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Summary

This chapter reviews the main characteristics of tropical savannas and their interactions
with fire, a main factor involved in the dynamics of these ecosystems. Burning in
savannas generally takes place by the end of the dry season, favored by the
accumulation of dry biomass in the herbaceous layer. Several factors affect fire
characteristics and behavior, such as quantity, quality and composition of the
combustive matter, wind direction and velocity, relative humidity of air, and season of
burning. Although fire is a mortality factor, common savanna plant species seem to be
adapted to burning. Adaptations include underground reserves, protected meristems, re-
sprout capacity, clonal multiplication, growth seasonality, thick cork layer, and
sclerophyllous leaves. Deleterious effects of fire are greater in the younger or smaller
size classes in the population. On the other hand, the passage of fire restores light and
nutrients on the topsoil, that together with the return of rains create better conditions for
seasonal growth. Under fire exclusion herbs escape from the direct mortality effects of
burning but exclusion promotes shading and nutrient depletion which are harmful for
the renewal of herbaceous growth. Species differ in their responses to fire regime,
therefore the fire regime affects species composition. The fire regime is also important
in terms of the physiognomy of the savanna. Frequent burning causes qualitative and
quantitative changes in plant community structure and composition promoting open
physiognomies with fewer woody elements. Conversely, fire exclusion has been shown
to increase tree density in tropical savannas transforming open savannas in woodlands.
In modern times, most fires are set by humans. However, natural fires by electric
discharges during storms do occur although less frequently than human induced fires.
Although fire has been used in savanna management since pre-Columbian times, it
remains a complex issue that needs further research.
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1. Introduction

The tropical savanna is one of the most extended terrestrial ecosystems, present in old
and new tropical regions, and covering about 23 million km?. In broad terms it refers to
vegetation with a continuous herbaceous layer and a discontinuous layer of shrubs
and/or trees. Most savanna plant species are perennial.

The woody layer varies widely in relative importance of shrubs vs. trees; it also varies
in density of woody elements. Trees are usually low in height and gnarled in shape. The
herbaceous layer of Neotropical savannas is mostly made up by grasses and sedges
usually referred to as “graminoids” that represent more than 90% of the total biomass.
Other less important components are sub-shrubs, and large and small herbs (for details
in the structure and function of Neotropical savannas see Sarmiento, 1983). Fire, whose
frequency is variable, is considered an intrinsic factor in savanna ecology. Savanna
fires, natural or induced, take place in the herbaceous layer. This is due to the
accumulation of dry biomass in this layer, which takes place progressively throughout
the growth season and increases rapidly as the dry season advances. This dry biomass
becomes the fuel for fires that usually take place during the last part of the dry season.
Most fires in modern times are of human origin, but some natural fires take place,
although at much lower frequency.

2. Fire Behavior in Neotropical Savannas

Fire behavior depends on different factors such as quantity, quality and composition of
the combustive matter, wind direction and velocity, relative humidity of air, and the
season of burning. The amount of combustive matter available is determined by the
rates of biomass production and biomass accumulation. The former depends on water
availability during the growing season (and hence on rainfall), whereas the latter
depends on grazing intensity and time after last burning. Quality of combustive matter
determines the .ignition temperature, and in turn depends on the biomass species
composition, water contents and plant phenology.

Ignition temperature depends on species composition, wind speed and water content of
the vegetation. In some Venezuelan savannas dominated by Trachypogon spp., ignition
temperature ranges from 129 °C with no wind to 135 °C with 3 ms™ wind in the middle
of dry season; when other grass species are dominant, ignition temperatures ranges
between 130 °C and 160 °C without wind. In December, at the start of the dry season,
ignition temperature reaches 205 ° C without wind.

Based on its behavior, fires may be “head fires” or “back fires”. The former run fast
aided by the wind, whereas the latter run against the wind, moving slowly and causing
greater damage to the vegetation. Fire can also be classified as “ground fire”, “surface
fire”, and “crown fire”. Ground fires move on the surface, beneath the litter layer;
surface fires move within the herbaceous layer; and crown fires propagate through the
tree canopy.

Savanna fires are commonly surface fires, with heights between one and five m
measured in experimental head fires and between 0.5m and 1.5m measured in back
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fires. Since adult trees are above 2-4m, they are rarely ignited but could be badly
charred. Furthermore, low tree density usually observed in tropical savannas does not
favor crown fires, although occasionally the foliage of individual trees may get torched.
This occurs more frequently in trees that keep dry leaves on the stem, such as palms
(Bond & Keeley, 2005).

Savanna fires are patchy increasing environmental heterogeneity that favors biodiversity
and allowing survival of fire-sensitive species.

It is not easy to measure the intensity of fire front, which has been reported in a range of
1200 to 8000 kdm™s™ (Miranda et al., 1996). Some authors use proxies such as the
height of leaf-scorch or char and the percentage area of grassland burnt. These variables
are significantly correlated to fire intensity. The burning front moves briskly, and the
rise in temperature lasts no longer than five minutes. Since factors affecting temperature
during the passage of fire vary widely, reports on air temperature at soil surface show a
wide range: from 32 to 600 °C in African savannas (Gillon, 1983) from 600 to 750 °C in
Brazilian savannas (Miranda et al., 1996); in Venezuelan savannas temperatures range
from 70 °C to 472 °C, depending on the grass layer composition, rate of fire spread and
composition of the grass layer.

Top soil is not affected by fire due to the low thermal conductivity of soils and the
generally low temperatures of the passage of fire. Temperatures at 2 cm below soil
surface seldom exceed 35 °C. At 5 cm there seems to be no change in temperature.
Under high intensity fires heat may penetrate up to 3 cm deep in the soil.

Burning substantially decreases the albedo. In experimental fires in Brazil, albedo
decreased from 0.11 to 0.03-0.05, which is lower than soil without vegetation. Decrease
of albedo, although results in higher radiation absorption, does not imply higher
temperatures but greater temperature oscillations. Normal daily oscillation measured in
a Brazilian savanna was 10°C before and 25-26°C after burning.

Also important is the fire regime, especially if fire is used as a management tool. In this
case, burning is usually programmed to take place annually, every two years, every four
years or even more. Concerning season of burning, it could be early, middle or late dry
season. For more details on these aspects, see the Section 6 on Fire as a Management
Tool.
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