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Summary

Parthenium hysterophorus (Asteraceae), of South
American origin, is consideredto be one of the world's
most serious invasive plants, invading Australia, Asia
and Africa. As part of an international collaborative
project, this study attemptedto improve the under
standing of the geographical distribution of P. hystere
phorus in eastern and southern Africa. The climate
modelling program CLIMEX was usedto assistin the
selection of survey localities. Roadside surveys of the
distribution of the weed were conducted in Botswana,
Ethiopia, South Africa, Swazilandand Uganda Prior to
these surveys, only limited P. hysterophoruslocality
records existed; substantially more records were

obtained from surveys. Most infestations were high
density (>3 plants m’?). Distribution recordswere used
to validate the CLIMEX model, which proved a useful
tool. This study increased currenunderstandingf the
distribution of P. hysterophorusand developeda base
line from which to monitor future spread and abun
dance of P. hysterophorus Additional surveys are
required in other countriesin Africa which are predicted
by CLIMEX to be at risk. This will enhanceintegrated
managementlecisionsfor the control of a weedwhich
hasimplications for food securityand human healh.

Keywords:CLIMEX, climate modelling, distribution,
climate suitability, congress grass, parthenium weed,
Santa Maria feverfew,invasive plant, Africa.
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has spreadrapidly and extensivelythroughoutthe world

Introduction
sincethe 1970s(Evans, 1997)and is considereda major

Parthenium hysterophorusL. (Asteraceae),an annual
asteraceous herbjs native to Central and South
America and is consideredto have originated from the
Gulf of Mé xico (Rollins, 1950). Parthenium hysterophorus

threat in many regions (Adkins & Navie, 2006). Parthe
nium hysterophaus is able to grow on a wide range of
soil typesranging from sandyto heavyclays,but favours
the latter (Dale, 1981).Partheniumhysteroplorus occurs
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in areaswith summer rainfall greaterthan 500 mm per
annum (Chamberlain& Gittens, 2004). Germination
can occur at temperaturesbetween 10°C and 25°C
(Tamado et al., 2002a).

Parthenium hysterophorusis able to colonise new
areas rapidly by means of relatively high numbers of
seeds, dispersal via vehicles, water, animals, farm
machineryand wind, and rapid growth rate (Auld et al.,
1983). Disturbedhabitats,such as roadsidesand railway
tracks, stockyards, around buildings and fallow agricuk
tural lands, are particularlysuitablefor P. hysterophorus
dueto alack of interspecieccompetition.New outbreaks
of the weedhave beenlinked to movementof earthmov
ing and harvesting machinery and transportof stock,
fodder and grain from P. hysterophorusnfestedareas.

The adverse impactof P. hysterophoruson agricut
ture havebeenreviewedby severalauthors (McFadyen,
1992; Navie et al., 1996;Evans, 1997).In India, P. hys
terophorus causesa yield decline of up to 40% in
agriculturalcrops (Khosla & Sobti, 1981).In Ethiopia,
sorghum (Sorghumbicolor L. Moench) grain yield was
reduced by between40% and 97% if P. hysterophorus
was left uncontrolledthroughoutthe season(Tamado
et al., 2002b).Parthenium hysterophoruseducespasture
carrying capacity by up to 90% (Nath, 1988; Fessehaie
etal., 2005). In Australia, P. hysterophorus infests
around 170 000 km? of prime grazingcountry in Queens
land, causingeconomiclossesof around A$16.8 million
peryearto the pastureindustry (Chippendale& Panetta,
1994). On cracking clay soils with an annual rainfall
between 600 and 800 mm, P. hysterophoruswas est
matedto reducethe carrying capacityof a e cfarmasdn
Australia by about 40% (McFadyen,1992).

Due to the invasive capacity and allelopathic e
of P. hysterophorus(Mersie & Singh, 1987), natural
ecosystemsare disrupted (Evans, 1997). Allelopathy is
achievedprimarily via the two groupsof allelochemicals,
phenolics and sesquiterpendactones, mainly parthenin

(Belz et al., 2007), which inhibit the germination and
growth of plants including pasture grasses, cereals,
vegetablesand other plant species(Navie et al., 1996;
Evans, 1997), displacing native plant speciesand trans
forming grasslands,open woodlands, river banks and
b o o d p Ita monscultural shrublands(McFadyen,
1992; Chippendale& Panetta1994).

Parthenium hysterophorusalso causes humarhealth
problems such as asthma, bronchitis, dermatitis and
hay fever (Evans, 1997). Parthenium hysterophorus
taints the milk and meat of animals, thereby reducing
the value of animal products (Tudor etal., 1982).
Parthenium hysterophorusin animal feed causesderma
titis with pronouncedskin lesions (Ahmed et al., 1988)
andas i gni gmunn(i0i50%) of P. hysterophorus
in the diet can kill cattle and b u a(Narasimhan
etal., 1977). The homesteads of many rural com
munities are surroundedby dense P. hysterophorus
infestations, resulting in continual direct exposure to
the weed. It is speculated that allergic reactions to
P. hysterophorusmay be exacerbatedin persons that
are immunocompromisedoy diseasesuchas HIV and
tuberculosis, which are highly prevalent in African
populations.

Parthenium hysterophorusis a weed of global signif-
icance(Navie et al., 1996),occurring as an alien invader
in over 20 countries in Africa, Asia and Oceania
(Dhileepan & Strathie, 2009; Fig. 1). On the African
continent, P. hysterophorus has been reported from
South Africa (Wood, 1897; Hilliard, 1977), Swaziland
(MacDonald etal.,, 2003), Mozambique (Wild &
Barbosa, 1967; Da Silva etal., 2004), Zimbabwe
(M. Hyde, pers. comm.), Kenya (Njoroge, 1986),

e c tEthiopia (Fessehaieet al., 2005; Tamado & Milberg,

2000), Eritrea (Tadesse,2004), Somalia (E. Kelbessa,
pers. comm.) and occurs on the islands of Mauritius,
Reunion, Madagascaand the SeychellegNath, 1988;
CAB International,2007) (Fig. 2).

Fig. 1 Approximée global distribution
of partheniumweed (Parth&ium
hysterophorg) in 1994 (from Adkins &
Navie, 2006).
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Fig. 2 African distributionof Partheium
hysterophorusollated from Nath (1988),
CAB Interretional (2007)and A. Witt
(CABI Kenya, pers.comm.). Dark grey
shadingi countriesthat havebeenactively
surveyed(this study) and P. hysterophorus
found; crosshatchingi countries where
surveyshave beenconducted (this study)
but no P. hysterophorusvas found; light
grey shading (or circlesin caseof small
islands)i countriesreported in the
literature to have P. hysterophorg, or for
which there are a few locality records.
Subsequento this study, P. hysterophorus
hasbeenfound in both Uganda (A.Witt &
J. Bisikwa, pers.comm.)and Tanzania
(S. van Rensbug, pers.comm.).

Partheniumhysterophorusvasy r eetordedin South
Africa in 1880, atlnanda in KwaZulu-Natal province. It
wasnot commonin 1977 (Hilliard, 1977),but reportedly
becamecommon and invasive after Cyclone Demoina
caused extensive p 0 o d ialorgy the east coast of
southern Africa in 1984.Wild and Barbosa(1967)noted
the presenceof P. hysterophorusin Mozambique,but
not in Zimbabwe, although it was found near Rainham
Dam in 1982 and has since spread relatively slowly
around Harare in Zimbabwe (M. Hyde, pers. comm.).
Partheniumhysterophorusvasy r eeportedin Kenya in
1975and spreadrapidly and establishedwell in certain
regions, being particularly problematicalin c o glaer
tations and around Nairobi (Njoroge, 1986).Parthenium
hysterophorushas recentlybeenfound in Tanzanianear
Arusha (S. van Rensburg, pers. comm.). There are
divided opinions on the timing and mode of introduc
tion of P. hysterophorusinto Ethiopia. However, the
earliest records of introduction date back to the mid-
seventiesn the eastof the country (Tamado & Milberg,
2000). By 1999, however, P. hysterophoruswvas wide-
spread in easternEthiopia, close to Addis Ababa and
spreadinginto westernEthiopia (Cock, 2001).

Subsistencdarmersin Africa are particularlya e c
by infestations of P. hysterophorusthe costsof control
ling the weedchemicallyor mechanicallyare prohibitive.
Overall, weedingaccountsfor more labour usethan any
other single farm operationin many rural smallscale
agriculture operations (Akobundu, 1991). On small
farms in Africa, P. hysterophoruss currently controlled
by hand weedingand this task is primarily conductedby
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women and schootage children. Weeding is a time-
consuming activity and the reported detrimental health
e e oftPshysterophorusare causefor concern.

In 2005, a project entitled 'Managemenbf the Weed
Parthenium(Parthenium hysterophorusL.) in Eastern
and Southern Africa using Integrated Cultural and
Biological Measurs' was initiated under the auspicesof
the United States Agency for International Develop
ment (USAID) IntegratedPest ManagementCollabo
rative Research Support Programme (IPM CRSP).
This multi-faceted, international collaborative project
involves research and implementationof management
options for the control of P. hysterophorusn parts of
Africa. Due to the paucity of detailed information on
the distribution and abundance of P. hysterophorusin
a e cAfreah countries, objectivesof one component
of the study included (i) prediction of the most suitable
areasof the continent for invasion by P. hysterophorus
based on ecoclimatic conditions, (ii) consolidation of
known distribution data for P. hysterophorusn eastern
and southern Africa, (iii) expansion of this dataset by
conducting distribution surveysto determine the extent
of the weedin selectedcountries and (iv) generationof a
datdbase of distribution data. This componentof the
project provides a vital foundationfor informing stra
tegic weed managementecisions. These data (i) facil-
itate improved knowledge of the current distribution of
P. hysterophoruswith regardto extentand abundanceat
a country and regional scale, (i) provide a baselineto

monitor spreadof the weedand (iii) provide sites peci y c

information for the incorporationand integration of
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managemenbptions, such as biological, mechanical,
chemicaland cultural control.

Materials and methods

Baseline distribution

The starting point for determining the distribution of
P. hysterophorusin easternand southern Africa was to
establish a database of existing records. The South
African Plant Invaders Atlas (SAPIA) database
(Henderson, 2001; SAPIA, 2005)and Swazilar's Alien

Plant databas(http://www.sntc.org.sz/alienplants/index.

asp) that incorporatesroadside surveysand herbarium
records, was utilised to obtain baselineinformationon
the distributionof P. hysterophorusn South Africa and
Swaziland. Limited baseline distribution locality data
were available from Ethiopia, while no data were
available for Botswana and Uganda. Very limited
baseline distribution data, mostly in the form of
herbarium records, were obtained for Kenya, Mozam
bique and Zimbabwe.

Climatic model

In order to assistin the developmentof a distribution
survey protocol, a climatic model wasusedto determine
areas suitable for the growth of P.hysterophorus
CLIMEX (Sutherst et al., 2007) is a computerbased,
dynamic simulation package which has been noted as
being well-suited for conducting weed risk assessments
(Kriticos & Randall,2001). It consistsof two distinct
algorithms (models), namely, Compare Locationsand
Match Climates. The former model was utilisedfor the
purposesof this study. It is processorientedand relies
largely on an inferential approachto specifythe mod
elled organisns relative weekly populationresponseto
temperature and soil moisture variables based on
distribution data (Robertsonet al., 2008). However,
CLIMEX models can also b e n efpmh information
drawn from other knowledge domains such as growth
phenology and direct experimentalobservation(Kriticos
et al., 2005). The model is basedon the assumptiorthat
during a year most animal and plant populations
experiencea seasonwhich is favourable for population
growth and one that is unfavourablepr may jeopardise
its persistencein a given area (Sutherst & Maywald,
1985). The potential growth of a populationduring the
favourable seasonis describedby an annual population
‘Growth Index' (Gl,), while the probability of the
populationsurviving through the unfavourableseasonis
describedby up to eight stressindices (cold, hot, wet,
dry, cold-wet, colddry, hotwet, hotdry) (Sutherst &
Maywald, 1985).To give an overall measure ofavour

ability of a locality for permanent occupationby the
population,the Gl 5 and stressindicesare combinedinto
an 'Ecoclimatic Index' (El). Resulting Els can thenbe
displayedas a map, table or graph depicting the climatic
suitability of a particularareafor the favourable growth
of the speciesbeing modelled.

Model fitting

CLIMEX model parameterdor P. hysterophoruswere
obtained from the QueenslandDepartmentof Natural
Resourcesand Mines (QDNR&M), having been devet

oped as part of the Weeds of National Si gni ycance

(WONS) componentof the Australian National Weeds
Strategy. Theseoriginal parametersvere developed by
B. Lawson (unpubl. obs.) usingthe CLIMEX semtarid
template as astarting point and known thermal char
acteristicsof P. hysterophorus(from the literature) and
mapped distributions of the weed in its native range
(Table 1). These parameterswere used as a starting
platform for our model. Severalof the original param
etervalues(cold, wet and dry stress)from the B. Lawson
model violated logical relationshipsthat are enforcedin
the most current version of CLIMEX (Ver. 3) and were
adjusted accordingly. In addition, the signs of some
stressrate parametersvere changed due to a reformu
lation of the functions in CLIMEX (Ver. 3) (Table 1).
Native (Mé xico) (from data at http://www.conabio.

gob.mx/remib_ingles/doctos/remibnodosdb.html) and

invaded (South Asian) (Dhileepan & Senaratne, 2009)
distributions of P. hysterophoruswvere used to further
r e y theeclimatic limits of the weedwheny t t the g
model. This accords with Kriticos and Randall (2001)
who suggestthat where possible, both native and
introduced
parametergor ecoclimaticmodelsof invasive species.

Growth and stressindices were adjusted iteratively,
so that the projected climate suitability patterns most
closely matched the observed relative abundance pat
terns in both the native and invaded ranges. The
selection of values for growth indices, where possible
were informed using available experimental inputs. The
parametervalues used to model the distribution of
P. hysterophorusare givenin Table 1.

Temperature index

The lower (DVO) and upper (DV3) temperaturehresh

olds were set to 6°C and 39°C respectively (Table 1)
according to observationsby Doley (1977) and Dale
(1981), which suggestedhat the distribution of P. hys

terophorusis limited to areasthat do not experience
extremesin temperatur¢<5°C, >40°C). The param

eters DV1 (22°C) and DV2 (32°C) were set according
to the optimum temperatureregime for maximum

© 2010The Authors
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Tablel CLIMEX paraneter valuesusedfor Parth@ium hysterophorus

Index Parameter Original values* New values® Units*
Temperature DVO = lower threshold 6 6 °C

DV1 = lower optimum temperature 25 22 °C

DV2 = upper optimum temperature 33 32 °C

DV3 = upper threshold 40 39 °C
Moisture SMO = lower soil moisture threshold 0.05 0.1

SM1 = lower optimum soil moisture 0.3 0.3

SM2 = upper optimum soil moisture 0.7 0.8

SM3 = upper soil moisture threshold 15 14
Cold stress TTCS = temperature threshold 14 4 °C

THCS = stress accumulation rate 0.0001 )0.001 Weelko?!

DTCS = degree-day threshold 12 12 d°C

DHCS = stress accumulation rate 0.0001 )0.0001 Weelko?!
Heat stress TTHS = temperature threshold 40 40 °C

THHS = stress accumulation rate 0.001 0.001 Week>*
Dry stress SMDS = threshold soil moisture 0.15 0.1

HDS = stress accumulation rate 0.002 )0.001 Week>*
Wet stress SMWS = threshold soil moisture 11 2.3

HWS = stress accumulation rate 0.002 0.002 Week>*
Hot tdry stress TTHD = hot-dry temperature threshold 32 35

MTHD = hot-dry moisture threshold 0.3 0.2

PHD = hot-dry accumulation rate 0.025 0.001 Weel!
Annual heat sum PDD = degree-day threshold 2500 2000 °C

*Some of the original valuesreported hered i
original model.

fem the B. Lawson (unpub. obs.) model becauseof violated relationsip errors in the

‘The signsof somestressrate parametersiave changeddue to a reformuktion of the functions in the new version of CLIMEX.

Parametersvithout units are dimensionless.

P. hysterophorus biomass production (Willams &
Groves, 1980).

Moisture index

To allow reasonablespeciesgrowth in the drier regions
of P. hysterophorushative and introduced ranges,SMO
was set at 0.1 (Table 1). Soil moisture is a major
contributingfactor for both mature plant longevity and
b o we r(Namigy et al., 1996). Soil moisture values for
optimum growth (SM1 and SM2) were setat 0.3 and

0.7, respectivelyto improve speciesgrowth in South
Asia. An upper soil moisture level (SM3) of 1.4 was set
along the samelines.

Cold stress

We y t tceld stressparameterdgrom distribution limit
records in Mé xico and South Asia. The cold stress
temperaturethreshold (TTCS) was set at 4°C, with a
cold stresstemperaturerate (THCS) of )0.001weeR*
(Table 1). The degreeday threshold was set at 12 d°C
with a stressaccumulationrate of )0.001weeR:. The
annual heat sum (PDD) was setat 2000°C.

Heat stress
In accordancewith the observation®f Doley (1977)and
Dale (1981), the heat stressthreshold was set to 40°C

with an accumulatiorrate of 0.001weeR?* (Table 1).

© 2010The Authors

Dry stress

Parthenium hysterophorusseedsare dependanbn high
moisture availability for germination (Navie etal.,
1996). To improve speciesgrowth in Mé xico, however,
the threshold soil moisture stressvalue usedwasO0.1 with
an accumulationrate of )0.001week?* (Table 1). This
improved the distributiony tof the speciesin drier areas
of the native range.

Wet stress

A relatively high threshold value for wet stress(SMWS)
of 2.3, with an accumulation rate (HWS) of
0.002 weekR* wasused(Table 1). This allowed improved
growth of P. hysterophorusin the south of Mé xico, as
well as central and southeast India, Sri Lanka,Bangla
deshand Bhutan.

Hot /dry stress

This combination stress parameter was added to
the model to decreasethe occurrence and growth of
the speciesin Mediterraneanclimates as P. hystere
phorus is documented as being particularly problem
atic in areas of high summer rainfall (Navie etal.,
1996). The hotdry temperaturethreshold (TTHD)
was set at 35, the hotdry moisture threshold at 0.2
and the hotdry accumulationrate at 0.001weelk*
(Table 1).

Weed Research© 2010 EuropeanWeed ResearchSociety WeedResearctbl, 71i 84



76 A J McConnahie et al.

Model validation

The results of our model were presentedgraphically,
indicating the ecoclimatic suitability of d i e areast
for the growth of P. hysterophorusThe suitability of an
area was expressedin terms of its Ecoclimatic Index
(El), with areas having an El of 1i5 considered
marginal, 6i 20 consideredsuitable and >20 considered
optimal (Watt et al., 2009)for P. hysterophorusgrowth
and persistence.The accuracy of our model was tested
againstthe resultsfrom surveysin easternand southern
Africa, as well as independent herbariaecords (from
data at the Australian Virtual Herbarium,http://
www.ersa.edu.au/aviand the QueenslandHerbariunis
HERBRECSdatabase, http://www.derm.qld.gov.au)f
naturalisedpopulationsfrom Australia.

Roadside surveys

Surveyswere conductedalong road networks in parts of
southern (South Africa, Swaziland and Botswana)and
easternAfrica (Ethiopia and Uganda) in 2006 and2007,
to determinethe distributionof P. hysterophora Surveys
were conducted by vehicle along selectedavailable road
networks, scanningboth sidesof the road for the weed.
Particular emphasis was placed on surveying quarter
degree squares (QDS) (25km - 25km) immediately
surroundingknown baselinelocalities and areas which
were estimated by the CLIMEX model (Table 1) to be
suitable for the growth of P. hysterophorusSurveydata
were constrainedin some parts by limited road access
and tor political ¢ o n p The surveys were conducted
during a 2i 3 weekperiod at the end of the summergrowth
seasonfor the northernand southern hemisphere when
P. hysterophorusplants were in full p o wend easily
i dent inQ®®WhereP. hysterophorusvasobserved
and had not beenpreviouslyrecorded,the following data
were recorded: date, geographical co-ordinatesaltitude,
locality nameand descriptionof infestation with regardto
land use.The abundanceof P. hysterophorusat eachsite
was recorded as either low (1 plant m??), medium
(21 3 plants m??) or high (>3 plants m??). In QDS where
P. hysterophorusvas not recorded, locality data (as for
presenceecords)wasalso recorded, toassistin ground
truthing the model. Presenceand absencedata were
plotted using the mapping program MAPViewer
7 (Golden SoftwareInc., Golden, CO, USA).

Results

Model fit

A visual inspection of the modelled distribution of
P. hysterophorusn Mé xico (within the centre of origin)

showed very close agreemenwith the observed distri-
bution, with all known populationsoccurring at least
where EI ¥ 1 but with the majority occurring where
El >20,indicating an optimal climate (Fig. 3A). Within
South Asia, the available distribution dataset also
concurred strongly with the modelled distribution
(Fig. 3B).

Potential distribution

The CLIMEX model indicated that s i g n i areasoh t
Australia and the AsianP a c irggion are climatically
suitable for P. hysterophorusas well as parts of Europe
(Italy, France, Spain and Portugal) (Fig. 4). On the
African continent, most of subSaharan Africa is
climatically suitable for the weed. In East Africa,
countries with highly favourable Els include Ethiopia,
Uganda, Tanzania and Kenya. Southern African
countries that are highly suitable for the growth of
P. hysterophorus include South Africa, Swaziland,
Madagascarand Mozambique. In descending order,
Zimbabwe, Botswana, Namibia and Zambia were
shown to be relatively less suitable. On the west coast
and centre of Africa, parts of Angola, Benin, Central
African Republic, Cameroon,Congo, Cdte D'lvoire,
Democratic Republic of the Congo, Gabon, Ghana,
Nigeria and Togo were also climatically suitable for
P. hysterophorus

Surveys

Roadside surveysconductedin 2006and 2007revealeda
si gni maeaseih the baselinedistribution records
for P. hysterophorusin Ethiopia, South Africa and
Swaziland (Fig. 5A and B). This increasein the known
number of P. hysterophorus localities is attributed
largely to sampling e o and does not necessarily
accurately r e p ¢he tate of spread of the weed. In

Ethiopia, P. hysterophorusvas widespreadin the north,
eastand southwestern regions surveyed(Fig. 5A). The
extent of distribution was more widespread than
previously recorded.The distribution of P. hysterophe
rus in South Africa currently occurs in the savannah
biome along the northern and eastern parts of the
KwaZulu-Natal province, extending into the north

eastern and northhwestern reaches of Mpumalanga
province, and north-easternparts of North West prov-

ince (Fig. 5B). Thes i g n i rgductian in new localities
recorded during the 2007 surveyin South Africa, in

comparison with the 2006 survey (Fig 5B), suggestshat
the current distribution of P. hysterophorusin South
Africa may have beenfully measured. IrSwaziland,the
weed occurredin almost every QDS throughout the
country. Partheniumhysterophoruswas not detectedin

© 2010The Authors
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Pakistan

Sri Lanka

El values

[Joto<4.95
[]4.95t0<9.9
[J9.9to<14.9
[114.9t0<19.8
[ 19.8t0<24.8
[ 24.8 t0 <29.7
[ 29.7to <34.6
[ 34.6 t0 <39.6
[ 39.6 to <44.6
[ 44.6 to <49.5
[ 49.5to <54.5
@ 54.5 to <59.4
[ 59.4 to <64.4
[ 64.4 to <69.3
M 69.3t0 <74.3
W 74.3t0<79.2
B 79.2 to <84.2
W 84.2t0<89.1
B 89.1 to <94
W 94 to <99

Fig. 3 Known distribution (solid dots) of Partheniumhysterophorusn (A) Mé xico (nativerange)(from data at http://www.conabio.gobmx/
remib_ingleddoctos/rentinodosdb.htl), and (B) South Asia (introdued range) (Dhileepan & Senaratne,2009) overlaidon the CLIMEX

Ecoclimatic Index (El) for theseregions.

the areasthat were surveyedin Botswana or Uganda,
although it has since been discovered in parts of
Uganda.

High density (>3 plants m’?) P. hysterophorusnfes
tations were mostly encounteredduring road surveysin
Ethiopia, South Africa and Swaziland (Fig. 6). About a
third of the localities encounteredin Ethiopia were of
low and medium (1i3 plant m*?) density, possibly
indicating early stagesof invasion at those localities.

© 2010The Authors

The majority of P. hysterophorus infestations
encountered during the road surveysin South Africa
and Swaziland were below 500 m altitude, with the
highest altitude infestation occurring at 1167m in
Swaziland (Fig. 7). In contrast,P. hysterophorusinfes
tations in Ethiopia occurred mostly between1000m and
2500 m, with the majority occurring in the 1500 2000 m
range, and the highest altitude infestation observed
during thesesurveyspresentat 2627 m (Fig. 7).
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Fig. 4 CLIMEX generatedmap of the relative climatic suitability of Africa for Partheniumhysterophora Grey shadingdepictsthe
Ecoclimaic Indices (suitability of eachlocation); the darker the shading, the more suitable the areafor the growth of P. hysterophora.

Model validation

Actual distributions of P. hysterophorusin southern
Africa and Ethiopia concurred well with the CLIMEX
results, as P. hysterophorusonly occurred in areasthat
were estimated to be climatically suitable by the
model (Fig. 8A and B), thereby verifying the model.
Parthenium hysterophoruswas only found at a few
localities in north-western Ethiopia, even though the
model estimated a wider area with suitable Els for the
weed(Fig. 8A). Similarly, P. hysterophorusvas also not
found in severalareasthat were estimatedto be fairly
suitable for its growth in South Africa (Fig. 8B),
indicating that the full extent of the distribution has
probably not yet been achieved. There are additional
areasthat are highly climatically suitable for P. hystere
phorus in Ethiopia, more widely in the subSaharan
region and southern Africa (particularly southern
Mozambique)that could not be monitored during this
study. Theseshould be monitored for occurrenceof the
weed, so that rapid responseand managemengactions
can be implementedas soon as possibleafter detection.
Further validation for the CLIMEX model
came from its y t to naturalised observations of
P. hysterophorusin Australia (Fig. 9). The weed has

beenpresentin Australia for over 50 years(Navie et al.,
1996), and is considereda major weed in the grazing
lands of central Queensland(Williams & Groves, 1980).
The modelcorrectly predicted the climatic suitability of
most observationsn the validation dataset,apart from
two outliers in the drier interior. Of these, the more
northerly record (Gregory North) wasa singleplant in a
car park which was irrigated, and the southerly record
(Gregory South) wason ap o o d p4.5&in southwest
of Windorah.In both casesthe presenceof P. hystere
phoruswas attributableto microclimatice e and# js
consideredhighly unlikely that any viable populations
would occur outside of theseareas.

Discussion

Despite the presenceof P. hysterophoruson the African
continent for over a century, few comprehensivesurveys
of distribution of this weed have been undertakerand
no data on a broader regional scalehad been collated
prior to this study. The b e n eof tosducting species
s p e c digtribution surveys included: (i) increased
knowledge of the current distribution of P. hysterophe
rus and information that the weedis more widespread
than previously known, (ii) developmentof a baseline
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Fig. 5 Distributionmapsof Parthenium
hysterophorusn (A) Ethiopia, (B) South
Africa, Swazilandand part of
Mozambigque, with previously known
records (white dots), and distribution
recordsfrom surveysin 2006 (grey dots)
and 2007 (black dots), and towns (cities

. Cape Town
(white stars).

from which to monitor spread and abundance of countries that were climatically more prone to invasion
P. hysterophorusin the future, both with regard to the by P. hysterophorus. The model also highlights the
presenceof the plant and ultimately to monitor impact potential for future spread of P. hysterophorusn sub
of control methods andiii) sites p e cinfoyneationfor  Saharan Africa. Distribution records from the surveys
the selectionof appropriatemanagemenoptions, such so far agree with the model results. However, more
as biological, mechanical,cultural and, wherenecessary, data are needed to further validate its predictive

chemicalcontrol in integrated control programmes. strength and to potentially improve its y t(seeKriticos
CLIMEX has been used to successfully model etal, 2007).
speciesdistributionsin various studies (Kriticos et al., Outcomes of this survey include the realisation of

2005; Dhileepan & Senaratne, 2009). In this study, it  P. hysterophorusas a problem of national si gni ycance
proved to be a useful tool in the formulationof survey for Swaziland, concurring with reports of it being a
methodology,by identifying areasin the participating  major weed (MacDonald etal., 2003). Parthenium
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Fig. 7 Altitude ¢ | a s @n of Pastheniumhysterophorus
infestationsfrom road surveysin Ethiopia, and in South Africa
and Swazilandin 2006and 2007 (baselinerecords excluded).

hysterophoruswas alsoi d e n tas ayregobnal problem
within the southern and eastern African regions.
Tamado et al. (2002a) concluded that therewere no
obvious climatic conditions that limited the germination
of P. hysterophorusin Ethiopia, but that the high
moisture requirement of the seedsfor germination could
be the major factor limiting germination during thedry
season.In a 1998surveyin easternEthiopia, almost all
smaltscale lowland farmers and about two-thirds of
those residing at intermediate altitudeg1600° 1900 m)
consideredP. hysterophorughe most importantweedin
both crop lands and grazing areas, whereasit was not
common and consideredonly a roadside weed in the
highlands (>1900m) of that region (Tamado &
Milberg, 2000).
The highest altitude infestation documentedin this

study (2627m) (Fig. 7) is the highest known altitude

record for P. hysterophorus.This may demonstratehe
altitudefor-latitude swap phenomenon, highlighting
why altitude is sucha poor indicator of the range limits
of a speciesThe value of usingtools suchasCLIMEX is
that thetemperaturedata automaticallyincorporatethe
relationship  betweeraltitude and temperature across
latitudes.

In Ethiopia, the region southeast and southwest
of Dire Dawa (where P. hysterophoruswas y r st
recorded in the country) is estimatedby the CLIMEX
model to be most ecoclimatically suitable for P. hys
terophorus (Fig. 8A). This probably enabled the weed
to establish and become widely invasive in this
country following its introduction. Rate and extent
of spread of P. hysterophorussince introduction has
been more noticeable in some countries (Ethiopia and
Swaziland) than others (Kenya, South Africa and
Zimbabwe), despite ecoclimatically suitable areas with-
in the latter countries. This disparity may be attrib-
uted to higher levels of disturbance(e.g. overgrazing)
in Ethiopia and Swaziland, due to particularland use
practices. In South Africa, P. hysterophoruswvas only
considered invasive a century after it wa s  ¢lacis t
mented. However, the epicentre of invasion in South
Africa is further north than the original recorded
localities, possibly suggestinga second introduction of
the weed, likely from neighbouring Swaziland or
Mozambique. Although P. hysterophorus was y r s t
reported in Australia in 1955, it did not spread
si gni yfom rhisl infestation; a second introduc
tion of contaminatedpasture seedn 1958 ledto the
widespread invasion within the country (Navie et al.,
1996).1t therefore appearsthat there may be forms or
biotypes of P. hysterophoruswith d i e rinvasige
capabilities. The mode of introduction of P. hystere
phorus source seed into the southern African sub
region is unknown but could have occurred via
foreign aid importationsduring drought or civil war,
or movement of seedduring cyclone events.

While the current distribution of P. hysterophorusis
thought to have been fully measuredin South Africa
and Swaziland, ongoing surveysare required in south
ern Africa to assesghe rate of spread of the weed, as
it likely has not yet reached the full extent of its
potential distribution, as r e p e dnt thel CLIMEX
results. Additional surveysare required in Mozambique,
Madagascar,Tanzania, Uganda and Kenya, where
P. hysterophoruss reported to be presentand CLIMEX

estimateshighly favourable Els. Presencev er i y égsat i on

also required in countries such as Malawi, Democratic
Republic of Congo, Gabon, Central African Republic,
Nigeria, CameroonNigeria, Benin, Togo, Ghana,Cote
d'lvoire and Liberia, which CLIMEX indicates may
have areas climatically suited for P. hysterophorus

© 2010The Authors

Weed Research© 2010 EuropeanVeed ResearchSociety WeedResearchbl, 71i 84



Distribution of Partheniumhysterophorusn easternand southern Africa 81

El values

77 Lichinga

NAMIBIA
[ 49.5 to <54.5
[ 54.5 to <59.4
[ 59.4 to <64.4
[ 64.4 to <69.3
[ 69.3 to <74.3
W 74.3 to <79.2
Wl 79.2 to <84.2
M 84.2 t0 <89.1
Il 89.1t0 <94
M 94 to <99

Cape Town (*
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Fig. 9 Distributionof Partheniumhysterofmorusin Australia (introducedrange)showingpresencedata (from data at the AustralianVirtual
Herbarium,http://www ersa.edu.au/ay, and the QueenslandHerbarium's HERBRECS databae, http://www .derm.qldgov.au)overlaid
on the CLIMEX Ecoclimatic Indices (El).

Additional surveys are also requiredin Ethiopia, J. Bisikwa, pers. comm.) and northern Tanzania
especiallyin areas away from the main roads and in (K. Clarke, pers. comm.); further surveysare required
the eastern(where historically, the weedwasthought to  to determine its full extent there. Southern European
have been introduced), southeastern and southern countries, e.g. Spain,Portugal, Italy and France, were
regions, as these areas are predicted to be climatically i d e n thby YCERIMEX as being at risk of invasion
suitable for P. hysterophorusSubsequentto this study, by P. hysterophorusAuthoritiesin thesecountries may
P. hysterophorusvas found to be presentin the eastern, be advisedto initiate stepsto surveyfor the weed,and if

southernand southwestern parts of Uganda (A. Witt & not present,to take stepsto preventits introduction.
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