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Abstract

Microxeromagna armillata (Lowe, 1852) is a snail introduced snail to Australia which has
established populations in the Riverland and Sunraysia citrus growing regions. Citrus
exported from these regions to the USA has been rejected due to contamination with M.
armillata, causing significant economic losses. The life history, phenology and activity of
Microxeromagna armillata has not been studied in Australia: this forms the basis of this

thesis.

Microxeromagna armillata employs an iteroparous egg laying strategy in semi-field conditions
and lays approximately 500 eggs per year. Field populations can reach high densities (~4000
snails/m?), particularly during the winter months when juvenile recruitment occurs. Snails
reach sexual maturity at ~ 6mm in shell diameter and can grow to this size from a juvenile
stage (2mm) within six weeks. Microxeromagna armillata can reproduce successfully by self-
fertilisation, and juveniles are able to aestivate with little reduction in subsequent fecundity.
These traits make control of this pest a significant challenge. Leaf litter is the preferred habitat
of M. armillata, but snails do move in the tree canopy. Cues for snail activity in the leaf litter
and canopy appear to differ, as does the size of active snails in these areas. Microxeromagna
armillata activity was low in the tree canopy during harvest compared to post harvest,
intimating that fruit contamination is either occurring infrequently or post-harvest. Copper
trunk bands were shown to minimise snail movement into the canopy and may be an

important preventative measure.

These findings have changed the recommendations for M. armillata management in citrus

groves of south eastern Australia.

16



Declaration

This work contains no material which has been accepted for the award of any other degree or
diploma in any university or other tertiary institution and, to the best of my knowledge and
belief, contains no material previously published or written by another person, except where

due reference has been made in the text.

| give consent to this copy of my thesis, when deposited in the University Library, being made

available for loan and photocopying, subject to the provisions of the Copyright Act 1968.

Portions of this research have been published by the author in:

Lush, A.L. (2001). The biology, ecology and control of the small brown snail Microxeromagna
armillata in citrus orchards of south eastern Australia. Final Report for the Citrus Market
Development Group; Agriculture, Fisheries and Forestry Australia. South Australian Research

and Development Institute (SARDI) pp 39.

Lush, A.L. and Baker, G.H. (2003) A novel method for the field study of mollusc movement
using mucus trails. In Slugs and snails: Agricultural, Veterinary and Environmental

Perspectives. BCPC Symposium Proceedings No. 80

Lush, A.L. (2004). Field and postharvest control of snails in citrus. Final report for Horticulture
Australia Ltd project CT00040. South Australian Research and Development Institute

(SARDI) pp 69

This work was funded by a grant to the author from Horticulture Australia Ltd, administered

through the South Australian Research and Development Institute (SARDI).

Angela L. Lush

January, 2007

17



Acknowledgements

The research in this thesis was funded by a Horticulture Australia Ltd grant (CT00040) to the
author whilst in the employ of the South Australian Research and Development Institute
(SARDI). A lesser portion of the research was funded by the Citrus Market Development
Group, Agriculture Fisheries and Forestry Australia, also whilst employed at SARDI. Thank
you in particular to Gerard McEvilly from Horticulture Australia Ltd for suggesting | use this
grant to gain a PhD whilst fulfilling the project outcomes for industry, and Dennis Hopkins

(SARDI) for approving my request.

Thanks go to my supervisors Assoc. Prof. Michael Keller (University of Adelaide) and Dr.
Geoff Baker (CSIRO) for their advice, time, encouragement and support. Mike, thanks for
being so encouraging when | decided to leave SARDI, not to mention providing me with office
space in order for me to finish writing up. Thanks to Geoff in particular for letting me ‘run
away’ to his lab in Canberra when | needed to nut out a problem and gain some perspective. |
always returned from these visits with a clearer focus and renewed enthusiasm. Thanks also

go to the Entales lab group, in particular Katja Hoogendorn for her support and friendship.

| received a great deal of support from my SARDI colleagues throughout my PhD and would
like to thank them very much for their assistance and encouragement. Particular thanks go to
Peter Taverner for giving me the inside info on the citrus industry, helping me to write the
grant (not to mention introducing me to the joys of the steering committee), offering good
advice and great conversation on shared field trips. My long suffering former office mates
Gabriella Caon and Dijana Jevremov deserve medals for tolerating my foibles, ‘quick
guestions’, and interruptions, and Nancy ‘the go to girl’ Cunningham was invaluable in helping
me unravel the mysteries of SARDI. Throughout my PhD, | was fortunate to have technical
assistance along the way and thanks go to all the casual staff members who helped me
complete my research. Special thanks to Bill Kimber, David Bigham and the snail girls — Julie

Lindner, Susan Ivory and Nola * the warbler’ Lucas. Who knew counting eggs could be so

18



much fun! Former colleague and now friend Suzanne Charwat helped immeasurably in
discussions on snail behaviour and the world snail scene, as well as being a great travelling

companion.

Nancy Schellhorn has had a huge influence on me during my PhD and | would like to thank
Nancy for her encouragement and support. She helped me to see what real science and
collaboration is all about, and was extremely generous with her time and advice, both on a
professional and personal level. Nancy on more than one occasion helped me with a problem
well into the night, and often saved me from certain statistical disaster, always with patience
and encouragement. Her approach to problem solving, formulating focused research
questions, experimental design, and all things statistical has taught me an immeasurable
amount. No-one is more surprised than | am when suddenly | start advising others on which

statistical methods they should be using and why - this is in no small part due to Nancy.

Cate Paull and Judy Bellati have also been an integral part of my PhD. Without their support |
am doubtful that | would have made it this far. Cate and Judy were always encouraging and
ready with a huge smile or a shoulder to cry on depending on the situation. For everything
from providing a taxi service when | was incapacitated, letting me ‘vent’, provision of
chocolates, to helping me answer the ‘oh my god, what am | going to do’ questions — THANK
YOU! | can't imagine what it would have been like without you two and you have helped me

more than | can say.

I would also like to say a big thank you to my family for all their support. Mum and Dad have
always been encouraging and I'm very grateful for the opportunities they have given me and
their unerring belief in me. I'm very lucky to have such great parents. My sisters in Adelaide,
Sonya and Roslyn, have helped me an enormous amount in many different ways. From
calling ambulances to climbing through windows to rescue me and doing my washing, they

have gone above and beyond the calll Thanks guys.

19



Thanks to Renee and Kaylee for coming out on the town with me when | needed to let loose,
reminding me of ‘the normal life’, and understanding when | couldn’t participate. | couldn’t ask

for better friends, Cheers.

My sincere thanks also go to the following people:

Rodney Hand, for letting me experiment on his property, his friendly welcome (and more
importantly the friendly dogs), the good conversations and advice on snail management from
the grower’s perspective, and the exceptional pistachio nuts. Peter Morrish, for showing me
around the Sunraysia district, introducing me to growers, directing me over the phone when |
got lost, chairing my steering committee, excellent organisation of grower meetings, and for
his overall support of me and my project. Kym Theil, for also directing me over the phone
when | got lost on the way to grower meetings, participating in my steering committee and
helping me hunt for small brown snails. Megan Leyson, for her company on the great UK snail
adventure, snail related conversations, and for helping me realise that doing a PhD and
having a social life were not altogether mutually exclusive. Sheridan Purvis, for her company
on field days and CITTgroup extravaganzas. Vanessa Carne-Cavagnaro, for introducing me
to Entales and her support at the beginning of my journey. Steve and Violet Csuturos, for
welcoming me with a shot of ouzo on arrival (and the occasional schnapps with the early
breakfast??) at their Redcliffs motel: after a six hour drive it ensured | slept very well. The
Redcliffs pub, for the best (and cheapest) steaks ever. Kerrie and Valerie, for listening over
coffee to my results and progress. lan Riley for his support as post-graduate co-ordinator.
Derek, for doing my dishes, mowing my lawn and baking the most spectacular chocolate
brownies. Nathan and Kaye, for helping me over the last hurdles and supporting me during

my dad’s illness.

20



Please note: in the print copies the only pages
coloured are the ones with photographs.



	TITLE PAGE: Biology and ecology of the introduced snail Microxeromagna armillata in south eastern Australia
	Table of Contents
	List of Figures
	List of Tables
	Abstract
	Declaration
	Acknowledgements


