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Summary 
In the biological control of weeds, climate 
modelling is used to predict the likclyspread 
of a new weed, and to predict the areas or 
seasons ofmaxjmum effectiveness ofintro
duced agents. In predicting spread, care is 
needed with models based on current distri
bution in the country of origin only, as these 
may lead to a serious underestimation ofthe 
potential spread within Australia. When 
predicting agent effectiveness, climate is 
only one of the factors affecting establish
ment and effectiveness but even so model
ling can be very useful. There is a need for 
further development of the climate models 
currently in use and a more explicit recog
nition by users of the assumptions involved. 

Introduction 
Climate modelling is increasingly being used 
to predict the likely spread of weeds within 
Australia, with different models being used by 
different workers, and even more importantly, 
different types of data being used on which to 
base these predictions. As computer programs 
for such modelling become more generally 
accessible, the predkted geographic spread of 
particular weeds will be used as the basis for 
decisions 00 whether or not to initiate or 
proceed with control programs. Consequently 
the accuracy of such predictions becomes in
creasingly important and it is necessary to 
ensure the models are not based on unreal 
assumptions. 

Prediction of weed spread 
Two of the aspects of climatic modelling men
tioned by McLean and Roberts (1989) are 
important in biological weed control. First, 
prediction of the Jikely spread ofa new weed 
introduced into the region. This can be of great 
importance, in that if a new weed is likely to 
affect a large and envirorunentally or eco
nomically significant area, greater resources 
should be mobilized towards its control from 
the outset. For example, laboratory studies 00 

the climatic requirements ofPartheoiulll weed 
(Doley 1977, Williams and Groves 1980) con
finned the evidence of its rapid initial spread 
and justified continued expenditure both to 
slow its spread and achieve long-term control 
(Haseler 1976. Auld et al. 1982). 

Climatic modcls based on laboratory stud
ies of a weed are thus of real value. Models 
based on ' known geographical distribution' 
where this is confined to the country of 
origin can however be dangerously mislead
ing. Harrisia cactus (Eriocereus martinii) in 
its native South America does not spread into 
areas with less than 750 mm rainfall but in 

Queensland, a similar sub-tropical summer 
rainfall zone, it has become a problem in areas 
receiving as littleas500mm (McFadyen 1986). 
Similarly, Chromo/aena (Eupatorium) odorata 
in its native Neotropics is truly tropical, being 
found only between southern Florida at 25° N 
and the extreme north-west of Argentina at 23 · 
S. In the Old World however it extends well 
into the sUb-tropics, from northern Assam and 
Bhutan at 28' N to 29 ' S at Natal in South 
Africa (McFadyen 1989). Panella (1987) dis
cusses several other examples, and attributes 
this sub-maximal distribution in the country of 
origin to the effects of predators and competi
tion with other plant species with different 
climatic optima, both factors not present in the 
new country. As a result, climatic models 
based solely on distribution in the nativecoun
try should be treated with considerable cau
tion, and confirmcd by phytotron studies as 
soon as possible. 

Even more misleading are climatic models 
based on the current Australian distribution 
of a weed, when there is no evidence that the 
weed has reached all suitable areas. For ex
ample, Sindel (1989) used the model BID
CLIM to predict the future distribution in 
Australia of fireweed Senecio madagascari
ensis, but based this on climatic data for locali
ties where it is already established in NSW and 
south-east Queensland. The resulting map 
showed the climatically suitable area to be 
confined to the coastal region ofNSW. term i
natingjust north of Brisbane, although Sindel 
also stated that , based on the distribution of S. 
madagascariellsis in Africa, fireweed might 
move further north in eastern Queensland. 
However, a recent climatic model using the 
program CLIMEX but based on the distribu
tion of fireweed in Madagascar where it is 
native, has indicated that a vast area of Queens
land, the Northern Territory and the northern 
half of Western Australia receiving at least 
400 mm of rain annually would also be suit
able for fireweed (D. Sparks, unpublished 
report 1990). 

Prediction of agent establishment 
The second use suggested for climatic model
ling is to ' predict establishment ofa biological 
control agent '. Forty percent of introduced 
agents fail to establish and at least halfofthose 
established are ineffective (Julien 1989). Each 
agent released represents a considerable cost 
and anything which would increase overall 
effectiveness is to be commended. Unfortu
nately in most cases the basic data for climatic 
modelling, even the limits of the native distri
bution of an agent , are not available before the 
agent is brought into quarantine. By the time 

the data is obtained, therefore, the insect has 
usually already been cleared for release. and 
the extra costs involved in release are minimal. 
Furthermore. as weed biological control agents 
are by their nature highly host-specific, their 
broad climatic requirements are usually that 
of the host weed. and climatic models are 
unlikely to show that the agent cannot estab
lish. Climate is also an obvious factor to blame 
for failure to establish; with weed biocontrol 
agents the true reason may be predation, or an 
unsuitable host plant due to undetected sibling 
species or races in either host or agent 
(McFadyen 1985). Even where the climatic 
match is not good, prediction is difficult. The 
gall midge Rhopa/omyia cali/arnica from a 
winter-rainfall Mediterranean climate estab
lished readily in the summer rainfall area of 
southern Queensland (McFadyen 1984), re
sulting in promising control of the weed Bac
charis halimi/olia until limited by attack by 
native parasites (Melksham, unpubL data, 
1990). 

Where we have found climatic modelling to 
be very useful is in predicting the areas or 
seasons of maximum effectiveness of an al
ready established agent. Thus an admittedly 
crude model was used to show that even though 
the moth Epiblema strenllana could be estab
lished on Noogoora burr in NSW. it was un
likely to be effective except in the far north
west oflhe State (McFadyen 1987). Similarly, 
data on temperature and humidity require
ments for spore germination have been used to 
predict that the rust Pllccinia abrllpta for the 
control of Parthenium weed will be most ef
fective in winter and spring in Queensland and 
perhaps into summer further south (Lands 
Dept. unpubl. data). 

Problems with climate models 
For predictive models of this sort. the climatic 
records that are needed are accurate means, 
long-term but also up-to-date, i.e. including 
the last 10 years. Means are needed for sites 
throughout the State but especially, for our 
work. in the crop and pastoral areas west ofthe 
Dividing Range. Detailed temperature and rain
fall data for a particular season can then be 
used to check the models retrospectively, i.e. 
did the insect population in the field behave as 
expected and ifnot, why not? For example, the 
population ofamoth in the wet-dry tropics was 
shown to be strongly correlated with rainfall 
10 weeks previously, presumably through the 
elTect on the host plant (Cruttwell 1972). 

At the moment , our work in this area is 
limited both by lack of expertise and time, and 
by the lack of ' user-friendliness' in some of 
the computer programs. For example, the pro
gram CLIMEX is available at an alTordable 
price and can be run on the PCs we currently 
use, though only after several worker-days of 
learning and modification. However though 
we could match Australian climates to a single 
' target' climate elsewhere in the world (e.g. 
the climate ofTulear in Southern Madagascar) 
and draw a Olap of Australia to show the 
regions best matched by this climate, we have 



had difficulties in matching the climate of a 
region in the overseas country. for example 
the region of Madagascar where fireweed is 
known to occur, in order to determine the areas 
of Australia with climates suitable for fireweed. 
The program BIOCLlM is designed to match 
areas in this way, but is available only through 
CSIRONET. Furthennore, BIOCLlM bas its 
own problems, asa recent study ofthe possible 
spread ofNoogoora burr in Western Australia 
using BIOCLIM resulted in a maj or' anomaly' • 
where one prediction included the southern 
agricultural area as suitable, but this area was 
excluded from another prediction based on the 
same data but with additional sites (Roberts et 
al. 1988). and the Ord river area. where 
Noogoora burr currently occurs, was not in
cluded in either of the predicted distributions! 

The two problems obviously interact; users 
who spend little time on computers and for 
whom climate modelling is only a very small 
part of their total work program need simple
to-operate computer models that can be used 
on their existing machines, frequently IBM 
compatible PCs. The models need both to 
generate the required infonnation in an easy
to-read form. and to be easy to install and 
operate even for the barely computer-literate. 
Available models fill some of these needs but 
not yet all. 

Discussion 
The Biological Section of the Queensland De
partment of Lands has been involved in the 
prediction of the potential spread of new inva
sive weeds since the prickly-pear days. These 
predictions were based on avai1able knowl
edge of tbe distribution of tbe weed in its 
native country plus observation of its spread 
within Australia, together with climatic match
ing based on published data such as the 
Klimadiagrama Weltatlas (Walter and Leith 
1960). Computer models offer much greater 
ease and speed of climate matching, and gen
erate easily-publishable maps and tables to 
illustrate both the areas of climatic suitability 
and the particular reasons for any climatic 
mis-match. Unfortunately, this very efficiency 
tends to give an appearance of 'believability' 
which may not be justified by the underlying 
assumptions. There is a danger that a com
puter-generated map may seem more 'scien
tific' than a hand-drawn one, yet both are 
based on the assumption that long-term cli
matic averages are the main factor limiting the 
present and future distribution of a weed or a 
biological control agent. 

In conclusion, therefore, it is my view that 
climate modelling is a very useful predictive 
tool in biological weed control, but that it must 
be made explicit whenever these models are 
used, that the resulting predictions are no more 
reliable than the series of unproven even if 
reasonable assumptions on which they are 
based. 
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