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J. M. Cullen 
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Summary 

Inquiries inlo biological conlrol of 
Echium plantagineum (Palerson's 
curse or salva lion Jane) were called lale 
in 1984 by Senalor J. N. Button,lhen 
Minisler for Induslry and Commerce 
(10 be conducled by Ihe Induslries 
Assislance Commission (lAC» and by 
Ihe Biological Conlrol Aulhorily, 
Senalor J. Kerin, Ihen Minisler for 
Primary Induslry . Following meetings 
wilh Ihe lAC and Ihe Bureau of 
Agricultural Economics, a CSIRO 
Division of Enlomology submission 
was made 10 Ihe Inquiries. The submis
sion covers general characteristics and 
examples of biological weed conlrol, 
adminislration of biological weed con
Irol in Auslralia , Ihe CSlRO Division 
of Enlomology classical biological 
conlrol programme for E. plantagin
eum, hosl-specificily lesting of phylo
phagous organisms, and an assessmenl 
of Ihe pOlenlial for success of Ihe bio
logical conlrol programme, should it 
proceed . 

This paper is a shortened version of 
Ihe submission 10 Ihe Echium Inquir
ies. Some background information nol 
relevanllo Ihis paper, Iwo appendices 
(conlaining raw dala from an ecologi
cal sludy of Ihe weed and a lisl of 
scientific papers appended 10 Ihe sub
mission), some tables, text, figures and 
references have been deleted. 

Introduction 

The Industries Assistance 
Commission Inquiry 

and Commerce, referred the topic of 
'whether Echium sp . . . . should be a 
ta rget for biological control' to the 
Industries Assistance Commission 
(lAC), using his powers under Section 
23 of the lAC Act 1973. The lAC was 
to report on this matter by 26 July 
1985 . 

The terms of reference for the lAC 
Echium Inquiry were: 
'(I) . .. whether Echium sp. (including 
species commonly known as Paterson's 
Curse, Salvation Jane or Riverina 
Bluebell) should be a target for biologi
cal control; 
(2) that in its inquiry and report the 
Commission sha ll have regard to and 
comment on 

(a) the economic advantages and dis
advantages of Echium sp. to the 
various sectors of Australian agri
culture and the economy in general 
(b) the means by which biologica l 
control of Echium may be effected 
(c) whether any industries or persons 
would be significantly disadvantaged 
as an ou tcome of biological control 
of Echhim sp. and , if so, whether 
any assistance might be provided 
(d) the availability, effectiveness and 
efficiency of a lternative methods of 
control such as chemical, mechani
cal and pasture management; and 
(e) conservation of the natural 

environment, with regard to the above; 
(3) specify that the Commission be free 
to take evidence and, where necessary 
to make recommendations on any 
matters relevant to its inquiry under 
this reference.' 

It should be noted that, in the above 
terms of reference, where 'Echium 
sp.' is listed, we assumed Ihe species 
intended is E. plantagineum L., Pater
son's curse or salvation Jane (Figure I). 
There are two other weedy, herbaceous 
Echium spp. in Australia (piggin 
I 977a): E. italicum L. (Italian bugloss) 
and E. vulgare L. (viper's bugloss). 
The declarations of the noxious stalUs 
of these weeds in parts of Australia 
includes all Echium spp., not just E. 
plantagineum. 

On 15 November 1984 the lAC 
Echium inquiry staff first made contact 
with the CS IRO Division of Entom
ology, requesting preliminary meet
ings. Two such meetings were held: the 
first on 28 November with members of 
the lAC Echium Inquiry staff only; 
and the second on 7 December with 

On 26 October 1984, Senator J. N. 
Button, then Minister for Industry 

Figure 1 A tYPical infestation 01 Ech/um plantagineum l., Paterson 's curse/salvation Jane, spring 1981, 
near Gundagai. New South Wales. 
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members of the lAC Echium Inquiry 
staff and the two Commissioners (Mr 
1. Carey of the lAC and Prof. M. 
Blacklow of the University of Western 
Australia). Topics discussed were listed 
in a Minute Paper prepared by the lAC 
Echium Inquiry staff, including: 
CSIRO experimentation with biologi
cal control; implementation of the con
trol programme; alternative methods 
of control; economic effects of biologi
cal control on agriculture; information 
on the genus Echium; and environ
mental effects of control. 

On 5 December 1984, the Bureau of 
Agricultural Economics (BAE) which 
had been asked to make a submission 
to the lAC Echium Inquiry, requested 
a meeting to be held as soon as 
possible. This meeting was held on 
6 December. Topics discussed with the 
BAE included location, seasonality, 
economics, and productivity of E. 
plantagineum. 

Some of the points of reference or 
discussion requested by the lAC and 
BAE were outside the scope of exper
tise of scientists in the Division of 
Entomology. Where appropriate, we 
suggested to each group possible 
sources of such information from 
experts in those areas. 

The Biological Control 
Authority Inquiry 
Submissions to the Biological Control 
Authority (RCA) Echium Inquiry were 
requested in newspaper advertisements 
which appeared in late December 1984, 
under the provisions of the Biological 
Control Act 1984. These advertise
ments stated that 'The Australian 
Agricultural Council [AAC] has rec
ommended that all species of the plant 
genus Echium, including those com
monly called Paterson's Curse or Sal
vation Jane or Riverina Bluebell, 
should be declared by the BCA as 
target organisms for biological control' 
and that 'the following organisms [the 
eight potential biological control 
agents discussed below], which are 
intended to control all species of the 
genus Echium, should be declared by 
the BCA as agent organisms'. 

The terms of reference for the BCA 
Echium Inquiry were: 

' In terms of the Biological Control 
Act 1984 persons who object to, or 
support, the declaration of the target 
organisms and/or the agent organisms 
are invited to submit written particu
lars of the grounds for their objection 
or support, within six weeks of the date 
of publication of this notice .. . '. 

It should be noted that the eight 
species of natural enemies proposed as 

biological control agents will not con
trol 'all species of the genus Echium'. 
Four of the species are restricted to the 
genus Echium (one of these is likely to 
be restricted to E. plantagineum in the 
field); the remaining four are restric
ted to a small group of Boraginaceae 
(the family in which Echium is placed). 
Host-specificity of these insects is dis
cussed below. 

The CSIRO Division of 
Entomology Submission 
One su bmission was prepared which 
addressed, as fully as possible, the 
terms of reference of both Echium 
I nquiries. The intent was to present 
sufficient discussion on each topic to 
inform the lAC and BCA of what was 
done in the Division's research pro
gramme on E. plantagineum, and why. 
Host-specificity testing was treated 
separately because the Inquiries 
addressed the suitability of each of the 
insects as proposed agents, as well as 
the suitability of E. plantagineum as a 
target weed for biological control. 

General characteristics and 
examples of biological weed 
control 

Biological control is one of a number 
of management strategies which may 
be used to control pests. A list of 
strategies and of some agents and 
methods used in their implementation 
is given in Table I. 

Biological control involves the use of 
natural enemies to manage pest popul
ations. It is based on two fundamen
tal principles: (i) natural enemies can 
limit populations of pests; and (ii) 
some of these natural enemies have 
narrow host ranges. Biological control 
can be applied to all types of pests 
(vertebrates, arthropods, weeds, etc.); 
the remainder of this discussion applies 
only to weeds. 

Currently, four strategies of biologi
cal weed control are recognized 
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(Wapshere et al. 1985): (i) classical! 
inoculative; (ii) inundative/ augment
ative; (iii) conservative; and (iv) broad 
spectrum. Only the classical strategy 
applies to the E. plantagineum 
programme. Integrated control of 
weeds (Table I) is also a useful strategy 
which relies heavily on biological weed 
control (Andres 1977, 1982; Delfosse 
1985b). 

Classical/inoculative biological 
weed control 
In this strategy of biological weed 
control, host-specific, introduced 
natural enemies (called biological 
control agents, or simply, agents) are 
imported and liberated after testing 
and approval to control weeds (Andres 
and Goeden 1971; Batra 1982; DeBach 
1964; Frick 1974; Holloway 1964; van 
den Bosch and Messenger 1973; Wap
shere 1982a; Wapshere et al. 1985). 
Classical biological control is conduc
ted similarly by the major countries 
which have historically been leaders in 
biological weed control (Australia, 
Canada, New Zealand, South Africa, 
the U.K. and the U.S.A.). The follow
ing discussion explains classical bio
logical control in general, with specific 
examples added as they apply to E. 
plantagineum. 

In the initial phase of a classical 
biological control programme, an 
extensive literature review of the weed 
is made, and all available data on tax
onomy. biology I ecology I economics, 
and especially on distributions and 
known natural enemies, are compiled. 
Potential conflicts of interest are 
usually identified at this early phase, 
and resolved if possible (Andres 1981). 

On the basis of these data, applica
tion is made to the appropriate 
authority for designation of the plant 
as a target weed for biological control. 
Foreign exploration for natural enem
ies of the weed is conducted, ideally 
starting in the geographical center of 
evolution of the weed genus, and/or in 
eco-climatically equivalent areas of the 

Table 1 Strategies of weed management and examples of agents and methods 
used in their implementation 

Strategy 

Biological control 
Chemical control 
Cultural control 
Mechanical/physical control 
Integrated control 

Genetic control 
Legal/preventive control 

Agents and methods 

Insects, mites, pathogens, fish 
Herbicides, growth regulators 
Crop rotation, mulching, covers 
Cutting, hoeing, discing 
Combinations of other strategies, often taken 

to include biological control 
Genetic manipulation of agents 
Legislation, hygiene 
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infested region, if known. This results 
in a list of natural enemies of the weed. 
Many of these will have wide host 
ranges, usually including important 
crop plants, and consequently, are not 
considered further as potential agents. 
A 'short list' of potential agents is thus 
determined. 

Information on distribution, ecol
ogy, suspected host range, type of 
attack, phenology, ease in collection 
and rearing, etc. is used to set priori
ties for detailed studies of the biology 
and host range of potential agents. For 
E. plantagineum, this procedure was 
followed at the CSIRO Division of 
Entomology's Biological Control Unit 
in Montpellier, France. In these studies 
on host range, 41-78 plant species were 
used for each potential agent, and test
ing each species took about 3 years (see 
below). 

If, as a result of the host-specificity 
testing, it is found that the agent would 
be safe to introduce for biological con
trol of the target weed, application is 
made to Plant Quarantine (formerly 
part of the Department of Health; now 
part of the Department of Primary 
Industry) for an importation permit 
(see below). If granted, the agent is 
imported into Australia where it is 
reared for at least one generation in an 
approved quarantine facility. Addi
tional host-specificity testing may also 
be done in quarantine in Australia; for 
some weeds (not E. plantagineum), all 
or most of the host-specificity testing 
is done in quarantine in Australia. 

In the first quarantine generation, 
the culture is checked to ensure that 
only the desired species has been 
imported; if any contaminants (such as 
parasites or diseases of the agent) are 
found, they are eliminated by careful 
breeding. A clean culture is thus 
obtained, which is removed from 
quarantine and mass-reared in insec
taries for field release and evaluation 
at pre-selected experimental sites. If 
established in the field, most agents will 
spread over a wide area naturally. In 
addition, agents can be deliberately 
distributed to other areas. 

In summary, a classical biological 
control programme can be divided into 
three main phases: (i) initiation and 
approval; (ii) pre-introduction studies 
(foreign exploration, host-specificity 
testing, and agent approval); and (iii) 
post-introduction studies (importation, 
quarantine clearance, mass-rearing, 
sometimes additional host-specificity 
testing, release, evaluation and re
distribution) (Wapshere et 01. 1985). 
Theoretical effects of classical biologi
cal control on a pest population are 
indicated in Figure 2. 
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Figure 2 Theoretical effects of claSSical biological control on a pest population . A: Pest introduced, 
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economic threshold . B: Introduction of biological control agents. causing a downward .'Iuctual lon In the pest 
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Examples of successful classical bio
logical control of weeds include: the 
narrow-leaf form of skeleton weed 
(Chondrilla juncea L.) primarily by a 
strain of a rust fungus, but also by 
means of a mite, a moth, and a midge 
(Cullen 1978; Cullen et 01. 1973; Del
fosse and Cullen 1982; Delfosse et 01. 
1985); waterhyacinth (Eichhornia cras
sipes [Mart.] Solms-Laubach) primar
ily by two species of weevils and two 
species of moths (plus, in some cases, 
fish, fungi and mites) (Center 1975; 
Delfosse 1978; Delfosse et 01. 1976; 
Harley 1982; Harley and Wright 1984; 
Perkins 1972, 1974; Wright 1981; 
Wright and Center 1984); salvinia (Sal
vinia molesta D.S.Mitchell) by a weevil 
species (Room et al. 1981, 1984); water 
lettuce (Pistia stratioles L.) by a beetle 
(Harley et 01. 1984); alligatorweed 
(Allernanthera phifoxeroides [MarL] 
Griseb.) primarily by beetle species 
(Coulson 1977; Julien 1981); prickly 
pear cacti (Opunlia spp.) by a moth 
species and sucking bugs (Dodd 1940; 
Goeden and Ricker 1981 ; Moran 
1981); thistles (Carduus spp.) by 
weevils (Kok and Surles 197'5; 
Schroeder 1980; Trumble and Kok 
1982); ragworl (Senecio jacobaea L.) 
by moth and beetle species (Harris et 
01. 1971); St John's wort (Hypericum 
per/oratum L.) primarily by a beetle 
species (Clark 1953; Clark and Clark 
1952; Delfosse and Cullen 1981b; 
Huffaker 1967); Harrisia cactus 
(Eriocereus marlinii [Lab.] Riccob.) by 
a mealy bug (McFadyen and Tomley 
1981); and many others (see references 
in Delfosse 1981,19850 for example). 
Classical biological weed control has 
been used more frequently than the 
other strategies of biological weed 
control to date. 

Other strategies 0/ biological 
weed control 
The three other strategies of biologi
cal weed control that are currently 
recognized (inundative/ augmentative, 
conservative, and broad spectrum) 
have not been considered for use with 
E. planlagineum and hence are 
discussed only briefly here. 

lnundative biological weed control 
usually involves mass-production and 
release of native natural enemies 
against native weeds (Batra 1982; 
Wapshere et 01. 1985). Large numbers 
of the natural enemies are reared and 
released into the region where the weed 
is at pest levels, thereby artificially 
increasing the abundance, and hence 
effectiveness, of the natural enemies. 
These releases can be repeated 
throughout the season, or can be timed 
to increase the effectiveness of the 
natural enemies at critical periods in 
the phenology of the weed. The agents 
used are usually of little effect unless 
a massive increase in the level of their 
inundative stage is achieved. Fungi 
used inundatively are known as 'myco
herbicides' (Templeton et 01. 1979). 
Thus this method becomes to some 
extent a technological response to a 
weed problem, whereas classical bio
logical control is essentially ecological. 

Examples of inundative biological 
weed control include: waterhyacinth, 
with a native fungus (Conway 1976); 
purple nutsedge (Cyperus rotundus L.) 
with a native moth (Frick 1978); and 
northern jointvetch (Aeschynomene 
virginica [L.] B.S.P.) with a native 
fungus (Daniel et 01. 1973). 

Biological weed control by conserv
ation of natural enemies (or briefly, 
conservative biological control) may 
involve reduction of populations of 



native parasites, predators and diseases 
of native natural enemies of native 
weeds (Batra 1982; Wapshere et al. 
1985). This strategy of biological weed 
control remains largely a theoretical 
concept but, if successful, would have 
the effect of raising the population level 
of the natural enemies of the weed, and 
hence their effectiveness on the weed. 

Broad-spectrum biological weed 
control (earlier called 'total vegetation 
control', Wapshere 1982b) involves 
artificial manipulation of the natural 
enemy population so that the level of 
attack on the weed is managed to 
achieve the level of control desired 
(Wapshere et al. 1985). There IS not 
always selection of a particular weed 
in this type of control. 

With broad-spectrum biological 
weed control, manipulability of the 
agent is the principal requirement, 
rather than effectiveness or virulence 
per se, as these latter characteristics 
can be increased or decreased by alter
ing stocking rates. Safety (i.e. host
specificity) would be disadvantageous 
in . broad-spectrum biological weed 
control because it would lead to 
natural enemy concentration on one or 
a few weed species only. Thus natural 
enemies best suited for broad-spectrum 
biological control are polyphagous and 
include organisms such as large graz
ing animals (cattle, sheep, horses, 
goats, geese, etc.) (N.A.S. 1968; Shar
row and Mosher 1982), or aquatic 
animals such as manatees (Bertram 
and Bertram 1962), South American 
snails (Holloway 1964), and phyto
phagous fish (especially the grass carp 
or white amur, Ctenopharyngodon 
idella Valenciennes) (Delfosse el al. 
1976; Stanley et al. 1978; van Zon 
1979). 

Integrated weed control 

Integrated weed control is a relatively 
new field compared with integrated 
control of arthropods. In integrated 
weed control (a facet of integrated pest 
management, [PM), biological control 
has been combined with compatible 
herbicides and mechanical or cultural 
control techniques. 

IPM requires very detailed knowl
edge of the ecology of the weed, the 
system of which it is a part, and the 
strengths and weaknesses of each con
trol strategy. The cropping or other 
system in which the weed is a pest is 
managed in such a way that its import
ance is reduced to below the economic 
threshold of that system. 

Practical examples of integrated 
weed control are few, although, in 
Australia, the strategy has been 
leveloped for St John's wort, where 

agents imported in the classical 
biological control programme for this 
weed can be used in combination with 
compatible herbicidal and cultural 
control methods (Campbell 1979). 
Other examples of integrated weed 
control include alligatorweed, with 
beetles and herbicides (Durden et al. 
1975), and nutsedges (Cyperus spp.), 
with insects and pathogens plus 
herbicides (phatak el al. 1983; Quimby 
and Frick 1980). This strategy of weed 
management is likely to be used more 
often in future, and was planned to be 
investigated for E. plantagineum. 

Discussion 
Historically, classical biological con
trol was the first strategy of biological 
weed control to be recognized and 
practised. [nundative biological con
trol was recognized as a possibility at 
about the same time, but was not put 
into use until much later. Conservative 
and broad-spectrum biological weed 
control have developed more recently. 
The possibility and potential of integ
rated weed control have been recog
nized for many years, but practical 
programmes utilizing it are a relatively 
recent development. 

Classical biological control is not 
applicable to all weed problems, but 
has certain advantages over other 
types of weed control, including: 
(i) permanency: effects are permanent 
once natural enemies are established; 
(ii) safety: there are no harmful side
effects, such as disruption of the 
environment by chemical residues, pol
lution, etc.; (iii) specificity: an agent 
can complete its life cycle only on 
a specific target weed or on a very 
small group of closely related species; 
(iv) responsiveness: agents are self
perpetuating and often self-dissemin
ating, thus can spread to all suitable 
habitats containing the target weed, 
and can respond to fluctuations in host 
numbers; (v) cost effectiveness: costs 
are non-recurrent because once estab
lished, no further inputs are needed, 
and there is a high benefit:cost ratio for 
successful programmes (Marsden el al. 
1980). 

Despite these favorable characteris
tics, biological weed control has often 
been considered only as a last resort 
after all other methods have failed 
(Neser and Annecke 1973). Currently 
in Australia, biological weed control 
is accepted widely as an important 
means of weed control and is con
sidered as an optio'n for the manage
ment of many weeds (Harley 1983). 

Classical biological weed control is 
not suited to all situations, however, 
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and has some disadvantages. For 
example: (i) where a quick result is 
required, biological control is not 
the method of choice because it is 
relatively slow-acting, its effectiveness 
varies with the local situation, and its 
results are not guaranteed; (ii) there is 
an initial high expenditure of time, 
money and human effort; (iii) there 
are restricted numbers of natural 
enemies available for each weed 
species; (iv) control of several species 
in a restricted area is rarely possible; 
(v) agents are usually self-dissemin
ating and hence control cannot be 
localized; (vi) cultivation is often 
harmful to the population build-up of 
agents and so control is not usually 
successful in short-term cropping 
cycles; and (vii) eradication of the 
target weed is highly unlikely, except 
in very restricted areas for relatively 
short periods of time (nor would it be 
desirable, since a low level of the weed 
is necessary to maintain the agents). 

Biological control of weeds is not a 
panacea; it is simply one of the 
management options that should be 
considered for any important weed 
problem. 

Although the first instance of classi
cal biological weed control was in the 
mid-nineteenth century (when a mealy 
bug, which had been introduced to 
India in 1795 for commercial purposes, 
was redistributed to southern India 
and Sri Lanka, where it destroyed a 
prickly pear species)(J utien el al. 1984), 
most programmes have been conduc
ted since 1902 (J ulien 1982). One 
recent summary (Julien el al. 1984) of 
world projects, involving arthropods 
and fungi as agents, lists 174 projects 
against !OI weed species in 70 coun
tries conducted prior to 1980. Of these, 
68 (39%) were successful against 48 
weed species. Insects comprised 98"1. 
(171 species) of the agents released 
(others were: mites 2; nematodes I; 
and fungi 4 species). About 64"1. (292) 
of 499 releases of these agents became 
established, and 29% (120) were effec
tive. For the releases that resulted in 
establishment, 47% were effective. An 
average of 3-4 introduced agents were 
released in classical biological control 
programmes which successfully con
trolled the weeds. Of these, 2.5 (73%) 
became established, and J. 7 (49%) 
contributed to control. These figures 
are biased by inclusion of introduc
tions into countries lacking adequate 
resources or expertise to do more 
than liberate agents, and hence some 
projects have been evaluated as fail
ures. In Australia, the proportion of 
successes has been greater than the 
average figures quoted above. 



28 Plant Protection Quarterly Vol. 1(1) 1985 

Administration of biological 
weed control in Australia 
To understand the place of biological 
control in Australian agriculture, some 
acquaintance with the administration 
of Australian agriculture and the 
environment is necessary (Cullen and 
Delfosse 1985). 

For agriculture, the ultimate author
ity is the Australian Agricultural 
Council (AAC) which comprises the 
Ministers for Agriculture or Primary 
Industries from each State, and 
is chaired by the Federal Minister 
for Primary Industry. To AAC are 
submitted the deliberations and recom
mendations of the Standing Commit
tee on Agriculture (SCA), which 
consists of the State Directors of 
Agriculture, representatives of the 
Federal Department of Primary Indus
try and CSI RO. Other subsidiary 
committees with responsibility for 
different sectors of agriculture report 
to the SCA. 

One such committee is the Plant 
Production Committee (PPC), to 
wh.ich, in turn, various Technical 
Committees report including the 
Australian Weeds Committee (AWC), 
comprising representatives of Depart
ments of Agriculture, Primary In
dustry and/ or other groups of each 
State and the Northern Territory, plus 
representatives of CSIRO, the Depart
ment of Primary Industry, the Bio
logical Control Authority, the Council 
of Nature Conservation Ministers, and 
forestry interests. The A WC is the 
principal initiator and co-ordinator of 
national weeds policies and is also a 
sounding board for CSIRO and State 
research proposals which are of con
cern to other States. 

Thus, for some time, Australia has 
had a mechanism for discussing pro
posed national and regional biological 
control programmes for weeds. 

The system of approval for import
ation and release of agents has been 
quite separate from that for target 
weed approval with passage of the 
Quarantine Amendment Act 1985, the 
Commonwealth Department of Pri
mary Industry (Plant Health and 
Quarantine Branch) administers plant 
and animal quarantine aspects of the 
Quarantine Act 1908. Under the pro
visions of this Act, each agent is the 
subject of an application to Plant 
Quarantine which appoints a smali 
Advisory Committee of senior ento
mologists for an insect importation or 
plant patlwlogists for a pathogen 
importation. Recently a new Act has 
come into force, namely the Wildlife 
Protection (Regulation oj Exports and 
Imports) Act 1982 which is admin-

istered by the Commonwealth Depart
ment of Home Affairs and the En
vironment. This Act not only pre
vents international trade in native, 
particularly endangered, species, but 
also regulates importation and release 
of introduced species, and can order 
environmental impact statements. How
ever, for biological control agents, at 
least for the present, the Department 
effectively follows the recommenda
tions of Plant Quarantine. 

Thus historically, the two areas for 
potential conflicts of interest have been 
distinct: on one hand, the target weed; 
and on the other, specificity (i.e. 
safety) of agents. The consideration of 
a weed as a suitable target, and of 
selected agents as suitable, host-specific 
control agents, has been the responsi
bility of separate and distinct bodies, 
each with expertise in its particular 
area of responsibility. (See Cullen and 
Delfosse (1985) for a more complete 
discussion of these factors for Aus
tralian programmes.) 

The classical bIological control 
programme for Echium 
p/antagineum 

Biological control of E. plantagineum 
was first proposed in about 1928 (Till
yard 1928) but work did not begin by 
CSIRO until 1972 (Delfosse and Cul
len 1981 a). A brief discussion of the 
history of approval of E. plantagineum 
as a target weed for biological control 
will be given first, followed by details 
on the scientific aspects of the 
programme. 

His/ory oj approval oj E. plantag
ineum as a target weed jor 
biological control in Aus/ralia 
In 1971, common heliotrope (Heliotro
pium europaeum L.) and E. plan
tagineum were among a small group of 
priority weeds suggested by members 
of the A WC as possible targets for 
biological control. Both belong to the 
family Boraginaceae. 

The suitability of E. plantagineum 
as a target weed, in light of the known 
conflicts of interest, was checked with 
all States, which gave agreement, and 
work commenced. Each year there
after, the desirability of the pro
gramme was confirmed in discussions 
by the AWC. In 1974-75, in view of 
the concerns of the honey industry, all 
State Directors of Agriculture were 
asked whether, on balance, control 
was desirable. All responded affirma
tively, though with varying degrees of 
enthusiasm. Thus, effectively, the 

decision had the approval of individual 
members of SCA, but formally the dis
cussion had remained at the level of the 
AWC. 

However, although information was 
available at the State Departments of 
Agriculture or Primary Industries, and 
the possibility of biological control of 
the weed was raised very clearly in an 
Australian beekeeping journal in 1974 
(Clemson 1974), the CSIR Annual 
Report in 1928 and CSIRO Division of 
Entomology Annual Reports from 
1973-83, the Federal Council of Aus
tralian Apiarists' Associations claimed 
that they did not become aware of the 
programme until 1978 (Briggs 1985). 

A controversy then erupted, with the 
apiarists' associations lobbying govern
ment ministers and CSIRO to stop the 
programme. Thus, in August 1978, the 
CSIRO Division of Entomology pro
posed to AWC that SCA should be 
asked to form a Working Party to 
resolve the dispute, and said that it 
would not release agents unless all 
States unanimously recommended that 
it should do so (Briggs 1985). The 1978 
meeting of the A WC recommended an 
expert inquiry to assess the validity of 
the claims and the new information put 
forward. 

The SCA rejected this proposal and 
recommended initially that the pro
gramme should not proceed. AAC 
subsequently did not accept this 
recommendation from the SCA and 
referred the matter back to SCA for a 
full report. Six months later, follow
ing consideration of a report prepared 
by New South Wales, which included 
material from a public inquiry held by 
Victoria, SCA recommended and 
AAC accepted, that the programme 
should proceed. In response to further 
lobbying by apiarists, the decision was 
reconsidered 6 months later, but 
confirmed again. A small element of 
doubt expressed by one State Minister 
disappeared with a change in govern
ment of that State, and in October 
1979 CSI RO was again authorized to 
proceed, with the unanimous agree
ment of AAC. 

The CSIRO Division of 
Entomology programme for 
biological control of 
E. p/antaglneum 

Montpellier-based programme 
Surveys for natural enemies of E. plan
/agineum in the Western Mediter
ranean began in 1972 (Delfosse and 
Cullen 1981 a). Of the many species 
found associated with E. plan/agin
eum, eight were chosen for initial host-
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specificity studies (conducted from 
1973-82). These are discussed briefly 
below. 

Ceulorhynchus geographicus (Goeze) 
and C. larvalus Schultze (Coleoptera: 
Curculionidae) are commonly known 
as the Echium weevils. They are small 
(C. geographicus adults 4-4.5 mm 
long; C. larvatus adults 3.5-4 mm 
long) and dark with light patterns. 
Adults of both species feed on rosette 
leaves. Larvae of C. geographicus feed 
initially in petioles, then descend to 
roots; those of C. larvatus feed initially 
in petioles, then descend to crowns. 

The biology of the Echium weevils 
is similar (Yayssi"res and Wapshere 
1983). Adults emerge from autumn to 
spring and immediately produce 
characteristic circular-to-oval holes in 
rosette leaves. Copulation occurs soon' 
after emergence. Females of both 
species oviposit by making a deep 
puncture with their rostra into leaf or 
petiole epidermis, then turn around 
and insert an egg into the wound. 
Wounds on leaves are covered with a 
sticky anal secretion; those on petioles 
are covered by masticated wound 
tissue. A gall is sometimes produced 
around an egg or larval damage site. 
Larvae then feed in the sites mentioned 
above before leaving the plants to 
pupate in nearby soil. A cocoon is 
formed from soil particles glued 
together by a thick anal secretion 
produced by both species. These 
weevils are probably partially bivol
tine. Adults of the first generation 
emerge in late spring, and become 
quiescent by early summer. Adults of 
the second generation (derived from 
early-emerged, first-generation adults) 
emerge in late autumn and slightly 
overlap with adults of the first gener
ation which begin to die at this time. 

Host-specificity testing for these 
weevil species was conducted from 
1978·81 (yayssi"res and Wapshere 
1983). Seventy-eight plant species in 27 
fantilies were tested. Both species were 
found to be Echium-specific; even 
other Boraginaceae will not support 
their complete development. 

Longitarsus aeneus Kutsch and L. echii 
Koch (Coleoptera: Chrysomelidae) are 
commonly known as the Echium flea 
beetles. They are small (L. aeneus 
adults < 2 mm long; L. echii adults 
> 2 mm long), black beetles. Adults 
of both species feed on rosette leaves, 
creating typical 'shot-holes'. Larvae of 
L. aeneus feed on root hairs and the 
external cortex of the main tap root; 
those of L. echii feed internally in the 
main tap root. 

The biology of the Echium flea 

beetles is similar (Wapshere 1982b). 
Adults emerge from pupae in the soil 
after rains and the cool weather of 
autumn and begin immediately to 
produce characteristic shot-hole 
damage in rosette leaves. Feeding 
continues throughout winter during 
periods when temperatures are rela
tively warm. In late winter, L. aeneus 
females lay eggs on and around ros
ettes; L. echii females oviposit into the 
rosette crown. Eggs hatch in 2-3 
weeks. Larvae of L. aeneus descend 
into the soil near the rosettes and feed 
as mentioned above; those of L. echii 
burrow into the bases of the petioles 
(stems) of the rosette leaves and into 
the tap root. In late spring, c. 4 months 
after oviposition, larvae of both 
species emerge from the roots and 
pupate in the nearby soil, in small, 
slightly compacted, earthen cells. 
Pupae are quiescent during summer 
and become adults in autumn. Both 
species are univoltine. 

Host-specificity testing for these flea 
beetle species was conducted from 
1978-80 (Wapshere 1982b). For L. 
aeneus, 41 plant species in 20 families 
were tested; for L. echii, 42 species in 
20 families were tested. Both species 
were found to be Echium-specific; even 
other Boraginaceae will not support 
their development. 

The Echium leaf-miner, Dialectica 
scalariella (Zeller) (Lepidoptera: 
Gracillariidae), is a small (5 mm long), 
thin, fragile, silvery-white and gold 
moth. 

Its biology is summarized as follows 
(Wapshere and Kirk 1977). Adults 
emerge from leaves of Echium and 
closely related Boraginaceae. Females 
lay eggs on the undersides of the 
leaves. Larvae (caterpillars) hatch in 
4-6 days at 14-30'C, and bore through 
the underside of the leaf into its 
interior (the mesophyll). Larvae feed 
internally in the leaf, progressively 
damaging it by forming serpentine, 
then blotch, mines. Last-stage larvae 
spin cocoons in these mines in which 
pupation occurs. In preparation for 
emergence, the pupae force their way 
through the walls of the cocoons and 
the epidermis of the leaves by use of 
a sharp anterior protuberance. The 
moth then emerges from the pupa and 
cocoon and prepares for mating. Mean 
egg-to-adult time varies from 53 to 19 
days at 14 and 28 ' C respectively. 
Many larvae can complete develop
ment in the same leaf. Larvae and 
pupae overwinter in leaves; adults are 
killed by cold temperatures in winter. 
There are 5-7 generations each year in 
Mediterranean Europe; at least that 
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many can be expected in E. plantag
ineum-infested areas of Australia. 

Host-specificity testing for D. scal
ariel/a was conducted from 1973-75 
(Wapshere and Kirk 1977). Fifty-one 
plant species in 23 families were tested. 
The species was found to be specific to 
Echium and a few closely related 
plants in the same family, none of 
which are of economic importance in 
Australia. 

Dictyla echii Schrank and D. nassata 
Puton (Hemiptera: Tingidae) are com
monly known as the Echium bugs. 
They are small (D. echii adults 3.1-3.6 
mm long; D. nassata adults 2.6-3.3 
mm long) and dark with reticulated 
dorsal cuticles. Adults and nymphs 
feed on rosette and cauline leaves and 
the flower shoots of their hosts. The 
biology of the Echium bugs is similar 
(Yayssi"res 1983). Adults overwinter in 
the soil near Echium rosettes. During 
sunny, relatively warm periods in 
winter and spring they suck the cells of 
the rosette leaves. In spring, females 
begin to oviposit in the stems and main 
ribs of the Echium leaves, perpen
dicular to the epidermal surface. Only 
the tip of each egg protrudes above the 
leaf surface, and this is covered by 
a brown, viscous substance which 
hardens to form a lump. Eggs hatch in 
6 days at 15-25 ' C. Nymphs are 
initially yellow in colour, but darken 
to brown and eventually black by the 
second day. They feed in a similar 
manner to adults. Egg-to-adult times 
vary from 23-30 days at 24'C and 
52-60 days at 16'C. There are at 
least two generations each year in 
Europe and probably more in warmer 
climates. 

Host-specificity testing for these 
bugs was conducted from 1980-82 
(Yayssieres 1983). For D. echii. 
42 plant species in 21 families were 
tested; for D. nassata, 41 species in 
21 fami lies. Both bugs were found to 
be specific to Echium and a few closely 
related species in the same family. 

The Echium stem-borer, Phytoecia 
coerulescens (Scopoli) (Coleoptera: 
Cerambycidae), is a large (10-15 mm 
long), robust, green beetle which feeds 
on the rosette and cauline leaves as well 
as the flowers. 

Its biology is summarized as follows 
(Kirk and Wapshere 1979). Pupation 
occurs in spring in the dead root
stock of the previous season's plants. 
Shortly after, adults begin to emerge; 
emergence continues until early sum
mer. Copulation and oviposition occur 
on host plants shortly after emergence. 
A female beetle takes a bite out of the 
basal third of a flower stem, turns 
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around and inserts an egg into the 
wound, then turns around again, and 
plugs the wound. Eggs hatch in c. 7 
days and the larvae bore inside the 
stem. In summer, as the flower stems 
begin to die, the larvae tunnel down
ward and into the roots which are hol
lowed out, forming chambers in which 
the larvae spend the winter to early 
spring period. Larvae girdle the dead 
or dying stems a short distance above 
ground level, then plug the stem with 
fibres from the stem. The larvae are 
cannibalistic: while several eggs may be 
laid in a flower stem, only one adult 
will eventually emerge, the other larvae 
having been destroyed by the survivor. 
There is one generation per year. 

Host-specificity testing for P. 
coerulescens was conducted from 
1974-78 (Kirk and Wapshere 1979). 
Forty-six plant species in 21 families 
were tested. The species was found to 
be specific to Eehium and a few other 
closely related species in the same 
family. The beetle could complete its 
life cycle only in plant species with 
large stems that develop in spring to 
summer; those with smaller stems, or 
those with stems that develop at otber 
times of the year, will not support this 
species. 

Canberra-based programme 
The Canberra-based programme for 
classical biological control of E. plan
tagineum had three aims initially: (i) to 
receive· approved agents from Mont
pellier, clear them through quarantine, 
develop mass-rearing techniques for 
each species, and make releases at care
fully selected experimental plots; (ii) to 
monitor the effects of the released 
agents on field populations of E. plan
tagineum at the experimental sites and 
to assess the spread of the agents from 
these sites via field surveys; and (iii) to 
determine the biology, phenology, and 
rate of spread of E. plantagineum, and 
use these data (Plus that gathered in the 
first two aims) to develop integrated 
control techniques in cooperation with 
State Departments of Agriculture. 
Each of these aims is discussed below. 

Receipt, quarantine clearance, 
mass-rearing and release of agents 

D. sealariella , P. eoeruleseens, L. 
aeneus and L. eehii were all approved 
by the Department of Health for intro
duction and release in Australia, and 
were received from 1979-80. The 
Longitarsus spp. were reared through 
one generation to develop a rearing 
system, then the cultures were de
stroyed so that the limited resources 
available could be concentrated on 

field releases and evaluation of the 
other two species. 

A very efficient mass-rearing system 
was quickly developed for D. sealari
ella. For example, pupae were received 
from Montpellier starting in March 
1980, and sufficient moths were reared 
to begin making releases near Braid
wood, Blighty and J ugiong, New 
South Wales on 6 and 23 June and 10 
July 1980 respectively. Also, 12 plants 
at the rosette stage, infested with D. 
scalariella in the laboratory (mean e. 
150 larvae per plant), were planted at 
each site on the same release days. 
These releases were made primarily to 
test overwintering survival of adults, 
and were intended to be the first in a 
long series of releases. In fact, mass
releases were planned to begin the fol
lowing spring, and many thousands of 
moths were being reared in preparation 
for these releases. The Higb Court 
injunction, which was granted on 
10 July 1980, the date of the last 
D. sealariella release, prevented these 
plans from being executed. Thus 
the mass-rearing scheme had to be 
changed immediately to a low-main
tenance procedure. Many thousands of 
moths were killed and only a small 
colony was retained until the outcome 
of the injunction was known. 

Aerial spraying of each site and sur
rounding areas with an insecticide was 
proposed initially by the plaintiffs, but 
it was recognized ultimately that it 
would be impractical to do anything 
about the free-Hying adults. The 
Division was also required to cover all 
rosette plants infested in quarantine 
and planted at each site. These plants 
were later brought back to Canberra. 

However, a small number of D. 
scalariella were found on E. plan
tagineum plants at the CSIRO Division 
of Entomology site in March 1982; the 
Division promptly advised the plain
tiffs of this fact. During legal discus
sions following the discovery, it was 
concluded that the plaintiffs would be 
able to obtain an order to have these 
colonies of the moth destroyed. The 
Division was advised to destroy all 
moths remaining in quarantine; this 
was done in March 1982. 

Since P. eoeruleseens has only one 
generation per year, progress on its 
mass-rearing was slower than that for 
D. sealariella. The High Court injunc
tion precluded any field releases of this 
species. However, excellent progress 
had been made on rearing the beetle in 
quarantine in live plants and in six 
types of artificial diets . These experi
ments began soon after receipt of the 
beetle from Montpellier in September 
1979. However, the plaintiffs also 

demanded destruction of all living P. 
coerulescens, despite assurances that 
all adults would be killed soon 
after emergence. This was done on 
17 December 1982; it prevented com
pletion of the on-going, 3-year 
experiments. 

The mass-rearing system for D. 
sealariella was developed to the point 
that the moth could be easily and 
quickly reared should the programme 
go ahead, whereas some of the experi
mental work with P. eoeruleseens will 
have to be repeated if the programme 
is resumed. 

Monitoring of releases at 
experimental plots 

As part of tbe experimental design of 
this programme, 50 plants in each of 
the grazed and ungrazed plots at each 
site were marked with a plant plotter 
(Cullen et al. 1978) and examined on 
each subsequent visit to the site. 
Monthly visits were made during the 
1980-81 season and at 6-week intervals 
during the following two seasons. 
During these visits, plant demographic 
data were gathered, and plants were 
examined visually and swept with nets 
for presence of D. sealariella and other 
arthropods. 

The day after releases, flying adults 
were found at all three sites, despite 
subzero temperatures overnight (such 
temperatures, while not lethal to larvae 
or pupae in leaves, could kill adults if 
exposure lasts for several nights). No 
D. sealariella were found subsequent 
to the day after release at the J ugiong 
or Blighty sites. The reason(s) for lack 
of establishment at these sites is 
unknown. 

However, at Braidwood, on 21 
October 1980, four freshly emerged, 
gravid moths were found e. 20 m from 
the point of release. Behaviour of the 
moths was normal. No oviposition was 
observed. Larval tunnels were found 
on nearby E. plantagineum plants. 
This was indicative of the early stages 
of establishment of D. sealariella. 

In view of the temperatures at tbe 
Braidwood site following liberation, 
these would have been at least second
(possibly third-) generation moths. At 
the time of discovery, establishment 
seemed likely, for two reasons: adults 
released initially were healthy and 
approaching their maximum oviposi
tion period; and plant quality was 
good for the first 2 months post-release 
(mid-July to mid-August). However, 
from mid-August to date of discovery 
there was no rain on the plot and plant 
quality deteriorated. Rain (15 mm) feU 
on the plot in late October and there 
seemed to be enough rosettes of E. 
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plantagineum to support a population 
of D. sealariella. particularly had 
follow-up rain occurred . However, 
two factors intervened which pre
cluded establishment of D. sealariella 
at Braidwood. Firstly. no additional 
rain fell on the plot until February 
1981. Secondly. large numbers of 
(wingless and other) grasshoppers 
invaded the plot and ate all E. plan
tagineum (and many other plants) at 
the site. 

Thus D. scalariella did not become 
established as a result of the initial 
releases. This. however. should not be 
interpreted as meaning that the species 
would not become established in 
south-eastern Australia. The small 
number of adults released. the timing 
and intent of releases. the drought. 
grasshopper attack. and other con
ditions post-release all mitigated 
against establishment. The fact that an 
apparently healthy population was 
developing at Braidwood despite the 
adverse conditions for establishment 
indicates that. if large numbers of D. 
sealariella were released in autumn or 
early spring. establishment would be 
likely in a non-drought year. Once 
established. this species would almost 
certainly persist from year to year. 

Biology. phenology. spread and 
integrated control 

Although some studies have investi
gated some of these parameters (Bur
den et al. 1983 ; Piggin 1968. 1973 . 
1976a.b.e. 1977b. 1978a.b.e. 1979). no 
sufficiently quantitative studies have 
been made on the field biology and 
phenology. in particular. of E. plan
tagineum. Therefore a major com
ponent of the Division's programme 
was to investigate these parameters at 
the three experimental sites. Results of 
these studies will be reported elsewhere 
(Delfosse. unpublished data). 

Host-specificity testing of 
phytophagous organisms 

Rationale 

Determination of the likely host range 
of an introduced. phytophagous 
organism following its release in a new 
environment, free from the natural 
enemies in its native habitat, and 
potentially exposed to thousands of 
plant species with which it has never 
before come into contact, is not an 
easy process. Obviously. some risks are 
associated with such movements of 
living organisms, and introductions 
should never be done until exhaustive 
testing is completed by competent 
research workers. 

Contrary to much popular belief. 
the majority of insects that feed on 
plants show some degree of specializa
tion to their hosts. Some feed on 
several species. usually related (e.g. 
members of the same plant family); 
some may utilize only one or two 
closely related species; and a number 
have only a single species as their host. 
A common situation is that one plant 
species is the preferred host and the 
most suitable. but survival is possible 
on species closely related to it. The 
close adaptation of an insect to a par
ticular host. evolved over a long period 
of time. usually confers an ability to 
utilize that host more efficiently than 
a more general feeder utilizes the same 
species. Such adaptation may also 
remove the insect species from direct 
competition with other species inhabit
ing the same environment. 

However I such extreme specializa
tion may appear disadvantageous 
when the host species is scarce or un
available. and the following question 
is often asked: 'What does a specific 
insect eat when it has consumed all of 
its food plant?'. The implication in the 
question is that it must feed on another 
species. However, the correct answer 
is that the insect starves to death. albeit 
sometimes after making exploratory 
nibbles on other species. This nibbling 
may lead to some insignificant damage 
to non-hosts. This type of feeding has 
very seldom been of any concern. and 
on no occasion has an insect intro
duced for biological weed control after 
the proper procedures have been fol
lowed come to be considered as a seri
ous pest of a new (or unpredicted) host 
plant. 

The acceptability and suitability of 
a plant as a host for an insect is 
mediated by a series of interrelated 
reactions to chemical. physical and 
environmental stimuli. I f one or more 
of these are different from those 
provided by the normal host plant. the 
acceptability and/ or suitability 
decreases or disappears completely. 
The more closely related two plant 
species are. the greater the probability 
that they will have chemical and physi
cal properties in common. Thus. if 
more than one plant species is attacked 
by an insect. they are likely to be 
closely related. Therefore considerable 
emphasis is placed on family relation
ships between plants in determining a 
list for testing. 

Another question often posed is: 
'Can't the insect species mutate, and in 
so doing. attack beneficial plants?'. 
The complex relationship between a 
host-specific insect and its host plant 
is controlled by many genes. and the 
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chance of anyone mutation causing a 
change in host range is extremely 
smaU. When changes do occur as a 
result of a single mutation they are 
likely to be very limited. Over a long 
period, however, changes may arise as 
part of the evolutionary process. If an 
extension of host range does occur. it 
is most likely to be to species most 
closely related to the original host 
plant. because the changes required are 
smaller than for less closely related 
plant species. However. over the 
period of operation of classical biologi
cal weed control (c. 80 years) no such 
changes have been recorded. The pos
sibility of such changes is considered 
as very remote. particularly to any but 
the most closely related plant species. 
If a change of specificity by mutation 
was considered to be a real possibility. 
Australia would have much more to 
fear from the 200 000 + native insect 
species than from the 80 or so insect 
biological control agents that have 
been introduced after careful study. 

The goal of host-specificity testing 
therefore. is to determine the risks 
presented by each potential agent for 
biological weed control. so that its 
likely host range can be predicted with 
reasonable accuracy and an informed. 
impartial decision can be made about 
the desirability of its liberation. 

This process. while becoming 
increasingly sophisticated. has proved 
valid in over 80 years of use: a mistake 
has never occurred in biological weed 
control when proper procedures have 
been followed. This is not to imply that 
plant species other than the target weed 
have never been attacked to a limited 
degree. but that such attack was 
predicted by the testing. and the risk 
of such attack was judged to be minor 
compared to the potential benefits due 
to successful control of the weed. 

Types of host-specificity tests used 
in biological weed control 
Basically. there are three interrelated 
sets of data that are needed to deter
mine the likely host range of a poten
tial agent of a weed. and thus the risk 
involved in its introduction to the flora 
of the new region . These are: (i) the 
range of test plants on which the agent 
will lay eggs; (ii) the range of test plants 
on which the agent will feed as adults 
or immatures; and most importantly 
(iii) which plant species will support 
complete development. from egg to 
adult. of the agent. 

Tests to determine these factors are 
normally conducted in cages in a 
laboratory. although sometimes tests 
with caged or uncaged agents are per
formed in the field. Tests are normally 
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conducted in the country of origin of 
the weed (or where an overseas testing 
facility is located), but sometimes also 
(or mainly, as discussed above) in 
quarantine in Australia. For E. plan
tagineum, all testing of the potential 
agents was conducted at CSIRO's Bio
logical Control Unit in Montpellier. 

Obviously, such testing involves 
confinement of a potential agent on 
plants in a highly artificial way, and 
some criticism of such testing is based 
on its artificiality. However, it should 
be appreciated that, while artificial, 
this testing represents the extreme con
dition: the natural enemy has limited 
choices of wbat it can feed on, etc., 
and if it does not do so under these 
conditions, it is unlikely to do so once 
released. In other words, such tests 
almost invariably err on the side of 
caution, insects accepting more hosts 
under artificial conditions than they 
will in nature. In fact, there is a con
tinuum of degree of artificiality in such 
tests, from least artificial (testing con
ducted in the field, uncaged) to tbe 
most artificial (laboratory testing in 
cages). 

In laboratory tests, particular tech
niques are developed for each agent
weed combination. These techniques 
take account of the behaviour of the 
agent and of its particular relationship 
to its host plant. Although performed 
under artificial conditions, the results 
of these tests are meaningful and have 
proved. most valuable in predicting 
host range. 

Also, there is no reason to assume 
that records and results of tests from 
overseas should not be applicable 
in Australia. The behavioural and 
physiological mechanisms controlling 
specificity are universal and are not 
influenced by the environmental differ
ences of different countries. 

In general, there are two basic test
ing strategies (Harley 1979; Harris 
1973, 1974; Harris and Zwiilfer 1968; 
Wapsbere 1974a,b,c; Zwiilfer and 
Harris 1971): the crop-testing method 
and the biologically relevant method. 
These two methods are often integ
rated (i.e. they are not mutually 
exclusive) and may involve labora
tory, field-caged, and field-uncaged 
procedures. 

The crop-testing method is often 
used when the potential agent is from 
a region where little is known about its 
taxonomy and host range, or about the 
pests of crops in that region. In this 
method, important crop plants from 
the intended country of introduction 
are tested, including those plant species 
to which the potential agent has not 
been exposed (or whose reaction to the 

agent are unclear or about which there 
is not adequate information). Two fac
tors may be involved: the test plants 
may lack the stimuli which attract the 
agent or which induce feeding, ovi
position, etc.; or plants which are 
attacked may lack inhibitors which 
prevent attack. In the former case, it 
is important to note that plant species 
closely related to tbe target weed are 
more likely to have such stimuli; while 
in the latter case, lack of such inhibi
tors can lead to casual, temporary, 
usually minor attack, especially in 
areas where the target weed declines in 
density or condition for some reason . 

Thus the crop-testing method can 
yield misleading results, because poten
tial agents, placed in cages where they 
are forced to feed on the plant or 
die, can sometimes produce sustained 
attack on test species, even though they 
are not attracted to them and do not 
utilize them in nature. Another disad
vantage of this method is that a series 
of negative results on a number of 
plants unrelated to the normal host 
yields very little information about the 
expected host range and therefore does 
not allow prediction of the agent's 
reactions to plant species not tested. 
Hence there is a greater risk that a safe 
and potentially useful agent could be 
rejected on the basis of the results 
of this method than on the results 
obtained from the biologically relevant 
method. 

Tbe biologically relevant method is 
preferred, espedally where there is 
adequate background information. 
The theory supporting this metbod is 
that if the host range (and, ideally, the 
basis of host specificity) is known, then 
a priori, all other plants are immune. 
In tbis method, plants are selected on 
the basis of their perceived risk of 
attack; crop plants are also tested, 
but they are usually related, if only 
distantly, to the target weed, and 
theoretically, are less at risk. This 
method has two difficulties: plants for 
testing must be selected individually 
for each natural enemy; and quaran
tine authorities tend to find the results 
less convincing than those for the crop
testing method. In practice, a combin
ation of the two methods is usually 
employed. 

Both methods can yield false results 
with plants lacking certain inhibitors. 
These results are due to the experimen
tal method rather than the testing 
strategy, and apply only to feeding or 
oviposition . Thus results of all host
specificity testing must always be inter
preted with caution and in the light of 
known field behaviour; the ability of 
an agent to complete development on 

the test plant should be the main 
criterion in determining approval. 

It must be remembered that, regard
less of the method employed, host
specificity of a stenophagous agent is 
primarily determined by secondary 
plant substances in combination with 
visual and tactile stimuli (Ahmed 
1983). Ideally, the basis of host
specificity should be determined for 
each agent proposed for introduction. 
Unfortunately, this is not often pos
sible, as host-recognition cues are 
difficult to determine, since most 
phytophages require coincidence of 
several interrelated factors for a plant 
to be accepted for feeding or oviposi
tion. Even if determination of host
recognition cues was possible, the 
paucity of knowledge of the distribu
tion of these substances throughout the 
Plant Kingdom is such that the infor
mation would be of limited value. 

One of the best host-specificity test
ing procedures was developed by Wap
shere (1974a,b) and is in widespread 
use around the world. It is known as 
the 'centrifugal phylogenetic testing 
procedure' and relies heavily on the 
close evolution of natural enemies and 
their hosts. This procedure is mainly 
of the biologically relevant type, integ
rated with relevant aspects of the crop
testing method . 

I n this procedure, it is assumed that 
plants closely related to the target weed 
are more at risk from attack by a 
natural enemy of the weed than they 
are to those more distantly related, and 
thus testing is heavily biased in favour 
of those species. This procedure will be 
illustrated using E. plantagineum as 
the target weed. 

The first category of test plants 
includes those in the same botanic 
genus, family, and order as the target 
weed (Echium, Boraginaceae and 
Tubiflorales respectively for E. plan
tagineum), because these are more 
likely to be attacked by the potential 
agent. It is this category which is most 
impOrtant in determining the biologi
cal host range. 

The second category includes plants 
of Australian or non-European origin 
not widely cultivated in the .Mediter
ranean region (e.g. gums, wattles, 
pines, etc.), because the potential agent 
would not have been exposed to such 
species. 

The third category includes plants 
which, for eco-climatic reasons, have 
not been exposed to the potential agent 
(e.g. hops, rye, banana, rice, cotton, 
etc.). 

The fourth category includes plants 
important to Australia whose entomo
logical fauna is poorly known in 
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Europe (e.g. phalaris, subterranean 
clover, medics, etc.), because it cannot 
be determined from the literature 
whether the potential agent is a pest of 
these species. 

The fifth category includes plants 
attacked by insects in the same genus 
as the potential agent, because these 
plants may have a similar secondary 
chemical make-up. 

The sixth and last category includes 
cultivated or native plants not in any 
of the other categories (e.g. plum, 
cherry, peach, apricot, lucerne, bean, 
pea, etc.), plus plants requested by 
quarantine officials which would not be 
tested as part of categories 1-5. As in 
other countries conducting biological 
control research, native species rep
resent an increasingly important group 
of test plants in Australia. 

Additionally, the pests of dozens of 
major crop plants in Europe are well 
known. If a natural enemy is not a 
recorded pest of these species, after 
hundreds of years of potential expos
ure, they are not considered to be at 
risk, and are not tested. 

In the case of the potential agents 
for E. planlagineum, the strategy 
detailed above was submitted to Plant 
Quarantine which accepted it in prin
ciple. From then on, the strategy was 
used to compile a separate list of test 
plants for each potential agent. 

Keeping in mind that oviposition, 
adult and immature feeding and, 
especially, completion of development 
are the important parameters to deter
mine, several types of tests are 
employed. These can be divided into 
no-choice, paired-choice, or multiple
choice. 

In· no-choice tests, the potential 
agent is given only one species on 
which to feed, lay eggs on, etc. If some 
attack occurs on species in no-choice 
tests, paired-choice tests are often con
ducted, whereby plants of the target 
weed and the species attacked in the 
no-choice tests are offered at the same 
time to the potential agent and it is 
observed whether it makes a choice 
between them. In the same way, a 
multiple-choice test might also be used, 
in which the attacked test species, the 
target weed, and several other plant 
species are offered to the potential 
agent. (It should be noted that these 
tests are modified for each species of 
potential agent, and the precise order 
and type of tests can vary with each 
species.) 

Oviposition tests are conducted to 
determine whether the potential agent 
will lay eggs on the test plant. In 
general, adults of the potential agent, 
including gravid females, are placed in 

a cage containing the test plant(s), and 
notes are made on normality of ovi
position, as well as number of eggs 
laid . This is done because, should the 
'wrong' cues for oviposition be present, 
oviposition may either be unsuccessful 
or abnormal. One complication with 
oviposition tests is that some otherwise 
host -specific insects are promiscuous in 
their oviposition under laboratory 
conditions. 

Where applicable, both adult and 
immature feeding tests are conducted. 
F or adult feeding response, generally 
a no-choice ('starvation') test is con
ducted first. If serious feeding occurs 
on a test plant, it can then be paired 
with the target weed and comparative 
feeding noted (a paired-choice test), or 
placed with the target weed and other 
test species (a multiple-choice test). 
Sometimes the plants chosen for such 
tests are also species on which adult 
feeding occurred. Feeding by imma
tures can be rated in a similar way. 

In determining whether the potential 
agent can complete development on a 
test species, two procedures are com
monly used. One is to take plants on 
which oviposition was successful and 
observe whether the eggs hatch , 
whether immatures enter the plant (if 
applicable) and begin to feed, and 
whether they complete development 
(i.e. become adults) on those plants. 
The second procedure is to place eggs 
or newly hatched immatures of the 
natural enemy on (or in) the test plant 
and determine whether they complete 
development. The number completing 
development is compared with the 
number completing development in the 
normal host plant (the target weed) in 
a control trial. The ability of any adults 
reared on a test plant to reproduce and 
to complete subsequent generations on 
the same host is investigated. 

In all of these types of tests, controls 
are run at the same time, with the 
target weed as the control treatment. 
If there is no reaction to the target 
weed, the test is considered to be 
invalid and is repeated. 

Interpretation of host-specificity 
tests of Echium agents 
No plants outside of the family 
Boraginaceae were found to be at risk 
from the eight potential agents. While 
some plants were attacked to a minor 
degree by adult or immature agents, 
none of the non-boraginaceous test 
plants supported complete develop
ment of any of the potential agents. 
Some plants in the Boraginaceae, other 
than Echium spp., may support 
complete development of some of the 
potential agents. 
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The Echium weevils (C. geographi
cus and C. larvatus) and the Echium 
fiea beetles (L. aeneus and L. echil) are 
restricted to Echium spp. in the field. 

The Ceulorhynchus spp. can 
develop only on a small group of 
Boraginaceae in the laboratory . 
Despite some minor "dult feeding on 
crops such as asparagus, endive, 
lettuce, parsnip and other plants, they 
have never been recorded as pests of 
these plants in Europe and cannot 
complete development in them. Accor
dingly, these agents are safe to 
introduce into Australia. 

It is likely that L. aeneus is mainly 
restricted to E. planlagineum in the 
field. Larvae of both Longitarsus spp. 
can only complete development in 
Echium spp. Larvae are much more 
damaging than adults. Adults of both 
species have never been recorded as 
pests of any crop plants in Europe. In 
a laboratory test, L. echii adults fed on 
four cultivated plant species (hops, 
potato, subterranean clover and 
tobacco), but, except for hops, no 
feeding occurred in subsequent tests. 
This indicates that the feeding recorded 
in the first test was a consequence of 
the artificiality of the testing pro
cedure. Feeding on hops by adult L. 
echii occurred at about half the level 
of that on E. plantagineum when 
tested a second time. In a third test, no 
feeding occurred on hops. As larvae of 
L. echii cannot complete development 
on hops, adults have never been 
reported as pests of hops, and hops are 
grown in areas of Australia, such as 
parts of Tasmania, where Echium spp. 
do not occur or aTe rare, this species 
is also safe to introduce. 

The remaining four species of poten
tial agents are specific to a restricted 
group of Boraginaceae. 

D. scalariella completed develop
ment on five boraginaceous genera: 
Borago (borage), Echium, Heliotro
pium (heliotropes), Myosotis (forget
me-nots), and Symphytum (comfrey). 
None of these plants are of importance 
to Australian agriculture (except, in 
some cases, as weeds). Borage is a 
minor, introduced herb. All Echium 
spp. are introduced, and are declared 
noxious weeds in much of Australia 
(Figure 3). Most introduced helio
tropes are weeds, and most native 
heliotropes occur outside the major 
Australian distribution of Echium spp. 
Also, attack on heliotropes occurred 
only in the laboratory, not in the field 
in Europe. Similarly, forget-me-nots 
were attacked only under forced, 
laboratory conditions; no attack was 
noted in the field. Moreover, most 
heliotropes and forget-me-nots have 
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leaves that are generally too small to 
support complete development of D. 
sealariella. Comfrey is also an intro
duced, minor herb and has recently 
been placed on the poisonous plants 
list of some States. 

P. eoerulescens utilizes Echium as 
one of its main host genera, but will 
complete development in a small group 
of related boraginaceous plants (An
chusa, borage and thick-stemmed 
heliotropes). Any plants with thin 
stems (which includes most Australian 
heliotropes) are not suitable hosts for 
P. coerulescens. 

The Echium bugs (D. echii and D. 
nassata) could complete development 
only on a very small group of Boragin
aceae and pose no threat to any 
economic plants. 

Can bIologIcal control of 
E. plantaglneum be successful 
In Australia? 

This is the central question, and yet the 
most difficult to answer in the conflict 
of interest over biological control of 
E. plantagineum. The basic premise of 
the plaintiffs' case in the court action 
was that the programme would be suc
cessful, the weed would be eradicated 
from large areas of Australia, and they 
would suffer economically. Is this a 
valid premise? 

Biological control does not eradicate 
weeds. Given this fact, is it possible to 
estimate the degree of control of E. 
plantagineum that might be achieved? 

Three ways of examining this ques
tion follow. The first way of indicat
ing the likely success of the suite of 
natural enemies proposed as biologi
cal control agents for E. plantagineum 
is to examine closely the type, extent, 
and timing of attack of the eight pro
posed agents. The second way is to 
examine the situation from the view
point of the life cycle of the weed. The 
third is to relate occurrence of the weed 
in its natural range to the natural 
enemies and other factors. 

It must be remembered that E. 
plantagineum is normally an annual 
plant, and each season's germinations 
depend, in part, on the existence of a 
seed bank in the soil. For biological 
control of this weed to be successful, 
the quantity of seeds produced each 
year must be significantly reduced , 
and plants germinating from previous 
years' seeds must be prevented from 
contributing significantly to that seed 
bank. How could the proposed agents 
contribute to that goal? 

D. sealariella attacks rosettes of 
Eehium spp. in autumn and early 
spring (Figure 4) (Wapshere and Kirk 
1977) when the plants are storing 
photosynthetic products which are 

eventually used for the production of 
flowers and seeds. The moth popula
tion should result in heavy attack on 
the weed population at this time and, 
indirectly, in fewer seeds eventually 
being produced. Also, larval mines can 
coalesce without reduction in the 
moth population, so (if predation and 
parasitization is low) large numbers 
should build up in the field. Finally, 
the moth has 5-7 generations per year 
in Mediterranean Europe and should 
have at least that many in Australia. 
Hence this agent could stress the weed 
at all growth stages. Consequently, it 
would have high priority for reintro
duction should the programme pro· 
ceed. 

Information collected on P. eoeru
leseens in the field in Europe, plus data 
from other studies on cerambycids, 
suggest that the beetle can reduce seed
ing of E. plantagineum and that it can 
be particularly effective on the thin, 
multi-stemmed form of the weed (Kirk 
and Wapshere 1979). As the main 
damage caused by this species does not 
occur until spring (Figure 4), after the 
stems are produced, it could be expec
ted to stress the weed less than some 
of the other agents. Accordingly, it 
would have lower priority for reintro
duction. 

Adults of the two Longitarsus spp. 
attack the weed soon after its germin
ation in autumn (Figure 4) and can 
defoliate small rosettes (Wapshere 
1982b) . Larvae of these species 
progressively destroy different parts of 
the root from late autumn to early. 
spring. As this should reduce the 
ability of the root · to act as an 
assimilatory organ for water and nutri
ents, flower and seed production could 
be significantly reduced by large num
bers of these two species. They, too, 
would have high priority for reintro
duction. 

Adult Ceutorhynchus spp. are not 
found until late autumn (Figure 4) 
when they feed on rosettes, causing 
partial defoliation . The greatest 
damage by these species is caused by 
the larvae during winter and spring. 
Up to 20 larvae have been found in 
large roots in Europe, frequently kill
ing all but the largest plants, before 
seeding. Together, they are the most 
damaging of the suite of natural 
enemies known for E. plantagineum 
(Vayssieres and Wapshere 1983). 
These, also, would have high priority 
for introduction. 

The Dietyla spp. attack the weed 
from late autumn to spring (Figure 4), 
causing floral shoots to become 
dwarfed and stunted. They have 
reduced seeding by at least 50"0 when 
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present in large numbers (Vayssieres 
1983), and thus would be important to 
introduce. 

A similar picture emerges when the 
second way of indicating the likely suc
cess of the proposed agents is con
sidered, i.e. from the viewpoint of the 
life cycle of the weed. The following 
discussion assumes the establishment 
and presence of high populations of 
the proposed agents in the field in Aus
tralia, the likelihood of which, of 
course, cannot be determined before 
liberations. 

In autumn, after germination, seed
lings and small rosettes are present 
(Figure 4). Some of these will die as a 
direct result of attack by the Longitar
sus spp. (Wapshere 1982b) and D. 
scalariella (Wapshere and Kirk 1977) 
in addition to deaths caused by inter
and intraspecific competition. Other 
small plants will have poor root growth 
owing to attack by these species and 
they will be more susceptible to death 
during an ensuing dry period or other 
stressful conditions. In short, a high 
degree of mortality can be expected 
during autumn. 

Some of the remaining small plants 
will then be attacked by the Ceutor
hynchus spp. (Vayssieres and Wap
shere 1983) and Dictyla spp. (Vays
sieres 1983) during the winter to spring 
period. As a result, photosynthetic 
activity will be lower, root quality 
poorer and growth slower compared to 
unattacked plants. Mortality will be 
further enhanced because they will be 
less competitive than the pasture 
plants. 

Nonetheless, some plants will sur
vive to become large rosettes bearing 
flowering stems during the late spring 
to early summer period. Those plants 
which were attacked by agents earlier 
in their life cycle will produce smaller 
stems with fewer flowers than un
attacked plants. Attack by P. coerules
cens will further stress some plants and 
may kill individual stems on some very 
weakened plants (Kirk and Wapshere 
1979). Other weakened plants may die 
prematurely because of poor root 
quality °in combination with drying 
ground. Attack by the Dietyla spp. at 
this time of year could reduce seed 
production (Vayssieres 1983). 

Thus the combination of specific 
stresses caused successively by the 
proposed agents, plus the non-speci
fic effects of plant competition and 
weather, could result in fewer seeds 
being produced. The effect of control 
is likely to be gradual due to the large 
seed bank in the soil in some areas, and 
it is likely to be years following 
liberations before significant damage 

is noted widely in the field. Also, 
it must be remembered that each of the 
proposed agents is attacked to greater 
or lesser degree by general and specific 
predators, parasites and/ or pathogens 
in its native range. If released in Aus
tralia, local predators, parasites 
and/or pathogens could significantly 
affect the proposed agents. This, how
ever, cannot be predicted before field 
releases. 

The third approach which can be 
used to estimate the likely success 
of the proposed agents, that of relat
ing the occurrence of the weed in its 
native range to its natural enemies and 
other factors there, is less fruitful than 
the first two approaches. While it is 
certainly true that E. plantagineum is 
not generally a weed in its native range, 
and that some of the reasons for this 
involve the effects of the natural 
enemies, there are many other factors 
that make it impossible to determine 
the precise role that the natural 
enemies have in controlling the weed 
there. Some of these factors include 
the extent of damage to the proposed 
agents caused by predators, parasites 
and pathogens, the different systems 0 f 
agriculture from those practised in 
Australia that are used in Europe in the 
areas of distribution of the proposed 
agents, and the generally more diverse 
pasture composition in Mediterranean 
Europe compared to Australia. 

In summary, the suite of biological 
control agents proposed for use against 
E. plantagineu.m attack all parts of the 
plant, and the attack is sustained 
throughout the growing season of the 
weed. Attack by the various species is 
likely to be complementary and the 
stress produced would be additive. The 
weed is likely to become less competi
tive in the presence of the proposed 
agents, and thus may be affected to a 
greater degree by weather. Given these 
factors, the chances for significant 
reduction of E. plantagineum seeding, 
vigour and/or abundance must be mted 
as high. It is impossible to predict with 
precision the degree of reduction likely 
to result but reduction of the density 
of the weed to below the economic 
threshold is likely, especially in im
proved pastures where competition 
from pasture plants would add to the 
stress imposed on the E. plantagineum 
populations by the proposed agents. 
This is particularly so because the 
agents will be selected from areas over
seas which are eco-climatically similar 
to those areas in Australia where the 
weed occurs. It is expected that results 
would vary from locality to locality, 
and season to season, depending on 
conditions, that it would take several 

years to reduce the seed load in the 
soil, and that roadside areas (and other 
places where the weed occurs with a 
lesser degree of competition than is 
present in improved pastures) would be 
important harbourages for the agents. 

Summary and discussion 

The classical biological control 
programme for E. plantagineum has 
been the subject of the most intense 
contlict of interest in the history of 
biological weed control (Cullen and 
Delfosse 1985; Delfosse and Cullen 
198Ia). 

With regard to the terms of refer
ence of the two Eehium Inquirfes, this 
submission provides information 
which will be useful to both. 

For the lAC Eehium Inquiry, this 
submission relates, in particular, to 
information on point (b), 'the means 
by which biological control of Eehium 
may be effected'. The likely order of 
introduction of agents, should the 
programme proceed, is: D. sealariella, 
the Ceutorhynehus spp., the Longitar
sus spp., the Dietyla spp., and P. 
eoeruleseens (subject to availability of 
agents in Europe). D. sealariella would 
be introduced almost immediately; the 
others would follow as soon as pos
sible. 

Some scientific information relative 
to the other terms of reference for the 
lAC Eehium Inquiry is provided 
below. 

The data on phenology, distribu
tion, ecology, biomass, percent cover, 
and replacement of E. plantagineum at 
the research sites (provided in an 
appendix. to the submission; Delfosse, 
unpubl. data) can be used, in con
junction with information provided in 
submissions by others, in addressing 
the economic disadvantages of Eehium 
(part of point (a» . 

Data pertaining to point (e), 
'whether any industries or persons 
would be significantly disadvantaged 
[by] ... biological control of Echium', 
relates to a study done on the utiliza
tion of E. plantagineum nectar by bees 
in south-eastern Australia (Corbet and 
Delfosse 1984). This paper reviewed 
the scant literature on E. plantagineum 
nectar production and utilization by 
bees, proposed a standard method for 
nectar studies, and used this methodol
ogy to evaluate the production of 
nectar of E. plantagineum and its utili
zation by bees. Several conclusions can 
be made from this study, including: 
1 nectar concentration varied from site 

to site, and was correlated with 
ambient relative humidity - the drier 



the air, the more concentrated the 
nectar; 

2 maximum secretion was c. 300 "g 
sugar/ flower/ hour (more than 2 mg 
sugar/ Howerl24 hours); 

3 honey bees foraged on E. planlagin
eum only at air temperatures above 
c. 17°C unless irradiance exceeded 
c. 750 Wm"; 

4 nectar solute concentration was sig
nificantly correlated with type of bee 
visit: below 35"70 (as g sucrose/ IOO g 
solution), most bees took pollen 
only, while above 40% , most took 
nectar; 

5 nectar secretion rate was correlated 
with Hower density: as flower den
sity increased, secretion rate/ flower 
decreased; 

6 mean standing crop of nectar was 
usually < 100 "g/ Hower when most 
bees were taking nectar, but could 
exceed 1000 "g/ Hower when bees 
were absent or foraging mainly for 
pollen ; and, importantly, 

7 bees did not always remove all nec
tar from flowers they probed, even 
though they could reach all nectar in 
most flowers. 

Thus the claim that no reduction in 
E. planlagineum could be tolerated by 
the beekeeping industry is not based on 
scientific or other objective studies. 
Obviously, since all nectar is not 
removed from flowers, some reduction 
could be tolerated before the bee
keeping industry would be affected. 
Also, as it would certainly be several 
years before widespread, significant 
damage would occur (assuming that 
biological control of the weed is suc
cessfu l), the effect on the beekeeping 
industry could be properly and objec
tively examined, and any adjustments 
made, before a significant damaging 
effect on the industry occurs. As secre
tion rate per flower decreased as Hower 
density increased, a reduction in the 
total number of Howers could produce 
more efficient utilization of the remain
ing flowers (depending on the secretion 
rate of the remaining flowers, which 
will be assessed if the programme pro
ceeds). Finally, the critical percentage 
reduction that, once exceeded, would 
affect the beekeeping industry cannot 
be estimated at this time, but is likely 
to vary between locations, times, and 
the nature of the suite of biological 
control agents established in an area. 

'Alternative methods of control', 
point (d) , will be addressed by Depart
ments of Agriculture and similar 
groups in their submissions to the 
Inquiries. In general though, it is clear 
that in many situations, Echium spp. 
cannot be controlled economically by 
the techniques presently available. The 

use of herbicidal control in general is 
under dispute because of its potential 
side-effects and poor performance. 
Therefore, biological control, or 
integrated control (with natural 
enemies and pasture competition the 
main stresses to be integrated with 
other suitable techniques) offer the 
only opportunities for successful, 
economical management of the weed. 

'Conservation of the natural envir
onment', point (e), is the only remain
ing term of reference of the lAC 
Echium Inquiry left to discuss. Firstly, 
it seems obvious that, owing to the 
nature of Australian agriculture, there 
is very little 'natural environment' left 
where the weed occurs. Most of the 
native pastures that are suitable for 
pasture improvement in the areas sup
porting E. planlagineum, for example, 
have already been altered by cropping 
or grazing. The severely overgrazed 
nature of much of the agricultural land 
in south-eastern Australia has, no 
doubt, contributed significantly to 
Echium spp. (and other plants) becom
ing weeds. Notwithstanding this point, 
Echium spp. have unquestionably 
replaced native plants in non
agricultural areas, such as National 
Parks, floral reserves, etc., and also in 
non-arable land. Classical biological 
control of E. planlagineum, using 
host-specific, introduced agents may be 
the only option for management of the 
weed in these areas. Should the pro
posed agents stress the weed to the 
extent that it becomes less competitive, 
the natural vegetation may recover. 
Thus the natural environment may be 
conserved through biological control, 
with the added benefit that there 
should be no unwanted side-effects on 
the environment, because the risks 
associated with introduction of the 
biological control agents have been 
carefully assessed. 

It should also be noted that E. 
pianlagineum is an in sect-pollinated 
(generally honey bee) weed. The vast 
majority of large insect visitors to the 
weed are bees (Corbet and Delfosse 
1984). By harvesting pollen and honey 
from the weed, apiarists ensure that a 
large quantity of seeds are produced 
each year and directly contribute to the 
persistence and spread of the weed in 
Australia. 

The terms of reference of the BCA 
Echium Inquiry are less specific than 
those of the lAC Echiumlnquiry: ' ... 
persons who object to, or support, the 
declaration of the target organisms 
and/ or the agent organisms are invited 
to submit written particulars of the 
grounds for their objection or support 
... '. The provisions of the perpetual 
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injunction agreed to by CSIRO in 1983 
still apply. One of these provisions is 
that CSIRO cannot do anything that 
could be interpreted as supporting bio
logical control of E. planlagineum. 
Accordingly, we cannot express an 
opinion on the desirability or otherwise 
of biological control of the weed. We 
have provided factual, scientifically 
gathered information which should 
enable an objective decision to be 
made on the safety and likely success 
of the proposed agents, and must leave 
the question of the desirability of the 
programme proceeding to others not 
bound by the injunction. 
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