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Safety in New Zealand weed biocontrol: 
a retrospective analysis of host-specificity 
testing and the predictability of impacts 

on non-target plants

S.V. Fowler,1 A.H. Gourlay,1 R.H. Hill2 and T. Withers3

Summary

A retrospective analysis revealed that all weed biocontrol agents released in New Zealand were
subjected to generally appropriate host-range tests, although there were several examples where, by
modern standards, significant plant species were not tested. Surprisingly, the first three agents released
in the 1920s and 1930s were tested against several key native plant species, but then it was not until
1990 that native species became consistent components of all test plant lists. The results of this analysis
have been used to focus field surveys on the most likely non-target plant species to be attacked by
biocontrol agents in New Zealand. For example, Tyria jacobaeae (cinnabar moth) did feed on some
Senecio species in the original host-range tests, so the occasional field attack on native New Zealand
fireweeds such as S. minimus was predictable. To date, this is the only weed biocontrol agent in New
Zealand (of the total of 32 established in the field since 1929) that has been recorded attacking a native
non-target plant species in the field. Test results, and field data from Australia, predict that two native
Hypericum species may also be attacked occasionally by agents released against H. perforatum (St
John’s wort), but the necessary manipulation experiments in New Zealand have yet to be conducted.
There are just two cases where test results did not predict potentially substantial non-target impacts:
Bruchidius villosus (broom seed beetle) and Cydia succedana (gorse pod moth), attacking seed of non-
target, exotic Fabaceae. For B. villosus, the omission of no-choice tests and limited replication, rather
than a host-range expansion, appear to be the explanation. For C. succedana, research is ongoing into
whether the no-choice tests were too short in duration, whether there are unusual issues of seasonal
timing of the moth and its host plants in New Zealand, or whether there are issues of source provenance
of the moths imported from Europe.

Keywords: host-range testing, New Zealand, predictability of non-target effects, safety in 
weed biocontrol.

Introduction

The safety record of weed biocontrol has been ques-
tioned recently, and several cases of damage to non-
target plants have been reported, although few have
been quantified (Louda et al. 1997, Pemberton 2000).
The two best documented examples were predictable

from the host-range testing results: Rhinocyllus conicus
Fröhlich attacking native Cirsium species in the United
States of America (USA), and Cactoblastis cactorum
(Bergroth) attacking native Opuntia species, also in the
USA (Pemberton 1995, Louda et al. 2003). There are
also examples of damage to non-target plants that were
not predicted from safety testing, but most of these
appeared to be transitory, “spill-over” effects when
agents are extremely abundant (MacFadyen 1998,
Fowler et al. 2000). Encouragingly, there is no
evidence of evolutionary changes in the fundamental
host range of weed biocontrol agents after release (van
Klinken & Edwards 2002, Louda et al. 2003).
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However, the lack of monitoring of non-target impacts
in most weed biocontrol programs has led to the
suggestion that the few examples of non-target impacts
must be “a minuscule fraction of those that have
occurred” (Simberloff & Stiling 1996). This has
prompted research into the safety record in weed
biocontrol in New Zealand. Here we present a retro-
spective analysis of host-range testing for all biocontrol
agents released and established against alien weeds in
New Zealand, asking whether testing methods used
were adequate, and whether the range of plant species
tested was reasonable by modern standards. Using
results of field surveys, we then ask whether the host-
range testing predicted observed non-target impacts.

Methods
Records of the host-range tests carried out before weed
biocontrol agents were released in New Zealand were
“interrogated” using a standard set of questions,
producing a summary of testing procedures and results
for each agent. Where the same tests had been
conducted more than once, the data with the highest
level of attack on non-target species were analyzed.
Where additional host-range testing was available after
the agent had been first released in New Zealand, this
was also summarized, but used only to clarify issues
where necessary (e.g. whether test results predicted
non-target effects). The following were recorded for
each data set: 
1. whether feeding tests and/or oviposition tests were

used
2. whether tests were choice (normal host present)

and/or no-choice (normal host absent)
3. whether tests were of short duration, or longer, e.g.

allowing complete development
4. the scale of the test, e.g. were tests small-scale labo-

ratory containment, field cage or open field tests, or
were data based on field host records? 

5. the extent of replication of test plants and agents
6. the source, age and quality of test plants and agents
7. whether plants or agents were used more than once

in tests. 
Testing methods were assessed relative to currently

accepted practice (Wapshere 1989, Withers et al.
1999). Plant species tested were listed in the summary
data for each agent, and this list was assessed to deter-
mine whether species related to the target weed, native
plants, or other important plants, had been omitted from
the testing.

The 11 agents in New Zealand that were either
released too recently, or remain too rare, to allow reli-
able field detection of any non-target effects were
excluded. The two fungal agents released were also
excluded as we have yet to survey for non-target effects
of these in New Zealand. The summary data for each
remaining agent species were assessed to determine
whether tests predicted any attack on non-target plants

in the field. Agents were placed in three categories: (1)
agents for which there was no evidence of anything
other than extremely minor or “trace” levels of feeding,
even in no-choice “starvation” tests, so no non-target
attack was predicted; (2) agents for which there was
attack, even occasionally to moderate or high levels, in
no-choice tests in confinement, but for which the level
of attack declined to low levels in tests in larger arenas
or in the field, so minor and/or sporadic non-target
effects were predicted; (3) agents for which testing
predicted major potential non-target effects because
non-target plants were extensively attacked in realistic
trials in large arenas or in the field.

Since 1999, systematic surveys have been
conducted, mainly on the non-target plants that the
analyses suggested might be attacked by particular
control agents. Various methods were used to detect
non-target attack, and will be reported in detail else-
where. Detection methods mirrored those used success-
fully to detect establishment of the agents on their target
weeds (Landcare Research 1996). Where possible, sites
were selected where the agent, the target weed and the
potential non-target species were all present. Non-
target species were sometimes sampled at distances
greater than 100–500 m from the nearest known target
plant, to establish whether an infestation was due to
larval mobility, or clearly had to result from oviposition
on the non-target plant. Where our records indicated
that the agent dispersed well, we assumed that any
substantial stand of the non-target plant was effectively
exposed to the agent, even if the target weed occurred
several kilometres away. Other methods used included
questionnaire surveys of the biosecurity staff of
regional councils for visually obvious, but sporadically
occurring agents such as Tyria jacobaeae (L.) (cinnabar
moth). For more cryptic agents, material was collected
and/or dissected to see what emerged. Where the iden-
tity of dissected larvae could be confused, they were
reared through to adults to confirm identifications. For
the agents of thistles in the tribe Cardueae, the only
valued plants in the tribe in New Zealand are minor
crops such as Cynara scolymus L. (globe artichoke). To
date, no quantitative surveys have been conducted, but
several commercial growers of globe artichoke have
been contacted and asked about levels and types of
insect attack that they experience on their crops. 

Results and discussion

Past investigations of non-target effects of weed biocon-
trol agents in New Zealand have been sporadic, and
systematic surveys were only carried out on a local scale
if a report of suspected non-target damage was received.
The search for non-target effects is now an integral part
of biological control practice in New Zealand, and this is
the first report on this initiative. Biological-control intro-
ductions began in New Zealand in 1929, with the
numbers of agents introduced per decade reaching 13 in
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the 1990s (Fig. 1). All species of biocontrol agents
released in New Zealand against alien weeds were
subjected to host-range tests to determine their safety
prior to release. In general, testing methods were accept-
able by modern standards, typically involving feeding,
development and oviposition tests on appropriate life-
history stages. Tests in the presence and absence of the
normal host plant were carried out in most cases, but
there were a few exceptions, which are discussed on a
case-by-case basis below. In some cases, details of
testing procedures were poorly reported, e.g. number of
replicates, source of insects/plants, whether they were
reused in sequential tests, or the state or age of plants.

The generally satisfactory nature of methods for
host-range testing of potential weed biocontrol agents
in New Zealand was an encouraging finding from this
retrospective analysis, given the relatively recent devel-
opment of standard protocols in host-range testing
(Wapshere 1989, Withers et al. 1999). More surprising
was the very early inclusion of native New Zealand
plants of no economic importance in the tests of the first
two agents to be released (Fig. 1): Tyria jacobaeae
(cinnabar moth), released in 1929 against Senecio
jacobaea L. (ragwort), was tested using eight native
Senecio species (Miller 1970); Exapion ulicis (Forster)
(gorse seed weevil), released in 1931 against Ulex euro-
paeus L. (gorse), was tested using three native
Fabaceae (Miller 1970). None of these native species
were of economic significance, and so this was an
unusually early example of concern for avoiding
damage to native plant species in weed biocontrol
programs. However, from 1943 to 1982, 13 introduc-
tions relied on testing carried out by programs for other
countries, so native New Zealand test plants were invar-
iably not tested (Fig. 1). Since 1990, native plant
species have always been included in the host-range
testing of weed biocontrol agents for New Zealand.

Testing was considered adequate or good for 72% of
the 32 weed biocontrol agents established in New
Zealand (Table 1). Of the nine agents where some inad-
equacies were identified in the host-range tests, seven
were older examples where modern programs would
have included additional plant species related to the
target weed. In one case, Bruchidius villosus Fabricius,
there appeared to be some omissions in the testing
methods. In the last, very recent example, Cydia
succedana (Dennis & Schiffermüller), research is
ongoing. These nine cases are discussed further below.
With 59% of agent species, the host-range testing was
considered to have predicted a complete lack of attack
on any non-target plant species. There were no exam-
ples where potentially serious attacks on non-target
plant species were predicted to occur from agents that
had been adequately tested. This was probably because
such agents were rejected (e.g. Syrett et al. 1995).

For the 10 agent species where testing was consid-
ered adequate, and the agents are sufficiently common
in the field, no effects on any non-target plant species
have been detected in the field in New Zealand (Table
2). All of these species have been surveyed or tested
quantitatively in the field, with the exception of the four
thistle biocontrol agents; Rhinocyllus conicus, Tricho-
sirocalus mortadelo Alonzo-Zarazaga & Sánchez-
Ruiz, Urophora solstitialis (L.), and U. stylata (Fabri-
cius)). The most closely related valued plants to thistles
in New Zealand are minor crop species in the tribe
Cardueae such as Cynara scolymus (globe artichoke).
Growers of C. scolymus report that they experience no
insect damage on their crops (despite being in areas
where thistle biocontrol agents are present), and as a
result do not need to use insecticides. We take this as
good preliminary evidence that the widespread thistle
agents in New Zealand are not having any non-target
effects on C. scolymus. To summarize, where testing
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Figure 1. The number of weed biocontrol agents released against alien weeds in New
Zealand per decade, distinguishing those species where native plant species
were included in the host-range tests prior to release of the agent, from those
where only economically important, non-native plant species were tested.
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was adequate (methods used and plant species tested)
the predictions of non-target effects in the field appear
to be conservative; even where testing suggests that
some minor effects might be expected, our field surveys
have failed to find any such effects.

In the following section, we examine the safety
record of the nine agent species established (and suffi-
ciently common) in New Zealand where we consider
that the host-range testing was, by modern standards,
inadequate in some way (Table 2). These include the
one example in New Zealand, noted in several previous
publications (e.g. Fowler et al. 2000), where a deliber-
ately released weed biocontrol agent, Tyria jacobaeae
(cinnabar moth), is attacking native New Zealand plant
species. Tyria jacobaeae was tested against eight native
and one exotic Senecio species. However, only one of
these native species, S. lautus Willd., a coastal
specialist, is still classified in the genus Senecio (Webb
et al. 1988). The effects that occur on the two native
non-target plants that were not tested, S. minimus Poiret
and S. biserratus Belcher, are sporadic, and appear to
occur only when T. jacobaeae larvae defoliate the
target weed, S. jacobaea (ragwort). According to
modern standards, these native Senecio species should
have been tested. However, they were previously clas-
sified in the genus Erechtites (Allan 1961), probably
explaining why they were overlooked for testing back
in the 1920s. The other biocontrol agent for S. jacobaea

in Table 2, Botanophila jacobaeae (Hardy) (ragwort
seed fly), was not tested against any other Senecio
species prior to its release in New Zealand. It has a
limited distribution in New Zealand, and has not been
surveyed yet. We anticipate that this agent will be
shown to be specific to S. jacobaea because tight host
specificity is a typical characteristic in gall-forming
insects.

Another example where testing omitted a plant
species involves Agasicles hygrophila Selman & Vogt
and Arcola malloi (Pastrana), released in New Zealand
to target Alternanthera philoxeroides (Martius) Griseb.
(Alligator weed). There are no native plant species in
the same family as the target weed, but in recent years
an exotic congener, Alternanthera sessilis (L.) Roemer
& Schultes, has started to be used as a minor vegetable,
producing a possible conflict of interest. Manipulation
experiments will be needed to test for potential non-
target effects, as A. sessilis is not common in the wild in
New Zealand. The host-range testing suggests that
Arcola malloi will attack other Alternanthera species,
but that Agasicles hygrophila is more tightly host-
specific (Maddox et al. 1971). 

The only potentially serious, predicted impact of
established weed biocontrol agents on non-target native
plant species in New Zealand comes from the two
Chrysolina species and possibly Zeuxidiplosis giardi
(Kieffer), released against Hypericum perforatum L.

Table 1. Adequacy of host-range testing methods according to modern standards, and degree
of impact on non-target plant species predicted from the testing, for biological-
control agents established against weeds in New Zealand.

Predicted non-target 
effects

Testing standard good 
or adequate 

Some inadequacies in 
testing

Totals

None 15 4 19

Minor ± sporadic 8 2 10

Potentially major 0 3 3

Totals 23 9 32

Table 2. Agent species from Table 1, after excluding agents that are rare or were released too recently to allow assess-
ment of non-target effects in the field.

Predicted non-target effects Testing standard good
or adequate

Some inadequacies in testing

None Exapion ulicis
Procecidochares utilis Stone
Rhinocyllus conicus 
Trichosirocalus mortadelo 
Urophora solstitialis
Urophora stylata

Botanophila jacobaeae
Agasicles hygrophila
Bruchidius villosus
Cydia succedana

Minor ± sporadic Tetranychus lintearius Dufour
Phytomyza vitalbae Kaltenbach
Lochmaea suturalis Thompson
Longitarsus jacobaeae (Waterhouse)

Arcola malloi 
Tyria jacobaeae

Potentially major Chrysolina hyperici (Forster)
Chrysolina quadrigemina (Suffrian)
Zeuxidiplosis giardi 
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(St John’s wort) from 1943 to 1963. Host-range testing
from overseas was used to assess the safety of these
insects for release in New Zealand. This testing showed
that other, mostly unspecified Hypericum species might
be attacked by all three agents, although the two New
Zealand natives, H. japonicum Murray and H. grami-
neum Forster, were probably not tested. More recent
observations from Australia show H. gramineum, also
a native species there, does suffer a high level of attack
when it is growing close to H. perforatum hosting high
numbers of C. quadrigemina (A.J. Willis, pers.
comm.). In contrast, Z. giardi was not found attacking
H. gramineum in similar circumstances (A.J. Willis,
pers. comm.), so this gall former may be more tightly
host-specific. The two native Hypericum species are
not common in New Zealand, and the agents and the
target weed now occur sporadically, so manipulation
experiments are planned to check for non-target
impacts. It is ironic that this, the only complete success
of weed biocontrol claimed in New Zealand (Fowler et
al. 2000), would probably not be sanctioned under
current regulations.

An example where host-range testing appears in
hindsight to have been inadequate involves Bruchidius
villosus (broom seed beetle) unexpectedly attacking
Chamaecytisus palmensis (Christ) Bisby & Nicholls
(tagasaste), an exotic relative of Cytisus scoparius (L.)
Link (broom) (Fowler et al. 2000). The cause appears
to be the omission of no-choice oviposition tests,
combined with low replication, rather than an increase
in the fundamental host-range of B. villosus (Haines et
al. 2004). 

The final example of unpredicted effects on non-
target plant species in New Zealand involves Cydia
succedana (gorse pod moth). With C. succedana, a
complex array of host-range tests was conducted
including no-choice tests. Field records indicated the
moth was narrowly oligophagous in Europe, and the
host plants recorded there were tested. Minor attack on
non-target flowers and pods was recorded in laboratory
tests, but the apparent host range narrowed in more
natural tests. Hosts recorded in Europe appeared no
more susceptible than other plants tested, and U. euro-
paeus was strongly preferred. Hill & Gourlay (2002)
concluded that the agent was safe to release. Approval
was granted, and C. succedana was released in New
Zealand in 1992 (Hill & Gourlay 2002). Cydia
succedana is now abundant in New Zealand, and has
recently been reared from the pods of several exotic
species in the family Fabaceae other than U. europaeus.
Surveys have not revealed any attack on native plant
species. The phenomenon appears highly variable both
temporally and spatially, and could be a “spill-over”
effect caused by high moth population density.
Research is under way to clarify the extent of the unpre-
dicted non-target impact. We hypothesize that this
unpredictability could be due to insufficient duration of
the no-choice oviposition tests, variable sources of the

introduced populations, or differences in seasonal
phenology of the host plants and the moth in its native
versus the introduced range. Interestingly, both B.
villosus and C. succedana utilize seasonally ephemeral
resources, whose phenology is different in Europe and
New Zealand, potentially producing novel no-choice
situations to agents in the field in New Zealand.

We need to continue to improve safety-testing
methods (Withers et al. 1999), but in practice, we prob-
ably need to avoid relying on one set of tests, or one set
of evidence, for assessing safety. It may also be that
agents using discrete, seasonal resources need partic-
ular care in host-range testing, and in interpreting data
from the field in the native range. However, the overall
reliability of methods for host-range testing in past
weed biocontrol programs for New Zealand has been
high. With the more rigorous regulatory legislation in
place in New Zealand, it is important that we can
demonstrate a good past safety record for weed biocon-
trol agents, and that the methods we use for host-specif-
icity testing allow a reliable assessment of risk.
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