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ABSTRACT
We outline the diversity of pests, weeds and plant pathogens absent from New Zealand that threaten forage production, examine

their potential import pathways, and outline the challenges of managing them should they arrive. The number and diversity of

threats and pathways indicates ongoing incursions are inevitable. Thus, we also review measures in place for detecting and

responding to forage biosecurity threats when they arrive and find almost none, which contrasts with measures in place for

protecting other crops. Alarmingly, therefore, New Zealand’s least protected plants include ryegrass and white clover which

are vastly more valuable than any of its other better protected crops. We contend that forage productivity and farm profitability

are suffering death by a thousand cuts as each new incursion adds to forage plants’ pest burdens. There are clear opportunities to

reduce rates of establishment of new pests, weeds and pathogens, and limit the damages they will cause post-establishment.

Critical needs include comprehensive pest risk analyses to inform risk mitigation, and surveillance targeting the most important

threats. Forage-based industries must recognize the biosecurity risks they face, collectively summon the will to act, and capitalize

on opportunities for collaboration to minimize further erosion of forage productivity.

1 | Introduction

Farming is prominent in New Zealand’s (NZ’s) landscape and
economy, with approximately 13.7 million hectares (51%) of
the country’s 26.8 million hectares used for agriculture. Of this
farmed area, 8.765 million hectares (63%) are dedicated to sheep
and beef, and 2.442 million hectares (18%) to dairy farming
(Beef+Lamb New Zealand 2020). The most valuable forage
plants are ryegrasses (contributing NZD 1456million annually)
and clovers (NZD 230 million), with other crops such as brassi-
cas, maize, cereals, chicory, lucerne, fodder beet, and plantain
also playing significant roles (Nixon 2015, p. 201). Despite their

high economic value, the productivity of these forage plants is
hindered by a range of weeds, arthropods, and diseases, resulting
in annual management costs and production losses exceeding
NZD 1.6 billion from weeds (Saunders et al. 2017) and around
NZD 2 billion from arthropod pests (Ferguson et al. 2019).
Global estimates of crop yield reductions caused by arthropods,
weeds, and diseases are 20%–30% (Oerke 2006; Savary et al. 2019).

These substantial costs highlight the importance of robust border
biosecurity measures to prevent the entry of additional arthropods,
weeds, and pathogens (hereafter referred to collectively as pests),
which could further compromise the profitability and sustainability
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of NZ agriculture (Goldson et al. 2016; Chapman et al. 2024).
Recent incursions of animal pathogens like Mycoplasma bovis
(Laven 2019), weeds such as velvetleaf (James and Pene 2018), pas-
ture pathogens like red clover vein mosaic virus (Guy 2014), the
root-knot nematodeMeloidogyne minor (Zhao et al. 2017), pollina-
tor pests like varroa bee mite (Iwasaki et al. 2015), and herbivorous
insects including large white butterfly (Phillips et al. 2020), red clo-
ver casebearer moth (Chynoweth et al. 2018), clover root weevil
(Ferguson et al. 2019), and fall armyworm (Ministry for Primary
Industries 2023) underscore the need for continuous vigilance
and improvements to NZ’s biosecurity system.

The Ministry for Primary Industries (MPI) is the main authority
responsible for NZ’s border biosecurity, as mandated by the
Biosecurity Act 1993 (NZ Government 1993). MPI’s strategies
to manage biosecurity risks include:

• Ensuring that products and conveyances (e.g., shipping con-
tainers) destined for NZ are free of exotic pests and patho-
gens before departure from exporting countries, as outlined
in Import Health Standards (IHS). Every import must com-
ply with an IHS (Clark 2013).

• Verifying compliance of imports with their IHS upon arrival
at NZ’s border through inspection and risk profiling (Clark
2013).

• Conducting post-border surveillance at high risk sites such
as ports, and for high risk organisms like fruit flies (Acosta
et al. 2020).

In 2012, revisions to the Biosecurity Act 1993 introduced
Government Industry Agreements (GIA) for biosecurity readiness
and response. These partnerships between government and indus-
try sectors aim to enhance NZ’s biosecurity (GIA 2021). GIA sig-
natories collaboratively identify priority pests and implement
measures to mitigate the risk and impact of incursions. Since
2012, over 20 agricultural sectors have joined the GIA, including
Beef+Lamb NZ, Dairy NZ, and Seed and Grain Readiness and
Response Incorporated (GIA 2021). A crucial component of both
the GIA and effective border biosecurity is pest risk analysis,
which involves identifying potential biosecurity hazards, assessing
their establishment likelihoods and consequences, and designing
strategies to prevent their entry and establishment in NZ.

The hazard identification stage of pest risk analysis generally
involves consulting subject experts and reviewing literature
and databases to identify organisms currently absent from NZ
that could cause significant harm if introduced (Muellner
et al. 2018). Subsequent risk assessments prioritize these organ-
isms for preventative measures (Muellner et al. 2018). While MPI
conducts hazard identification and risk assessments when for-
mulating or reviewing Import Health Standards (Ministry for
Primary Industries 2020a), comprehensive risk analyses for pests
of NZ forage plants remain limited. A preliminary hazard iden-
tification for the pastoral sector identified 66 potential insect haz-
ards (Clark 2013; Toy 2013), but more recent work identified over
2000 insect hazards to various forages (Phillips unpub. data)
highlighting the need for much more detailed and comprehen-
sive analyses of biosecurity risks.

This review focuses on pests including invertebrates, weeds and
plant pathogens that could harm livestock farming, particularly
forage production, if they become established in NZ, but excludes
animal diseases and their vectors. We describe a range of

biosecurity hazards—including weeds, plant-parasitic nemato-
des, gastropods, plant-feeding mites, plant pathogens (fungi,
oomycetes, bacteria, viruses), and insects—that could affect for-
age plants, pollinators, biological control agents, livestock, farm-
ers, and farm infrastructure. Our objectives are to:

1. Illustrate both the diversity of offshore biosecurity hazards
that threaten NZ forages, and the existence of threats that
can be overlooked because they span boundaries between
plant and animal biosecurity.

2. Highlight the enormous stake NZ farmers have in main-
taining robust border biosecurity, the complexity of achiev-
ing it, and the reality that no system can be completely
pest-proof.

3. Review the current state of preparedness for the arrival in
NZ of the types of hazards we describe.

4. Argue for more comprehensive forage plant biosecurity risk
analysis, including improved risk mitigation measures and
greater involvement of all participants in NZ industries that
depend on forage plants.

To illustrate these points, for each organism type, we outline the
damage they cause, their economic impact, typical control meas-
ures—including those applicable for eradicating new incursions—
and provide examples of species of biosecurity significance to
NZ. Several of the pest groups included are neither forage pests
nor animal pathogens, but could nevertheless reduce farm produc-
tivity, thus arementioned to illustrate how some threats can be over-
looked because they fit neatly into neither the plant nor animal
biosecurity categories. We then summarize potential pathways for
these organisms to enter NZ. Our focus is on the pastoral sector,
but the findings are also relevant to other plant-based sectors, such
as arable farming and horticulture. Finally, we discuss the strengths
and weaknesses of the current border biosecurity arrangements for
the pastoral sector in NZ (excluding animal diseases and their vec-
tors). Our review neither comprehensively identifies all biosecurity
hazards to NZ forage plants, nor evaluates the risks they present.

2 | Methods

We reviewed international publications, databases, and websites
to compile information about biosecurity threats to NZ farm pro-
ductivity within our respective areas of expertise. We aimed to
compile representative and illustrative sets of examples rather
than be comprehensive. Nevertheless, our initial reviews
included too many organisms to describe in a single article; thus,
we selected a few organisms from each subject area that sufficed
to meet the objectives listed in the Introduction.

We assessed biosecurity preparedness for threats to crops repre-
sented in the Government Industry Agreement (GIA 2021) by
reviewing NZ literature and publicly accessible websites for evi-
dence of activity in the following pest risk analysis categories:
hazard identification, impact analysis, risk species diagnostic
data, surveillance, and response and management plans. We
did not attempt to evaluate the thoroughness and quality of
the preparations as this would require more comprehensive
details about the methods used than was typically available.
Rather, we scored each category as “yes” if there was evidence
of activity, and “no” if there was none.
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3 | Results

3.1 | Weeds

3.1.1 | Damage and Costs

NZ has over 27,000 introduced plant species, with approximately
2391 naturalized (Howell 2008; Hulme 2020), of which about
200 adversely affect pastoral agriculture (Bourdôt et al. 2007;
Ghanizadeh and Harrington 2019). Weeds hinder production by
reducing forage yields, deterring grazing, tainting milk, and harm-
ing animal welfare (Ghanizadeh andHarrington 2019). Their costs
to NZ agriculture exceed NZD 1.7 billion per year (Saunders et al.
2017), and the estimated value of herbicide applications to pasture
is NZD 1.4–5.6 billion (Nixon 2021). A heavy reliance on herbi-
cides has led to NZ being one of only eight countries with docu-
mented herbicide resistant pasture weeds including giant
buttercup (Ranunculus acris) and slender winged thistle (Carduus
pycnocephalus), which are both resistant to several active ingre-
dients (Heap 2025; Ghanizadeh and Harrington 2019).

3.1.2 | Eradication and Management

Eleven weed species have been eradicated from NZ and another 10
from smaller offshore islands, primarily from isolated wetland hab-
itats (Hulme 2020). These comprise a quarter of all known nonna-
tive plant eradications from islands (Hulme 2020). Methods used to
control pasture weeds inNZ include pasture renewal, grazingman-
agement, mowing, maximizing competition with cultivated plants,
herbicide applications, classical biological control using herbivo-
rous insects and plant pathogens, and mechanical removal or
suppression (Ghanizadeh and Harrington 2019).

3.1.3 | Examples of Hazards

Globally over 9000 plant species are agricultural weeds (Randall
2017), with many still absent from NZ. Hazards to pasture include
low yielding, low nutrition perennial grasses such as creeping
meadow foxtail (Alopecurus arundinaceus) and crested wheatgrass
(Agropyron cristatum) (Randall 2017). Both are long-lived grasses
with few management options. Medusahead (Taeniatherum
caput-medusae) adheres to animals and can severely reduce graz-
ing capacity. Dicot hazards include Solanum sisymbriifolium
(thorny), Tridax procumbens (competition), Mentha aquatica
(competitive, feeding deterrent), and Senecio inaequidens (toxic).

For other forage crops, weed examples from similar climates over-
seas highlight potential threats: Palmer amaranth (Amaranthus
palmeri) and giant ragweed (Ambrosia trifida) are prominent in
the USA, evolving resistance to multiple herbicides (Heap 2025)
and reducing grain and ryegrass seed yields, and causing seed
for sowing contamination. Summer grasses like Chloris virgata,
Setaria faberi, and Rottboellia cochinchinensis, and the perennial
Brachiaria eruciformis are also notable hazards.

3.2 | Plant Parasitic Nematodes

3.2.1 | Damage and Costs

Plant parasitic nematodes (PPNs), typically less than 1mm long,
primarily infect plant roots, though some affect leaves, bulbs and
stems. They reduce yields by consuming nutrients, disrupting
root functions, and introducing pathogens. PPN infections can
lead to plant death, especially when combined with other

stressors like drought or poor nutrition. Identifying PPN often
requires specialist expertise, as symptoms can mimic nutrient
deficiencies or other pests.

Root-knot, cyst, and root lesion nematodes are the most econom-
ically damaging PPN, causing yield losses equivalent to 9%–15%
of global crop production (Nicol et al. 2011), amounting to USD
100–157 billion annually (Singh, Hodda and Ash 2013). Some
nematode species already affect NZ pastures, reducing white clo-
ver yields and nitrogen fixation (Healy et al. 1973; Yeates et al.
1977; Watson and Mercer 2000; Mercer et al. 2008). In NZ, nem-
aticide applications have increased nitrogen fixation and herbage
yield by over 50%, with a 1% increase in white clover content
potentially worth up to NZD 55 million annually due to
improved nutrition and seed production (Watson et al.
1985; Watson and Mercer 2000; Mercer and Watson 2007).
Typical annual impacts on a Waikato dairy farm were estimated
at NZD 150 per hectare (Ferguson et al. 2019).

3.2.2 | Eradication and Management

Globally, 21 eradication attempts have been made against
10 nematode species in eight countries of which seven (41%) suc-
ceeded, 10 (59%) failed, and the remaining four are ongoing
(Kean et al. 2019). However, none of the five attempts to eradi-
cate nematodes in NZ succeeded (Kean et al. 2019). Treatments
included fumigation, nematicides, fallowing, and sowing non-
host and resistant plants.

On livestock farms, broad scale applications of nematicides are
impractical, but growing nonhost crops prior to pasture renewal
can help, though nematode populations may rebound to damag-
ing levels within 12–18 months (Watson et al. 1996). Re-invasion
of new pasture probably occurs via movements of soil and live-
stock (Boag 1985; McNeill et al. 2011). Crop resistance to
Meloidogyne species is used overseas, and resistant white clover
breeding lines have been investigated in NZ (Mercer and Watson
2007) though we are unaware of any that are commercially
available.

3.2.3 | Examples of Hazards

Few PPN are recognized as invasive, likely due to under report-
ing rather than low invasion potential (Singh, Hodda, Ash,
Banks, 2013). For example,Meloidogyne minor was first recorded
in the Netherlands in 2004 (Karssen et al. 2004) and then soon
afterward was also recognized in Europe, the USA, Chile
(McClure et al. 2012; Nischwitz et al. 2013) and NZ (Zhao
et al. 2017). Its hosts include potato, tomato, lettuce, lucerne, clo-
vers, oats, and endophytic perennial ryegrass (Karssen et al.
2004; Turner and Fleming 2005; Thoden et al. 2012; Nischwitz
et al. 2013).

Significant nematode hazards to Tasmania, which is climatically
similar to NZ (https://climate.b3nz.org.nz), include Meloidogyne
chitwoodi, M. mali, and M. graminicola (Singh et al. 2015).
Meloidogyne chitwoodi is a pest of numerous crops including
cereals, maize and clover. It is a quarantine pest for Canada
(Griffin and Rumbaugh 1996; Hunt and Handoo
2009; Wesemael et al. 2011), and has a broad distribution in
the Americas, Europe and South Africa (Hunt and Handoo
2009). Meloidogyne mali also infests numerous crops including
white clover, and is recorded from Japan, the USA, and
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Europe (EPPO 2020a). Meloidogyne graminicola impacts a range
of Poaceae including oat, barley, wheat, maize, and Poa annua
(EPPO 2019). Other PPNs absent from NZ pose risks to grass and
clover species. Limited research exists on their impact due to
their host range not including high-value crops, but they remain
a concern for forage production in NZ.

3.3 | Plant Pathogens

3.3.1 | Damage and Costs

Plant pathogens—including fungi, oomycetes, bacteria, and
viruses—often cause crop losses in the range 3%–40%
(Harvey and Harvey 2009; Guy 2014; Wakelin et al.
2016; Savary et al. 2019), though some can cause complete losses
(Rimmer et al. 2007). In NZ, ryegrass mosaic virus can reduce
annual ryegrass dry matter production by 13%–27%, and it also
affects perennial ryegrass (Guy 2014). As of 2012, at least
59 pathogenic fungi had been accidentally introduced to NZ
pastures and crops (Sikes et al. 2018), including species that
cause pasture root and foliar diseases which reduce yield and
quality and contaminate grains with mycotoxins (Skipp and
Hampton 1996; McMullen et al. 1997). Viruses such as beet
virus yellows complex (Polerovirus and Luteoviruses) impede
nutrient uptake and reduce leaf photosynthetic area in crops
like turnips and fodder beet (Kyriakou et al. 1983). Annual costs
associated with soil-borne pathogens of white clover in NZ
could be as much as NZD 1506 per hectare (Wakelin et al.
2016). Soil borne and viral diseases often either remain unde-
tected, or are misinterpreted as nutritional deficiencies, and an
expert pathologist is usually needed to diagnose them.

3.3.2 | Eradication and Management

In NZ, eradication has been attempted against at least six plant
pathogens (Kean et al. 2019), and four were probably successful:
A rust fungus, Puccinia cygnorum, infecting an Australian tree spe-
cies was eradicated from Napier Botanic Gardens during 2006–2010
(Dick and Inglis 2011); boil smut, Ustilago maydis, was eradicated
from amaize crop in Gisborne (Bullians et al. 2008; Sosnowski et al.
2009); potato wart (Synchytrium endobioticum) has been contained
in, and possibly eradicated from, Southland (Hayes 2015); and
citrus canker, Xanthomonas smithii citri was eradicated from the
North Island during 1937–1993 (Sosnowski et al. 2009).

The history and current status of research, knowledge, and man-
agement of fungal pathogens in NZ pasture were recently
reviewed by Van Amsterdam et al. (2025). In NZ, efforts to man-
age forage pathogens include the use of fungicides, crop rotation,
and breeding for resistant varieties. Soil-borne diseases are diffi-
cult and expensive to control with chemicals; thus, cultural con-
trols such as crop rotations are more often used.

3.3.3 | Examples of Hazards

Numerous plant pathogens are significant threats to NZ forages,
with some notable current examples in Australia. In southern
Australia, declines in the persistence and productivity of subter-
ranean clover pastures spanning about 29 million hectares
appear to be due to a complex of soil-borne root pathogens
including Aphanomyces trifolii (O’Rourke et al. 2010);

Phytophthora clandestine; and one or more species of Pythium,
Rhizoctonia, and Fusarium (Foster et al. 2017). The diseases’
worst impacts occur in autumn and early winter when feed sup-
plies are often already low (Foster et al. 2017). It is possible
A. trifolii is already present in NZ (Wakelin et al. 2016), whereas
Phytophthora clandestine is absent (NZOR 2019).

A pasture dieback syndrome was first documented in
Queensland where 200 000 to 4 million ha of land may be
affected (Buck 2017; McKenna et al. 2024). It is still spreading
and recently reached northeastern New South Wales (Gibson
et al. 2024; Anon 2024). It affects at least 16 grass species, causes
patches of pasture to die that range in area from a few square
meters to hundreds of hectares, and is associated with some novel
plant viruses and infestations of insects including pasture mealy-
bug (Heliococcus summervillei) and ground pearl (Margarodes
australis) (Buck 2017; Schutze et al. 2019; Thomson et al. 2021).

Some plant pathogens can have toxic effects in stock. For exam-
ple, the bacterium Rathayibacter toxicus infects several grasses,
particularly Lolium rigidum (Murray et al. 2017), which occurs
in parts of NZ (Edgar and Connor 2000; T. James, unpub. data).
Grasses infected with R. toxicus can cause a sometimes fatal
staggers-like condition in livestock called annual ryegrass toxic-
ity, which is problematic in South Africa and Australia (Arif et al.
2016; Koli et al. 2024). The bacterium is spread between plants by
nematodes from the genusAnguina (Arif et al. 2016; Murray et al.
2017), which has representatives in NZ pasture (Mercer et al.
2008). Annual ryegrass toxicity was estimated to cost USD
37million in 2010 (cited in Murray et al. 2017).

3.4 | Insect Vectors of Plant Pathogens

3.4.1 | Damage and Costs

Many insects vector plant pathogens, including viruses, bacteria,
fungi, and phytoplasmas (Nault 1997; Eigenbrode et al. 2018).
Networks comprising a plant, its pathogens and its vectors
are termed “plant pathosystems,” and forage production in NZ
benefits from the absence of many pathosystems found overseas.
Thus, vector-related biosecurity issues in NZ primarily arise in
three ways:

1. A new plant pathogen establishes in NZ where its insect
vector is already present. For example, neither maize dwarf
mosaic virus nor maize chlorotic mottle virus are present in
NZ, but their aphid vectors are (Ministry for Primary
Industries 2025a).

2. A new insect vector establishes in NZ where the pathogen it
vectors is already present. The pathogen may remain at low
levels until the vector arrives, then become more prevalent.
For instance, cocksfoot mottle virus is present in NZ
(Campbell and Guy 2001), whereas its Oulema species beetle
vectors are absent (Bezděk and Baselga 2015; Edney-
Browne et al. 2017). Without its vectors, the virus spreads
more slowly by mechanical means like mowing (Campbell
and Guy 2001).

3. A new vector and a new pathogen establish together. For
example, neither the thrips species Frankliniella williamsi
nor the pathogen it vectors, maize chlorotic mottle virus,
is present in NZ (Jiang et al. 1992).
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Little is known about the pathosystems of most NZ forage plants
(Guy 2014). Forty-one NZ nonnative aphids transmit plant
viruses (Teulon and Stufkens 2002). Notable examples include
Rhopalosiphum padi, Rhopalosiphum maidis, and Macrosiphum
avenae, which vector barley yellow dwarf virus and cereal yellow
dwarf virus in NZ pasture grasses (Guy 2014). NZ white clover
hosts at least 13 viruses and has 10 of their nonnative vectors
(Guy 2014). The alfalfa mosaic virus, a lucerne pathogen, surged
in NZ following the establishment of two of its vectors, the blue-
green aphid (Acyrthosiphon kondoi) and the pea aphid (A. pisum)
(Guy 2014). This virus is also prevalent in NZ white clover
(Harvey and Harvey 2009).

Costs associated with disease vectoring are difficult to separate
from those of insect feeding damage, resulting in few estimates.
In winter wheat in Canterbury, the cereal aphid (Rhopalosiphum
padi), and barley yellow dwarf virus were together estimated to
cost NZD 3.7–10M per year (in 1999 dollars) (cited in Teulon and
Stufkens 2002).

3.4.2 | Eradication and Management

A 1990–2008 attempt in Auckland to eradicate Dutch elm dis-
ease, which is vectored by a bark beetle, was unsuccessful
(Bain and Bulman 2012), though a concurrent 1994–1997 pro-
gramme in Napier apparently succeeded (Kean et al. 2019).

Biological control programmes targeting crop pests that vector
plant diseases, such as those against aphids, probably help to
reduce disease transmission (Guy 2014) and plant breeding
may sometimes help too. For example, tall fescue bred with
the endophyte Neotyphodium coenophialum is partly resistant
to feeding by the aphid Rhopalosiphum padi, and one study sug-
gested lower incidences of barley yellow dwarf virus in endo-
phytic tall fescue pastures (cited in Guy 2014). However, the
perennial ryegrass cultivars containing the endophyte
Neotyphodium lolii are neither resistant to feeding by R. padi
nor suffer lower incidences of barley yellow dwarf virus (cited
in Guy 2014).

3.4.3 | Examples of Hazards

Many economically important insect vectors of plant pathogens
are thrips, chrysomelid beetles, and sucking bugs such as aphids,
whiteflies, leafhoppers, and delphacid planthoppers, presenting
numerous hazards to NZ (Nault 1997). For instance, the beet leaf
hopper Circulifer tenellus (Hemiptera: Cicadellidae) is a pest in
the USA where it feeds on fodder beet and vectors beet curly
top virus.

3.5 | Terrestrial Gastropods

3.5.1 | Damage and Costs

Terrestrial gastropods (slugs and snails), of which 34 nonnative
species are established in NZ (Barker 1999), are particularly
damaging to sown seed and seedlings of grasses, legumes,
and other forage crops and can cause significant losses of clovers
even in established pastures (Barker and Addison 1992).
They can also vector plant parasitic nematodes and plant patho-
gens such as crown rot disease, Sclerotinia sclerotiorum, and
inhibit use of no-tillage methods for pasture establishment

(Barker 2002; Douglas and Tooker 2012). The introduced banded
conical snail, Prietocella barbara, first detected in NZ in 1983
(Barker 1999), is becoming an increasing problem in NZ dairy
forage crops as it spreads (http://www.agpest.co.nz) and is also
an issue in Australian pastures (Umina et al. 2021). Based on
measurements of damage to established pasture by two nonna-
tive Deroceras slugs (Barker and Addison 1992), Ferguson et al.
(2019) estimated losses from slugs to NZ dairy farming at NZD
206 million per annum. This was conservative because it did not
include damage that occurs during pasture renewal.

3.5.2 | Eradication and Management

Newly detected populations of several gastropods have been
successfully eradicated (Kean et al. 2019): Giant African snail
(Achatina fulica) was eradicated from Queensland (Queensland
Government 2019) and Florida (Cowie and Robinson 2003);
vineyard snail (Cernuella virgata) from New Zealand (Ministry
for Primary Industries 2020b); and white garden snail (Theba
pisana) from California (Mead 1961).

Infestations of terrestrial gastropods are often treated
with chemical molluscicides, which are both costly (NZD 75–
165/ha plus application costs) and ineffective because they
typically only kill 30%–50% of individuals. Options for
environmentally safe biological control are limited due to the
broad host ranges of most potential agents. Epichloe endophytes
in ryegrass and fescue are ineffective, and no other plant resis-
tance mechanisms are available for managing gastropods in
pasture.

3.5.3 | Examples of Hazards

Numerous gastropods cause agricultural damage in countries
overseas that have climates and production systems like NZ’s.
Examples include slugs from the families Agriolimacidae (e.g.,
Deroceras agreste, D. sturanyi) and Arionidae (e.g., Arion vulgaris,
A. subfuscus), and snails from Helicidae (e.g., Theba pisana) and
Cochlicellidae (e.g., Cochlicella acuta). Some gastropods that
were previously considered neither pests nor biosecurity hazards
have, following establishment in new areas, assumed consider-
able economic importance and could be spread further by inter-
national trade (Raut and Barker 2002; Gomes et al.
2013; Hutchinson et al. 2014).

3.6 | Herbivorous Mites

3.6.1 | Damage and Costs

Numerous mites are crop pests, causing plant injury through
feeding, deterring livestock from grazing, and vectoring plant dis-
eases (Hoy 2011). A NZ example is Abacarus hystrix, which feeds
on ryegrass and vectors ryegrass mosaic virus (Guy 1993; Guy
2014). Other mites that limit forage and grain production in
Australasia and beyond include red-legged earth mite
(Halotydeus destructor) and blue oat mite (Penthaleus major)
(Qin 1998; Hoy 2011; Douglas et al. 2018). In Australian pastures,
H. destructor has evolved resistance to pesticides (Umina et al.
2017; Douglas et al. 2018), a common issue among mite species
(Hoy 2011; Van Leeuwen et al. 2015). Its cost to Australian
livestock farmers was estimated at AUD 137–193 million
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(1991 values) (Ridsdill-Smith 1991), and its impact in NZ is
expected to worsen with climate change (Maino et al. 2024).
Brown mite (Bryobia lagodechiana) feeds on white clover and
other crops in NZ (Baker and Cowley 1989) and Tetranychus elsae
feeds on Festuca species (Zhang et al. 2002), but there are no stud-
ies of their impacts.

3.6.2 | Eradication and Management

Many mites are too small to be seen without magnification,
making their exclusion from trade pathways challenging.
Thus, numerous species have been unintentionally introduced
to new regions including recent arrivals in NZ (Navia et al.
2010; Boubou et al. 2011; Fan et al. 2021). An unsuccessful
attempt was made to eradicate brown mite from NZ (Baker
and Cowley 1989; Dymock and Holder 1996) and, globally,
the only successful eradication is of Aceria litchi from Florida
during 1955–1960 (Navia et al. 2010). Herbivorous mites are
typically managed through a combination of resistant host
plants and cultural, biological, and chemical controls (Hoy
2011; Guy 2014).

3.6.3 | Examples of Hazards

Wheat curl leaf mite (Aceria tosichella) has a cosmopolitan dis-
tribution and feeds on over 90 grasses including ryegrass, fescue,
and most cereals (Halliday and Knihinicki 2004; Navia et al.
2010, 2013), but is absent from NZ (Lebas et al. 2009). Wheat
yield losses due to A. tosichella can reach 30%, though its main
impacts occur via transmission of wheat streak mosaic virus and
high plain virus (Navia et al. 2010, 2013). Wheat streak mosaic
virus is widespread in NZ where it is thought to be transmitted
via infected seed, and its impacts would be exacerbated by the
arrival of A. tosichella (Lebas et al. 2009).

3.7 | Herbivorous Insects

3.7.1 | Damage and Costs

Insects damage forages primarily through feeding, including in
some cases on rhizobia within legume root nodules, which
impedes nitrogen fixation. They can also deter livestock from
grazing and vector plant pathogens (Bardner and Fletcher
1974; Boote 1981, 981; Pedigo et al. 1986). Over 1700 non-native
insects are established in NZ (Edney-Browne et al.
2018; Emberson 2000) of which about 275 (16%) feed on forage
plants, though fewer than 80 (5%) likely cause significant damage
(Scott 1984; Ferguson et al. 2019). Together with nematodes and
slugs, their costs to NZ’s pastoral industries are estimated at NZD
1.7–2.3 billion annually, representing about 10%–13% of the esti-
mated NZD 17 billion annual value of forage plants to NZ (Nixon
2015; Ferguson et al. 2019), which is consistent with global esti-
mates of pest impacts (Oerke 2006; Savary et al. 2019).

Two of NZ’s most costly forage pests are the native species grass
grub (Costelytra zealandica) and porina moth (Wiseana spp.), but
most insect pests of NZ forage are introduced. A recent example
is clover root weevil (Sitona obsoletus), which was detected in NZ
in 1996 and, despite a successful biological control program, still
causes losses in excess of NZD 235 million annually (Ferguson
et al. 2019).

3.7.2 | Eradication and Management

All 29 attempts to eradicate 14 non-native herbivorous insects
species in NZ have been successful (Kean et al. 2019).
Seventeen (59%) targeted forestry pests such as lymantriid moths,
10 (34%) targeted horticultural pests such as fruit flies, one (3%)
targeted the pea pest Bruchus pisorum (Voice et al. 2022), and the
other the brassica pest Pieris brassicae (Phillips et al. 2020). Insect
pest management across extensive areas of pasture relies heavily
on biological control and use of tolerant or resistant plants, and
insecticides are used relatively infrequently (Ferguson et al.
2019). Management is complicated by frequent spatial and tem-
poral coincidences of multiple pest species with differing life-
cycles (Ferguson et al. 2019).

3.7.3 | Examples of Hazards

MPI conducted a preliminary assessment of biosecurity hazards,
including insects, nematodes, and plant pathogens, that could
harm forage production if they established in NZ (Toy 2013).
From an initial list of 151 species, 22 were identified as particu-
larly hazardous, with 20 being insects (Toy 2013). However, a
more comprehensive analysis has identified over 2000 insect spe-
cies as hazards (Phillips unpub. data).

Some examples common to Toy (2013) and Phillips (unpub. data)
include various Sitona weevils (Coleoptera: Curculionidae) such
as S. hispidulus (clover weevil) and S. cylindricollis (sweetclover
weevil). The genus Sitona contains over 100 species that all feed
on legumes (Velázquez De Castro et al. 2007), and its members
were flagged as hazards to NZ forages as early as 1949
(Dumbleton 1949). Since then, two species—lucerne weevil (S.
discoideus) and clover root weevil (S. obsoletus)—have estab-
lished and became significant pests (Ferguson et al. 2019), and
many additional species continue to circulate with international
trade (Worm et al. 2024). Another hazard is Japanese beetle
(Popillia japonica) which is invasive in North America and
Europe and has a broad host range that includes many ornamen-
tal and crop plants including clovers, ryegrass, and fescue
(Richmond et al. 2004; Szendrei and Isaacs 2006; Kistner-
Thomas 2019).

3.8 | Hazards to Honeybees

Honeybees (Apis mellifera) are critical pollinators of forage
plants, especially white clover, with pollination services valued
at over NZD 1 billion annually (Goodwin 2012; MacIntyre and
Hellstrom 2015). Following the detection of established popula-
tions of varroa bee mite in NZ in 2000 (Iwasaki et al. 2015), pro-
tecting honeybees from biosecurity hazards became a priority for
MPI and Apiculture NZ, with annual surveys of ∼350 apiaries
targeting various mites (e.g., tracheal mite, Acarapsis woodi),
insects (e.g., small hive beetle, Aethina tumida), and bacteria
(e.g., European foulbrood, Melissococcus plutonius) (Acosta
et al. 2020; Apiculture NZ 2024, Ministry for Primary
Industries 2024).

3.8.1 | Damage and Costs

Wasp species such as German wasps (Vespula germanica) and
common wasps (V. vulgaris) prey on honeybees and rob hives,
reducing white clover pollination and nitrogen fixation in
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pastures. Their impact on NZ livestock farming is estimated at
NZD 60million per year (MacIntyre and Hellstrom 2015). The
impact in NZ of varroa bee mite was estimated to be NZD
365–661 million over 35 years (Iwasaki et al. 2015).

3.8.2 | Eradication and Management

Some incursions of threats to honeybees can be eliminated, such
as the yellow oriental paper wasp (Polistes olivaceus), which was
eradicated after it was detected in Picton (Kean et al. 2019).
However, controlling established wasps is challenging, relying
mainly on pesticides (Howse et al. 2025) with limited success
from biological control (Beggs et al. 2011). It was considered tech-
nically infeasible to eradicate varroa bee mite from NZ, and
efforts to prevent it spreading from the North to the South
Island failed (Iwasaki et al. 2015).

3.8.3 | Examples of Hazards

Globally, there are ∼20 000 bee species, but A. mellifera is the
most productive pollinator and honey producer (Lawrence and
Anderson 2006). Among threats are incursions of additional
bee species such as the Asian honeybee (Apis cerana), which
established in northern Queensland in 2007 (Koetz 2013). Apis
cerana can weaken A. mellifera populations by competing for flo-
ral resources, robbing hives, and reducing queen quality
(Lawrence and Anderson 2006; Koetz 2013). Other hazards
include wasps, hornets, and parasitoids (Lawrence and
Anderson 2006; Monceau et al. 2014). NZ already hosts five intro-
duced wasp and hornet species and over 100 parasitoids (Ward
and Edney-Browne 2015). The yellow-legged hornet (Vespa
velutina), introduced to Europe from Asia, preys heavily on
A. mellifera, which lacks defenses against it (Monceau et al.
2014). Parasitic flies such as Phoridae (Mohammed 2018) can
also infect and weaken honeybees, further increasing vulnerabil-
ity to other pests and diseases.

3.9 | Hazards to Biological Control Agents

3.9.1 | Damage and Costs

Forage production in NZ benefits from a diversity of intentionally
introduced biological control agents that reduce crop losses from
insects and weeds. Notable insect examples include: a Moroccan
strain of the parasitoid Microctonus aethiopoides that helps
control Sitona discoideus in lucerne (Goldson et al. 1993;
Phillips et al. 2008); M. hyperodae which helps control Listronotus
bonariensis in ryegrass, maize, and cereals (McNeill et al.
2002; Barker 2013); an Irish strain of M. aethiopoides which helps
control S. obsoletus in clover (Phillips et al. 2008; Basse et al.
2015); and two Cotesia spp. parasitoids that help to control Pieris
rapae in forage brassicas (Cameron and Walker 2002). Similarly,
numerous insects have been introduced to NZ to help suppress
weeds such as gorse, broom, and various thistles (Paynter et al. 2010).

In their native ranges, biological control agents often have their
own specialist natural enemies, typically parasites and hyperpar-
asites (parasites of parasites), which are carefully excluded when
introducing these agents to new regions (Goldson et al.
1990; Berry and Mansfield 2006). However, once a biological con-
trol agent establishes in a new region without its natural ene-
mies, residual chances remain of accidentally introducing

them. Numerous parasite and hyperparasite species have been
accidentally introduced to NZ (D. Ward, pers. comm., March
2019; Cameron and Walker 2002; Charles 1993; Murray and
Mansfield 2015; Noyes 1988) and other countries (Peck et al.
2008).

Such incursions can diminish the efficacy of biological control
and have significant economic consequences. In the USA, bio-
logical control of the lucerne pest Hypera postica using the inten-
tionally introduced parasitoid Bathyplectes curculionis is impeded
by nonnative hyperparasites from the genus Mesochorus
(Day and Hedlund 1988; Simpson et al. 1979). In Canada,
biological control of the brassica pest, cabbage flea beetle
(Phyllotreta cruciferae) by Microctonus vittatae is limited by
the accidentally introduced hyperparasitoid, Mesochorus
phyllotreta (Loan 1967). In Hawaii, an accidentally introduced
hyperparasite is thought to reduce the efficacy of parasitoid bio-
logical control of several fruit fly pests (Wang and Messing 2004).
The presence of nonnative hyperparasites in a region can also
thwart attempts to introduce further biological control agents
(Gaines and Kok 1999).

In NZ, two insects introduced for biological control of broom and
gorse are parasitized by an accidentally introduced parasitic wasp
(Paynter et al. 2010). Similarly, an effective parasite of a serious
defoliator of plantation eucalypts now has much less impact due
to the accidental introduction of one of its hyperparasites (Kay
1990; Mansfield et al. 2011; Pugh et al. 2020).

3.9.2 | Eradication and Management

There are no practical or economical methods for controlling
unwanted hyperparasites, and no attempts have been made to
eradicate them. Conventional control measures such as insecti-
cides would also harm the biological control agent so might be
useful for localized eradication attempts, but not for long-term
pest management.

3.9.3 | Examples of Hazards

The hyperparasite genus Mesochorus contains many species,
including some native to NZ (Gauld 1984). In South America,
a Mesochorus sp. parasitizes M. hyperodae, the biological control
agent for Argentine stem weevil (Goldson et al. 1990). If acciden-
tally introduced to NZ, it could reduce control of Argentine stem
weevil and perhaps lucerne weevil and clover root weevil.
Additionally, many other European and North American
Mesochorus species also hyperparasitise Microctonus spp. parasi-
toids (Loan 1967; Wylie and Loan 1984; Vikberg and Vårdal 2017)
and are also hazards to biological control of pasture weevils in
NZ. The parasitoids Cotesia glomerata and C. rubecula, intro-
duced to NZ to control cabbage white butterfly (Pieris rapae),
have hyperparasites in the USA (Gaines and Kok 1999), and
the establishment of these hyperparasites in NZ could impede
biological control of P. rapae, a pest of forage brassicas.

3.10 | Sawfly Toxicity to Livestock

Most sawflies (Hymenoptera) eat plants, primarily trees and
shrubs, though some consume grasses (Portman et al. 2018).
While commonly recognized as pests of horticulture, forestry,
and grains, certain species are toxic to livestock, thus they span
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the plant and animal biosecurity domains, and there is a risk of
overlooking them when working within strict definitions of
either domain. For example, they were not considered as hazards
to dairy cows by Muellner et al. (2018).

3.10.1 | Damage and Costs

There are three native and at least eight nonnative sawfly species
in NZ (Valentine and Walker 1991; Berry 1997; Landcare
Research 2009; Edney-Browne et al. 2017). None are known to
be poisonous, though one nonnative species, Eucalyptus leaf-
blister sawfly (Phylacteophaga froggatti), belongs to the family
Pergidae which has some toxic species (see below). Larvae of this
species pupate within fallen leaves of host plants (Kay 1986);
thus, exposure to any toxins would require cattle to consume
infested leaves.

Sawfly larval poisoning—characterized by acute hepatotoxicity—
has been documented in cattle, sheep, pigs, and once in a dog
(Tessele et al. 2012). Livestock are vulnerable to sawfly poisoning
when they ingest sawfly-infested leaves (Hardy et al. 2014), or
when sawfly larvae move to pasture to either feed on grasses
and dung, or pupate (Dutra et al. 1997). Affected cattle typically
exhibit weakness, muscular tremors, apathy, and stupor and may
die within 2–5 days of clinical signs (Tessele et al. 2012). Some
animals may become agitated and aggressive, and survivors
may develop jaundice and dermatitis aggravated by sunlight
(Tessele et al. 2012). Less affected cattle may recover (Tessele
et al. 2012). Residues of more stable sawfly toxins in animal
tissues have potential to enter the human food supply
(Colegate et al. 2012).

In Australia during 1971–1982, 37 farms experienced 5254 cattle
deaths due to sawfly poisoning, and the problemwas estimated to
cost southern Queensland farmers AUD 1 million per year (1981
values) (Dutra et al. 1997; Tessele et al. 2012). In Uruguay during
1993–1995, there were at least 40 outbreaks of poisoning, and in
1995 at least 1000 poisoned cattle died (Dutra et al. 1997; Tessele
et al. 2012).

3.10.2 | Eradication and Management

Globally, there have been no attempts to eradicate a sawfly (Kean
et al. 2019). After removing animals from the sawfly source, the
recommended management of poisoning is to administer sily-
marin, penicillin, and glucose to prevent toxicosis and significant
changes to liver enzymes (Hardy et al. 2014). However, prevent-
ing exposure of livestock to sawfly larvae appears the best option,
which depends on knowledge of sawflies’ population dynamics
and host plants (Dutra et al. 1997).

3.10.3 | Examples of Hazards

Most species in the sawfly families Argidae and Pergidae—
comprising approximately 920 and 440 species, respectively—
produce toxins harmful to livestock and should be regarded as
hazards (Boevé et al. 2018). For example, in Australia cattle
are poisoned by eating larvae of the sawfly Lophyrotoma inter-
rupta, with outbreaks occurring in districts where the sawfly’s
main host, silver leaf ironbark tree (Eucalyptus melanoplhoia),
is common (Tessele et al. 2012). Cattle that eat L. interrupta lar-
vae develop a liking for them and voraciously consume both live

and dead specimens (Tessele et al. 2012). In Denmark, sheep are
poisoned by ingesting larvae of Arge pullata, which feed on birch
tree leaves (Betula pendula) (Dutra et al. 1997; Tessele et al. 2012).
In Uruguay and Brazil, larvae of Perreyia flavipes are toxic to cat-
tle, sheep, and pigs (Tessele et al. 2012). In Brazil, larvae of
Perreyia lepida are poisonous to pigs and have been dubbed
“mata porco” or “pig killers” (Dutra et al. 1997).

3.11 | Ants

Ants span the plant, animal, environment, and human health
biosecurity domains because they can reduce crop and animal
productivity, damage infrastructure, and harm native flora and
fauna and humans. Thus, like sawflies, there is a risk they will
be overlooked during hazard identification in the forage and live-
stock biosecurity domains. For example, they were not consid-
ered as hazards to dairy cows by Muellner et al. (2018). MPI
manages a national invasive ant surveillance programme
(Acosta et al. 2020).

3.11.1 | Damage and Costs

Globally there are over 14 000 described species of ants (Kass
et al. 2022), over 200 species have spread beyond their native
ranges, and agriculture has suffered over 70% of their annual
global cost of USD 120 million (Angulo et al. 2022). In NZ,
30 non-native ants have established outdoors at least temporar-
ily with 21 being firmly established (Ward and Edney-Browne
2015; Phillips et al. 2018). Overseas, ants impact farming by:
damaging crops (Adams 1986); exacerbating crop damage from
sap-sucking insects by tending them for their honeydew
(Espadaler 1999; Martinez-Ferrer et al. 2003; Ward 2009); dis-
rupting food webs (Adams 1986); stinging livestock and
humans, and interfering with farm activities (Adams 1986);
and damaging infrastructure such as wiring and roads
(Adams 1986; Ward 2009; Buckham-Bonnett and Robinson
2017). The USDA estimated that the annual cost to USA agri-
culture of two nonnative fire ants (Solenopsis invicta and
S. richteri) exceeds USD 428 million (Lard et al. 2006). In
NZ, MAF (2001) estimated that the potential cost of red
imported fire ant (S. invicta) would exceed NZD 318 million
annually, including NZD 37million of annual costs to dairy
and beef production (2001 values).

3.11.2 | Eradication and Management

Globally, there have been at least 66 attempts to eradicate at least
12 different ant species and at least 44 (79%) have been successful
(Kean et al. 2019). In NZ, Kean et al. (2019) reported 16 eradica-
tion attempts against seven ant species of which 11 (70%) have
been successful. In the USA, farmers typically manage ants using
insecticides by broadcasting formulated ant baits costing USD
25–37 per hectare excluding application costs (Texas A&M
2009). Maximum kill is achieved after a few weeks, whereupon
re-invasion begins, necessitating multiple treatments per year
(Texas A&M 2009). Combining ant baits with fertilizer applica-
tions is possible, though the mixture must be applied soon after
preparation as the baits begin to lose efficacy when mixed with
fertilizer (Texas A&M 2009).
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3.11.3 | Examples of Hazards

An obvious hazard (and risk) is the previously mentioned red
imported fire ant (S. invicta) which has an enormous invasive
range (Wetterer 2013; Wylie et al. 2020). It has established in
NZ three times, then been eradicated, most recently in 2009
(Christian 2009). Continued success eradicating future incur-
sions of S. invicta from NZ is not assured, as demonstrated by
the 23 year long attempt to eradicate it from southeast
Queensland where its distribution now covers 700 000 ha
(Wylie et al. 2024). Given recent extreme rainfall events in
NZ, it is notable that managing S. invicta is complicated by flood-
ing, which facilitates its dispersal (Wylie et al. 2024).

3.12 | Other Hazards

The hazard classes previously summarized are only a subset of
threats. For example, we mentioned insects that vector plant
pathogens, but disregarded other pathogen vectors such as mites
and nematodes (de Lillo et al. 2021; Parrado and Quintanilla
2024). Similarly, we noted some hazards to animal health in
the “Sawfly toxicity to livestock” section, but not arthropods
infesting stored feed that also produce toxins which poison live-
stock (Jacobs et al. 2015; Hubert et al. 2018). Most notably, we
excluded animal diseases, their vectors, and arthropods that
directly harm livestock by feeding on them (Jacobs et al.
2015; Taylor et al. 2016; Muellner et al. 2018).

3.13 | Entry Pathways

MPI defines a pathway as any means that allows the entry or
spread of a pest including passengers, cargo, mail, craft, and nat-
ural dispersal (Clark 2013). Clark (2013) described numerous
potential entry pathways for forage pests, though it was written
in the context of a short preliminary list of pasture hazards (Toy
2013) and did not consider important forage plants such as
maize, cereals, fodder beet, and brassicas. NZ imports relatively
few unprocessed plant products derived from forage plants
except imported seed for sowing (Buddenhagen et al. 2021).
However, hitchhikers are hazards that occur in pathways or com-
modities with which they have no biological association and can
be particularly difficult to foresee and manage (Toy and Newfield
2010; Clark 2013; Worm et al. 2024).

Knowledge of pest arrival rates in NZ and elsewhere is limited
because data on organisms intercepted at the border are biased
by variation in organism detectability, inspection effort and
method, and the resources available to identify them (Work
et al. 2005; McCullough et al. 2006; Turner et al. 2025; Worm
et al. 2024). Moreover, species intercepted from pathways are
only a fraction of those present (Turner et al. 2021), and species
never intercepted still become established (Turner et al.
2020, 2025). Despite uncertainties about pathway risks, MPI con-
sidered the riskiest pathways for forage hazards were: plant mate-
rials; soil and plant contamination on inanimate pathways;
hitchhiker pathways; and passengers and their personal effects
(Clark 2013; Toy 2013). Most interceptions globally occur on
the cargo pathway (McCullough et al. 2006; Turner et al.
2021), which MPI classes as “inanimate objects and materials”
(Clark 2013).

Viable weed seeds, plant parasitic nematodes, plant pathogens,
and invertebrates occur in soil contaminants on passenger and
cargo pathways (McNeill et al. 2011, 2023). Numerous weed
species have been imported as contaminant seed in seed for
sowing with imported forage seeds exhibiting the highest con-
tamination rates among all seed classes (Rubenstein et al.
2021; Buddenhagen et al. 2023). The bacterial disease olive
knot (Pseudomonas savastanoi pv.savastanoi) was introduced
to NZ via plant material transitioning through quarantine
(Young 2004), and boil smut of maize (Ustilago maydis) and
the lucerne pathogen, alfalfa mosaic virus, were introduced
with infected seed (Bullians et al. 2008; Guy 2014). Cut flowers
and nursery stock are important pathways for gastropods into
the USA and NZ, and like other hitchhikers, they also occur on
inanimate materials such as floor and roof tiles (Barker
1979; Robinson 1999; Cowie and Robinson 2003). Mites are reg-
ularly detected at international borders (McCullough et al.
2006; Navajas et al. 2014) including NZ’s, particularly on fresh
produce and plant products (Navia et al. 2010; Jamieson et al.
2018; Nnzeru et al. 2021). Insects are the most frequently
intercepted group of organisms across all pathways including
plant materials and hitchhiker pathways (Toy 2013; Turner
et al. 2021). Some forage hazards can disperse to NZ with
the wind, or on water currents, thus preventing their arrival
is impossible. Examples of pests now established in NZ that
probably dispersed between Australia and NZ without human
assistance include stripe rust of wheat (Puccinia striiformis),
myrtle rust (Austropuccinia psidii), various aphid species,
the maize-pest fall armyworm (Spodoptera frugiperda), and
sea spurge (Euphorbia paralias) (Harvey and Beresford
1982; Toome-Heller et al. 2020; Biosecurity NZ and GIA
Operations Ltd 2022).

3.14 | Preparedness

Biosecurity preparedness entails identifying hazards, analyzing
the risks they present, and developing and implementing mitiga-
tions for the most important risks. Mitigations can include
diverse measures such as implementing new treatments on
import pathways, ensuring knowledge and tools are available
for correctly identifying risk organisms, conducting surveillance,
and preparing to respond to risk organisms before they are
detected in NZ (IPPC-Secretariat 2021). Responses may involve
border detection, delimiting the risk organism’s population,
attempting to eradicate or contain it, slowing its spread, commu-
nicating with stakeholders, and pro-actively educating farmers
about how to manage the organism when it reaches their prop-
erties (IPPC-Secretariat 2021). Response planning should con-
sider social license and public outreach (Ram 2021; Payne
et al. 2023). In some cases, pest management methods such as
plant resistance and biological control may be researched and
prepared for deployment in anticipation of a pest’s arrival
(Ward et al. 2020; Avila et al. 2023; Gómez Marco and Hoddle
2024; Day and Callander 2024).

Our web searches revealed widely varying levels of biosecurity
preparedness for crop plants represented in the Government
Industry Agreement (GIA 2021) (Table 1). Preparedness levels
were comparatively high for crops such as kiwifruit and planta-
tion forest trees, and remarkably low for forage plants (Table 1).
The hazard identification and impact assessment categories in
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Table 1 were scored “yes” for forage plants only because two rel-
evant MPI documents (Clark 2013; Toy 2013) were found on Deer
NZ’s (2025) website, and there was no additional evidence of for-
age plant biosecurity preparedness, though some of the work
conducted by Market Access Solutionz Ltd (2022) for Seed &
Grain Readiness & Response would also benefit forage plant bio-
security (Table 1). Dairy NZ (2025a) mentioned work on plant
biosecurity threats to dairy farming, but few details were given,
and there was no evidence it had been used for preparedness.

Horticultural crops are protected by a fruit fly surveillance pro-
gramme (Acosta et al. 2020) and the GIA’s brown marmorated
stink bug (Halyomorpha halys) biosecurity partnership (GIA
2025). Similarly, forestry is protected by a spongy moth
(Lymantria dispar) surveillance programme (Acosta et al.
2020) plus an industry-managed surveillance programme
(Forest Owners Association 2025). Forestry and some horticul-
tural industries also benefit from MPI high risk site surveillance
which targets “all organisms that may pose a threat to exotic
plantation forestry, urban and indigenous forest trees and
shrubs, and tree fruit crops,” and all sectors benefit from
MPI surveillance for invasive ants (Acosta et al. 2020). The only
surveillance programme that might detect a forage pest incur-
sion is MPI general surveillance which targets “All exotic and
emerging organisms and diseases across all environments (land,
freshwater and marine) in New Zealand, including wildlife and
native flora, production and customary crops, and farmed and
domestic animals” by encouraging citizens to report suspect
organisms via the exotic pest and disease hotline (Acosta
et al. 2020).

4 | Discussion

Though the pest burden on NZ forage production is already enor-
mous (Saunders et al. 2017; Ferguson et al. 2019; Van Amsterdam
et al. 2025), our review shows there are abundant opportunities
for it to grow further. Moreover, the diversity of hazards and
entry pathways greatly complicates the tasks of recognizing haz-
ards, evaluating risks, excluding risk organisms from import
pathways, and detecting and managing them post-border. It ren-
ders perfect border defenses unattainable and ongoing incursions
inevitable (Anon 2019): This is precisely why post border biose-
curity preparedness is so critical.

NZ’s recent history of incursions impacting forages—including
velvetleaf (James and Pene 2018), red clover vein mosaic virus
(Guy 2014), root-knot nematode (Zhao et al. 2017), varroa bee
mite (Iwasaki et al. 2015), large white butterfly (Phillips et al.
2020), red clover casebearer moth (Chynoweth et al. 2018), clover
root weevil (Ferguson et al. 2019), and fall armyworm (Ministry
for Primary Industries 2023)—should encourage efforts to pre-
pare for further incursions, and, indeed, surveys of agribusiness
leaders repeatedly report that maintaining world class biosecur-
ity is their top priority (Proudfoot et al. 2025). So, why are NZ’s
forage-based industries almost entirely unprepared for new
plant pest incursions even, while the crops they depend on
remain so valuable (Nixon 2015; Chapman et al. 2024)? Does for-
age biosecurity differ in some important way from biosecurity for
other crops?

4.1 | Why is Preparedness for Forage Plant Pest
Incursions Weak?

Could it be that NZ’s import pathways pose lower risks to forage
plants than to other crops, thus reducing the importance of
preparedness? This seems unlikely as our review revealed
numerous import pathways that can bring forage pests to NZ.

Is it possible that forage crops’ spatial distributions in NZ are so
large, and the tools available for responding to forage pest incur-
sions so few and ineffective, that preparedness is simply not
worthwhile? Rigorous pest risk analyses would be required to
defend such a conclusion, but it is not supported by numerous
historical forage pest management successes in NZ (Ferguson
et al. 2019, Ghanizadeh and Harrington 2019, Phillips et al.
2020). Also, forestry faces similar pest management challenges
to forage growers due to large plantation sizes, difficult terrain,
and low per hectare per year values, but is more prepared to
respond effectively to pest incursions (Carter 1989; Pawson
et al. 2014; Brockerhoff et al. 2023, Table 1).

Livestock, forestry and some horticultural crops have small num-
bers of well-known hazards that, if detected in NZ, would restrict
access to international markets with immediate and severe eco-
nomic consequences. Examples include foot and mouth disease
for livestock (Knight-Jones and Rushton 2013; Forbes and Van
Halderen 2014), fruit flies affecting kiwifruit and other fruits
and vegetables (SriRamaratnam 1996; Anon 2014; Ormsby
2021), and several pathogens of forest trees (Pawson et al.
2014; McDougal et al. 2024). Although such high profile hazards
only constitute tiny fractions of all hazards, their potentially large
and immediate impacts may help to provoke biosecurity aware-
ness. Forages, however, have few, if any, hazards that would
cause major market access issues for NZ agricultural products
because, aside from seed and grain, NZ’s exports of unprocessed
forage products are small. Further, there is greater tolerance of
pest damage to forages than to fresh horticultural produce as they
are grown for animal rather than human consumption (Goldson
et al. 2016). Together the absence of major market access threats
and greater tolerance of pest damage might reduce motivations
for forage plant biosecurity preparedness compared to some
other crops. Nevertheless, numerous industries that grow other
crops are preparing for the arrival of hazards that would not
cause market access issues such as brown marmorated stink
bug (Table 1).

The large economic value and spatial coverage of forage-based
industries, plus the diversity of plants grown for livestock feed,
means numerous organizations have stakes in forage plant bio-
security preparedness, particularly when forages and seed and
grain are considered together (Table 1). For example, just one
member of Seed & Grain Readiness & Response, Seed &
Grain NZ, itself represents more than 75 companies (Seed &
Grain NZ 2025). This means no single group is likely either to
bear the brunt of a new pest, or be willing to contribute all
the costs of preparedness and response. Thus, the large number
and diversity of industry stakeholders in forage plant biosecurity
probably complicates decision-making and cost-sharing, inhibits
progress toward preparedness, and creates a tragedy of the com-
mons. However, numerous examples of historical and current
partnerships between forage-based industries such as the current

New Zealand Journal of Agricultural Research, 2026 11 of 21

 11758775, 2026, 1, D
ow

nloaded from
 https://rsnz.onlinelibrary.w

iley.com
/doi/10.1002/jag2.70012 by N

ational A
gricultural L

ibrary, W
iley O

nline L
ibrary on [21/04/2026]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense



Resilient Pastures programme (Dairy NZ 2025b) and the prepa-
rations already in place for incursions of livestock pests (see
below) suggest such challenges should be surmountable.

The clearest distinction between forage-based industries and
other plant-based sectors is that they must also consider animal
biosecurity, and to date this is where forage-based industries have
directed most effort to build a world class biosecurity system
(Proudfoot et al. 2025) in part by making preparations for future
incursions (Acosta et al. 2020; Dairy NZ 2025a; Dyck and
Hickling 2021; Ministry for Primary Industries 2025b; Stone
2021). Hence, our tentative conclusion is that preparedness for
forage pest incursions is weak because: No forage hazards would
have immediate devastating economic impacts if they arrived in
NZ; decision-making and investment are complicated by the
diversity of crops and organizations involved; and animal biose-
curity is perceived as more important.

4.2 | Consequences of Poor Preparedness

The consequences of low preparedness for incursions of forage
pests are ongoing ineffectively managed incursions and continu-
ing pest-associated erosion of plant productivity and farm prof-
itability (Ferguson et al. 2019, Chapman et al. 2024). This erosion
is occurring through slow, barely noticed increments as new non-
native pests—each often having only a relatively minor impact
on production—cumulatively adds to pest burdens on forage
plants (Ferguson et al. 2019, Chapman et al. 2024). The insidious
advance of this death by a thousand cuts means that it is easily
overlooked and underestimated, even as declines in pasture pro-
ductivity gains are being noticed (Chapman et al. 2024).

NZ’s growing pest burden is especially damaging to forage pro-
duction due to the limited number of cost effective tools available
for managing forage pests compared to, for example, horticul-
tural crops or direct pests of livestock (Goldson et al. 2016).
Many horticultural crops and livestock have relatively high
per unit values (Dairy NZ 2025c, Aitken and Warrington
2019), often making expensive chemical control measures eco-
nomically viable (Horner et al. 2020; Lo et al. 2021, 2024). In con-
trast, the lower per-hectare value of many forage plants coupled
with the often challenging terrain where they grow limits man-
agement options primarily to planting resistant varieties, classi-
cal biological control, and applying fertilizer to help plants
compensate for pest damage (Ferguson et al. 2019; Caradus
2024). However, it is unlikely there will ever be a plant resistance
or biological control option for every forage pest, and there are
economic and environmental limits to fertilizer use. Thus, ensur-
ing that new forage pest incursions will be detected early and
responded to effectively is critical to maintaining forage plant
productivity in NZ.

4.3 | What Should be Done?

The path to preparedness for forage pest incursions is straight-
forward: Conduct comprehensive pest risk analyses to identify
the most important risks to NZ’s most important forage crops;
with MPI, verify that potential entry pathways for the risk organ-
isms are being appropriately managed; evaluate if an effective
and economical forage plant surveillance system is feasible
and, if so, implement it; prepare plans for responding to

incursions by major risk organisms; and consider whether any
pro-active development of management methods is warranted.

Surveiling for new forage pests in NZ may seem impractical due
to the large, often inaccessible areas where forages are grown. But
most incursions initially arise in densely populated areas that are
hubs for international trade and travel, which is where surveil-
lance is often most effective (Meurisse et al. 2017; Acosta et al.
2020). The feasibility of a NZ forage surveillance system is sup-
ported by the existing wealth of surveillance science (Hester et al.
2017), the >70 year maintenance of a forest surveillance system
in NZ (Carter 1989; Kershaw 1989; Simmons 2023), and the grow-
ing contribution of citizen science through applications such as
iNaturalist (Pawson et al. 2020; Potgieter et al. 2024). Indeed, only
a marginal increase in sampling effort enabled clover root weevil
to be detected in the South Island in 2006 very soon after it
arrived there, enabling damage to South Island farms to be
immediately mitigated (Phillips et al. 2007; Hardwick et al.
2016). Moreover, our review demonstrated that, when surveil-
lance is in place and incursions are detected early, eradication
attempts are usually both successful (Kean et al. 2019) and
cost-effective. Forage plant surveillance would provide informa-
tion about the species already present, enable timely and effective
responses to new incursions, and assure investors and trading
partners that NZ’s forage based industries are monitoring and
managing their biosecurity risks.

NZ’s forage-based industries share numerous biosecurity hazards
with other sectors. Had the brassica-feeding large white butterfly
Pieris brassicae, detected in NZ in 2010, been allowed to persist
and spread, it would have added to the nonnative pests that
already harm NZ’s forage, vegetable and endemic brassicas, thus
impacting three sectors (Phillips et al. 2020). Similarly, larvae of
another hazard mentioned in our review, Japanese beetle, feed
predominantly on grass roots, but adults feed on a much broader
range of plants including vines, fruit trees, forest plants, crops,
vegetables, ornamental plants, threatening multiple sectors
(EPPO 2020b). Non-native ants could harm numerous sectors
including public health, infrastructure, conservation and horti-
culture, though NZ’s forage-based industries would likely suffer
the greatest economic impacts as observed elsewhere (Angulo
et al. 2022). The prevalence of threats shared across sectors cre-
ates a compelling argument for cross-sectoral collaboration and
cost sharing in risk evaluation and mitigation, including surveil-
lance, and the GIA appears to be the ideal forum for doing so
(GIA 2021).

4.4 | Concluding Remarks

Forages include NZ’s most economically valuable plants and it is
alarming that their current vulnerabilities to incursions are,
28 years later, still exemplified by the 1996 detection of clover
root weevil in NZ. Despite being signaled as a threat more than
50 years ago (Dumbleton 1949), no preparations had been made
for its arrival, and it had already spread throughout much of
Auckland, Waikato, and Bay of Plenty by the time it was first
noticed, suggesting it must have arrived in NZ at least 5 years
earlier (Barker et al. 1996; Phillips et al. 2007). As the weevil con-
tinued to spread unimpeded, North Island farms suffered massive
unmitigated white clover damage exacerbated by declining white
clover pollination due to the concurrent spread of varroa bee mite
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(Iwasaki et al. 2015). After 10 years of research, releases of an
introduced biological control agent began, which coincided with
the spread of clover root weevil to the South Island (Phillips et al.
2000; Gerard et al. 2006; Phillips et al. 2007; Gerard et al. 2011).
The weevil spread throughout NZ by about 2016 and now,
despite effective biological control, white clover remains less pro-
ductive and more difficult to cultivate than it was in 1996
(Ferguson et al. 2019).

Although NZ has both a high quality biosecurity system and the
advantage of being geographically isolated, ongoing pest incur-
sions remain inevitable (McCullough et al. 2006; Clark
2013; Anon 2019). Indeed, incursion rates of nonnative species
continue to increase globally (Seebens et al. 2017; Pyšek et al.
2020) and risks are being compounded by climate change
(Meurisse et al. 2023). NZ has the expertise and experience
needed to design and implement preparedness and response
measures for mitigating biosecurity risks to forage plants, as is
already being achieved for many of NZ’s less valuable crops.
However, reducing the extreme vulnerability of forages to new
incursions requires the diversity of participants in NZ’s forage-
based industries to both recognize the risks they face and sum-
mon the collective will to act. Until they do, the pest burden on
NZ forages will continue to grow unabated and frustrate efforts to
increase forage productivity.
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