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Definitions
Agriculture
Includes extensive agriculture such as rangelands, and intensive agriculture such as cultivation
(SANBI Lexicon 2016).

Biodiversity
The diversity of genes, species and ecosystems on Earth, and the ecological and evolutionary
processes that maintain this diversity.

Biodiversity Priority Areas
Natural or semi-natural areas in the landscape or seascape that are important for conserving a
representative sample of ecosystems and species, for maintaining ecological processes, or for the
provision of ecosystem services (SANBI Lexicon 2016).
Biome
A complex biotic community characterized by distinctive plant and animal species and maintained
under the climatic conditions of the region, especially such a community that has developed to
climax.
Bush Encroachment
Bush encroachment is defined as the increase of woody plant densities so that the natural
equilibrium of woody plant layer (trees and shrubs) and herbaceous (grass and forb) layer densities
is shifted unfavourably.
Conservation
Refers to management for explicit biodiversity conservation objectives. May or may not include
formal protection (SANBI Lexicon 2016).
Conservation Area
An area of land or sea that is not formally protected in terms of the Protected Areas Act but is
nevertheless managed at least partly for biodiversity conservation. Because there is no long-term
security associated with conservation areas they are not considered a strong form of protection.
Conservation areas contribute towards the conservation estate but not the protected area estate.
Ecosystem
An assemblage of living organisms, the interactions between them and their physical environment.
Forestry/Plantations
Forestry plantations, almost always of exotic species for commercial purposes.
Fuel Load
Mass of fuel (flammable material) per unit area that is available for combustion during a fire
(Tainton, 1999).
Heterogeneity
Heterogeneity can be defined as being diverse or non-uniform in character and/or content. Such
differences can occur across both space and time.
Moribund Material
Vegetation in a state of inactivity and dying.
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Patch Mosaic Burning
A technique of burning natural areas (such as grasslands) to better mimic natural conditions where
fire is manipulated to create a mosaic of patches representative of a range of fire histories to
generate heterogeneity across space and time.
Rangelands
A form of extensive agriculture that can include livestock ranching and extensive game ranching
(SANBI Lexicon 2016).
Threatened species
IUCN Red List definition: A species that faces a high risk of extinction in the near future. Threatened
species include those assessed as Critically Endangered, Endangered or Vulnerable.
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Executive Summary
Fire management provides substantial scope for the development of adaptive approaches to
management. In conservation areas, the primary objective of fire management should be to increase
or maintain biodiversity. It is argued that the best way to achieve this would be to mimic natural fire
regimes as closely as possible. This can be achieved through patch mosaic burning (PMB) techniques.
PMB can be used in a variety of natural landscapes and habitats including commercial forestry,
rangelands and agricultural settings, as well as in protected areas, as it contributes to achieving
biodiversity objectives while simultaneously being applied to reduce the risk and intensity of
hazardous wildfires that threaten life and property. This guideline document details the various
ecological and logistical benefits to landowners and managers of implementing PMB in landscapes. It
provides principles and steps that should be followed to conduct a successful patch mosaic burn and
adopt a burning regime in support of biodiversity, while simultaneously reducing management costs.

Figure 1 Blyde River Canyon Nature Reserve, where patch mosaic burns have been implemented for
years (Photo: Wynand Uys).
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1.

Introduction

Fire is a key ecosystem driver in many biomes, including grassland, savanna and fynbos (heathland)
ecosystems in South Africa (Parr & Andersen, 2006; He et.al., 2019). Controlled fires are also often
used as a management tool by land managers to help meet a number of objectives including
reducing the risk of large-scale, destructive wildfires; clearing land for improved grazing; reducing
bush encroachment; tick control, biodiversity and improving tourism objectives.
In conservation areas, the primary objective of fire management should be to increase or maintain
biodiversity. It is argued that the best way to achieve this is to mimic natural fire regimes as closely
as possible through patch mosaic burning (PMB) techniques. However, PMB can be used in a variety
of land uses including commercial forestry, rangelands and agriculture as it reduces the risk of
wildfires and the detrimental economic implications thereof. PMB requires less manpower, thus
reducing costs associated with management (Trollope & Trollope, 2015).

2.

Grasslands and Fire

Fire is a natural phenomenon in high altitude grassland systems and is caused by lightning or sparks
from rolling rocks (Tainton, 1999; O’Connor et. al., 2010). As a result indigenous grassland species
have adapted to withstand, and in some cases rely on, fire which is thought to play an important
ecological role in plant communities (Tainton, 1999). Preclusion of fire for extended periods results
in grasslands becoming dominated by less palatable grass species and eventually to bush
encroachment, and the transformation of grassland to shrub land (O’Connor et. al., 2010). Periodic
burning is widely accepted as essential for the maintenance of grasslands in Highland Sourveld of the
Natal Drakensberg (Mentis & Rowe-Rowe, 1979; Everson & Tainton, 1984).
Given the important role of fire in grassland ecosystems, informed fire management is essential for
effective biodiversity conservation (Parr & Andersen, 2006) and management of natural ecosystems;
many of which have evolved in response to fire.

3.

Burning for Biodiversity

The use of fire and its incorporation into conservation management has changed in parallel with
shifts in ecological thinking which have taken place over the past 100 years (Parr & Andersen, 2006;
Anderson et al., 2012). Historically it was thought that the environment was in a state of balance or
equilibrium and management practices were implemented to reduce change. This paradigm has
since been replaced with the view that ecological systems are rather in a constant state of flux and
that heterogeneity leads to greater biodiversity. Fire management is therefore increasingly focusing
on introducing heterogeneity in burning patterns under the assumption that "pyrodiversity creates
biodiversity." This can be achieved when fire is manipulated to create a mosaic of patches
representative of a range of fire histories to generate heterogeneity across space and time, creating
a mosaic of habitats in a landscape (Parr & Andersen, 2006). As different taxa exhibit different
responses to fires, it is argued that patchy burning will provide a range of habitats through space and
time that will enable the persistence of a greater variety of biota in the regional landscape (Parr &
Andersen, 2006).
Fires have been excluded for decades in many grassland areas as it was seen to be a risk to
surrounding plantations, farmlands or infrastructure. Decades of fire suppression have resulted in
bush encroachment and a build-up of moribund material (fuels), necessitating reduction of
| Introduction
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hazardous fuel levels. Accumulation of a heavy fuel loads cause fires to burn more deeply into the
surface, killing more plants outright, causing slower re-growth of plant cover, doing more damage to
Protea spp. and other shrubs growing in the open and eating more deeply into forest margins
(Hilliard & Burtt, 1987). Other areas that are burned too regularly or under very hot dry conditions,
can result in a “clean” burn. This can be very damaging and have a negative impact on biodiversity.
In addition, “clean” burns often overlook important ecological aspects in an effort to burn out fuels
uniformly inside of management units (Brockett et al., 2001).
Areas with lower phytomass, such as relatively young stands of herbaceous vegetation, generally
escape fire under cool PMB conditions. Wetland areas and wetter slopes in the landscape can also
escape fires under cool moist conditions, creating a landscape with patches which act as refuge
areas for small mammals and/or fire sensitive species to escape from fire. The leftover patches
create opportunities for safer follow-up burning under almost patch-specific conditions.
PMB is a method that can contribute to achieving biodiversity objectives while simultaneously being
applied to reduce the risk and intensity of hazardous wildfires that threaten life and property. It
should be noted that PMB should be seen as an additional tool to be used to manage conservation
areas and it may not always be applicable. For example a hotter fire may be needed in instances to
reduce bush encroachment or to restore wetlands which may require more focused fire application.

4.

What is Patch Mosaic Burning?

Patch mosaic burning is being implemented globally as a means to better mimic natural fire regimes
in ecosystems shaped by fire. Historically, land managers have conducted hot “fuel reduction”
burning which prescribes fire to consume fuels in designated management units that have not
burned for a set duration of time (Duncan et al. 2015). Patch mosaic burning is a burning strategy
used to create a fine-grained mixture of different post-fire age patches, randomly spread across the
landscape. The focus of patch mosaic burning is to create heterogeneity across the landscape while
also reducing fuel loads (Duncan et al., 2015). As PMB is intended to mimic natural fire scenarios
more closely, and burns are not very hot, natural boundaries such as rivers, cliffs, and indigenous
forests can be used as boundaries for fire management blocks. Management blocks can therefore
vary in size.
The Patch-mosaic burning concept is aimed at avoiding stereotypical dry season (e.g. firebreaks) and
spring burning (e.g. for grazing) practices. It is also considered less intrusive to biotic diversity as it
attempts to strike a balance between natural fire and management requirements. According to this
concept, fire is applied throughout the year when lightning fires are likely to occur, and to avoid dry
hot conditions. The fire return period is primarily dictated by the presence of moribund material
(when no lightning fires occur) (Bronkhorst, 2019).
Patch-mosaic burning may present a practical alternative for burning programs in conservation areas
if applied under specific conditions (Bronkhorst, 2011). Investigation into the natural occurrence of
grassland fires in the Blyde River Canyon NR reveals that lightning fires occurred on a 2-3 year return
period during the wet season, when storms with lightning are more prevalent. In addition it was
found that PMB requires less staff, reduces fire risk on extensive areas, burns under lower risk
conditions, is aesthetically more pleasing, and reduces the need for annual firebreaks and tracers on
repetitive strips (Bronkhorst, 2019).
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Figure 2 Typical landscapes where patch burns were applied. Note the variation in age of burnt
patches.

5.

Why Patch Mosaic Burning?

Fuel load is largely connected to rainfall, veld resting, and/or fire exclusion. Differences in rainfall
affect fuel characteristics and a patch-mosaic fire regime reflects this variation with randomly ignited
fires spread over all seasons and mostly allowed to burn freely, unless a risk is posed to buildings and
other structures. PMB allows for more variation in fire patterns and holds certain managerial and
ecological benefits while still allowing for preferred preventative measures to be implemented.

Ecological Benefits
•
•
•

•
•
•
•

Mimics natural burns more closely.
Fires are spread across all seasons of the year creating a wider spectrum of burn options
which is likely to be more beneficial for biodiversity.
Grasslands of particular importance such as blue swallow (Hirundo atrocaerulea) habitat will
represent a gradient of different vegetation ages. This decreases the risk of inappropriate
burning over extensive areas, because the possible negative result of a specific burn is
limited to a particular patch only.
Sensitive areas which should be excluded temporarily from fire or which require more
specific fire application (such as wetlands), can still be isolated and specifically attended to.
As large areas are not completely burned, refuge areas remain for fauna to escape the fire.
Patch burns are usually fairly slow moving fires allowing small fauna species such as tortoises
time to escape to refuge areas.
Reduces the detrimental effects of fire exclusion without having to apply a hot burn.
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Logistical and Management Benefits
•
•
•

•
•

Only the initial burns require more intensive planning. Once a network of burnt patches is
established, fires can be executed by smaller fire-teams, or even a single individual. This
results in significantly positive budget implications.
Fire risk is significantly reduced because of the required cooler conditions and landscapes
being divided up into numerous patches of different re-growth age after fire. During
accidental fire situations, only portions of a particular area will be subjected to intense fire.
Unique management units that require specific burning applications or the exclusion of fire
(i.e., wetlands, sensitive habitats, sites with sensitive species, sites with alien plants or bush
encroached areas), can be addressed with suitable planning. For example, a wetland can be
safeguarded by implementing PMB around it, reducing the risk of wildfires moving through.
The wetland itself can then be burnt under controlled conditions when appropriate, that
might differ from the surrounding areas.
Relevant to the tourist market, visitors would not be faced with entirely burnt areas during
visits. This is of particular importance for hiking visitors.
Collaborative burning between neighbours reduces the need for annual firebreaks and
tracer lines along property boundaries that do not always make ecological sense. Patch
burns can effectively act as open-ended firebreaks without the need for wasting time on
tracer lines earlier in the season.

Figure 3 Ecological and logistical benefits of implementing patch mosaic burning.
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In addition to the above mentioned benefits, PMB practices may also be used at a global scale as a
means of generating carbon credits (van Wilgen et al. 2014). Reducing both fire frequency and the
extent of dry season fires increases landscape carbon storage as less biomass is burned (Douglas et
al., 2011). Although not as well documented as forest habitats, many landscapes, such as tropical
savannas and grasslands, have large effects on carbon fluxes despite low levels of land clearing.
These fluxes are caused by changes in fire and grazing regimes and habitat modification (Douglas et
al., 2011). Strategic management of these landscapes may therefore unlock carbon credit financing
which could be a means to offset management costs and support conservation practices.

6.

Patch Mosaic Burning in Other Landscapes

Patch Mosaic Burning is not a technique restricted to natural grassland habitats but can also be
applied to other biomes. The logistical and management benefits listed above in Section 5 also apply
to modified landscapes such as agricultural, rangeland, conservation areas and forestry land. Fire risk
is significantly reduced as a result of the required cooler conditions for patch burns, which can be
used to create fire breaks or manage patches of natural vegetation on properties where natural fires
are excluded, such as forestry. PMB can therefore be used to both reduce fire risk and conserve
remaining biodiversity in altered landscapes. Fires also shape the structure and composition of
savannas, and are either applied or excluded to improve range condition and to provide grazing for
large herbivores, to promote tree growth and to conserve biodiversity in protected areas.

7.

How to Conduct a Patch Burn

Principles to apply to initial burns:
1. Initial patch burns should commence prior to the dry season (summer-late summer), when
the fuel load is less combustible and the risk for wild fires to occur, is less. (Figure 5).
2. Initial burns should be ignited in such a manner as for fire to spread away from high-risk
areas, such as buildings and commercial forestry areas.
3. Start with easy burns in areas that are easy to monitor. In order to build self-confidence,
initial burns can be done under very safe conditions, with firebreaks in place in the larger
surrounding area. Practice burns might even be as small as a few square meters. Flat plateau
areas are likely to be dryer than adjacent East and South facing slopes which provide relative
predictable fire boundaries if burnt in the late afternoon and should no other defined
boundaries (rivers, forests, cliffs, roads) exist.
4. Confirm that the fire breaks are in place and the area is safe to burn until you are confident
to predict where burns will stop. Temporary firebreaks (brush cutting, mowed, or made
wet), should be in place at key risk areas.
5. Initial burns could also be burnt back on purpose from infrastructure or assets to serve as
open ended (non-defined) firebreaks.
6. Sufficient fire-teams and equipment should be on standby/present during initial patch
burns. Practical boundaries, such as rivers and roads should be determined in advance to act
as end-boundaries should an intended “safe” patch burn escape the target area. If weather
conditions change and a fire hazard is possible, the fire should be extinguished.
7. A combination of a formal burn and PMB is also possible and can be applied in high risk
areas or with favourable weather conditions.
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Figure 4 Patches with relative safe outer boundaries to contain a cool fire.

All patch burns should comply with the following:
1.

Ensure compliance with relevant legislation (i.e. National Veld and Forest Act, amended
2016; Occupational Health and Safety Act 1993) and arrange pre-approval of fire permit
from the regional fire protection association (FPAs).

2.

Management needs to be in touch with the area, keep records of areas burnt or identify
the areas that need to be burned using historical spatial data available. Knowledge of
the extent to which a particular fire is expected to burn under cool conditions is key.

3.

Seasonal burning of a patch should be alternated where possible to avoid stereotypical
burning. This allows for further fire application variation even on the same patch. Record
keeping of burns is therefore important.

4.

Management must have good knowledge, prior to a burn on the locality of previously
burnt patches that could assist in estimating the expected extent of a particular burn.

5.

High risk areas need to be burned around first or secured by brush cutting, spraying of
water etc. to reduce risk.

6.

The area ready to be burnt should be identified by evaluating the amount of available
phytomass. Moribund material should be sufficient to carry a fire under moist & cool
conditions (Figure 5).

7.

Ignition of an area for a patch burn, under cool conditions should be possible with the
minimum effort, or single ignitions, if the correct fuel loads are available.

8.

Weather reports should be consulted prior to executing fires to ensure cool, low risk
conditions. Update yourself with the weather forecast, a day before and at least two
days after, with regards to the humidity, temperature, wind direction and wind speed.

9.

Ignition should only be attempted whilst soils are relatively moist, wind absent or very
gentle, and the weather conditions cool (overcast, late afternoon, evening, misty).
Ignition is usually possible on cool days when a little warmth can be felt when your open
hand is pushed just above soil level into dead material, below standing grass tufts. If
sufficient moribund plant litter is available, it should not take much effort to ignite a fire
under said cool conditions.
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10.

The presence of moisture in the topsoil is preferred for all patch burns. Burning a few
days after rain or heavy dew is recommended.

Figure 5 Sufficient moribund material is required to carry fire during cool conditions, such
as late afternoon, at night, or during the growing season.
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11.

Fire should only be allowed to burn if dead plant material burns slowly.

12.

Gentle burning fires will be stopped by narrow barriers such as pathways (game or cattle
footpaths), two track roads, areas of scarcer vegetation, or recently burned areas (Figure
6).

Figure 6 A cool fire, especially in the growing season, will not burn into recently burnt patches, or
areas with sparse grass cover, and can even be stopped by game paths.

13.

The intention of this type of fire is purely to remove moribund material and stimulate
mostly grass species growth. It is not primarily aimed at matters such as controlling bush
encroachment. Patches left on purpose for the latter, or certain wetlands or riverine
vegetation strips, may require more specific planning to meet applicable criteria for
those situations along with guidance from fire ecologists.

14.

When burning on a cool afternoon or evening, the size of the selected area should be
small enough so that the entire target area burns out before conditions change to the
negative.

15.

Avoid ignition in the morning if patches are too large to burn within a short period.
Rising temperatures during the course of the day may develop into non-ideal conditions
increasing the potential for fire to escape target areas. Rather apply multiple small
burns.
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16.

Wind should either be absent or slow enough for fire to stop spontaneously at relatively
insignificant barriers (track-roads, areas of poorer veld condition) and natural fire
boundaries.

17.

Where threatened bird species are known to be breeding, burning should be delayed.
This area should also not be burned repeatedly every season and the entire area should
not be burned at once. For more information refer to BirdLife South Africa’s Bird-friendly
burning and grazing best-practice for grasslands.

18.

Avoid trying to burn “quick” large burns. Patience is a key principle to this application.

19.

The precautionary principle should always apply, "if uncertain, don't burn".

It should be noted that ultimately the responsibility lies with the person lighting the fire and the
above are only guidelines. Fires always pose a level of risk and the precautionary principle
should always be followed. Experts in the field can be consulted for advice if necessary.

The key principles of PMB and the rationale are summarised in and Table 1.
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Table 1 Key principles and rationale for PMB

PMB Principle

Rationale

Natural barriers should be identified to contain the Large fire breaks are not required for cool patch
burn - roads, rivers, forest edges, wetlands, cliffs etc.
burns - the fire should burn itself out along a
natural boundary.
Avoid ignition in the morning.
Rising temperatures during the course of the day
may develop in non-ideal conditions and fire
escaping target areas.
Burning should only take place during cool conditions Reduces the risk of the fire becoming too hot and
(cloudy days or cool evenings).
difficult to control. Moist soil conditions prevent
Soils should be moist - ideally a few days after rain or burning into the soil and result in more tolerable
temperatures at soil level for the roots of grasses,
heavy dew.
herbs, and various small creatures.
Wind should either be absent or slow enough for fire
to stop spontaneously at relative insignificant barriers
(track-roads, areas of poorer veld condition) and
natural fire boundaries.
Areas where moribund material is absent or scarce PMB mimics natural fire regimes to clear areas of
should not be “forced” to burn. Ignition of an area for moribund material. If there is insufficient fuel load
a patch burn should be possible with minimum effort. the area is not "ready" to be burned and may have
already burned recently.
Where the greater portion of grass species is in full If grasses are burned while in flower they will not
flower, no fire should be applied.
produce a seedbank for the following season.
Where threatened bird species are known to be
breeding, burning should be delayed. This area should
also not be burned repeatedly every season and the
entire area should not be burned at once.

Repeatedly burning long after the growing season
has started may negatively impact nesting birds
(eggs), nestlings or juvenile birds in spring-summer.
Repeatedly burning more than just fire breaks too
in autumn, may result in insufficient cover and
food for birds to survive the winter. Staggered
burns (between seasons) allow for refuges to be
maintained.
Avoid trying to burn “quick” large burns. Patience is a Cool, slow burns do not kill all vegetation and gives
key principle to this application.
fauna a chance to escape to refuge areas.
The burning of a particular patch in the same season This is to reduce having a negative impact on the
as burnt previously (stereotype burning), should be same species in close succession.
avoided.
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Figure 7 Summary of key principles and steps for conducting a patch mosaic burn.
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