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SHORT COMMUNICATION

Stakeholder survey reveals priorities for African boxthorn
biocontrol research in Australia
Kylie B. Ireland a, Michelle Rafter b, Nagalingam Kumaran b, S. Raghu b and
Louise Morin a

aCommonwealth Scientific and Industrial Research Organisation (CSIRO) Health and Biosecurity, Acton,
Australia; bCSIRO Health and Biosecurity, Ecosciences Precinct, Dutton Park, Australia

ABSTRACT
Insufficient engagement with stakeholders and regulators has been
identified as a limiting factor for effective adoption of biocontrol
globally. A survey was conducted to engage stakeholders affected
by African boxthorn, to ask them about their perceived impacts of
the weed and management expectations from biocontrol.
Management objectives gleaned from the survey now guide
selection and evaluation of candidate biocontrol agents for African
boxthorn in Australia. Surveys such as this are an inexpensive way
to understand how biocontrol can most effectively intersect with
stakeholder perceptions and management priorities, and are likely
to facilitate the acceptance and adoption of biocontrol.
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Insufficient engagement and communication with the public and regulators have been
identified as a limiting factor for the effective adoption of biocontrol globally (Barratt,
Moran, Bigler, & van Lenteren, 2018). While many stakeholder surveys have focused
more broadly upon human perceptions of invasive species, the risks they pose and the
options for control in certain areas (e.g. see Andreu, Vilà, & Hulme, 2009 and references
therein), few (if any) studies have reported on specific management objectives that biocon-
trol itself can deliver on (van Klinken & Raghu, 2006). To address this shortfall of stake-
holder engagement in biocontrol research, and to assist with strategically directing our
research into candidate biocontrol agents of African boxthorn, our team undertook a sta-
keholder survey. The survey allowed us to engage stakeholders, understand the major
impacts of the weed and glean management objectives to guide the selection and evalu-
ation of candidate biocontrol agents for African boxthorn (Lycium ferocissimum) in
Australia.

African boxthorn, a plant native to South Africa, is a widespread and significant
environmental and agricultural weed in Australia and New Zealand (Weber, 2017). In
Australia, it is considered a Weed of National Significance (WoNS) and is widespread
in coastal to semi-arid inland habitats of southern Australia (Noble & Rose, 2013).
African boxthorn infestations are considered a major problem as the weed invades
pastures, roadsides and reserves; displacing native vegetation, altering habitats and
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overrunning pastures and other areas (Noble & Rose, 2013). Dense stands are thought to
exclude most other species, impede stock movement and access to water, harbour vermin
(i.e. rabbits and starlings) and host agricultural pests such as Queensland fruit fly (Bactro-
cera tryoni) (Noble & Rose, 2013).

In order to better understand the impacts of African boxthorn on Australian natural
ecosystems and agriculture, and to guide the selection of candidate biocontrol agents, a
national online stakeholder survey was conducted. Agricultural, community and environ-
mental stakeholders were invited to complete a survey entitled ‘African boxthorn manage-
ment objectives’, using the online survey platform SurveyGizmoTM (www.surveygizmo.
com; Boulder, Colorado USA) between May and July 2017 (Table 1). Stakeholders were
invited to participate predominantly via email or Twitter, utilising extension networks
such as weed society mailing lists, a collection of stakeholder contacts from within our
team and wider collaborators (largely dominated by weed researchers and managers in
state agricultural and environmental departments across Australia), and by tagging key
stakeholders on Twitter. While no selection of respondents based upon location or stake-
holder group was conducted, additional efforts were made to increase participation of sta-
keholders within the agricultural sector, as they appeared to be disproportionately under-
represented mid-way through the survey period.

Respondents were first asked which stakeholder group(s) they identified with, followed
by their opinions of the main impacts of African boxthorn in both agricultural and

Table 1. African boxthorn management objectives survey questions.
Questions and supplied optional answers (in quotation marks)
Respondent stakeholder identity
1. Do you identify as: ‘Agricultural landholder or grazier’, ‘Agricultural land manager, agronomist or extension officer’,
‘Community, conservation or other interest group member’, or ‘Natural resource land manager, specialist or extension
officer’?
African boxthorn impacts
2. Which of the following apply to African boxthorn in an agricultural context: ‘Interferes with crop growth/reduces crop
yield’, ‘Reduces stock access to pasture and water’, ‘Is difficult to control’, ‘Is expensive to control’, ‘Injurious to stock (i.e.
toxicity, mechanical injury)’, ‘Injurious to machinery (i.e. tyre punctures)’, ‘Acts as a reservoir for plant pests (i.e. aphids, fruit
fly)’, or ‘All of the above’?a

3. Which of the following apply to African boxthorn in a natural environment context: ‘Displaces native vegetation’,
‘Degrades habitat for fauna’, ‘Threatens biodiversity’, ‘Encourages other invasive species (i.e. rabbits, foxes, starlings) to
establish and persist’, ‘Is difficult to control’, ‘Is expensive to control’, or ‘All of the above’?a

4. Do you consider African boxthorn to be beneficial to the natural environment?a,b

5. How do these benefits need to be considered when formulating management plans for African boxthorn?a

African boxthorn and biocontrol
6. Do you think a new tool such as biocontrol would be useful for management of African boxthorn?a,b

7. In your opinion, for a biocontrol programme targeting African boxthorn to be considered successful, what features or
benefits would it need to deliver?a

8. Where do you think biocontrol could contribute the most to the management of African boxthorn populations?
‘Rangelands and stock routes’, ‘Coastal ecosystems’, ‘Horticulture and cropping systems’, ‘Riparian areas’, ‘Along roadsides
and disturbed areas’, ‘Cultural heritage sites’, or ‘Inland ecosystems’?a

9. In order of priority please rank the management outcomes you would like to see biocontrol contribute to: ‘Reduced
occurrences of new infestations’, ‘Decrease weed management costs and effort’, ‘Decreased negative impact on native flora
and fauna’, ‘Reduced weed seed bank over time’, ‘Decreased need for follow up manual control’, ‘Reduced herbicide use’,
‘Improved stock access to water and easier movement along stock routes’, ‘Increased crop yield’.a

African boxthorn National Best Practice Manual

10. Are you familiar with the document: ‘African Boxthorn National Best Practice Manual: Managing African Boxthorn
(Lycium ferocissimum) in Australia’?a,c

11. Do you use this document in formulating management strategies for African boxthorn in your local area/region?a

aOpen-ended feedback optional.
bLikert scale response: ‘Strongly disagree’, ‘Disagree’, ‘Neutral’, ‘Agree’, or ‘Strongly agree’.
cNoble and Rose (2013)
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environmental systems (as derived from a literature review of the impacts of African box-
thorn, particularly those observed impacts summarised by Noble & Rose, 2013), their
views on how biocontrol may contribute to management of the weed and what the
primary management objectives should be for biocontrol of African boxthorn. The final
questions related to stakeholder knowledge and use of the African Boxthorn National
Best Practice Manual (Noble & Rose, 2013). Respondents were not required to answer
every question and all responses were collated and used to calculate percentages.

A substantial number of responses were received for the survey, from across the agri-
cultural and environmental sectors. Of the 239 responses received, respondents primarily
identified as natural resource managers, specialists or extension officers (61%). Commu-
nity, conservation or other interest group members (22%), agricultural landholder or gra-
ziers (19%), and agricultural land managers, agronomists or extension officers (7%) made
up the remaining respondents, with some respondents identifying with more than one
group.

A range of reasons were provided by respondents as to why African boxthorn was pro-
blematic, aside from it being difficult (79% agricultural and 86% environmental) and costly
(78% agricultural and 84% environmental) to control in both the agricultural and environ-
mental sectors. African boxthorn has been estimated to cost approximately AUD$700,000
per annum to control in the agricultural sector (Noble & Rose, 2013). And, as one of the
top five weeds managed in coastal regions, it is likely to comprise a significant component
of the AUD$12-$30 million per annum costs to control weeds in these regions (Cousens,
Kennedy, Maguire, & Williams, 2013). In an agricultural context, damage to machinery
(76%) and prevention of stock access to water (74%) were identified as the main
impacts. Injury to stock (68%) and the weed acting as a reservoir for plant pests (62%)
closely followed as additional impacts, with interference with crop growth/yield (47%)
selected by the least number of respondents. Only 40% of respondents selected all possible
impacts listed as occurring in an agricultural context.

In an environmental context, displacement of native vegetation (94%), and the encour-
agement of establishment and persistence of other invasive species such as rabbits and rats
(93%) were identified as the main impacts. These were closely followed by it being a threat
to biodiversity (85%) and degrading habitat for fauna (78%). More than half of the respon-
dents (64%) identified all impacts as occurring. These results suggest that African box-
thorn threatens biodiversity and the cultural and environmental values of natural and
agricultural areas through a number of mechanisms, and concur with the reported mag-
nitude and breadth of impacts reported in the literature. In particular, natural resource
managers report African boxthorn to be amongst the worst environmental weeds in
southern Australia (Cousens et al., 2013), with it being considered a significant threat
to biodiversity in a range of ecosystems, including in at least two biodiversity hotspots
(Noble & Rose, 2013).

While the vast majority of respondents agreed that African boxthorn is not beneficial to
the natural environment (93%), a number of respondents identified that there may be
cases where the weed is beneficial. Respondents particularly identified the role of
African boxthorn in providing refuge for native birds and other fauna in cleared land-
scapes. However, this was also identified as a double-edged sword, as the weed is also
therefore ideal for harbouring other invasive fauna such as rats and rabbits. While a
range of both common and endangered native birds and mammals make use of the
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weed for supplemental habitat and food (Carlos, Weston, & Gibson, 2017; Noble & Rose,
2013), these relationships are complex, and the overall nature of the impact of African
boxthorn presence on biodiversity in these regions is unclear.

A large number of respondents (79%) agreed that biocontrol solutions for African box-
thorn would be useful, particularly in difficult to access and environmentally sensitive
areas, and when adopted as part of an integrated weed management framework. Respon-
dents ranked reduction in (i) incidence of new infestations, (ii) management costs and (iii)
negative impacts on native biodiversity to be the top three management objectives to
which biocontrol needs to make a significant contribution. These were closely followed
by the need for a reduced weed seed bank over time, decreased need for follow up
manual control and reduced herbicide use. Respondents also identified that biocontrol
agents should also be specific, low cost, self-dispersing and self-replicating to improve
cost-effectiveness and maximise long-term impact. In this case, classical biocontrol
would be the preferred method of biocontrol, and is the type of biocontrol our team
focuses on deploying. Classical biocontrol makes use of natural enemies sourced from
the native range of the weed, and relies on these newly introduced species to replicate
and spread naturally within the invasive plant population following release, with little
to no additional augmentation (Wapshere, Delfosse, & Cullen, 1989).

Riparian areas (67%), roadsides and disturbed areas (63%), and rangelands and stock
routes (63%) were identified as the main areas where biocontrol could contribute most
to the management of African boxthorn populations. Therefore, we can prioritise not
only release sites (i.e. riparian, roadside and rangeland areas), but also agent selection,
prioritising agents based on their capacity to survive and reproduce in these areas. By com-
parison, inland (55%) and coastal (44%) ecosystems, along with cultural heritage sites
(37%), and horticulture and cropping systems (17%), were considered less important
areas for biocontrol to contribute to the management of African boxthorn, and will there-
fore be of lower priority when considering biocontrol agent selection and release site
strategies.

Quite a number of stakeholders were not aware of the African Boxthorn National Best
Practice Manual (Noble & Rose, 2013), with less than half (43%) of respondents being
familiar with the document. Of these respondents, only 60% used the manual when for-
mulating management strategies for the weed in their local area. Open feedback indicated
that the survey increased awareness of the manual for all respondents, with many identi-
fying the manual as a valuable extension resource. Use of the manual may therefore
increase in future management planning for African boxthorn, and indicates that
surveys may serve a role in education and dissemination of key extension materials for
biocontrol and management of invasive species.

Stakeholder knowledge and expectations gleaned from our survey will now guide the
selection of candidate biocontrol agents for African boxthorn, and the subsequent evalu-
ation of their performance if they are deemed safe for release into the Australian environ-
ment. To this end, we are now in the process of identifying and assessing potential agents
for African boxthorn, and prioritising those that are likely to influence:

i The incidence of new infestations, by focusing on agents that reduce seed set and/or
recruitment. This is of course reliant on seed biology being a limiting factor for popu-
lation growth for African boxthorn, which to our knowledge has not been explicitly
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explored scientifically. Limitation of fruiting may be beneficial, given that seeds are
understood to play an integral part in the spread of African boxthorn, particularly via
dispersal agents such as birds and other frugivores; however, it is also capable of
regeneration from both intact and fragmented root stock and stems (Noble &
Rose, 2013), which may reduce the weed’s reliance on seed for population growth.
Integration of our survey results with the known biology of the weed and planning
of additional studies to understand specific aspects of this biology in relation to seed
set and recruitment would be particularly valuable.

ii Management costs associated with the weed, by focusing on self-sustaining agents
and optimising release protocols to ascertain the most cost-effective release strategy.
The vast majority of biocontrol research investment has been dominated by the pro-
specting and development phases, with perhaps too little attention paid to effective
release strategies and expected and realised impacts of agents on their target weeds
(Morin et al., 2009). Investment into monitoring agents soon after release should
help clarify how best to proceed for the final stages of release to ensure maximum
cost–benefit for investors in the future.

iii Preservation and protection of native biodiversity, by ensuring that agents released
considerably reduce the competitive ability of the weed, which in turn will lessen
the threat to native vegetation and assist its recovery. With increasing pressures to
reduce herbicide use, the indirect value of biocontrol as a chemical-free option is
likely to increase, and ensuring that these agents can have impact on weed competi-
tiveness, and through indirect effects contribute to the recovery of natural systems,
will be crucial to long term acceptance and adoption.

Including stakeholders from the outset of a biocontrol project, through surveys such as
we have presented here, has the benefit of increasing chances for acceptance and adoption
of biocontrol agents as a management tool by the public, stakeholders, political influencers
and regulators responsible for biocontrol release (Barratt et al., 2018). It has allowed our
team to strategically direct our research to where biocontrol is likely to be most beneficial,
whilst effectively engaging with the beneficiaries of our research. Surveys such as these
offer a relatively inexpensive way to obtain estimates of the impacts (perceived and/or
real) of both the target and (in due course) their associated agents, and potentially disse-
minate or raise awareness of extension materials. Truly effective engagement will require
continued efforts from biocontrol researchers throughout the different phases of biocon-
trol research. This may consist of structured and/or informal follow-up communications
(e.g. a regularly updated website, such as our African boxthorn biocontrol website at
research.csiro.au/african-boxthorn/), surveys, workshops, and collaborative pre-and/or
post-release surveys and release programmes with key stakeholders or the wider commu-
nity. Engagement such as this should be considered an integral component of future bio-
control programmes, to facilitate acceptance and adoption, and help make biocontrol fit-
for-purpose and effective.
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