man 'in den Herbst- und

lrJ'i ntermonaten di e Schaumgel ege der Gottesanbeteri n ( Manti s

religiosa), die von den hle'ibchen im Spätsommer an Pflanzente'ile
ca. l0 cm über der Bodenoberfläche angeheftet wurden. In den

Gelegen der Gottesanbeterin, den sogenannten Ootheken, die über
-l00 E'ier enthal ten können, entw'ickel n si ch d'ie Larven erst nach

der Uberwinterung 'im nächsten Frühjahr. Der Kaiserstuhl zählt zu

den weni gen Geb'i eten Deutschl ands , wo di e Gottesanbeteri n

verbreitet jst. Da s'ie zu den faunistischen Besonderheiten zählt,
ist der Erhalt dieser Popu'lationen ein wichtiges Anliegen des

Naturschutzes . Stel I vertretend f ür T'iere, d'ie si ch während des

Fl ämmens 'in der Vegetati on auf hal ten, untersuchten w'ir den

Einfluß des Brennens auf die Gelege der Gottesanbeterin. Hierzu

wurden Ge1 ege von Brandfl ächen und von ungefl ämmten Böschungen

aufgesammelt, im Labor bis zum Schlupf der Tiere gehalten und die
geschl üpften Larven gezäh1 t . 0bwohl di e Ootheken ni cht
verbrennen, nur die äußeren Schichten werden angekohlt, wurden

die Eier wohl durch die hohe Hitzeentw'icklung letal geschädigt
( Tab. 2) .

Zahl der Ootheken

Zahl der Ootheken mit
gesch'lüpften Larven

7ah1 der durchschni ttl i ch

pro Ootheka geschl üpften

Larven

gefl ämmt

24

3

3rl
(9, 12, 54)

Kontrol I e

7

7

.I20,.|

(29, 83, .l.l9,12f,
-l40,.l69,.l80)

Tab. 2: Zahl der geschlüpften Mantis religiosa aus 0otheken

geflämmter und unbehandelter Flächen.
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Von 24 Gelegen, die dem Feuer ausgesetzt waren, schltipften aus

nur drei Ootheken Jungtiere in geringer Zah1. Unbee'influßte Glege

zei gten entsprechend hohe Schl upfraten mi t durchschni ttl i ch I 20

Larven pro 0otheka (die Gelege wurden im Labor zum Schlupf

gebracht). Geht man davon aus, daß über längere Zeit großf1ächig

und regelmäßig geflämmt wird, so hätte dies die Vernichtung der

Mantispopu'lation der Rebböschungen zur Fo1ge. Auf den frischen
Brandfl ächen konnten ei ne Anzahl verkohl ter Schmetterl i ngsraupen,

die nur zum TeiI bis zur Art zu 'identifizieren waren, gefunden

werden. Es handelte sich dabei häufiger um die winteraktiven
Raupen des Hausmütterchens (Noctua pronuba, Noctuidae), des

Rostbären (Phragmetobi a f ul 'igi nosa, Arct'i i dae ) und Puppen von

Noctu'i den .

ZUSAMMENFASSUNG

Zielsetzung und erste Ergebnisse e'iner jm Juni l9B2 begonnenen

Untersuchung über di e Auswirkung des orts[jbl i chen Abf I ämmens der

Wei nbergböschungen 'im Ka'iserstuhl auf di e Fauna wurden

vorgestel1t. Eine Charakteris'ierung und Beschre.ibung des Feuers

wurde durch die Erfassung des Temperaturverlaufes mit Hilfe von

Thermoe I ementmes sun gen

Temperaturvertei 1 ung

vorgenommen.

und der Darstei 1 ung der

an Hand von Infrarotthermographi e

Mit Bodenfallen konnten 'im Fangzeitraum zwei Monate nach dem

Abbrennen keine bedeutenden Untersch'iede der Aktivitätsdichte von

Carabi den, Staphyl i ni den, Spi nnen, Assel n und Gehäuseschnecken

festgestel 1 t werden . Mi t Boden-Photoekl ektoren wurden auf der

Brandfl äche geri ngere Fangzahl en gegenüber der Kontrol I fl äche

errei cht . Da berei ts i n I cm Bodenti efe nur geri nge

Temperaturerhöhungen während des Abflämmens gemessen wurden, ist
eine direkte Schädigung durch die Hitze für Tiere die sich zum

Ze'itpunkt des Feuers 'im Boden aufhalten nicht zu erwarten.

D'ie hohen Temperaturen auf der Bodenoberfläche (bis zu 400'C)
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haben größtenteils letale Folgen für die Tiere, die sich dort

aufhal ten; di es konnte fiir di e Bewohner I eerer Schneckenhäuser

nachgewi esen werden . A1 I e Arthropoden , d'ie si ch zum Zei tpunkt des

Flämmens in der Vegetation befinden, werden durch die große

Hi tzeentwi ck1 ung abgetötet (Temperaturen b'i s 800'C i n 'l 2 cm Höhe

[jber dem Boden). Am Beispiel der Gottesanbeterin M.religiosa,
ei ner schützenswerten fauni sti schen Besonderheit des

Kaiserstuhls, wurde durch Vergleich der Schlupfrate von Gelegen

aus Kontrol I - und Brandfl ächen di e I etal e l,rli rkung des Feuers 'i n

der Vegetat'ion auf gezei gt.
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