
Second International Symposium on Biological Control of Arthropods

Gurr et al.____________________________________________________________________________________

154

CULTURAL MANIPULATIONS TO ENHANCE BIOLOGICAL
CONTROL IN AUSTRALIA AND NEW ZEALAND: PROGRESS

AND PROSPECTS

Geoff M. GURR1, Steve D. WRATTEN2, Patrik KEHRLI2 ,
and Samantha SCARRATT2

1Faculty of Rural Management, Charles Sturt University, Orange, PO Box 883
Orange, New South Wales 2800, Australia

ggurr@orange.usyd.edu.au

2 Bio-Protection and Ecology Division, PO Box 84, Lincoln University
Canterbury, New Zealand

Wrattens@lincoln.ac.nz, kehrlip@lincoln.ac.nz, scarrats@lincoln.ac.nz

ABSTRACT

Increasing social and government awareness of ecosystem services has facilitated a significant
increase in conservation biological control (CBC) research in Australasia. Coupled with the
recent development of new methods and theoretical insights, this is an exciting period for the
discipline of CBC.  Increasingly, this branch of arthropod biocontrol is taking a rigorous,
directed approach, ‘ecological engineering’, rather than relying on a crude approximation
that diversifying vegetation in a ‘shotgun’ manner will tend to reduce pest numbers.  Funding
agencies are supporting such work in several agricultural systems. Industry too has become
an important supporter of such work, especially in New Zealand. This paper will review
conservation biological control work in Australasia to illustrate the ecological engineering
approach and prospects for wider adoption of conservation biological control.

INTRODUCTION

Ecosystem services (ES) such as nutrient cycling, pollination and biological control support
agricultural production. Costanza et al. (1997) calculated the total ES value for the world at
US$ 55 trillion per year, the annual gross global production is in contrast only US$18 trillion.

Many current pest and disease problems are the result of a disruption of the restraints
formerly imposed by ES. More than 40% of all world food production is being lost to insect
pests (15%), plant pathogens (13%) and weeds (12%). 3 billion kilograms of pesticides are
currently used each year to ensure food production, but there is no evidence that this use has
led to sustainable pest population reductions (Pimentel 2004). Continued reliance on fre-
quent, high-rate use of artificial inputs is ineffective and unsustainable.  Problems associated
with that approach include pesticide resistance and suppression of natural enemies like para-
sitoids and predators (Theiling and Croft 1988). Further, because only an estimated 0.1% of
the 3 billion kilograms of the formulated product applied each year actually reaches the target



__________________ Cultural Manipulations to Enhance Biological Control in Australia and New Zealand

Second International Symposium on Biological Control of Arthropods

155

organisms, a large proportion is available in the environment to affect non-target species
(Metcalf 1994). Demographic studies have shown repeatedly that natural enemies like preda-
tors and parasitoids inflict the largest proportion of insect herbivores’ mortality, when com-
pared with other factors such as competition, weather and plant effects. Reducing reliance on
pesticides by widespread implementation of integrated pest management is therefore a critical
objective for 21st century agriculture. Biological control is an extremely important alterna-
tive to widespread pesticide use and one of its most promising components is the conserva-
tion of natural enemies.

Conservation biological control (CBC) involves the provision of resource subsidies (Polis
and Strong 1996) such as pollen, nectar, shelter and/or alterative prey or hosts for predators
and parasitoids. However, the complexities inherent in any plant-pest-beneficial system re-
quire detailed understanding through theoretical and empirical analyses before CBC mea-
sures can be implemented in a rational manner. It is not enough merely to observe direct,
‘‘beneficial’’ predator–prey or parasitoid–host interactions and to attempt to recreate them in
agricultural settings. The mechanisms driving these interactions, and their indirect effects on
other organisms, should be elucidated to confirm that a CBC program is both effective and
environmentally responsible (e.g., Berryman 1999; Ehler 1994; Gurr and Wratten 1999; Kareiva
1996; Landis et al. 2000; Simberloff and Stiling 1996; Strong and Pemberton 2001; Waage
1990).

ECOLOGICAL PRINCIPLES

Two main ecological principles are at the heart of natural enemy enhancement by floral foods.
The first is the concept of life-history omnivory, whereby a species feeds at different trophic
levels during different life-history stages (Polis and Strong 1996). Many natural enemies, for
example certain parasitoids, lacewings, and hoverflies, are carnivorous during their larval stage
and become herbivorous as adults. This ecological phenomenon undermines the concept of
discrete trophic-level paradigm and replaced it with complex multispecies food webs and
interaction webs (e.g., Hawkins 1992; Janssen et al. 1998; Polis and Strong 1996). It is the
seemingly minor interactions with non-host or non-prey species that have been largely over-
looked. Understanding these interactions not only reduces the probability of unforeseen en-
vironmental harm (e.g., Strong and Pemberton 2001), but also provides the theoretical tools
necessary for successful biological control (Berryman 1999; Gurr and Wratten 1999; Janssen
et al. 1998; Landis et al. 2000; Lewis et al. 1998).

The second component of ecological theory that is integral to CBC is that of resource
subsidies. Concomitant with the breakdown of the trophic-level paradigm was the under-
standing that many species obtain resources from outside their target habitat. These ‘‘spatial
subsidies’’ allow an increase in consumer abundance, beyond that which can be sustained by
the resources present within the local habitat alone (Polis and Strong 1996). Analogous pro-
cesses occur when natural enemies feed on non-crop plants within the crop habitat. During
an outbreak of pests, their natural enemies will be constrained by the availability of other
resources that may, for example be required by the adult rather than by predacious/parasitic
larvae.   The provision of any non-crop plant or resource, from which a natural enemy may
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derive benefits, is particularly important in agricultural systems, where expansive monocul-
tures are typical. Aggregation of natural enemies around resource-providing plants has fre-
quently been recorded (e.g., Berndt et al. 2002; Hickman and Wratten 1996; Hooks et al.
1998; Root 1973; van Emden 1963) and several studies have shown that floral resources allow
parasitoids to maximize their reproductive success via increases in longevity and egg load
(e.g., Arthur 1944; Dyer and Landis 1996; Jacob and Evans 2000; Heimpel et al. 1997; Jervis et
al. 1993; Wheeler 1996), and that this may lead to reduced populations of arthropod pests in
the field (Irvin et al. 2000; Patt et al. 1997).   Even where natural enemies do not exhibit life-
history omnivory, they may be sufficiently polyphagous to use alternative diets doing peri-
ods of low pest density.  Habitat manipulation may provide foods such as pollen and non-
pest herbivores so that communities of natural enemies may be maintained on farms until
pest numbers begin to build up.

RISKS

CBC most commonly involves the enhancement of natural enemy species that are al-
ready present in the system, so assessment of the potential for host-range expansion is not
imperative. Other non-target effects of conservation biological control must nonetheless be
considered before floral resource subsidies can be applied responsibly to an agricultural set-
ting. Possibly the greatest environmental threat posed by non-crop resource subsidies is the
potential for exotic plant species that are introduced for CBC to become invasive (e.g.,
Cheesman 1998). There are also several potential indirect effects that may reduce the effec-
tiveness of a conservation biological control program, or contribute to environmental harm.
First, intraguild competition and predation may influence the success of natural enemy en-
hancement using floral resources. Another potential risk is the enhancement of species other
than the targeted beneficials. It is reasonable to assume that while beneficials are attracted to
flowers and benefit from the provided nectar and pollen, so too may predators and
hyperparasitoids of the natural enemies, as well as the pests themselves. Such risks highlight
the desirability of avoiding a ‘shotgun approach’ (sensu Gurr et al. 2005) to providing food
plants but also illustrates that achieving adequate suppression of multiple pest species within
a given crop system may not always be tractable. Thus, theoretical and mechanism-based
approaches as well as practical guidelines are imperative if success rates of biological control
are to improve.

For example, CBC approaches have to consider the complexity of ways in which flow-
ers may affect the population dynamics of pest/beneficial systems. There is a hierarchy of
levels at which floral resources may selectively favour the beneficials more than the pests and
their own antagonists. Availability of resources only to a beneficial may be achieved via: the
morphology of the flowers, the quality of nectar and pollen, floral attractiveness and the
morphology of insects targeted. A relative advantage to the beneficial may further be pro-
vided by: a greater fitness improvement of the beneficial compared with that of the pest, a
spatial or temporal difference in the foraging of beneficials and pests and the beneficial ben-
efits from a prey/host of improved quality more than does the prey/host itself. The effective-
ness of a beneficial may also be enhanced by changes in its sex ratio and a relatively greater
enhancement of its fitness than that of its fourth-trophic-level antagonists.



__________________ Cultural Manipulations to Enhance Biological Control in Australia and New Zealand

Second International Symposium on Biological Control of Arthropods

157

Partial information, based on anecdote, may lead to the accidental introduction of nox-
ious weeds, and the enhancement of pest populations (Baggen and Gurr 1998) or higher-
order predators/hyperparasitoids (Stephens et al. 1998). Practical guidelines for employing
plant foods in farming systems are therefore required. These guidelines must be based on
sound theoretical and empirical foundations and incorporate the following steps (Gurr et al.
2005): (1) Field surveys to determine which natural enemies of the key pest are present, (2)
literature review for available information on ecology of natural enemies and pests, (3) mod-
elling to predict benefits and avoid risks, (4) consultation with farmers to determine agro-
nomic acceptability of possible resource plants and avoid risks (e.g., weed potential, product
contamination, and toxicity to livestock), (5) laboratory assays to measure the effect of candi-
date plant species on important natural enemy species (e.g., longevity, fecundity, and flight
propensity), (6) laboratory assays to measure the effect of candidate plant resources on target
pest (e.g., to avoid nectar feeding by adult Lepidoptera or foliar feeding by larvae), (7) field
experiments to check for attraction of beneficials and unpredicted effects including enhance-
ment of secondary pests or agonists of important natural enemy species. CBC approaches
that incorporate theoretical and mechanism-based approaches and follow practical guidelines
are likely to be more successfully and become more widely practised.  Collectively, these
approaches constitute the foundation for ecological engineering.

ECOLOGICAL ENGINEERING EXAMPLES

The ecological engineering approach to CBC (Gurr et al. 2004), is characterised by being
based on ecological theory (as explored in preceding sections) and by being developed via
rigorous experimentation.  The process of development typically aims to identify and pro-
vide the most functional components of biodiversity, rather that simply increasing diversity
in a ‘shotgun’ fashion.  By doing so, it minimizes the risks discussed above.  This directed
approach to understanding and using agricultural biodiversity is important because there are
a number of pitfalls in the simplistic assumption that enhanced biodiversity will suppress
pests in a risk-free fashion.  Essentially, ecological engineering uses a range of modern tech-
niques to identify the ‘right kind’ of diversity.

An early example of CBC in Australia was the
work of Baggen and Gurr (1998) that used laboratory
bioassays and small scale field experiments to identify
plant species suitable for enhancing the potato moth
parasitoid Copidosoma koehleri (Fig. 1).

Figure 1. Small-scale field experiments
(pictured) coupled with
laboratory bioassays are an
important preliminary phase
before open field studies in
commercial crops.  (Photo: K.
Waite).
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Several plant species enhanced this hymenopteran parasitoid’s fecundity and adult lon-
gevity but were fed upon also by the target pest, potato moth (Phthorimaea operculella).  Use
of an ecological engineering approach identified the ‘selective food plant’ phenomenon,
whereby plant species that benefit the target natural enemy whist denying feeding by pests.
In the Copidosoma/Phthorimaea system, one such selective food plant was Phacelia
tanacetifolia.  Observations of floral morphology revealed that nectaries were at the base of
the corolla and access to these was restricted by the presence of stamen appendages (Fig. 2a).
The presence of outward pointing hairs arising from the style may also have been important
in preventing the moth inserting its proboscis (Fig. 2b).

Figure 2. (a) Inflorescence of Phacelia tanacetifolia showing the presence
of stamen appendages that block access to the nectaries and are
thought to be responsible for its ‘selective food plant’ status (see
text for explanation) (b) outward pointing hairs on style though
to interfere with proboscis insertion by moths (Photos L. R.
Baggen).  UGA1390025,  UGA1390026

Subsequent farm-scale field (Baggen et al. 1999) work validated the observations from
smaller scale experiments and showed the value of laboratory studies in plant species selec-
tion.

Such work has led to the ecological engineering approach being used in more recent
projects.  The vineyard system offers especially good scope for CBC because its perennial
nature affords a higher degree of stability than is common to annual crops. The vineyard
‘floor’ is also an important potential location for non-crop plants.  Progress in this system is
summarised in the following case study.

CASE STUDY: CONSERVATION BIOLOGICAL CONTROL OF PESTS IN
VINEYARDS IN NEW ZEALAND AND AUSTRALIA

Biological control of insect pests in New Zealand and Australian vineyards is focused on the
management of leafrollers, specifically the lightbrown apple moth (LBAM), Epiphyas
postvittana Walker (Lepidoptera: Tortricidae) which is considered to be the most damaging
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to grapevines (Nicholas et al. 1994; Bailey 1997). The larvae of E. postvittana damage grape-
vines by feeding on new shoots, flowers, berries, stalks and leaves (Lo and Murrell 2000).
Damage is also caused by the transmission of Botrytis cinerea amongst grape bunches by the
larvae (Bailey 1997; Nair et al. 1988) or by providing infection sites for the Botrytis fungus by
larval feeding on the bunches (Nicholas et al. 1994). Such damage may cause significant losses
in grape production; for example in New Zealand, mid-season losses, as a result of Botrytis
infections, may exceed 20% under favourable conditions, and complete losses of crops can
occur before harvest in very wet seasons (Nicholas et al. 1994). Currently, the most common
method of control of insect pests in vineyards is via insecticides.

Though there are benefits from providing natural enemies with flowering plants, the
ultimate aim of CBC is to determine whether, by adding flowering plants, the five steps in an
established hierarchy of research outcomes (Gurr et al. 2003) are met. The hierarchy of re-
search outcomes include:

1. Aggregation of parasitoids at or near the flowers

2. An enhancement of the parasitoids’ ‘fitness’ (longevity, fecundity and searching effi-
ciency)

3. An increase in parasitism rate

4. A decrease in pest populations

5. Pest populations are brought below an economic threshold

In this case study we consider the levels of success that have been achieved in this hier-
archy through understorey management in vineyards in relation to managing populations of
leafrollers, such as E. postvittana in New Zealand and Australia.

E. postvittana is attacked by a wide range of parasitoids and predators in New Zealand
during most of its developmental stages (Thomas 1989). However, it is Dolichogenidea
tasmanica (Cameron) (Hymenoptera: Braconidae) which is the most common parasitoid at-
tacking leafroller larvae in New Zealand (Berndt 2002; Charles et al. 1996). In Australia, how-
ever, it is the egg parasitoid, Trichogramma carverae (Oatman and Pinto) (Hymenoptera:
Trichogrammatidae) which is commonly used as a commercial biological control agent of E.
postvittana (see below).

Berndt et al. (2002) worked on CBC to enhance natural enemy populations of E.
postvittana in vineyards in New Zealand. In that study, the first level of the hierarchy of
research outcomes (see above) was met when significantly more male D. tasmanica were col-
lected on yellow sticky traps in buckwheat plots compared with control plots where no flow-
ering plants were present (Berndt et al. 2002). Buckwheat did not appear to increase local
adult parasitoid populations and the low numbers of parasitoids captured overall may explain
this. In an earlier study, Irvin et al. (in press) examined the effects of buckwheat plants on D.
tasmanica ‘fitness’ (longevity and fecundity) in laboratory experiments. The results showed
that longevity of female D. tasmanica was increased from 12 days (water only) to 35 days
when they were exposed to buckwheat, and that buckwheat enhanced potential fecundity by
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62% (Irvin et al. in press); thus the second level of the hierarchy was reached. The third level
was achieved when parasitism rates of leafroller larvae were increased by more than 50% in
one vineyard of three when buckwheat flowers were present. At the other two vineyards,
buckwheat had no effect on parasitism rates, but at these locations, leafroller populations
were low, because insecticides had been used in that growing season.

Although the research described here has shown that the first three levels in the hierar-
chy of research outcomes can be achieved in the vineyard system, the fourth and fifth levels
have not yet been demonstrated in New Zealand. Current research is addressing whether the
fourth level can be achieved; however, preliminary results (Scarratt, unpublished) indicate
that there is no reduction in the numbers of leafroller larvae in areas of the vineyard where
buckwheat was planted. Possible reasons for this include the possibility that leafroller adults
also benefit from flowering buckwheat. However, Irvin (1999) showed that E. postvittana
larvae fed on buckwheat leaves in the laboratory but could not successfully develop to adults
and that the longevity and fecundity of adult E. postvittana were not increased when they
were provided with buckwheat. Another reason why reductions in the pest population may
not have occurred when buckwheat was present may be that E. postvittana has a high fecun-
dity (Danthanarayana 1975) and that D. tasmanica induced mortality, even via the provision
of resource subsidies cannot overcome the effects of high pest fecundity. This is also thought
to be the reason why predation by ladybugs (Coleoptera: Coccinellidae) may not reduce the
numbers of mealybugs (Hemiptera: Pseudococcidae) (Dixon 2000). These questions associ-
ated with adding floral resources to vineyards may be usefully explored further with the
support of ecological modelling (Kean et al. 2003).

  Recent studies in the Australian vineyard system have revealed still greater levels of
complexity in plant species choice for cultural manipulations to enhance biological control.
The egg parasitoid, Trichogramma carverae, is an important Australian endemic biocontrol
agent for E. postvittana.  Studies adult feeding by T. carverae showed that its longevity and
realised fecundity were markedly improved by several flower species (including buckwheat
as used in New Zealand to enhance other parasitoids) but there were remarkably strong within-
species differences conferred by different varieties of alyssum, Lobularia maritima (Begum et
al. 2004).   Exposure to white flowers gave realised fecundity levels significantly in excess of
those for other flower colours for three-day old adults (Fig. 3).  Differences were still greater
after 6 days to the extent that realised fecundity for non-white flower treatments was no
greater than in the control treatment in which flowers had been removed from shoots.

A further dimension to the selective food plant syndrome explored by Begum (2004)
was the ability of pest larvae to feed on the foliage of plants used in CBC.  In this work on T.
carverae, not only was L. maritima (white flowering variety) the optimal species for adults,
larvae of the pest (E. postvittana) were unable to develop on its foliage.  Such experimental
work in the laboratory and glasshouse was important in identifying plant species to be in-
cluded in larger scale field evaluations.
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CONCLUSION

Cultural manipulations have to consider the broader context of agriculture, as any tech-
niques for natural enemy enhancement that conflict with practical farming will remain solely
theoretical. It is critical to recognize that farmers have the principal aim of making a profit.
This objective may be tempered by secondary aims such as seeking to maximize farm
sustainability and alternative income, as well as reducing risk, workload, and environmental
impact. Increasing natural enemy density or impact, and even reducing the densities and im-
pact of pests, will be significant only within this far broader frame of reference. In order for
cultural manipulation techniques to be put into practice, economic requirements of farmers
must be met. For example, if one-third of a crop must be replanted with non-crop floral
resources before a significant level of natural enemy enhancement can be achieved, this method
(irrespective of its theoretical benefits) will never be utilized. Fortunately, such levels of agro-
nomic disruption are unlikely to be necessary, as improved pest management may require as
little as 1 in 20 rows to be planted with floral resources (Grossman and Quarles 1993) or for
the crop itself to provide key resources (Hossain et al. 1999). Essentially, farmers will be
concerned with practical questions such as ‘‘what?’’, ‘‘where?’’, and ‘‘when?’’ By taking an
ecological engineering approach, researchers are increasingly able to answer these queries
with guidance on issues such as what food plants should be used, where they should be posi-
tioned in relation to the crop for maximum benefit, and when to sow or slash the plants to

Figure 3. Parasitism of E. postvittana eggs by T. carverae is markedly affected
by within-species differences in flower colour for alyssum: shaded
= white flowers present, unshaded = control, white flowers
removed (zero for both dates), unshaded = light pink flowers
present,  grey = dark pink flowers present, crosshatched =  purple
flowers present. (from Begum et al. 2004)
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ensure nectar and pollen are available over the desired periods. Such research will require
further rigorous empirical studies as the level of interest in conservation biological control
grows in farming communities. However, to fully meet the potential for food plants in pest
management, the underutilized population modelling and ecological theory approaches need
to be developed. This will require researchers to more consistently address the other key
questions: ‘‘how?’’ and ‘‘why?’’ Developing general theories of how floral subsidies affect
food webs and why only a minority of cases of natural enemy enhancement translates into
reduced crop damage will be critical.

The potential for achieving control of pest damage by manipulating the physical and
biological environment of the crop is enormous. However, the potential for causing unin-
tended effects on crop yields is similarly large. Scientific research has investigated the mecha-
nisms by which new and traditional cultural methods of control influence levels of pest popu-
lations. This provides an understanding which provides the basis for predicting whether a
practice is likely to achieve the desired level of pest control. There is still much to be learned
about the complex relationships between the many components of agroecosystems and as
our knowledge grows, we will be more and more able to ‘engineer’ agroecosystems to en-
hance biological control.
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