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Summary   Over 25 years ago, Emex spinosa (L.) 
Campd. (Polygonaceae), a plant of Mediterranean 
and west Asian origin, was predicted to out-compete 
its widespread congener, Emex australis Steinh., to be-
come an even more serious weed problem across south-
ern Australia. This prediction was based on fi eld and 
glasshouse studies of plant competition which showed 
E. spinosa was more aggressive than E. australis with 
a faster growth rate and higher seed production. To-
day, E. spinosa continues to be only found in isolated 
patches in the northern grains growing region and ad-
jacent pastoral region in Western Australia as well as 
scattered populations in eastern Australia. This paper 
explores the possible reasons why this species has not 
become more of a problem, including the impact of 
genetic barriers, the impact of pathogens and insects, 
and farming practices that may have suppressed the 
invasion potential of this species.
Keywords    Emex spinosa,  Emex australis,  distribu-
tion,  invasion,  prediction.

INTRODUCTION
Australia has invested considerable effort into predict-
ing which plant species will become invasive and should 
be blocked at quarantine barriers. Likewise the predic-
tion of invasion has been used to justify expenditure 
on eradication programs for newly established weeds. 
Emex spinosa (L.) Campd. (Polygonaceae) is an annual 
weed of Mediterranean origins that has been present in 
Australia since the 1930s. Research in the 1970s showed 
E. spinosa to grow faster and set more seed than the al-
ready widespread and serious weed, E. australis Steinh. 
(Weiss 1977). Emex spinosa has an erect habit of growth 
and large number of seeds, and thus has potential to 
contaminate grain from cereal crops (Gilbey 1974, 
Weiss and Julien 1975). Screening is made diffi cult 
because the E. spinosa achene size is similar in size 
to the grain from cereal crops, and in some incidences 
grain has been rejected because it was not possible to 
satisfactorily remove the E. spinosa achenes present 
as a contaminant of the produce (Weiss and Simmons 
1977). It was concluded that E. spinosa represented a 
signifi cant threat to grain production in Australia. In 
part, this concern lead to the start of the fi rst biologi-
cal control program targeting both E. australis and E. 
spinosa, especially given that these weeds had already 

been controlled in Hawaii (Julien and Griffi ths 1998). 
Pheloung et al. (1996) also showed that E. spinosa has 
a widespread predicted distribution in Australia. In 
this paper we examine why E. spinosa has not become 
a weed of importance overseas and in Australia, its 
potential interactions with its co-gener, E. australis, 
and suggest research that might help in understanding 
the factors involved that might be slowing the invasion 
process, both in terms of distribution and abundance.

OVERSEAS BEHAVIOUR OF E. SPINOSA
Native distribution and habitats   Scott and Yeoh 
(2004) list all the countries where E. spinosa has 
been reported. In its native distribution, the circum 
Mediterranean region, it is found near the coast, along 
river banks or on islands (Figure 1). It is favoured by 
disturbed environments created by human activities 
such as farming, or building roads/railways and by 
natural disturbances such as drought and fl oods in ar-
eas of beach sand dunes and river beds. In the Negev 
highlands of Israel, E. spinosa occurs only in habitats 
where water runoff collects in suffi cient quantities that 
ensure it is only a limiting factor after the seedling 
stage has passed (Evenari et al. 1977). In its native re-
gion it is recorded as a weed of horticulture, broadacre 
crops, orchards and gardens where it is not noted to be 
a major weed (Scott and Yeoh 2004).

Distribution and habitats in introduced range (ex-
cluding Australia)   Excluding its native habitat and 
Australia, E. spinosa occupies highly disturbed areas 
and is reported as occurring along roads, railways and 
areas of cereal cultivation in upland Kenya (Graham 
1958) along fi eld borders and in waste sandy places 
in West Pakistan (Siddiqi 1973), and along the edge 
of drains in India (Varma et al. 1984). When Holm et 
al. (1979) surveyed weed scientists from around the 
world, E. spinosa was only considered a ‘principal 
weed’ (= amongst the top 10 problem weeds for an area 
and may threaten a crop) in Hawaii and not elsewhere. 
Thus there is not strong evidence from the overseas 
behaviour, both in its native and introduced range, that 
E. spinosa is a highly invasive species. Emex spinosa 
remains with a restricted distribution in Australia de-
spite there being suffi cient time (at least 70 years) for 
the weed to become more widespread. It is possible 
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that the presence of the widespread E. australis is part 
of the explanation.

Emex species have not colonised each other’s re-
gions of origin   It is very surprising that E. spinosa 
has not colonised southern Africa and likewise E. aus-
tralis has not established in northern Africa. Extensive 
surveys of Emex species in these regions (e.g. Scott 
and Way 1990) have never found evidence of colonisa-
tion between northern and southern Africa. Transfers 
of seed between regions have not been recorded in 
the scientifi c literature, but must have occurred given 
the frequent exchanges in the past. For example, E. 
australis has been intercepted in the United Kingdom, 
Japan and other widely dispersed countries (references 
in Yeoh and Scott 2004).

EMEX SPINOSA IN AUSTRALIA
Distribution in Australia   Emex spinosa is recorded 
in scattered populations across the southern half of 
Australia (Figure 2). This pattern has remained con-
stant since the 1970s. Indeed it is possible that the 
species distribution has decreased. We have carried 
out extensive surveys in the northern Western Aus-
tralian grain producing regions since the 1990s and 
have found it diffi cult to fi nd plants even in areas 
or paddocks where it was collected in the past. The 
predicted distribution based on climate (Figure 3) 
supports the observation that the plant will establish, 
as it has done, across a wide expanse of Australia. It 

may be that other abiotic factors (e.g. soil type, nutrient 
availability) play a role in determining the distribution 
within Australia.

DISCUSSION
Weiss (1977) concluded that E. spinosa was more 
competitive than E. australis because when grown 
together, E. spinosa dominated. Emex spinosa 

Figure 1.   CLIMEX prediction of the distribution of Emex spinosa in its region of origin. The larger the circle, 
the more suited the site is for growth of E. spinosa. Crosses indicate unsuitable sites. The predicted distribu-
tion corresponds closely to the plant’s core distribution, excluding incidental records. Parameters used in the 
CLIMEX model are those of Pheloung et al. (1996).

Figure 2.   Distribution of Emex spinosa in Australia 
based on herbarium records (http://www.chah.gov.au/
avh/), literature records and personal observation.

http://www.chah.gov.au/avh
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matured faster and was more fecund. A reanalysis 
of the data in Weiss and Simmons (1977) (see Scott 
and Yeoh 2004 for more details) shows that for plants 
under non-competitive conditions and growing at tem-
peratures typical for grain growing regions in winter, 
E. spinosa has a growth advantage over E. australis 
(Figure 4). Extrapolation of this data predicts that 
E. spinosa requires a slightly higher minimum tem-
perature to start development (3.3 versus 0°C). This 
is not likely to be limiting over much of the potential 
Australian distribution (Figure 3).

Williams et al. (1984) however found that com-
petitive dynamics of the Emex spp. changed when they 
were grown in the presence of another plant species, 
wheat. Under these more agricultural conditions, E. 
spinosa was out-competed by E. australis. At low 
soil nitrogen levels, both species of Emex were less 
competitive than wheat. At high soil nitrogen levels, 
E. spinosa was still less competitive than wheat, but 
E. australis became more competitive. 

Considerable change has occurred to cropping 
practices in grain producing regions of Australia 
since the 1970s. Sheep production has declined in 
importance so crops are no longer usually grown for 
1–2 years and then the paddock used for grazing. It 
was the short rotation between crops and pasture that 
favoured seed production and survival of E. austra-
lis. This change in management practices may have 
similarly affected E. spinosa, especially given its low 
competitive ability, giving it reduced opportunity to 
increase in abundance.

Soil factors are among the main differences be-
tween much of Australia’s cropping regions and the 
region of origin of E. spinosa, where the soils are more 
basic. The widespread soils with a low pH may be 
limiting the spread of this weed in Australia.

In Australia Emex australis and E. spinosa readily 
hybridise. Putievsky et al. (1980) found that the hy-
brids grew more vigorously than either parent, but were 
completely sterile when self-pollinated. They could 
however backcross with the parental species giving the 
possibility of gene fl ow between the species.

All known Australian populations of E. spinosa 
have a total lack of intra-populational isozyme vari-
ation (Marshall and Weiss 1982), whereas a limited 
data set tested by the same authors showed genetic 
variability within Mediterranean populations. The Aus-
tralian populations did however vary in their multilocus 
genotypes, suggesting that there have been at least four 
separate introductions of the plant into Australia.

These observations on E. spinosa suggest a couple 
of possibilities in the relatively unexplored fi eld of 
the genetics of invasive species (Lee 2002). Firstly, 
plants may lack the genetic variability to become more 

aggressive in the landscape. Secondly, E. australis 
spread rapidly across southern Australia post intro-
duction and it arrived in Australia 108 years prior to 
E. spinosa (Gilbey 1974). It is therefore possible that 
the areas likely to be invaded by E. spinosa are already 
occupied by E. australis, and that hybridisation between 
the species is diminishing seed quality to the extent that 
E. spinosa cannot establish. The lack of invasion of 
either species into northern or southern Africa indicates 
that inter species crosses may play a signifi cant role.

Biotic factors may also play a role. The arrival of 
the dock aphid, Brachycaudus rumexicolens (Patch) 
in the 1980s led to signifi cant impacts on E. australis 

Figure 3.   CLIMEX prediction of the distribution 
of Emex spinosa in Australia (from Pheloung et al. 
1996).
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Figure 4.   Comparison of the relationship between 
temperature and rates of development (emergence to 
fl owering) for E. australis and E. spinosa based on a re-
analysis of the data in Weiss and Simmons (1977).
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that was reported widely by farmers (Scott and Shivas 
1998). It is likely that this insect originated from the 
Mediterranean region where E. spinosa is a host (Scott 
unpublished), and that it would also cause damage, 
preventing seed set on its host in Australia. A second 
biotic factor is the presence of the southern African 
pathogen, Phomopsis emicis R.G. Shivas in Australia. 
This pathogen is widespread on E. australis in Austral-
ia, but has not been recorded from the Mediterranean 
region so its impact on E. spinosa is unknown.

CONCLUSIONS
Not all exotic plant establishments go on to become 
weeds of importance. Often the ‘rule of tens’ is invoked 
to explain this likelihood (of 1000 introductions, there 
are 100 establishments, 10 weeds, and 1 of these is 
serious) (Williamson 1999). This leaves considerable 
room for error in our predictions (Smith et al. 1999). 
Invading species pairs such as the Emex species (c.f. 
Barrat-Segretain et al. 2002) could be a useful tool in 
the study of invasions. Many of the ideas expressed 
here are aspects of basic ecology (what determines 
the distribution and abundance of a species?) that 
can be tested because both plant species are found in 
Australia and, being annuals, both are readily amenable 
to experimental work. 
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