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1. INTRODUCTION
This report is in the format requested by Working and caress an abbreviated

report accompanies the final report on thesl"properties of four invasive woody
alien plants in South Africa”.

2. TERMSOF REFERENCE
The terms of Reference were as follows:

Assess the physical fuel properties of selected invasiee plant species,
including fuel loads by size class, amounts of dead andnlaterial, and the
spatial distribution of fuel;

Monitor the moisture contents of live fuel over oneryea

Assemble fuel models that simulate the combined impdatyasion on fuel
properties at a stand level,

Use fire behaviour simulation techniques to assesdfgwt®of changes in
fuel properties on fire regimes (including the likely frequenntensity,
behaviour and impacts of wildfires); and

Where possible, verify the assessments in the figlokreldy conducting
experimental burns or making opportunistic use of prescribed burns

accidental fires.

3. DURATION OF THE PROJECT
The project commenced in September 2002 and was compledgdilii5, 2004.

4. oRIGINAL PROJECT PLAN
The original project plan is provided in Table 1. We wereable to conduct

experimental burns due to logistical and legal constraints.



Table 1. Original Project Plan. This plan is currently running behind schedule.

Month / Year

Activities

2002

September

Species selection

Determine variables to measure

Search literature for similar recent stud

Procure equipment

Design field forms

Select study sites

1st fuel moisture sampling

October

Background on Behave Programme

November

2nd fuel moisture sampling

2003

January

3rd fuel moisture sampling

February

Acacia cyclops field sampling

A. cyclops drying and weighing

Build A. cyclops fuel model

Run Behave simulation

March

Leptospermum laevigatum field sampling

L. laevigatum drying and weighing

Build A. cyclops fuel model

Run Behave simulation

Acacia mearnsi field sampling

A. mearnsii drying and weighing

Build A.mearnsii fuel model

Run Behave simulation

April

Pinus pinuster field sampling

P. pinuster drying and weighing

Build P. pinaster fuel model

Run Behave simulation

4th fuel moisture sampling

Analyse model outputs

May

Visit sites of recent veldfires
involving invasive alien
vegetation

Start report writing

5th fuel moisture sampling

July

6th fuel moisture sampling

Produce draft scientific paper

es



5. PROJECT BUDGET
This study forms part of the existing CSIR contractrtwvjgle scientific support to the

Working for Water Programme. The full contract valuaswkR2.4 million over two
years. About 10% of the budget was earmarked to supporud¢heroperties study
and related capacity development activities. The prapodccounted for by these
activities is contained in detailed monthly invoices ttee working for water

programme.



Abstract. Two study sites invaded #cacia cyclops andPinus pinaster were sampled
for moisture contents, vegetation height and stratiben and biomass. Data were
used to compare fuel loads of these sites to thosdjadent uninvaded areas. Also,
data were used to construct fuel modelsAofcyclops and P. pinaster for the
simulation of fire behaviour through the use of the BeRdus fire modeling system.
This model was used to compare fire bahaviour under simlilsratic conditions
between invaded and adjacent uninvaded areas of the stigly Bé¢a on vegetation
height and stratification demonstrated increases indads following invasion by.
cyclops andP. pinaster. BehavePlus simulated rates of spread, flame lengghijrfe
intensity and head per unit area were all higherAocyclops and P.pinaster fuel
models. This was due to the amount of fuel that wasdada for burning as a result
of these shrubs and trees.

Additional keywords: fuel model; alien woody; BehavePlus fire model

Running heading: Effects of alien invasion on fuel properties



INTRODUCTION

Non-indigenous woody plant species, introduced by humatier antentionally or
unintentionally, can spread into native forests, pastwesultivated areas. Such
species are termed "invasiver' many parts of the world, introduced woody plants
have become invasive and have necessitated some formaodgement. These
invasive species affect, to a varying degree, the struetatlefunction of invaded
ecosystems. For example, invasions can result in an gecrediomass and changes
in nutrient pools and cycling (Versfeld and van Wilgen, 1986; &dsonet al.,
1992; Stock and Allsop, 1992). An increase in biomass is ggnassiociated with
an increase in evapotranspiration (Le Madtral., 1996). Other major disadvantages
of invasive plants include: changes in natural communitycsire, penetrating and
replacing indigenous vegetation (Hendersbal. 1987; Henderson 2001), reduction
of surface water resources (Chapman and Le Maitre 200&kfelteet al. 1998),
siltation of dams and estuaries, intensification obdls, and increase in fire hazard

through increased fuel loads.

A perusal of the scientific literature suggests that wak been done in South Africa
and elsewhere in trying to quantify the impact of invasw®dy alien plant species
on fire behaviour. The abundance of invasive woody aliantgpecies in numerous
habitats throughout the world has been well researamd@cumented (see Vitousek
1997, Groves 1986, Stoeeal. 1992). However, the bibliographical data suggest that
South Africa is the only place in the world where is l®een shown that invasive
woody alien plant species affect fire behaviour (seeWdgen and Richardson 1985)
by increasing fuel loads. Elsewhere in the world (pdetrtyiin Hawaii), most of the
evidence of the impact of alien plant species on ggimes has been in relation to
alien grasses. Such studies have shown that invasere gilass species enhance the
spread of fires by providing a more continuous fuel load gra-invasion vegetation
(Smith 1985, Smith and Tunison 1992, D’antoetial. 2000).

van Wilgen and Richardson (1985) found that invasion of fyrdyothe Australian
shrubsAcacia saligna andHakea sericea increased fuel loads by 50 — 60%. The data
were used in Rothermel’'s (1972) fire behaviour simulatiadef which predicted



that both rates of spread, and fire intensity were retlbgenvasion. However, it was
recognised that shortcomings in Rothermel’'s model prestedheaccurate simulation
of high intensity fires that are known to have occuinedivaded areas under extreme
weather conditions. Such fires are known to vigorouslpsome the increased
biomass of shrub crowns, are difficult to control, @md potentially more damaging
to ecosystems than fires in natural vegetation. valgeiand Richardson (1985)
suggested that, under such extreme conditions, invasion wuutehse fire hazard

and fire intensity.

The interaction between fire and invasive woody alientplan South Africa has been
extensively reviewed by Bond & van Wilgen (1995). They desdrdw invasion by
introduced woody plants affects fire behaviour by changingstheture of the fuel
bed. Versfeld and van Wilgen (1986) found that invasion ofntaon fynbos by pines
could increase biomass by up to 300%. In a separate studyeSaot{2000) report
that infestation by alien invasive plants had increasdddads over most of the areas
that burned on the Cape Peninsula in January 2000. Less0¥aof the area was not
invaded by alien plants prior to 1998. Alien plants greaityaased the fuel load and
fire risk, by virtue of their faster growth rates aneéajer age than the native fynbos,
and the physical characteristics of the stands of aliens

While such studies have helped build up our understanditigeafiteraction between
fire and invasive woody alien plants, there are stillsgmpour understanding of the
interaction between fire and woody alien invasive plamntSouth Africa. Besides the
two species studied by van Wilgen and Richardson (198%cia saligna andHakea
sericea), there is no information on the fuel properties of giva alien tree invasions.
There is also no information of the impacts of firrénvaded stands in biomes other
than fynbos and montane grassland. Given the potenticis that such invasions
may have, and given the amounts being spent on comiy@llich invasions, it would
be desirable to expand the knowledge base to cover addspeaes and biomes.

This study examines the fuel properties of two invasive wady plants in South
Africa to determine how they affect fire behaviour. Tiweo species arécacia
cyclops (Rooikrans) Pinus pinaster (Pines). It is often claimed that invasions increase
fire hazard through changing vegetation structure and isiogéuel loads. However,



very few studies have shown this, and then only for adpecies. We need more

information to be able to fully understand the impddhweasions on fire regimes.

The aims of this study were:

To assess the physical fuel properties of stand® pinaster andA. cyclops,
including fuel loads by size class, amounts of dead and literiaa and the
spatial distribution of fuel;

To monitor the moisture contents of live fuel over oeary

To assemble fuel models that simulate the combineddrsps invasion on
fuel properties at a stand level;

To use fire behaviour simulation techniques to assessffées of changes in
fuel properties on fire regimes (including the likelyguency, temperature,
behaviour and impacts of wildfires); and

Where possible, verify the assessments in the fiattereby conducting
experimental burns or making opportunistic use of prescribgthsbor
accidental fires.

Compare fuel loads of uninvaded and invaded areas of the stesly sit

To document changes in vegetation structure following iowaswith
emphasis on those structural properties that affectTinis could be useful for

later studies that attempt to model fire behaviour or piaidire risk.



MATERIALSAND METHODS

Study sites

Data were collected at two different sites, Coetzenlbumdy Koeberg in the Western
Cape Province of South Africa. The sites were selebesduse the natural fynbos
vegetation had been replaced by invading woody alien p&rdswith the aim of
documenting the fuel properties of such invaders. At eacly siitel we selected an
uninvaded area and an adjacent area invaded by woody invasivplatien

Coetzenburg
Coetzenburg (33°33, 18°5%) forms part of the Jonkershoek Valley and is property

of the University of Stellenbosch. The climate of theaais similar to that of
Jonkershoek which has been well described by van Wilgen ehdrBson (1985). It

is characterised by warm summers with regular soutedg winds, creating a fire
hazard. Winters are cold and rainy, the annual rdibé&hg almost 600 — 700 mm.
The vegetation of the Coetzenburg area is mainly naountynbos. Distinctive
species ar@rotea repens, P. neriifolia, mountain cypress, as well as various ericas
and restios. The area has been invaded by Hakea, Blatle,wRihes and other
invasive alien plants which threaten the indigenous fynbos

Koeberg
The study site is situated in the Koeberg Nature Re$&B8/e26’ E, 33 41’ S), about

30 km north of Cape Town on the west coast. Thevessrsituated on land owned
by Eskom and is regarded as critical conservation ama &ey part of the proposed
West Coast Biosphere Reserve (CMC 2000, Hegha., 1999; Maze and Rebelo,
1999). The climate is Mediterranean with most of tha falling during the winter
half-year and temperatures are strongly moderated bprthemity to the Atlantic
Ocean. The annual rainfall is almost 414 mm (Coétial. 2002). Wind direction is
due south to south-east, especially during the dry summethsjowith winter
rainstorms being associated with north-west and southwieds (Heineken, 1987).



There are two main types of indigenous vegetation onddep quaternary sand
deposits of the West Coast: dune thicket (also known asdsteld) and fynbos
(Boucher, 1981a, 1983; Boucher and Le Roux, 1993; Daines and Low,H&#8s

et al., 1999). Dune thicket is found primarily on alkaline (caloasei.e. lime-rich)
sandy soils, and fynbos on the acidic sandy soilvekkfrom sandstones and granites
and acidic dune sands. Dune thicket is an open to densdat@gedominated by
large evergreen shrubs. The invaded portion of the studyisrdominated byA.
cyclops (Rooikrans) with occasion@. saligna (Port Jackson). The impacts of these
invasions on groundwater losses are not known but denseadnsasult in an
increase in biomass and changes in nutrient pools and cydmgfeld and van
Wilgen, 1986; Richardsomt al., 1992; Stock and Allsop, 1992). An increase in
biomass is generally associated with an increase apatranspiration (Le Maitret
al., 1996) so it is likely that the invaded stands may oajetr or transpire more water,

reducing recharge.

Field, laboratory and simulation methods

Vegetation height and stratification

Data on vegetation height and stratification wereioled from a transect (1x 50 m)
at each of the invaded sites and the adjacent univaded higetrdnsects were
positioned in an area chosen randomly within vegetation ¢utlyde representative
of the site. The following data were recorded on eactsé@: (1) mean depth of the
litter layer; (2) the height, crown diameter and heighthe lowest leaves of each
plant on the transect. Plants were first identifiedpecies level then later recorded as
either dominant shrub&\(cyclops, P. pinaster or microphyllous shrubs similar to the
indigenous genu®rotea), other microphyllous shrubs, shrubs, picophyllous shrubs
similar to the genugkrica, evergreen herbaceous plants similar to the indigeno
genusRestio and standing dead plants. The data were later used to picdile
diagrams and to define fuel bed depths.

Biomass and fuel loads

Both experimental sites consisted of uninvaded and invadedsstarboth uninvaded
and invaded stands we established a 50 m straight linesettanDetailed
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measurements of the vegetation were then undertakéese transects in order to
obtain biomass and fuel load estimates. The biomasswgtacollected according to
the BehavePlus fire modelling system (Andrews and Bevins 1f@@9)load input
requirements. Thus we examined the model data requirsrbefdre going into the
field for data collection.

Biomass was determined by collecting all plant mateeatept for dominant alien
shrubs, from a random sample of ten plots (2.5x2.5 itf)iwthe 50 m transect.
Clipped material was divided into the following categorid9: woody shrubs other
than dominant shrubs; (2) herbaceous (non-woody) plants(3nlitter (all dead
material including that still standing). These categomnese further subdivided into
size classes (BehavePlus fuel input requirements) oblesm (1 hr fuel load), 6 —
25mm (10 hr fuel load), 25 — 76 mm (100 hr fuel load). This dimigallowed the
convention used in estimating available fuel in fuel mo@€ésuntryman & Philpot
1970; Deeming & Brown 1975; van Wilgen 1982). Estimation of tlwanbss of
dominant alien shrubs was done by regression analysisatywarubs, selected to
cover a representative range of diameters, were s$tadseoutside the sites after
measuring their diameters 10 cm above the ground. Eacib stas divided into
potential fuel (pieces with diameters <6 mm) and largecgs, weighed and then sub
sampled for moisture content to estimate the dry weagtte original material. Non-
linear, power and exponential regressions of stem diaraatdry weight were fitted
(see van Wilgen and Richardson 1985).

Moisture contents

Twenty samples of the foliage &f cyclops, P. pinaster were taken over a period of
one year in order to examine seasonal trends in moistumeent and to define

moisture scenarios for the simulation of fire behariddamples were sealed in air-
tight bottles to prevent moisture loss, weighed andnogiged. The percentage
moisture content was calculated on a dry weight basis.
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Smulation of fire behaviour

Biomass and other structural data were used to define fuldisnfor each of the site.
Fire behaviour predictions were done using the Windows applicBehavePlus fire
modelling system (Andrews and Bevins 1999). BehavePlus predacisus fire
behaviour characteristics of interest to fire managenspecialists. It replaces the
venerable 1984 DOS version of tBEHAVE Fire Behaviour Prediction and Fuel
Modelling System (Burgan and Rothermel 1984). BehavePlus uses a minimal &moun
of site-specific input to predict fire spread rate, ange;imeter, intensity, flame
length, scorch height, spotting distance, tree moytaétc. under stated climatic

conditions at a point in time.
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RESULTS

Vegetation height and stratification
The increase in height following invasion Aycyclops andP. pinaster can clearly be
seen in Figs. 1 and 2. Also, there was a marked inclieakdiage density after
invasions by both invading woody alien plants.

a
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Restio

¥ | Narrow leaved shrub
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Fig. 1. Profile diagrams from 2.5x2.5 m-wide transects throught gammunity
stands. Diagrams provide visual impression an uninvadedaraad the same area
(a) invaded byA. cyclops at the Koeberg study sites.
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Fig. 2. Profile diagrams from 2.5x2.5 m-wide transects throught glammunity stands. Diagrams provide visual impression arvaded area
(a) and the same area invadedPbypinaster at the Koeberg study site
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Biomass and fuel loads

Details of the biomass sampled on each study siteniovaded and invaded areas are
presented in Tables 1&2. The total mass of plant partscrabe regarded as fuel
during fire behaviour simulations was higher at the invadeshs than at the
uninvaded areas for both the Coetzenburg and Koeberg study siésthe
Coetzenburg site the amount live plant material <6 mmiameter was 7.9 times
greater, dead plant particles were 9.9 times greater henatal fuel load (dead and
live) was 8.1 times greater than at theinaster invaded area (Table 1). At Koeberg,
the total fuel load (dead and live) increased to about 3dstioilowing invasion by
A. cyclops. Similarly, live plant particles (<6 mm) and dead matencreased 4.8 and
2.5 times respectively following invasion of strandveldaaréyA. cyclops. Thus
there was a marked increase in the biomass compondnfuahloads following
invasion by the woody alien plant species and this idagirto previous observations
by van Wilgen et al. 1990, van Wilgen and Richardson (1985).

Table. 1. Above-ground biomass of vegetation components (t/ha) invaded and
invaded area of the Coetzenburg site

Live Plant Material (t/ha) Renostebos  P.pinaster
<6 mm 9 68
Herbaceous Plants (< 6 mm) 1 0
Dead Material
<6 mm 2 15
6 - 25 mm 1 19
25 - 75 mm 1 2
Total 14 104

Table. 2. Above-ground biomass of vegetation components (t/ha) stiqei and

invaded area of the Koeberg site.

Live Plant Material (t/ha) Strandveld  A.cyclops
<6 mm 5 24
Herbaceous Plants (< 6 mm) 0 0
Dead Material
<6 mm 1 25
6 - 25 mm 2 4
25 - 75 mm 9 4
Total 18 57
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Moisture contents

Changes in fuel moisture content of the two woody invasaespled are depicted in
Fig 3. These are compared to fynbos moisture conterpledrby van Wilgeret al.
1990. From the illustration, it can be deduced that the imvarked difference in fuel
moisture contents of the tree species. It should hewke noted that data are from
three different sites.

200 +
180 -
160 -

140 -

120 -

100 -

80 -

Moisture content (%

—&— Cyclops
60 -
—=— Pine

40 —a— Fynbos

20 -

Sep Nov Jan Apr

Time (calender months)

Figure 3. Changes in the moisture content of the foliage ofetlsmecies growing at
three different sites. The species are the speced.aryclops, P. pinaster and 6
fynbos species

Smulation of fire behaviour

Fuel model parameters used in the simulation of fire \netm are given in Tables
3&4. The surface area to volume ratios of the Renbsteare those used by van
Wilgen and Richarson (1985). Also, fuel moisture of extensaiod fuel heat content
is taken from that study. For both Coetzenburg and KoelfigedJoads showed an
increase following invasion by the woody alien invasive spedd Coetzenburg
most of the live fuel is held aloft in stands Bf pinaster, and the model is only
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capable of simulating surface fire spread in the littgerldelow the canopy. Another
limitation of the BehavePlus fire model is that it laasupper limit (1.8 m) for the fuel
bed depth and thus the fuel bed deptP.pifnaster is reduced to that limit. Generally
all the fuel models in the study support the general oaservthat (Kruger 1979)

that invasion by alien shrub increases fuel load thavailable for burning.

Table. 3. Fuel model data assembled for Renosterbod$?apohaster for Coetzenburg

site. Fuel models are used as input parameters during sonudfire behaviour.

Model Parameter
Fuel load/Vegetation (t/ha)

Renosterbos P. pinaster

1-h 2 15
10-h 1 19
100-h 1 2
Live herbaceous 1 0
Live woody < 6 mm 9 68
Surface area to volume ratios%nt)
1-h Surface Area/Vol Ratio 7215 9817
Live Herb Surface Area/Vol Ratio 5900 0
Live Woody Surface Area/Vol Ratio 4920 9817
Fuel bed depth (m) 1 2
Dead Fuel Moisture of Extension (%) 34 34
Dead Fuel Heat Content (kJ/Kg) 20000 18700
Live Fuel Heat Content (Kj/kg) 20000 18700

A after van Wilgen and Richardson (1985).

Table. 4. Fuel model data assembled for Strandveld Andyclops for the Koeberg

site. Fuel models are used as input parameters during sonudfire behaviour.

Model Parameter
Fuel load/Vegetation (t/ha)

Strandveld  A. cyclops

1-h 1 25
10-h 2 4
100-h 9 4
Live herbaceous 0 0
Live woody < 6 mm 5 24
Surface area to volume ratios%nt)
1-h Surface Area/Vol Ratio 7215 6400
Live Herb Surface Area/Vol Ratio 0 0
Live Woody Surface Area/Vol Ratio 4920 6400
Fuel bed depth (m) 1 1
Dead Fuel Moisture of Extension (%) 34 30
Dead Fuel Heat Content (kJ/Kg) 2000 18500
Live Fuel Heat Content (Kj/kg) 2000 18500

Avan Wilgen and Richardson (1985).
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Fire behaviour simulations by the BehavePlus model weadenfor four sets of
climatic conditions which according to van Wilgen andghardson (1985) represent
typical days with low, moderate, high and extreme Himeard (Table 5). Estimates of
live moisture contents fd?.pinaster andA.cyclops are based on observation from the
field.

Table. 5. Weather parameters and fuel moisture contents in dinyfire behaviour.

Degree of fire Hazard Low Moderate High Extreme
Air Temperature’(C) 15 20 30 40
Relative Humidity (%) 50 40 25 15

Windspeed (Km/h) 1.8 7.2 18 25.2
Slope (degrees) 0 0 0 0
Dead Fuel moisture content (%) 9 8 6 4
Live fuel Moisture Content (%)
Uninvaded Renestorbos 180 150 140 130
Uninvaded Strandveld 180 150 140 130
A. cyclops 180 150 140 130
P. pinaster 180 150 140 130

The fuel model parameters (Tables 3&4) together withwibather parameters (Table
5) were used as BehavePlus model input parameters forniidagon of fire line
intensity (Tables 6&7), heat per unit area (Tables 6&&le of fire spread (Figure
4a&b) and flame length (Figures 5a&b). Model estimatdg®intensity and heat per
unit area were higher in invaded areas of the study sitdsdiferences between
uninvaded and invaded areas becoming larger with increasing firedhaao,
estimates of fire intensity and heat per unit area \Wigyleer at theA. cyclops invaded
stand at Koeberg than at any other stands. Uninvaded Remmstshow the lowest

estimates when compared to any other stands under allrtfaic conditions.

Table. 6. Simulated estimates of fire behaviour for the Coetzenbiudy site Table
shows estimates of fire line intensity and heat perareia for uninvaded Renosterbos
and invaded stand®.pinaster).

Simulation results Low Moderate High  Extreme
Simulated Fireline Intensity (Kw/m)
Renosterbos 4 25 104 159
P.pinaster 95 814 5432 13996
Simulated Heat per unit area (KJjm
Renosterbos 2594 2681 2916 3248

P.pinaster 12666 13093 14243 15861
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Table. 7. Simulated estimates of fire behaviour for the Koebeuglys site Table
shows estimates of fire line intensity and heat perangia for uninvaded Strandveld
and invaded stand#.(cyclops).

Simulation results Low Moderate High Extreme
Simulated Fireline Intensity (Kw/m)
Uninvaded Strandveld 7 42 173 359
A. cyclops 1123 7211 31608 63936
Simulated Heat per unit area (KJjm
Uninvaded Strandveld 3367 3481 3786 4217
A. cyclops 50796 55084 58314 62651

Simulated rates of fire spread (Figure 4a&b) were higingste invaded areas of both
Coetzenburg and Koeberg study sites under all climaticitomsl Simulated flame
lengths (Figure 5a&b) showed a similar pattern. The diffees were becoming
larger with increasing fire hazard. Also, rate of fipremd was the highest under all
the conditions.
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Fig. 4 a&b. Simulated rates of fire spread (ROSnsising the BehavePlus fire
model and four different fuel models (Tables 3&4) at fewels of fire hazard (Table
5) at two different study sites. The study sites are Zemdiurg (a) and Koeberg (b)
and both sites have uninvaded and invaded areas.
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Fig. 5 a&b. Simulated flame lengths (m) using the BehavePlus firdeinand four
different fuel models (Tables 3&4) at four levels offihazard (Table 5) at two
different study sites. The study sites are Coetzen@)rgqrid Koeberg (b) and both
sites have uninvaded and invaded areas.
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DISCUSSION AND CONCLUSION

Classification of vegetation types into fuel modelsars important component of
wildland fire management worldwide (Payeteal. 1996; Dimitrakopoul 2002). Field
work done during this study collected data on vegetationhheigd stratification,
biomass and fuel loads, moisture contents, and surfaeetargolume ratios for
uninvaded and invaded areas at two different study sites.dataswas then used in
the formation of three localised site specific aistifuel models, one for indigenous
vegetation (Strandveld) and two for invasive woody aliemtgl#. pinaster andA.
cyclops) (Tables 3&4). The fourth fuel model (Renosterbos)hiat tused by van
Wilgen and Richardson (1985). The four different models shalifeetences in the
total amount and distribution of fuel load in size classed in the vegetation

structure and height, all in greater quantities for thasive woody alien vegetation.

All the fuel models were then used as inputs to the BxfPlag fire behaviour
simulation model to predict fire line intensity, heat peit area, rate of fire spread
and flame lengths under different climatic conditiohise invasive woody alien fuel
models showed the most severe fire potential due togheidr fuel loads. Based on
the BehavePlus fire behaviour simulations, bothRheinaster and A. cyclops fuel
models resulted in the most intense and fastest fix®a result of reduced fuel loads
the indigenous vegetation fuel models (Renosterbos aaddy&ld) resulted in less
fire line intensity, heat per unit area (Tables 5&6 gerat fire spread and flame
lengths (Figures 4&5). Also, the differences in fire batar between the indigenous
fuel models and the woody invasive alien models increastd imcreasing fire
hazard. It should however be noted that the BehaveP&umbidel does not simulates
surface fire spread and has an upper limit for fuel bed dé@hm). This might partly
explain why theA. cyclops fuel model generates more sever fires when compared to
the pines which have a higher fuel load.

Results in this study confirm Kruger’'s (1979) observation Waody invasive alien
plants increase fire hazard through increased fuel |@ddsimplications such results
are that (a) fires burning on invaded areas will be mostregyb) most difficult to
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control. Further, such fires are likely to be more dgimg to the ecosystem than fires
in indigenous vegetation (van Wilgen and Richardson 1984ijs Tiis study supports
the idea of controlling and reducing invasions by woody invasiea plant species.
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