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Summary 

The spread of two weed species in Aust
ralia is described: Opuntia aurantiaca 
Lindley, tiger pear, in New South Wales 
and Parthenium hysterophorus L" par
thenium weed, in Queensland. An analy
sis of spread in terms of rates and pat
terns is made. Spread pattern was 
described by dispersal gradients and the 
interaction between pattern and poten
tial rate of spread discussed. 

The rate of spread of tiger pear bas 
decreased over the last 20 years but par
tbenium is spreading at an exponential 
rate. The potential for continued ex
ponential expansion of partbenium is 
described. However in one closely 
monitored area where a comprehensive 
control programme is under way its 
spread rate has decreased. 

The relationship of control policy 
development to spread and the possibi
lity of predicting future spread using 
simulation is also discussed. 

Introduction 

Spread of plants provides the major in
centive for government intervention in 
weeC: control (Menz and Auld, 1977) 
yet little is known of the rates and pat
terns of plant invasion (Auld and 
Coote, 1980). The faster the rate of 
spread the greater the divergence be
tween private and public optimallevels 
of control, and the pattern of spread 
may dictate the optimal control stra
tegy (Auld, Menz and Monaghan , 
1979). Lack of empirical data on weed 
spread has been a fundamental block to 
the development of control theory. 

Long -term surveys of two weed 
species in Australia are described here. 
These provide some insight into weed 
spread as well as guidelines for control 
plan ning. 

over a wide area of north -eastern New 
South Wales as well as small areas to 
the west and south. The species propa
gates vegetatively from stem segments 
and fruits. Seeds, although produced, 

• 

are sterile. The spiny segments range 
in length from 2 to 50 cm and in dia
meter from I to 5 cm. Segments are 
dispersed as a result of adhering to 
animals and vehicles or by runoff 
water. 

The species was first noted in New 
South Wales in 1883 and was regarded 
as a potential problem by 1911 
(Maiden, 1911a, 191Ib). It is a pro
claimed noxious plant and landholders 
are obliged by law to destroy it. A 
special body, the Prickly Pear Destruc
tion Commission (P.P.D.C.), super
vises and assists landholders in this. 
The species was recently mapped from 
data on the P.P.D.C. files on a pres
ence/ absence bas is for individua: 
farms for the years 1938, 1958 and 
1978 (Figure I) . 
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Opuntia aurantiaca Lindley, tiger pear 
or jointed cactus, in New South Wales 

Tiger pear is a spiny perennial cactus 
of South American origin. A low
growing species, it infests grazing land 

Figure 1 Spread of Opuntia aurantiaca in eastern New South Wales. (Symbols lor perioC! after 1938 represent 
new infestat ions; infestations recorded previously were genera ll y slill present.) 



During the early I 930s cochineal in
sects, Dactylopius austrinus De Lotto, 
were introduced for the control of tiger 
pear with mixed success. Over this 
period the P.P.D.C. continued a chem
ical control campaign based on arsenic. 
Later in that decade a more active 
chemical control programme was 
begun and since then the P.P.D.C. has 
alternated emphasis from chemical 
to biological control as new herbi
cides become available and as costs of 
application change. 

The total area occupied by prop
erties infested by tiger pear was 
determined from P.P.D.C. records of 
occurrence on individual properties 
(Figure 5). 

PlU1hen;um hysterophorus L., 
portbenlum weed, In Queensland 
Parthenium weed is an exotic herbace
ous annual composite. It occupies 
grazing land to the exclusion of other 
species and can cause severe allergic 
skin reactions in humans and livestock. 
Its propagule is an achene subtended 
by a phyllary and with two sterile flor-

ets adhering as 'wings ' on each s.de. 
The size of the propagule is about 
2 mm x 3 mm x I mm, weighing about 
7 x 10-' g. Wind transport is local and 
of the order of a few metres. Water 
transport is important and the species 
is also spread by vehicles and animals. 
Results of laboratory studies show that 
parthenium weed does not self pollin
ate (T. Armstrong, pers. comm. 1980). 
Thus a single isolated plant cannot 
result in a new infestation. 

It was first identified in Queensland 
in 1955 (Watson, 1979). Records of its 
spread have been collated on a property 
basis by the Department of Lands 
(Figure 2). Although there is some 
doubt as to the completeness of all 
these records, the records for one area 
(45 km x 60 km) where a concerted 
control programme is in progress, at 
Collinsville (Figure 2), are known to be 
complete and this area was examined 
in detail. 

Parthenium weed was introduced to 
Fig Tree Holding, near Collinsville, in 
1972 on bulls from Elgin Downs 
Station. The latter was the original 
source of the species in central 

FlgUAI 2 Spread of Parfhenium hysterophofuS in Queensland. (Symbols lor period after 1975 represent new 
infestations; infestations previously recorded were generally stili present) 
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Queensland. A reconnaissance survey 
in 1976 established the approximate 
limits of parthenium weed in the area. 
Individual farm inspections in 1979 
and 1980 were made by Department of 
Lands Inspectors. In these inspections 
the limits of the species on each prop
erty were mapped. 

Like tiger pear, parthenium weed 
is a proclaimed noxious plant and 
since 1975 there has been a major 
attempt to control the weed by local 
authorities and farmers using her
bicides subsidized by the State 
Government. The area occupied by 
parthenium-infested properties was 
determined by planimetry from 
1:2000000 maps (Queensland) and 
1:200000 maps (Collinsville) prepared 
by Queensland Department of Lands. 

Result. and dlacus.lon 

Analysis 0/ spread 

The simplest model of a spreading 
plant population is a circle (or focus) 
which increases its radius by the same 
distance r for y years, producing a rate 
of spread of area a, 

4>a = 2m.1y . .. (I) 
~y 

A population made up of several sepa
rated smaller circles of the same total 
area will spread at a greater rate (Auld, 
Menz and Monaghan, 1979). Thus 
species with highest spread rates will 
be those which are able to increase 
their immediate area at a rate of hrry 
and establish new foci at distances far 
greater than r away from existing in
festations. Such species are those with 
some adaptation for long distance 
transport, for example having spines or 
as pasture or crop seed contaminants, 
although even poorly adapted species 
can be spread in hay. 

Rate of spread In vivo, few species 
spreading from a single focus would be 
able to increase their area of occupa
tion at 27Try because the distribution of 
propagules away from parent plants is 
usually of a negative exponential form 
(see below) . The probability of suc
cessful establishment at distance from 
an infection focus increases as the 
population increases within the area 
already occupied (focus). We could 
therefore expect a range of initial 
spread rates of species, from linear 
forms of various gradients to exponen
tial. For short time intervals (about 10 
years) linear spread is quite likely 
(Auld and Coote, 1980); for longer 
periods it may be possible to fit an 
exponential model or other smooth 
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curves. Increas ing rates of spread ofin
vasive plant species are quite common 
(Rudenauer, Rudenauer and Seybold , 
1974; Mack, 1981 ; Harris, unpub. 
data). Lacey (1957) used log plots to 
describe the spread of two Galinsoga 
species in England. However these 
data were based on total records, hence 
population growth rates and spread 
(j .e. invasion into new territory) rates 
were confounded. Moreover, unless the 
area into which a species spreading is 
regarded as infinite, an exponential 
model is ultimately inappropriate. 
Plant pathologi sts have sometimes 
used generalized logistic functions 
such as the Richard 's and the Weibull 
function s to describe plant disease 
spread (Madden, 1980). The predictive 
value of this kind of approach to 
modelling spread is limited, however, 
by the fact that some estimate of final 
area infested is required as well as a 
number of observations during the 
early years of spread. 

Parthenium weed has spread at an 
increasing rate in Queensland (Figure 
3), but in the Collinsville area its rate 
of spread has recently declined (Figure 
4). 

Although data for spread of tiger 
pear up to 1938 are not available, the 
fact that it had a limited distribution in 
1910 (Maiden, 1911a, 1911b) suggests 
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Figure 3 Time course of spread of Parthenium 
hysterophorus in Queensland. 
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Figure 4 Time course of spread of Parthenium 
hysrerophorus Col li nsville, Queensland. 

the beginning of a sigmoidal form; a 
putative spread curve for this period 
(broken line) is shown in Figure 5. 
During 1954- 58 there was a sudden 
increase in spread. This was the result 
of huge floods during 1955; the 'high
est known since white settlement' in 
some areas (Water Resources Commis
sion, 1980). The rate of spread has de
clined in recent years . Catastrophe 
theory (JetTers, 1978) may provide a 
more rational mathematical descrip
tion of sudden changes, as occurred in 
1954 - 58, than any smooth curve . In 
summary , no single function would 
adequately describe the time course of 
spread of both species. 
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Figure 5 Time course of spread of Opuntia auran
tiaca in eastern New South Wales. Broken 
line: putalive spread between 1883 and 
1938. 

Herbarium collections have been 
used as a measure of plant spread in 
England (Lacey, 1957) and the U.S.A. 
(Forcella and Harvey , 1982 and un
pub. data). Herbarium records of these 
species are of limited use. There are 
only nine specimens of tiger pear col
lected between 1908 and 1981 (cf. Figure 
J) in the National Herbarium , Sydney. 
For parthenium, cumulative records (a 
total of 42) from Queensland Her
barium and the Queensland Depart
ment of Lands Herbarium indicate 
rapid spread after 1975, agreeing with 
Figure 3 but later suggest a decreasing 
rate of spread (Figure 6), contrasting 
dramatically with the increase in 
spread found in the Department of 
Lands survey in the period (Figure 3). 

Pattern of spread The frequency dis
tribution of new infestations in relation 
to distance from previous infestations 
summarizes spread pattern (Figure 7 
and Figure 8). Distributions of this 
kind can be described by the family of 
exponential curves. 

n = kc,fl d) ... (2) 
n is the number of new infestations 
e the exponential constant 
I( d) some function of distance, d, 
and k and s are constants . 
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Figure 6 Cumulative number ot herbarium records 

of Parthenium hysterophorus in Queens
land. 

Although Jones and Bartholomew 
(J 971 ) used the area under such 
curves, the form commonly used by 
plant pathologists to describe disease 
gradients, a 'double log ' model (Greg
ory, 1968) provides a convenient 
method of comparing curves. where 

log n = c - slog d . .. (3) 
c is a constant 

n can be transformed to n + I to ac 
commodate zero readings. However 
this introduces an artefact (Gregory , 
1968). In fitting these curves to our 
data we have cut off the series when 
two consecutive zeros are reached . 

The regression coefficient, s, which 
we shall call the 'spread gradient' is a 
single parameter which is a useful first 
approximation of spread pattern. The 
greater the mag nitude of s (see van der 
Plank, 1960) the greater is the ten
dency of the species to spread as an ad
vancing front rather than as scattered 
isolated infestations . This is an impor
tant distinction because species which 
are able to establish isolated colonists, 
other things being equal, will ulti
mately tend to spread more rapidly 
than species which do not (see above) 
and will be more difficult to contain 
(Menz, Coote and Auld, 1980). 

That all of the spread population 
arose from one point source can be a 
legitimate assumption only over an in
terval of one reproductive cycle. Thus 
all the data shown here include secon
dary spread, wh ich tends to flatten the 
gradients; an effect which increases 
with time. However, when taken over 
the same or similar time interval s the 
data can be usefully compared. Values 
for s and their standard errors in 
brackets are shown on Figure 7 and 
Figure 8. 

Although useful as a first approxi
mation, the s values derived from a fit 
of log/ log by least squares analysis, 
provide only a crude description of 
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spread pattern. The rare isolated infes
tations at great distance must be 
considered separately in this kind of 
analysis. Over the 20-year period 
which the tiger pear gradients repre
sent, these outlying infestations may 
have arisen in a series of short 'jumps' 
(Figure 7). However, the data for par
thenium 1979-81 (Figure 8) represent 
a gradient with only two years possible 
secondary spread; the number of new 
infestations more than 50 km from 
previous infestations is alarming . 

The spread gradients for tiger pear 
are increasing (Figure 7) and thus its 
potential spread rate is reduced . The 
time intervals for spread of parthenium 
(Figure 8) vary , so that a comparison 
of s values is difficult. We would expect 
the value of s for the shorter period 
( 1979-8 I) to be greater than for the 
1975 -79 period because of less oppor
tunity for secondary spread . However 
the gradients are not significantly 
(P > 0.05) ditTerent and increased 
future spread rate for parthenium is 
indicated. 
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Figure 7 Spread gradients of Opuntia 8utantiaca in 
New South Wa les: s values (see eqn. 3) 
and standard errors are Indicated. 

" 
I " 
! 
) . 

" 

. . 
'::'- '_ . '.:.: .. :: . 

" ,~ '" ""'" ... ,,-_ ................ ".,.., ... , 
Figure 8 Spread gradients 01 Parthenium hystero

phorus in Queensland; s values (see eqn. 
3) and standard errors are indicated. 

General discussion 

Tiger pear's rate of spread has de
creased recently since more trained 
statT with better vehicles and 'prickly 
pear spray" have been used. However, 
the total area of infested properties is 
vast and the species still poses great 
logis tical problems simply in locating 
plants. Control is made more difficult 
on the steep terrai n where it is fre
quently necessary . The possibility of 
the species ' ecological limitation ad
jacent to rivers has not been investi
gated. In South Africa, it has spread 
over areas between rivers. 

T he spread of tiger pear in South 
Africa has followed a sigmoidal form 
(Figure 9). The rate of spread there ap
pears to have decreased with a more in
tensive inspection system and regular 
treatment (Moran and Annecke, 1979) . 

Because of the large propagule size a 
strongly 'advancing front ' type spread 
could reasonably be anticipated. How 
ever, the river system has provided a 
mechanism for long distance transport. 
Several new infestations occurred at 
considerable distances from previous 
infestations (Figure I). Although the 
possibility of further flooding exists in 
New South Wales, it is unlikely ever to 
be as serious and widespread as the 
1955 event because of subsequent ex
tensive flood mitigation works. Apart 
from river transport, the most likely 
sources of new infestations would be 
through stock transport and garden 
escapes. 
Parthenlum weed's spread rate in 
Queensland has continued to increase 
(Figure 2). The spread gradients for 
the species are shallow (Figure 8) and 
it is capable of being transported long 
distances. There appears to be a vast 
area to the south of its present distribu -
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Figure 9 Time course of spread of Opuntia auran
tiaca In South Africa, from data 01 Moran 
and Annecke (1979), (These data 
represent actual area of tiger pear, cf. 
N,SW. data which is for the tolal area of 
properties infested with tiger pear. The 
authors indicate data from 1964 may be 
underestimated by 7% because of the ex
clusion 01 certain areas,) 
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tion which is susceptible to invasion 
(Ooley. 1977; Williams and Groves. 
1980). In the Collinsville area, however , 
the apparent etTects of a control pro
gramme are seen in a reduced spread 
rate, where the area susceptible to in
festation remain s large (Figure 4). 

Simulation may provide a means or 
estimating future spread rates and 
evaluating control policies. Auld and 
Coote ( 1981) and Auld, Vere and 
Coote (in press) have demonstrated 
this for serrated tussock, Nassella tri
chotoma, in a limited area. However, 
some assessment of the potential range 
of the species is required for larger 
scale simulation. Such studies (e.g. 
Medd and Smith , 1978) are. of them
selves, useful in planning control poli
cies. It is, however, difficult to predict 
edaphic limitations to species which 
are intolerant of shading, such as par
thenium (Williams and Groves, 1980), 
or require light to germinate, where 
ground cover can fluctuate markedly 
within their potential climatic range. 

Conclusion 

Tiger pear established new infestations 
at considerable distances from previous 
infestations during 1938 - 58 which 
enhanced its potential spread rate. Yet 
its spread rate decreased suggesting 
some success in the containment mea
sures referred to above. Although the 
spread rate of parthenium weed ap
pears to have been decreased in a lim
ited area by a control programme, con 
tainment appears to be difficult. A 
strong public awareness campaign to 
help locate rare isolated new infesta
tions is imperative if the species is to be 
contained to any extent. 
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