
Fire is one of the oldest issues in Africa’s
vegetation ecology. Aspects of its role
remain contentious, and its use in

ecosystem management continues to be
debated, but much of this dialogue can be
informed by good science.

Fires in African landscapes
More of Africa burns each year than any other
continent on Earth. Fires always happen when
three necessary elements come together:
enough fuel of the right kind; warm, dry
weather; and a source of ignition.

Most fires in Africa are fuelled by grasses that
grow in its vast savannas – Africa has the largest
area of savannas in the world, and most areas
of this continent enjoy an extended warm, dry

season. Humans and lightning provide ample
sources of ignition. So frequent veld fires are
inevitable.

Without fire, our ecosystems would look quite
different, since the fires promote the growth of
grasses and they prevent the development of
dense woodlands and forests. Long before
human evolution, fire was a significant factor
determining vegetation structure. The evolution
of C4 grasslands* 6–8 million years ago was
accompanied by increased occurrence of fire. If
it were possible to exclude fires, we would see
increases in tree density and size in drier areas
where annual rainfall is below 650 mm; and
fire-sensitive forests would develop in wetter
areas where rainfall exceeds 650 mm. Forests
can and do develop in areas sheltered from
regular fires, and they tend to have fuel
properties that do not promote fire, which
ensures their survival in the fire-prone
landscape, but they cover less than 0.25% of the
landscape of Africa.

Fires, therefore, are integral to the ecology of
most African ecosystems and ecologists need to
know about fires if they want to study
vegetation dynamics or to manage ecosystems
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Fire statistics for Africa south of the equator
Vegetation type Total area Fire return period Area that burns

(�1 000 km2) (years) each year
(�1 000 km2)

Forests 1 149 10–100 59
Savannas 7 033 2–10 1 427
Grasslands 638 2–10 166
Fynbos 74 10–20 6
Karoo and desert 665 Almost never burn 4

How can fire science help to guide ecosystem management and
what are the challenges for South Africa? Brian van Wilgen
examines the contentious role of fire.

* C4 grasslands: The photosynthetic pathways of grasses are either of the C3 type (which is a carbon-fixing pathway that is most efficient where the growing
season is cool in temperate or high altitude environments), or the tropical C4 type (which is more efficient where the growing season is warm).

Summer fire in fynbos vegetation in
the Cedarberg. Such fires are
common in the Western Cape and a
vital part of fynbos ecology.
Photograph: B.W. van Wilgen



properly. Many plant species are ‘fire-
dependent’ in that they need fires to complete
their life cycles and would become extinct
without them. So ecological fire science
combines an understanding of organisms’
dependence on fires with the physics of fire, to
help us manage fire-prone ecosystems better.

How and why ecosystems burn
Fire ecology begins with an understanding of
how and why plants burn. Attributes that make
some plants prone to fire include the ability to
produce a lot of dead material (such as grasses
that die back each year), low moisture content
in live leaves, and a particular arrangement of
plant parts that allows for an optimum air-fuel
mix. (If material is tightly packed, for instance, it
is less likely to burn because there is not
enough air space in between. An optimal
arrangement allows enough air space to feed
the fire, with sufficient material close by for fire
to be able to spread.)

Fire-prone vegetation is made up of many
plant species that collectively have attributes that
promote fire. These include low decomposition
rates (allowing for dead plant material to
accumulate) and low palatability (which means
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Plant adaptations to fire
There is much evidence that plants in fire-prone environments are well adapted to surviving fires, and
that in many cases they need fires to survive. Examples include:
■ Sprouting – a large proportion of plants in fire-prone areas are able to sprout after fire, either from

below-ground roots or bulbs, or from epicormic buds* protected below thick bark.
■ Serotiny* – some plants (for example proteas) hold their annual production of seeds in ‘fire-proof’

flowers. When the plants are killed in fires, the seeds are released and germinate following the
next rains. For such species fires are essential: without fire to clear away competing plants, the
seeds cannot germinate.

■ Smoke-stimulated germination – the seeds of many plant species are stimulated to germinate by
the chemical cocktails contained in smoke. (‘Smoke extract’ is sold commercially to help seeds to
germinate.)

■ Fire-stimulated flowering – many species are stimulated to flower, often en masse, following fires.
Fires thus offer the best opportunity for seed production and germination of these plants.

■ Flammability – some plants may even have evolved properties that make them more prone to
burning, such as the ability to produce lots of dead material and high flammable oil contents
in their leaves. This may have given them an evolutionary advantage through killing their
neighbours and creating space for their own progeny to thrive!

Why some ecosystems burn and others don’t
In the Drakensberg in KwaZulu-Natal, the high annual rainfall of 1 400 mm would normally mean that
forests develop. However, regular fires restrict the fire-sensitive forests to sheltered areas where
fires do not penetrate. These areas develop ‘fuel’ properties that make it difficult for fires to burn,
such as moist, compacted litter layers and widely-separated leaves with high moisture content.

In the savannas of the Kruger National Park, where rainfall is far more variable from year to year,
the same area may burn in some years (when rainfall is high, and enough grass grows to support a
fire) and not in others (when rainfall is low, and grass fuels are sparse or absent).

Top left: Abundant grasses growing in the Kruger National Park after good rainfall. 
Below: Low levels of grass fuel after a year or two of below-average rainfall. Such areas cannot
burn even in very hot and dry climatic conditions. Right: Island of indigenous forest among 
fire-prone grasslands at Cathedral Peak in the Drakensberg. Photographs: B.W. van Wilgen

Left: Fire lily (Cyrtanthus contractus) flowering two days after a fire (Hluhluwe Game Reserve,
KwaZulu-Natal). These plants flower only and immediately after fires, releasing seeds to
germinate in the post-fire environment. Photograph: B.W. van Wilgen Right: Species such as these
aristeas (Aristea major) are stimulated by fires into mass flowering. Fires are the trigger for most
of their germination and reproduction. Photograph: G.G. Forsyth

* Epicormic buds are buds, situated under the bark of trees, that sprout after fire.
* Serotiny: serotinous species are those that protect their seeds in cones or other structures that open on the death of the plant 

(e.g. in a fire) and release the seeds into the post-fire environment.
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that, because of its taste, herbivores don’t eat
the vegetation). So, for example, ‘sour’
grasslands and fynbos shrublands are sparsely
grazed, and fires remove the accumulated fuel.

Many vegetation types are not fire-prone,
however: deserts and karoo shrublands do not
accumulate much fuel; forests have high
moisture contents and high decomposition rates;
and grazing animals consume most of the ‘fuel’
in ‘sweet’ grassveld before it can burn. Foresters
historically led the study of the ‘fuel properties’
of ecosystems mainly so that they could
understand how to deal with fires that
threatened forests.

Are fires good or bad?
Fires are not uniformly bad. They’re needed to
maintain healthy ecosystems and biodiversity in
many parts of South Africa and elsewhere. But
they can and do destroy crops and houses, and
kill livestock and even people.

Scientists need to understand very clearly where
and under what conditions fires are desirable, and
where and when they may not be. Given that fires
are often inevitable, we also need to understand if
and how we can prevent and contain them, and
get them to burn under conditions that will bring
maximum benefits and minimum costs. These are
the questions that drive ‘fire science’.

What is fire science?
Fire science has essentially two branches – the
physical study of the phenomenon of fire and
the ecology of fire. The two fields of study
complement each other, and the practice of fire
management requires a basic understanding 
of both.

On the physical side, we need to know what
influences the spread and intensity of fires. This

means understanding ‘fuels’ (the spatial
arrangement and chemistry of plant parts
that make up fuel), the factors that
influence fuel moisture, and the effects of
weather and topography on the
propagation and spread of fires. Scientists
have developed intricate mathematical
models to predict fire intensity and
spread, to assess how fires will behave
(for purposes of control), and to relate
fire behaviour to the ways in which
plants and animals respond.

Physical fire scientists have developed
a range of terms to describe fires. People
often speak of ‘hot fires’ and ‘cool fires’,
but orange flames all have roughly the same
temperature (around 1 000°C), so all fires are in
fact ‘hot’ (you’ll still burn yourself if you stick
your finger into a ‘cool’ fire!). It is more correct
to refer to the intensity of fires, which is
significantly variable, and which depends on the
amount of fuel available to burn and also on
the conditions under which fires burn.

Fire ecology is the study of plant and animal
adaptations and responses to fires at various
levels. The study of single species is needed to
understand in detail how that species responds
to fires. At a landscape level, ecologists try to
understand how complex communities of
species in fire-prone landscapes respond to
repeated fires or to the exclusion of fire. Their
work may include studies of ways in which fire-
sensitive and fire-adapted communities coexist
in fire-prone landscapes.

Recently, scientists have become increasingly
interested in the role of vegetation fires as
sources of ‘greenhouse gases’ in the global
atmosphere. Such understanding is needed for
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Managing fires on a landscape scale
The terms ‘controlled’ or ‘prescribed’ burning often describe the practice of burning the veld deliberately.
Reasons include: ensuring that fires occur in vegetation that needs it (for conservation reasons); to remove
old growth and stimulate the growth of green grass (for grazing); and to remove fuel by burning under
moderate weather conditions, with the aim of pre-empting dangerous wildfires at the peak of the fire season.

Nature is in a constant state of flux, significantly influenced by factors such as variable and unpredictable
rainfall cycles. Most attempts to impose regular fire regimes onto ecosystems have proved naive.

Variation in fires is necessary to promote biodiversity (that is, the full suite of organisms that occur in
the landscape). Certain fire return periods may favour one species over another, and variation in the long
term is needed for both to survive. On a larger scale, forest patches occur embedded in fire-prone
grasslands and fynbos shrublands, and their continued existence requires regular fire in some places and
infrequent fire in others.

Variation in the intensity of fires may be the reason that trees and grasses coexist in savannas. Imposing
regular low-intensity fires may promote ‘bush encroachment’ at the expense of grasses.

Recent evidence from the Kruger National Park suggests that attempts to manipulate the fire regime
through imposing prescribed burning, or fire suppression, over the past 50 years have had little real effect on
the actual area that burns each year. Rather, the area that burns is related to rainfall, which in turn determines
how much grass there is to burn.

In the Cedarberg wilderness in the Western Cape, a policy of ‘no fires’ (suppressing all fires that occurred)
failed to prevent the many wildfires. When this was replaced by one of prescribed burning in an attempt to
reduce the incidence of large wildfires, the number and size of wildfires was found to be unaffected despite
regular prescribed burning for 14 years.

Fire managers in conservation areas now talk about ‘adaptive management’, where approaches to fire
management are based on best available knowledge, but are deliberately changed as new evidence or
understanding develops. Attempts to ‘command and control’ fire regimes are becoming less common.

Above: A team ignites a prescribed
fire in the Kruger National Park, using
a road as a safe fuelbreak. Fires in
such savanna vegetation are normally
carried out in the dry winter months,
at intervals of between two and six
years. Photograph: B.W. van Wilgen

Below: Igniting a prescribed burn in
fynbos vegetation in the Western
Cape. In this vegetation, fires are
normally carried out in late summer or
early autumn at intervals of between
12 and 15 years. Photograph: R.A. Haynes
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developing global climate models that will help
to predict the effects of global climate change.
While such change is now known to be driven
largely by the burning of fossil fuels, the
contribution of vegetation fires needs to be
factored in to gain a complete picture.

The net contribution by fires of carbon
dioxide (CO2) to the atmosphere is rapidly
reabsorbed as the vegetation recovers after fires,
but the same cannot be said for other gases.
About 500 Gg (1 Gg = 1 billion [109] grams) of
methane (CH4) and 450 Gg of nitrous oxide
(N2O) find their way into the atmosphere each
year as a result of fires in sub-Saharan Africa.
Whether or not this represents an increase due
to more fires started by ever-growing numbers
of people is not clear, as we have no data on
the frequency and intensity of fires before the
start of the industrial revolution in the 1800s.

Why we need to study fires
Scientists are interested in fires for many reasons.
Obviously, we need to understand fires to be able
to protect ourselves from their harmful effects.

However, fires are also inevitable. Our
combination of fire-prone vegetation and warm,
dry climates means that fires have occurred for
possibly millions of years and will continue to do
so. Fires are also needed for healthy ecosystems to
survive, and for maintaining the valuable services
that these ecosystems provide. We have to learn to

live with fires, and for this we must study and
know them better.

Many standard ecological textbooks do not deal
with fire ecology in much detail, if at all. This
may be because the science of ecology seems to
have been developed in parts of the world where
fires are not common – in Europe and along the
east coast of America – so the phenomenon did
not attract serious attention from scholars in those
regions. The situation is changing, however, as
the global importance of fires becomes more
apparent. Ecologists living and working in
southern Africa (and other parts of the world as
well) now know that fire is important and that we
cannot interpret vegetation dynamics without
referring to it.

What fire scientists and fire
managers do
Fire ecologists study the ways in which fires affect
ecosystems. South Africa has a long, proud
history of fire ecology, whose roots are in forestry
and in pasture science (where researchers
examined the effects of fire, combined with
grazing, on the composition and quality of the
veld). Pasture scientists pioneered the first
burning experiments in South Africa in 1918, and
forestry researchers were responsible for some of
the most extensive burning experiments in the
country. There are good examples of such
experiments, where a range of different fire
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Measuring fire intensity
‘Fireline intensity’ is the most
widely used measure of fire
intensity, and is normally strongly
correlated with the impacts of fire
on ecosystems. It is calculated as
the product of three factors.
■ Heat yields are measured in

joules per gram (J g�1) of the
fuel material: they are normally
around 20 000 J g�1 and vary
so little (by about 10%) that
they can be considered
constant.

■ Fuel loads are measured in
grams per square metre (g m�2)
and can vary in savannas from
about 10 to 1 000 g m�2.

■ Rates of spread are measured in
metres per second (m s�1) or
metres per minute (m min�1):
they can vary from 0.1 to 
100 m min�1.

By cancelling the units describing
heat yields, fuel loads, and rates of
spread when multiplying, one is left
with units of joules per metre per
second. One joule per second is
equal to 1 watt, and because of the
large numbers involved, kilowatts
(kW) are normally used. The unit
for fire intensity is therefore kW
per metre (kW m�1) and describes
the rate of energy release in kW
per metre of the fire front. The
measure has a practical range from
10 to over 20 000 kW m�1,
primarily due to the large variation
possible in spread rates.

▲▲

Right: Satellite picture of fires over
southern Africa. 
Photograph: Courtesy of NASA – Goddard Space
Flight Center Scientific Visualization Studio

Below left: A low-intensity fire burning
in the grass layers of savanna
vegetation. It releases energy at a low
to moderate rate; one could approach
such a fire on foot. 
Photograph: B.W. van Wilgen

Below right: A high-intensity fire
burning in the crowns of a pine tree.
Such fires release energy at a high
rate, and it is impossible to approach
such a fire on foot. 
Photograph: J.D. Goldammer



regimes (called ‘treatments’) were applied to plots
or larger areas of up to several hundred hectares.
The results of these experiments have been used
to formulate management guidelines for farming
and conservation areas around the country.

Researchers also try to understand the risks that
fires pose. Fire danger rating systems have been
developed, or adapted from elsewhere, to assist
in the assessment of risk – that is, in the
likelihood of fires, and the relative difficulty of
controlling them, based on the prevailing
conditions of fuel and weather. South Africa’s
new Veld and Forest Fire Act, Act 101 of 1998,
requires a national system of fire danger rating to
be established. Once in place, this system will
issue daily ratings of fire danger that will govern
whether or not people will be allowed to ignite
fires in the open air; it will also dictate the levels
of preparedness of fire-fighting forces.

Land managers use fire in different ways for
different purposes. These include rejuvenating
fire-prone vegetation for agricultural or
conservation purposes, combating invasive alien
plants, and preparing firebreaks. Managers are
also often involved in fire suppression, where
fires have to be extinguished or contained if they
pose any threat to people or property. For all
these purposes, fire managers rely on knowledge
generated by researchers and supplemented by
hands-on experience. Good fire managers
normally have some scientific training and a good
deal of practical experience.

Fire science in the future
Many exciting challenges face fire scientists.
New ecological concepts of flux, as opposed to
a ‘balance’ of nature, have led to the

formulation of new fire policies
that promote flexibility and
variability in many South African
conservation areas. A range of
policies has been proposed in
several such areas, but none
applies universally, so there’s
much to be done in interpreting,
understanding, and customizing
fire policies.

Global climate change also
presents significant challenges for
fire managers in the future, but
there has been to date no analysis
of the increased risks, if any.
Higher temperatures or lower
rainfall could increase the
possibility of fire. In savannas,
frequent fires strongly suppress
tree saplings and thereby control
tree dominance. Changes in
atmospheric CO2 concentrations
could influence tree cover in such
metastable ecosystems by altering
post-burn recovery rates. Lower CO2
concentrations would favour the spread of
grasses (and fire) and lead to less tree cover.
Predicted increases in CO2 concentrations will
therefore lead to increases in woody vegetation
(‘bush encroachment’), 
a trend that would have to be countered
through the application of intense, frequent
fires, rather than by striving to replicate ‘natural’
fire regimes.

Invasion of natural ecosystems by alien plants
threatens ecosystem integrity across the world.
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Elements of a fire regime
Ecologists use the term ‘fire regime’ to describe the typical combination of elements that characterize fires in a given region. Fire scientists need to
understand what these fire regimes are, how they vary, if and how they are changing, and what the consequences of changes would be.

Element of fire regime What it measures Examples/comments

Frequency How often fires occur Fires occur every year in some infertile grasslands, less frequently in savannas
(i.e. the interval between fires and fynbos (every 3–15 years), and almost never in deserts and wet forests
on the same spot)

Season The time of year at which Many geographic regions have a warm, dry season when most fires can occur. 
fires occur In South Africa, hot, dry summers are the fire season in the Mediterranean 

climate regions of South Africa, while the dry winters provide these conditions 
in most other areas.

Intensity How fiercely fires burn Fire intensity is the product of heat yield, the mass of fuel consumed, and the 
(i.e. the rate at which energy rate at which it is consumed. As a rule of thumb, flame lengths are good
is released by fires) indicators of fire intensity.

Type What kind of fires occur Fires can be headfires (burning with the wind) or backfires (burning against the 
wind). In addition, fires can be surface fires (burning in the understorey layers 
of forests) or crown fires (burning in the canopies of trees).

Size The area covered by the fires Ecosystems usually experience many small fires and a few big ones, but 
typically it is the big ones that matter, as they burn up to 90% of the area.

Variation How much successive fires in No two fires are the same, and variation in elements of the fire regime over
the same area vary in terms of successive fires often allows for species to coexist. All elements can and
frequency, season, type, and intensity should vary. This is always difficult to measure and one of the biggest 

challenges for fire scientists.

Prescribed burns on experimental
plots in the Kruger National Park. 

Above: Scientists sample smoke
emissions from a low-intensity
prescribed burn. Photograph: B.W. van Wilgen

Below: A long-term study near Satara.
In the middle is a firebreak between
two plots. The plot on the right has
been protected from fire for over 40
years, while that on the left has been
burned every two years during that
time, with profound influence on the
vegetation. Photograph: W.S.W. Trollope▲▲▲▲



Such invasions can alter the fuel properties and
fire regimes of ecosystems. In South Africa, the
greatest threats come from the invasion of
fynbos shrublands by alien trees and shrubs,
which increase fuel loads and fire intensity,
leading in turn to severe erosion and
impoverished plant communities. Invasion of
other ecosystems by alien grasses, and the
consequent introduction of fire into previously
fire-free areas, also pose large potential threats
to the species-rich succulent Karoo (the world’s
only arid biodiversity hotspot).

Last but not least, growing human populations
mean that the impacts of fires are increasingly
felt. South Africa’s new Veld and Forest Fire Act
includes the formation of fire protection
associations (FPAs). The question of where the
administration of the act should lie is currently
being addressed (for example, if it is run by
‘disaster management’, the approach to fire
management would be quite different to one
adopted by the Department of Environmental
Affairs and Tourism). More of the right people
are needed to manage fires at the level of FPAs –
and there’s work to be done to build and draw
on a body of sound South African fire science. ■■

Dr Brian van Wilgen is at the CSIR Division of Water,
Environment and Forestry Technology in Stellenbosch.
He has researched the ecology and management of
fires in South African fynbos and savanna ecosystems
for the past 30 years.

Quest 1(3) 2005 33

Determining the rules for prescribed burns: an example from the fynbos
The study of fire ecology can lead to the formulation of guidelines for managers wishing to practice prescribed burning. As shown below, management
questions can be addressed by formulating rules based on ecological understanding.

Management question          Basis for answering       Examples of ecological knowledge                               Rule
question                    that guides rule formulation

How often should I burn? It depends upon Proteas require at least 6–8 years to Burn at intervals between
• how frequent fires have to mature and to set seeds between fires. 10 and 15 years.

be to start eliminating species Fires more frequent than this would
• how species are affected by eliminate them. On the other hand,

long intervals without fire. long (>25 year) periods without fire 
result in senescence* and proteas 
disappear.

When should I burn? It depends upon Proteas and other plants show maximum Burn between mid-November and mid-April.
• the particular times of the seedling recruitment after summer Avoid winter or spring burns.

year when plants and animals or early autumn burns.
are more likely to survive fires. Most species flower in winter and 

spring, and seeds only ripen in summer.

How intense should fires be? Fires must be intense enough Flame length calculations are based Burn under warm, dry conditions,
to trigger biological responses, on fuel and weather. but avoid windy days that
but not so intense that they The levels of intensity needed to would increase flame lengths
become dangerous. stimulate seed germination need and make fires uncontrollable.

to be known.

Where should I burn? Areas that ‘need’ fire include The age at which plants mature, and Burn only in those areas where at least 50%
those where fire has not therefore will have seeds, determines of the slowest-maturing species have
occurred for a long time as well the lower limit. The age at which flowered for at least three successive seasons.
as those in which there is a risk plants begin to die (senesce) Prioritize areas for burning where 
of senescence*. provides an upper limit. the vegetation is approaching senescence.

Accurate records of the date of 
the last burn are also useful, 
especially if stored on Geographic 
Information Systems (GIS). 

For a broad overview of fire ecology read W.J. Bond and B.W. van Wilgen, Plants and Fire (London: Chapman & Hall,
1996) and W.J. Bond’s section “Fire”, in Vegetation of southern Africa, edited by R.M. Cowling, D.M. Richardson,
and S.M. Pierce (Cambridge: Cambridge University Press, 1997). For studies concerning South African
conservation, consult the following articles: W.J. Bond and S. Archibald, “Confronting complexity: Fire policy choices
in South African savanna parks”, International Journal of Wildland Fire, vol. 12 (2003), pp.381–389; B.W. van Wilgen,
H.C. Biggs, and A.L.F. Potgieter, “Fire management and research in the Kruger National Park, with suggestions on
the detection of thresholds of potential concern”, Koedoe, vol. 41 (1998), pp.69–87; and B.W. van Wilgen, N.
Govender, H.C. Biggs, D. Ntsala, and X.N. Funda, “Response of savanna fire regimes to changing fire management
policies in a large African national park”, Conservation Biology, vol.18 (2004), pp.1533–1540.
For interesting facts and figures about fires, as well as work opportunities in the field and satellite pictures of recent
and current fire activity around the globe, go to the Global Fire Monitoring Center web site at 
www.fire.uni-freiburg.de

* Senescence is a term describing vegetation in which the majority of individual plants of a dominant plant species are dead or dying.

Proteas live only for about 25–30 years; then they senesce and die. Here, the dried flowers
opened and released seeds into unburnt vegetation, where they will fail to germinate. Proteas
need fires, which kill adult plants, but stimulate seed release and germination and are necessary
in the life cycle of the plant. Photograph: B.W. van Wilgen
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