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Our purpose
To deliver research that adds value to
Aotearoa New Zealand’s biosecurity
system.

Our vision
A world-leading plant border biosecurity
system for Aotearoa New Zealand.
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Our intended impacts
Our research results will minimise the entry and
establishment of invasive pests (arthropods, pathogens and
weeds) that threaten Aotearoa New Zealand’s valued flora,
including taonga. This will protect our biodiversity and the
welfare of our environment, retain and build value in our
important plant systems, underpin investor confidence for
sector growth and innovation, and maintain market access for
plant-based exports.

Contents
From the Director and Chair.......................................................................................................... 4
From the Māori Research Lead Pourangahau.............................................................................. 5
B3 Conference.................................................................................................................................. 6
Strategic priorities........................................................................................................................... 7
High level research area: Global change.............................................................................................. 8
High level research area: Harnessing the potential of mātauranga................................................. 9
High level research area: Technology platforms............................................................................... 10
High level research area: Community empowerment...................................................................... 12
High level research area: Tourism/biosecurity interface.................................................................. 13
High level research area: Establishing and integrating biosecurity data........................................ 14
High level research area: Optimising intervention............................................................................ 15
High level research area: Natural systems interface........................................................................ 16
Building future capability............................................................................................................. 17
Collaborations and partnerships................................................................................................. 18
Projects begun in July 2021........................................................................................................... 19
Research publications and outputs............................................................................................. 20
Council and partners..................................................................................................................... 23

ABBREVIATIONS USED IN THIS REPORT

NGĀ KUPU MĀORI

AGR – AgResearch

Akonga Māori – learners/pupils

Taiao – environment

B&L – Beef + Lamb New Zealand

Hui – gathering/meeting

BHNSC – Biological Heritage National Science Challenge

Kaipūtaiao – scientists

Taonga – treasures/keepsakes,
(not necessarily Māori)

BNZ – Biosecurity New Zealand

Kairangahau - researcher

BPRC – Bio-Protection Research Centre

Kaitiaki – custodians

CEBRA – Centre of Excellence for Biosecurity Risk Analysis
DOC – Department of Conservation

Kaupapa Māori – expression
of being Māori

EPA – Environmental Protection Authority

Kawa – protocols

FF – Federated Farmers

Mātauranga – knowledge

FOA – Forest Owners Association

Mōhio – understanding

Hort NZ – Horticulture New Zealand

Ngāhere – forest

MPI – The Ministry for Primary Industries
MWLR – Manaaki Whenua Landcare Research
PBRI – Plant Biosecurity Research Initiative
PFR – Plant and Food Research

Rangatahi - youth
Reo – language
Rōpu – group

Tangata whenua – people of
the land
Te Ao Māori – The Māori world
view
Te Tiriti– Treaty of Waitangi
Tikanga – customs
Wānanga – discussion forum
Whakapapa – geneology
Whanaungatanga
– connections
Whenua – land

www.b3nz.org.nz
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From the Director and Chair
Kia ora koutou
We will likely look back on 2020-21 as
a turning point in terms of recognising
our opportunities for partnership
with iwi/Māori. This last year saw the
full participation of our two Māori
members of the Collaboration Council;
the appointment of Alby Marsh as the
Māori Research Lead Pourangahau; a
new process for addressing outcomes
for Māori in our research projects;
and a challenge at the B3 Conference
to the biosecurity community for
the inclusion of Te Ao Māori in our
research. In 2021-22 plans are in
place to build on this foundation and
further develop a Tiriti-anchored B3
programme.
Despite the challenges of COVID-19,
we have remained productive.
B3 has maintained a flexible but
outcome-focused approach across
all its research projects; achieved
a higher than average publication
record; built new partnerships with
national and international entities; and
provided major science networking
opportunities for the biosecurity
whānau through the B3 Conference
and Science Partnership Forums.
The biennial B3 Conference was
held in May 2021 between COVID-19
lockdowns and was a highlight for
many. This was a wonderful chance
to share details of our projects,
debate hot issues and grow alreadystrong relationships. It was especially
gratifying to have some partners
and colleagues from Australia in
attendance (both face-to-face and
virtually).
Our science programme continues to
provide an outstanding assemblage
of new knowledge and tools for our
stakeholders. B3 researchers are
co-developing new risk assessment
tools with industry and government;
assessing insect vectors for Xylella
fastidiosa; leading an international
working group exploring biosafety
for pre-emptive biocontrol of key
pest insects; the B3-inspired sentinel/
expatriate plant concept has now
become incorporated into EU policy;
4

and B3 science has underpinned
the establishment of a new biosensing spinout company. B3 has
also contributed to 34 publications
in national and international peerreviewed science journals advancing
biosecurity knowledge. A significant
proportion of these publications
include our PhD students and
international partners as co-authors.

person, Kim Thomas, who has much
experience working with researchers
and stakeholders, and is focused on
communicating how we are making a
difference to the sector and the ‘Team
of 5 million’. We have also welcomed
Marie Bradley, Suvi Viljanen, and Tara
Strand to the Collaboration Council
and Enrico Perotti and Bart Challis to
the Science Advisory Group.

Building on the development of our
new strategy last year, the B3 Theme
Leaders workshopped ways to increase
their strategic leadership to enhance
biosecurity outcomes. Horizon
scanning emerged as a specific,
tangible and visible opportunity where
B3 can add unique value to Aotearoa
New Zealand’s biosecurity system and
actions are planned to incorporate this
into the future B3 programme.

Finally, we would like to recognise the
departure of Max Suckling, Lindsay
Bulman, Chris Green, Philippa Stevens,
Russell Dale and Tony Connor from
B3 in late 2020. Thank you all for the
important contribution you have made
to B3 during your over 70 years of
combined service.

About $1.6 million in funding was
allocated to new projects beginning
in July 2021. These include those
with a focus on partnering with
Māori, new threats to productive and
natural systems, and new technology
platforms. Pleasingly, a number of
early career scientists are projects
leaders (see p.19 for information
on new projects) and many projects
involve new collaborators.
Collaboration is one of our strengths.
B3 continues to be fully aligned to
the Biological Heritage National
Science Challenge and collaborates
closely where our scopes overlap.
Additionally, B3 strengthened its
relationship with the Plant Biosecurity
Council (GIA) including involving them
in our investment process. Project
teams work closely with our Australian
MOU partners the Plant Biosecurity
Research Initiative (PBRI) and Centre of
Excellence for Biosecurity Risk Analysis
(CEBRA) and there is a broadening
involvement with the MPI-partnered
international Euphresco network. B3
is also forging collaborative links with
the new Biosecurity Cluster at the
University of Canterbury.
Along with the appointment of Alby
Marsh, we have a new communication
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David Teulon
(B3 Director)

James Buwalda
(B3 Collaboration Council Chair)

From the Māori Research Lead
Pourangahau
Tēnā koutou katoa
B3 is developing a Māori Strategy
to improve understanding and
appreciation of mātauranga and guide
our path to integrating it into our
research programme. Central to the
strategy is a sharing of the concepts of
Te Ao, mātauranga and kaupapa Māori
and how they complement and enrich
biosecurity research.
Te Ao Māori is the Māori world view
encompassing traditions, values and
knowledge which is bound through
tikanga, kawa, reo, cosmology,
mythology, and philosophy. It is based
around the mātauranga, and mōhio
of the natural world, particularly its
physical and spiritual processes.
Mātauranga Māori is intrinsic
knowledge built up over a long period
of time. It includes an understanding
of the whenua from the people who
belong to it and have accumulated
knowledge by living on it, working
with it, and harvesting from the land
over many generations. Mātauranga is
constantly evolving and is influenced
by many different elements, be
they celestial, physical, spiritual or a
combination of all or some of these.
Kaupapa Māori is an expression
of being Māori and recognises
the interconnectedness and
interdependence of everything Māori
be they living or non-living things.
Kaupapa Māori is a focus on issues/
wants/needs for Māori, driven by
Māori but not necessarily resolved or
elucidated using Māori solutions.

Central to the implementation
of the B3 Māori Strategy is the
establishment or nurturing of
relationships with Māori/iwi. Māori/
iwi are becoming more assertive about
their expectations on entities and
individuals in biodiversity/biosecurity
where taonga are and have been
impacted. Māori recognise scientists
have expertise with introduced pests,
pathogens and weeds impacting
our native flora and fauna that can
strengthen Māori/iwi capability and
ability to address biosecurity risk and
incursions in their respective regions.

participation by Māori and kaupapa
Māori research, I would encourage
you all to start thinking about this
area of research and fostering Māori
researchers.

The challenge for B3 will be bringing
this all together and allowing for the
expression of each knowledge system
in the research. Initially this may
mean some kaupapa Māori projects
being funded separately. This will
help develop familiarity by Māori
researchers and scientists of B3 and
by B3 of kaupapa-driven research. A
measure for this will be about benefit,
not only directly to Māori but also
more broadly.
In the past year B3 has reached out
to our partners by encouraging more
researchers to apply for funds to
support indigenous-focused research
projects. We are pleased to have
funded two projects – ‘Assessing
the risk of rapid ‘ōhi’a death to New
Zealand and the South Pacific’, led
by Virginia Marroni and ‘Māori and
Pasifika indigenous collaboration
to identify pre-border biosecurity
threats to New Zealand taonga’, led by
Julia Soewarto. With $4 million being
available in the next bidding round
and a refreshed B3 drive to increase

Alby Marsh
(B3 Māori Research Lead Pourangahau)
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B3 Conference 2021
The fourth B3 conference in May
2021 was opened by the Hon Damien
O’Connor and bought together
Aotearoa New Zealand and Australian
plant biosecurity communities. It
reinforced the importance of science
to safeguard the security and welfare
of our natural environment.
Representatives from government,
industry, CRIs, universities, tangata
whenua and students attended the
conference. It was co-hosted with the
Australian-based Plant Biosecurity
Research Initiative (PBRI).
Dame Juliet Gerrard, the Prime
Minister’s Chief Science Advisor, was a
keynote speaker. She gave insight into
highest-level decision-making during
the COVID-19 pandemic. This was
followed by a panel discussion on the
similiarities between the pandemic and

plant biosecurity, and opportunities for
our sector.
The other keynote speaker was B3
Collaboration Council member Melanie
Mark-Shadbolt (Ngāti Kahungunu ki
Wairarapa, Ngāti Porou, Te Arawa,
Ngāti Raukawa, Ngāti Tūwharetoa, Te
Atiawa, Irish, Mackintosh and Gunn
descent). She was one of a number
of speakers focused on Te Ao Māori
and its importance in plant biosecurity
research and implementation. Melanie
challenged us about the need for
Māori and Te Tiritito be at the heart of
biosecurity science. Her presentation
can be viewed at www.b3nz.org.nz

Hon Damien O’Connor

The conference also hosted the formal
close of the International Year of
Plant Health (IYPH) for Aotearoa New
Zealand by Penny Nelson (then deputy
director-general of BNZ at MPI).
Melanie Mark-Shadbolt

Members of the New Zealand IYPH Steering Group.
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Strategic priorities:
Achieving better border plant biosecurity
In the 2020 Annual Report we highlighted the work undertaken in our research themes
(our research framework in the diagram below). In this latest report we highlight activity in our
high level research areas (our current challenges in the diagram below), targeting Aotearoa
New Zealand’s major current and future biosecurity challenges.

B3's strategic priorities during 2020/21
Our ways
of operating

Immediate priorities
• Connecting to Tiriti partners
• Co-ordinated research investment model
• Growing the profile of the B3 collaboration
• Lift value and impact of B3 research

Our current
challenges

High level research areas
• Global change
• Technology platforms
• Community empowerment
• Tourism / biosecurity interface
• Optimising interventions
• Establishing and integrating biosecurity data
• Natural systems interface
• Harnessing the potential of mātauranga

Our
research
framework

Research themes
• Risk assessment (intentional)
• Risk assessment (unintentional)
• Pathway risk management
• Diagnostics
• Surveillance and eradication

Our intended impacts
... to minimise the entry and
establishment of invasive
pests that threaten Aotearoa
New Zealand's valued flora,
including taonga

This will
... protect our biodiversity and
the welfare of our environment
... retain & build value in our
important plant systems
... underpin investor
confidence for sector growth
and innovation
... maintain market access for
plant based exports

B3 is putting more resource into foresight
The expertise within B3’s Theme Leader Group and Science Teams will be better utilised after a facilitated Theme Leaders
workshop in April 2021, led by Andrew Harrison. The Theme Leaders recognised the opportunity to add value and enhance B3
objectives through greater strategic leadership in some areas. ‘Horizon’s scanning’ emerged as a specific, tangible and visible
opportunity, and resource will be set aside in the 2021-22 budget to make this happen.
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High level research area:
Global change
Identifiying future
biosecurity challenges
Major societal, environmental and
agricultural changes will contribute to
substantial challenges for Aotearoa
New Zealand’s future biosecurity
system. B3 has drawn together a new
research team with stakeholders to
map current knowledge and assess
potential biosecurity implications
under future global scenarios. The
project has started with an expansive
review of global ‘megatrends’ and
placed these in the context of future
pests and threats, changing pest
pressure on the border, evolving
biosecurity management tools and
constraints, and vulnerability of host
plants and ecosystems. A stakeholder
survey and workshop has informed
this approach. The project will
develop a set of recommendations for
outcome-based biosecurity / global
change research. B3 Project Leader
Nicolas Meurisse is working with MPI
to ensure its views are incorporated
as part of the International Plant
Protection Convention Action Plan
on Climate Change (developed by
the Commission on Phytosanitary
Measures Group for Climate Change
and Phytosanitary Issues).
Contact:
Nicolas.Meurisse@scionresearch.com

Assessing the impact
of climate change
on trade for future
biosecurity policy
In a closely aligned project, a
collaboration with Australia’s CEBRA
has been made possible with
support from MPI’s Sustainable Land
Management and Climate Change
(SLMACC) programme. This project is
developing models to predict effects of
climate change on future agricultural
production systems, trade and pest
movement, and its impact both in
Aotearoa New Zealand and globally.
Developing our capability to perform
pest risk predictions at different time
horizons is considered an important
step forward for our stakeholders.
However this will require innovative
methods to address predictions in a
highly uncertain future, incorporating
global and Aotearoa New Zealand
climate change scenarios, predictions
for our future land use and agricultural
productivity, and the identification
of most at-risk pathways and
environments for future plant pest
introductions. An existing CEBRA
model is currently being adapted
for Aotearoa New Zealand-specific
scenarios in forestry and pastoral
production.
Contact:
Nicolas.Meurisse@scionresearch.com

Review of plant
biosecurity science in
New Zealand
To prepare for future challenges, B3
(among others) sponsored a report
to assess Aotearoa New Zealand’s’
gaps in capability and capacity to
avoid or mitigate serious future
pest and pathogen incursions. The
review concluded there are gaps in
capabilities in plant biosecurity science
that create weaknesses in our overall
biosecurity system. Some of these
gaps, such as the science needed to
protect the natural estate, are large
and will be difficult and expensive to
fill. Other gaps, such as in pastoral
agriculture, are also large but the fix
is perhaps more obvious and feasible
to achieve. Solutions will take time
to develop and implement, and will
cost money, so this will only happen
if stakeholders want it to happen.
A detailed series of next steps were
recommended.
See: Dyck W, Hickling G. 2021. Plant Biosecurity
Science in New Zealand Gaps. Manaaki Whenua –
Landcare Research. 37 pp.

Global change
The world is undergoing
major climate, trade, tourism,
demographic, social, geopolitical
and technological change. We need
to anticipate these changes to plan
our future biosecurity system.
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High level research area:
Harnessing the potential of mātauranga
After the appointment of two Māori
members, Melanie Mark-Shadbolt and
Holden Hohaia (Ngāti Maruwharanui
and Taranaki Whānui-Te Ātiawa) to
the Collaboration Council in 2019/20,
B3 was very fortunate to appoint
Alby Marsh (Ngāti Ranginui, Ngai Te
Rangi, Ngā Puhi, Ngāti Hine and Te
Rarawa) as B3 Māori Research Lead
Pourangahau in January 2020. Alby
is developing a B3 Māori Strategy in
2021/22, alongside a Collaboration
Council-initiated, Tiriti-anchored B3
programme. He has already instigated
a number of actions to harness the
potential of mātauranga within B3,
including:
•	Agreed outcomes and milestones
for engagement and partnership
with Māori for all projects initiated in
2021
•	A process to unify engagement with
iwi/Māori for all projects
•	Inclusion of Māori members on the
Science Advisory Group (SAG)
•	Development of a cross-B3 Māori
stakeholder community
•	Increased kaupapa Māori-led
projects in future funding cycles
•	Acknowledging capacity for Māori
engagement in biosecurity is
critically low and putting plans in
place to support Rangatahi in future
programme activities.

Plant provenance
and whakapapa explored
by Rangatahi
The development of botanic gardens
around the world coincided with
the global expansion of European
influence, or colonialism. B3 is
exploring the use of New Zealand
plants in overseas gardens for
biosecurity pest risk assessment
through the sentinel plant initiative.
Understanding the provenance of
plants in these overseas gardens is
likely to provide knowledge on the
susceptibility of these plant species to
pest and pathogens in their original
Aotearoa New Zealand environments.
Māori have a broader view of the
whakapapa of these plants and
B3 researchers are exploring the
relationship between provenance and
whakapapa with Māori kaipūtaiao
including summer student Rose Kuru
(Ngāti Kahungunu).

Māori in biosecurity
– relationships are
paramount

threats to biosecurity in Aotearoa
New Zealand. It is based on advocation
for the integration of science and
indigenous knowledge systems (i.e.
mātauranga Māori) alongside one
another as a vital part of developing an
effective arsenal capable of assisting
in the prevention and eradication of
pathogens and pests, and bolstering
and informing biosecurity responses.
Contact:
Alby.Marsh@plantandfood.co.nz

Harnessing the potential
of mātauranga
The unique knowledge and
perspective of Māori is recognised
and Māori/iwi actively participate
as kaitiaki across the biosecurity
system.

For Māori, partnerships create strong
connectedness and relationships – an
essential foundation of tikanga and
a notion firmly embedded within the
bedrock concept of whanaungatanga
Enhancing partnership with Māori is,
in turn, being increasingly held as a
key platform and means of averting
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High level research area:
Technology platforms
Diagnosis of irradiated
insects and fruit
COMPLETED IN 2021
Irradiation is increasingly used as a
post-harvest biosecurity treatment for
a wide range of fruits and vegetables,
but with no physical signs of treatment
it is difficult to check if it has been
completed. B3 researchers, supported
by colleagues at the New South Wales
Department of Primary Industries,
are developing a test that detects
DNA damage in individual cells as
an indication of whether fruit and
vegetables and their infesting insects
(such as fruit fly) have been irradiated.
Proof-of-concept for this ‘Comet Assay’
has been successfully completed.
Refinement and application of
this approach is currently under
consideration for use in Aotearoa New
Zealand’s biosecurity system.
Contact:
Ela.Sawicka@agresearch.co.nz

Substantive review on
phytosanitary treatments
completed
COMPLETED IN 2021
Management of pests, pathogens and
weeds within the invasion pathway
remains a key component of Aotearoa
New Zealand’s biosecurity system.
A comprehensive report reviewed
the necessity and availability of
phytosanitary treatments across
the breadth of the Aotearoa New
Zealand import system to inform
future decision making. The approach
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included a focus on priority pests
and pathogens, the pathways that
carry the most high risk organisms
and treatments that are currently
approved, near to market, promising
alternatives, and futuristic ones.
A summary of the report was
workshopped with MPI and a list
of research priorities were agreed
that will be considered for future
investment.
Contact:
Kambiz.Esfandi@plantandfood.co.nz

skills and unification of the genomic
and biosecurity research community
will be an important aspect of the
project. B3 is providing key biological
knowledge about target organisms as
required.
Contact:
DhamiM@landcareresearch.co.nz or
Angela.McGaughran@waikato.ac.nz
www.genomics-aotearoa.org.nz/
projects/invasomics

B3 supports new
Genomics Aotearoa
biosecurity initiative
‘Invasomics’ is a new biosecurity
programme funded through Genomics
Aotearoa that seeks to predict the
invasive potential of alien species to
enable us to better prevent, target,
and manage biological invasions.
Using three carefully chosen species as
models - brown marmorated stink bug,
Queensland fruit fly and spotted wing
drosophila – the project will attempt to
identify ‘omic’ signatures that underlie
successful biological invasion and use
them to predict the invasive potential
of future invaders posing a high risk
to New Zealand. A machine-learning
framework will be used to characterise
invasiveness of a single high-priority
species to test a pilot model. The team
will then characterise invasiveness
for additional high-priority species
and validate the model. Training of
postdocs and New Zealand scientists in
key bioinformatic and data modelling
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Technology platforms
Development of new sociallyacceptable and fit-for-purpose
tools, including the exploitation of
new digital and biotechnological
technologies, are required through
cross-disciplinary teams including
biologists and technologists.

High level research area:
Technology platforms
Plant pathogen bioelectric sensor
COMPLETED IN 2021
Cost-effective and fit-for-purpose
diagnostic tools are essential for
biosecurity surveillance. In a novel
approach, B3 researchers are
developing a new hand-held bioelectric sensor that utilises the DNA
of the target pathogen to complete
a unique electric circuit as a signal
for detection. A successful prototype
sensor has been developed with a
focus on miniaturisation of essential
components. The sensor can be
adapted for a range of different
pathogens of biosecurity concern
and is at a stage where it can be fieldtested, challenged for its real-world
level of sensitivity, and considered in
terms of the circumstances it could
best be used in a biosecurity incursion.
Contact:
Marion.Wood@plantandfood.co.nz

Exploring alternatives
to methyl bromide for
fruit imports

eRNA’s potential to detect
viable pathogens

COMPLETED IN 2021
Alternatives to methyl bromide
remain a high priority for managing
quarantine pests on imported goods.
In this project the potential of offshore
high-pressure washing and hot air
and hot water treatments of fresh
produce (esp. taro and breadfruit)
coming from the South Pacific was
examined. Samoan authorities are now
considering large-scale commercial
treatment of taro and the feasibility
of installing a new high-temperature
forced-air treatment system to
establish an export pathway for
fresh breadfruit to Australia and New
Zealand. The project also contributed
to a successful feasibility study of the
potential for the phytosanitary use of
X-ray on breadfruit in collaboration
with USDA-ARS, Hawaii.
Contact:
Allan.Woolf@plantandfood.co.nz

While extremely useful, DNA
diagnostics provide no certainty on
the viability of the organism detected,
which can be important information
to define the actual and current
biosecurity risk. In a comparative
eDNA/eRNA approach both the
diversity and viability of Phytophthora
and other oomycetes in soil was tested,
capitalising on before/after hygiene
treatments in plant nursery beds.
The populations of soil oomycetes
differed when comparing eRNA, eDNA
and traditional soil baiting methods.
Notably, some species detected in the
eRNA samples were not detected in the
eDNA. This proof-of-concept study for
eRNA will contribute to early detection
and risk assessment of potential newto-Aotearoa New Zealand organisms
from environmental samples.
Contact:
Rebecca.McDougal@scionresearch.com
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High level research area:
Community empowerment
Biosecurity Trail
recognised at Biosecurity
Awards

B3 supports House of
Science’s South Island
expansion

COVID-19 pandemic has
not changed views on
biosecurity

The Biosecurity Trail at the Auckland
Botanic Gardens was a Finalist in the
2020 Biosecurity New Zealand Awards
in the Community Pihinga section. B3
and the Auckland Botanic Gardens
team created what is believed to be
the world’s first Biosecurity Trail in
2019. The Trail consists of permanently
installed stations with information
on key pests or pathogens of impact
to plants within our horticulture,
forestry, pasture, and natural systems.
Trails have now been established
at the Christchurch and Wellington
Botanic Gardens – with each of these
gardens attracting at least a million
visitors annually. The new trails were
developed and improved following
a quantitative survey of users of
the Auckland Trail, which found it
increased visitors’ awareness and
confidence in spotting and reporting
threats. The Biosecurity NZ number
(0800 80 99 66) and ‘Ko Tātou This Is
Us’ are central to trail information,
enhancing MPI’s community outreach.

House of Science (HOS) provides
primary and intermediate schools with
relevant and comprehensive resources
to inspire young New Zealanders
to engage with science. In the past,
B3 and HOS have co-developed a
biosecurity toolkit that includes the
Invasion Busters board game. An
enthusiastic class from Clyde Quay
School joined us in Wellington at the
B3 Conference and demonstrated this
game to conference participants. In
2020-21, B3 supported the Lyttleton
Primary School to be the first member
of the new HOS Christchurch branch.
The Invasion Busters kit is now
available through HOS branches
throughout the country and has been
used widely.

A survey of communities associated
with the Port of Tauranga has found
that despite the COVID-19 pandemic,
there was no significant change in local
community perceptions and awareness
about biosecurity between 2018 (before
the pandemic) and 2021 (during the
pandemic). There was also a significant
decrease in the percentage of people
who said that they had ‘seen, read, or
heard information about biosecurity’.
Eighty-three per cent responded ‘yes’
in 2018, compared with 72% in 2021.
This highlights an opportunity to make
connections in messaging between
COVID-19 - a major biosecurity event
with many commonalities - and
biosecurity.

Contact: John.Kean@agresearch.co.nz

Contact:
Manoharie.Sandanayaka@
plantandfood.co.nz

Contact:
Susanna.Finlay-Smits@agresearch.co.nz

Community empowerment
Increasing awareness and
knowledge, inspiring and enabling
participation, and developing
socially acceptable tools for
domestic and visiting communities
is necessary to empower the
Team of 5 million and visitors.
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High
level research
area:
Research
Priority: Community
empowerment
Tourism/biosecurity interface
New Cultural Biosecurity
Ambassador rōpu
Māori tourism leaders came together
at hui in Tauranga and Wellington to
discuss biosecurity threats to cultural
tourism, which encompasses the
ngāhere and taiao, and to wānanga
ideas of working together to prevent
and/or reduce their impact. The hui
were led by B3 Pourangahau Alby
Marsh and Simon Phillips (Waikato,
Ngāti Maniapoto, Taranaki). They led
to the establishment of a Cultural
Biosecurity Ambassador rōpu that
will lead thinking through proactive
engagement and action in the tourism
and primary industries sector. The
rōpu is made up of representatives
and owners of regional tourism
organisations, cultural tour and trek
operators, and food production
companies. The rōpu also aim to grow
the number of Ambassadors around
Aotearoa and engage young groups,
such as rangatahi to become cultural
biosecurity champions.
Contact:
Alby.Marsh@plantandfood.co.nz

Tourism and biosecurity:
content analysis of news
media
There is growing interest in the use
and utility of news media content
analysis in tourism research. A B3
study analysed 153 media articles from
Aotearoa New Zealand over the period
2009–2019. Five core emphases on
tourism and biosecurity content were
identified: (1) border interceptions
and controls, (2) incursion and
spread – alerts and responses, (3)
sensitive sites, (4) regulation and cost
responsibility, and (5) public education.
The analysis illustrated how tourism,
nature conservation, agriculture,
horticulture and forestry are utterly
and irretrievably interconnected in
global flows of people and organisms.
It concluded that media content
analyses in biosecurity tourism
research on its own, will reveal only
part of the story, and should always
be followed up with more intense
and critical interrogation of the issues
under study – as is planned in the next
stage of this research.

Tourism/biosecurity
interface
The tourism sector is under
continual flux with increasing
numbers and changing origins
of international visitors year on
year. The medium and long term
impact of COVID-19 is unclear but
the importance of tourism to the
biosecurity sector will remain.

Contact:
Mike.Mackay@agresearch.co.nz
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High level research area:
Establishing and integrating biosecurity data
‘Eco Invertebase’ goes
trans-Tasman

Towards automated plant
pest risk analysis

The ‘Eco Invertebase’ is a unique
database that collates published
information on Aotearoa New
Zealand invertebrates, including their
biology, ecology and distribution. The
information feeds into PRONTI (Priority
Ranking of Non-Target Invertebrates).
PRONTI is a tool developed with
support from B3 that helps decisionmakers understand how introducing
new biological control agents (BCAs)
might impact Aotearoa New Zealand’s
invertebrate population. Australian
researchers have recognised the
effectiveness of the tools and have
begun using them. Researchers at
Agriculture Victoria are using the Eco
Invertebase and PRONTI to develop a
parallel framework to assess the risk
to non-target scale species for BCA’s
being considered for the invasive giant
pine scale. This international use and
interest reinforces the relevance and
potential of the tools. As more species
are added to the Eco Invertebase it
will give decision-makers even greater
ability to more consistently and
objectively select BCAs.

The sometimes laborious process of
gathering and analysing information
on invasive pests, pathogens and
weeds underpins New Zealand’s
biosecurity system. The quantity and
quality of data available online is now
rapidly increasing and becoming easier
to access programatically. Developing
an automated system that is
transparent, reproducible, upgradable,
and fast would be a significant step
for better border biosecurity. Working
closely with DairyNZ to build the
Dairy Biosecurity Risk Assessment
Framework (DBRIEF) initiative, and with
MPI, CEBRA, and more recently with
other industry sectors, B3 researchers
are developing an automated hazard
ranking system that could provide
significant advantages for pest risk
assessment.

Contact:
Jacqui.Todd@plantandfood.co.nz
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via this pathway. Seed for sowing
imports provide a major pathway
for the introduction of contaminants
and understanding the risk can help
prevent future invasions and minimise
agricultural losses. Researchers
examined more than 14,000 seeds lots
across more than 1400 seed species
and found contamination was rare
- occurring in 1.9% of seed lots. The
research supported International Seed
Testing Association rules on maximum
seed lot weights as larger lots were
more likely to be contaminated.
Contact:
Chris.Buddenhagen@agresearch.co.nz

Contact:
Craig.Phillips@agresearch.co.nz

Establishing and integrating
biosecurity data

Biosecurity risks
associated with seed
imports

Discovering, ordering, cleaning,
interrogating and visualising
past, present and predicted data
improves our understanding of
the changing biosecurity threats at
different points on the biosecurity
continuum.

COMPLETED IN 2021
A four-year study looking at the
frequency, origin, and identity of
contaminants in seed for sowing
imports found industry practices
were effective in minimising threats
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High level research area:
Optimising intervention
Investment in biosecurity
In Aotearoa New Zealand and
Australia, most government agencies,
industry and the science community
agree investment in biosecurity is
important. But few understand or
agree on how much the investment
should be and where in the biosecurity
continuum it should be targeted.
Biosecurity deals with small likelihoods
of establishment but potentially large
consequences should that occur.
Solutions for optimum intervention
and investment are therefore
important. To counter this uncertainty
B3 currently invests in research across
the biosecurity continuum (reflected
in its scope and theme structure)
while always reviewing and developing
appropriate tools to optimise
biosecurity interventions.
Our research is undertaken in the
context of these impotant questions:
• How important is biosecurity?
•	How is value created through
biosecurity?
• Can science make a difference?
Several activities provided important
insights into optimising interventions
in the biosecurity system in 2020-21.

Substantial benefits to
biosecurity
At the B3 Conference, Aaron Dodd
from CEBRA presented a summary
of a recent comprehensive report on
the benefit of Australia’s biosecurity
system. The Net Present Value (NPV)
of Australia’s biosecurity system was

estimated to be A$314 billion at an
average return on investment of 30:1
(15 – 45:1 range). The analysis made
it clear the continued operation of
Australia’s biosecurity system over the
next 50 years will yield large positive
benefits for Australians. CEBRA is
now undertaking a similar study on
Aotearoa New Zealand.

of the analysis (e.g., consideration of
a single pest or intervention with a
limited range of impacts vs. multiple
interventions, pests or sectors),
and (2) the resources available for
analysis such as knowledge, budget
and time. This study was carried out
in conjunction with colleagues from
Europe, Australia and the USA.

Contact:
Aaron.Dodd@unimelb.edu.au

Welsh et al. 2021. Approaches for
estimating benefits and costs of
interventions in plant biosecurity
across invasion phases. Ecological
Applications 31 (5) doi.org/10.1002/
eap.2319

Also at the B3 Conference David
Teulon summarised relevant
information from Aotearoa New
Zealand that will provide the basis for
developing an economic framework
for investment in biosecurity and
especially plant border biosecurity. He
concluded there are major gaps in our
understanding of current and future
threats in the area of environment,
social and culture values especially
for Māori, but that current border
biosecurity efforts undertaken by
government, industry and science lead
to significant benefits.

Tools to access benefits
developed

Optimising intervention
Mitigation of biosecurity
threats are undertaken within
the biosecurity continuum
to maximise their return on
investment.

Tools to quantify the benefits and
costs of biosecurity interventions
at various stages of the invasion
continuum will be important to justify
and prioritize investments and inform
biosecurity policy.
A recent publication, funded through
B3, reviewed economic approaches
available to estimate benefits and
costs of biosecurity interventions.
The two major considerations in
choosing an approach are (1) the goals

B3 NEW ZEALAND ANNUAL REPORT 2021

15

High level research area:
Natural systems interface
Preparing for a possible
Xylella incursion
Citrus orchards in Kerikeri, apricot
orchards in Clyde, and vineyards
in Hawke’s Bay and Canterbury are
being monitored for species of insects
known to spread the devastating
Xylella fastidiosa (Xf) pathogen. Xf can
live in both insects and plants, and is
transferred between plants by insects
through feeding. One spittlebug
species known to transmit Xf overseas
is common in New Zealand, and the
glassy-winged sharpshooter, another
known vector, has already been found
in several Pacific Islands. A five-year
project focuses on the presence and
distribution of potential New Zealand
insect vectors of Xf and their host
plants. It will improve understanding
of how Xf could move between New
Zealand’s native and productive
estate and identify where to focus
surveillance efforts. Research findings
will be used by MPI, the Government
Industry Agreement (GIA) ‘Xylella Action
Group’, and DOC for risk assessments
and industry response plans in an
incursion. It will also help inform iwi of
potential impacts of Xf to taonga plant
species.
Contact:
Jessica.Vereijssen@plantandfood.co.nz

B3-initiated sentinel
plants concept becomes
EU policy
A newly-published Standard from
the European and Mediterranean
Plant Protection Organization (EPPO)
provides guidance on the use of
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sentinel plants to identify new pest
risks and pathogens. B3 can claim
to be one of the originators of
this approach, starting a sentinel
(expatriate) plants research project
in 2004. This approach provides one
of the few options for pest/pathogen
risk assessment for indigenous plant
species by determining the threats
attacking Aotearoa New Zealand plants
in overseas gardens. B3 has carried
out a range of research in this area
over the years including exploring
model systems, publishing a major
conceptual review and more recently
exploring the relationship between
provenance and whakapapa. B3 has
worked closely with the International
Plant Sentinel Network (IPSN) over
many years including most recently
in a UK-based approach to develop
international protocols for botanical
gardens during 2020-21.
Contact:
Mark.McNeill@agresearch.co.nz

International sentinel
plant networks
key resource in
understanding risk
One of the areas where the sentinel
plant network is currently being used is
in better preparing for an incursion of
the devastating plant bacterium Xylella
fastidiosa (Xf). Almost a decade ago
researchers collected samples from
New Zealand native trees growing in
botanic gardens in California where Xf
has devastated a wide range of crops
such as citrus and grapevines. They
found Xf present in these offshore
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natives, however not always causing
disease symptoms. The research
team are now sourcing fresh samples
of the same natives in California to
sequence the pathogen subtypes and
their relative effects on our taonga
plants. They will also develop a test
to quickly determine the subtype of
Xf from a small quantity of genetic
material. In the event of an incursion
this could help agencies such as MPI
quickly adjust their response based on
the subtype information and its risk
profile.
Contact:
GroentemanR@landcareresearch.co.nz

Natural systems interface
The movement of invasive
organisms into natural systems is
often predicated by their presence
in neighbouring productive systems
and urban areas. The protection of
our indigenous taonga species will
depend on our understanding on
these interactions.

Building future capability
Fostering the next
generation
Today’s university students will be key
to addressing the growing biosecurity
challenges Aotearoa New Zealand
faces. Supporting them is an important
focus for B3.
Since 2014, B3 has supported about
29 PhDs studying at universities in
Aotearoa New Zealand and abroad.
Many of these students have ended up
working in, and making a difference to,
the biosecurity field.
Former students now:
•	Work as experts in Government
organisations such as MPI and the
Ministry for the Environment
•	Undertake biosecurity research as
staff at Crown Research Institutes or
at international research institutes
as staff or post-doctoral students
•	Work at universities both in
Aotearoa New Zealand and
internationally teaching others
about biosecurity-related issues.

A range of support
B3 supports emerging biosecurity
talents in the following ways:
•	Primary and secondary school
students: B3 has partnered with
the House of Science to develop
teaching tools for primary school
students. Students from Clyde Quay
School, Wellington, demonstrated
the B3-developed Invasions Busters
board game at the B3 Conference.
The B3 Botanic Garden Biosecurity
Trails have been used as a teaching
tool in a number of secondary
schools.
•	Summer students: B3 partners
host university students, including
akonga Māori, on a regular basis.
Summer students often publish
on their work with supervisors.
Several summer students have gone
on to find employment within the
biosecurity community including B3
partners.

Central 2021 conference which
bought together students from B3,
the BPRC and the BHNSC. A transTasman plant border biosecurity
graduate group is being planned
with Australia’s PBRI.

Tomorrow’s skills
The future biosecurity challenges
for Aotearoa New Zealand will
require a biosecurity ethos across
the whole of society and the skills
of well-trained professionals.

•	Supervising/co-supervising/
mentoring post-doctoral students:
There are currently 8 PhD students
embedded in B3-supported activities
and projects. Three post-docs have
been aligned with B3 in recent years.
•	Lecturing biosecurity courses:
This includes B3 members who
hold formal appointments with
universities, and B3 members
sharing their expertise in one-off
lectures to undergraduate students.
•	Creating a peer-group of plant
biosecurity graduates: B3
organised a plant border biosecurity
student session at the Plant Science
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Collaborations and partnerships
Euphresco membership
showing value
Euphresco, a global organisation
based in Paris and comprising over
50 countries, enhances the ability of
international experts to collaborate
and share information with each
other in the context of plant health
and international trade. New Zealand
joined Euphresco in 2019, through
MPI. Since then Euphresco has
enabled scientists from B3 and MPI to
engage with international teams. B3
researchers are involved the following
projects:
•	Use of Stable Isotope Ratio
Analysis (SIRA) for the identification
of invasive species native in alien
environments (Karen.Armstrong@
lincoln.ac.nz)
•	Early detection of Phytophthora
in EU nurseries and traded plants
(Rebecca.McDougal@scionresearch.
com)
•	mtDNA characterisation of potato
wart disease outbreaks (JohnstonP@
landcareresearch.co.nz)
•	
Xylella fastidiosa and its insect
vectors (Jessica.Vereijssen@
plantandfood.co.nz)
•	Preparedness in biological control
of priority pests (Gonzalo.Avila@
plantandfood.co.nz)
•	Inventory and validation of
quality control procedures for the
extraction of nucleic acids used
for diagnosis (Sandra.Visnovsky@
plantandfood.co.nz)
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The collaborations are mutually
beneficial. In some areas B3 has a
leading international role whereas
in others it can learn a lot from
international colleagues. Both
B3’s Australian partners (PBRI and
CEBRA) are active in Euphresco which
allows us all to have a trans-Tasman
biosecurity focus. MPI is also involved
in many Euphresco projects.

Supporting the UK in the
Sentinel Plant Network
As part of the International Plant
Sentinel Network (IPSN) (https://
plantsentinel.org/), the Botanic
Gardens Conservation International
(BGCI) – funded by the Department
of Environment, Food and Rural
Affairs (DEFRA) – ran a pilot study
to determine the feasibility of
using the IPSN for carrying out
general surveillance for species of
biosecurity interest. B3 assisted BGCI
by undertaking spring and summer
surveys for pests and pathogens
of three iconic UK plant species in
the Christchurch Botanic Gardens
and Lincoln University arboretum.
A workshop of New Zealand
collaborators, BGCI and DEFRA was
also held. The project provided
a significant career development
opportunity for summer student
India O’Donnell-Fluit hosted by
BPRC. This pilot project highlighted
both the benefits and challenges of
co-ordinating a range of national
and international collaborators,
but reinforced the potential for the

B3 NEW ZEALAND ANNUAL REPORT 2021

sentinel concept in plant border
biosecurity. A three year follow-up
study is planned by BGCI with B3
assisting with coordination between
New Zealand botanic gardens and
BNZ.

International links
illustrated by publications
In 2020/21 B3 researchers were
involved in the publication of 34 peer
reviewed articles. These provide
an interesting view of B3 linkages
to universities in New Zealand and
elsewhere. Almost all of the 15
articles co-authored with researchers
from New Zealand universities
(Auckland, Canterbury, Lincoln and
Victoria) reflect aligned PhDs with cosupervision involving B3 researchers
and/or co-appointments. However,
a greater number of co-authorships
were with overseas universities (18
articles) and research organisations
(18 articles). There were 26 articles
combined, allowing for multiple
authors. This reflects the importance
of international collaborations for
B3 research. Only five B3 published
articles in 2020-21 did not have either
a New Zealand university, international
university or overseas research
institute as a co-author.

Projects begun in July 2021
Pre-emptive biocontrol risk assessment for high-risk
biosecurity threats in New Zealand (A21.1) 1 year project

Integrated or not? Is this exotic badnavirus viable and what
is the risk? (D21.13) 3 year project

This study will assist key agencies to assess pre-emptive
biological control programmes for high-risk invasive threats in
advance of them becoming established through the development
of a set of guidelines to evaluate applications against.

The team will develop novel molecular tests to identify if a
badnavirus sequence has integrated into the host plant’s
genome, a potentially high-risk situation. They will gather
knowledge on the presence and form of badnaviruses.

Gonzalo.Avila@plantandfood.co.nz

Rebekah.Frampton@plantandfood.co.nz

Assessing the risk of rapid ‘ōhi’a death to New Zealand and
the South Pacific (B21.2) 3 year project

The potential of mass spectral fingerprinting for solving
tricky biosecurity issues (D21.14) 1 year project

Rapid ‘ōhi’a death has caused widespread death of ‘ōhi’a lehua
in Hawaii. Should it establish in Aotearoa New Zealand it has
the potential to impact native species such as pōhutukawa and
rātā, and exotic plants. This study will evaluate risk, likely Pacific
pathways, resistance, and potential vectors.

Researchers will explore the use of mass spectral fingerprinting
to examine molecular changes that could help identify attributes
such as insect maturity, habitat origins or disease status and
could be used to rapidly detect characteristics of potential
biosecurity threats.

Virginia.Marroni@plantandfood.co.nz

Alastair.Ross@agresearch.co.nz

Enhance and extend B3 pest risk evaluation framework to
other industries (B21.3) 2 year project

Deployable point of use pathogen bioelectric sensor
(D21.15) 1 year project

Ongoing B3/Dairy NZ research has resulted in the development
of new risk analysis methods for conducting pest risk analysis for
pasture. This project aims to extend the methods to the arable,
horticulture and forestry industries.

This project involves consulting with stakeholders and end–users
on the potential uses of a prototype hand-held electrochemicalbased sensor to identify pathogens. Researchers will test the
sensor on PSA and Xylella fastidiosa (Xf).

Craig.Phillips@agresearch.co.nz
and Rebecca.Turner@scionresearch.com

Marion.Wood@plantandfood.co.nz

Māori and Pasifika collaboration to identify pre-border
biosecurity threats to New Zealand taonga (B21.4) 2 year
project
Researchers will create a comprehensive list of potential
biosecurity threats from the Pacific to native plant species.
Indigenous biosecurity representatives from the Pacific, mana
whenua, and end-users will identify research priorities to
safeguard Aotearoa New Zealand’s environments and biodiversity.

Improving UAV effectiveness for spot applications of Btk
during incursion responses (E21.17) 2 year project
Unmanned aerial vehicles (UAV) sprayers will be optimised
and adopted for biosecurity incursion responses for spot
spraying. A focus on applications of Bacillus thuringiensis kurstaki
(Btk)-based biopesticides will improve overall preparedness for a
range of priority insect pests.
Justin.Nairn@scionresearch.com

Julia.Soewarto@scionresearch.com

Automatic detection of contaminants on shipping container
exteriors (C21.7) 3 year project
Researchers will continue development of a prototype automatic
detection system for identifying high-risk contaminants on
shipping container exteriors. They will test technology in
laboratories and container storage sites and, in engagement with
end users, in a real port biosecurity situation.
Munir.Shah@agresearch.co.nz
and Taylor.Welsh@plantandfood.co.nz

Unappreciated border biosecurity risks related to herbicideresistant biotypes in imported seeds (C21.10) 3 year project
Researchers will quantify herbicide-resistant seed contaminants
imported in ryegrass and clover seeds using spray trials, glass
house trials, and innovative genetic tests. The study will provide
evidence on the scale of the issue and direction for potential
genetic screening or import standards.

Remote sensing to support surveillance, response and
eradication (E21.18) 3 year project
This project will explore the potential of remote sensing
technology for use in biosecurity surveillance. This first stage
will distinguish healthy crops from others affected by pests, and
capture differences that could be used as a marker of pests.
Federico.Tomasetto@agresearch.co.nz

Weaving together the complex web of biosecurity social
networks (X21.20) 2 year project
This project will identify the most influential networks of
biosecurity professionals and identify the degree to which they
are connected with each other or exist in isolated silos and the
extent this influences whole system responses.
Philip.Hulme@lincoln.ac.nz

Chris.Buddenhagen@agresearch.co.nz

B3 NEW ZEALAND ANNUAL REPORT 2021

19

Research publications and outputs
(2020-21)
Peer reviewed publications
Andow D, Barratt BIP, Pfannenstiel
RS, Paula DP. 2021. Exotic generalist
arthropod biological control agents:
need to improve environmental
risk assessment to ensure safe use.
BioControl 66: 1-8 doi.org/10.1007/
s10526-020-10067-2
Bedoya CL, Brockerhoff EG, Hayes M,
Leskey TC, Morrison III WR, Rice KB,
Nelson XJ. 2020. Brown marmorated
stink bug overwintering aggregations are
not regulated through vibrational signals
during autumn dispersal. Royal Society
Open Science 7 (11): 201371 dx.doi.
org/10.1098/rsos.201371
Boyd-Wilson KSH, Marroni MV, McNeill
MR, Teulon DAJ. 2021. New Zealand
indigenous Myrtaceae in foreign botanic
gardens: testing the sentinel plant
concept for biosecurity risk assessment.
New Zealand Plant Protection 74 (1):
1–9. journal.nzpps.org/index.php/nzpp/
article/view/11728
Brown SDJ, Jamieson LE, Laidlaw WG,
De Silva N, Waddell BC. 2020. Decay of
thermal tolerance in Queensland fruit fly
(Bactrocera tryoni, Diptera: Tephritidae)
following non-lethal heat hardening.
Journal of Economic Entomology 113:
152–158. doi.org/10.1093/jee/toz290
Cheema JA, Aydemir N, Carraher C,
Khadka R, Colbert D, Lin HT, Nelson
A, Kralicek AV, Travas-Sejdic J. 2020.
Insect odorant receptor nanodiscs
for ultrasensitive and selective
electrochemical detection of odorant
compounds. Sensors and Actuators: B.
Chemical 329: 129243. doi.org/10.1016/j.
snb.2020.129243
Conti E, Avila G, Barratt BIP, Cingolani
F, Colazza S, Guarino S, Hoelmer K,
Laumann RA, Maistrello L, Martel G,
Peri E, Rodriguez-Saona C, Rondoni G,
Rostas M, Roversi P, Sforza R, Tavella
L, Wajnberg E. 2021. Biological control
of invasive stink bugs: review of global
state and future prospects. Entomologia
Experimentalis et Applicata 169: 28-51.
doi.org/10.1111/eea.12967
Durović G, Alawamleh A, Carlin S,
Maddalena G, Guzzon R, Mazzoni V,
Dalton DT, Walton VM, Suckling DM,
Butler RC, Angeli S, De Cristofaro
A, Anfora G. 2021. Liquid baits with
Oenococcus oeni increase captures
of Drosophila suzukii. Insects 12. doi:
10.3390/insects12010066
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Esch ED, Horner RM, Krompetz DC,
Moses-Gonzales N, Tesche MR, Suckling
DM. 2021. Operational parameters
for the aerial release of sterile codling
moths using an uncrewed aircraft
system. Insects 12. 159. doi.org/10.3390/
insects12020159
Follett P, Pinero J, Souder S, Jamieson L,
Waddell B, Wall M. 2019. Host status of
‘Scifresh’ apples to the invasive fruit fly
species Bactrocera dorsalis, Zeugodacus
cucurbitae, and Ceratitis capitata
(Diptera: Tephritidae). Journal of AsiaPacific Entomology 22: 458-470. doi.
org/10.1016/j.aspen.2019.01.019. Not
reported in 2019-20
Follett PA, Jamieson L, Hamilton L, Wall
M. 2019. New associations and host
status: infestability of kiwifruit by the fruit
fly species Bactrocera dorsalis, Zeugodacus
cucurbitae, and Ceratitis capitata
(Diptera: Tephritidae). Crop Protection
115: 113-121. doi.org/10.1016/j.
cropro.2018.09.007. Not reported in
2019-20
Gerard PJ, Barratt BIP. 2021. Risk
assessment for biological control agents
in New Zealand: two case studies for
generalists. BioControl 66: 143-150. doi.
org/10.1007/s10526-020-10055-6.
Hall M, Redpath SP, Sanxter S, Wall M,
Follett PA, Silva S, Postler M, Wohlers M,
Jamieson LE, Woolf AB. 2020. Exploring
X-ray treatments for disinfesting
apples. Acta Hortculturae. 1275: 93-98.
doi:10.17660/ActaHortic.2020.1275.13
Horner RM, Lo PL, Rogers DJ, Walker JTS,
Suckling DM. 2020. Combined effects
of mating disruption, insecticides, and
the sterile insect technique on Cydia
pomonella in New Zealand. Insects 11.
doi: 10.3390/insects11120837.
Horrocks KJ, Avila GA, Holwell GI, Suckling
DM. 2021. Irradiation-induced sterility
in an egg parasitoid and possible
implications for the use of biological
control in insect eradication. Scientific
Reports 11:12326 doi.org/10.1038/
s41598-021-91935-4
Horrocks KJ, Welsh T, Carpenter JE,
Suckling DM. 2020. Egg sterilisation of
irradiated Nezara viridula (Hemiptera:
Pentatomidae). Insects 11. doi: 10.3390/
insects11090564
Hossain Biswas MDJ, Inskeep J, Cross
D, Stringer LD, Mainali B, Taylor
PW, Rempoulakis P. 2021. Extended
holding period and yeast hydrolysate
supplementation prior to release
enhances prevalence and dispersal of
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sterile Queensland fruit fly in the field.
Journal of Pest Science doi.org/10.1007/
s10340-021-01390-3
Kotula HJ, Peralta G, Frost CM, Todd JH,
Tylienakis JM. 2021. Predicting direct
and indirect non-target impacts of
biocontrol agents using machine-learning
approaches. PLoS ONE doi.org/10.1371/
journal.pone.0252448
Mas F, Manning L, Alavi M, Osborne
T, Reynolds O, Kralicek AV. 2021.
Early detection of fruit infested with
Bactrocera tryoni. Postharvest Biology
and Technology 175: 111496. doi.
org/10.1016/j.postharvbio.2021.111496
McNeill MR, Tu X, Ferguson CM, Ban L,
Hardwick S, Rong Z, Barratt BIP, Zehua
Z. 2021. Diversity and impacts of key
grassland and forage arthropod pests
in China and New Zealand: An overview
of IPM and biosecurity opportunities.
NeoBiota 65: 137-168. doi.org/10.3897/
neobiota.65.61991
McGrath Z, MacDonald F, Walker G, Ward
DF. 2021. A framework for predicting
competition between native and exotic
parasitoids using taxonomic collections
and species level traits. BioControl 66:
59-69 DOI: 10.1007/s10526-020-10025-y
Murugathas T, Hamiaux C, Colbert D,
Kralicek AV, Plank NOV, Carraher C.
2020. Evaluating insect odorant receptor
display formats for biosensing using
graphene field effect transistors. ACS
Applied Electronic Materials 2(11): 36103617 doi.org/10.1021/acsaelm.0c00677
Narouei-Khandan HA, Worner SP,
Viljanen SLH, Bruggen AHC, Jones
EE. 2019. Projecting the suitability of
global and local habitats for myrtle
rust (Austropuccinia psidii) using model
consensus. Plant Pathology 69: 17-27.
doi:10.1111/ppa.13111
Nguyen NH, Stringer LD, Hong, KJ. 2021.
Influence of irradiation on the biology
of the brown marmorated stink bug
(Halyomorpha halys Stål). Journal of
Economic Entomology 114 (3): 12111218. DOI: 10.1093/jee/toab026
Paula DP, Andow DA, Barratt BIP,
Pfannenstiel RS, Gerard PJ, Todd JH,
Zazievo T, Luna MG, Cédola CV, Loomans
AJM, Howe AG, Day MD, Ehlers GAC,
Green C, Arpaia S, Yano E, Lövei GL,
Hinomoto N, Fontes EMG, Pires CSS,
Togni PHB, Nechols JR, Eubanks MD, van
Lenteren JC. 2021. Integrating adverse
effect analysis into environmental
risk assessment for exotic generalist
arthropod biological control agents: a

three-tiered framework. BioControl 66:
113-139 doi.org/10.1007/s10526-02010053-8
Phillips CB, Brown K, Green C, Toft R,
Walker G, Broome K. 2020. Eradicating
the large white butterfly from New
Zealand eliminates a threat to endemic
Brassicaceae. PloS ONE 15(8): e023679
doi.org/10.1371/journal.pone.0236791
Pugh AR, Withers TM, Peters EM, Allen
GR, Phillips CB. 2020. Why introducing
a parasitoid of Paropsis charybdis Stål,
1860 (Coleoptera: Chrysomelidae)
larvae is expected to enhance biological
control of this Eucalyptus pest in New
Zealand. Austral Entomology 59: 829-837
doi:10.1111/aen.12492
Rubenstein JM, Hulme PE, Buddenhagen
CE, Rolston MP, Hampton JG. 2021. Weed
seed contamination in imported seed
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phytosanitary treatment for apples.
Methyl Bromide Alternatives Outreach
conference. 3-5 November 2020, USA.
Virtual presentation.
Cho J, Wall M, Follett P, Postler M, Silva
S, Villalun M, Hall M, Redpath S, Nangul
A, Wohlers M, Jamieson L, Page N,
Waddell B, Conroy D and Woolf A. 2020.
Apple fruit responses to phytosanitary
X-ray treatment. Postharvest 2020
Webiner Series, New Zealand. Virtual
presentation.
Ganley B. 2021. Phytophthora species and
the risk they pose to Aotearoa’s native
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