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SUMMARY

Brazilian Campos grasslands are rich in species and the main-
tenance of its diversity and physiognomy is dependent on dis-
turbance (e.g. fire and grazing). Nevertheless, studies about fire
intensity and severity are inexistent. The present paper describes
fire parameters, using 14 experimental burn plots in southern
Brazil (30°02° to 30°04°S, and 51°06° to 51°09°W, 31lmasl).
Two sites under different fire histories were chosen: frequent-
ly burned and excluded since six years. Experimental burning
was performed during summer (2006-2007), when most burn-
ing takes place in these grasslands. The following parameters
were measured: air temperature and moisture, vegetation height,
wind speed, fuel (fine, coarse), fuel moisture, fire temperatures

tion; burning efficiency and fire intensity were later calculated.
Fuel load varied from 0.39 to 1.44kg-m>, and correlated posi-
tively with both fire temperature and fire intensity. Fire tempera-
tures ranged 47 to 537.5°C, being higher in the excluded site.
Fire intensity was low compared to grassland elsewhere (36.5-
319.5kW-m'), differing significantly between sites. Fine fuel was
the variable that best explained fire intensity. The results on fire
intensity and severity in Campos grasslands can be considered a
pilot study, since plots were very small. However, the data pro-
vided can help other researchers to get permission for experi-
mentation using larger plots. The results provide support for fur-
ther studies about the effects of fire on grassland vegetation and
for studies involving fire models and fire risk prediction.

(soil level and at 50cm), ash, residuals, flame height, fire dura-
ubtropical grasslands (also
known as Campos) in

southern Brazil are one

of the less known ecosystems worldwide,
covering ~13.7x10°ha, and their conser-
vation has been neglected (Overbeck et
al., 2007). Although its flora is very rich
in species (~3000 plant species are esti-
mated; Boldrini, 1997), only <1% of the

total area is under legal conservation.
Moreover, the legal protected areas ad-
opted a management strategy that is not
the most effective. Areas are fenced and
totally excluded from any kind of distur-
bance, leading to shrub encroachment
(Oliveira and Pillar, 2004) and, thus,
loss of both plant species diversity and
physiognomy.

Disturbance is a major
factor influencing Campos grassland dy-
namics. Both grazing and fire maintain
grasslands’ diversity and physiognomy by
removal of aboveground biomass and,
consequently, opening gaps in the vegeta-
tion, which allows other species to estab-
lish. According to Bond et al. (2005) sa-
vannas and grasslands are fire-dependent
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ecosystems, since the dominance of grass-
es and shrubs are dependent on burnings.
Additionally, these authors argued that
such fire-dependent ecosystems are not a
result of only recent anthropogenic burn-
ings, but have existed for a long time.

In Campos grasslands of
southern Brazil, fire has been present
since the beginning of the Holocene, like-
ly due to the use of fire by indigenous
populations coupled with a seasonal cli-
mate, as supported by abundance of char-
coal particles in peat profiles (Behling et
al., 2004; Behling and Pillar, 2007).
Nowadays, fire is lit by farmers to elimi-
nate accumulated dead grass biomass and
unwanted species (mostly shrubs) and,
thus, to increase forage quality. Burning
is carried out usually at the end of winter,
which enhances re-sprouting of many spe-
cies, but decreases C; grasses ( Nabinger
et al., 2000; Llorens and Frank, 2004).
The combination of these two practices
(fire and grazing) is very common in Bra-
zilian Campos grasslands, despite fire be-
ing prohibited as a management tool by
federal and state environmental legislation
(Cédigo Florestal, lei 4.771/65 from
09/15/1965).

Fire affects plant popula-
tion and community in several ways. Veg-
etative reproduction is mostly stimulated
by fire events (Whelan, 1995; Pfab and
Witkowski,1999) and plays an important
role on plant population dynamics. Germi-
nation rates of seratinous seeders are prob-
ably increased by fire (Stokes et al., 2004).
However, the effect on seedling recruit-
ment has been shown to be either positive
(Satterthwaite er al., 2002) or negative
(Hoffmann, 1996). Although recent eco-
logical studies on Brazilian Campos grass-
lands have confirmed the positive effect of
fire on plant diversity (Overbeck et al.,
2005) and in impeding the establishment
of woody species (Miiller et al., 2007),
nothing is known about fire intensity and
severity (temperature, residence time, etc.)
for these ecosystems and, consequently,
their effects on plant communities.

Peak fire temperatures
and duration are important variables for sur-
vival of plant tissues (Whelan, 1995). Most
studies adopt temperatures >60°C as lethal
for plant tissues (Whelan, 1995; Bilbao et
al., 2006). The longer plants are exposed to
temperatures >60°C, the more detrimental
are the effects of fire. Bova and Dickinson
(2005) stated that flame residence time was
a better variable than fire intensity to predict
tissue necrosis in oaks and chestnuts, dem-
onstrating the importance of heat flux dura-
tion for plant survival. On the other hand,
seed dormancy in many plant species (espe-
cially legumes) is broken by high tempera-
ture exposures (Martin er al., 1975; Tarrega
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et al., 1992; Herranz et al., 1998; Williams
et al., 2003, 2004; Auld and Denham, 2006;
Rivas et al., 2006).

Though fire temperatures
may influence plant mortality and germina-
tion, fire intensity is the most important
variable to analyze fire effects on plant com-
munity (Stocks et al., 1997) and plant popu-
lation dynamics (Whelan, 1995). According
to Trollope et al. (2002), fire intensity was
shown to correlate with other fire parame-
ters (rate of spread, temperature, and flame
height) and is easily measured. Other vari-
ables can also influence fire behavior, such
as fire frequency, season, climate, wind
speed and direction, slope and fuel. Fuel
load is the total amount of dry biomass; that
means, the total amount of heat energy
available for release during fires (Whelan,
1995), and is considered one of the most
important parameters influencing fire behav-
ior (Trollope et al,. 2002).

The aim of in this study,
based on experimental burning carried out
in natural grassland in Porto Alegre, south-
ern Brazil, is to evaluate and describe fire
parameters (fire intensity, fuel load, rates of
fire spread, burning efficiency, consumed
fuel, fire peak temperatures and duration)
using small plots, due to difficulties to ob-
tain permissions from environmental author-
ities. These parameters are important to de-
termine fire behavior and to infer its effects
on the ecosystem. No similar studies have
been carried out for Campos grasslands in
Brazil so far. The study can be considered
as a pilot study, and the results can be used
to convince authorities to give permissions
for further studies using larger plots.

Study Area

The experimental burn-
ings were carried out on a natural grassland
located at Morro Santana (near Porto
Alegre, 30°02’ to 30°04’S, and 51°06’ to
51°09°W, 311masl). The climate in this re-
gion is subtropical humid (Koppen classifi-
cation Cfa), with a mean temperature of
22°C (Livi, 1999). Soils are characterized by
an A horizon rich in clay; Acrisol being the
predominant soil type (Streck et al., 2002).
Grasslands undergo frequent anthropogenic
fires occurring in intervals of three to five
years in small patches, and a mosaic is pro-
duced with patches burned in different
years. These grasslands are very rich in spe-
cies (450 to 500 plant species in an area of
220ha), with high fine-scale diversity (Over-
beck et al., 2005, 2006a). The vegetation is
composed of a matrix of caespitose grasses
(e.g. Elionurus muticus, Aristida flaccida
and Andropogon lateralis) and a large num-
ber of small forbs (mainly Asteraceae, Le-
guminosae and Rubiaceae; Overbeck et al.,
2006a). When fire is excluded there is an

increase in shrub cover, some species being
fire sensitive and obligate seeders (Miiller et
al., 2007).

Two sites on Morro San-
tana were chosen for this study: FB: fre-
quently burned grassland (last fire occur-
rence in summer 2005), and E: excluded
from fire the last six years. The latter site is
characterized by the dominance of two
shrubs (obligate seeders belonging to As-
teraceae): Baccharis leucopappa and Het-
erothalamus psiadioides. The frequently
burned site (FB) shows a higher cover of
forbs and the presence of small shrubs.
Grass cover is high at both sites, although
higher on FB. In Campos grasslands, six
years of exclusion already lead to shrub en-
croachment and loss of grassland species.

Methods

Seven plots (25m?) were
randomly established in each site. To avoid
fire spread into the vegetation outside plots,
firebreaks (2m width) around each plot
were set up. Since these grasslands usually
burn during the summer, fire experiments
were carried out in December 2006 and
January 2007, with assistance of a local fire
brigade. Due to logistic problems and cli-
mate factors, the experimental burnings
were performed in two different days (three
weeks of difference between sites): plots in
site FB were burnt in December 2006 and
plots in site E were burnt in January 2007.
Fires were ignited with a torch, always set
to spread with the wind direction (head
fire). Since fire is a very polemic issue in
Brazil and forbidden by law, it was difficult
to get permissions for carrying out the ex-
periments. Therefore, it was decided to es-
tablish this pilot study using small plots, in
order to provide data to convince authorities
to give permission for further experiments
using larger plots.

Air temperature and rela-
tive air moisture were measured before and
during fire experiments using two TinyTag
data loggers (Gemini data loggers, TGP-
4500, every 5s), ~2m away from the plots.
In addition, wind speed (m-s') and number
of dry days before the experiment were also
registered.

In order to estimate fuel
load (kg-m?), aboveground biomass in all
plots was sampled immediately before
burns in three quadrats of 0.04m? per
plot. The biomass was separated as coarse
(stems and crowns) and fine (leaves and
culms). Fuel moisture (expressed on a dry
weight basis) was determined after sam-
ples were oven dried at 70°C during 72h.
After fire, ashes and residual non-com-
busted materials were sampled (three
quadrats of 0.04m? per plot), dried and
weighted.
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Fire measurements

WEATHER CONDITIONS BEFORE FIRE EXPERIMENTS
IN DIFFERENT SITES AT MORRO SANTANA,

To measure fire tem-
peratures, high temperature

TABLE I

SOUTHERN BRAZIL

obtained near midday (35-
38°C), as well as the lowest air
moisture  content  (38-45%).
Wind speed varied from 0.37 to

chromel-alumel thermocou-

2.0m-s"'. As seen in Table I, air

ples (unshielded head, type Site Air tegge)zrature Relative (alg)mmsture erain/ss;;eed temperature and relative air
K, stainless steel sheath, moisture were almost the same
150x3mm) were used. Ca- FB 32.43 +0.74 47.18 £2.2 0.98 +0.22 for both sites, while wind speed
bles were placed inside alu- E 34.9 £1.36 54.8 3.2 0.55 +0.08 was higher in site FB during

minum tubes and addition-
ally wrapped in aluminum
foil and anti-fire tape to re-
duce heat absorption and
conduction. Thermocouples were calibrat-
ed to measure over the 0-1100°C range.
Sensors were placed in two different posi-
tions: soil surface (Ocm) and shrubs
crown height (50cm). They were posi-
tioned in the middle of the plot and con-
nected to a DL2 Data logger (Delta-T).
Two thermocouples were used per height.
Temperatures were recorded every 2s.

Other fire parameters
were also evaluated: rate of spread (m-s™),
flame height (m), residence time of fire
(s), burning efficiency (%), and Byram’s
fire line intensity (kW-m™). Fire intensity
was calculated using the equation I=
hxwxr, where h: heat yield of fuel, w:
consumed fuel load, and r: rate of fire
spread. Since heat yield of fuel was not
measured for Campos grasslands in
southern Brazil, a value of 15500J-g' was
used, as found in Australia by Griffin and
Friedel (1984) and also used for the Bra-
zilian Cerrado (Heloisa Miranda, personal
communication). Experiments were car-
ried out between 10:00 and 15:00.

Statistical analysis

To evaluate differences between
the two sites in terms of the measured
variables, variance analysis was per-
formed using randomization tests (10000
iterations; Manly, 2007).

FB: frequently burned, and E: excluded from fire since six years. Means
and standard errors are presented.

als). The stability of axes was tested with
bootstrap re-sampling (1000 iterations;
Pillar, 1999). General linear modeling
techniques were used to determine which
variable (the same 14 measured parame-
ters used in the ordination analysis) influ-
enced fire intensity the most and to pro-
vide the simplest model. The significance
of the model was examined by random-
ization tests (1000). Since experiments
were carried out on different dates, envi-
ronmental conditions may not have been
the same and this could have influenced
fire intensity. In order to analyze if such
possible biases were relevant, it was eval-
uated, among the weather related vari-
ables, which ones differed statistically be-
tween treatments; if none of these vari-
ables were among the ones that most in-
fluenced the fire parameter in the final
linear models, the models were deemed
unbiased by weather conditions during
burnings. All statistical analyses used the
software MULTIV (Pillar, 2005).

Results
Weather conditions
There was a period of

4-7 days whitout precipitation before fire
was set. The highest air temperatures were

the fire experiment.

Fuel load and fire
temperatures

A continuous grass matrix, with
some short shrubs, characterizes site FB,
whilst site E shows an increased cover of
shrubs. Tussock grasses (33.57 +2.9lcm,
P=0.11) and shrubs (82 +2.22cm,
P=0.001) are taller in the excluded site
than in the frequent burned site (tussock
grasses 27.6 +1.79cm, shrubs 65.2
+1.98cm) (Figure 1la).

Fine fuel ranged from
0.27 to 1.01kg'm? and coarse fuel from
0.05 to 0.43kg:m™. Fuel load varied 0.39-
1.44kg-m2. The excluded site also had the
highest values of fine, coarse and fuel
load in comparison to the frequently
burned site (Figure 1b). In addition, both
sites showed a higher load of fine than
coarse fuel.

Fire temperatures fluctu-
ated from 47°C (50cm above soil surface)
to 537.5°C (at soil surface). At the soil
surface, fire temperatures tended to be
higher in the excluded (P=0.11), as did
temperatures measured at 50cm above
soil surface (P=0.12, Figure Ic).

Temperatures at soil sur-
face correlated positively to fine fuel (r=
0.53). Fire temperatures at 50cm showed
a strong positive correlation to fire inten-
sity (r= 0.82), fine fuel (r= 0.68), flame
height (r= 0.70), and fuel load (r= 0.66).

For a better visualization 100~
of the results, principal
components analysis
(PCA; for details on the
method see  Podani,
2000) based on correla-
tions was used to reveal
the main trends of varia-
tion of sampling units (in

Vegetation height (cm)

both FB and E sites) and 20—

the measured variables
(fire intensity, fuel load, 0

80F -

%, o8
[ e ] R EEE LR
£

40f -

1.2

Fuel (kg/m?

ﬁ fffffffffff oafonn @@i

600

fine fuel, coarse fuel,
combustion, temperature
at soil level, temperature
at 50cm above soil level,
flame height, tussock
height, shrub height, air
temperature, relative air
moisture, ash, and residu-
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Figure 1. a: Tussock and shrub heights (cm), b: fine and coarse fuel, as well as fuel load (kg m?), and c: fire tem-
peratures at the soil surface and 50cm above surface in sites frequently burned (FB) and excluded from fire since
six years (E) on Morro Santana, southern Brazil.
Asterisks mean significant differences between sites (p<0.05), based on randomization testing. Points between the
boxes represent the median, boxes 25%-interquartils, and the t-shaped lines the maximum and minimum values
among seven experimentally burned plots
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TABLE II

MEANS AND STANDARD ERRORS OF
VARIABLES MEASURED IN EXPERIMENTAL
BURNINGS IN DIFFERENT SITES AT MORRO

SANTANA, SOUTHERN BRAZIL

360

300

——FB, soil surface  ——FB, 50 cm

-a-E, soil surface -o-E, 50 cm

6 240
Variables FB E e Z/\\ xl!_
= 180
Ashes (kg-m?) 0.02 £0.003  0.05 +0.01* 5 J "\\1 "-.__.-u‘
Residuals (kg-m?) 0.06 +0.01 0.08 +0.02 © 120 o
Fine fuel moisture (%) 44.49 +1.46 37.84 +4.23 4
Coarse fuel moisture (%) 49.44 +£3.72 36.21 £3.71%*
Burn efficiency (%) 93.8 £0.84  95.07 £0.9 €0
Flame height (cm) 36.43 +3.96 64.52 +£5.7%%%*
Rate of spread (m-s') 0.015 £0.002  0.013 +0.001 o
Fire intensity (kW-m) 93.52 £19.6  179.04 £27.5%

FB: frequently burned, E: excluded, seven plots each. Fuel
moisture was expressed on a dry mass basis. Probabilities
were generated by randomization testing (10000 interac-

tions). Asterisks mean significant differences
*: p<0.05, **: p<0.01, ***: p<0.001.

Plots in the excluded site
burned longer over temperatures of 60°C at
both soil surface and at 50cm (Figure 2).
The highest value of residence time (360s)
was reached at 50cm. At soil surface, resi-
dence time was much higher (140-330 s)
than in the frequently burned site (15-235s).
Residence time was very low (5-40s) at
50cm above soil surface in the FB site.

Fire intensity

Fire intensity presented
significant differences (P=0.02) between
sites, as shown in Table II. Values ranged
36.5-319.5kW-m. Fine fuel showed the
highest correlation to fire intensity (r=
0.86). Other variables also strongly corre-
lated to fire intensity, temperatures at
50cm above soil surface (r= 0.82), flame
height (r= 0.81), and shrub heights (r=
0.59), and coarse fuel (r= 0.62).

Table II also shows other
variables measured during and after fire
experiments. Ashes (P=0.02) and flame
height (P=0.0006) were higher in the E
site, while coarse fuel moisture (P=0.03)
was higher in the FB site. Fine fuel mois-
ture showed no significant differences be-
tween sites (P>0.05), as well as residuals,
burn efficiency and rate of fire spread.

According to the PCA,
the two sites were clearly separated (Figure
3). Almost all measured variables correlated
with one of the two axes (r= 0.5), except
for temperatures at soil level, air tempera-
ture and relative air moisture. Fuel load,
fine fuel, and fire intensity highly correlated
to Axis 1 (r= 098, 0.94, and 0.89, respec-
tively), showing that plots of the E site had
higher values of these variables in compari-
son to the ones of the FB site. Other vari-
ables also showed high correlation to Axis
1, such as flame height (r= 0.9), coarse bio-
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between sites:

0 15 30 45 60 75 90 105 120 135 150 165 180 195 210 225 240 255 270 285 300 315 330 345 360

Time (s)

Figure 2. Maximum temperatures (°C) and residence times (s) above 60°C of
fire experiments in different areas sites (FB: frequently burned and E: grass-
lands excluded from fire since six years) and different heights (at soil surface

and 50cm above soil surface) in Campos grasslands in southern Brazil. Each
point on the curve is the average of seven experimentally burned plots.

mass (r= 0.83), shrub cover (r= 0.77), tem-
perature at 50cm above soil level (r= 0.75),
and ash and residual weight (r= 0.57 and
0.5, respectively). Air temperature and rela-
tive air moisture correlated with Axis 2 (r=
-0.88 and 0.76, respectively).

After testing all possibilities with
the 14 measured variables, the model that
best fitted resulted in only one variable,
fine fuel, influencing fire intensity. The
following equation was found:

Fire intensity= -36.49 + 324.02

In the present study, soil
surface temperatures were always higher
than that at 50cm. Temperatures measured
at both levels correlated positively with fine
fuel, corroborating its importance. There is
a great accumulation of fine fuel near soil
surface due to the high cover of tussock
grasses and forbs. Grasses build up a great
amount of biomass, both live and dead. Af-
ter fire, most forbs were completely con-
sumed, remaining only shrub stems and
grass crowns (un-combusted residuals), re-

(fine fuel)

which can be represented by a
linear regression (Figure 4). The
B coefficient was found to be
significant (P=0.003), as well as
the linear model (R*>= 0.71,
P=0.0009).

Axis 2 (18%)

Discussion
FB

Maximum fire tempera-
tures (both at soil level and at
50cm) found in this study were
similar to those found for Austra-
lian grasslands (98-458°C; Mor-
gan,1999) and shrub-woodlands
(150°C; Bradstock and Auld 1995),

FB FB re

FB
FB

ERAM

E Tuss
T56lame
%

In[fuel

fb
Com ash

FEs

18 shrub

E E

Air T

open savannas in Venezuela (198-
232°C; Silva et al., 1990), heath-
lands in Scotland (140-840°C;
Hobbs and Gimingham, 1984),
mixed prairie in USA (83.3-
682.2°C; Stinson and Wright,
1969), and Brazilian cerrados (83-
330°C; Miranda et al., 1993). Bil-
bao et al. (2006) stated that, in sa-
vanna areas, surface fires are very
common and under these condi-
tions, the highest temperatures
would be recorded at soil level.

0 Axis 2 (48.8%)

Figure 3. Ordination of plots in frequently burned grass-
lands (FB) and excluded sites (E) and measured variables
(fb: fine fuel, cb: coarse fuel, fuel: fuel load, Int: fire in-
tensity, Tsoil: temperature at soil level, T50: temperature
at 50cm above soil level, Tuss: tussock height, Shrub:
shrub height, ash: ash weight, re: residual weight, Flame:
flame height, Com: combustion, AirT: air temperature,
and RAM: relative air moisture). The ordination method
is principal components analysis (PCA), applied to corre-
lations between variables. Bootstrap resampling (1000 it-
erations) indicated significance of axis 1 only (P(ro°
2ro)= 0.047). Only parameters that correlated (r 20.5)
with one of the axes are showed.
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TABLE III
COMPARISON OF FIRE INTENSITY AND TEMPERATURE DATA
BETWEEN DIFFERENT LOCALITIES AND VEGETATION TYPES

Local Vegetation type  Fire intensity Temperature at Reference
(kW-m) soil level (°C)

Africa Savanna 28-17905 no data Trollope et al., 1996, 2002
Gambiza et al., 2005 Gov-
ender et al., 2006

Australia Savanna 151-9214 150 Bradstock and Audl, 1995

Australia Grassland 99-1147 98-458 Morgan, 1999

USA Prairie 31-11788 83-682 Stinson and Wright, 1969
Bidwell and Engle, 1992
Trollope et al., 2002

Scotland Heathland 43-1112 140-840 Hobbs and Giminghan, 1984

Venezuela Savanna 398-472 no data Bilbao and Medina, 1996

Venezuela Upland savanna 293-2253 48-571 Bilbao et al., 2006

Brazil Cerrado 2842-16394 83-330 Miranda et al., 1993
Kaufmann et al., 1994

Brazil Campos grasslands 36-319 48-537 Present study

sprouting after one week (Fidelis, 2008).
Some forbs, such as Eryngium horridum
and E. pristis (spiny rosette forbs, Apiace-
ae) were not totally consumed by fire, with
their basis remaining and also re-sprouting
very quickly after fire (more details in Fi-
delis et al., 2008). Burn efficiency in both
sites was very high (~90%), confirming the
high flammability of these grasslands, even
only two years after the last fire (site FB).
Differences in vertical
temperature are determined by the spatial
distribution of vegetation (Bilbao and Medi-
na, 1996). In the present study, tempera-
tures (both at soil level and 50cm above)
tended to be higher in the E site, where
there was higher accumulation of biomass
(both dead and live) from tussock grasses,
and almost no bare soil. Fuel load was
higher, and although this site showed a

vegetation dynamics, mostly on germination
of some species. As reported by several
studies (Auld and O’Connell, 1991; Tarrega
et al., 1992; Herranz et al.,1998; Rivas et
al., 2006), some species, mostly legumes,
need short exposures to high temperatures
(>70°C) to break their dormancy. In south-
ern Brazilian grasslands, no relation be-
tween high temperatures and increase in
germination viability could be found so far
(Overbeck et al., 2006b; Fidelis et al.,
2007), but experiments were conducted
mostly with Poaceae, Apiaceae and Astera-
ceae species, and not with hard seeded spe-
cies, as legumes are.

Fire intensity was very
low compared to other vegetation types (Ta-
ble III). Small plots had to be used in order
to facilitate the experiment authorization by
environmental control agencies, and there-

fore the results should be considered pre-
liminary and, thus, analyzed carefully. The
small size of the plots may have lead to
lower values of fire intensity. Additionally,
experiments were performed during the
growing season (summer), when most fires
take place in Campos grasslands, set mostly
by local people. During this period, dead
biomass levels are lower than in in winter
(Heringer and Jacques, 2002a) leading to
fires with lower intensities, and consequent-
ly less damage to the vegetation. As showed
by the regression model, fine fuel highly in-
fluenced fire intensity, showing the impor-
tance of accumulated biomass. Further stud-
ies using controlled fire experiments during
winter and on larger plots should be per-
formed so as to confirm or not these low
values of fire intensity for the Brazilian
Campos grasslands.

Nevertheless, fire intensity
tended to be higher in the excluded (E) site,
where fine and coarse fuels, as well as
height of flames and shrub heights were
also higher. In this site, there was a domi-
nance of small shrubs (~0.5-1m) but, still,
the lower stratum was continuous, with a
high cover of tussock grasses and small
shrubs and forbs. Accumulation of dead
biomass in this site was higher than in the
FB site, contributing to the high burning ef-
ficiency and fire intensity. Moreover, fine
fuel was the best variable in the regression
model for predicting fire intensity. Fine fuel
is easy to measure in the field and can be
used in models to simulate fire intensity.
Since the experiments were carried out on
different dates, the influence of environmen-
tal parameters on fire intensity could not be
evaluated to find a relationship. Only rela-
tive air moisture had a marginal signifi-
cance in linear models; however, this pa-
rameter was not significantly different be-
tween dates and probably did not influence
fire intensity.

In Brazilian Campos

higher cover of shrub species, fine
fuel was the most important compo-
nent increasing fire temperature.

High temperatures can cause
tissue necrosis at different depths i
(Bova and Dickinson, 2005). High
temperatures (up to 530°C) were
reached in the present study, mostly
in areas excluded since six years.
However, according to Bova and
Dickinson (2005) the most important
factors affecting tissue death are fire
intensity and residence time. Present
results showed that plants were ex-
posed to temperatures >60°C for an

3001

2001

Fine intensity (kW-m?)

100

o |= -36.49 + 324.02 (ff)

R2=0.71

grasslands, cattle raising is one of the
most important economical activities,
and fire is used to “improve” forage
quality (Pillar er al., 2006; Overbeck
et al., 2007). Generally, these fires
occur at the end of the winter season,
in order to decrease the accumulated
dead biomass produced by grasses
and to enhance re-sprouting. In win-
ter, live biomass accumulation reaches
the lowest values, whilst dead bio-
mass accumulation is nearly the same
in summer (Heringer and Jacques,
2002a). Unfortunately, this continuous
and intense use of fire (almost every

average of 23-247s, similar to the res- 0

idence time found by Bilbao er al.
(2006) for the Gran Sabana in Vene-
zuela. Short exposure to high temper-
atures may have positive effects on
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Figure 4. Regression model of fire intensity (I) on fine fuel
(ff) for Campos grasslands in southern Brazil (R*= 0.71,
P=0.0009).

12 year) may lead to soil erosion and a
decrease in C; grass cover, the latter
including several good forage species
(Nabinger et al., 2000; Llorens and
Frank, 2004).
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Fire as a management tool is still
very controversial in Brazil. Its prohibition
by state and federal environmental legisla-
tion should be reviewed (lei 4.771/1965;
Behling and Pillar, 2007). Fire intensity
and temperatures reached during experi-
mental burns were not as high as those
found in the literature, and vegetation re-
sponded fast to fire: after less than one
month after fire experiment, some species
were flowering, most grasses presented new
green leaves and many forb and shrub spe-
cies showed new sprouts (Fidelis, 2008).
However, as already mentioned above, such
facts must be carefully considered, since
many farmers burn during winter, almost
annually, and in combination with grazing.
Such practice lead to species richness de-
crease and changes in vegetation structure
(Heringer and Jacques, 2002b).

Because of this, further
studies on fire intensity and severity (also
during winter), as well as the effects of
fire on vegetation regeneration and diver-
sity, should be carried out in order to pro-
vide further support for future manage-
ment practices for both farmers and envi-
ronmental authorities, to maintain the bio-
diversity of Campos grasslands in
southern Brazil. Moreover, more studies
on fire intensity would offer support for
the elaboration of fire risk prediction sys-
tems to help authorities to avoid wild fires
of high intensity in conservation areas
with Campos grassland vegetation.

Implications

Although small plots
were used and generalizations about fire
intensities and temperatures should be
carefully considered, the present study is
the first one to evaluate fire parameters,
which are important tools for the elabora-
tion of models about effects of fire on
vegetation and about fire risks. This pilot
study can offer support for other research-
es to convince environmental authorities
about the importance of such studies to
obtain reliable data to be used for the
elaboration of fire risk models, as well as
models about the effect of fire on vegeta-
tion dynamics. Fires in Brazilian Campos
grasslands are of low intensity, spread
rapidly and have a short residence time.
Temperatures are not very high and there-
fore, belowground organs are protected
from fire damage, assuring regeneration
of the vegetation.

Further studies using
larger plots, as well as in different sea-
sons are of crucial importance in order to
fill in the gaps about the ecological role
of fire in these grasslands. For fire to be
used as a management tool, more studies
on its intensity and severity are needed.
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INTENSIDAD Y SEVERIDAD DEL FUEGO EN LOS PASTIZALES O CAMPOS SULINOS DE BRAZIL
Alessandra Fidelis, Maria Dolores Delgado-Cartay, Carolina C. Blanco, Sandra C. Miiller, Valério D. Pillar y Jorg Pfadenhauer

RESUMEN

Los pastizales o Campos Sulinos del Brasil se caracterizan por
gran riqueza de especies, y el mantenimiento de su diversidad y fi-
sonomia depende de perturbaciones como fuego y pastoreo; sin em-
bargo, no hay estudios sobre intensidad y severidad de fuegos. Se
describen pardmetros del fuego, usando 14 parcelas de quemas ex-
perimentales en el sur de Brasil (30°02°-30°04°S, y 51°06°-51°09°0,
311msnm). Se eligieron dos sitios con diferentes historias de que-
mas: una frecuentemente quemada y otra con seis arios de exclusion
de quemas. Se realizaron quemas experimentales durante el verano
(2006-2007), cuando ocurre la mayor parte de los incendios. Se
midieron temperatura y humedad del aire, altura de la vegetacion,
velocidad del viento, acumulacion de material combustible (fino y
grueso), humedad del material combustible, temperatura del fuego (a

nivel del suelo 'y a 50cm), cantidad de cenizas y residuos, altura de
la llama y duracion del fuego. Se calcularon la eficiencia de que-
ma e intensidad de fuego. Las temperaturas de fuego (47-537,5°C)
fueron mayores en el sitio con historia de exclusion de fuego. Las
intensidades de fuego fueron bajas (36,5-319,5kW-m’) comparadas
con otros pastizales, difiriendo entre las dos localidades. La acumu-
lacion de material combustible fino es la variable que mejor explico
la intensidad de fuego. Los resultados presentados son preliminares,
debido al tamaiio pequeiio de las parcelas. Sin embargo, pueden
servir de base para la obtencion de permisos para realizar quemas
experimentales en parcelas mayores, y proveen respaldo a estudios
sobre los efectos del fuego en el pastizal y de modelado y prediccion
de riesgo.

INTENSIDADE E SEVERIDADE DO FOGO NOS PASTICAIS OU CAMPOS SULINOS DO BRASIL
Alessandra Fidelis, Maria Dolores Delgado-Cartay, Carolina C. Blanco, Sandra C. Miiller, Valério D. Pillar e Jorg Pfadenhauer

RESUMO

Os pasticais ou Campos Sulinos do Brasil se caracterizam pela
grande riqueza de espécies, e a manutengdo de sua diversidade e
fisonomia depende de perturbagdes como fogo e pastoreio; no en-
tanto, ndo existe estudos sobre intensidade e severidade de fogos.
Descrevem-se parametros do fogo, usando 14 parcelas de quei-
madas experimentais no sul do Brasil (30°02’-30°04’S, e 51°06’-
51°09°0, 311msnm). Elegeram-se dois locais com diferentes his-
torias de queimadas: uma frequentemente queimada e outra com
seis anos de exclusdo de queimadas. Realizaram-se queimadas ex-
perimentais durante o verdo (2006-2007), quando ocorre a maior
parte dos incéndios. Mediram-se temperatura e umidade do ar,
altura da vegetacdo, velocidade do vento, acumulagcdo de mate-
rial combustivel (fino e grosso), umidade do material combustivel,

temperatura do fogo (a nivel do solo e a 50cm), quantidade de
cinzas e residuos, altura da chama e dura¢do do fogo. Calcula-
ram-se a eficiéncia de queimada e intensidade do fogo. As tempe-
raturas do fogo (47-537,5°C) foram maiores no sitio com historia
de exclusdo de fogo. As intensidades do fogo foram baixas (36,5-
319,5kW-m!) comparadas com outros pastigais, diferindo entre as
duas localidades. A acumulagcdo de material combustivel fino é a
varidvel que melhor explicou a intensidade do fogo. Os resultados
apresentados sdo preliminares, devido ao tamanho pequeno das
parcelas. No entanto, podem servir de base para a obten¢do de
licenga para realizar quemadas experimentais em parcelas maio-
res, e proporcionam apoio a estudos sobre os efeitos do fogo no
pastical e de modelagem e predicdo de risco.
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