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All presentations will be in the Frewin 
Room.

Registration and Speakers Preparation will 
be located in the Junior Common Room.

All catering will be in the Dining Room 
(Morning and Afternoon Teas, Lunches 
and functions - Welcome Function, Poster 
Function and Conference Dinner).

PRESENTERS

Please upload your talk in the Speakers 
Prep Room (Junior Common Room) 
well before your time of presentation.

Poster Presenters are to be near their 
Poster during the Tuesday Poster 
Session to discuss their work and to 
answer delegate questions.

Please remove your poster after 
afternoon tea on Wednesday prior to 
the Conference Dinner.



Program and Abstract Book 
Molluscs 2012 Triennial Conference  Melbourne, Victoria 3-6 December 2012 5

Molluscs 2012 is a three day program, commencing on the evening before presentations 
with a Welcome Function. The program each day commences at 0900 in the Frewin Room. 

For full details, please see the detailed timetable commincing on page 11.

Social FunctionS - St Mary’S Dining rooM
(included in full registration)

Welcome Reception  Monday 3 December 1800 - 2000
Poster Cocktail Session  Tuesday 4 December   1800 - 2000
MSA Conference Dinner  Wednesday 5 December 1830 – 2330

Entry will be with your delegate name tag - please ensure you wear it at all times during 
the conference. 
Additional Tickets for all functions can be purchased from the Registration Desk.

Welcome Function

The Welcome Function is a cocktail function, with a short formal component. It is included 
with all full registrations.

morning and aFternoon teas and lunches

Catering (morning and afternoon tea and lunch) will be in the Dining Room and nearby 
garden areas (weather permitting) at the times allocated on the timetable.

Poster cocktail evening

A 2-hour session will be held on Tuesday evening, 4 December from 1800 - 2000 hrs. 
Canapes and drinks will be served during this time. The Poster Evening is designed to give 
poster presenters the opportunity to discuss their work with conference participants. 
Authors must attend at their posters for discussions. Registrants only please - extra tickets 
can be purchased from the Registration desk until 1700 hrs Tuesday. Student posters are 
judged at this time, so all judges must be present.  It is included with all full registrations.

conFerence dinner

The Conference Dinner will commence with canapes and drinks in the Dining Room from 
6:30pm. Music will be provided by Pearly Shells. The function concludes at 11:30pm.  It is 
included with all full registrations.

MSA AnnuAl GenerAl MeetinG And election of office 
BeArerS

The Malacological Society Annual General Meeting is on Wednesday at 1635 in the Frewin 
Room. The new Council will be nominated at this meeting, and voting will take place on 
changes to the MSA Constitution. This is a plenary session and all delegates are invited and 
encouraged to attend.

ConFerenCe struCture
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It is with great pleasure that I welcome you to 
Molluscs 2012 in Melbourne. In recent years, the 
triennial conference of the Malacological Society 
of Australasia has been a staple of the Society , 
providing an opportunity for those with an interest 
in molluscs to gather and share their research and 
interests. Many of us attend other conferences 
in which molluscs are often included only as 
convenient case studies, but the MSA conferences 
are a time for cranky cephalopods, stressed snails, 
and boring bivalves to all play starring roles.

Molluscs are the 2nd largest phylum of animals and include an extraordinary array of 
shapes, sizes, life histories, and habitats. The giant squid is one of the largest invertebrates, 
while micromolluscs and aplacophorans are specks to the naked eye. Some molluscs are 
born fully formed as miniature versions of adults, but others can swim for years in their 
larval form in the ocean. Molluscs live in almost all parts of the world, from arid lands to 
the deep sea. Due to the persistence of their shells long after death, many molluscs are 
also key components of the fossil record and include some of the oldest animals known.

For Molluscs 2012, we have several exciting symposia lined up that take us from the broad 
issues of conservation and climate change down to the small world of molecules and genes. 
There’s also a huge range of topics in the general sessions, including some such as shell 
artefacts and community-based research which are outside the usual focus of malacology. 

This conference will be a great time for attendees to catch up with old friends, meet 
new people, and share their professional and amateur experiences with molluscs. It is 
also a chance to become more involved in the MSA to ensure the future success of this 
organisation. The best ways to do this are by attending the AGM, talking to past and current 
Council members, and sharing ideas with councillors. We not only rely on the knowledge 
and experience of our older members, we also need the enthusiasm and innovation of our 
newer members. 

A small and dedicated group of people have worked together to organise this conference, 
and I’d like to warmly thank them for all the time and effort they put in (and the occasional 
drama they endured). On their behalf, I hope you enjoy your time at Molluscs 2012!

Rachel Przeslawski
President, MSA

MalaCologiCal soCiety President’s WelCoMe
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our sPonsors - aBrs

australia’s nature        
there is more 

still to be discovered…

www.environment.gov.au/biodiversity/abrs/
online-resources/fauna/afd/home

The Australian Biological Resources Study 

(ABRS) is Australia’s national focal point for species 

discovery, taxonomy and biological collections. It 

collates and disseminates biodiversity information, 

funds taxonomic research through the National 

Taxonomy Research Grant Program and strategic 

funding partnerships and undertakes policy 

initiatives on issues associated with taxonomy 

and biological collections.

The Australian 
Faunal Directory
A premier initiative of ABRS, the 
Australian Faunal Directory (AFD) is 
a freely available online catalogue 
of taxonomic, distributional and 
biological information on terrestrial 
and aquatic Australian animals. Data 
for around 113,000 species, about 
90% of the known Australian fauna, is 
currently available.

AFD & Mollusca
AT PRESENT
• The Australian molluscan fauna 

currently listed in AFD includes 
some 9,000 described species in 
434 families:

Aplacophora (11 species)
Polyplacophora (171) 
Scaphopoda (107)
Cephalopoda (188) 
Bivalvia (1593) 
Gastropoda (7065)

• Where possible, together 
with names (valid, synonyms, 
generic combinations, common), 
nomenclatural and biological 
information is provided along with 
images and drawings to illustate 
the wonderfully diverse Australian 
mollusc fauna.

• Species lists and bibliographies 
can be generated and downloaded 
from AFD, and statistics can be 
compiled for included taxa.

AFD & Mollusca
A COMMUNITY PROJECT
• Over the past three years about 

7,000 valid species names (mainly 
in Bivalvia and Gastropoda) have 
been added to the AFD.

• The addition of these names 
and associated information 
resulted from an ambitiuous 
project between the ABRS 
and the molluscan taxonomic 
community to complete the 
AFD list of Australian molluscan 
names. Funded by the Australian 
Government through the Atlas 
of Living Australia (ALA), the 
Mollusca Project was part of 
a much broader ALA initiative 
to update listings of plants and 
animals that occur in Australia.

• Although this extraordinary 
project has recently drawn to a 
close, the current list of names 
and associated information will 
be revised and updated regularly, 
providing a readily accessible 
summary of the Australian 
mollusc fauna.

B
IO

50
.1

11
2 
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The keynote speakers at Molluscs 2012 are a wonderful mix of the finest researchers in 
malacological science and we value their input to our conference and thank each of them 
for their time and commitment to attend. Abstracts for each Keynote presentation are in 
the abstracts in alphabetical order by last name. The listing below is by presentation order 
at Molluscs 2012.

Keynote sPeaKers - BrieF BiograPhies

Shell Artefacts and Human Evolution

Dr Kat Szabó
Dr Katherine (Kat) Szabó, Australian Research Council QEII 
Fellow, Centre for Archaeological Science, School of Earth 
and Environmental Sciences, University of Wollongong 

A lifelong shell collector and junior member of the Auckland 
Conchology Society from age 8, when Kat pursued a career in 
archaeology her path was clear. As an ‘archaeomalacologist’ 
she has studied shell midden and artefacts from 
archaeological sites across the tropical Asia-Pacific region 
trying to unravel the relationship between humans and 
molluscs through time.

Molecules and Molluscs

Dr Scott Cummins
Scott Cummins’ research is focused on decoding the 
molecular “toolkit” that underlies molluscan chemical 
communication systems. These include hormones and 
pheromone systems involved in growth, reproduction and 
hypometabolism of snails, abalone, oysters, squid and sea 
slugs. His multidisciplinary approach to research integrates 
genomic, proteomic, cell biology and behaviour methods. 

Threatened and Endangered Species

Dr Winston Ponder
Dr Winston Ponder  is a Senior Research Fellow at the 
Australian Museum. He is the leading Australian expert on 
small-sized marine molluscs and has published numerous 
papers on them since the 1960s. His work has included the 
description of numerous species, genera and even families 
of small-sized marine molluscs. His work has also covered 
freshwater molluscs, as well as molluscan conservation, and 
phylogeny.
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Threatened and Endangered Species

Dr Frank Köhler 
Dr Frank Köhler received his diploma and doctoral degree 
from the Humboldt University in Berlin where he used to study 
the phylogeny of Southeast Asian freshwater gastropods. 
During this time, he travelled extensively in Southeast Asia. 
Since 2008 he has worked in Australia, where his focus 
has shifted towards systematics of Australian land snails. 
Previously employed by the Department of Environment and 
Conservation, Western Australia, he is currently based at the 
Australian Museum in Sydney. 

Molluscs and Climate Change

Dr Gretta Pecl
Dr Gretta Pecl is a Fulbright Fellow currently based at the 
Institute for Marine and Antarctic Studies. Her recent research 
activity spans a range of topics including range extensions, 
population and fishery responses to climate change, and on 
using citizen science approaches for ecological monitoring 
and engagement (e.g. www.REDMAP.org.au). 

Gretta has also spent many years working on the life 
history, fisheries ecology and population connectivity of 
cephalopods. These are excellent model species in a climate 
change context and she weaves them into her research and 
student projects wherever possible.

Molluscs and Climate Change

Dr Andy Davis
Andy traces his fascination with the mollusca back to the 
appearance of Ursula Andress from the ocean in 'Dr No' - 
caenogastropods in hand! Like many ecologists, Andy favours 
molluscs as convenient and ethical subjects for experimental 
manipulation. He and his students have used molluscs as 
model organisms with which to examine the impacts of 
humans on natural systems.  His current projects include 
examining metal uptake and bioavailability in a changing 
climate - using molluscs of course!

Keynote Speakers (Cont’d)
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Molecular Markers and Barcoding

Dr Thuy Nguyen
Dr Thuy Nguyen’s research encompasses population 
genetics, phylogenetics, and selective breeding of cultured 
aquatic species, and conservation genetics of threatened 
species. She has worked on a number projects in the above 
disciplines across a number of countries in the Asia-Pacific 
since the completion of her PhD in 2003 at Deakin University.

Molecular Markers and Barcoding

Dr Nerida Wilson
Dr Nerida Wilson received her BSc from University of 
Melbourne, and BSc. (Hons.) and PhD from the University of 
Queensland. After working in the United States, she returned 
as a research scientist at the Australian Museum in 2010, with 
a focus on the systematics, phylogeny and phylogeography of 
marine invertebrates.

Keynote Speakers (Cont’d)

I completed my undergraduate, honours and PhD studies at the 
University of Sydney, with my research component conducted in 
association with the Australian Museum under the supervision 
of Dr Winston Ponder. My research has focused on the taxonomy 
and evolution of gastropods, with my PhD research focusing on 
the evolution of carnivory in Caenogastropoda. After completing 
my PhD in 2008, I spent one year as the Chadwick Fellow at the 
Australian Museum, studying the evolution of amphiboloid snails 
across Australia and South East Asia. I then travelled to Chicago for 
a postdoctoral position at the Field Museum with Dr Rüdiger Bieler, 
exploring the diversity of ‘worm snails’ in the family Vermetidae. 

Since returning the Sydney, I’m back at the Australian Museum, currently employed as 
a postdoctoral researcher on an ABRS grant. My current research project examines the 
evolution of two families of micromolluscs from tropical Australian mangrove forests.

chair oF the conFerence organising committee and  
timetaBle and scientiFic Program co-ordinator

Dr Rosemary Golding
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Poster 
Number Presenter Author(s) Title of Poster 

1 Botwright, 
Natasha 

Botwright, Natasha*, Gene 
Wijffels 

iMollusca: A Community Approach Advancing 
Molluscan Genetic Research 

2 Colgan presenting 
Shea, Don 

Shea, Michael, Don Colgan* and 
John Stanisic 

The Landsnail Genus Gyrocochlea and 
Relatives (Mollusca: Charopidae) 

3 Dharanikota, 
Malleswar 

Dharanikota, Malleswar* and 
Krupanidhi, Srirama 

Protein expression profiles in Pila globosa 
under aestivation 

4 Grove, Simon Grove, Simon James*. Upgrading the Tasmanian Museum & Art 
Gallery Molluscs Collection 

5 
Hazeribagh-

dadabad, 
Fatemeh 

Hazeribaghdadabad Fatemeh*, 
Julian Atchison, Jeff Shimeta, Rob 

Day, Dayanthi Nugegoda 

Effects of ocean acidification on shell growth, 
shell condition, and haemolymph of an 

aquacultural hybrid abalone (Haliotis rubra x 
laevigata) 

6 Klunzinger, 
Michael 

Klunzinger*, Michael, Stephen 
Beatty, David Morgan Gordon 
Thomson and Alan Lymbery 

Host fishes for the glochidia of Westralunio 
carteri Iredale (Bivalvia: Hyriidae). 

7 Cole, Victoria Mcafee, Dominic, Melanie Bishop 
and Victoria Cole* 

Bioengineering by oysters: amelioration of 
desiccation stress on intertidal invertebrates 

in a warming climate 

8 Morgan-Richards, 
Mary 

Daly, Elizabeth, Kath J. Walker, 
Steven A Trewick and Mary 

Morgan-Richards* 

Islands in the sky: Fine scale conservation 
genetics and phylogeography of 

Powelliphanta land snails. 

9 Morgan-Richards, 
Mary 

Dowle, Eddy, Steve Trewick, 
Fabrice Brescia, Mary Morgan-

Richards* 

Using next-generation sequencing (ddRAD) to 
compare genetic diversity among populations 

of Placostylus land snails 

10 Reid, Amanda Reid, Amanda 
Post-mortem drift in Australian cuttlefish 
bones: its effect on the interpretation of 

species ranges 

11 Reid, Amanda Reid, Amanda, Alison Miller and 
Janet Waterhouse 

The Australian Museum Malacology 
Collection 

12 Suzuki, Akihiko Suzuki, Akihiko and Takafumi 
Enya 

Mass strandings of the common paper 
nautilus Argonauta argo along the coast of 

Yoichi Bay, Hokkaido, Japan 

13 Wilson, Nerida Wilson, Nerida G*., Limpus, Allan, 
and Healy, John M. 

Molecular phylogeny and revision of 
Australian Melo species (Volutidae) 

14 Penny, Shane 
Penny, Shane*, Keith 

McGuinness, Chris Austin and 
Richard Willan 

Giant Clams (Tridacnidae) in the Northern 
Territory, Australia 

 

Posters



Program and Abstract Book 
Molluscs 2012 Triennial Conference  Melbourne, Victoria 3-6 December 2012 13

inForMation DiSclaiMer

The speakers, topics and times are correct at the time of publishing. In the event of 
unforeseen circumstances, the organisers reserve the right to alter or delete items from 
the Conference Program.

overall ConFerenCe tiMetaBle and ProgaM 
exPlanation

The full conference program from Monday 3rd to Thursday 6th is outlined in the following 
coloured pages.

Abstracts are in alphabetical order by the last name of the first author, with the presenting 
author marked with an asterisk. For oral presentations being presented by an author other 
than first author, there is also a second entry under the presenter’s last name.

Poster authors will be beside their posters during the Poster Cocktail Session on Tuesday 
evening to discuss their work and answer questions. Judging of student posters will be 
done during this session.

OVERALL CONFERENCE TIMETABLE
AND PROGRAM EXPLANATION

The full conference program from Monday 3rd to Thursday 6th is outlined in the 
following coloured pages.

Abstracts are in alphabetical order by the last name of the first author, with the 
presenting author marked with an asterisk. For oral presentations being presented by an 
author other than first author, there is also a second entry under the presenter’s last 
name.

Poster authors will be beside their posters during the Poster Cocktail Session on 
Tuesday evening to discuss their work and answer questions. Judging of student 
posters will be done during this session.

The speakers, topics and times are correct at the time of publishing. In the event of 
unforeseen circumstances, the organisers reserve the right to alter or delete items from 
the Conference Program.

Monday Timetable - Day 0

 St Mary’s College, 871 Swanston Street, Parkville, Victoria 3052

3:00 – 5:30 Registration, Presentation Upload and Poster Preparation

6:00 – 8:00
WELCOME FUNCTION

Introductions by Rosemary Golding, Chair, Conference Organising 
Committee 

and Rachel Przeslawski, MSA President

PRESENTER INFORMATION

Speaker’s Preparation will be in the Junior Common Room, and you are encouraged 
to load your presentation well in advance of your talk to enable you to check your 
presentation well beforehand. Please do not leave this until the last moment. 

Speaker Assistance will be available on Monday afternoon at the Junior Common Room from 
1500-1730 (prior to the Welcome Function and from 0800 each day. We encourage you to 
take advantage of this and have your talk uploaded at least the day before your presentation.
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Tuesday Timetable 

tuesday timetable - day 1

Frewin Room

9:00-9:05 Introduction to Molluscs 2012
Rosemary Golding/Rachel Przeslawski

9:05-9:35
Keynote paper – Kat Szabó (University of Wollongong) 

Artefacts made from shell and what they have to do with human 
evolution

Molecules and Molluscs Symposium

9:35-9:40 Introduction to symposium – Kirsten Benkendorff

9:40-10:10 Keynote paper – Scott Cummins (University of the Sunshine Coast)
Bioactive peptides: Signalling the future

10:10-10:30 Morning Tea (Dining Room)

10:30-10:50 Kirsten Benkendorff (Southern Cross University)
Functional ecology of molluscan natural products research

10:50-11:10 Felipe Aguilera (University of Queensland)
Rapid evolution of the mantle transcriptome in Pearl Oysters

11:10-11:30
Carmel McDougall (The University of Queensland)

Radiation of shematrin and KRMP shell matrix gene families during 
pearl oyster evolution

11:30-11:50
David Rudd (Flinders University)

Mapping muricid bioactive compounds in situ using mass spectrometry 
imaging

11:50-12:10 Peter Speck (Flinders University)
Antiviral activity of abalone and oysters

12:10-1:00 Lunch (Dining Room)

Threatened and Endangered Species Symposium

1:00-1:05 Introduction to symposium – Rosemary Golding

1:05-1:35 Keynote paper – Winston Ponder (Australian Museum)
Australian aquatic molluscs – conservation priorities and practicalities
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Tuesday Timetable 

tuesday timetable - day 1 (Cont’d)

1:35-2:05
Keynote paper – Frank Köhler (Australian Museum)

Advances in land snail systematics inform conservation management in 
Australia

2:05-2:25
Hugh Jones (University of Sydney)

Issues in assessing the conservation status of freshwater mussels from 
southeastern Australia

2:25- 2:45
Jonathan Parkyn (Southern Cross University)

Movements of Thersites mitchellae Cox, 1864 (Camaenidae): an 
investigation of habitat usage using radio-telemetry

2:45-3:05 Michael Klunzinger (Murdoch University)
Conservation status of Westralunio carteri Iredale (Bivalvia: Hyriidae)

3:05-3:25 Afternoon Tea (Dining Room)

3:25-3:45
Robert Black (The University of Western Australia)

Population dynamics of the small giant clam, Tridacna maxima, at 
Ningaloo Marine Park

3:45-4:05 Shane Penny (Charles Darwin University)
Giant Clams (Tridacnidae) in the Northern Territory, Australia

4:05-4:25
Corey Whisson (Western Australian Museum)

The long and the short of it – the non-camaenid molluscs of the Pilbara 
region of Western Australia, with a case study on the genus 

Gastrocopta (family Pupillidae)

General Session: Chair Mandy Reid

4:25-4:45 Mark Norman (Museum Victoria)
World octopus fisheries: have we passed peak harvests?

4:45-5:05
Alexandra Schnell (Macquarie University)

Starting an argument: Testing the onset of agonistic behaviour in Giant 
Australian Cuttlefish using video playback

5:05-5:25
Pauline Ross (University of Western Sydney)

The impact of ocean acidification and temperature on Molluscs

6:00-8:00 Poster Cocktail Session (Dining Room/Cloisters)
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Wednesday Timetable 

Wednesday timetable - day 2

Frewin Room

Molluscs and Climate Change Symposium

9:00-9:05 Introduction to symposium – Rachel Przeslawski

9:05-9:35
Keynote paper – Gretta Pecl (University of Tasmania)

Assessing climate change responses for marine molluscs in south east 
Australia

9:35-10:05 Keynote paper – Andy Davis (University of Wollongong)
Molluscs in a changing ocean: Past, present and future

10:05-10:25 Alison Haynes (University of the South Pacific)
Fijian Freshwater Gastropods and Climate Change

10:25-10:45 Morning Tea (Dining Room)

10:45-11:05
Kennedy Wolfe (University of Sydney)

Altered shell microstructure of the paper nautilus (Argonauta nodosa) in 
a climate change ocean: potential for extinction by dissolution

11:05-11:25 Rachel Przeslawski (Geoscience Australia)
Using rigorous selection criteria to investigate marine range shifts

11:25-11:45
Paola Rachello-Dolmen (University of Queensland)

Distribution of living micromolluscan communities in response to 
environmental variability in Moreton Bay (Queensland-Australia)

11:45-12:05
Jane Prince (University of Western Australia)

Spatial and temporal variation in molluscan assemblages on intertidal 
rock platforms in the Ningaloo Marine Park

12:05-12:25
Elliot Scanes (University of Western Sydney)

Are oceanic Doughboy scallops, Chlamys asperrima, less resilient than 
estuarine molluscs to ocean acidification?

12:25-1:15
Lunch (Dining Room)

also
Meeting of Molluscan Research Editorial Committee 

(Frewin Room)
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Wednesday Timetable 

Wednesday timetable - day 2 (Cont’d)

1:15-1:35
Kirsten Benkendorff (Southern Cross University)

Abalone industry awareness and preparedness for climate change and 
disease

1:35-1:55
Julian Atchison (University of Melbourne)

Effects of near-future ocean acidification and sea surface temperature 
warming on the abalone Haliotis rubra-laevigata

General Session: Chair Andy Davis

1:55-2:15
Michael Amor (La Trobe University)

Allopatric speciation within a cryptic Australasian octopod species 
complex

2:15-2:35
Stephen Smith (National Marine Science Centre)

Spatial patterns of molluscan death assemblages on intertidal shores 
across the NSW coast

2:30- 2:55
Kiran Liversage (The University of Sydney)

Intercontinental tests of the effects of habitat patch type on chiton 
distribution in intertidal boulder field landscapes

2:55-3:15
Victoria Cole (Rhodes University)

Influences of predator-inducible responses by native and exotic 
bioengineers on associated fauna

3:15-3:35 Afternoon Tea (Dining Room)

General Session: Chair Fred Wells

3:35-3:55
Michael Parker (University of Melbourne)

Variation in gastropod statolith band formation: an indicator of age, or 
environmental extremes?

3:55-4:15
Kathleen Hayes (University of Melbourne)

An evaluation of conditioning methods to prepare abalone for the 
stress of live export

4:15-4:35
Hugh MacIntosh (James Cook University)

Less is more? Life history competition in Shipworm metacommunities

4:35-5:30 Malacological Society of Australasia Annual General Meeting 
(Frewin Room)

6:30-11:30 Conference Dinner (Dining Room)
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Thursday Timetable 

thursday timetable - day 3

Frewin Room

Molecular Markers and Barcoding Symposium

9:00-9:05 Introduction to symposium – Jan Strugnell 

9:05-9:35 Keynote paper – Thuy Nguyen (Deakin University)
A draft of the Australian blue mussel genome

9:35-10:05
Keynote paper – Nerida Wilson (Australian Museum)

Life’s rich tapestry: how many species of Austrodoris slugs are there in 
Antarctica?

10:05-10:25
Jan Strugnell (La Trobe University)

Persistent genetic signatures of historic climatic events in an Antarctic 
octopus

10:25-10:45 Morning Tea (Dining Room)

10:45-11:05
Simon Hills (Massey University)

The evolution of New Zealand Alcithoe, an integration of molecular and 
paleontological evidence

11:05-11:25
Michael Johnson (University of Western Australia)

Biogeographic disparity of molecular phylogenetic and phenotypic 
variation in a continental archipelago radiation of land snails

11:25-11:45
Sean Stankowski (University of Western Australia)

Environmental selection drives the evolution of a hybrid zone 
patchwork in an island snail

11:45-12:05
Zoe Hamilton (University of Western Australia)

What happens when morphologically cryptic lineages of Rhagada meet 
in an ancient landscape?

12:05-12:25
Luisa Teasdale (Museum Victoria)

Using ‘next generation’ sequencing to resolve deep phylogenetic 
relationships in the land molluscs (Eupulmonata)

12:25-1:15 Lunch (Dining Room)

1:15-1:35
Natasha Botwright (CSIRO)

iMollusca: A community approach advancing molluscan genetic 
research
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Thursday Timetable 

thursday timetable - day 3 (Cont’d)

1:35-1:55
Rosemary Golding (Australian Museum)

Phylogeny and diversity of Australia’s mangrove microgastropods 
(Iravadiidae and Stenothyridae)

1:55-2:15 Don Colgan (Australian Museum)
Invasive and non-invasive lineages in Xenostrobus (Bivalvia: Mytilidae)

2:15-2:35
Isabel Hyman (Australian Museum)

Evolutionary trends in Limacoidea sensu lato (Eupulmonata: 
Stylommatophora)

2:35- 2:55

Adam Miller (University of Melbourne)
Ocean currents influence the genetic structure of an intertidal 
mollusk in south eastern Australia - implications for predicting 
the movement of passive marine dispersers across a marine 

biogeographic barrier

2:55-3:15
Kirsten Donald (University of Otago)

Phylogenetic relationships elucidate colonization patterns among 
intertidal topshells in the NE Atlantic Ocean and Mediterranean Sea

3:15-3:35 Afternoon Tea (Dining Room)

General Session: Chair Don Colgan

3:35-3:55
Fred Wells (Enzer Marine Environmental Consulting)

Environmental emergency: Would the Black Striped Mussel have 
survived in Darwin Harbour?

3:55-4:15 Karen Cheney (University of Queensland)
The evolution of aposematic colouration in nudibranchs

4:15-4:35
Daniel Bucher (Southern Cross University)

Growth of three bivalves in an emerging fishery in southern NSW; 
Glycymeris grayana, Eucrassatella kingicola and Notocallista kingii

4:35-4:55
Phuong Au (University of Melbourne)

Capturing gastropod shell shape and modelling the spiral to estimate 
growth rate using abalone

4:55-5:15 Closing Session: Student Prizes and Concluding Address
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Molluscs 2012 ORAL and POSTER PRESENTATIONS - Authors and Abstracts (alphabetically by author)

Abstract Titles and Authors

Allopatric speciation within a cryptic Australasian octopod species complex
Amor M*, Norman M, Cameron H and Strugnell J 26

Effects of near-future ocean acidification and sea surface temperature  
warming on the abalone Haliotis rubra-laevigata

Atchison, Julian*, Rob Day and Jeff Shimeta 26

Capturing gastropod shell shape and modelling the spiral to estimate  
growth rate using abalone

Au, Phuong*, Rob Day and Steve Melnikoff  27

Growth of three bivalves in an emerging fishery in southern NSW;  
Glycymeris grayana, Eucrassatella kingicola and Notocallista kingii

Beaver, Penny and Daniel Bucher* 27

Functional ecology of Molluscan natural products research
Benkendorff, Kirsten 28

Abalone industry awareness and preparedness for climate change and disease
Benkendorff, Kirsten*, Rose Tasker and David Lloyd 28

Population dynamics of the small giant clam, Tridacna maxima, at  
Ningaloo Marine Park

Black, Robert*, Michael Johnson, Jane Prince, and Anne Brearley  29

iMollusca: A Community Approach Advancing Molluscan Genetic  
Research [also a Poster]

Botwright, Natasha*, Gene Wijffels 29

Growth of three bivalves in an emerging fishery in southern NSW;  
Glycymeris grayana, Eucrassatella kingicola and Notocallista kingii

Bucher presenting: Beaver, Penny and Daniel Bucher* 30

The evolution of aposematic colouration in nudibranchs
Cheney, Karen L*, Fabio Cortesi, Martin J How, Nerida G Wilson,  

S Umanzör-Rodriguez and N Justin Marshall  30

Influences of predator-inducible responses by native and exotic  
bioengineers on associated fauna

Cole, Victoria*, Ross Coleman, and Christopher McQuaid 31

Invasive and non-invasive lineages in Xenostrobus (Bivalvia: Mytilidae)
Colgan, Don* and Pamela da Costa 31

Bioactive peptides: Signalling the future
Cummins, Scott 32
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Islands in the sky: Fine scale conservation genetics and phylogeography of 
Powelliphanta land snails [Poster]

Daly, Elizabeth, Kath J Walker, Steven A Trewick and Mary  
Morgan-Richards*  32

Antiviral activity in oysters and abalone
Dang, Vinh T., Kirsten Benkendorff and Peter Speck* 33

Molluscs in a Changing Ocean: Past, Present and Future 
Davis, Andy  33

Protein expression profiles in Pila globosa under aestivation [Poster]
Dharanikota, Malleswar* and Srirama Krupanidhi 34

Phylogenetic relationships elucidate colonization patterns among intertidal 
topshells in the NE Atlantic Ocean and Mediterranean Sea 

Donald, Kirsten 35

Using next-generation sequencing (ddRAD) to compare genetic diversity  
among populations of Placostylus land snails [Poster]

Dowle, Eddy, Steve Trewick, Fabrice Brescia, Mary Morgan-Richards*  35

Phylogeny and diversity of Australia’s mangrove microgastropods  
(Iravadiidae and Stenothyridae) 

Golding, Rosemary E 36

Upgrading the Tasmanian Museum & Art Gallery Molluscs Collection [Poster]
Grove, Simon James 36

What happens when morphologically cryptic distinct lineages of Rhagada  
meet in an ancient landscape?

Hamilton*, Zoë, Michael Johnson and Roy Teale 37

An evaluation of conditioning methods to prepare abalone for the stress  
of live export

Hayes, Kathleen*, Rob Day  38

Fijian freshwater gastropods and climate change
Haynes, Alison 38

Effects of ocean acidification on shell growth, shell condition, and haemolymph  
of an aquacultural hybrid abalone (Haliotis rubra x laevigata) [Poster]

Hazeribaghdadabad Fatemeh *, Julian Atchison, Jeff Shimeta, Rob Day, 
Dayanthi Nugegoda 39

The evolution of New Zealand Alcithoe, an integration of molecular and 
paleontological evidence

Hills, Simon*, James Crampton, Steve Trewick & Mary Morgan-Richards 39

Evolutionary trends in Limacoidea sensu lato (Eupulmonata: Stylommatophora)
Hyman, Isabel*, Barbara Nitz and Gerhard Haszprunar 40
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Biogeographic disparity of molecular phylogenetic and phenotypic variation in a 
continental archipelago radiation of land snails 

Johnson, Michael* and Sean Stankowski 41

Issues in assessing the Conservation Status of Freshwater Mussels from 
Southeastern Australia

Jones, Hugh* and Maria Byrne  41

Host fishes for the glochidia of Westralunio carteri Iredale (Bivalvia: Hyriidae) 
[Poster]

Klunzinger*, Michael, Stephen Beatty, David Morgan Gordon Thomson and 
Alan Lymbery 42

Conservation status of Westralunio carteri Iredale (Bivalvia: Hyriidae)
Klunzinger*, Michael, Stephen Beatty, David Morgan and Alan Lymbery 42

Advances in land snail Systematics Inform Conservation Management in Australia
Köhler, Frank 43

Intercontinental tests of the effects of habitat patch type on chiton distribution in 
intertidal boulder field landscapes

Liversage, Kiran*, Victoria Cole, Christopher McQuaid & Ross Coleman 43

Less is more? Life history competition in shipworm metacommunities
MacIntosh, Hugh*, Rocky de Nys, Steve Whalan, 44

Bioengineering by oysters: amelioration of desiccation stress on intertidal 
invertebrates in a warming climate [Poster]

Mcafee, Dominic*, Melanie Bishop and Victoria Cole 44

Radiation of shematrin and KRMP shell matrix gene families during pearl  
oyster evolution 

McDougall, Carmel*, Felipe Aguilera and Bernard M Degnan  45

Islands in the sky: Fine scale conservation genetics and phylogeography of 
Powelliphanta land snails [Poster]

Morgan-Richards presenting: Daly, Elizabeth, Kath J Walker,  
Steven A Trewick and Mary Morgan-Richards* 45

Using next-generation sequencing (ddRAD) to compare genetic diversity  
among populations of Placostylus land snails

Morgan Richards presenting: Dowle, Eddy, Steve Trewick,  
Fabrice Brescia, Mary Morgan-Richards* 45

Ocean currents influence the genetic structure of an intertidal mollusc in south 
eastern Australia - implications for predicting the movement of passive marine 
dispersers across a marine biogeographic barrier

Miller, Adam D*, Vincent L Versace, Ty G Matthews, Steven  
Montgomery, Kate C Bowie 46
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World octopus fisheries: have we passed peak harvests?
Norman, Mark* and Finn, Julian 47

Variation in gastropod statolith band formation: an indicator of age, or 
environmental extremes?

Parker, Michael* and Robert Day 47

Movements of Thersites mitchellae Cox, 1864 (Camaenidae): an investigation of 
habitat usage using radio-telemetry

Parkyn, Jonathan*, Lyndon Brooks and David Newell 48

Assessing climate change responses for marine molluscs in south east Australia
Pecl, Gretta*, Stewart Frusher, Amanda Bates, Felipe Briceño, Alistair  

Hobday, Eriko Hoshino, Martin Mazloff, Jorge Ramos, Lucy Robinson,  

Jemina Stuart-Smith, Jennifer Sunday and Ingrid van Putten 49

Giant Clams (Tridacnidae) in the Northern Territory, Australia
Penny, Shane*, Keith McGuinness, Chris Austin and Richard Willan 50

Australian aquatic molluscs – conservation priorities and practicalities
Ponder, Winston 50

Spatial and temporal variation in molluscan assemblages on intertidal rock 
platforms in the Ningaloo Marine Park

Prince, Jane*, Anne Brearley, Robert Black and Michael Johnson  51

Using rigorous selection criteria to investigate marine range shifts
Przeslawski, Rachel*, Inke Falkner, Michael Ashcroft, Pat Hutchings  52

Distribution of living micromolluscan communities in response to environmental 
variability in Moreton Bay (Queensland-Australia)

Rachello-Dolmen, G Paola, Winston Ponder and John M Pandolfi 53

Post-mortem drift in Australian cuttlefish bones: its effect on the interpretation of 
species ranges [Poster]

Reid, Amanda 53

The Australian Museum Malacology Collection [Poster]
Reid, Amanda, Alison Miller and Janet Waterhouse 54

The impact of ocean acidification and temperature on Molluscs
Ross, Pauline*, Laura Parker and Wayne O’Connor  54

Mapping Muricid bioactive compounds in situ using mass spectrometry imaging 
Rudd, David*¹, Maurizio Ronci², Taryn Guinan², Nicolas Voelcker² and  

Kirsten Benkendorff³ 55

Are oceanic Doughboy scallops, Chlamys asperrima, less resilient than  
estuarine molluscs to ocean acidification?

Scanes, Elliot* Ross, Pauline, Laura Parker, and Wayne O’Connor  55
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Starting an argument: Testing the onset of agonistic behaviour in giant  
Australian Cuttlefish using video playback

Schnell, Alex*, K-lynn Smith, Karina Hall, Roger Hanlon & Robert Harcourt 56

The landsnail Genus Gyrocochlea and relatives (Mollusca: Charopidae) [Poster]
Shea, Michael, Don Colgan* and John Stanisic 57

Spatial patterns of molluscan death assemblages on intertidal shores across  
the NSW coast

Smith, Stephen DA  57

Antiviral activity in oysters and abalone
Stankowski, Sean 58

Persistent genetic signatures of historic climatic events in an Antarctic octopus
Strugnell, JM,* PC Watts,†1 PJ Smith‡ and AL Alcock§1 59

Mass strandings of the common paper nautilus Argonauta argo along the  
coast of Yoichi Bay, Hokkaido, Japan [Poster]

Suzuki, Akihiko* and Takafumi Enya 59

Artefacts made from shell and what they have to do with human evolution 
Szabó, Katherine 60

Using ‘next generation’ sequencing to resolve deep phylogenetic relationships  
in the land molluscs (Eupulmonata)

Teasdale, Luisa*, Andrew Hugall, Tim O’Hara and Adnan Moussalli 60

Environmental emergency: Would the black striped mussel have survived  
in Darwin Harbour?

Wells, Fred 61

The long and the short of it – the non-camaenid molluscs of the Pilbara  
region of Western Australia, with a case study on the genus Gastrocopta  
(family Pupillidae) 

Whisson, Corey*, Köhler, Frank and Slack-Smith, Shirley 61

Life’s rich tapestry: how many of species of Austrodoris slugs are there in 
Antarctica?

Wilson, Nerida G*, Maschek, J Alan, and Baker, Bill J 62

Molecular phylogeny and revision of Australian Melo species (Volutidae) [Poster]
Wilson, Nerida G*, Limpus, Allan, and Healy, John M 62

Altered shell microstructure of the paper nautilus (Argonauta nodosa)  
in a climate change ocean: potential for extinction by dissolution

Wolfe, Kennedy*, Abigail M Smith, Patrick Trimby, Maria Byrne 63
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Allopatric speciation within a cryptic Australasian octopod 
species complex

Amor M*1,2, Norman M2, Cameron H3 and Strugnell J1

1 La Trobe University. 2Museum Victoria, 3Monash University

Taxonomy within the family Octopodidae continues to be a source of considerable confusion and 
controversy, despite extensive revisions in recent decades. Subtropical Australasia is home to a species 
complex of cryptic benthic shallow-water octopods of unresolved taxonomy; the ‘tetricus complex’. This 
complex comprises eastern Australian Octopus tetricus, Octopus cf. tetricus; a disjunct and speculated 
sub- or distinct species occurring in Western Australia, and the New Zealand Octopus gibbsi; a suggested 
synonym of Australian forms. The present study aimed to resolve the taxonomic status of the tetricus 
complex via a combination of molecular and morphological techniques. Phylogenetic investigations 
employed molecular sequences from five mitochondrial (12S rRNA, 16S rRNA, COI, COIII and COB), 
and a single nuclear gene(s) (rhodopsin). The present study showed congruence between phylogenetic 
inference, DNA ‘barcoding’ and morphological investigations; distinguishing eastern O. tetricus as a 
distinct species from western O. cf. tetricus, requiring future formal taxonomic description. Phylogenetic 
and phylogeographic analyses showed O. gibbsi to be synonymous with east Australia’s O. tetricus, proving 
O. gibbsi as an invalid species. In addition, broad phylogenetic relationships of the tetricus complex with 
the closely related common octopus, O. vulgaris, found tetricus complex taxa to form a monophyletic 
clade with Japanese O. vulgaris, suggesting these taxa shared a common ancestor. Representatives of 
O. vulgaris specimens from other geographic locations formed another distinct monophyletic clade, 
suggesting O. vulgaris is paraphyletic. The present study therefore calls for further investigation into 
the taxonomy and systematics of O. vulgaris, the most studied and economically important cephalopod 
world-wide. 

Effects of near-future ocean acidification and sea surface 
temperature warming on the abalone Haliotis rubra-laevigata

Atchison, Julian*1, Rob Day1 and Jeff Shimeta2

1 Department of Zoology, University of Melbourne, Parkville VIC 3010
2 School of Applied Sciences, RMIT, Bundoora VIC 3083
julian.atchison@gmail.com

By the end of this century ocean acidification will have caused a pH drop in surface seawater by 0.3-0.5 
units, a rate of change unparalleled in recent geological history. If predictions about seawater warming 
are borne out simultaneously (+4˚C by 2100), the synergistic effects could be worse than either change 
occurring in isolation. As most aquaculture setups source their seawater directly from the ocean, any 
negative effects of these environmental disturbances on key marine aquaculture species will have serious 
implications for the fisheries and aquaculture worldwide. This study aims to determine to the effects of 
ocean acidification and/or warming on an abalone aquaculture hybrid, Haliotis rubra-laevigata, which 
was exposed to seawater conditions predicted for 2100. A biochemical profile of the haemolymph over 77 
days exposure to acidified seawater revealed permanent and uncompensated decreases in extracellular 
pH and [HCO3

-]. The concentrations of various biologically-significant ions (Ca2+, Mg2+, K+, Na+ and Cl-) 
varied over time, but the differences between treatment and ambient replicates were not significant. 
Similarly, the number of immune cells (haemocytes) circulating in the haemolymph was not significantly 
altered by exposure to acidified or warmed seawater. There was also severe erosion and discoloration of 
the upper shell surface after 100 days, and structural deficiencies may result from continued exposure to 
an acidified environment. While there were no obvious changes in behavior or feeding patterns, these 
observed sub-lethal effects- especially acidosis of the haemolymph- may lead to negative impacts on 
energetically costly processes like growth or reproduction with continued exposure, threatening the 
viability of this species in current aquaculture setups.
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Capturing gastropod shell shape and modelling the spiral to 
estimate growth rate using abalone

Au, Phuong*1, Rob Day1 and Steve Melnikoff2 
1  Zoology Department, University of Melbourne, Grattan Street, Parkville, Vic 3010 
2  Thomas Cherry Building, University of Melbourne, Grattan Street, Parkville, Vic 3010 
phuong_au@hotmail.com  Thu 4:35

The gastropod shell grows with the organism and its shape may hold an informative record of its ontogeny. 
To test this a novel 3D structured light scanning technique was utilized to obtain xyz coordinates for points 
delineating the spiral of abalone shells. The method’s consistency and robustness, tested by repeated scans 
are excellent, but comparison with manual measurements revealed distortion, which requires correction. 
Abalone shell shape data was fitted to a helical spiral model describing the radius and vertical displacement 
of a point at the shell edge as the gastropod grows. These models were developed for evolutionary studies 
and simulation modelling of shells, but are utilised here to relate the morphology to the growth rate. 
Parameters of this spiral model were significantly related to the overall growth rate of a sample of juvenile 
farmed abalone of various sizes, ages and growth rates (R2=0.263, F4,74=6.61, P<0.001). Variations in 
parameters also suggested growth varied during the life of each abalone. An additive model based on 
the spiral parameters was created to predict overall growth rates (mm shell length per year). For cross 
validation of the growth rate model the collected data were separated into two groups. One group was 
used to fit to the model, which then provided predicted growth rates in the second group. The mean 
predicted growth rate error was 5.85mm.year-1 (+/-0.84mm 95% CI) and suggests further refinements 
could provide more precise estimates of average growth rate for samples of juvenile abalone. With a 
validated method for adults, and for other gastropods, estimates of average growth rates would be possible 
by simply scanning the shell shape.

Growth of three bivalves in an emerging fishery in southern 
NSW; Glycymeris grayana, Eucrassatella kingicola and 
Notocallista kingii

Beaver, Penny and Daniel Bucher*
Marine Ecology Research Centre, Southern Cross University PO Box 157, Lismore, NSW 2480
daniel.bucher@scu.edu.au 

A single fisherman operating from Bermagui in southern NSW is licensed to harvest ‘cockles’ for human 
consumption from a specified area using a modified scallop dredge in depths of 20-40m. The three 
marketable species in his catch are Glycymeris grayana, Eucrassatella kingicola and Notocallista kingii. 
Over 14 years of working the bed the fisherman has observed a change in the catch, with declines in 
size and abundance of Eucrassatella and Glycymeris and an increase in abundance of Notocallista. NSW 
fisheries have identified the fishery as one with potential to expand and have commenced research 
into critical biological parameters to enable estimates of the sustainable yield. This paper reports on 
preliminary estimates of growth parameters of the three species, using regular growth marks in the shells. 
Eucrassatella is the largest (L¥=92mm) and slowest growing (K=0.12) with an estimated longevity of 24 
years. However, the oldest specimen obtained was only 9 years old indicating potential fishing down of 
the age structure of the population. Glycymeris is smaller (L¥=60mm) but similarly slow-growing (K=0.16) 
and an estimated average longevity of 18 years. At 11 years Notocallista has the shortest average natural 
lifespan of the three and is the smallest (L¥=46mm) and is fastest growing (K=0.25). These parameters 
alone suggest that Notocallista is the least sensitive to fishing pressure, while Eucrassatella requires 
greatest caution when developing strategies for an expanded fishery.
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Functional ecology of Molluscan natural products research

Benkendorff, Kirsten
Marine Ecology Research Centre, School of Environment, Science and Engineering, Southern Cross University, PO Box 

157 Lismore, NSW 2480 
Kirsten.benkendorff@scu.edu.au

Marine natural products research provides an insight into the diversity of compounds produced or used by 
molluscs. Since the 1960s, a significant amount of research has focused on molluscan chemistry. A total of 
828 publications, encompassing 277 molluscan species and reporting 1145 distinct secondary metabolites 
are summarised in the annual reviews of marine natural products. This data was used to examine the global 
distribution of molluscan natural products research, with respect to climate, geographical location, habitat 
and depth. The diversity, bioactivity and biosynthetic origin of molluscan secondary metabolites are also 
examined with respect to trophic niche and morphological defense. It was found that the majority of species 
subject to natural products research have been collected from subtidal rocky reefs in tropical and warm 
temperate locations and represent grazing gastropods with reduced physical protection. Some interesting 
chemical defense strategies in these species include: the alarm pheromones produced by mucus trail following 
Cephalaspideans; the multifunctional defensive ink of Anapsidean sea hares; defensive autonomy and 
compounds that stimulate the regeneration of autonomous cerata in some Saccoglossans and nudibranchs; 
cleptocnides and the associated loss of chemical defense in aeolid nudibranchs; and aposeomatic colouration 
in many nudibranch species that contain toxic compounds. Some interesting neurotoxic compounds have 
also been identified in shelled predatory caenogastropods and a few cephalopods. Further studies are 
required to investigate the ecological role of most molluscan natural products and to expand to field of 
search to encompass representative molluscs with unique niches in understudied marine communities. 

Abalone industry awareness and preparedness for climate 
change and disease

Benkendorff, Kirsten*1,2, Rose Tasker2 and David Lloyd2

1 Marine Ecology Research Centre, Southern Cross University, PO Box 157 Lismore, NSW 2480 
2 School of Environment, Science and Engineering, Southern Cross University, PO Box 157 Lismore, NSW 2480 
Kirsten.benkendorff@scu.edu.au

Elevated global sea surface temperatures and ocean acidification have the potential to negatively impact 
on abalone growth, reproduction and health, and consequently, on the viability of the commercial 
industry that exploits them. An industry that is aware of the potential impacts of climate change can 
plan to mitigate against these. Despite a growing body of knowledge on the impacts of climate change 
stressors on molluscs, it is not clear whether the abalone industry currently considers this to be a 
priority for adaptive management. Consequently, we undertook a survey of the abalone industry that 
was circulated via the International Abalone Society, the Australian Abalone Growers Association and 
Australian Abalone Fishery contacts. In total, 60 responses were received from a range of stakeholders, 
subsequently grouped into company directors, farm mangers, fishers or divers, government regulators 
and independent researchers. Overall there was a high level of awareness about the problem of increasing 
sea surface temperatures and acidification, but <50% of respondents were aware of the current seawater 
pH in their region or understood how pH was predicted to change. There was a very high level of 
understanding of the relationship between environmental stress and disease, with 92% of respondents 
rating disease as a very important factor impacting the profitability of the industry. More than 59% the 
respondents didn’t think the government was doing enough to manage disease. Over >60% concluded 
that the abalone industry was not doing enough to address climate change and >77% agreed that more 
research was required. In total 40.5% of respondents rated climate change as very important and a 
further 45% rated it as somewhat important for the future sustainability of the abalone industry. Overall 
it appears that not enough is currently being done to mitigate against climate change and many put this 
in the “too hard basket” suggesting more proactive government and industry leadership is required.
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Population dynamics of the small giant clam, Tridacna maxima, 
at Ningaloo Marine Park

Black, Robert*1, Michael Johnson1, Jane Prince1,3, and Anne Brearley2,3 
1 School of Animal Biology M092, The University of Western Australia, 35 Stirling Highway, Crawley, WA 6009 
2 School of Plant Biology M084, The University of Western Australia, 35 Stirling Highway, Crawley, WA 6009
3 Oceans Institute M470, The University of Western Australia, 35 Stirling Highway, Crawley, WA 6009

robert.black@uwa.edu.au 

In 2010, we mapped the location and measured the size of individual clams at 20 intertidal sites with 
abundant clams in Ningaloo Marine Park, Western Australia, between 21.785° and 23.879°S. Our 
interpretations about past dynamics of the populations, based on the variations among populations in 
shapes of the size frequency distributions, suggested that there were large, local variations in rates of 
recruitment and mortality, and highlighted the need for long-term studies to understand any particular 
population, and the value of having many spatial replicates. We remapped 11 of the exact or nearby sites 
in 2011 and all 20 sites in 2012 to provide direct estimates of current rates of growth of individuals, of 
size-specific rates of mortality, and of recruitment of new individuals. A von Bertalanffy growth model 
suggested that clams would reach 7 cm in length by year 2 and 12 cm (mature females) by year 5, and 
predicted variation in asymptotic sizes among sites. Clams recruited to all sites sampled in 2010 and 2011, 
but only 15 of the 20 sites in 2012, with the average number of recruits in 100 m2 of 9.6, 15.6, and 1.5.  
Rates of survival between 2010 and 2011, averaged over four sites, were 0.46, 0.56, and 0.56 per year for 
recruits <7 cm), juveniles (7-12 cm) and adults (>12 cm). Recruitment did not balance mortality because 
the total densities of clams declined at 19 of 20 sites with annual finite rates of change between 2010 
and 2012 varying between 1.04 and 0.113, averaging 0.674 per year. Although these direct estimates of 
vital rates in populations of clams revealed the variations we expected, in recent years these populations 
have experienced spatially and temporally consistent and high rates of mortality leading to declines in 
abundance of these populations. 

iMollusca: A community approach advancing molluscan genetic 
research [also a Poster]

Botwright, Natasha* and Gene Wijffels
CSIRO Food Futures Flagship, CSIRO Animal, Food and Health Sciences, Carmody Road, St Lucia, Qld, 4067
Natasha.Botwright@csiro.au

The ‘-omics’ era is facilitating rapid advances in research across a wide diversity of species however 
increasingly researchers are inundated with vast volumes of data. Upon finding an answer the remaining 
data is often placed into storage to be eventually forgotten. The adoption of a community approach 
whereby non-model species compromises the majority of the 85 000 recognised molluscs may have a 
significant impact on advancing research for these organisms. Community resources support research 
by providing comparative approaches, tools and a forum for researchers to communicate on areas of 
common interest. They supplement larger repositories such as NCBI and in addition may also be able 
to provide relevant training and incentives for contributions. A particularly well structured community 
repository may also lead to further potential collaborations making the most of funding opportunities 
and ensures continuity beyond the individual researcher. Aphid Base (http://www.aphidbase.com/
aphidbase/) and Nembase4 (http://www.nematodes.org/nembase4/) are examples of successful 
community based repositories combined with common search and analysis tools based on community 
ideals. This presentation aims to give an overview of the steps taken towards establishing repositories 
and portals for DNA sequences and allied data from multiple molluscan species using Aphid Base as 
an example repository. We, along with our colleagues from the international abalone community are 
seeking to establish an iMollusca steering committee to determine community needs, scope out funding 
potential and to work through preparation of a ‘white paper’ to rapidly advance molluscan ‘-omics’ 
research over the next decade.
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Growth of three bivalves in an emerging fishery in southern 
NSW; Glycymeris grayana, Eucrassatella kingicola and 
Notocallista kingii

Bucher presenting: Beaver, Penny and Daniel Bucher*
Refer ‘Beaver’ for abstract.

The evolution of aposematic colouration in nudibranchs

Cheney, Karen L*1, Fabio Cortesi1,3, Martin J How2, Nerida G Wilson4, 
S Umanzör-Rodriguez5 and N Justin Marshall2 

1 School of Biological Sciences, The University of Queensland, St Lucia, QLD 4072
2 Queensland Brain Institute, The University of Queensland, St Lucia, QLD 4072
3 Zoological Institute, University of Basel, Basel 4051, Switzerland
4 The Australian Museum, Sydney, New South Wales 2010
5 Department of Biology, New Mexico State University, Las Cruces, New Mexico, USA
k.cheney@uq.edu.au

Many species of nudibranchs are thought to display conspicuous colours and patterns that advertise 
the presence of secondary defences to potential predators (aposematism). Aposematic species provide 
classic model systems to study evolution and adaptation, and indeed, nudibranchs represent an intriguing, 
understudied system with which to examine various hypotheses of trait evolution. Conspicuousness is 
a key component of warning signals, as conspicuous signals are more likely to be detected, learned, 
and memorized by predators. However, no simple method exists for quantifying the conspicuousness 
of an object against its background, and the relative importance of each component (colour, luminosity, 
pattern) is unclear. Furthermore, it is important to consider how potential predators perceive coloured 
signals, and not view these colours from a human perspective. In this study, we quantified the colours 
and patterns of nudibranchs using brightness contrast, spatial frequency of pattern, and spectral 
contrast using advanced image statistical techniques and spectrophotometers. We then use comparative 
phylogenetic analyses to assess the historical patterns of colour and pattern evolution in over 50 
nudibranch species. We found evidence to support the hypotheses that: 1) conspicuous colouration does 
not coevolve with an increase body size; 2) conspicuousness evolved from relatively cryptic ancestors and 
3) conspicuousness in nudibranchs has evolved on multiple occasions.
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Influences of predator-inducible responses by native and exotic 
bioengineers on associated fauna

Cole, Victoria*1, 2, Ross Coleman1, and Christopher McQuaid2

1 Centre for Research on Ecological Impacts of Coastal Cities, School of Biological Sciences, Marine Ecology Laboratories 
A11, The University of Sydney, NSW 2006

2 Coastal Research Group, Department of Zoology and Entomology, Rhodes University, Grahamstown 6140, South Africa
victoriajcole@gmail.com

Mussels are considered important taxa on intertidal rocky shores due to their role as dominant occupiers 
of space, as the main item of prey for keystone predators, and as bioengineers providing habitat for 
diverse assemblages of organisms. Previously, laboratory experiments have provided evidence of 
induced responses to potential predators by mussels. It has, however, been speculated that responses 
by non-native species, and under conditions where multiple predators are present and in field situations 
where the cues are more diffuse, responses would not be as pronounced. In two separate continents, 
each with an introduced and indigenous species of mussel, we found that all species of mussels showed 
induced predatory responses in the field. Mussels indigenous to Australia and South Africa (Trichomya 
hirsuta and Perna perna, respectively) and non-native to both countries (Mytilus galloprovincialis) had 
shorter byssal threads and greater numbers of byssal threads when predators were present. Despite the 
presence of predators influencing the complex byssal matrix of mussel beds, there were no effects on the 
associated fauna. Assemblages of fauna were similar among treatments open to predation and where 
predators were excluded. Our study suggests that the effect of predators on mussels as habitat-forming 
species does not influence associated assemblages, and mussels are essentially providing invertebrate 
assemblages with predator-free habitat. We propose that the widespread nature of indirect effects of 
predators may not necessarily extend to facilitative interactions.

Invasive and non-invasive lineages in Xenostrobus (Bivalvia: 
Mytilidae)

Colgan, Don* and Pamela da Costa
Malacology, The Australian Museum, 6 College St., Sydney NSW 2010 
don.colgan@austmus.gov.au

The Indo-West Pacific mussel genus Xenostrobus occupies a broad diversity of habitats ranging from 
open marine waters to the upper reaches of estuaries. Three of its eight named extant species occur 
in Australasia: X. inconstans, X. pulex and X. securis in Australia and the latter two in New Zealand. X. 
inconstans and X. securis are estuarine . X. pulex is the only species in the genus to inhabit marine rocky 
shores. X. securis is an invasive species in the Far East and Europe. Xenostrobus is morphologically similar 
to the invasive freshwater mussel Limnoperna fortunei but this has not been addressed genetically. We 
have used DNA sequences from cytochrome c oxidase subunit I (COI), the D1 expansion region of 28S 
rRNA (D1 28S rRNA) and internal transcribed spacers (ITS) to show that the marine habit of X. pulex may 
be derived and that Xenostrobus and Limnoperna are very distinct genetically. There was unexpected 
complexity in defining Xenostrobus species. X. pulex from New Zealand is probably a distinct species to 
the Australian taxon of this name. X. inconstans haplotypes were very closely related to Australian X. pulex 
and the species were not reciprocally monophyletic. Specimens that were morphologically X. securis 
represented a number of highly divergent COI lineages. Only two of these included invasive haplotypes. 
These two lineages were preferentially distributed in higher estuarine reaches. One explanation for 
the COI variation patterns is that X. securis is a cryptic species complex with the two invasive lineages 
representing distinct male and female mitochondrial types that are usually observed in mytilids. This, 
however, could not be confirmed by analyses of the D1 28S RNA or ITS sequences. Our current focus 
is now on determining whether the invasive lineages are different species, identifying their geographic 
source, and using transcriptome sequencing to investigate their habitat preferences.
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Bioactive peptides: Signalling the future

Cummins, Scott
Faculty of Science, Health Education and Engineering, University of the Sunshine Coast, Maroochydore, Qld 4558
scummins@usc.edu.au

Biologically active peptides play critical roles in regulating a wide range of physiological processes as 
neuropeptides, hormones and pheromones. Our knowledge of bioactive peptides in molluscs is expanding 
rapidly due to the introduction of next-generation nucleotide sequencing, sensitive mass spectrometry 
methods and developments in bioinformatics. It has been predicted that up to 200 different peptides may 
be present in any one species. Neuropeptides, which are peptides secreted from neurons, tend to be well 
conserved throughout evolution, indicating their critical role as regulators of physiological and behavioural 
processes such as development, reproduction, maintenance of growth and metabolism. In molluscs, 
neuropeptides may also be secreted from haemocytes, glands or endocrine cells. This presentation will 
provide an overview of our current understanding of those neuropeptides in molluscs that have a well-
defined function, such as the egg-laying neuropeptide that triggers egg-laying in gastropod molluscs, 
and possibly others. Many neuropeptides identified have less distinct roles but we are gaining greater 
understanding of these through analysis of gene or protein expression, receptor characterisation and 
targeted peptide interference. For example, using the snail as our model, differential gene expression 
studies are showing that certain neuropeptides may regulate their ability to hibernate or aestivate, a state 
of extreme hypometabolism that ensures life may continue even during periods of difficulty. Peptides may 
also be secreted from the mollusc and have bioactivity as animal-animal signaling molecules; examples 
include peptide pheromones that regulate sea slug attraction, squid aggression, abalone aggregation, 
oyster spawning, freshwater snail ovoposition and terrestrial snail sperm storage. Such is the significance 
of bioactive peptides in almost every aspect of molluscan physiology, they provide excellent candidates for 
which to develop of mimetic therapies that could enhance aquaculture and eliminate invasive pest species. 

Islands in the sky: Fine scale conservation genetics and 
phylogeography of Powelliphanta land snails [Poster]

Daly, Elizabeth,1 Kath J Walker2, Steven A Trewick1 and Mary Morgan-
Richards*1 

1 Ecology, Institute of Natural Resources, Massey University, Palmerston North 4442, New Zealand
2 Department of Conservation, Nelson, New Zealand
m.morgan-richards@massey.ac.nz

Populations of the predatory land-snail Powelliphanta spp. on the West coast of South Island, New Zealand 
are geographically isolated from one another on mountain ranges and peaks. Two alternative explanations 
for their high altitude and fragmented distribution are (1) anthropocentric habitat modification and (2) 
natural prehistoric processes. Because of their ecological and biodiversity importance, understanding 
the drivers of population partitioning is essential for their taxonomy and management. Genetic signal for 
these alternatives was examined using a combination of mitochondrial and nuclear data in concert with 
spatial and ecological information.
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Antiviral activity in oysters and abalone

Dang, Vinh T.1, Kirsten Benkendorff2 and Peter Speck*1

1 School of Biological Sciences, Flinders University, Bedford Park, SA 5042. 
2 Marine Ecology Research Center, School of Environment, Science and Engineering, Southern Cross University, Lismore, 

NSW 2480.
peter.speck@flinders.edu.au

Viruses are extraordinarily abundant in marine environments, so marine organisms may have evolved 
novel systems to protect themselves from viral attack. Molluscs have little or no adaptive immunity, 
and rely heavily on innate immunity, suggesting they may produce antiviral compounds against a broad 
spectrum of viruses. Oysters and abalone in Australia are currently subject to high mortality resulting 
from infection with herpesviruses, ostreid herpesvirus 1 and abalone herpesvirus, respectively. The lack of 
molluscan cell lines precludes the culture of these viruses, so we used plaque assays with human viruses 
to examine the antiviral properties of extracts of oyster and abalone tissues. By adding the extracts at 
different times during the plaque assay, it is possible to ascertain which stage of virus infection is being 
blocked. We report that haemolymph of abalone and oysters contains antiviral activity that blocks the 
infection of vero cells (derived from African green monkey kidney) with a human virus, herpes simplex 
type 1. The antiviral activity of the abalone haemolymph exerts its effect at the time of attachment and 
entry of virus into cells. The lipophilic extract of abalone digestive gland has antiviral activity that is 
most effective 1hr post-entry, i.e. during an intracellular stage of infection. There is substantial individual 
variation in haemolymph antiviral activity, most notably in wild-caught specimens. This is consistent with 
a genetic basis for resistance and raises the possibility that farmed populations could be selected for 
improved resistance to viral infection. 

Molluscs in a changing ocean: Past, present and future 

Davis, Andy 
Institute for Conservation Biology and Environmental Management, University of Wollongong, NSW 2522
adavis@uow.edu.au

Not for the last 600,000 years have marine organisms experienced the level of change anticipated in the 
next 40 years. With these changes come significant unknowns, particularly for calcifying organisms such 
as molluscs. I first chronicle the development of the climate change literature in relation to molluscs with 
a particular focus on the impacts of multiple climate-related stressors. I then present an experimental 
case study in which the potentially vulnerable encapsulated larvae of common rocky-shore molluscs are 
exposed to a suite of multiple stressors. These climate-related stressors include acidified conditions, 
elevated temperate and solar UV radiation at current and near-future levels. The mortality and the rate 
of embryonic development for a mid-shore littorinid, Bembicium nanum, and low-shore opisthobranch, 
Dolabrifera brazieri show complex interactions with these abiotic variables. Outcomes were consistent for 
these model species with embryos faring significantly better at 26°C than 22°C. Mortality sharply increased 
at the lowest temperature (22ºC) and lowest pH (7.6) examined, producing a significant interaction. 
Under these conditions mortality approached 100% for each species, representing a 2 to 4-fold increase 
in mortality relative to warm (26ºC) non-acidified conditions. Predictably, development was more rapid 
at the highest temperature but this again interacted with acidified conditions. Development was slowed 
under acidified conditions at the lowest temperature. The presence of UV radiation had minimal impact 
on the outcomes, only slowing development for the littorinid and not interacting with the other factors. 
These findings suggest that a warming ocean, at least to a threshold, may compensate for the effects of 
decreasing pH for some species. Stressors will interact in complex and unpredictable ways in a changing 
climate.
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Protein expression profiles in Pila globosa under aestivation 
[Poster]

Dharanikota, Malleswar* and Srirama Krupanidhi
Department of Biosciences, Sri Sathya Sai Institute of Higher Learning, Prasanthi Nilayam, Andhra Pradesh, India, 515134
saimalleswarvnr@sssihl.edu.in

In arid and semi-arid regions of the world where conditions of high ambient temperature, low rainfall, 
low humidity and low vegetation exists, amphibious snails tend to undergo a period of torpor being 
characterized by a unique range of behavioral, biochemical and physiological adaptations to withstand 
thermal, ionic, water and gaseous imbalance. This phenomenon of reduced metabolic activity was 
identified as aestivation and documented for more than three centuries, but, the molecular alterations 
involved in the establishment of this adaptive physiological phenotype are yet to be characterized. In the 
present study, the Indian Apple snail Pila globosa, common amphibious gastropod species in the Indian 
subcontinent, largely studied model organism in aestivation biology has been chosen and subjected to 
aestivation in a simulated laboratory set up containing heat source, dry condition etc. To gain an insight 
into the potential  molecular mechanisms involved in aestivation, the metabolically most active tissue 
of snail, hepatopancreas was selected and its proteome was analyzed following 2D gel electrophoresis 
coupled with mass spectrometry. To identify proteome involved in the adaptive response a comparative 
proteomic analysis was carried out using acute heat shock. The amino acid sequence derived for the 
unique protein spots identified in 2D gel was searched against 2D proteome database using ProteinPilot 
software. This analysis led to identification of a role for NF-κB,P38 mitogen-activated protein kinases, 
Hedgehog, Guanine Nucleotide Exchange Factors (GEFs), RACK (Receptor for Activated C-Kinase), RELISH, 
Leucine rich repeat like protein, Actin, Dermatopontin and other proteins in this physiological response. 
The potential role for these altered proteins in signaling and cytoskeleton will be discussed. Authors 
thank Dr Arun Sreekumar (Baylor College of Medicine, USA) for analyzing the Mass spectrometry data 
reported in this abstract.
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Phylogenetic relationships elucidate colonization patterns 
among intertidal topshells in the NE Atlantic Ocean and 
Mediterranean Sea 

Donald, Kirsten
Allan Wilson Centre for Molecular Ecology and Evolution, Department of Zoology University of Otago, P.O. Box 56, 

Dunedin 9054, New Zealand
kirsten.donald@otago.ac.nz

The Mediterranean Sea has a well-documented geological history, involving connectivity to the Indian and 
Atlantic Oceans, followed by complete isolation and near drying out: the Messinian Salinity Crisis (MSC) 
(?6 million years ago (Ma]) and finally reconnection to the Atlantic Ocean via the Strait of Gibraltar (?5.3 
Ma). The nearby Atlantic Ocean Macaronesian Islands formed volcanically in an east-west progression 
between 25 and <1 Ma. The geological history of the Mediterranean and adjacent areas leads to several 
questions about the evolution of marine taxa in this region: (i) are there sister relationships between the 
Indian and Atlantic Ocean taxa? (ii) has there been recolonization of the Mediterranean from the Atlantic 
Ocean following the MSC? and (iii) what is the colonization history of the shallow-water fauna of the 
Macaronesian islands ? Snails in the trochid genera Phorcus Risso, 1826 and Osilinus Philippi, 1847 are 
ecologically important algal grazers in the intertidal zone of the northeastern Atlantic Ocean, Indian Ocean 
and Mediterranean Sea, whose distribution is ideal for addressing these questions. Here we present 
the first complete molecular phylogeny for these genera, based on the nuclear 28S rRNA gene and the 
mitochondrial 16S rRNA and COI genes, and show that the current classification is erroneous. We recognize 
nine species in a single genus, Phorcus: estimated by BEAST analysis, this arose 30 (±10) Ma; it consists of 
two subgenera, Phorcus and Osilinus, which we estimate diverged 14 (±4.5) Ma. Osilinus kotschyi, from 
the Arabian and Red Seas, is not closely related and is tentatively referred to Priotrochus Fischer, 1879. 
Our phylogeny suggests that Mediterranean species have evolved from Atlantic ancestors that invaded the 
Mediterranean on several occasions following the MSC ?5.3 Ma; whereas the Macaronesian species arose 
from several colonizations of mainland Atlantic ancestors within the last 3 (±1.5) Ma.

Using next-generation sequencing (ddRAD) to compare genetic 
diversity among populations of Placostylus land snails [Poster]

Dowle, Eddy1, Steve Trewick1, Fabrice Brescia2, Mary Morgan-Richards*1 
1 Ecology, Institute of Natural Resources, Massey University, Palmerston North 4442, New Zealand
2 Institut Agronomique néo-Calédonien (IAC), Programme Élevage et Faune Sauvage, Nouméa, New Caledonia.

Placostylus snails on New Caledonia are an important commercial species but are declining there as 
they have done in New Zealand. MtDNA sequence data support substantial reduction in the number of 
recognized species within Placostylus and have improved our understanding of the distribution of diversity 
(Trewick et al. 2009). These mtDNA data are not however sufficient for conservation planning. Generating 
multi-locus nuclear makers for population genetic studies of non-model organisms used to be expensive in 
both time and money, but new sequencing technology now enables us to develop markers and genotype 
populations simultaneously. Using a modified version of the double digest restriction-site associated DNA 
sequencing method (ddRAD; Peterson et al. 2012) we have developed a reduced genome library from 
multiple populations of Placostylus snails within New Caledonia and New Zealand. With a single lane/run 
of high throughput DNA sequencing (Illumina platform) we expect to generate and genotype ~10, 000 SNP 
markers for >300 individual New Caledonian and New Zealand snails. This data will allow us to determine 
fine scale population genetic structure in the Placostylus snails. As well as quantifying genetic diversity 
between regions we will compare population size estimates based on direct counts with genetic estimates 
of population size. Our results will help with management of these snails in New Caledonia as well as 
increasing our understanding of genetic diversity levels among populations and environments.
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Phylogeny and diversity of Australia’s mangrove 
microgastropods (Iravadiidae and Stenothyridae) 

Golding, Rosemary E
Australian Museum, 6 College Street, Sydney, NSW 2010
Rosemary.E.Golding@gmail.com

Australia’s tropical mangrove forests are richly diverse in microgastropods, but much of this biodiversity 
remains undocumented. The microgastropod fauna of estuarine and coastal mangrove forests is dominated 
by several key groups, in particular the heterogeneous and poorly-known ‘rissooidean/truncatelloidean’ 
assemblage. I have conducted systematic revisions of two groups of microgastropods that occur primarily 
in this habitat: Stenothyridae and Iravadiidae (Caenogastropoda: Truncatelloidea). Iravadiidae are found 
globally in both marine and estuarine habitats, while Stenothyridae occur primarily in Asia/Oceania and 
have undergone major freshwater radiations in Indo-China. A key aim of my project is to conduct species-
level revisions of Australian Stenothyridae and Iravadiidae, with an emphasis on mangrove-associated 
taxa, using a combination of molecular and morphological information. This approach has revealed a 
variety of new taxa, some from genera and families not previously known from Australasia. Phylogenetic 
analysis of each group using molecular data has shown that Iravadiidae is polyphyletic, comprising at least 
three distinct family-level lineages. Molecular analysis of fast-evolving mitochondrial genes indicates that 
most of the examined species previously believed to be widespread throughout tropical Australia are in 
fact highly divergent across geographic features including Cape York and the Kimberley/Pilbara regions. 
These previously un-recognised biogeographic boundaries are apparent in several taxa belonging to both 
Stenothyridae and Iravadiidae, suggesting that they may occur in other mangrove-associated groups. 

Upgrading the Tasmanian Museum & Art Gallery Molluscs 
Collection [Poster]

Grove, Simon James
Zoology Unit, Collections Management & Research Facility, Tasmanian Museum & Art Gallery, GPO Box 1164, Hobart 

7001 / 5 Winkleigh Place, Rosny 7018, Tasmania.
simon.grove@tmag.tas.gov.au

The molluscs represent a substantial proportion of TMAG’s invertebrate collections. The collection 
comprises some 26,000 registered accessions (20,000 of these Tasmanian) and encompasses marine, 
terrestrial and freshwater molluscs, comprising both wet and dry accessions, and including specimens 
of great scientific significance. Elements of the collection date back to the mid-19th Century, and include 
many Tasmanian type-specimens. The molluscs have long been a favourite of the museum’s curators, each 
of whom has brought their own curatorial practices. Their legacy includes the ways in which accessions 
have been prepared, stored, curated, catalogued and databased. A recent examination of the collection 
has revealed many curatorial issues, some of which threaten to compromise the long-term scientific 
integrity of the collection, or at least limit its scientific worth. A thorough overhaul and stocktake of the 
collection is required to bring it up to expected standards and to allow efficient accessioning of new 
material. Starting in mid-2012, this will progressively involve: 

• Cleaning up the electronic data for registered accessions, upgrading the database structure, and 
flagging records whose species identity or other metadata require clarification

• Making the cleaned-up electronic data available online and committing to regular updating
• Examining the accessions and flagging those in need of remedial curation (e.g. topping-up jars; 

dealing with Byne’s corrosion)
• Updating the physical layout of the registered part of the collection to accord to current taxonomic 

norms 
• Working through the flagged accessions, progressively remedying curatorial deficiencies and/or 

updating species identities and other metadata
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• Progressively upgrading curatorial practices and storage facilities across the collection
• Registering and identifying currently unsorted accessions
• Publishing an updated catalogue of types held by the museum
• Publishing an updated checklist of Tasmanian molluscs
• Exploring additional ways of adding scientific value to the collection, for instance through making 

images available online.

What happens when morphologically cryptic distinct lineages of 
Rhagada meet in an ancient landscape?

Hamilton*, Zoë1, Michael Johnson1 and Roy Teale2

1  School of Animal Biology, University of Western Australia, Crawley, WA, 6009. 
2 Biota Environmental Science PO Box 155 Leederville, WA, 6007.
19823843@student.uwa.edu.au

Rhagada species in Western Australia’s Pilbara region exhibit a distributional pattern of geographic 
replacements that is typical among congenerics in the family Camaenidae, where distributional edges 
sometimes abut and sympatry occurs predominantly between different genera (Solem, 1985). Allopatric 
speciation, followed by secondary contact, is often invoked as the origin of such parapatric distributions, 
e.g. in Rhagada from the Napier and Oscar Ranges (Cameron, 1992). Parapatric distributions are intriguing 
because mechanisms preventing sympatry are in action, and unravelling what happens when species 
meet can reveal information on the processes that have shaped current distributions.

An undescribed form of Rhagada from inland Pilbara areas comprises at least two distinct molecular 
lineages, differentiated by up to 9% at the COI mtDNA gene. Lineages appear to have parapatric 
distributions. The lineages are morphologically indistinguishable based on shell characters, and there 
are no discernable habitat preferences. Intense, repeated sampling has located sites where both lineages 
occur, permitting us to investigate potential isolating mechanisms. Two examples of contact zones have 
previously been examined in this genus, but both include morphologically distinct forms and apparent 
narrow hybrid zones. One of these contact zones is derived from primary contact, and is the result of 
extreme morphological adaptation to contrasting environmental habitats with no associated patterns 
of molecular divergence (Stankowski 2011). The other is the result of secondary contact between 
morphologically distinct and genetically divergent lineages (Hamilton and Johnson in prep). This current 
study of a contact zone contrasts both previous studies by examining morphologically cryptic yet 
divergent lineages. 

In this paper we postulate that drainage features are likely to have served as refugial habitat for these 
land snails during periods of aridification, and more recently facilitated migration enabling secondary 
contact. 
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An Evaluation of Conditioning Methods to Prepare Abalone for 
the Stress of Live Export

Hayes, Kathleen* and Rob Day 
Zoology Department, University of Melbourne, Parkville, Victoria. 
kath.hayes@live.com

Live abalone are becoming increasingly popular in Asian markets and they fetch a high price, but 
the harvest and transport of live abalone is an inherently stressful procedure and some may die or 
diminish in quality before they reach the market. Stress negatively affects many physiological systems 
and often suppresses the immune system. Immune suppressed abalone are more likely to succumb to 
opportunistic pathogens during transport and the delivery of dead or poor quality abalone damages 
the farm’s reputation. Thus abalone need to be in the best physiological condition possible prior to 
export, to be resilient to the stress of live export. As condition and resilience cannot be easily measured 
directly, the effects of various holding conditions on abalone immune response were measured at weekly 
intervals before and after a simulated live export procedure. Immune response is measured via density 
of blood haemocytes; the rate haemocytes phagocytose zymosan yeast; and the antibacterial activity of 
haemolymph. All three techniques have been successfully used in previous studies identifying sources 
of stress during farm procedures. Experiments varied tank water flow rate, water ozone concentration 
and crate packing density over 4 weeks, in order to determine the optimal levels of these factors for 
holding abalone in preparation for transport. It is hypothesized that some combination of these factors 
will be optimal, maximising abalone resilience to stress and resulting in the least suppressed immune 
system following a simulated transport procedure. Preliminary results show that haemocyte density and 
phagocytic rate readily detect the effects of simulated export stress, but these experiments are still in 
progress. 

Fijian Freshwater Gastropods and Climate Change

Haynes, Alison
Institute of Applied Sciences, University of the South Pacific Private Mail Bag, Suva, Fiji
alisonh@connect,com,fj

The most abundant freshwater gastropods in Fiji belong to the families Neritidae and Thiaridae. They 
are well adapted to the hazards of the short, steep fast flowing streams of the Pacific islands. In brackish 
water they grow spines and some Neritina species grow extensions of the shell.that help to protect them 
against predation in estuaries where many fishes and crustaceans breed. The neritid limpet, Septaria 
macrocephala is protandrous. Individuals are male until they reach 12 -14 mm long when they become 
female. In fast current, small males can transfer sperms directly into the female vaginal opening while 
clinging to her shell.. .On Ovalau Island, afrter the clearing and cultivation of a steep hillside was followed 
by heavy rain, mud and silt were washed into the stream.. Septaria species density dropped from 107 m² 
to 17 m², but rose again to 89 m² six months later. Similarly a population of the endemic thiarid, Fijidoma 
maculata, after two cyclones, was reduced from 1475 m² in December 1984 to 250 m² in July 1985 but had 
msedimentation caused by frequent tropical storms and cyclones that are likely to occur during climate 
change, provided the snail populations are abundant and snails are available to re-establish populations 
in devastated areas. But if a species distribution is isolated and sparse repeated floods and cyclones are 
likely to lead to its extinction. Species likely to be affected are the endemic shell-less Acochlidium fijiense 
that has been found only in three widely distributed localities and the ten described species of endemic 
Fluviopupa, each of which is found in isolated and restricted areas.
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Effects of ocean acidification on shell growth, shell condition, 
and haemolymph of an aquacultural hybrid abalone (Haliotis 
rubra x laevigata) [Poster]

Hazeribaghdadabad Fatemeh*1, Julian Atchison2, Jeff Shimeta1, Rob 
Day2, Dayanthi Nugegoda1

1 School of Applied Sciences, RMIT University, Plenty Road, Bundoora, VIC 3083. 
2 Zoology Department, University of Melbourne, Victoria 3010
S3253426@student.rmit.edu.au

Almost one half of anthropogenically produced CO2 has already been taken up by the ocean, and a 
continuing decline of sea water pH is expected for the future. This might have a great impact on animals 
with calcium carbonate skeletons or shells. Here we demonstrate that ocean acidification markedly 
altered the shell growth of abalone, which are important commercial shellfish that have a broad 
distribution around the world. Juvenile abalone were exposed to predicted future conditions of elevated 
temperature and lowered pH. The experimental design included two temperatures and two levels of 
pH in an orthogonal design, where the control represented present day conditions. In experimental 
treatments, sea water pH was reduced to 7.6 by injecting CO2, and the temperature was increased to 4 
degrees above ambient water, to reflect environmental conditions predicted for 2100. Growth rate was 
measured by comparing initial to final shell lengths after 100 days. At the ambient temperature, shell 
growth was significantly reduced by 121% in the low pH treatment. Abalone in this treatment ceased 
growth, and shell erosion was evident in their size and colour. Fouling tubeworms had also been lost 
from the shells. The pH and bicarbonate concentration in the haemolymph were reduced, but other ions 
did not change significantly. At the elevated temperature, however, pH had no significant effect on shell 
growth, which could be as a result of accelerated metabolism compensating for the effect of acidic water. 
The results have implications for growth of wild abalone as well as for culturing conditions in the farming 
industry under a changing climate.

The evolution of New Zealand Alcithoe, an integration of 
molecular and paleontological evidence

Hills, Simon1*, James Crampton2, Steve Trewick1 and Mary Morgan-
Richards1

1 Ecology Group, Institute of Natural Resources, Massey University, Palmerston North, New Zealand.
2 GNS Science, Lower Hutt, New Zealand
s.f.hills@massey.ac.nz

Comprehensive integration of paleontological and molecular data remains a sought-after goal of 
evolutionary research. We utilise both lines of evidence to explore the evolutionary history of the New 
Zealand marine mollusc genus Alcithoe. In this work we used mitochondrial DNA markers to infer a well 
resolved phylogeny for the Alcithoe. This phylogenetic analysis clarifies the taxonomy of several species. 
In light of a refined systematic picture of the living species, we examined potential fossil lineages for the 
calibration of dated molecular analysis. Using the most robust fossil taxa for calibration, a molecular-clock 
analysis was then carried out incorporating fossil sampling probabilities derived from the New Zealand 
fossil record. We then compared and contrasted patterns and rates inferred from the paleontological and 
molecular datasets. Finally, we assess the concordance between phylogenies derived separately from 
both molecular and morphometric data for the living Alcithoe. Through this analysis we aim to develop a 
method to include both living and extinct species in a single phylogenetic framework.
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Evolutionary trends in Limacoidea sensu lato (Eupulmonata: 
Stylommatophora)

Hyman, Isabel*1, Barbara Nitz2,3 and Gerhard Haszprunar3

1 Australian Museum, 6 College St, Sydney, NSW 2000
2 Research Unit of Molecular Epidemiology, Helmholtz Zentrum München, Neuherberg, Germany
3 Zoologische Staatssammlung München, Münchhausen Strasse 21, 81247 Munich, Germany
isabelhyman@gmail.com

Limacoidea sensu lato is a broad taxonomic group comprising seven superfamilies and containing the 
highest diversity of body forms in Stylommatophora, being made up of snails, semislugs and slugs. 
Members of this widespread group are found in Europe, Africa, America, Asia and Australasia. The current 
phylogeny of Limacoidea sensu lato is based on morphology, primarily using reproductive characters. 
In the current study, we have examined shell reduction, as well as reproductive mechanisms including 
the stimulator, pre-copulation behaviour, copulation, and sperm transfer. In this group, many characters 
relating to these mechanisms have become reduced or lost in some taxa. For example, according to 
the morphological phylogeny, the shell must have been reduced or lost at least seven times and the 
stimulator has been lost at least five times. These numerous instances of convergence will have affected 
the morphological tree. In order to address some of these problems, in the current study we have 
sequenced three mitochondrial genes [cytochrome c oxidase subunit I (COI), the transfer RNA coding for 
valine (tRNA-Val) and the ribosomal large subunit gene 16S] and one nuclear ribosomal gene fragment 
(28S), comprising over 3000 nucleotides in total. Seventy-four species are included, representing six of the 
seven superfamilies and seventeen of the nineteen families in Limacoidea sensu lato. Preliminary results 
indicate that with the possible exclusion of Gastrodontidae, Limacoidea sensu lato is monophyletic. From 
the molecular trees, it must be inferred that shell reduction and loss have occurred more frequently than 
is indicated by the morphological tree. Similarly, the stimulator appears to have been reduced or lost 
more frequently in the molecular hypothesis. 
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Biogeographic disparity of molecular phylogenetic and 
phenotypic variation in a continental archipelago radiation of 
land snails 
Johnson, Michael* and Sean Stankowski
School of Animal Biology (M092), University of Western Australia, Crawley, WA 6009 
mike.johnson@uwa.edu.au

In continental archipelagos, where islands have experienced repeated periods of fragmentation and connection 
during cyclic changes in sea level, complex distributions of species might reflect historical distributional changes 
or local evolution. These alternative scenarios were tested in an endemic radiation of Rhagada land snails in the 
Dampier Archipelago, in Western Australia’s Pilbara region, where ten endemic morphospecies have complex, 
overlapping distributions. Phylogenetic analyses of mtDNA sequences of all Pilbara species of Rhagada resolved 
four, deep clades, three of which meet with parapatric distributions in the Dampier Archipelago. All but one 
of the endemic morphospecies in the Dampier Archipelago form one of the major clades, indicating that the 
morphological radiation evolved locally, rather than through multiple, mainland lineages. Morphological divergence 
spanning nearly that of the entire genus lies within a subclade with sequence divergence < 4% for the 16S and COI 
genes combined, highlighting the disconnection between morphological diversification and levels of molecular 
genetic divergence. Detailed phylogeographic analysis, based on mitochondrial DNA sequence in 1015 individuals 
from 213 sites within the Dampier Archipelago, revealed distinct mitochondrial clades, each with a clear, cohesive 
geographic distribution, and together forming a series of parapatric replacements. The endemic morphospecies, 
however, do not represent distinct monophyletic groups, as would be expected if they had single, independent 
origins. Instead, all the widely distributed morphospecies are polyphyletic, distributed among several clades, 
each of which includes several of the morphospecies. Within each clade, AMOVA revealed further incongruence 
between mtDNA diversity and variation in shell form, as the taxonomic hypothesis always explained a low or 
non-significant proportion of the molecular variation. In contrast, the pattern of mtDNA evolution closely reflects 
current and historical marine barriers. These results show that, despite extensive opportunity for dispersal, local 
evolution has been the primary force shaping the geographic distribution of shell form.

Issues in assessing the Conservation Status of Freshwater 
Mussels from Southeastern Australia
Jones, Hugh* and Maria Byrne 
Department of Anatomy & Histology, Building F13, University of Sydney NSW 2006
hugh.jones@environment.nsw.gov.au

The coastal rivers draining the southeast of the continent have the highest diversity of freshwater mussel species 
in Australia but the aquatic ecosystems have been compromised by human activities. The poor historical record 
of mussel distribution and abundance is an impediment for conservation assessments based on IUCN criteria. 
This shortcoming was addressed in this study by adopting a combined evidence approach using published data, 
targeted surveys and historical records, and a GIS-based measure of river habitat condition to assess trends 
in the distributions of 9 species. Loss of species was detected from sites with a historical record of occupancy. 
There is a strong link between occupancy and stream geomorphic condition, a measure of physical habitat 
quality at the reach scale. GIS analysis showed geomorphic impairment of rivers to be pervasive in SE Australia, 
especially in upland and lowland zones, and for the Hunter River drainage. GIS modelling indicated that site 
occupancy may have declined by more than 40% since European settlement for some Hyridella spp. Projected 
rapid increases in human populations combined with climate-driven reductions in stream flows during this 
century will exacerbate threats to mussel species which have limited adaptive capacity in the face of rapid 
environmental change due to life history constraints. We recommend that the IUCN conservation status of H. 
narracanensis be changed from data deficient to vulnerable due to its small and highly fragmented distribution 
and threats to surviving populations. Other species, although showing evidence of declines, are widely 
distributed across SE Australia. The greatest impediment to conservation planning remains data deficiency. 
Basin-wide surveys based on repeatable, probabilistic survey designs are needed to determine the current 
status and spatial distribution of populations and to set baselines for future monitoring.
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Host fishes for the glochidia of Westralunio carteri Iredale 
(Bivalvia: Hyriidae) [Poster]

Klunzinger*1, Michael, Stephen Beatty1, David Morgan1 Gordon 
Thomson2 and Alan Lymbery1

1 Freshwater Fish Group and Fish Health Unit, 2Histology Laboratory, Murdoch University, Murdoch, WA 6150
m.klunzinger@murdoch.edu.au

Glochidia (parasitic larvae) of freshwater mussels generally require a fish as a host. Westralunio carteri Iredale, 
1934 (Bivalvia: Hyriidae), the only freshwater mussel from south-western Australia (SWA), is listed as a Priority 
4 (P4) species by the Western Australian Government, was listed as Vulnerable but recently changed to Least 
Concern by the IUCN. Glochidia were found on three alien (Eastern Gambusia (Gambusia holbrooki (Girard, 
1859)), One-spot livebearer (Phalloceros caudimaculatus (Hensel, 1868)) and Goldfish (Carassius auratus 
Linnaeus, 1758))) and seven native species of fish (Swan River goby (Pseudogobius olorum (Sauvage, 1880)), 
South-western goby (Afurcagobius suppositus (Sauvage, 1880)), Western minnow (Galaxias occidentalis Ogilby, 
1899), Western pygmy perch (Nannoperca vittata (Castelnau, 1873), Nightfish (Bostockia porosa Castelnau, 
1873, Western hardyhead (Leptatherina wallacei (Prince, Ivantsoff & Potter, 1982) and Freshwater cobbler 
(Tandanus bostocki Whitley, 1944)) from 18 sites in SWA. On alien fishes, glochidia prevalence ranged from 
0.0 to 41.0% and mean intensity (number of glochidia per infested fish) from 1.0 to 6.0, while on native fishes 
prevalence was 9.2–90.5% and intensity was 2.3–7.1. Glochidia infestation was greatest on benthic fishes, which 
may be a consequence of greater encounter rates, but other factors, including host size, probably also influence 
glochidia prevalence and intensity. Glochidia were generally restricted to fins, but seldom found on gills or the 
body surface. In a laboratory exposure trial, four native (Swan River goby, South-western goby, Western pygmy 
perch and Freshwater cobbler) and one alien fish species (Eastern Gambusia) were found to be competent hosts 
for their ability to produce juvenile W. carteri, but two alien fish species (Goldfish and Pearl cichlid (Geophagus 
brasiliensis (Quoy & Gaimard, 1824))) were not. The inability of some alien fishes to produce juvenile W. carteri 
could potentially reduce recruitment success in degraded areas dominated by alien fishes such as Goldfish. 

Conservation status of Westralunio carteri Iredale (Bivalvia: 
Hyriidae)

Klunzinger*, Michael, Stephen Beatty, David Morgan and Alan 
Lymbery

Freshwater Fish Group and Fish Health Unit, Murdoch University, Murdoch, WA 6147
m.klunzinger@murdoch.edu.au

The freshwater mussel Westralunio carteri Iredale, 1934 (Bivalvia: Unionoida) is the only hyriid species found 
in south-western Australia (SWA). Its disappearance from salinised waterways was first noted in the mid-1970s. 
The species was nominated to the IUCN Red List in 1996 as ‘Vulnerable’ and as a ‘Priority 4’ (P4) species by the 
Western Australian Department of Environment and Conservation (DEC) following a biodiversity survey of the 
agricultural zone of SWA. From 2009 to 2012, we compiled a database containing 1114 records of W. carteri 
from 199 museum records, six publications, five technical reports, 60 public surveys and 380 field surveys. From 
the database, we mapped historic (pre-1990) and current presence/absence and constructed ‘alpha-hulls’ to 
determine historic and current extents of occurrence (EOO), using IUCN guidelines. We estimate historic EOO to 
be 43,579.8 km2 and current EOO as 16,011.9 km2; a decline of 63.3% in the last 50-100 years. In salinised rivers 
within the region, only empty shells of W. carteri could be found. Analysis of the environmental determinants 
of current distribution identified variables affecting stream flow and likelihood of drying as explaining most of 
the variation in the current distribution data, while the difference in distribution between historical and current 
records was principally explained by stream salinity. Acute salinity tolerance experiments indicated that the 
mussel was extremely sensitive to increasing salinity, with LD50 values of 1.3 to 3.0 g L-1 and LD95 values of 3.6 
to 4.3 g L-1 for mussels sourced from spring-fed and mildly brackish localities, respectively. In January 2011, W. 
carteri was changed to ‘Least Concern’ on the IUCN Red List, but remains a P4 species by DEC. We use the results 
of our study to argue for a re-evaluation of the conservation status of W. carteri.



Program and Abstract Book 
Molluscs 2012 Triennial Conference  Melbourne, Victoria 3-6 December 2012 43

Molluscs 2012 ORAL and POSTER PRESENTATIONS - Authors and Abstracts (alphabetically by author)

Advances in land snail Systematics Inform Conservation 
Management in Australia

Köhler, Frank
Natural Sciences, Australian Museum, 6 College Street, Sydney, NSW 2010.
frank.koehler@austmus.gov.au 

Land snails represent a significant component of the terrestrial invertebrate fauna. Recent advances have 
been made in the documentation of the taxonomic and ecological diversity of Australian land snails in 
particular in eastern and north-western Australia. Nearly 800 species are known from the mesic eastern 
continental fringes alone, an area now known to support particularly diverse land snail communities. 
Most land snail species are characterized by having narrow ranges and specific habitat requirements. For 
these two aspects, many species are particular susceptible to threats that may lead to the alteration or 
destruction of natural habitats even on relatively small geographic scales. This vulnerability is reflected 
in increasing numbers of red-listed species throughout Australia. For the same reasons, land snails have 
been proposed as bio-indicators for monitoring the effects of landscape degradation and environmental 
change as well as predictors for the significance of areas for biodiversity conservation. Thirteen years 
after the publication of “The other 99%”, I look at current developments and future challenges in land 
snail conservation in the early 21st century.

Intercontinental tests of the effects of habitat patch type on 
chiton distribution in intertidal boulder field landscapes

Liversage, Kiran*1, Victoria Cole2, Christopher McQuaid2 and Ross 
Coleman1

1 EICC Marine Ecology Laboratories, The University of Sydney, Sydney, NSW 2006
2 Coastal Research Group, Department of Zoology and Entomology, Rhodes University, PO Box 94, Grahamstown 6140, 

South Africa
kiran.liversage@sydney.edu.au

A range of marine molluscs specialise in using sheltered habitats under boulders in intertidal boulder 
field landscapes. These species often display patchy distributions indicative of very specific habitat 
requirements, but it is unknown what features of habitat under boulders they are affected by, and 
which population processes may cause their responses. Abundant chiton populations inhabit boulder 
fields in Australia and South Africa and we compared densities of chitons under boulders that were 
overlying substrata with different sediment types (coarse- vs fine-sediment) in both countries. Greater 
densities occurred under boulders resting on fine-sediments, and chitons were positioned closer to 
the edges of those boulders. We tested if adult migration caused between-boulder distributions by 
measuring immigration and emigration following experimental replacement of coarse sediments with 
fine-sediment under boulders. We also assessed if the manipulations altered chiton positions relative 
to boulder-edges, and large-scale generality was tested by including data from the two continents. The 
manipulations did not influence the association of chitons with edges or amounts of emigration, but 
chitons did display positive density-dependent immigration that mirrored their distributional patterns, 
indicating the importance of immigration. Strikingly, all results were consistent between continents 
despite involving different species and even genera of chitons. Overall, we show that certain types of 
substrata under boulders affect the quality of habitat for chitons. In addition, by using boulder fields as 
a small-scale, easily manipulated landscape, we show that, even in sedentary molluscs such as chitons, 
patchy distributions within landscapes can be caused by migration alone, without the need to invoke 
mortality or larval recruitment.
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Less is more? Life history competition in shipworm 
metacommunities

MacIntosh, Hugh1*, Rocky de Nys1, Steve Whalan1,2

1  Centre for Sustainable Tropical Fisheries and Aquaculture, School of Marine and Tropical Biology, James Cook 
University, Townsville Queensland 4811 

2  Marine Ecology Research Centre, School of Environment, Science and Engineering, Southern Cross University, PO Box 
157, Lismore, NSW, 2480

 hugh.macintosh@my.jcu.edu.au

Shipworms are a family of obligate wood-feeding marine bivalves (Teredinidae) characterized by a highly-
specific niche and diverse, ephemeral communities. These community systems are ideal for testing 
ecological theories of competition and coexistence, and recent work demonstrates that shipworms form 
highly competitive metacommunities in which larval-brooding species are up to ten-fold more abundant 
than free-spawning species. This substantial difference in recruitment is contrary to traditional paradigms 
of reproductive trade-offs, where competing strategies are equally effective. The key question this raises 
is: what makes brooding shipworms so much more successful than spawning shipworms?

To address this we examined the life-history characteristics of over 18,000 tropical Australian shipworms 
from 19 species, comparing growth rates, reproductive development and fecundities of a diversity of 
brooding and spawning species. Our results show that shipworms have remarkable capacities for growth, 
maturation and reproductive output, but that none of these characteristics sufficiently explain patterns 
of recruitment and reproductive success in shipworm communities. The highly competitive conditions 
of shipworm communities have driven the life history characteristics of both brooders and spawners to 
an extreme, and the biology and behaviour of shipworm’s offspring, rather than adult characteristics, 
convey the most substantive advantage to recruitment success and influence on population structure. 

Bioengineering by oysters: amelioration of desiccation stress on 
intertidal invertebrates in a warming climate [Poster]

Mcafee, Dominic1, Melanie Bishop1 and Victoria Cole*1

1 Department of Biological Science, Macquarie University, Sydney, NSW, 2109
dominic.mcafee@students.mq.edu.au

Bioengineers are key determinants of community development and influence the distribution of 
associated species by altering the availability of resources and ameliorating physical stresses. Ecological 
theory predicts that the positive influence of bioengineers on biodiversity will increase with the physical 
stress of the environment. We tested the hypothesis that the difference in communities of intertidal 
invertebrates between oyster-engineered and oyster-free habitat would be greater in warmer than cooler 
climates, the difference increasing with desiccation stress. We sampled adjacent habitat patches with and 
without oysters, on replicate rocky shores and mangrove forests within eight estuaries spanning a 1000 
km latitudinal gradient along the NSW coastline. Within each habitat patch we quantified (1) invertebrate 
community structure and (2) temperature and humidity. We expect that, across all latitudes and on rocky 
shores and in mangrove forests, oyster-engineered habitat will support a much greater biodiversity and 
abundance of invertebrates than oyster-free habitat. Moreover, we expect that oyster habitat will provide 
a cooler and more humid microclimate than bare substrata. We anticipate the magnitude of difference 
between invertebrate communities to be greater on rocky shores than in mangrove forests due to the 
greater temperature extremes on rocky shores. Furthermore we expect invertebrate communities to 
be more similar between habitat with and without oysters in cooler, southerly estuaries, than warmer 
northerly estuaries. Knowledge of how oyster-invertebrate interactions vary with climatic setting will 
assist us in predicting how, in a warming climate, these interactions will modify impacts to biodiversity.
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Radiation of shematrin and KRMP shell matrix gene families 
during pearl oyster evolution 

McDougall, Carmel*1, Felipe Aguilera1 and Bernard M Degnan1 
1 School of Biological Science, University of Queensland, Mansfield Place, St Lucia, Qld 4072 
c.mcdougall@uq.edu.au

Proteins that possess repetitive, low-complexity domains (RLCDs) are important components of tough, 
extracellular structures, such as egg chorions, spider silks and molluscan shells. In pearl oyster species, the 
most highly expressed genes in the mantle encode RLCD containing proteins. The majority of these genes 
belong to two gene families, the shematrins and the KRMPs. We have investigated the complement of 
shematrins and KRMPs in three species of pearl oyster, Pinctada fucata, P. maxima and P. margaritifera, 
in an attempt to understand the mechanisms behind the evolution of RLCD containing proteins. We 
have found that both gene families appear to be unique to pearl oysters and have evolved rapidly 
within this lineage, a likely result of the instability of the repetitive sequences. Despite these similarities, 
the shematrin family diversified before the divergence of the three species, whereas the KRMP gene 
family has primarily diverged after speciation, leading to species-specific gene repertoires. Although the 
functions of these proteins are unknown, the fact that they comprise a significant proportion of the 
protein content of the shell organic matrix suggests that their diversification may be a key factor in the 
evolution of molluscan shell structure.

Islands in the sky: Fine scale conservation genetics and 
phylogeography of Powelliphanta land snails [Poster]

Morgan-Richards presenting: Daly, Elizabeth,1 Kath J Walker2, Steven 
A Trewick1 and Mary Morgan-Richards*1

Refer ‘Daly’ for abstract.

Using next-generation sequencing (ddRAD) to compare genetic 
diversity among populations of Placostylus land snails

Morgan Richards presenting: Dowle, Eddy1, Steve Trewick1, Fabrice 
Brescia2, Mary Morgan-Richards*1

Refer ‘Dowle’ for Abstract.
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Ocean currents influence the genetic structure of an intertidal 
mollusc in south eastern Australia - implications for predicting 
the movement of passive marine dispersers across a marine 
biogeographic barrier 

Miller, Adam D*1, 2, Vincent L Versace3, Ty G Matthews2, Steven 
Montgomery 4, Kate C Bowie2

1  Department of Zoology, The University of Melbourne, Parkville, Victoria, 3010 Australia
2  School of Life and Environmental Sciences, Deakin University, Warrnambool, Victoria, 3280 Australia
3  School of Information Systems, Deakin University, Warrnambool, Victoria, 3280 Australia
4  Department of Primary Industries, Cronulla Fisheries Research Centre, New South Wales, 2230 Australia
admiller@unimelb.edu.au

Major disjunctions among marine communities in south-eastern Australia have been well documented, although 
explanations for biogeographic structuring remain uncertain. Converging ocean currents, environmental 
gradients (e.g. sudden temperature and salinity changes), and habitat discontinuities have been hypothesized 
as likely drivers of contemporary structuring in many species, although the extent to which species are affected 
by these physical factors appears largely dependent on species life histories and ecologies. Understanding 
these relationships is critical to preserving the evolutionary processes that shape biodiversity in the region, 
as well as managing native and invasive species. Previous studies have been heavily biased towards the use of 
intertidal reef-dwelling invertebrates as model organisms, and genetic markers that generally lack sensitivity to 
contemporary population processes. In this study we test the direct influence of ocean currents on the genetic 
structure of a passive disperser across a major biogeographic barrier. Donax deltoides (Vereroida: Donacidae) is 
a commercially important intertidal, soft-sediment mollusc and an ideal surrogate for testing this relationship 
given its continuous distribution across the barrier region, continual spawning throughout the year and long 
lived planktonic larval phase (primary dispersal phase). We assessed allele frequencies at 10 polymorphic 
microsatellite loci across 11 sample locations spanning the barrier region and found evidence of genetic 
structuring consistent with major ocean currents. Collections sites located either side of Bass Strait constitute 
reproductively isolated panmictic units with genotypes coming into contact off the coast of south-eastern 
Victoria forming a mixing zone where major ocean currents converge. Analyses of DNA sequence data from the 
mitochondrial cytochrome oxidase subunit I gene did not provide any evidence of genetic structure suggesting 
historical connectivity and a recent common ancestor. Comparative analyses of genetic diversity estimates and 
mismatch distributions confirmed a recent species range expansion post-dating the submersion of the Bassian 
Ithsmus. Our results indicate that ocean currents are likely to be the most influential factor affecting the genetic 
structure of D. delotides and a significant barrier for passively dispersing marine fauna in south-eastern Australia 
generally. This study provides a framework for D. deltoides fisheries management, and predicting the movement 
patterns and structure of native and invasive passive dispersers in the region. 
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World octopus fisheries: have we passed peak harvests?

Norman, Mark* and Finn, Julian
Sciences, Museum Victoria, GPO Box 666, Melbourne, Vic 3001
mnorman@museum.vic.gov.au

Benthic octopuses of the family Octopodidae are harvested throughout the world, being highly valued 
for human consumption. Diverse techniques are used to capture octopuses, ranging from small-scale 
subsistence and artisanal harvests (with spear, pots or nets), to large-scale commercial trawl fisheries. 
The reported annual harvest of octopuses worldwide is in excess of 350,000 tonnes with an export value 
of more than $US1 billion. However this catch and value are likely to be significantly underreported 
due to high domestic catch rates and consumption in many countries (so not recorded in export/import 
statistics), and the failure for many nations to report any octopus production statistics. Taxonomic 
problems with this group means that most of the world catch is not documented by species, instead 
treated under incorrect species names or broader categories (eg “unidentified octopus”). The largest 
harvests are trawl fisheries off the northwest coast of Africa (for Octopus vulgaris) and in east Asia 
from Gulf of Thailand and China seas (for diverse species). Global harvest trends based on available 
catch data appear at first to be relatively stable but more detailed examination indicate that relatively 
recent additions of Chinese catch data are masking evidence that the world octopus catch is declining. 
Biological attributes of targeted species, regional case studies and developments in octopus aquaculture 
and ongrowing are presented.

Variation in gastropod statolith band formation: an iundicator of 
age, or environmental extremes?

Parker, Michael* and Robert Day
Zoology Department, University of Melbourne, Victoria, 3010
parkerm@student.unimelb.edu.au

Estimating age in many invertebrates is difficult, but has important implications for either conservation 
or commercial fishing of species. Methods of ageing have only been examined in a limited number of 
species. Most cephalopods have statoliths (calcium carbonate structures used for balance) in which 
daily light/dark bands are formed, and these allow for accurate estimation of age. Similar statoliths have 
been identified in other molluscs (including gastropods) but little is known about their function and 
the formation of their bands. It has been found that 25% of gastropod families form single statoliths, 
exhibiting similar bands to those of cephalopods. The gastropod statolith, formed by aragonite crystals 
(CaCO3) in a protein matrix, develops thin, dark bands over time. Why these bands form is still unknown. 
Band formation could be related to intrinsic effects, environmental stressors, or a combination of both. 
This study examines variation in the timing of statolith band formation over a 14 month period, in three 
species of intertidal marine gastropods, Austrolittorina unifasciata, Bembicium nanum and Dicathais 
orbita. As well as variation between species, we examine variation between sites on the Victorian 
coastline for each species. The timing of band formation was analysed by cross-sectioning statoliths 
collected each month to reveal the bands. These were photographed under a compound microscope and 
then measurements of the outer growing edge were taken. The width of the growing edge was plotted 
over the study period, to identify patterns of growth and timing of band formation. The fact that the 
timing of band formation varies between sites suggests that local cues, rather than global environmental 
cues or intrinsic cues trigger band formation, and these are unlikely to be consistently annual cues.
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Movements of Thersites mitchellae Cox, 1864 (Camaenidae): an 
investigation of habitat usage using radio-telemetry

Parkyn, Jonathan*1, Lyndon Brooks2 and David Newell1

1 School of Environment, Science and Engineering, Southern Cross University, PO Box 157, Lismore, NSW 2480 
2 Marine Ecology Research Centre, Southern Cross University, PO Box 157, Lismore, NSW 2480 
jonathan.parkyn@scu.edu.au

Thersites mitchellae Cox, 1864 (Camaenidae) is a regionally endemic Australian land snail that is critically 
endangered under the Commonwealth Environment Protection and Biodiversity Conservation Act 1999 
(EPBC Act). We investigated habitat use and movement distances for this species. This information is 
required in order to inform conservation efforts for the species and is relevant to the interpretation of the 
results of capture-recapture studies and occupancy-based habitat models. We provide quantitative data 
of nightly distances travelled, the probability of moving on a night, retreat site selection, substrate use 
and activity. A total of 636 location fixes for eleven snails was recorded on twelve nights over an 18 day 
period. The results show that the probability of moving on a night, and the nightly distance moved once 
active both increase with increasing humidity up to a maximum and then decline. Whilst individuals did 
not return to the same retreat site location with any reliability there is evidence of active and frequent 
selection of particular retreat site types within selected habitats. Statistical analysis revealed significant 
variation among individuals in their relative use of retreat site types, and significant association between 
the selection of retreat site types and the initial habitat in which the individuals were located. 
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Assessing climate change responses for marine molluscs in 
south east Australia

Pecl, Gretta*1,2, Stewart Frusher1,2, Amanda Bates1, Felipe Briceño1, 
Alistair Hobday2,3, Eriko Hoshino1,2, Martin Mazloff1, Jorge Ramos1, Lucy 
Robinson1, Jemina Stuart-Smith1, Jennifer Sunday4 and Ingrid van Putten3 

1  Institute for Marine and Antarctic Studies, University of Tasmania, Hobart, Tas 7001 
2  Australian Marine Adaptation Network
3  CSIRO Marine and Atmospheric Research, Climate Adaptation Flagship, Australia
4  Simon Fraser University, British Columbia, Canada 
Gretta.Pecl@utas.edu.au

Over the next century, marine ecosystems off the coast of south-eastern Australia are expected to exhibit 
some of the largest climate-driven changes in the Southern Hemisphere, impacting both fisheries and 
conservation management. Major distributional shifts have already been recorded for several dozen 
taxa including bivalves, gastropods and octopus, and the abalone fishery has been designated as being 
at ‘high risk’ to climate impacts. Rapid ecological changes throughout the world’s oceans, like those 
experienced in this region, present major challenges for resource managers and policy makers. However, 
species only respond physiologically and behaviorally to the characteristics of their local environment, 
yet the science needed for regional-scale ecological understanding is immature. The likely magnitude 
and extent of ecological changes, and an understanding of the key mechanistic drivers behind these, 
remains largely unknown. Here, we outline a multi-level approach for evaluating likely impacts of climate 
change, stretching over biological scales from genetics and life history traits, through to single species 
and ecosystems. Many of these projects have a molluscan focus, allowing us to highlight current and 
anticipated impacts of climate change on the molluscan fauna of south-east Australia. Even though 
shifts in species distributions are one of the major responses recorded here, and globally, monitoring 
at the necessary temporal and spatial scales is challenging. One approach to addressing this monitoring 
challenge is an online database and mapping resource that allows members of the public to submit geo-
referenced observational data (including photographs) on marine species occurring outside their known 
distribution (i.e. species that may be undergoing range shifts). REDMAP (Range Extension Database 
and Mapping project) provides a cost-effective approach for facilitating broad-scale marine species 
observational data capture and display, and can provide early warning of species distributional changes 
with the objective of directing action on further research efforts, management response and policy. 
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Giant Clams (Tridacnidae) in the Northern Territory, Australia

Penny, Shane*1, Keith McGuinness2, Chris Austin3 and Richard 
Willan4

1 Research Institute for the Environment and Livelihoods, Charles Darwin University, Darwin, NT 0909 
2 School of Environmental and Life Sciences, Charles Darwin University, Darwin, NT 0909 
3 School of Science, Monash University Sunway Campus, Jalan Lagoon Selatan, Bandar Sunway, 46150 Petaling Jaya, 

Selangor, Malaysia
4 Museum and Art Gallery of the Northern Territory, G.P.O. Box 4646, Darwin, NT 0820 
Shane.penny@cdu.edu.au

Giant clams (conventionally family Tridacnidae) are a conspicuous inhabitant of coral reefs throughout 
the Indo-Pacific region. Half of the 10 described species of Tridacnidae are widely distributed across 
this region, including putatively across northern Australia. Surprisingly, anecdotal reports and museum 
voucher specimens collected from the Northern Territory (NT) suggest that the rocky and coral reefs 
of the NT coast appear to support only a single species, Tridacna squamosa (Fluted Giant Clam). Our 
research is the first to investigate the abundance, distribution, phylogeography and biogeography of 
giant clams within the coastal reefs of the NT. Surveys of NT coastal reefs were conducted with a novel 
underwater video system, whilst non-lethal biopsies for sequencing were collected opportunistically 
while snorkelling (<3 m depth) or walking across intertidal reefs. Additional biopsies were obtained from 
selected sites within the eastern Indian and western Pacific regions. Supplemental sequences were also 
obtained from GenBank (a genetic sequence database). Preliminary results confirm that the NT has a 
single species (T. squamosa) with the density of giant clams at some sites orders of magnitude greater 
than previously documented for the species within northern Australia. Phylogenetic trees constructed 
from 16S and COI mtDNA sequences indicate that the populations of T. squamosa from the NT belong to 
a distinct lineage compared with those from the eastern Indian and western Pacific regions.

Australian aquatic molluscs – conservation priorities and 
practicalities

Ponder, Winston
Australian Museum, 6 College Street, Sydney, NSW 2010
wponder@bigpond.net.au

Australia has a large aquatic molluscan fauna comprising marine, estuarine and freshwater elements. 
While there are conservation concerns regarding some marine and estuarine species the most 
endangered taxa are freshwater species which face numerous threats from habitat loss and degradation 
and introduced pests. The present composition of the freshwater molluscan fauna reflects a history of 
change and is a mix of colonisers and relictual taxa. Many are small gastropods confined to very small 
areas, including arid-zone springs associated with the Great Artesian Basin. Others include once common 
riverine species, where river regulation and other impacts, particularly in the Murray-Darling Basin, have 
caused their virtual extinction. However, the conservation status of the great majority of aquatic molluscan 
taxa is unknown; a situation exacerbated by a lack of experts and critical baseline data. Regrettably this 
lack of information about molluscs (and other ‘invertebrates’) has led to the idea that habitats defined 
by large organisms (e.g. trees, corals, koalas) are good surrogates for the majority of the fauna but this 
is demonstrably not so with many narrow-range taxa. Because molluscs are relatively well represented 
in the world’s natural history museums, data associated with this material are potentially available for 
conservation assessments via the identification of ‘hot-spots’, distributions and historical declines, but 
are at present underutilized. In addition, investigations of systematics, ecology, biogeography, biology and 
threats (including climate change) are urgently needed to facilitate the conservation of aquatic molluscs.
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Spatial and temporal variation in molluscan assemblages on 
intertidal rock platforms in the Ningaloo Marine Park

Prince, Jane*1,2, Anne Brearley2,3, Robert Black1 and Michael Johnson1 
1 School of Animal Biology, University of Western Australia, 35 Stirling Hwy, Crawley, W.A. 6009
2 Oceans Institute, University of Western Australia, 35 Stirling Hwy, Crawley, W.A. 6009
3 School of Plant Biology, University of Western Australia, 35 Stirling Hwy, Crawley, W.A. 6009
jane.prince@uwa.edu.au

Change in marine assemblages resulting from human activities, can be detected only against a background 
of the natural variation in their structure. Here we report on change in molluscan assemblages on 35 
rock platforms spanning 270 km of the Ningaloo Marine Park, surveyed up to five times in the five-year 
period from 2007 to 2012, an interval including a major warming event in late summer 2011. We recorded 
31,000+ individual molluscs, belonging to 160+ species; most were gastropods and bivalves, with several 
polyplacophorans and one cephalopod. Many species were rare, appearing in only one survey or at just a 
few sites, or both. The most abundant species were the mussel Brachidontes ustulatus and the vermetid 
gastropod Serpulorbis cf sipho, together making up 32.3% of the individuals. There was no consistent 
latitudinal trend in species richness, although we recorded an average of 18.8 species at sites north of Pt 
Cloates and 15.5 species at sites to the south. Assemblage structure varied in time and space, but consistently 
showed three geographic groups: a northern assemblage from near the tip of North West Cape, a southern 
assemblage at the southern boundary of the park and a larger, more disparate assemblage from sites in 
both northern and southern regions. Significant differences in assemblage structure occurred among all 
three times and between the two regions, but, surprisingly, the change from 2007 to 2009 was greater than 
that from 2009 to 2012, despite the intervention of the warming event during 2011. In all cases, however, 
the greatest source of variation was the variation among and within sites, accounting for approximately 50% 
of the total variation in the data set. This suggests that wide scale sampling that includes repeated visits to 
many sites is necessary to detect patterns above and beyond the variation inherent in natural assemblages.
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Using rigorous selection criteria to investigate marine range 
shifts

Przeslawski, Rachel*1, Inke Falkner2, Michael Ashcroft3, Pat Hutchings3 
1 Coastal Marine and Climate Changes Group, Geoscience Australia, GPO Box 378, Canberra, ACT 2601 
2 Sydney Institute of Marine Science, Building 19, Chowder Bay Rd, Mosman, NSW 2088
3 Australian Museum, 6 College St, Sydney, NSW 2010
rachel.przeslawski@ga.gov.au

We reassess whether range shifts in marine organisms are occurring in a direction predicted by causation 
due to climate using two different methods: a global meta-analysis and a regional analysis of museum 
records focussing on marine molluscs. Globally we used rigorous selection criteria to investigate studies 
describing range shifts in marine organisms, including exclusion of single-species studies and those that 
inferred range shifts through shifting abundance. For each species meeting these criteria (311 species from 
13 studies), the distance in kilometres moved per year was calculated, and life history characteristics such 
as mobility, habitat, dispersal potential and trophic level were recorded to assess if these were linked to the 
shifts. We also examined the potential correlation between changing sea surface temperatures and range 
shifts. Regionally we analysed the intertidal mollusc collection of the Australian Museum and Museum 
of Victoria and consulted with mollusc experts to determine if museum records could be used to detect 
range shifts in marine invertebrates. The global meta-analysis showed that individual species shifted on 
average 8.9 km polewards per year. Range shifts were not significantly related to temperature change or 
life history characteristics with the exception of intertidal and nearshore subtidal fauna showing poleward 
shifts (6.8 and 14.3 km per decade, respectively) and shelf fauna showing a slight equatorial shift (2.7 km 
per decade). Our regional analysis showed that 54 of the 634 mollusc species examined shifted their range 
into or out of the well-surveyed Sydney region. However, closer examination by mollusc experts revealed 
that the evidence for these shifts was unreliable, and we conclude that caution is required when using 
museum records in range shift studies. Overall, our study supports previous research showing a poleward 
shift in response to climate change, although this is an order of magnitude less than values reported in the 
only other meta-analysis on marine range shifts, possibly owing to the strict selection criteria applied here.
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Distribution of living micromolluscan communities in response 
to environmental variability in Moreton Bay (Queensland-
Australia)

Rachello-Dolmen, G Paola1, Winston Ponder 2 and John M Pandolfi1

1  Australian Research Council Centre of Excellence for Coral Reef Studies, School of Biological Sciences, University of 
Queensland, St Lucia, Qld 4072 

2  Australian Museum, 6 College St Sydney, NSW 2010
p.rachellodolmen@uq.edu.au

The goal of the present study is to assess the taxonomic and diversity composition of modern benthic 
micromolluscs in Moreton Bay Marine Park (Southeast Queensland, Australia) and assess to what degree 
spatial variation in micromollusc similarity can be explained by differences in environmental variables. A 
hierarchically-nested experimental design was used to determine the relative importance of molluscan 
assemblage variation at three different spatial scales (region, sites and substrates). Sediment samples 
were collected using an Eckman grab sampler. Molluscan assemblages were sampled at Moreton Bay 
(regional scale). In each region, three sites were selected. In each site, three random replicates per 
habitat found were collected to get the full range of community composition in space. The sampled sites 
in Moreton Bay are: Brisbane River estuary, Deception Bay, Waterloo Bay, Central Bay and Eastern Bay 
and in the sampling they included different substrate types such as river delta sand, muddy sand, sandy 
mud, tidal delta sand, tidal delta mud, and calcareous sand and rubble substrate. From the analysis 
of 48 surface sediment samples, we identified 41 families and three distinct assemblages. Molluscan 
assemblages and substrate conditions where correlated and indicate a strong environmental gradient 
from 1) urban-impacted assemblages in the east part of the Bay, to 2) estuarine-influenced assemblages 
in the central Bay to 3) a nearly average marine in the eastern Bay. The resultant modern perspective 
of natural patterns of variability will aid in predicting future changes in molluscan species composition. 

Post-mortem drift in Australian cuttlefish bones: its effect on 
the interpretation of species ranges [Poster]

Reid, Amanda
Malacology Department, Australian Museum, 6 College Street, Sydney, NSW 2010 
mandy.reid@austmus.gov.au

Post-mortem drift is a common phenomenon within recent shelled cephalopods (Nautilidae, Sepiidae 
and Spirulidae) and has led to the misinterpretation of geographical ranges in some species. In this 
study, the distributional ranges of reliably identified cuttlefish and cuttlebones from the Australian 
Museum, Museum Victoria, and the Northern Territory Art Gallery and Museum collections were 
compared to determine the possible extent of cuttlebone drift. In over half of the 24 species examined 
the distribution of cuttlebones extended outside the currently known ranges of the living populations. In 
some cases, this was in the order of hundreds of kilometres. This may either reflect drift, or gaps in our 
knowledge of the distributions of live animals as a result of a lack of sampling effort in particular regions. 
These discrepancies are discussed in relation to the known depth ranges of each species, cuttlebone 
morphology, and oceanographic conditions. The results suggest that a cautionary approach should 
be taken in interpreting distributional data, particularly when using electronic databases that may be 
comprised of bone and whole animal locality information.
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The Australian Museum Malacology Collection [Poster]

Reid, Amanda*, Alison Miller and Janet Waterhouse
Malacology Department, Australian Museum, 6 College Street, Sydney, NSW 2010 
mandy.reid@austmus.gov.au

The Australian Museum Malacology Collection in Sydney is the largest in the Southern Hemisphere and 
one of the most significant collections of molluscs in the world. It comprises over 800 000 specimen 
lots and more than 4 million specimens, including 4–5,000 primary type speciemens. Molluscs from 
all over Australia are represented and the collection includes marine, terrestrial and freshwater fauna. 
The wider Indo-Pacific region is also well represented. We also house an extensive brachiopod and 
Quaternary fossil collection. The collection includes both wet and dry material and our current focus 
is on developing our alcohol preserved and frozen tissue collection for molecular research. We strongly 
encourage mollusc researchers and postgraduate students to visit Sydney to work on our collection. 
This poster showcases the facilities available to visiting researchers, including information regarding 
Australian Museum Fellowships.

The impact of ocean acidification and temperature on Molluscs

Ross, Pauline*1, Laura Parker1 and Wayne O’Connor2 
 1 School of Natural Sciences, College of Health and Science, University of Western Sydney, Hawkesbury K12, Locked 

Bag 1797, Penrith South DC 1797, Sydney, New South Wales, Australia. 
2 Industry and Investment NSW, Port Stephens Fisheries Institute, Taylors Beach, New South Wales 2316, Australia
pm.ross@uws.edu.au

Elevations in atmospheric carbon dioxide (CO2) are anticipated to acidify oceans in a process known as 
ocean acidification. Over the next century, it is expected that elevated CO2 will cause a reduction in the 
pH of the surface ocean from 8.1 to 7.7 units and a reduction in carbonate ion (CO3

2-) concentration. It 
is also anticipated that oceans will warm. Of growing concern is the potential impact that these changes 
will have on marine and estuarine organisms and ecosystems. While species-specific responses to ocean 
acidification are widespread across a number of marine taxa, one animal phylum with many species 
particularly vulnerable across a number of life-history stages are molluscs. Molluscs make up the second 
largest animal phylum on Earth and provide essential ecosystem services including the formation of 
habitat structure for benthic organisms (i.e. mussel and oyster beds), water purification as well as being 
a food source for other organisms in their ecosystem. In fact the global harvest of shellfish is estimated 
to have an annual value of 10 - 13 billion USD and 12 – 16% of total global seafood consumption. It 
is predicted that calcifying molluscs will be the most sensitive and find it more difficult to deposit 
their calcium carbonate (CaCO3) shells and survive in a climate changed ocean. Despite the obvious 
trends, caution must be taken when extrapolating from current studies, because of species-specificity 
in responses and current gaps in the literature which highlight the need for long-term multigenerational 
experiments. Our work to date has shown that there are significantly different sensitivities to ocean 
acidification in the early life-history stages of molluscs, carry-over effects from adults to larvae and 
consequently implications for dispersal and settlement of populations. This presentation will review the 
current literature on the impacts of ocean acidification and temperature rise on molluscs.
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Mapping Muricid bioactive compounds in situ using mass 
spectrometry imaging 

Rudd, David*¹, Maurizio Ronci², Taryn Guinan², Nicolas Voelcker² 
and Kirsten Benkendorff³

¹ School of Biological Sciences, Flinders University of South Australia, Bedford Park, SA 5042
² Mawson Institute, University of South Australia, Mawson Lakes, SA 5095
³ Marine Ecology Research Centre, Southern Cross University, Lismore, NSW 2480
david.rudd@flinders.edu.au

Secondary metabolites amongst molluscs have evolved to impart important ecological functions, and 
considering the large diversity within this phylum, there is a vast array of unique bioactive compounds to 
meet those functions. The secondary metabolite, Tyrian purple, and its precursors from the hypobranchial 
/ reproductive glands of Muricidae have been extensively studied for their structure and biological activity, 
particularly in the model species Dicathais orbita. Despite being a historically significant compound, and the 
first natural product to be structurally identified, the ecological function of this bioactive compound and its in 
situ biosynthesis and biodistribution is still unclear. Mass Spectroscopy Imaging (MSI) of biological tissues is 
becoming a popular tool within the scientific community, due the ability to rapidly collect valuable information 
about the distribution of secondary metabolites and proteins. However, standard MSI for low molecular weight 
compounds, such as Tyrian Purple, is challenging due to the interfering intense matrix signals, suppressing 
signals from the less abundant target compounds. We have developed a new method, Desorption/Ionization 
On porous Silicon Mass Spectrometry (DIOS MS), where the tissue section is stamped onto a functionalized 
pSi chip, which extracts and traps small hydrophobic molecules from the tissue and retains their relative 
spatial distribution. We applied this novel tissue contact printing approach to investigate the distribution of 
biologically active brominated precursors to Tyrian purple in Dicathais orbita. Precise maps for the distribution 
of Tyrian purple and its precursors were generated in situ from male and female D. orbita. MSI is also being 
applied to describe compound distribution within the female pallial gonoduct and capsule gland and document 
the changes during the intracapsular period of D. orbita egg capsules. Overall DIOS MS has proven to be a 
powerful tool for investigating the biosynthetic origin and biodistribution of molluscan secondary metabolites.

Are oceanic Doughboy scallops, Chlamys asperrima, less 
resilient than estuarine molluscs to ocean acidification?

Scanes, Elliot*1 Ross, Pauline1, Laura Parker1, and Wayne O’Connor2 
1 School of Science and Health, University of Western Sydney, Hawkesbury K12, New South Wales, Locked Bag 1797, 

Penrith South DC, 2753. 
2 Industry and Investment New South Wales, Port Stephens Fisheries Centre, Taylors Beach, New South Wales 2316.
pm.ross@uws.edu.au

It is expected that the anthropogenic increase of CO2 and the subsequent ocean acidification will greatly affect 
most marine organisms, but those most vulnerable will be calcifying organisms, such as molluscs, which secrete 
calcium carbonate shells. In one of the only studies worldwide to investigate resilience and acclimatisation 
through chronic transgenerational experiments, Parker et al. (2012) found that exposure of adults of the 
Sydney Rock oysters, Saccostrea glomerata, to elevated CO2 influenced positively the resilience of the larvae, 
facilitating acclamatory processes. This may be anticipated for Sydney rock oysters and other estuarine species 
of molluscs which live in intertidal habitats characterised by natural fluctuations in environmental parameters 
such as pH and salinity. It is less likely that oceanic subtidal molluscs, which live in environments where pH 
and salinity are stable, will share the same resilience and capacity for acclimation to ocean acidification. The 
aim of this study was to determine using transgenerational experiments whether adult commercial species of 
oceanic molluscs namely the Doughboy scallop (Chlamys asperrima) and their larvae were able to acclimatise 
and adapt to chronic exposure of CO2 acidified water during reproductive conditioning . We report here on 
the adult physiology and mortality, growth and fertilisation and larval development of Chlamys asperrima in 
response to elevated CO2. Any disturbance to metamorphosis and settlement of larvae from ocean acidification 
has flow-on effects to commercial and recreationally fished stocks of scallops.
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Starting an argument: Testing the onset of agonistic behaviour 
in giant Australian cuttlefish using video playback

Schnell, Alex*1, K-lynn Smith2, Karina Hall3, Roger Hanlon4 and 
Robert Harcourt1

1 Department of Environment and Geography, Macquarie University, North Ryde NSW 2109.
2 Department of Brain, Behaviour and Evolution, Macquarie University, North Ryde NSW 2109.
3 Fisheries Conservation Technology Unit, Department of Primary Industries, Coffs Harbour NSW 2450.
4 Marine Biological Laboratory, Woods Hole, Massachusetts 02543, USA.
alex.schnell@mq.edu.au

Visual signals and cues are essential to animal communication in many species, particularly during 
agonistic encounters between male conspecifics. Male giant Australian cuttlefish, Sepia apama, engage 
in frequent agonistic bouts to gain access to female mates. Male Sepia apama communicate through 
complex visual signalling that can escalate to physical contact and biting. Evidence suggests that males 
use conspicuous patterns of display primarily to signal maleness and agonistic intentions. However, there 
are few studies that identify the proximate visual cues triggering the initiation of agonistic behaviour. 
In this study we examined the visual displays that provoke agonistic behaviour in male Sepia apama. 
Agonistic encounters usually begin with various expressions of chromatic components of body patterns 
culminating in a dramatic passing cloud display. Passing cloud displays are often followed by mantle 
elongation and flaring of the arms to visually exaggerate body size to male rivals, preceded by a front-
on-display with arms extended, whitened and flared. We conducted an experiment using high-definition 
video playback. The stimuli included 1) a control (water and seaweed), 2) a male swimming, 3) a male 
displaying passing cloud with body elongated and, 4) a male exhibiting a front-on-display with arms 
expanded. Cuttlefish responded passively to swimming stimulus males, while the more aggressive 
stimuli – such as body elongation and front-on-display – evoked similar aggressive displays in response 
to video imagery. These behavioural results emphasize that visual cues are key stimuli for agonistic bouts 
and indicate that cuttlefish would rather avoid an agonistic encounter with a male conspecific unless 
provoked or challenged. This new video playback methodology will enable experimental manipulation to 
tease out the specific visual signals within the complex displays that influence escalation or termination 
of agonistic bouts. 
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The landsnail genus Gyrocochlea and relatives (Mollusca: 
Charopidae) [Poster]

Shea, Michael1, Don Colgan*1 and John Stanisic2

1 Malacology, The Australian Museum, 6 College St., Sydney NSW 2010 
2 BAAM Pty Ltd, PO Box 1376, Cleveland, QLD, 4163; Queensland Museum, South Bank, Brisbane, QLD 4101
don.colgan@austmus.gov.au

The charopid landsnail genus Gyrocochlea s.l. has been used as a convenient ‘catch-all’ for those species 
characterised by chiefly biconcave brown shells that have a strongly radially-ribbed teleoconch. The 
genus currently comprises 34 species but could include many more undescribed species that reside in 
museum collections using this broad conchological definition. The aim of this study was to establish a 
framework for defining natural monophyletic groups within the genus and its relatives based on both 
morphological and molecular data. The study utilises qualitative and quantitative conchological data, 
scanning electron microscopy - primarily of the shell protoconch, anatomical studies - particularly of 
the male reproductive system, and DNA sequences of cytochrome c oxidase subunit I (COI) and internal 
transcribed spacer 2 region (ITS2). This study reaffirms Gyrocochlea s.s. (type species: Helix vinitincta 
Cox, 1868) as a geographically restricted genus comprising only a handful of species occurring in the 
Border Ranges of NSW and QLD. Gyrocochlea vinitincta (Cox) is re-examined and new anatomical details 
presented. Eight new genera and seventeen new species are described, principally on the basis of the 
fine-detail examination of protoconch morphology and the phylogenetic analyses of the COI and ITS2 
DNA sequences. Nine known species are variously reassigned to the new genera. A number of species 
from other genera are also investigated using molecular techniques to provide a broader view of the east 
coast charopid radiation. The biogeographical implications of generic ranges and the conservation status 
of species are discussed. 

Spatial patterns of molluscan death assemblages on intertidal 
shores across the NSW coast

Smith, Stephen DA 
National Marine Science Centre & Marine Ecology Research Centre, School of Environment, Science & Engineering, 

Southern Cross University, Bay Drive, Coffs Harbour, NSW, 2450
ssmith@nmsc.edu.au

Molluscan death assemblages on rocky shores provide a representative sample of local biodiversity. 
These aggregations not only contain shells from intertidal reefs, but also accumulate specimens from the 
full range of adjacent habitats. With the objectives of evaluating patterns of assemblage structure, and 
gradients of diversity, this study used timed searches to assess death assemblages at 51 sites between 
Burleigh Heads (Qld.) and Eden (NSW). Taxa were identified to species and given an abundance rating 
based on a log3 scale. Data were analysed using both univariate (regression) and multivariate statistical 
methods. While the lowest species richness was recorded at southern sites, trends in species richness 
showed no simple (monotonic) latitudinal pattern. A major “hot spot” was identified north of Coffs 
Harbour, with a lesser one adjacent to Port Stephens. Rather than displaying coincidental, disjunct 
distributions according to nominated bioregional boundaries, species mainly showed overlapping ranges. 
The most obvious patterns in assemblage structure related to the relative prevalence of reef-associated 
and sand-associated taxa. Thus, while three primary community types were discernible over the full scale 
of sampling (northern, mid- and southern), the site relationships within these clusters related primarily 
to the dominance of sand- or reef-associated taxa in the deposits. The study found obvious bioregional 
patterns related to differences in suites of common species, but also demonstrated that the structure of 
death assemblages is strongly influenced by bio-physical processes acting at medium scales (50-150 km).
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Antiviral activity in oysters and abalone

Speck presenting: Dang, Vinh T1, Kirsten Benkendorff2 and 

Peter Speck*1

Refer ‘Dang‘ for abstract.

Environmental selection drives the evolution of a hybrid zone 
patchwork in an island snail 

Stankowski, Sean
School of Animal Biology (M092), University of Western Australia, Crawley, WA 6009 
Stanks01@uwa.student.edu.au

Many species are subdivided into a patchwork of differentiated populations separated by narrow clines 
in genetic and/or quantitative traits. While most examples are thought to have secondary origins, and 
be maintained primarily by hybrid unfitness, the same pattern can form within a continuous series 
of populations due to divergent environmental selection. I evaluate the relative importance of these 
scenarios in the evolution of extraordinary geographic variation in Rhagada snails. On Rosemary Island, 
Rhagada have extremely diverse shell morphologies, ranging in shape from globose to flat-spired. The 
locally evolved flat-spired form, occupies two separate rocky hills, while globose-shelled snails inhabit 
the surrounding plains. The study of one rocky hill revealed that the divergent morphologies are 
separated by a narrow hybrid zone, approximately 170 m wide. As predicted by environmental models of 
cline formation and maintenance, the position of the zone coincides with a sharp ecotone (44 m wide) 
between the two distinct habitats. Based on an estimate of dispersal derived from microsatellite data 
(9.45 m/gen.1/2), the effective selection pressure required to maintain the zone is 2.5%. The hybrid zone 
does not run through an area of low population density, as is expected for zones maintained by hybrid 
unfitness, and the analysis of mtDNA provided no support for a secondary origin. Microsatellite DNA 
revealed local differentiation across the hybrid zone, but with a cline of hybrid index scores much wider 
(481 m) than for shell shape, further supporting the environmental maintenance of the morphological 
cline. At the landscape level, mtDNA and microsatellite data revealed that the two independent flat-spired 
populations were more divergent from one another, than to the globose-shelled form, suggesting that 
they have evolved independently. While it is impossible to rule out a secondary origin or maintenance by 
hybrid unfitness, these data are explained most parsimoniously by repeated adaptive divergence.
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Persistent genetic signatures of historic climatic events in an 
Antarctic octopus

Strugnell, JM*1, PC Watts2, PJ Smith3, and AL Alcock4

1 Department of Genetics, La Trobe Institute for Molecular Science, La Trobe University, Bundoora, 3086 Vic., Australia,
2 Institute of Integrative Biology, University of Liverpool, Biosciences Building, Crown Street, Liverpool L69 7ZB, UK,
3 Museum Victoria, GPO Box 666, Melbourne, Vic. 3001, Australia, 
4 Department of Zoology, Ryan Institute, National University of Ireland, Galway, Ireland

Repeated cycles of glaciation have had major impacts on the distribution of genetic diversity of the 
Antarctic marine fauna. During glacial periods, ice cover limited the amount of benthic habitat on 
the continental shelf. Conversely, more habitat and possibly altered seaways were available during 
interglacials when the ice receded and the sea level was higher. We used microsatellites and partial 
sequences of the mitochondrial cytochrome oxidase 1 gene to examine genetic structure in the direct 
developing, endemic Southern Ocean octopod Pareledone turqueti sampled from a broad range of areas 
that circumvent Antarctica. We find that, unusually for a species with poor dispersal potential, P. turqueti 
has a circumpolar distribution and is also found off the islands of South Georgia and Shag Rocks. The 
overriding pattern of spatial genetic structure can be explained by hydrographic (with ocean currents both 
facilitating and hindering gene flow) and bathymetric features. The Antarctic Peninsula region displays 
a complex population structure, consistent with its varied topographic and oceanographic influences. 
Genetic similarities between the Ross and Weddell Seas, however, are interpreted as a persistent historic 
genetic signature of connectivity during the hypothesized Pleistocene West Antarctic Ice Sheet collapses. 
A calibrated molecular clock indicates two major lineages within P. turqueti, a continental lineage and a 
sub- Antarctic lineage, that diverged in the mid-Pliocene with no subsequent gene flow. Both lineages 
survived subsequent major glacial cycles. Our data are indicative of potential refugia at Shag Rocks and 
South Georgia and also around the Antarctic continent within the Ross Sea, Weddell Sea and off Ade´lie 
Land. The mean age of mtDNA diversity within these main continental lineages coincides with Pleistocene 
glacial cycles.

Mass strandings of the common paper nautilus Argonauta argo 
along the coast of Yoichi Bay, Hokkaido, Japan [Poster]

Suzuki, Akihiko*1 and Takafumi Enya1

Department of Earth Science, Sapporo Campus, Hokkaido University of Education, 5-3-1 Ainosato, Sapporo 002-8502, 
Japan

suzuki.akihiko@s.hokkyodai.ac.jp

The epipelagic common paper nautilus, Argonauta argo Linnaeus 1758, is distributed throughout the 
tropical and subtropical oceans of the world, including the waters around Japan. Of particular interest 
to malacologists and marine biologists are the mass strandings of A. argo that periodically occur on the 
Japan Sea of the Japanese archipelago. Shells of the common paper nautilus, A. argo, were washed up 
along the coast of Yoichi Bay, Hokkaido from October to November 2010. Shells were collected along the 
foreshore during ebb tide, where they were found together with driftwood and other flotsam that had 
been washed ashore by severe storms associated with the northwestern monsoon (autumn-winter) on 
the Japan Sea-side of Hokkaido. Measurements of shell length for 245 shells revealed that the range in 
shell length was 38-188 mm. The shell length of 241 shells was less than 150 mm and a bimodal peak 
was apparent at the size-frequency distributions of 80-90 mm and 110-120 mm. A strong correlation was 
observed between shell height and shell length (R2=0.99). It is proposed that the mass strandings of the 
common paper nautilus, A. argo, which occurred along the coast of Yoichi Bay in the autumn of 2010, 
were attributed to the combination of an anomalous increase in sea surface temperatures (SSTs) and 
the northwestern monsoon in autumn. In addition, such increases in SSTs in the northern Japan Sea are 
considered to be accelerating the northward migration of warm-water molluscs in cold regions. 



Program and Abstract Book 
Molluscs 2012 Triennial Conference  Melbourne, Victoria 3-6 December 201260

Molluscs 2012 ORAL and POSTER PRESENTATIONS - Authors and Abstracts (alphabetically by author)

Artefacts made from shell and what they have to do with human 
evolution 

Szabó, Katherine 
Centre for Archaeological Science, University of Wollongong, NSW
kat@uow.edu.au

The islands of the Pacific and Southeast Asia are known worldwide for the profusion and diversity of 
prehistoric and ethnographic shell artefacts such as shell adzes, beads, bracelets and shell money. 
However, in the earlier reaches of prehistory – prior to neolithic farming societies – shell still clearly 
occupies an important space as a raw material. Indeed, the Australasian region claims some of the 
earliest shell artefacts in the world. Despite their significance, research into palaeolithic (‘old stone age’) 
shell artefacts has reached something of an impasse. This is due to a lack of understanding of how various 
types of shells fracture and display modification – human or otherwise. Here I discuss the evidence we 
have, the evidence we think we have, and how to move forward in understanding shell as a raw material.

Using ‘next generation’ sequencing to resolve deep phylogenetic 
relationships in the land molluscs (Eupulmonata)

Teasdale, Luisa*1,2, Andrew Hugall1, Tim O’Hara1 and Adnan 
Moussalli1

1 Sciences Department, Museum Victoria, 11 Nicholson St, Carlton, Vic 3053.
2 Department of Zoology, University of Melbourne, Parkville, Vic, 3010.
lteasdale@museum.vic.gov.au

Molecular techniques have increasingly been used to help resolve the phylogenetic relationships within 
many molluscan taxa over the last 20 years. This approach however is currently restricted by the limited 
number of molecular markers available for use in many molluscan groups. In particular, the markers 
currently used (including the mitochondrial genome) often do not provide enough information to 
clearly resolve deeper relationships. More nuclear markers are ideally needed for robust phylogenetic 
reconstruction. Application of ‘next generation’ sequencing (NGS) technologies is at the forefront of 
molecular genetics but uptake of this new technology by evolutionary biologists, particularly systematists 
and molecular phylogeneticists, is in its infancy. However, NGS has the potential to revolutionise the field 
and vastly increase not only the number of useful markers available but also the efficacy of multiloci 
studies. The broad objectives of our study are 1) to sequence and assemble transcriptome datasets (i.e. 
the majority of the protein coding genes present in the genome) to help address the deeper evolutionary 
relationships within Eupulmonata (terrestrial molluscs), 2) design an exon-capture protocol targeting 
500 homologous genes from genomic material, with a particular emphasis on better utilising historic 
specimens held in natural history collections, and 3) to showcase the new exome-capture protocol by 
addressing the systematics and phylogenetics of one of Australia’s major Gondwanan radiations, the 
family Rhytididae. Here we will be presenting preliminary results arising from the transcriptome work. 
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Environmental emergency: Would the black striped mussel have 
survived in Darwin Harbour?

Wells, Fred
Research Associate, Field Museum of Natural History, Chicago, Illinois, USA
Present address: Enzer Marine Environmental Consulting, PO Box 4176 Wembley WA 6014 Australia.
enzer.marine@iinet.net.au

No introduced marine pests were detected in a routine survey conducted in August 1998 in Darwin 
Harbour, Northern Territory, Australia, before the cyclone season. When the survey was repeated after 
the cyclone season in March 1999, extensive populations of the Caribbean black striped mussel Mytilopsis 
sallei were found in three small boat marinas and on three yachts in the harbour that had been in the 
marinas. Mussel densities in Cullen Bay were up to 23,820 m-2 and blanketed every hard surface. The 
Northern Territory Government declared an environmental emergency. The three small marinas each 
have a lock gate at their entrance to allow vessels to enter and depart at any stage of the 8 m tidal range. 
The presence of the locks allowed the marinas to be sealed off. Rapid and effective actions were taken 
to chemically dose the waters in the marinas, and the mussels were eliminated. This remains one of only 
a handful of successful eradications of a marine pest in the world. Mytilopsis sallei grows rapidly, and 
matures in 2-3 months. It was estimated the population had gone through two generations before being 
detected. The mussel has a high fecundity and a planktonic larval stage. Larvae would have been swept 
out of the marinas every time the locks were opened for a vessel movement. The open harbour shoreline 
adjacent to the locks has marine habitats similar to those within the marinas. Despite this, no mussels 
were detected in the harbour itself. The present paper examines possible reasons for the failure of M. 
sallei to establish in Darwin Harbour prior to being discovered.

The long and the short of it – the non-camaenid molluscs of the 
Pilbara region of Western Australia, with a case study on the 
genus Gastrocopta (family Pupillidae) 

Whisson, Corey*1, Köhler, Frank2 and Slack-Smith, Shirley1

1 Western Australian Museum, Locked Bag 49, Welshpool WA 6106
2  Australian Museum, 6 College Street, Sydney, NSW 2010
corey.whisson@museum.wa.gov.au

Members of the non-camaenid fauna of Western Australia are generally small in size and so have often 
been missed during biological surveys. Most of the pertinent studies have been based exclusively on shell 
morphology of few specimens, with the result that most species have been regarded as widespread. But 
are they? 

Recent biological studies related to the expansion of mineral operations in the Pilbara region of Western 
Australia have resulted in the collection of many non-camaenid specimens from areas not previously 
sampled, thus providing an opportunity to conduct more detailed studies. Distributional patterns of the 
genus Gastrocopta (family Pupillidae) in the Pilbara region were the first to be studied, by means of 
comparative analyses of the shell characters and of mtDNA variation. 
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Life’s rich tapestry: how many of species of Austrodoris slugs 
are there in Antarctica?

Wilson, Nerida G*1, Maschek, J Alan2, and Baker, Bill J2,3

1Australian Museum, 6 College St, Sydney, NSW 2010 
2Department of Chemistry, University of South Florida, Tampa, FL 33620, USA 
3Center for Drug Discovery and Innovation, University of South Florida, Tampa, FL 33620, USA.
nerida.wilson@austmus.gov.au

Antarctica’s complex glacial history is postulated to have generated significant marine biological diversity, 
but is unclear why some taxa responded with diversification while others did not. During glacial cycles, 
grounded ice sheets extended far from the continent, massively disrupting the continental shelf and 
slope as habitable areas. However, some ice-free refuges must have existed, and would have reduced 
previously widespread population sizes, and provided allopatric barriers facilitating speciation. Previous 
work revealed a multitude of highly divergent mitochondrial lineages in the nudibranch sea slug Doris 
kerguelenensis, but because of the uniparental inheritance of mitochondria, it was unclear whether 
these lineages simply revealed stochastic sorting patterns of populations that rarely reach equilibrium 
between glacial cycles. Here we demonstrate that the mitochondrial groups also correlate with nuclear 
DNA and secondary metabolite profiles. These metabolites are not derived from the diet, but instead are 
synthesized de novo and are derived from encoded nuclear DNA. By extracting secondary metabolites 
from the same individuals we sequenced, we were able to directly link the secondary metabolome to a 
mitochondrial lineage. The correlation between the anti-predatory metabolites and the mitochondrial 
lineages suggest that these lineages represent cryptic species, and that together they represent the first 
marine invertebrate species flock that has been corroborated with multiple sources of nuclear data. It 
also suggests a synergistic role for selection and allopatry driving speciation in this system. 

Molecular phylogeny and revision of Australian Melo species 
(Volutidae) [Poster]

Wilson, Nerida G*1, Limpus, Allan2, and Healy, John M3

1 Australian Museum, 6 College St, Sydney NSW 2010  
2 6 McKewen St, Bundaberg QLD 4670 
3 Queensland Museum, PO Box 3300, South Brisbane QLD 4101
nerida.wilson@austmus.gov.au

Volutidae from the genus Melo are commonly known as Baler or Bailer shells. This derives from the 
function they fulfilled for some indigenous peoples, as devices to remove water from canoes. In Australia 
they were also prized as water holders and for fashioning shell craft (ceremonial use). Whole shells or 
pieces have been traded for hundreds of miles inland. Melo species are found on the coast of almost all 
of Australia, except NSW, eastern Victoria and Tasmania. They can reach very large sizes (over 40cm), 
and the shells are very variable in characters such as colour and shoulder spine extensions. There are 
unconfirmed reports of hybridization occurring between species in regions such as Shark Bay, WA and 
Hervey Bay, QLD. We are using mitochondrial genes COI and 16S, and the nuclear ADP/ATP translocase 
gene to understand the relationships among Melo species. This work will assist delimiting and identifying 
species and their distributions, and understanding how variable some of the characters currently used to 
identify species can be.
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Altered shell microstructure of the paper nautilus (Argonauta 
nodosa) in a climate change ocean: potential for extinction by 
dissolution

Wolfe, Kennedy*1, Abigail M Smith2, Patrick Trimby3, Maria Byrne1,4

1 School of Medical Sciences, University of Sydney, New South Wales 2006
2 Department of Marine Science, University of Otago, P.O. Box 56, Dunedin, New Zealand
3 Australian Centre for Microscopy and Microanalysis, University of Sydney, New South Wales 2006
4 School of Biological Sciences, University of Sydney, New South Wales 2006
kennedywolfe90@gmail.com 

Shell calcification in argonauts is unique. Only females construct the paper nautilus shell, which is used 
as a brood chamber for developing embryos in the pelagic realm. As one of the thinnest (225 µm) known 
adult mollusc shells, and lacking an outer protective periostracum-like cover, this shell may be susceptible 
to dissolution as the ocean warms and decreases in pH. We used high-resolution electron backscatter 
diffraction (EBSD), scanning electron microscopy (SEM) and x-ray diffractometry (XRD) to characterise 
the argonaut brood chamber, and to examine the changes in shell mineralogy and microstructure in 
response to multifactorial ocean warming and acidification experiments. Shell fragments were incubated 
in control (19˚C/pH 8.1) and near-future treatments (24˚C/pH 7.8-7.6) for 14 days. More extreme pH 
treatments (pH 7.4-7.2) were used to assess tipping points in shell dissolution. XRD revealed no change 
in mineralogy between untreated and treated shells. Reduced shell weight due to dissolution was evident 
in shells incubated in pH 7.8 (projected for 2070) after 14 days at control temperature, with increased 
dissolution in warmer and lower pH treatments. The greatest dissolution was recorded at 24˚C (projected 
for local waters by 2100) compared to control temperature across all low-pH treatments. EBSD and SEM 
revealed altered shell crystallography and microstructure at pH ≤7.4 due to preferential etching down 
crystallite grain boundaries, and a change in crystalline orientation on both the inner and outer shell 
surfaces. This study highlights the value of EBSD for the detailed examination of biogenic carbonates and 
its potential use in the field of ocean change research. Since the argonaut shell was a crucial adaptation 
for the evolution of their holopelagic existence, persistence of A. nodosa may be compromised by shell 
dissolution in an ocean change world. 
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