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Summary 
 

Parthenium  hysterophorus  (Asteraceae),  of  South 

American  origin, is considered  to be one of the world's 

most  serious  invasive  plants,  invading  Australia,  Asia 

and Africa. As part of an international collaborative 

project, this study attempted to improve the under- 

standing  of the geographical  distribution of P. hystero- 

phorus in eastern and southern Africa. The climate 

modelling  program  CLIMEX was used to assist in the 

selection of survey localities. Roadside surveys of the 

distribution of the weed were conducted  in Botswana, 

Ethiopia,  South Africa, Swaziland and Uganda. Prior to 

these  surveys,  only   limited   P. hysterophorus   locality 

records    existed;    substantially   more    records    were 

obtained   from   surveys.  Most   infestations   were  high 

density (>3 plants  m
)2

). Distribution records were used 

to validate  the CLIMEX model, which proved  a useful 

tool.  This study increased  current  understanding of the 

distribution of P. hysterophorus  and  developed  a base- 

line  from  which  to  monitor   future  spread  and  abun- 

dance   of  P. hysterophorus.   Additional   surveys  are 

required in other countries in Africa which are predicted 

by CLIMEX to be at risk. This will  enhance integrated 

management decisions for the control  of a weed which 

has implications  for food security and human  health. 
 
Keywords: CLIMEX, climate   modelling,   distribution, 
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Introduction 
 

Parthenium hysterophorus L. (Asteraceae), an annual 

asteraceous    herb,   is  native   to   Central    and   South 

America  and  is considered  to have originated  from the 

Gulf  of Mé xico (Rollins, 1950). Parthenium hysterophorus 

has spread rapidly and extensively throughout the world 

since the 1970s (Evans, 1997) and is considered a major 

threat  in many regions (Adkins & Navie, 2006). Parthe- 

nium hysterophorus is able to grow on a wide range  of 

soil types ranging from sandy to heavy clays, but favours 

the latter (Dale, 1981). Parthenium  hysterophorus occurs 
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in areas with summer  rainfall  greater  than  500 mm per 

annum   (Chamberlain  &  Gittens,   2004).  Germination 

can occur at temperatures between 10°C and 25°C 

(Tamado  et al., 2002a). 

Parthenium   hysterophorus  is  able  to  colonise  new 

areas  rapidly  by  means  of  relatively  high  numbers  of 

seeds, dispersal via vehicles, water, animals, farm 

machinery and wind, and rapid growth rate (Auld et al., 

1983). Disturbed habitats, such as roadsides and railway 

tracks,  stockyards,  around  buildings and fallow agricul- 

tural lands, are particularly suitable for P. hysterophorus, 

due to a lack of interspecies competition. New outbreaks 

of the weed have been linked to movement of earthmov- 

ing and harvesting machinery and transport of stock, 

fodder and grain from P. hysterophorus infested areas. 

The adverse  impacts  of P. hysterophorus on agricul- 

ture have been reviewed by several authors  (McFadyen, 

1992; Navie et al., 1996; Evans, 1997). In India,  P. hys- 

terophorus causes a yield decline of up to 40% in 

agricultural crops (Khosla  &  Sobti,  1981). In Ethiopia, 

sorghum (Sorghum bicolor L. Moench) grain yield was 

reduced  by between  40%  and  97%  if  P. hysterophorus 

was left uncontrolled throughout the  season  (Tamado 

et al., 2002b). Parthenium  hysterophorus reduces pasture 

carrying  capacity  by up to 90% (Nath,  1988; Fessehaie 

et al.,   2005).   In   Australia,    P. hysterophorus   infests 

around 170 000 km2  of prime grazing country in Queens- 

land, causing economic losses of around  A$16.8 million 

per year to the pasture industry (Chippendale  & Panetta, 

1994). On cracking clay soils with an annual rainfall 

between  600  and  800 mm,  P. hysterophorus  was  esti- 

mated to reduce the carrying capacity of a ected farms in 

Australia  by about  40% (McFadyen, 1992). 

Due to the invasive capacity  and  allelopathic  e ects 

of P. hysterophorus  (Mersie & Singh, 1987), natural 

ecosystems are disrupted  (Evans, 1997). Allelopathy is 

achieved primarily via the two groups of allelochemicals, 

phenolics  and  sesquiterpene  lactones,  mainly parthenin 

(Belz et al.,  2007), which  inhibit  the  germination   and 

growth of plants including pasture grasses, cereals, 

vegetables  and  other  plant  species (Navie  et al.,  1996; 

Evans,  1997), displacing native plant  species and trans- 

forming grasslands, open woodlands, river banks and 

þoodplains   to   monocultural  shrublands  (McFadyen, 

1992; Chippendale & Panetta, 1994). 

Parthenium hysterophorus also causes human health 

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   et al.,   1982). 

Parthenium  hysterophorus in animal  feed causes derma- 

titis with pronounced skin lesions (Ahmed  et al., 1988) 

and a signiýcant  amount  (10ï50%) of P. hysterophorus 

in  the  diet  can  kill  cattle  and  bu alo   (Narasimhan 

et al.,   1977).  The   homesteads   of  many   rural   com- 

munities  are  surrounded by  dense  P. hysterophorus 

infestations,   resulting  in  continual   direct  exposure  to 

the  weed.  It  is  speculated   that   allergic  reactions   to 

P. hysterophorus  may  be  exacerbated   in  persons  that 

are immuno-compromised by diseases such as HIV and 

tuberculosis, which are highly prevalent in African 

populations. 

Parthenium  hysterophorus is 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   et al.,   2003),   Mozambique   (Wild   & 

Barbosa,    1967;   Da   Silva   et al.,   2004),   Zimbabwe 

(M.  Hyde,  pers.  comm.),  Kenya  (Njoroge,  1986), 

Ethiopia   (Fessehaie  et al.,  2005;  Tamado   &  Milberg, 

2000),  Eritrea  (Tadesse,  2004),  Somalia  (E.  Kelbessa, 

pers. comm.) and occurs on the islands of Mauritius, 

Reunion,  Madagascar and  the  Seychelles (Nath,  1988; 

CAB International, 2007) (Fig. 2). 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 1 Approximate global distribution 

of parthenium weed (Parthenium 

hysterophorus) in 1994 (from Adkins & 

Navie, 2006). 
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Fig. 2 African distribution of Parthenium 

hysterophorus collated from Nath  (1988), 

CAB International (2007) and A. Witt 

(CABI Kenya,  pers. comm.). Dark  grey 

shading ï countries  that have been actively 

surveyed (this study) and P. hysterophorus 

found;  cross hatching  ï countries  where 

surveys have been conducted  (this study) 

but no P. hysterophorus was found;  light 

grey shading  (or circles in case of small 

islands) ï countries  reported  in the 

literature  to have P. hysterophorus, or for 

which there are a few locality records. 

Subsequent  to this study, P. hysterophorus 

has been found in both Uganda  (A.Witt  & 

J. Bisikwa, pers. comm.) and Tanzania 

(S. van Rensburg,  pers. comm.). 

 

 
Parthenium  hysterophorus was ýrst recorded in South 

Africa in 1880, at Inanda  in KwaZulu-Natal province. It 

was not common in 1977 (Hilliard, 1977), but reportedly 

became common and invasive after Cyclone Demoina 

caused   extensive   þooding   along   the   east   coast   of 

southern  Africa in 1984. Wild and Barbosa (1967) noted 

the  presence  of  P. hysterophorus  in  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.). 

Parthenium  hysterophorus was ýrst reported  in Kenya in 

1975 and spread  rapidly  and established  well in certain 

regions, being particularly problematical in co ee plan- 

tations and around  Nairobi  (Njoroge, 1986). Parthenium 

hysterophorus has recently been found in Tanzania, near 

Arusha   (S.  van  Rensburg,   pers.  comm.).   There  are 

divided  opinions  on the timing and  mode  of introduc- 

tion  of  P. hysterophorus  into  Ethiopia.   However,  the 

earliest records of introduction date back to the mid- 

seventies in the east of the country (Tamado  & Milberg, 

2000). By 1999, however, P. hysterophorus was wide- 

spread in eastern Ethiopia,  close to Addis Ababa and 

spreading  into western Ethiopia  (Cock, 2001). 

Subsistence farmers in Africa are particularly a ected 

by infestations  of P. hysterophorus; the costs of control- 

ling the weed chemically or mechanically are prohibitive. 

Overall, weeding accounts for more labour  use than any 

other single farm operation in many rural small-scale 

agriculture   operations  (Akobundu,  1991).  On   small 

farms in Africa, P. hysterophorus is currently  controlled 

by hand weeding and this task is primarily conducted  by 

women and school-age children. Weeding is a time- 

consuming activity and the reported detrimental health 

e ects of P. hysterophorus are cause for concern. 

In 2005, a project entitled 'Management of the Weed 

Parthenium (Parthenium   hysterophorus  L.)  in  Eastern 

and Southern  Africa using Integrated Cultural  and 

Biological Measures'  was initiated under the auspices of 

the  United  States  Agency  for  International  Develop- 

ment (USAID)  Integrated Pest Management Collabo- 

rative   Research   Support    Programme    (IPM   CRSP). 

This multi-faceted, international collaborative project 

involves research and implementation of management 

options for the control of P. hysterophorus in parts of 

Africa.  Due  to  the  paucity  of detailed  information on 

the distribution and abundance  of P. hysterophorus in 

a ected African countries,  objectives of one component 

of the study included (i) prediction  of the most suitable 

areas of the continent for invasion by P. hysterophorus 

based on ecoclimatic conditions,  (ii) consolidation of 

known  distribution data  for P. hysterophorus in eastern 

and southern  Africa, (iii) expansion of this dataset  by 

conducting  distribution surveys to determine  the extent 

of the weed in selected countries and (iv) generation  of a 

database  of distribution data. This component of the 

project  provides  a vital foundation for informing  stra- 

tegic weed management decisions.  These data  (i) facil- 

itate improved  knowledge of the current  distribution of 

P. hysterophorus with regard to extent and abundance  at 

a country and regional scale, (ii) provide a baseline to 

monitor  spread of the weed and (iii)  provide site-speciýc 

information for  the  incorporation and  integration  of 
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management options,  such as biological, mechanical, 

chemical and cultural  control. 
 

 
Materials  and methods 

 
Baseline distribution 

 

The  starting  point  for  determining  the  distribution  of 

P. hysterophorus in eastern and southern Africa was to 

establish   a  database   of  existing  records.   The  South 

African Plant Invaders Atlas (SAPIA) database 

(Henderson,  2001; SAPIA,  2005) and Swaziland's  Alien 

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

asp) that  incorporates roadside  surveys and  herbarium 

records,  was utilised to obtain  baseline information on 

the distribution of P. hysterophorus in 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 assist in the development of a distribution 

survey protocol,  a climatic model was used to determine 

areas  suitable  for  the  growth  of  P. hysterophorus. 

CLIMEX (Sutherst  et al.,  2007) is a  computer-based, 

dynamic  simulation  package  which  has  been  noted  as 

being well-suited for conducting weed risk assessments 

(Kriticos & Randall, 2001). It consists of two distinct 

algorithms (models), namely, Compare Locations and 

Match Climates. The former model was utilised for the 

purposes  of this study.  It is process-oriented and  relies 

largely on an  inferential  approach to  specify the mod- 

elled organisms'  relative weekly population response  to 

temperature and soil moisture variables based on 

distribution data  (Robertson et al.,  2008). However, 

CLIMEX  models  can  also  beneýt  from  information 

drawn from other knowledge domains such as growth 

phenology and direct experimental observation (Kriticos 

et al., 2005). The model is based on the assumption that 

during  a year most animal and plant  populations 

experience a season which is favourable  for population 

growth and one that  is unfavourable, or may jeopardise 

its  persistence  in  a  given  area  (Sutherst  & Maywald, 

1985). The potential  growth  of a population during  the 

favourable  season is described by an annual  population 

'Growth Index' (GIA), while the probability of the 

population surviving through  the unfavourable season is 

described  by up  to  eight stress indices (cold,  hot,  wet, 

dry, cold-wet, cold-dry, hot-wet, hot-dry) (Sutherst & 

Maywald,  1985). To give an overall measure  of favour- 

ability of a locality for permanent  occupation by the 

population, the GIA and stress indices are combined into 

an 'Ecoclimatic Index' (EI). Resulting EIs can then be 

displayed as a map, table or graph depicting the climatic 

suitability of a particular area for the favourable  growth 

of the species being modelled. 

 
 
Model  fitting 
 

CLIMEX model parameters for P. hysterophorus were 

obtained  from  the Queensland  Department of Natural 

Resources  and Mines (QDNR&M), having been devel- 

oped as part of the Weeds of National Signiýcance 

(WONS) component of the Australian National Weeds 

Strategy.  These original  parameters were developed  by 

B. Lawson  (unpubl.  obs.) using the CLIMEX semi-arid 

template as a starting point and known thermal char- 

acteristics of P. hysterophorus (from the literature) and 

mapped  distributions of  the  weed  in  its  native  range 

(Table 1). These parameters were used as a starting 

platform  for our  model.  Several of the original  param- 

eter values (cold, wet and dry stress) from the B. Lawson 

model violated logical relationships that  are enforced in 

the most current  version of CLIMEX (Ver. 3) and were 

adjusted   accordingly.   In  addition,   the  signs  of  some 

stress rate  parameters were 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. hysterophorus were used to further 

reýne  the  climatic  limits  of  the  weed when  ýtting  the 

model.  This accords  with Kriticos  and  Randall  (2001) 

who suggest that  where possible, both  native and 

introduced  ranges should be included when ýtting 

parameters for ecoclimatic models of invasive species. 

Growth  and  stress indices 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 

parameter  values  used  to  model  the  distribution  of 

P. hysterophorus are given in Table 1. 

 
Temperature index 

The lower (DV0) and upper  (DV3) temperature thresh- 

olds were set to 6°C and 39°C respectively (Table 1) 

according to observations by Doley (1977) and Dale 

(1981), which suggested that  the distribution of P. hys- 

terophorus is limited to areas that do not experience 

extremes  in temperature (<5°C,  >40°C). The  param- 

eters  DV1  (22°C) and  DV2  (32°C) were set according 

to   the   optimum   temperature  regime   for   maximum 

http://www.sntc.org.sz/alienplants/index
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Table 1 CLIMEX parameter  values used for Parthenium  hysterophorus 

 

Index Parameter Original values* New valuest Unitst 

Temperature DV0 = 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 SM0 = 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 1.5 1.4  
Cold stress TTCS = temperature threshold 14 4 °C 

 THCS = stress accumulation rate 0.0001 )0.001 Week)1
 

 DTCS = degree-day threshold 12 12 d°C 

 DHCS = stress accumulation rate 0.0001 )0.0001 Week)1
 

Heat stress TTHS = temperature threshold 40 40 °C 

 THHS = stress accumulation rate 0.001 0.001 Week)1
 

Dry stress SMDS = threshold soil moisture 0.15 0.1  
 HDS = stress accumulation rate 0.002 )0.001 Week)1

 

Wet stress SMWS = threshold soil moisture 1.1 2.3  
 HWS = stress accumulation rate 0.002 0.002 Week)1

 

Hot ù dry 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 Week)1

 

Annual heat sum PDD = degree-day threshold 2500 2000 °C 

*Some of the original values reported  here di er from the B. Lawson  (unpubl.  obs.) model because of violated relationship errors  in the 

original model. 
tThe signs of some stress rate parameters have changed due to a reformulation of the functions  in the new version of CLIMEX. 
tParameters without  units are dimensionless. 

 
 

P. hysterophorus   biomass   production  (Williams   & 

Groves,  1980). 

 
Moisture index 

To allow reasonable  species growth  in the drier regions 

of P. hysterophorus' native and introduced  ranges, SM0 

was set at  0.1 (Table 1). Soil moisture  is a major 

contributing factor for both mature  plant longevity and 

þowering  (Navie  et al., 1996). Soil moisture  values for 

optimum  growth  (SM1 and  SM2) were set at  0.3 and 

0.7,  respectively  to  improve  species  growth  in  South 

Asia. An upper  soil moisture  level (SM3) of 1.4 was set 

along the same lines. 

 
Cold stress 

We ýtted cold stress parameters from distribution limit 

records   in  Mé xico  and  South   Asia.  The  cold  stress 

temperature threshold  (TTCS)  was set at  4°C,  with  a 

cold stress temperature rate  (THCS)  of )0.001 week)1 

(Table 1). The  degree-day  threshold  was set at  12 d°C 

with a stress accumulation rate  of )0.001 week)1.  The 

annual  heat sum (PDD)  was set at 2000°C. 

 
Heat stress 

In accordance  with the observations of Doley (1977) and 

Dale  (1981), the  heat  stress threshold  was set to  40°C 

with an accumulation rate of 0.001 week
)1  

(Table 1). 

Dry stress 

Parthenium  hysterophorus  seeds are dependant on high 

moisture   availability   for   germination    (Navie   et al., 

1996). To improve  species growth  in Mé xico, however, 

the threshold  soil moisture stress value used was 0.1 with 

an accumulation rate  of )0.001 week)1  (Table 1). This 

improved the distribution ýt of the species in 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 week)1 was used (Table 1). This allowed improved 

growth  of P. hysterophorus  in the south  of Mé xico,  as 

well as central and south-east  India,  Sri Lanka, Bangla- 

desh and Bhutan. 

 
Hot /dry stress 

This   combination   stress   parameter   was   added    to 

the  model  to  decrease  the  occurrence  and  growth  of 

the  species  in  Mediterranean  climates  as  P. hystero- 

phorus  is  documented   as  being  particularly  problem- 

atic  in  areas  of  high  summer   rainfall   (Navie  et al., 

1996).  The   hot-dry   temperature  threshold    (TTHD) 

was  set  at  35,  the  hot-dry   moisture  threshold   at  0.2 

and   the   hot-dry   accumulation  rate   at   0.001 week)1 

(Table 1). 
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Model  validation 
 

The results of our model were presented graphically, 

indicating  the  ecoclimatic  suitability  of  di erent  areas 

for the growth of P. hysterophorus. The suitability of an 

area  was  expressed  in  terms  of  its  Ecoclimatic  Index 

(EI),   with   areas   having   an   EI   of   1ï5  considered 

marginal,  6ï20 considered suitable and >20  considered 

optimal  (Watt  et al., 2009) for P. hysterophorus growth 

and persistence. The accuracy of our model was tested 

against the results from surveys in eastern and southern 

Africa,  as well as independent   herbaria  records  (from 

data  at  the  Australian Virtual  Herbarium, http:// 

www.ersa.edu.au/avh, and the Queensland  Herbarium's 

HERBRECS database,  http://www.derm.qld.gov.au) of 

naturalised populations from Australia. 

 
 

Roadside surveys 
 

Surveys were conducted  along road networks in parts of 

southern (South Africa, Swaziland and Botswana) and 

eastern Africa (Ethiopia  and Uganda)  in 2006 and 2007, 

to determine the distribution of P. hysterophorus. Surveys 

were conducted  by vehicle along selected available road 

networks,  scanning both  sides of the road  for the weed. 

Particular emphasis was placed on surveying quarter 

degree  squares   (QDS)   (25 km · 25 km)   immediately 

surrounding known  baseline localities and  areas  which 

were estimated  by the CLIMEX model (Table 1) to be 

suitable for the growth of P. hysterophorus. Survey data 

were constrained in some parts  by limited road  access 

and ù or  political  conþict.  The  surveys  were conducted 

during a 2ï3 week period at the end of the summer growth 

season for the northern and southern  hemisphere, when 

P. hysterophorus plants were in full  þower and easily 

identiýable. In QDS where P. hysterophorus was observed 

and had not been previously recorded, the following data 

were recorded: date, geographical  co-ordinates, altitude, 

locality name and description of infestation with regard to 

land use. The abundance  of P. hysterophorus at each site 

was   recorded   as   either   low   (1 plant  m)2),   medium 

(2ï3 plants  m)2) or high (>3 plants  m)2). In QDS where 

P. hysterophorus was not recorded,  locality data  (as for 

presence records) was also recorded,  to assist in ground- 

truthing   the  model.  Presence  and  absence  data  were 

plotted    using   the    mapping    program    MAPViewer 

7 (Golden Software Inc., Golden, CO, USA). 
 
 
Results 

 
Model  fit 

 

A  visual  inspection   of  the  modelled   distribution  of 

P. hysterophorus in Mé xico (within the centre of origin) 

showed very close agreement with the observed distri- 

bution,  with  all known  populations occurring  at  least 

where  EI  ÿ1,  but  with  the  majority  occurring  where 

EI >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  signiýcant  areas of 

Australia and the Asian-Paciýc region are climatically 

suitable for P. hysterophorus, as well as parts of Europe 

(Italy,  France,   Spain  and  Portugal)   (Fig. 4).  On  the 

African continent,  most of sub-Saharan Africa is 

climatically   suitable   for   the   weed.  In   East   Africa, 

countries with highly favourable EIs include Ethiopia, 

Uganda, Tanzania  and  Kenya.  Southern  African 

countries   that   are  highly  suitable  for  the  growth  of 

P. hysterophorus   include   South   Africa,   Swaziland, 

Madagascar and 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,   CoĔ te  D'Ivoire, 

Democratic   Republic  of  the  Congo,  Gabon,  Ghana, 

Nigeria  and  Togo  were  also  climatically  suitable  for 

P. hysterophorus. 

 
 
Surveys 
 

Roadside  surveys conducted in 2006 and 2007 revealed a 

signiýcant  increase  in the  baseline  distribution records 

for  P. hysterophorus  in  Ethiopia,   South  Africa  and 

Swaziland  (Fig. 5A and B). This increase in the known 

number    of   P. hysterophorus   localities   is   attributed 

largely to sampling e ort and does not necessarily 

accurately  reþect  the  rate  of  spread  of  the  weed.  In 

Ethiopia,  P. hysterophorus was widespread in the north, 

east and south-western regions surveyed (Fig. 5A). The 

extent of distribution was more widespread than 

previously  recorded.  The distribution of P. hysteropho- 

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 north-western reaches of Mpumalanga 

province,  and  north-eastern parts  of North  West prov- 

ince (Fig. 5B). The signiýcant reduction  in new localities 

recorded during the 2007 survey in South Africa, in 

comparison  with the 2006 survey (Fig 5B), suggests that 

the  current   distribution  of  P. hysterophorus  in  South 

Africa may have been fully measured.  In Swaziland, the 

weed occurred in almost every QDS throughout the 

country.  Parthenium  hysterophorus  was not  detected  in 

http://www.ersa.edu.au/avh
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the areas that were surveyed in Botswana or Uganda, 

although   it   has   since  been   discovered   in   parts   of 

Uganda. 

High density (>3 plants  m)2) P. hysterophorus infes- 

tations  were mostly encountered  during  road  surveys in 

Ethiopia,  South Africa and Swaziland (Fig. 6). About  a 

third  of the  localities encountered  in Ethiopia  were of 

low   and   medium   (1ï3 plant  m)2)   density,   possibly 

indicating  early stages of invasion at those localities. 

The    majority    of   P. hysterophorus    infestations 

encountered   during  the  road  surveys  in  South  Africa 

and  Swaziland   were  below  500 m  altitude,   with  the 

highest   altitude   infestation   occurring   at   1167 m   in 

Swaziland (Fig. 7). In contrast, P. hysterophorus infes- 

tations in Ethiopia  occurred mostly between 1000 m and 

2500 m, with the majority occurring in the 1500ï2000 m 

range,   and   the  highest   altitude   infestation   observed 

during  these surveys present  at 2627 m (Fig. 7). 

http://www.conabio.gob.mx/
http://www.conabio.gob.mx/
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Fig. 4 CLIMEX generated  map of the relative climatic suitability  of Africa for Parthenium  hysterophorus. Grey shading  depicts the 

Ecoclimatic  Indices (suitability  of each location);  the darker  the shading,  the more suitable the area for the growth  of P. hysterophorus. 

 
 

Model  validation 
 

Actual   distributions  of  P. hysterophorus   in  southern 

Africa  and  Ethiopia  concurred  well with the CLIMEX 

results,  as P. hysterophorus only occurred  in areas  that 

were   estimated   to   be   climatically   suitable   by   the 

model (Fig. 8A and B), thereby  verifying the model. 

Parthenium   hysterophorus   was  only  found   at  a  few 

localities  in  north-western  Ethiopia,   even  though   the 

model estimated  a wider area  with suitable  EIs for the 

weed (Fig. 8A). Similarly, P. hysterophorus was also not 

found in several areas that were estimated to 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 

areas that are highly climatically suitable for P. hystero- 

phorus  in  Ethiopia,   more  widely  in  the  sub-Saharan 

region and southern Africa (particularly southern 

Mozambique) that  could not  be monitored  during  this 

study. These should be monitored  for occurrence of the 

weed, so that  rapid  response  and  management actions 

can be implemented  as soon as possible after detection. 

Further    validation     for    the    CLIMEX    model 

came   from   its   ýt   to   naturalised   observations   of 

P. hysterophorus  in  Australia   (Fig. 9).  The  weed  has 

been present in Australia  for over 50 years (Navie et al., 

1996), and  is considered  a  major  weed in the  grazing 

lands of central Queensland  (Williams & Groves, 1980). 

The model correctly predicted the climatic suitability of 

most observations in the validation  dataset,  apart  from 

two outliers in the drier interior. Of these, the more 

northerly  record (Gregory North)  was a single plant in a 

car park which was irrigated, and the southerly record 

(Gregory  South) was on a þoodplain  4.5 km south-west 

of Windorah. In both  cases, the presence of P. hystero- 

phorus was attributable to microclimatic e ects, and it is 

considered highly unlikely that any viable populations 

would occur outside  of these areas. 
 

 
Discussion 
 

Despite the presence of P. hysterophorus on the African 

continent  for over a century, few comprehensive surveys 

of distribution of this weed have been undertaken and 

no data  on a broader  regional  scale had  been collated 

prior to this study. The beneýts of conducting species- 

speciýc distribution surveys included: (i) increased 

knowledge of the current  distribution of P. hysteropho- 

rus and  information that  the weed is more  widespread 

than  previously  known,  (ii)  development  of a baseline 
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Fig. 5 Distribution maps of Parthenium 

hysterophorus in (A) Ethiopia,  (B) South 
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from   which   to   monitor    spread   and   abundance    of 

P. hysterophorus in the future, both with regard to the 

presence of the plant  and ultimately  to monitor  impact 

of control  methods  and (iii)  site-speciýc information for 

the selection of appropriate management options,  such 

as biological, mechanical, cultural and, where necessary, 

chemical control  in integrated  control  programmes. 

CLIMEX  has   been   used   to   successfully   model 

species distributions in various  studies  (Kriticos  et al., 

2005; Dhileepan  & Senaratne,   2009). In  this  study,  it 

proved  to be a useful tool in the formulation of survey 

methodology, by identifying  areas  in the  participating 

countries  that  were climatically more prone  to invasion 

by  P. hysterophorus.   The   model   also   highlights   the 

potential for future spread of P. hysterophorus in sub- 

Saharan  Africa.  Distribution records  from  the  surveys 

so  far  agree  with  the  model  results.  However,  more 

data   are   needed   to   further    validate   its   predictive 

strength  and  to potentially  improve  its ýt (see Kriticos 

et al., 2007). 

Outcomes  of  this  survey  include  the  realisation   of 

P. hysterophorus  as a problem  of national  signiýcance 

for  Swaziland,  concurring   with  reports   of  it  being  a 

major   weed   (MacDonald  et al.,   2003).   Parthenium 
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record  for P. hysterophorus.  This may demonstrate the 

altitude-for-latitude swap  phenomenon,  highlighting 

why altitude  is such a poor indicator  of the range limits 

of a species. The value of using tools such as CLIMEX is 

that  the temperature data automatically incorporate the 

relationship  between altitude and temperature across 

latitudes. 

In  Ethiopia,   the  region  south-east   and  south-west 

of  Dire   Dawa   (where   P. hysterophorus   was  ýrst 

recorded in the country) is estimated by 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. hysterophorus  since  introduction  has 

been more  noticeable  in some countries  (Ethiopia  and 
Fig. 6 Density classiýcation of Parthenium  hysterophorus 

infestations  found  during  road  surveys in Ethiopia,  and in South 

Africa and Swaziland in 2006 and 2007 (baseline records excluded). 

Low (1 plant m)2), medium (2ï3 plants  m)2), high 

(>3 plants  m)2). 

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  particular land  use 
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practices. In South Africa, P. hysterophorus was only 

considered invasive a century after it was ýrst docu- 

mented.  However,  the  epicentre  of  invasion  in  South 

Africa is further  north  than  the original recorded 

localities,  possibly  suggesting a second  introduction of 

the weed, likely from neighbouring  Swaziland or 

Mozambique.  Although   P. hysterophorus   was  ýrst 

reported  in Australia  in 1955, it did not  spread 

signiýcantly  from  this  infestation;  a  second  introduc- 

tion of contaminated pasture  seed in 1958 led to the 

widespread  invasion  within  the  country  (Navie  et al., 

1996). It therefore  appears  that  there may be forms or 
Fig. 7 Altitude  classiýcation  of Parthenium  hysterophorus 

infestations  from road  surveys in Ethiopia,  and in South  Africa 

and Swaziland in 2006 and 2007 (baseline records  excluded). 

 
 

hysterophorus was also identiýed as a regional problem 

within  the  southern  and  eastern  African  regions. 

Tamado   et al.  (2002a)  concluded  that   there  were  no 

obvious climatic conditions  that limited the germination 

of  P. hysterophorus   in  Ethiopia,   but   that   the   high 

moisture requirement  of the seeds for germination  could 

be the major factor  limiting germination  during  the dry 

season. In a 1998 survey in eastern Ethiopia,  almost all 

small-scale  lowland  farmers  and  about   two-thirds   of 

those  residing  at  intermediate   altitudes  (1600ï1900 m) 

considered P. hysterophorus the most important weed in 

both crop lands and grazing areas, whereas it was not 

common and considered only a roadside weed in the 

highlands    (>1900 m)   of   that    region   (Tamado    & 

Milberg,  2000). 

The  highest  altitude  infestation  documented  in this 

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

biotypes  of  P. hysterophorus  with  di ering  invasive 

capabilities.  The mode of introduction of P. hystero- 

phorus  source   seed  into   the   southern   African   sub- 

region   is   unknown    but   could   have   occurred    via 

foreign  aid  importations during  drought   or  civil  war, 

or  movement  of seed during  cyclone  events. 

While the current  distribution of P. hysterophorus is 

thought  to  have  been  fully measured  in  South  Africa 

and  Swaziland,  ongoing  surveys are required  in south- 

ern Africa  to assess the rate  of spread  of the weed, as 

it  likely  has  not   yet  reached   the  full  extent   of  its 

potential   distribution,  as  reþected   in  the   CLIMEX 

results. Additional  surveys are required in Mozambique, 

Madagascar,  Tanzania,  Uganda   and   Kenya,   where 

P. hysterophorus is reported  to be present and CLIMEX 

estimates highly favourable  EIs. Presence veriýcation  is 

also required in countries such as Malawi, Democratic 

Republic of Congo, Gabon, Central African Republic, 

Nigeria, Cameroon, Nigeria, Benin, Togo, Ghana, Cote 

d'Ivoire   and  Liberia,   which  CLIMEX  indicates  may 

have   areas   climatically   suited   for   P. hysterophorus. 
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Fig. 8 Distribution maps of Parthenium  hysterophorus in (A) Ethiopia  and (B) southern  Africa showing presence (black circles) 
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surveys) and towns ù cities (white stars), overlaid on the CLIMEX Ecoclimatic  Indices for these regions. 
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Fig. 9 Distribution of Parthenium hysterophorus in Australia  (introduced range) showing presence data (from data at the Australian Virtual 

Herbarium, http://www.ersa.edu.au/avh, and the Queensland  Herbarium's HERBRECS database, http://www.derm.qld.gov.au) overlaid 

on the CLIMEX Ecoclimatic  Indices (EI). 

 
 

Additional  surveys are  also  required  in Ethiopia, 

especially  in  areas  away  from  the  main  roads  and  in 

the eastern (where historically, the weed was thought  to 

have been introduced), south-eastern and southern 

regions, as these areas are predicted to be climatically 

suitable  for P. hysterophorus. Subsequent  to this study, 

P. hysterophorus was found to be present in the eastern, 

southern  and south-western  parts of Uganda  (A. Witt & 

J.   Bisikwa,   pers.   comm.)   and   northern   Tanzania 

(K.  Clarke,  pers.  comm.);  further  surveys are  required 

to determine its full extent there. Southern  European 

countries, e.g. Spain, Portugal,  Italy and France, were 

identiýed  by  CLIMEX  as  being  at  risk  of  invasion 

by P. hysterophorus. Authorities in these countries  may 

be advised to initiate steps to survey for the weed, and if 

not  present,  to take steps to prevent  its introduction. 


