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PROJECT REPORT: Please provide a clear description for each of the following:

Executive Summary (200 words maximum)

A few paragraphs covering what was discovered, written in a manner that is easily understood and relevant to
SA growers. A number of key dot points should be included which can be used in SAGIT communications.

Invasive conical snails are major pests of grain crops in Australia. One solution is a pest-suppressive
landscape that supports biological control of snails by a biocontrol agent, a parasitoid fly,
Sarcophaga villeneuveana. This parasitoid requires carbohydrates and protein from flowers to
maximise its ability to attack and parasitise snails.

The aim of this project was to investigate the effect of native vegetation in boosting biocontrol
suppression of invasive conical snails by S. villeneuveana. Eight research and demonstration sites
were established on Yorke Peninsula using a Before-After-Control-Impact (BACI) ecological design.
A mix of 17 plant species, native to YP, was designed to provide floral nectar, pollen, and shelter to
support parasitoids in spring and summer. From 2022 to 2024, at each of six sites, the species mix
was planted in a 150mx12m Impact plot outside the boundary of a crop field, and a comparison
Control plot 500m away was left unplanted. Sarcophaga villeneuveana was mass-released in all
plots. Parasitism levels of snails were measured annually for two years and averaged 3-5% in Impact
plots, ranging up to 13% at individual sites. This project established long-term research sites.
Parasitism levels are expected to increase over time as plants mature and produce flowers.

Project objectives
A concise statement of the aims of the project in outcome terms should be provided.

Invasive conical snails are major pests of grain crops in South Australia. One solution is a pest-
suppressive landscape that supports biological control of snails by an introduced biocontrol agent, a
parasitoid fly, Sarcophaga villeneuveana. This parasitoid requires carbohydrates and protein from
flowers to maximise its ability to attack and parasitise snails.

The aim of this project was to investigate and demonstrate the effect of native vegetation in boosting
biocontrol suppression of conical snails by S. villeneuveana, by establishing a long-term ecological
study.

The intended outcomes of the project were:

1) Establishment of research and demonstration sites on Yorke Peninsula (YP) as part of a
Before-After-Control-Impact (BACI) ecological design.

2) Sites planted with a species mix of native plants endemic to the YP region designed to
provide nectar, pollen and shelter for S. villeneuveana during spring and summer.

3) Parasitoid flies mass-reared and released at all sites.

4) Data collected on parasitism levels of conical snails by S. villeneuveana in planted (Impact)
and non-planted (Control) plots over time, Before and After planting establishment.

5) Increased awareness and confidence of grain growers in the concept of promoting native
vegetation to support biological control of conical snails

6) Increased Biosecurity awareness regarding the potential spread of snails, through
establishment of planted sites at Viterra’s grain storage facilities at Ardrossan and Port Giles.

7) Sustainable suppression of conical snails in SA and other grain growing regions

Overall Performance

A concise statement indicating the extent to which the project objectives were achieved, a list of personnel who
participated in the Research Project including co-operators, and any difficulties encountered and the reasons for
these difficulties.
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The project fully achieved the goal of establishing research sites on Yorke Peninsula, releasing
parasitoid flies, and collecting baseline data on parasitism levels in planted and unplanted plots. Eight
sites were established, exceeding the three initially proposed, including: 4 sites on growers’ properties
(BACI — with new plantings, and Impact and Control plots); 2 sites on Viterra facilities (Before-After —
new plantings, but no Control plots for comparison); and 2 sites with remnant vegetation on grower
properties (Control-Impact — existing vegetation and establishment of a new comparison Control plot).
Seedling survival over summer was generally above the 70% industry standard in 2022/23 and
2023/24, but lower in 2024/25 due to extreme drought conditions. Dead seedlings were replanted each
winter in 2023, 2024, and 2025. All dead seedlings were replanted in July 2025.

Planting and maintenance of sites involved staff from SARDI and University of Adelaide (Kym Perry,
Kate Muirhead, Nicole Fechner, Marie Martino, Ellie Powell, Alex Seret, Guy Nelson, Lucas Hearn,
Jordyn Giddins), Viterra (Lyndon Asser, Stephanie Mitchell, local site staff), and host grain growers
who assisted with planting and watering. Seedings were propagated annually from YP-derived seed
and cuttings by Trees for Life (Flora Holton, Vicki-Jo Russell). Grain Producers SA (Andrew
Lehmann (formerly), Shane Gale) participated in scoping sites and planting early in the project.
PIRSA assisted with obtaining council permissions for one planting on crown land at Nalyappa.

The project achieved good engagement with project participants in SA and was promoted through
media and industry presentations in SA and WA. The demonstration aspect of the project was
achieved to a lesser extent than planned, because flies were only released in the immature plantings
late in the project and there was a lack of visual results to demonstrate to farmers. One difficulty was
that establishing sites took more effort than anticipated, due to annual seedling mortality and the
need to re-order and replant tube stock across multiple sites each year. Persistence will ensure
success beyond this project.

KEY PERFORMANCE INDICATORS (KPI)

Please indicate whether KPIs were achieved. The KPIls must be the same as those stated in the Application
for Funding and a brief explanation provided as to how they were achieved or why they were not achieved.

If not achieved, please state
reason.

KPI Achieved

The first assessment occurred in

Establish experimental sites and assess fly
Yes No [
summer 2022/23.

parasitism Before planting

Finalise plant species mix and commence A partial species mix was planted
planting Yes No [ in August 2022.

Flies were not released in year 1

Initial (limited) field releases of parasitoid flies | Yes [ ] No due to a lack of flowers

Complete plantings and re-planting of Replanting occurred each winter

remaining species Yes No [] in 2023, 2024, and 2025.
Commence (major) field releases of
parasitoid flies Yes No []
Convene steering committee and field Project meetings were held. A

) Yes No [ | field demonstration occurred in
demonstrations

September 2024.

, e Field releases were completed in

Complete field releases of parasitoid flies Yes No [ March 2025,

First assessment of fly parasitism and snail

No [ Parasitism was assessed in
densities After plantings 0

Yes summers 2022/23 and 2024/25.

Replanting occurred each winter
Maintain field sites and replant dead native in 2023, 2024, and 2025.

plants Yes No LI Watering, weeding occurred ad
hoc.

Project meetings were held. A
Yes No [] | field demonstration occurred in
September 2024.

Convene steering committee and field
demonstrations
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Second assessment of fly parasitism and
snail densities After plantings

Yes No []

Parasitism was assessed in the
summers of 2022/23 and
2024/25.

Final report

Yes No []
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TECHNICAL INFORMATION (Not to exceed three pages)
Provide sufficient data and short clear statements of outcomes.

Minimum
separation
500 m
[Managed vegetation (100-200 m)]
'\ Crop Melaleuca
I
r NN [ |/ NN WY ",‘;'1 1|/ snail roosting plant O Bursaria
WO N NN N W W W W W
O0.000.000.0 O Leptospermum O Allocasuarina

Figure 1: Design of the Before-After-Control-Impact study with Impact (left) and Control (right) plots.

Urania 2019 PISCA (bushland)

Figure 2: Eight research sites were established in the project, 6 planted with native vegetation (upper 3
rows) and 2 with remnant vegetation (bottom row).
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Aim

The aim of this project was to investigate the effect of native vegetation in boosting biocontrol suppression
of invasive conical snails by a parasitoid fly, S. villeneuveana. The methods and results are summarised
here. Details of the project design, field sites, plant species, parasitoid rear-release, and data collection,
are presently graphically in the attached PowerPoint slides (Attachment 1).

Methods

Experimental design

The experimental design was a Before-After-Control-Impact (BACI) ecological study with two treatments,
Impact and Control, and field sites as replicates. The ecological “Impact” was planting and maturation of a
managed native vegetation strip adjacent to a crop field. At each field site, two plots of 150m length and
12m width were marked out directly adjacent and outside the boundary of an agricultural field. Plots were
infested with conical snails (Cochlicella acuta or C. barbara), largely devoid of any native or woody
vegetation that produced flowers, and were 500m to 1000m apart. One plot was designated as the Impact
plot to be planted with managed vegetation and the other as a Control plot left unplanted (Figure 1). Four
BACI sites were established. A species mix of native plants was planted in the Impact plots in winter 2022
and 2023. Parasitoid flies were mass-reared and released in all Impact and Control plots between 2023
and 2025. Parasitism levels in Impact and Control plots were sampled over spring and summer Before
Impact and in subsequent years After Impact.

Native vegetation species mix

A species mix of native plants was designed to provide nectar, pollen (carbohydrate and protein
resources) and shelter for flies during their spring and summer activity period (Table 1, Table 1). The
criteria for selecting each plant species included: a) native to Yorke Peninsula, b) produces flowers in
spring or summer, c¢) has floral structures that enable flies to access nectaries and pollen, d) ensure
diversity of herbs/daisies, ground cover, shrubs, and larger trees to give a near-continuous sequence of
flowers, e) availability of seed or cuttings collected from the YP region to propagate the species. Since S.
villeneuveana requires host snails to maintain parasitoid populations, Diannella brevicaulis and
Allocasuarina species were included as snail shelters and roosts. The spatial arrangement included a 25m
design replicated 6 times across a 150m length x 3 rows and considering mature size (Attachment 1).

Table 1. The designed species mix planted at research sites

Family Species Common name Habit Flowering Propagated
Apiaceae Apium prostratum Sea celery Perennial herb Jan-Apr Seed
Asteraceae Chrysocephalum apiculatum Yellow buttons Perennial herb Aug-Nov Seed
Olearia pannosa pannosa Sliverleaf daisy bush Perennial herb Aug-Oct Seed
Helichrysum leucopsideum Satin everlasting Perennial herb Spring-early summer Seed
Podolepis jaceoides Showy copper-wire daisy Perennial herb Spring-early summer Seed
Vittadinia blackii Narrow-leaf New Holland daisy Perennial herb Most of year Seed
Vittadinia gracilis Woolly New Holland daisy Perennial herb Most of year Seed
Casuarinaceae Allocasuarina verticillata Drooping sheoak Tree Autumn-winter Seed
Allocasuarina muelleriana Slaty sheoak Tree Spring-autumn Seed
Liliaceae Diannella brevicaulis Coast flax-lily Lily/Shrub Spring Seed
Myrtaceae Melaleuca lanceolata Dryland tea-tree Tree Summer-early autumn  Seed
Melaleuca acuminata Mallee honey myrtle Tree Spring Seed
Leptospermum coriaceum Green tea-tree Tree Spring Seed
Kunzea pomifera Muntries Ground-cover Oct-Dec Cuttings
Pittosporaceae Bursaria spinosa spinosa Christmas bush Tree Dec-Mar Seed
Proteacae Hakea mitchellii Desert Hakea Shrub Oct-Jan Seed
Scrophulariacae ~ Myoporum brevipes Pale myoporum Shrub Oct-Feb Cuttings

Establishment of field research sites

In total, eight research sites were established on Yorke Peninsula during the project (Figure 2, and see
map in Attachment 1). Four BACI sites were established on grower properties with Control and newly
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planted Impact plots (BACI design), at Yorketown #1 (YSA), Yorketown #2 (YTA), Honiton (HON), and
Nalyappa (NYP). Two sites were established at Viterra facilities at Ardrossan (VAD) and Port Giles (VPG)
with newly planted Impact plots. No Control plots were established due to a lack of suitable sites infested
with snails within 1 km, making Viterra sites a Before-After design. Two sites with remnant native
vegetation were included in the project, and a comparison Control plot was established nearby: Urania
(URA) consisted of a planting established in 2019 for a bee pollination project (K Hogendoorn), and PISCA
consisted of a conservation area on coastal sand dune near Watson Beach with diverse native plant fauna
and snail infestations in onion weed. These sites were a Control-Impact design due to the absence of
“Before” impact sampling.

Tube stock of the plant species mix were propagated by Trees for Life. Impact plots were planted with a
partial species mix in August 2022 by staff from SARDI, UoA, Viterra and host growers. The remaining
species were planted on in August 2023. Site Yorketown #2 (YTA) was first planted in September 2024. At
all sites, dead seedlings were replanted each winter. Annual seedling survivorship over summer was
typically >70%, but lower in the final summer of 2024/25 due to extreme drought in SA. Dead seedlings
were all replaced in July 2025.

Rear and release of the parasitoid S. villeneuveana

Parasitoid flies were mass-reared at SARDI laboratories at the Waite Campus. Annually in November
2022, 2023, 2024, a colony of S. villeneuveana was established by collecting snails near Foul Bay YP.
Snails were reared at SARDI laboratories for several weeks to allow flies to emerge from parasitised
hosts. Flies were mass-reared in small cages following established methods. Briefly, 3 male and 3 female
flies were placed in a cage along with an artificial diet of brewer’s yeast, bee pollen, honey, and
multivitamin, and 50 adult C. acuta as hosts. Numbers were increased by rearing flies and progeny in
fresh cages every two weeks supplemented by field collections.

Field releases were performed at all research sites at least once during the project. A total of 26,000 flies
were released. Four field releases totalling 15,700 flies occurred at Urania and PISCA, which had existing
remnant vegetation, in February and March 2023 (n=3) and March 2024 (n=1). A total of 400 flies per plot
were released at the four BACI and two Viterra sites. Equal numbers of flies were released in Impact and
Control plots at each release. Most flies were released as pupae using release buckets (Attachment 1).

Collection of data on parasitism levels

Parasitism levels were assessed on three occasions, in late summer 2022/23 (28 February 2023), spring
2024 (12-13 November 2024) and early autumn 2025 (6-7 March 2025). Impact and Control plots were
sampled using a standardised method: Snails were collected using a timed search of 30 minutes for each
of two habitats sampled along a 150m x 10m belt transect: Elevated (snails resting on structures above
ground level) and Refuge (snails hidden under rocks, logs, inside plants, etc). Snails suitable for
parasitism (>5mm shell length) were collected and kept separately by habitat and snail species (C. acuta,
C. barbara). Snails were reared in the laboratory for 2-4 weeks to allow parasitoids to emerge, then
examined and, where necessary, dissected to determine evidence of parasitism. Percentage parasitism
was calculated according to Muirhead and Perry (2021), as follows: Percent parasitism = 100 x total
number of suitable snails with evidence of parasitism (e.g., presence of a pupal case, fly, or fly larva inside
the shell) / the total number of snails.

Results and discussion

Parasitism levels

In total, 42,149 snails of suitable size (> 5mm length) were collected and examined for evidence of
parasitism across eight sites (14 plots) and three sampling occasions across the summers of 2022/23 and
2024/25. The presence of Sarcophaga villeneuveana was detected at all eight sites.

Overall parasitism levels across all sites were 0.8% in Control and 2.7% in Impact (vegetated) plots in
summer 2022/23, and 6.2% in Control and 4.7% in Impact plots in summer 2024/25. These levels are
typical of previous findings where overall parasitism was often less than 3% in areas lacking mature
vegetation (Muirhead and Perry 2021). There were no obvious differences in parasitism levels between
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Control and Impact plots. Greater overall parasitism levels in 2024/25 than 2022/23 likely reflects seasonal
effects, such as weather, on hosts and parasitoids.

Parasitism success can vary with local conditions. In Control plots, parasitism levels detected on any
sampling occasion ranged from 0.07% at Yorketown (YSA) to 3.5% at Nalyappa (NYP) in 2022/23, and
1.5% (YSA) to 14.1% (NYP) at the same sites in summer 2024/25. In vegetated Impact plots, parasitism
levels detected on any occasion ranged from 0% at Viterra Port Giles (VPG) to 4.8% in summer 2022/23,
and 0% at Urania to 13.0% at Honiton in summer 2024/25.

Honiton SA Nalyappa SA Urania SA Viterra Ardrossan
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Figure 2: Parasitism levels in Control and Impact plots by research site and spring/summer season.
Numbers above bars indicate the sample size of host snails collected examined for parasitism.

CONCLUSIONS REACHED &/OR DISCOVERIES MADE (Not to exceed one page)

Please provide a concise statement of any conclusions reached &/or discoveries made.

Since plants are immature and the availability of flowers in the plantings are still limited at project
end, parasitism levels recorded in this study can be considered a Before baseline for future
comparisons After impact. Our hypothesis is that native vegetation flowering at key times will
eventually boost parasitism levels in the Impact plots, leading to significantly greater levels of
parasitism in Impact plots than Control plots across sites over time.

INTELLECTUAL PROPERTY

Please provide concise statement of any intellectual property generated and potential for commercialisation.

Intellectual property developed includes research sites and datasets. There is no potential for
commercialization of IP generated in this project.
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APPLICATION / COMMUNICATION OF RESULTS

A concise statement describing activities undertaken to communicate the results of the project to the grains
industry. This should include:

. Main findings of the project in a dot point form suitable for use in communications to farmers;
. A statement of potential industry impact
. Publications and extension articles delivered as part of the project; and,

Suggested path to market for the results including barriers to adoption.

Note that SAGIT may directly extend information from Final reports to growers. If applicable, attach a list of
published material.

Presentations where this project was promoted:

Kym Perry, Kate Muirhead, Chris Saunders. Presentation on snail biocontrol and field walk with
Weavers Ag Bureau group at the planting at Yorketown (YTA), 18" September 2024 (65 growers).

In WA, over 250 growers attended a roadshow of discussions about snails and heard about the
revegetation for biocontrol concept, 10-12 September 2024:

o Kym Perry, Kate Muirhead, Snail research update and discussions with growers, Stirlings to
Coast grower group field day, South Stirlings WA, 12th September 2024

o Kym Perry, Kate Muirhead, Snail research update and discussions, East Stirlings Rural,
Gairdner, 12th September 2024

o Kym Perry, Kate Muirhead, Snail camera field walk visit, research update and discussions,
Stirlings to Coast grower group, Perrilup WA, 11th September 2024

¢ Kym Perry, Kate Muirhead, Snail research update and discussions, SEPWA grower group
field day, Beaumont WA, 10th September 2024

e Kym Perry, Kate Muirhead, Snail research update and discussions, grower led meeting on
farm (Matt Gilmour et al), Gibson WA, 10th September 2024

o Kym Perry, Kate Muirhead, Snail research update and discussions, grower led meeting on
farm (Sam Featherstonhaugh and Kieran Barrett et al), Munglinup WA, 10th September 2024

Kym Perry, “Snail control: key strategies and where to next?” Presentation and paper at the GRDC
Grower Updates, Streaky Bay, 26 July 2023

Kym Perry, “Snail control: key strategies and where to next?” Presentation and paper at the GRDC
Grower Updates, Keith, 28 August 2023

Kym Perry, “Snail control: where to next?” GRDC National Livestream webinar, 3 October 2023

Kym Perry and Leigh Nelson, “Snail control: where next” Presentation and panel session at the
GRDC Advisor Updates, Adelaide, 7 February 2024

Kym Perry, “Snail control: where next?” Presentation and panel session at the GRDC Grower
Updates, Maitland, 8 February 2024

Mike Keller, Kym Perry, Nicole Fechner, “Role of conservation biological control in management of
conical snails”, Presentation in China, September 2023

Radio

Kym Perry, Nail the Snails podcast, 5 July 2023. https://grdc.com.au/news-and-
media/audio/podcast/nail-the-snails!-most-effective-control-of-pest-snails-in-australian-grain-crops

Kym Perry interviewed by Annabel Crabb for ABC Rural regarding the revegetation and biocontrol
project, 3 August 2023.

Articles
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https://grdc.com.au/news-and-media/audio/podcast/nail-the-snails!-most-effective-control-of-pest-snails-in-australian-grain-crops
https://grdc.com.au/news-and-media/audio/podcast/nail-the-snails!-most-effective-control-of-pest-snails-in-australian-grain-crops

Kym Perry interviewed for an article in the Country Times newspaper, August 2023

Article by Viterra online, “Viterra supports snail biocontrol project on the Yorke Peninsula”, 10 August
2023
https://viterra.com.au/media/news/2023/viterra-supports-snail-biocontrol-project-on-the-yorke-

peninsula

Kym Perry interviewed for Stock Journal article, “Snail GRDC snail research on horizon as control
guide released”, 10 August 2023

https://www.stockjournal.com.au/story/8300318/snail-control-toolbox-now-released/

POSSIBLE FUTURE WORK

Provide possible future directions for the research arising from the project including potential for further work
and partnerships.

These sites are an important resource that can be leveraged for future research and demonstration
activities for biocontrol of conical snails, but also for studies of invertebrate biodiversity including
invertebrates beneficial to agriculture, such as pollinators, and predators, and parasitoids of other
crop pests (e.g. aphids, moths). Sampling biodiversity in these plantings in the near future is
recommended to provide a baseline collection enabling future comparisons of biodiversity as the
plants mature. There is potential to establish similar plantings of local native species for research and
demonstration in other regions where invasive conical snails are problematic and S. villeneuveana is
present.
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https://viterra.com.au/media/news/2023/viterra-supports-snail-biocontrol-project-on-the-yorke-peninsula
https://viterra.com.au/media/news/2023/viterra-supports-snail-biocontrol-project-on-the-yorke-peninsula
https://www.stockjournal.com.au/story/8300318/snail-control-toolbox-now-released/
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