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Biological invasions and biocontrol

Sitona discoideus

Listronotus bonariensis

Sitona obsoletes
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ideus (lucerne weevil)

Sitona disco




 ASW (L. bonariensis) was accidentally introduced
to New Zealand in the early 1900s

« Significant pest of several economically important
graminaceous plants including ryegrass, cereals,
maize, sweetcorn

» Population in New Zealand relatively homogenous

 RAPD analysis showed that probably originated
from Uruguay/Argentina

* Observe relict diapause behaviour in New
Zealand




Clover root weevil (CRW)

* Found December 1995/ Identified March 1996

« Strong preference for white clover species, -few
natural enemies, - plentiful food, more than one
generation/year

* Adults feed on leaf, larvae feed on nodules and roots

« Can destroy up to 100% of nitrogen fixing nodules

« All life stages present all year round,

« Estimated yearly losses of $200M to $1 billion if left
uncontrolled




* As part of integrated pest management strategies, biological
control of these weevil pests has been shown to reduce pest
impacts, and crucial to raising the profile of biological control
amongst farmers

 Uncomplicated ecosystem very good for examining
biological and evolutionary processes

 The emerging issues of climate and land use change, the role of
endosymbionts in arthropod biology and phasing out of several
insecticides will have impacts on biological control that are as yet
relatively unexplored.



Why are they a problem?

Invasion into a pristine environment — free of natural
enemies

A largely untapped resource — achieve plague
proportions

Classical biological control
has been critical

(plus plant resistance and
farm management strategies)




Show me the money

* Impacts of these pests on productivity and persistence
* Economic costs vs benefits of biocontrol

* Need to understand the biology of the pest

* Establish thresholds — easier said than done




Three successful (?) biocontrol introductions

Microctonus Microctonus Microctonus
aethiopoides (Moroccan) hyperodae aethiopoides (lrish)

Lucerne weevil Argentine stem weeuvil Clover root weevil




Successful biocontrol introductions

$5 M pa saved $280 M pa saved $300 M pa saved



Moroccan M. aethiopoides (against Sitona discoideus)

* Introduced in 1982
* Minimal testing
 Wide host range in NZ
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Microctonus hyperodae (against ASW)

* Thelytokous, solitary endoparasitoid

* Eight South American geographical populations
comprised two biotypes.

 West of the Andes (Chile)
e East of the Andes (Argentina, Uruguay and Brazil)
* Introduced 1991

* Multiple research and commercial release to 1998



http://portal/team/weevils/Pictures of weevils/L bonariensis/m hyperodae adult.BMP

Microctonus aethiopoides x CRW

* Found to be the main parasitoid species attacking CRW in
Europe. Strains either arrenotokus or thelytokous (Ireland)

* Released biotype from four locations in Ireland (2
haplotypes) (thelytokous strain)




Virus like particles

|dentification of ecotypes/ biotypes by DNA, isozymes
and morphometrics

Enhancing the impact of biological control
Parasitoid diapause behaviour

Modelling impacts

Parasitoid reproduction and discrimination

Strain interactions

Non-target impacts (relative attack rates, immune
responses)

Endosymbionts
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Weevil warmers




Parasitoid reproduction and discrimination

Species/ strain Reproduction Discrimination
score

M. hyperodae @ ASW thelytokous solitary

Microctonus aethiopoides

Ireland CRW thelytokous gregarious 2.0

Wales CRW arrenotokus solitary 1.0

Moroccan lucerne arrenotokus solitary 0.6 (water)
weevil

0.3 (sucrose)
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Risks of competing parasitoid strains

e Moroccan strain attacks Sitona discoideus
e Would Moroccan strain attack CRW ?
* Interaction with arrenotokus strains of European M.

aethiopoides ?




It didn’t work against CRW




Parasitoid hybrids (Moroccan x European) less
effective

B Moroccan
W hybrid
B European

% parasitism
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S. discoideus CRW
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Non-target research (1Q)

e Taxonomic relationships
(Wapshere’s centrifigal phylogenetic testing)

e Shared biomes (target and non-target weeuvil)
* Phenological overlap

* Native weevils/ Beneficial BCA’s
 Moroccan M. aethiopoides host range also provided
candidate weevils




Non-target parasitism by M. aethiopoides (field)

Canterbury — Hilltop
e Parasitism of /. aequalis by Irish biotype — predicted

e Parasitism higher than for CRW — contrary to predictions
e.g. winter 2012 92% I. aequalis c.f. 22% CRW

e Parasitism of /. aequalis from both Moroccan and Irish
e Parasitism by 2 biotypes may be additive

 Don’t know if ether introduced species displaces M.
zealandicus




The solutions - the relationships
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Moroccan M. aethiopoides against CRW

Why was it unable to successfully develop in CRW?



* Preliminary work indicated the presence of
endosymbionts in CRW

* Obligate (primary) or facultative (secondary)
* Influence the ecology, biology and evolution of the host

Facultative or secondary endosymbionts

* Presence can be neutral, beneficial or detrimental to the
host

* Can play role in host defence against parasitoids

* Include Wolbachia, Rickettsia, Cardinium, Spiroplasma,
Hamiltonella, Regiella and Serratia
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Warming will open up opportunities for new crops
Associated pests and diseases

Movement of insect pests and associated BCA’s into new
ranges

Increase opportunity for invasive species to establish. New
problems

Displacement of existing BCA’s
Impact on host-parasitoid relationships



Important to deliver

* There has got to be measurable benefits to the
industry

e Spread the word
e Research demonstrates that benefit

 Farmer and industry support critical
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T IS news farmers
have been dreading
— the clover root wee-
vil is firmly entrenched
in the lower North Island
‘How bad is this bug, s tiny
it can hardly be seen by the
naked eye?
Keith Holmes' view would 5
shock most farmers: “1 would 4
rather have foot-and-mouth
disease than the clover root
weevil,” the Waikato dairy farmer says. “Footand-
mouth would be terrible, no doubt aboutsit, but the
public and the Government would rally round and
eventually 1ife would return to normal
“But the weevil is with us forever — its damage is
ongoing and will be many times move than the §10
billion a foot-and-mouth outbreak will cost."
The weevil, a Etropean native that is believed to
have sneaked past border controls more than 10 years
ago, has found paradise in New Zealand.
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What is Argentine stem weevil
costing you in terms of
pasture persistance and
stock health and performance?

gResearch has a

CLEAN, GREEN BIOLOGICAL CONTROL AGENT
to assist you

For further information contact:
Francis Pauwels
AgResearch,

P. O. Box 60, Lincoln
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Release strategies

e Standard release of parasitised CRW (1000-2000
parasitised weevils)

* Nursery sites

e Giveaways (ration packs of 10 or 100 parasitised
weevils)

Use of selective emergence cages




Parasitism in CRW population: Hawke’s Bay
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Support is critical to success

Do your homework

Think long term — beyond release
Integrated research teams

Be prepared for new pests

~120 species of Hypera

~100 species of Sitona






