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Abstract

The distribution and abundance of some of the exotic
invertebrates established in New Zealand will be
altered by direct and indirect effects of climate change.
Some of the invertebrates will become more active
and subsequently their impact on pastoral systems
will increase. A literature review focused on arthropod
‘sleeper pests’ in pastures in New Zealand was
conducted. The results show that there are currently 12
arthropod pests thatare likely to increase innumbers and/
or distribution in Northland, becoming more damaging
under future climate and habitat composition. Little is
known about the current occurrence and abundance of
these arthropods and their associated natural enemies
in Northland. A monitoring programme for both the
arthropod pests and the abundance of natural enemies
throughout the year is needed. There is a need to
develop a farmer-research partnership that allows for
proactive creation of practical control solutions before
serious outbreaks occur.

Keywords arthropod pest, climate change, natural
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Background
At present there are more than 2,000 exotic
invertebrates established in New Zealand (Brockerhoff
et al. 2010). Many of these are pest species, ranging
from minor to some of the most serious in the world,
for example Locusta migratoria, the migratory locust.
Some of these pest species, however, are currently
‘sleeper pests’, which do not cause problems because
of limiting factors such as host plant availability and
low temperatures. However, it is expected that many of
them will become more active under climate change,
and their potential impact on pastoral systems will
increase (Gerard et al. 2013; Kean et al. 2015).
Climate change will alter the frequency and intensity
of habitat disturbances such as wildfires, droughts,
flooding, outbreaks of insect pests and diseases, and
extreme wind events (Baker 1995; Turner et al. 1998)
These may be more important than the direct impact
of higher temperatures and elevated CO, on plant
productivity (Dale et al. 2001). The changes may alter
the distribution and abundance of arthropods already
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having a pest status in an area, as well as enabling
currently ‘sleeping’ arthropods to become active pests.
It may also alter the timing and control efficacy of
currently functioning biological control agents and
integrated pest management (IPM) systems, enabling
the pest to escape the control (Gerard et al. 2013;
Schreven et al. 2017).

There are many direct effects of climate change on
pest abundance and distribution. One of them is change
in temperature, which may result in some cold-sensitive
species being able to establish in new areas and/or
develop throughout the year. For the northern North
Island there will be a reduction in winter frosts, which
will allow for the establishment of some cold/frost
sensitive species and continuous development of other
species throughout the year (Gerard et al. 2010). The
frequency and intensity of pest outbreaks will increase
as the climate becomes more variable and extreme and
disrupts existing biological control systems (Stireman
et al. 2005).

There are also indirect effects of climate change on
pest abundance and distribution caused by changes in
management options to optimise yield and/or economic
returns in agricultural systems under climate change.
One of the management options is to alter the timing,
location, variety or species of pastoral plants planted
to better match prevailing conditions and markets
(Easterling et al. 2007). It is expected sub-tropical
grasses with a C4 photosynthetic pathway will become
more competitive and dominant over parts of the
North Island (Field and Forde 1990). We may also see
greater use of annual species as many high fertility
dairy pastures will use annual or short-lived Italian
and hybrid ryegrass (with endophyte) as the base of
productive pastures with regular sowings every few
years (McCahon et al. 2021). Already we have seen
drought and heat tolerant forages increase in usage over
the past decade, such as chicory (Cichorium intybus)
and plantain (Plantago lanceolata) (Caradus et al.
2013). Lucerne (Medicago sativa) (Ward 2008; Gerard
et al. 2013) and more drought-tolerant red (7rifolium
pratense) and white (Trifolium repens) clovers, or
hybrids, are also likely to become more common
throughout New Zealand (Williams et al. 2007). As
the distribution and the composition of the pasture will
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change in response to climate, so will the distribution of
sleeper pests (Kean et al. 2015).

Approach

A literature search focused on arthropod ‘sleeper pests’
in pastures in New Zealand was conducted using
Google Scholar. Further literature searches were done
to find published scientific literature on sleeper pests
in New Zealand. An independent search was done by a
Knowledge Advisor at AgResearch to ensure no relevant
literature had been missed. The species listed in Table
1 are arthropods identified from literature obtained in
these searches, combined with new information gained
from a recent paper by Mansfield et al. (2021).

Results and Discussion

A total of 12 arthropod pests, that are either considered
to be sleeper pests or are current pests in New Zealand
but that will increase in numbers and/or distribution
in Northland in response to direct and indirect effects
of climate change, were identified (Table 1). Some of
these are significant pests overseas, such as the locust
(Gupta 1983) and the tropical armyworm (Spodoptera
litura) (Bragard et al. 2019) due to their sheer volume
of consumption of a variety of host plants and their
ability to rapidly build up in numbers (Gupta 1983;
Bragard et al. 2019). The current cooler temperatures
in New Zealand prevents the locust from swarming
and the insect does not currently achieve pest status
(McNeill and Hurst 2008). However, the locusts in
New Zealand have retained their potential for swarming
behaviour with a small swarm and the gregarious
phenotype observed near Ahipara, Northland in the
1980s (Messenger 1988). The tropical armyworm
can be found throughout many lowland North Island
districts. However, it rarely displays epidemic outbreak
populations, when caterpillars move ‘like an army’
through crops and pastures. Under climate change
scenarios, including above average summer and autumn
temperatures, the combination of events that precipitate
outbreaks will become more common and additional
generations will develop (Kean et al. 2015).

Aphids damage plants directly through feeding
but also indirectly through their transmission of
plant viruses (Minks and Harrewijn 1989). Climate
change affects host plant distribution, growth rate,
physiological status, and biochemistry. These changes
influence the distribution and composition of aphid
populations, which subsequently affects insect vector
biology, feeding behaviour, and ultimately the spread
of viral disease (van Munster 2020), as well as the
virus transmission process itself (van Baaren et al.
2010). Little is known about blue oat mite(s) and red
legged earth mites in New Zealand. For example, we
do not know which (or how many) species of blue

oat mite we have in the country. Their distribution is
currently localised and only occasionally reach pest
status (Mansfield et al. 2021). However, in 1991 they
were estimated to cost the sheep and beef industry
AUDS$137-193M per annum (Ridsdill Smith 1991).
Another arthropod for which little is known in New
Zealand is the Flores weevil (Atrichonotus sordidus).
The weevil is polyphagous, with the larvae feeding
below ground (Mansfield et al. 2021). One of the main
factors affecting Flores weevil distribution worldwide
is the mean temperature of the driest quarter of the
year (Lanteri et al. 2013) with a positive relationship
between frequency and intensity of drought and the
abundance of Flores weevil. However, the exact
relationship between the two environmental factors is
unclear (Mansfield et al. 2021).

Both the black beetle (Heteronychus arator) and the
diamondback moth (Plutella xylostella) are expected to
have more frequent population outbreaks in response
to climate change. An increase in summer drought and
associated shift in pasture composition and increased
abundance of paspalum will favour black beetle
abundance while for diamondback moths the winter
mortality will decrease and development rate increase.
When applying the CLIMEX model developed by
Zalucki et al. (2012) to diamondback moth and New
Zealand climate conditions, one additional generation
per year is predicted by 2070, with more generations in
the north than in the south (Mansfield et al. 2021).

Conclusions

We currently have more than 2,000 exotic arthropod
species in New Zealand (Brockerhoff et al. 2010).
Some of these will, under climate change, become
more abundant and extend their distribution. This will
affect their population dynamics in Northland, with
the potential for them to cause more intense or more
widespread damage to pasture and crop plants in the
region (Stireman et al. 2005; Gerard et al. 2010; Gerard
etal. 2013; Schreven et al. 2017; Mansfield et al. 2021).
The arthropod species identified in Table 1 may increase
in numbers and/or distribution in response to direct
and indirect effects of climate change. These species
may also escape their current control methods, further
increasing the damage they cause to plants (Gerard et
al. 2010; Schreven et al. 2017).

Little is known about the current occurrence and
abundance in Northland of the arthropod pests listed
in Table 1 or of the occurrence, population dynamics,
composition and distribution of their natural enemies. A
year-round monitoring programme for both arthropod
pests and their natural enemies is needed in Northland to
validate the species population dynamics and to inform
the development of potential control strategies. Aligned
with this is a need to develop damage thresholds for
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some of these species.

For species such as Flores weevil, the plants the
weevils will feed on in the field is still not well known
so correlating an increase in abundance with an increase
in damage of pasture plants is needed. For the blue oat
mite, identification of the species currently in New
Zealand is needed for evaluating potential effects and
control methods.

Once we have improved understanding in these
areas, farmers can be kept better informed around
environmental and/or climatic and/or crop signs they
should be alert to. Farmers need to be prepared for
potential increases in a particular pest’s abundance
and the densities at which control methods need to be
actioned. Consequently, a farmer-research partnership
is needed to work proactively on control methods before
serious outbreaks occur. As part of this, the development
of resources such as a ‘ute guide’ or telephone app that
could help them identify the signs of such infestations
should be prioritised. It would be useful to collate in
an accessible form, information relevant to Northland
gained from research around plant pest-natural enemy
population dynamics, species abundance, predation/
parasitism rates, damage thresholds and host plant
preference in response to direct and indirect effects
of climate change. Understanding the economic cost
and implications of these infestations would also help
inform the quantum of further investment that should
be directed towards this emerging issue.

ACKNOWLEDGEMENTS
This was funded by Northland Inc.

REFERENCES

Archibald RD. 1979. Some observations on the hosts
and distribution of pea aphid, Acyrthosiphon pisum
(Homoptera: Aphididae) during its establishment
in New Zealand. New Zealand Entomologist 7: 86.
https://doi.org/10.1080/00779962.1979.9722337

Baker WL. 1995. Longterm response of disturbance
landscapes to human intervention and global
change. Landscape Ecology 10: 143-159. https://doi.
org/10.1007/BF00133028

Blank RH. 1990. The impact of climate change on black
field cricket. In: Prestidge RA, Pottinger RP Ed. The
impact of climate change on pests, diseases, weeds
and beneficial organisms present in New Zealand
agricultural and horticultural systems, pp. Ruakura
Research Centre, Hamilton: Plant Protection Group,
MAF Technology.

Bragard C, Dehnen-Schmutz K, Di Serio F, Gonthier
P, Jacques M-A, Jaques Miret JA, Justesen AF,
Magnusson CS, Milonas P, Navas-Cortes JA,
Parnell S, Potting R, Reignault PL, Thulke H-H, Van
der Werf W, Vicent Civera A, Yuen J, Zappala L,

Malumphy C, Czwienczek E, MacLeod A. 2019. Pest
categorisation of Spodoptera litura. EFSA Journal
17:e05765. https://doi.org/10.2903/j.efsa.2019.5765

Brockerhoff EG, Barratt BIP, Beggs JR, Fagan LL, Kay
MK, Phillips CB, Vink CJ. 2010. Impacts of exotic
invertebrates on New Zealand’s indigenous species
and ecosystems. New Zealand Journal of Ecology
34: 158-174.

Cameron P, Walker G. 1989. Acyrthosiphon kondoi
Shinji, bluegreen lucerne aphid and Acyrthosiphon
pisum (Harris), pea aphid (Homoptera: Aphididae).
Technical communication (Commonwealth Institute
of Biological Control).

Cameron PJ, Walker GP, Allan DJ. 1981. Establishment
and dispersal of the introduced parasite Aphidius
eadyi (Hymenoptera: Aphidiidae) in the North Island
of New Zealand, and its initial effect on pea aphid.
New Zealand Journal of Zoology 8: 105-112. https://
doi.org/10.1080/03014223.1981.10427947

Caradus JR, Lovatt S, Belgrave B. 2013. Adoption
of forage technologies by New Zealand farmers -
case studies. Proceedings of the 22nd International
Grassland Congress: 1843-1845.

Dale VH, Joyce LA, McNulty S, Neilson RP, Ayres
MP, Flannigan MD, Hanson PJ, Irland LC, Lugo
AE, Peterson CJ, Simberloff D, Swanson FJ, Stocks
BJ, Wotton BM. 2001. Climate Change and Forest
Disturbances: BioScience 51: 723-734. https://doi.
org/10.1641/0006-3568(2001)051[0723:CCAFD]2.
0.CO;2

Easterling W, Aggarwal P, Batima P, Brander K, Erda
L, Howden M, Kirilenko A, Morton J, Soussana J-F,
Schmidhuber S, Tubiello F. 2007. Food, fibre and
forest products. In: Parry ML, Canziani OF, Palutikof
JP, van der Linden PJ, Hanson CE Ed. Climate
Change 2007: Impacts, Adaptation and Vulnerability.
Contribution of Working Group Il to the Fourth
Assessment Report of the Intergovernmental Panel
on Climate Change, pp. 273-313. Cambridge, U.K.:
Cambridge University Press.

Field T, Forde M. 1990. Effects of climate warming
on the distribution of C4 grasses in New Zealand.
Proceedings of the New Zealand Grassland
Association 51: 47-50. https://doi.org/10.33584/
jnzg.1990.51.1914

Gerard PJ, Kean JM, Phillips CB, Fowler SV, Withers
TM, Walker GP, Charles JG. 2010. Possible impacts
of climate change on biocontrol systems in New
Zealand. Report for MAF Policy Project 0910-
11689: 66pp.

Gerard PJ, Addison PJ, Hedley P, Bell NL, Vink CJ.
2011. Outbreak of armyworms in eastern Bay of
Plenty. New Zealand Plant Protection. 64: 285.
https://doi.org/10.30843/nzpp.2011.64.5989

Gerard PJ, Barringer JRF, Charles JG, Fowler SV, Kean



64

Journal of New Zealand Grasslands 87: 61-69 (2025)

JM, Phillips CB, A.B. T, Walker GP. 2013. Potential
effects of climate change on biological control
systems: case studies from New Zealand. BioControl
58: 149-162. http://dx.doi.org/10.1007/s10526-012-
9480-0

Gupta VK. 1983. The Locust and Grasshopper
Agricultural Manual 1982. Oriental Insects 17: 78-
126. https://doi.org/10.1080/00305316.1983.10433
700

Jensen JG, Cameron CA. 2004. Development and
kikuyu consumption of pre-imaginal Herpetogramma
licarsisalis  (Walker) (Lepidoptera: Pyralidae)
reared at temperatures between 15 and 25°C.
Environmental Entomology 33: 1178-1184. https://
doi.org/10.1603/0046-225X-33.5.1178

Kean JM, Brockerhoff EG, Fowler SV, Gerard PJ,
Logan DP, Mullan AB, Sood A, Tompkins DM,
Ward DF. 2015. Effects of climate change on current
and potential biosecurity pests and diseases in
New Zealand. MPI Technical Paper No: 2015/25:
96pp. https://ndhadeliver.natlib.govt.nz/delivery/
DeliveryManagerServlet?dps_pid=IE26448948

Lanteri AA, Guzman NV, Del Rio MG, Confalonieri
VA. 2013. Potential geographic distributions and
successful invasions of parthenogenetic broad-nosed
weevils (Coleoptera: Curculionidae) native to South
America. Environmental Entomology 42: 677-687.
https://doi.org/10.1603/EN12297

Mansfield S, Ferguson CM, Gerard PJ, Hodges D, Kean
JM, Phillips CB, Hardwick S, Zydenbos SM. 2021.
Climate change impacts on pest ecology and risks
to pasture resilience. Resilient Pastures Symposium:
Grassland Research and Practice Series 17: 123-
138. https://doi.org/10.33584/rps.17.2021.3477

McCahon K, McCahon A, Ussher G. 2021. Diversified
pastures at the front line of climate change in
Northland: farmers experiences, new directions and
wider implications for other parts of the country.
Resilient Pastures Symposium: Grassland Research
and Practice Series 17: 213-224. https://doi.
org/10.33584/rps.17.2021.3474

McNeill MR, Hurst M. 2008. Yersinia sp. (MH96)
- a potential biopesticide of migratory locust
(Locusta migratoria L.). New Zealand Plant
Protection 61: 236-242. http://dx.doi.org/10.30843/
nzpp.2008.61.6848

McSweeney KB, Dunbier MW. 1978. Blue-green
lucerne aphid damage to lucerne seedlings—cultivar
differences. New Zealand Journal of Ecology 1: 74-
76.

Messenger G. 1988. Migratory locusts in New Zealand?
The Weta 11: 29.

Minks AK, Harrewijn P. 1989. Aphids: their biology,
natural enemies and control. Amsterdam, The
Netherlands: Elsevier Publishers.

Ridsdill-Smith  TJ.
of Halotydeus destructor
Penthaleidae): a review. Experimental and
Applied  Acarology 21: 193-223.  https://doi.
org/10.1023/a:1018490703897

Ridsdill Smith TJ. 1991. A contribution to assessing
the economic impact of redlegged earth mite on
agricultural production in Australia. Plant Protection
Quarterly 6: 168-169.

Rohitha BH, Pottinger RP. 1990. Effects of climate
change on lucerne aphids. In: Prestidge RA, Pottinger
RP Ed. The impact of climate change on pests,
diseases, weeds and beneficial organisms present in
New Zealand agricultural and horticultural systems,
pp- 67-76. Hamilton, New Zealand: Plant Protection
Group, MAF Technology.

Schreven SJJ, Frago E, Stens A, de Jong PW, van
Loon JJA. 2017. Contrasting effects of heat pulses
on different trophic levels, an experiment with a
herbivore-parasitoid model system. PLOS ONE
12:  e0176704.  https://doi.org/10.1371/journal.
pone.0176704

Somerfield KG. 1977. Insects of economic significance
recently recorded in New Zealand. New Zealand
Journal of Agricultural Research 20: 421-428.
https://doi.org/10.1080/00288233.1977.10427354

Stireman JO, Dyer LA, Janzen DH, Singer MS, Lill
JT, Marquis RJ, Ricklefs RE, Gentry GL, Hallwachs
W, Coley PD, Barone JA, Greeney HF, Connahs H,
Barbosa P, Morais HC, Diniz IR. 2005. Climatic
unpredictability and parasitism of caterpillars:
Implications of global warming. Proceedings of the
National Academy of Sciences 102: 17384-17387.
https://doi.org/10.1073/pnas.0508839102

Turner MG, Baker WL, Peterson CJ, Peet RK. 1998.
Factors Influencing Succession: Lessons from Large,
Infrequent Natural Disturbances. Ecosystems 1: 511-
523. https://doi.org/10.1007/s100219900047

van Baaren J, Le Lann C, van Alphen JJ. 2010.
Consequences of climate change for aphid-based
multi-trophic systems. In: Kindlmann P, Dixon
AFG, Michaud JP Ed. Aphid biodiversity under
environmental change: Patterns and processes, pp.
55-68. Springer.

van Munster M. 2020. Impact of abiotic stresses on
plant virus transmission by aphids. Viruses 12.
https://doi.org/10.3390/v12020216

Ward DF. 2008. Lucerne for the future. Report prepared
for the New Zealand Farm Environment Trust and
MAF.

Watson RN. 1990. Black beetle biology and pest status
in relation to possible climate change. In: Prestidge
RA, Pottinger RP. Ed. The impact of climate change
on pests, disease, weeds and beneficial organisms
presentin New Zealand agricultural and horticultural

1997. Biology and control

(Tucker) (Acarina:



Orre-Gordon et al. Future Northland Pastures 4. Northland arthropod pests and ‘sleeper pests’ that will increase in response... 65

systems, pp. 83-95. Hamilton, New Zealand: Plant = Zalucki MP, Shabbir A, Silva R, Adamson D, Shu-

Protection Group, MAF Technology. Sheng L, Furlong MJ. 2012. Estimating the economic
Williams WM, Easton HS, Jones CS. 2007. Future cost of one of the world’s major insect pests, Plutella
options and targets for pasture plant breeding xylostella (Lepidoptera: Plutellidae): just how long is
in New Zealand. New Zealand Journal of a piece of string? Journal of Economic Entomology
Agricultural Research 50: 223-248. https://doi. 105: 1115-1129. https://doi.org/10.1603/ec12107

org/10.1080/00288230709510292



(2025)

61-69

Journal of New Zealand Grasslands 87:

66

‘syonpoud paisjsibai

‘ainsodxa wouy pajosjold
9JB pUE |I0S Ul dAl| dBAJR|

(€102 "[e 18 UBUET)
Japenb 1saup 8y} jo
alnjesadwa) uesw
ay} uo juepuadap

8SNeda(q S[edIWaYd YIm uonnquisiq (2261 proyIswos)
]0J1UOD 0} YNDIIP S|INSDAN ‘pue|yINOS suebjnA snjosseld  (sepiuoynoing
"BlOUBD Ul [IA9OM BUloN| 10 oBelp ‘BAlJES BUBAY “e101dos|00)
1O |0J}U0D BAIOBYS Bpiroid woJj Jou Ing ZN J0 ‘esuajesd | ‘susda. (snpipios
0} pauoda. juawieal} yonw jnoybno.yy wnyjojiiy ‘smoT ‘eanes smouoyoLy
paas |uoidyy pue Buimos punoy usaq seH oBeolpayy "umouyun Ajsnoimaud)
(1202 e 0} Joud sojuAdioyo (2261 pleyiawog) yeymawos ‘sewinba| snpipJos
10 plalsue\) Jo uoneiodiodu| umouxun Aeg soymeH 1sad Jadas|g  Buipnjoul ‘snbeydAjod snue|sa.o|4 |IN@aM SB10|4
"ZN Ul punoy
8JB pue 8Injeld)l| SE8SION0 Ul S8IWBUD
se pajou (aepiulyoe| ) esebiuie
BLOJB[20oNT “ZN W04} POPI0D8l
(eepluooe.g) siuioouyoind sniosjep
SAIOBYS ue (eepluownauyo|
S a.inje.sll| ul pajou are BS[o0x9 mE@.ioﬁmm%.”mu_Q_m%m_nw (sepiquies
uuyewisdAoeydie SN azrew pue nAnyy relajdopidaT)
(#7002 uosowen ‘uouizelp ‘sojlAdioly)  sisoipayAjodosjonp ‘SnJIA sisojnuels) ‘sselfohs Bupnjour  syesisseol ew Wwliom gam
® ussuar) ISNUIA pue|YLON UIByLoN 1sad Jados|g sasselb snouep -weubojodisH sseub [eoidos]
'sniiA onAjesed 1930110 ‘niemeuepy
B pue apoyewau pIyiWIB JoyiQ pue pjeuese]
‘feg soxmeH ‘Auaid
oejdosiue wniyziysegpy jo Aeg ‘oyexiepy
:16uny olusboyyedowolug  ‘puepony ‘pPuelyUON Spoam
ul yuepodwi pue sawnBa)| osfe Inq
(eepluoleos Alreoiwouoog ‘sselbohi Ajleroadse oepl|fin
(uosiprew) :eseydouswAy) “ds u ijfi160s)a} ‘puels| ‘sosselb Jo sposs :eseydoyuQ)
opIonoasul 0I189s1jjBD PUE SNIgnp snuooAieqoid  yinos jo sued Jop|iw Bunyeuiwiab Snpowwod 19300
(0661 Muelg)  UB YUM PaYeod sieq ulels) :soyseled 663 pue pue|s| YUoN - JUBUND pue senes| Ajlsop snjifubosjal ploy xoerg
|Areqreo urejueld pue SIaA0[d
pue ‘soydopiweyiow 0} payiwi| Jou Ing (eepiniooN
‘lAwoyiaw ‘uouizelp 'SBUO pPalpnisun [BloAds  ‘pueyuloN ul abewep ‘Buipnjoul ‘saloads reJajdopidaT)
(Ltoz  ‘soyuAdiolyo unyrewiadAo pue (sepluodeiq :elaydouswAH) olpeJods ‘pue|s| panes|-peoIq einyyy wiomAwre
‘[e 19 pJesan) eydje - sapionoasu|  s/uIoouyond sniosjayy :dsem onisesed  YUON Ajueuiwopald . 1sad Jados|g Jo abues apip eiojdopods leoidos)
QouaJajal poyjaw |04}u0d Awaus |eanjeu uondwnsuod aweu awepN
Aoy waiiny waliny uonnquisia snjejs 1sad jueid 1soHy RIITUETETS uowwo)

pue J0a.1p 0} 8suodsal ul UOINGUISIP J0/pUe SIaquINU U 9SeaIou

‘puBlyLON Ul 8BUBYD B1ewWID JO S108Y8 J08lIpUl

M Jey) sysad jualino se Jo sysad Jadaals, se Jayie mainal ainjelall] 8y} Jo ped se pauiuapl sanads podolyue ay |

I a|qeL



67

Orre-Gordon et al. Future Northland Pastures 4. Northland arthropod pests and ‘sleeper pests’ that will increase in response...

'andsa) MopeaWw pue
anosay e} ‘sseibaki ueley
pue pugAy ‘reluualed

ul 81Aydopus gojyoidg
/€4y sojukdiolyo

‘6°e seplonoasul

aseasIp Buisned
(eeplojopy :e20z010dS) siuoLqaus}
euyjapy auseled uexa|dwooidy

‘ds elieAneag 16Uy
j10s BuLINo20 Ajjeinyep :suaboyred

-£1001y0 ‘sawinBa|

‘aziew ‘eoisselq "B do.o seaig
“adA} sseub — uoiisodwood ainysed
:spoyjaw juswabeuew ainised

‘Deuele]
ulaylou ojul }se0d
ayy buore pue Aus|d
jo Aeg ‘orexrem

elLBWOdAID

‘sauld ‘se|dde
‘sinuisayo ‘eued
Jebns ‘sajddeauid
‘SOUIA JINJJIMIY ‘SBUIA
adeib ‘snbesedse
‘saojewo) ‘ebeqqed
‘salIagMeNs

pue esewny
‘saojejod ‘uloo J9aMs

(eeplageseos

(1202 ajeydsoydouebip ‘puUBIYLION ‘aziew ‘sasselbakl eJ91dosjo))
‘[e 19 playsuep ‘pudojoepiw uonoajold swos — pue|s| YyUoN pue wnedsed Jojele snyo
{0661 UOSIEM) ‘68 Juswyeal) pesg — sutels gojyoidg :16uny onAydopug  ayj jo sped uisyuoN wauny Buipnjoul sasseln) -AuoisjoH al19aq xoe|g
eljesnsny
ul payodal .
os|e sployialAd onayluAs llejures moj yum
o . ‘suonreindod uo joedwi a1 9AeY uey} |[ejurel ybiy
} 90UE)SISaY "(Bllesisny
0] payodal s| eproeseoe sajibAzooN yum ainjsed [enuue
ul suoiendod awos
(Lgoz  uI pauodal aoue)lsisal pue IN3Td 01 olusboyied ylog ere 1o IUEPUNQE SO SIamoy} (eeplojeyiuad
. : ' aejjdosiue wnjzjylejay| pue eueisseq ‘puejs| yinos sui . ; o
[ 1@ pjayysuel\  S|geleA JeyMaWOos S)Nsal eLEANBOg susbouyed [ebuny 10U INq PUBS| YLON sa|geleban ‘spaam ‘epluyoely) (W31Y)
/661 1nq) sajeydsoydouebiQ ay} Jo yonw ybnoay) ‘surelb ‘sesseld JojonJjsep )W ypes
yHws-|lipspiy) — S|0JjU0D [BolWaYD sa)w Alojepaid wasaid /61 Ag 1sad Jadas|g — snobeydAjod snap/AjoeH pabba| pay
‘peaidsapim spaam pue puejeaz
Algqeqgoud - puejyinos SIOMOJ} [BJUBLIBUIO MO JO} UMOUY
pue uipaung ‘sa|qelabon j0u saadg
‘funquaiue)-piw ‘sawinba) ‘sasselb (eeplojeyiuad
sploJyialAd onayiuAs ‘Aeg ‘(yeaym oul) suresb ‘epluyoely)
(L1202 '1e pue sajeydsoydouebiQ suaboyjed |ebuny 0} SoYMEH ‘O1eyIep apnjoul S}SoH ‘seloads ‘dds (s)onw
10 playsue) - sopionoasu]  ajqudaosns Ajgeqoud ‘seyw Alojepaid woJ} papiooay 1sad Jadas|g usamiag siayiq snejeyjuad 1e0 an|g
aouaiajal Awaua |einjeu uondwnsuod aweu aweN
Aay} poylaw |013U09 JudLInd waun) uonngusia shjels 1sad jueld 1soHq FITDETET uowwo)




(2025)

61-69

Journal of New Zealand Grasslands 87:

68

SIBAI}ND BUIBON| JUB)SISOY

'SaIniXiWw apIoNoasul
pue sasop jusnb

-91} SN UBYO SIaWIEe
‘Inydjay aq ued uonelol
douo pue Buiddouosaiu)

‘dds esoyjpydowojuz :snbunq

G861 Puels| YLoN

8y} ul (eepluooe.g :esdydouswAH)
snjeue|dwoo sAxol] plouseled piyde
Bj|eje panods 8onpoJul 0} paydweny
(eepluooeig :eieydouswAH)

1Apea v

pue jaJe snipiydy :sdsem oniseled

(eepydifs

releydiq) selpuej@ZOERAOU I PUE
winjelose) euwojsoue|ayy ‘saljlIonoH
(eepl|[2U2209 :eI8}d08]0))
ejejoundwiospun ejjauioo0) ‘paighpe)

BaJE PUB|YLON
8y} 10} ainsun
‘JoAeMOH
‘syuow

Jaum Buunp
uonelausb
[euonippe

ue Joy

[enusjod yum

(6861
I B\ B UoIBWED)

‘uixorlg pajods uans|3 (eepliqosewaH ‘(8261 Jelqung  8bueyd sjew!|d S|lojal} pue s|jug| (eepipiydy
0} pue sapjoisad uowwod relaldoinap) ® ABUsaMgol\) 0} asuodsal ul ‘dds snjo7 Jeno|d relaldiweH)
(1202 e ay} jo Auew o) aoue)sisal apjuBWSE] SNWOoJoIY ‘Buimese] pueeaz moN asealoul Aew pai JoA0J0 ayMm Ul 1opuoy pyde
18 playsuely) padojanap aneH :sioiepald inoybnoiy INqualnNy  punoj osfe ‘eusddnT  uoydisoyuAoy usalb an|g
*dds eioyjydowoyug
:snbuny
sajeydsoydouebio (eepIuooeIg)
1SOw 0} 9oue)sisal 1Apes "y pue e snipiydy
padojenep seH ‘sainseaw :sdsem oliseled (eeipuejozoerou
|0J}U0D [BOIWBYD ‘W PUB WnjeIose) BuojSoueap)
pue seoioe.d [einyno Sol|[JoA0H ‘pue|s| (eepipiydy
(1202 ‘sjuabe |osuoo [edlbojolq (erejoundwisepun YuoN oy} ul Ajusld eloydiwaH)
‘[e 1@ playsuep ‘SIBAI}ND Jue)sisal gljour000)) paigApe| panods uans|g jo Aeg jo suoibai soloads elenoew
1661 uo paseq juswabeuew ‘(aeiuewSE] snwosolyy) Buimaoe] ulaynos ayj 0} olpaw SwWos pue J ljojL pyde
YHWS-||Ipspiy) 1sad pejeibaju| :sJojepald puepjony woi4 1sad Jades|g  JOAOID SHYM ‘BulaonT siydeousy  ejeje pepods
*SaINIXIW apIoNnoasul
pue sasop juanbauy asn
uayo siowied nidjey (eeplgosowaH
Qg ued uonejol esoydoinap)
douo pue Buiddouosayul aejuewWSE)] snwo.olyy ‘Buimase]
uIxo} i1g :sioepald (eepinjooN
0] pue sapionsad uowwoo (sepiuownauygl) aey resoydopida)
(12og ‘e 8y} Jo Auew 0} 8oue)sisal wnsnejojwss ewbspelq pue ‘abeqqeo ‘10000.1q gJ181SojAx yiow
19 pldysuep) padojanap aneH SLIBJj00 snwioipelq Sdsem onisesed ZN noybnoiy wauny ‘6 0 oeaoROISSRIg gjeInid yoegpuoweliq
aouaJajal poyiaw |043u0d Awaua eameu uondwnsuod aweu awepN
Aoy auin) wauin) uonnquisig snjejs 1sed weid 1soHy RITTUETETS uowwo)




69

Orre-Gordon et al. Future Northland Pastures 4. Northland arthropod pests and ‘sleeper pests’ that will increase in response...

“aBueyD BjeWID 0} BSUOSaI Ul UOINQUISIP JO/PUE JAGWINU Ul 9SBBIOU [[IM Jey) puBleaz Mo Ul 1sad e palapisuod Ajjuaiino seroads ale sisad juaun), .,

1elgey Jo/pue [ejuawuodiaue Agq pay

1sad e ojul way} Buiuiny ‘ebueyo ayew

Japun abueyd Aew jeyy Ing se|geren
I| 8Je uonnquUISIp pue souepunge JiIvy] ‘1sad e paiapIsuod Ajuaind 1ou Ing ZN Ui ussaid aie Jeyl spodoiyue se alay o) paliajes ale sised Jadea|g,

moj 00} Bulaq

salnjyesadway (eepipuoy
0} 8np wJiems :esodoyuQ)
(5102 puejs| jou s90Q eLojeIbiw 1Snoo|
‘e 10 ueayy) SBOSIONO Pasn saploNoasul dlloYIUAS yinos pue yuoN 1sed Jades|g leuarew eld Auy BJ]snoo] Aoyesbipy
sal0ads ¢ 1se9| Iy
‘dds esoyjydowojug
:snbun4
G861 PUEIS| YUON
8y} ul (eepluooelg :esaydouswAH)
snjeue|dwoo sAxoli pioysesed piyde
Bj|eje panods aonpo.jul 0} pajdweny
(eepluooeiqg :eleydouswAH)
1Apea
'V Pue JA8 snipiydy :dsem oljseled
|10 Wasu (seIpuE|ZOEAOU (6261 Pleqiyoly)
‘pudojoopew ‘sopAdiolyo ‘W pue wnjerose) ewojsouelgyy)  Awusd jo Aeg eyl pue
‘68 sapIo10asul ‘|0U0D SoI|JeA0H (Brejoundwiospun olB)IEA\ ‘PUBIYLION (eepipiydy
|eoibojoiq ‘uonejos doso BJ/8ul0000)) plighpe| panods uana|g ‘(1861 ‘e 10 S|10401) pUB S8YJJaA reso)dowoH)
(0661 496U0d ‘Bumno Ales ‘sanelea ‘(eeiuBWISE] Snwosolyy) Buimaoe] uolawe)) puepony JBA0|D BWOS ‘sueaq wnsid
Q BYNYoY) weld juelsisay :\d| :slojepald ‘a|lInsusleH jauny peoliq ‘sead ‘eusgonT  uoydisoyuAoy piyde eaq
QouaJajal poylaw |04ju0d Awaua |eimeu uondwnsuod aweu aweN
Aay waun) waun) uonnquisia snjels 1sed wejd 1soHy BTTTITTETRIS uowwo)




