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Understanding climate change impacts on oysters
Priscila Goncalves, Macquarie University, NSW
Email: priscilagoncalves.pg@gmail.com | priscila.goncalves@mq.edu.au
Environmental changes in marine ecosystems resulting
from global climate change represent a major threat to
marine organisms. Oceans are becoming warmer and
more acidic as atmospheric concentrations of CO2 increase [1]. This rapidly changing ocean is particularly
damaging to molluscs, since the production of their
calcium carbonate shells is hampered by shifts in water
chemistry [2]. In this context, Sydney rock oysters
(Saccostrea glomerata), an iconic Australian mollusc and
important farmed species, have been already identified
as at substantial risk from climate change [3].
To be able to survive, molluscs will need to
acclimate or adapt in the face of climate change. Recent
studies reported the capacity of molluscs to acclimate or
adapt to near-future scenarios for ocean acidification
(OA). For instance, genetically distinct populations of
Sydney rock oysters exhibit differential responses to
CO2 stress. Oysters produced through selective breeding for fast growth and disease resistance (the B2 breeding line) are less affected by OA than wild type (nonselected) oysters [4, 5]. B2 larvae have significantly
higher survival rates and grow faster than wild type
larvae when exposed to elevated CO2 [4]. Moreover,
adult oysters from the B2 line have higher standard
metabolic rates (SMR) than wild type oysters under
ambient conditions, and their SMR is further increased
upon exposure to elevated CO2 [5]. These findings suggest that the selective pressure for fast growth and resistance to diseases might have favoured some genes
and molecular processes and this adaptation may be
responsible for the differential performance of B2 oysters under CO2 stress.
With the support of the Malacological Society
of Australasia through the 2014 Molluscan Research
Grant, I was able to investigate this hypothesis by analysing these two populations of Sydney rock oysters
using state-of-the-art molecular approaches. I have performed a comprehensive whole transcriptome analysis

Heatmap comparing the molecular responses to elevated CO2 of
Sydney rock oysters from the B2 and wild type breeding lines.
Each row corresponds to a different gene, red represents increase
in expression (up-regulation) in response to CO2 stress, and blue
represents decrease in expression (down-regulation). Examples of
genes potentially responsible for the resilience of B2 oysters to elevated CO2 are highlighted by the grey box.
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MSA President Rachel Przeslawski and Vice President Kirsten
Benkendorff under the Crystal Shower Falls, Dorrigo National Park.
Post-conference field trip. Photo: J Parkyn
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findings reveal the biological functions that may enable
these organisms to cope with a rapidly changing ocean,
providing a functional framework to explain the molecular basis of adaptation to climate change. This understanding will be crucial for minimising the environmental and economic impacts as climate change progresses.

of B2 oysters that have been exposed to near-future
projected ocean pH over multiple generations. Our
findings indicate that the distinctive performance of B2
oysters to decreasing pH is indeed mediated by a selective regulation of genes involved in a variety of cellular
processes, including growth and development, energy
metabolism, cell cycle, as well as immunity and stress
response (Fig. 1). In addition to identifying the genes
most likely involved in resilience of B2 oysters to OA,
our transcriptomic analysis generated an extensive dataset containing thousands of novel gene sequences.
Therefore, this study also provides valuable information
for future studies investigating the response of Sydney
rock oysters to disease and environmental stressors, as
well as contributes to the development of studies on
other related species (manuscript in preparation). This is
the first study to characterise the complete set of molecular processes underlying transgenerational acclimation
and potential resilience to OA in a marine calcifier. Our
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President’s Report
AGM - 2 December 2015
Over the past year this council has concentrated on securing the future of our publications, preparing for our
triennial conference, maintaining our website and social
media presence, and discussing membership and potential new councillors and executives. Several notable
achievements this year include:
 The inaugural Achievement Award for the best paper in Molluscan Research by early career researchers
or amateurs was granted to Drs Jonathan Parkyn
and David Newell for their paper ‘Australian land
snails: a review of ecological research and conservation approaches’.
 As of November 2015, the Facebook group had
380 participants (up from 263 in 2014 and 116 in
2013). Most posts continue to focus on species
identifications, media links, MSA news and shared
photos of molluscs.
 A new membership module is being developed using open-source and web-based software
(CiviCRM). As part of this, the membership types
were simplified, with the removal of the extra family member option and the additional charge for
overseas members. The integration of this new
module with Taylor and Francis access to Molluscan
Research will be a priority for 2016.
 Honorary Memberships were awarded this year to
Des Beechey and Winston Ponder for their longstanding service to the MSA, as well as their substantial contributions to malacology.

in Coffs Harbour: Felix Vaux (Massey University),
Gustav Kessel (Victoria University of Wellington), Ting
Hui Ng (National University of Singapore), Luisa Teasdale (Unviersity of Melbourne) Vineet Vaibhav
(Macquarie University), and Kehani Manson (University
of Wollongong). We’re very grateful to Kirsten Benkendorff and Steve Smith for taking on the challenge of
assessing these grant applications in 2015.
A couple of issues came up in 2015, although nothing
major:




The manual management of our membership database and inability to provide consistent online access to Molluscan Research are long-standing issues
that we need to address in 2016.
Several long-standing senior council members expressed a desire to resign. This was not indicative
of unhappiness with their role in the MSA, but rather a reflection of the years of dedicated service
shown by many of our Council members. In lieu of
a mass exodus, it was agreed that most of these
members would stay on for 2016 and groom potential replacements within the new 2016 Council, particularly encouraging a larger pool of general councillors to be elected at the AGM.

I want to highlight the commitment and enthusiasm of
the MSA Council members, all of whom volunteer their
time to ensuring the Society continually improves and
promotes molluscs to scientists and public alike. Several
of our Council members are long-standing and have
contributed an enormous amount of time and effort to
the MSA over the years and decades. I’d like to thank

In lieu of our standard Molluscan Research grants, the
MSA Council offered student travel grants to our conference this year. The following students were awarded
financial support to offset their travel to Molluscs 2015
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The upcoming year will see the MSA focus on public
outreach to make molluscs (and malacologists!) more
relevant, establishing a succession plan for senior
Council roles, and completing the online membership
module.

our outgoing Newsletter Editor Mandy Reid for her
commitment to producing a high-quality newsletter
over the past few years. I’m also extremely grateful to
outgoing Treasurer Don Colgan who has undertaken
the crucial but often unglamorous number-crunching
for the Society for the past 8 years. You will be missed!

Rachel Przeslawski

Molluscs 2015 Conference Report
Kirsten Benkendorff
Vice President, The Malacological Society of Australasia
The triennial conference of the Malacological Society of
Australasia Molluscs 2015 was held at the Pacific Bay
Novatel Conference Centre and National Marine Science Centre from 28th November until 2nd December,
2015. Due to the outstanding array of abstracts for innovative research presentations, we named the conference Molluscs 2015: Frontiers in Molluscan Research.
There were plenary (key note) presentations each morning and concurrent contributed sessions on Monday
and Tuesday afternoon. In total we had 6 keynote
presentations and 48 contributed oral presentations. On
Wednesday afternoon we hosted the annual general
meeting of the Malacological Society of Australasia
(MSA), followed by a tour of the NMSC research facilities and then a panel discussion on “Future Directions
for Molluscan Research”.
A post conference tour to Dorrigo National Park
was run on 3rd Dec. The dive trip to the Solitary Islands
had to be cancelled due to inclement weather conditions, however a supplementary trip to the intertidal
reef at Woolgoolga Headland was run on 3rd December,
led by Assoc. Prof Steve Smith. A post-conference nudibranch workshop was run from 4-5th December at the
National Marine Science Centre, led by Dr Richard Willan Senior Curator and expert nudibranch taxonomist
from the Museum and Art Gallery of the Northern Territory. (See p. 5-7 for detailed summaries of the postconference tours). Participants included a range of academic researchers, postgraduate students and selected
members of the general community involved in “citizen
science” programs. The opening keynote speaker was
Dr Tony Rees winner of the 2014 Ebbe Nielsen Prize
for Excellence in Biodiversity Informatics. His presentation was an excellent start to the conference, with a
timely summary of progress in biodiversity databases
and online mapping tools of relevance to all taxonomists and biodiversity researchers. This was followed by
Symposia on “Human Impacts and Evolution”,
“Climate Change” and “Phylogeography and Evolution”, with further a Symposium on “Biodiversity and
Biogeography” the following day. Overall, these presentations highlighted a number of key issues and some

solutions for molluscan conservation and management.
Furthermore, the last plenary session of the conference
was on “Biodiversity and Citizen Science”. This session
highlighted the effectiveness of using molluscs in community monitoring programs and the value of involving
citizens scientists in such programs for long-term data
collection.
Molluscs 2015 also included dedicated Symposia
on “Bioresources: Molecular Innovations” and
“Bioresources: Fisheries and Aquaculture”. This included keynote presentations from Dr Bob Creese, Director
of Fisheries Research who outlined his fascinating journey from research into molluscan life histories in New
Zealand to the challenges of conserving marine biodiversity in NSW and Dr Karina Hall, Fisheries Resource
Assessment Scientist, NSW DPI who provided an interesting overview of the current status of eastern Australian cephalopod fisheries and revised methods for
ecological risk assessment. The final keynote presentation by Dr Karen Cheney, UQ, provided a fascinating
insight into the evolution of colour in nudibranchs with
respect to how colour patterns are perceived by their
potential predators and co-evolution with chemical defense and palatability.
During the final conference panel discussion on
“Future Priorities for molluscan research” we discussed
ways of increasing the profile and understanding of
molluscs (snails, slugs etc.) within the general community by developing educational resources. Other priorities
that were discussed included ongoing support for taxonomy and training new taxonomists, research into new
and emerging diseases, as well as expertise in disease
diagnostics, as well as more research on endemic land
snails. Dr Wayne O’Connor also provided significant
input as a panel member for the Future Priorities of
Molluscan Research discussion by highlighting potential
funding sources and the need for more collaboration
between government and universities.
The quality of all 22 of the student presentations
was outstanding and the judges had very tough decisions to make. However, there was unanimous agreement on the overall winner Gustav Kessel (University
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of Wellington) for his presentation on the carry over
effects of global climate change stressors between life
stages and generations in Siphonaria. Three equal runner up prizes were awarded to: Matt Nimbs (Southern
Cross Uni) for his presentation on the application of a
cyclical model to assess seasonality in heterobranch sea
slug assemblages; Sarah Jacquet (Macquarie Uni) for her
presentation on taphonomic constraints in the fossil
record and new lower Cambrian macromolluscs from
South Australia; and David Rudd (Flinders Uni) for his
presentation on the application of an innovative new
mass spectrometry imaging procedure to reveal new
biological roles for choline esters and Tyrian purple precursors in the reproduction of muricid molluscs. Despite only a few poster entries this year, the judging panel also all agreed that the contribution from Iva Popovic

(University of Qld) on evolutionary genomics in invasive Mytilus was deserving of the best student poster
award.
The National Marine Science Centre provided an
opportunity to show-off some of the local research facilities, which impressed all participants from interstate
and overseas. The spectacular location of the conference in the Pacific Bay Resort, and more generally the
broader Coffs Harbour region was appreciated by all
conference delegates. The conference organizing committee is extremely grateful for sponsorship from the
NMSC, Southern Cross University and the NSW Government, NSW Trade and Investment Research Attraction and Acceleration - Conference Sponsorship Program.

Post-conference field trip to Dorrigo National Park,
Thursday 3rd December, 2015
Jonathan Parkyn, Southern Cross University
Email: jonathan.parkyn@scu.edu.au
Dorrigo National Park is part of the New England
Group of the World Heritage Site Gondwana Rainforests of Australia. The Park is recognised as an area of
exceptional natural beauty with significant habitats of
outstanding value to science and conservation. The
Dorrigo Rainforest Centre was about an hour's drive
west of the MSA Conference Centre. From here, participants were treated to a fascinating guided tour by National Parks and Wildlife Service ranger Andrew Turbill.
The group selected to walk to Crystal Shower Falls. Upon reaching the falls, a suspension bridge leads to a
short track behind the waterfall into a rocky cavern.
Throughout the walk Andrew spoke about the likely
range of impacts of climate change on the rainforest
ecosystem, and demonstrated an impressive knowledge
of rainforest birds. Not surprisingly, the group deviated
from the track and undertook some terrestrial snail
searching! The park contains a range of forest types that
protect an enormous variety of fauna, though the molluscs are less well known. After three enjoyable hours,
the walk concluded in the award-winning Canopy Café.
Top right: Unidentified (Helicarionidae) estimated length 15 mm.
Middle right: Hedleyella falconeri (Gray, 1834) (Caryodidae) shell 3035 mm diameter .
Bottom right: Ngairea dorrigoensis (Iredale, 1941) (Charopidae) shell
5 mm diameter.
Photos: Platon Vafiadis
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Post-conference field trip to Woolgoolga Headland,
Thursday 3rd December, 2015
Matt J. Nimbs, National Marine Science Centre, Southern Cross University
Email: matt.nimbs@gmail.com
The Solitary Islands just north of Coffs Harbour, offer superb SCUBA diving and many delegates at the Molluscs,
2015 conference were keenly awaiting the chance to wet their
gills after a great conference. It was not to be, however, with
weather conditions unfavourable for diving. Not put off by a
strong southerly wind, 2.5 m swell and a neap low tide, an
intrepid group of nine neoprene-clad malacologists met at
Woolgoolga Headland at 7 am to explore its numerous intertidal pools. Accompanied by Dr Richard Willan, the group
focussed attention on heterobranch sea slugs with a view to
collecting specimens for the nudibranch workshop the next
day.
The action started with an exploration of the western
boulder field and upper pools, all the while under the watchful, but indifferent gaze of a mob of Eastern Grey Kangaroos
sheltering from the southerly. Several species of nudibranchs
were found including the common intertidal Dendrodoris nigra,
the exotic Spurilla braziliana and the bubble shell Hydatina
physis. Backs began to ache after half-an-hour of boulder
turning so, with a sense of relief, the focus turned to deeper
pools. In one, a very large specimen of Sebadoris fragilis was
happily displaying itself and was deemed ‘slug of the day’ by
many of the participants.

Further to the east, a large, shallow pool yielded
several specimens of the sea-hare Dolabella auricularia and the exquisite bubble shell Aplustrum amplustre which were found to have spawned under a
large boulder. Members of the group from Victoria and southern NSW remarked on the high diversity of intertidal molluscs and the complexity of
habitat found in the pools. Between stops at rock
pools, mollusc death assemblages were examined
yielding new additions to several collections.
The final stop was a large, algal-dominated
pool which provided a bonanza of invertebrates.
An Octopus tetricus was not camera shy, obligingly
posing for several pictures: Stylocheilus longicauda
and two species of Elysia were also found amongst
the foliose algae. A vibrantly coloured specimen of
Chelidonura hirundinina capped off the morning’s
collection of interesting sea slugs. In all, the trip
yielded a total 16 heterobranch sea slug species.
Having developed an appetite, the group headed
to Woolgoolga for a much-needed late breakfast
and coffee (or 2).

Left: Clockwise from bottom left: Andy Davis, Audrey Smith, Steve Smith, Matt Nimbs, Deb Aston, Kehani Manson, Lynda Avery. Photo:
Tahnee Van Der Zee. Centre: Chelidonura hirundinina. Photo: Stephen D. A. Smith. Right: Octopus tetricus. Photo: Kehani Manson.

Full AGM Minutes & Treasurer’s Report available:
http://www.malsocaus.org
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Nudibranch workshop, National Marine Research Centre, Coffs Harbour,
NSW. Fri. 4 - Sat. 5 December, 2015
Platon Vafiadis
Email: gabrielona.n@bigpond.com
Ten keen participants took part in a 2 day workshop conducted by Dr. Richard Willan, Senior Curator of Mollusca at the Museum and Art Gallery of
the Northern Territory. After a general introduction
and overview of the workshop program, Richard
looked at parallel evolution in mollusca, discussing
the varieties of body form in the group formerly
known as the Opisthobranchia. Material collected
at Woolgoolga Headland the preceding day, amply
demonstrating this variety, was next properly identified. Richard then formally overviewed the major
orders Rhodopemorpha, Acteonoidea, Cephalaspidea, Acochlidia, Anaspidea, Thecosomata, Gymnosomata, Sacoglossa, Pleurobranchomorpha, and
Umbraculida. Armed with this information, we proceeded to the lab where specimens were examined
under the microscope and drawn, noting key features. They were relaxed at the day’s close, anticipating further examination and dissection the following day.
Day 2 commenced with a lecture on the
largest order, Nudibranchia, with detailed discussion of 17 key families - this was a treasure trove of
interesting information. We then went to the lab to
examine and again draw specimens in relaxed form,
noting differences between living and relaxed states.
After lunch, Richard introduced us to dissection,
demonstrating aspects of the digestive, nervous and
reproductive systems in Sebadoris fragilis and Dendrodoris nigra. A session at the compound microscope
then examined pre-prepared radulae of various nudibranchs including Hypselodoris jacksoni, Gymnodoris
queenslandica, Berthellina citrina and Flabellina rubrolineata. Caitlin Woods also presented her interesting
honours research on intertidal rocky shore molluscan assemblages over time. After specimens were
fixed in ethanol for lodging, the workshop concluded with a general question and answer session, followed by an evening dinner at a local Thai restaurant, and then a visit to the ice-cream shop!
During Richard’s lecture on day 2, he was
discussing the swimming action of the ‘Spanishdancer’ nudibranch Hexabranchus sanguineus, using
his arms and body to demonstrate the graceful undulations of the swimming animal. This sparked the
group’s imagination and by the end of the workshop several rather clever, well-choreographed and
entertaining ‘nudibranch dances’ came into existence, all accurately mimicking various aspects of
biological behaviour.

We were privileged to take part in a workshop run by a
world authority in this field, armed with his trusty wooden
pointer during the lectures. Richard’s all-round knowledge,
enthusiasm, teaching skills and encouragement of amateur
research were outstanding. We learned a lot both theoretically and practically, and had great fun in the process. In
the end, it was sad that the workshop had to end, but the
experience and friendships made will give us impetus for
MALSOC 2018. Many thanks also to Stephen Smith and
Matt Nimbs for their kind hospitality at the research centre, and all the participants – it was fantastic!

Top: Drawing specimens. From L to R: Kehani (closest to camera), Caitlin, Richard, Matt, Deb.
Middle: Stylocheilus longicauda, Woolgoolga Headland, NSW. Extended length 45 mm.
Bottom: Demonstrating dissection. From L to R: Caitlin, Kehani,
Lynda, Lynton, Deb, Richard, Matt, Steve.
Photos: Platon Vafiadis
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A Limpet’s Legacy: Carry-Over Effects across Life Stages
and Generations Caused by Global Change Stressors
Gustav Kessel, Victoria University of Wellington
Email: gustav.kessel@gmail.com
Siphonaria australis is a pulmonate limpet native to New
Zealand. This species deposits benthic egg masses in the
intertidal, which develop for around a week and then
hatch into veliger larvae that spend several more weeks
as plankton before settling back in the adult habitat.
Critically, this sequence of separate life stages allows for
the occurrence of “carry-over effects” (COEs), whereby
the conditions experienced by one stage can influence
the characteristics or performance of the next. COEs
may also occur trans-generationally, in which case the
environment experienced by a parental generation affects their offspring. Although COEs are a normal response to natural environmental variability, they are
likely to become more pronounced as the severity of
certain stressors capable of initiating COEs is augmented by ongoing anthropogenic global change. However,
this global change aspect is lacking in most studies of
COEs, which also tend to focus on only COEs between
life stages or those between generations, seldom both
simultaneously, and the majority incorporate only a single stressor. These common limitations mean that realistic patterns of stress exposure, varying throughout an
organism’s life cycle, are rarely replicated in experimental settings. Consequently, our understanding of
how carry-over effects will influence marine organisms,
such as S.australis and other molluscs, in the face of ongoing global change remains rudimentary.
It was here aimed to elucidate the role of COEs
under ongoing global change by examining how the
effects of multiple, global change-associated stressors
carry-over from a parental generation through their offspring’s life stages. Adult S.australis were subjected to
one of four treatments for 4h/day, to approximate the
duration of low tide, over four weeks in order to induce
trans-generational COEs from adults to egg masses.
This included an ambient no-stress control, a pollution
treatment with added copper (5.0μg/L), a climate
change treatment with elevated temperature (25°C) and
UVR (1.7W/m2), and a full global change treatment
incorporating all three stressors. At the end of this period, the egg masses laid under each of these adult treatments were subjected to further experimentation for
two weeks by being redistributed among the same four
treatments again, so as to produce 16 unique treatment
histories of adult-to-egg-mass stress. Hatched larvae
were then reared and observed for COEs between life
stages, from egg to larva, under ambient conditions for
four weeks.

This high degree of variation among treatment
histories serves to emphasise just how strongly the
characteristics of a given organism at a given time can
reflect the conditions experienced during earlier life
stages, and even those experienced by its progenitors.
This in turn highlights a need to acknowledge COEs as
potentially important factors in species or population
persistence in the face of ongoing global change. Particularly as under such circumstances the “limpet’s legacy”
looks to be one of impaired performance that is passed
on through the life cycles of successive generations.
Ultimately, this implies that marine molluscs such as
S.australis, and perhaps the entire ecosystems which
they structure through activities such as grazing, are
even more vulnerable than currently recognised and
may be severely affected in the future through the often
ignored avenue of COEs.

A

1 cm

B

C

Siphonaria australis: A) Adult with freshly deposited egg mass at Victoria
University Coastal Ecology Laboratory (VUCEL); B) side view of adult at
VUCEL; C) Egg mass exposed during low tide on Wellington south coast.
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