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Welcome to the 91st Australian Coral Reef Society Conference.

The Australian Coral Reef Society (ACRS) is the oldest organisation in the world concerned
with the study and protection of coral reefs, and it has played a significant role in the nation’s history. The society evolved from the Great Barrier Reef Committee, founded in 1922
to promote research and conservation on the Great Barrier Reef. The committee facilitated
the historic 1928-1929 Great Barrier Reef Expedition and it founded, then managed, the
Heron Island Research Station – Australia’s first coral reef field research station. The ACRS
has played a prominent role in bringing major conservation issues to the attention of governments and the general public, notably the crown-of-thorn starfish outbreaks and the
Royal Commission into oil drilling on the Great Barrier Reef which was the catalyst for
the establishment of the Great Barrier Reef Marine Park Authority. While the Society has
historically concentrated on the Great Barrier Reef, its focus has expanded to include all
coral reefs in Australian waters, particularly in Western Australia. In changing times, and
with the introduction of the concept of ecologically sustainable development, the Society
encourages members of management and commercial/industrial communities to join academic researchers in contributing to the scientific knowledge of coral reefs.
This year, the ACRS Conference is being held at the Ningaloo Centre in Exmouth, Western
Australia. Over the two exciting days of 3 concurrent sections and a poster session the
ACRS Conference is hosting delegates from across a number of universities, government
organisations and international speakers.
Keynote Speakers

We have five keynote speakers at the conference. Professor Daniel Pauly from the University of British Columbia is our opening keynote speaker on Wedneday morning. Wednesday after lunch we have Professor Jessica Meeuwig from University of Western Australia, followed by Professor Graeme Cumming from the ARC Centre of Excellence for Coral
Reef Studies in the afternoon. On Thursday morning we have Associate Professor Tracy
Ainsworth from University of NSW, and Dr Shaun Wilson from the Western Australian Department of Parks and Wildlife after lunch.
Professor Daniel Pauly completed his doctorate in Fisheries Biology at the University of
Kiel. After many years at the International Center for Living Aquatic Resources Management, in Manila, Philippines, he became in 1994 Professor at the Fisheries Centre of the
University of British Columbia, Canada, of which he was the Director for 5 years. Since
1999, he is also Principal Investigator of the Sea Around Us Project devoted to studying,
documenting and promoting policies to mitigate the impact of fisheries on the world’s
marine ecosystems. Recently Daniel has been named Chevalier de la Légion D’Honneur
(Knight of the Legion of Honour) in recognition of his work researching the impacts of
fisheries on marine ecosystems.

The Cover: ACRS members
love whale sharks. Our cover
photo credits are left to right:
Anna Cresswell, Kenny Wolfe,
Renata Ferari.

Professor Jessica Meeuwig was awarded a PhD with Distinction from McGill University
for her research on the subject of statistical modelling of aquatic ecosystems. Following,
she became deputy director of the conservation organisation Project Seahorse. Jessica
worked in SE Asia on the science and management of reef fisheries, including the application of novel statistical approaches to understanding catch and effort data. On moving
to Perth, Jessica worked for the WA Department of Environment and Conservation and
the Australian Department of the Environment, Water, Heritage and the Arts in policy and
planning positions. At UWA, Jessica worked on the “Marine Futures” project prior to being
appointed as inaugural director of the new Centre for Marine Futures. Much of her work
focuses on understanding the ecology of reef and open-ocean shark and fish assemblages and the way in which their status reflects anthropogenic impacts and management
responses

#ACRS2018

Professor Graeme Cumming completed his doctorate on ‘The Evolutionary Ecology of
African Ticks’ at Oxford University, UK. For his Postdoctorate at the University of Wisconsin-Madison he worked with TNC and the Center for Limnology on applying species-based
models to management and conservation-related problems in freshwater systems. Following, he was hired as Assistant Professor in the Department of Wildlife Ecology and Conservation at the University of Florida. Graeme returned to Africa at the end of 2005 and
occupied the Pola Pasvolsky Chair in Conservation Biology at the University of Cape Town
until 2015, when he moved to his current position. Graeme’s interests center around understanding spatial aspects of ecology and the relevance of broad-scale pattern-process
dynamics for ecosystem (and social-ecological system) function and resilience. He is also
interested in the applications of landscape ecology and complexity theory to conservation and the sustainable management of natural resources.
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Associate Professor Tracy Ainsworth received her PhD from the University of Queensland where she also received the
Deans Award for Outstanding Postgraduate research. Currently she is an Associate Professor in the School of Biological,
Earth and Environmental Sciences at The University of New South Wales, Sydney, where she holds a Scientia Fellowship
and leads research into the impact of environmental change on marine animals. She has also held an Australian Research
Council Super Science Research Fellowship and an Australian Research Council Postdoctoral Fellowship at the ARC Centre
of Excellence for Coral Reefs Studies. Her current research focuses on the stress biology of corals and this research aims to
understand how corals and their microbial symbionts are impacted by a changing environment.
Dr Shaun Wilson completed his PhD in the Department of Marine Biology at James Cook University looking at trophic limitations in small reef fish. Currently he is the Principal Research Scientist for marine systems at the WA Department of Parks
and Wildlife where his chief responsibilities are to conduct or co-ordinate research that contributes to managing Western
Australia’s marine resources. Shaun’s previous research has examined the impact habitat disturbance and fishing has on on
reef communities; the role that structural complexity of reefs plays in maintaining diversity, habitat associations and specialization of fish; and the impact of different disturbances on reef communities. He is currently examining the importance
of seaweed beds as nursery habitat for tropical fish.

Sponsors Information

The ACRS would like to recognise and thank its current sponsors of the conference for their generous support of this conference, their contributions allow our important events to take place and ensure the conferences success. Thank you to CSIRO
and BHP (Ningaloo Outlook), Australian Institute of Marine Science (AIMS), Great Barrier Reef Foundation (GBRF) and Great
Barrier Reef Marine Park Authority (GBRMPA).

Social Program

Tuesday 15th May – The Welcome Function will be held in the evening at Froth Craft Microbrewery, located at 5 Kennedy St,
Exmouth. The Welcome Function is from 6 pm onward, during which drinks and food will be provided.
Wednesday 16th May –The BHP/CSIRO Ningaloo Outlook Program poster session with drinks and canapés will be held
at the Ningaloo Centre from 5pm onwards. Poster presenters will be near their posters ready to discuss their work with
delegates. Thank you to BHP and CSIRO (Ningaloo Outlook) for sponsoring the event. ACRS is grateful to BHP and CSIRO
(Ningaloo Outlook Program) for sponsoring the event.
Thursday 17th May – The Conference Awards Dinner will be held at Mantarays Ningaloo Beach Resort, located at 1475
Madaffari Drive, Exmouth. Delegates may arrive from 6:30pm to mingle, with the Dinner commencing at 7pm. A bus has
been organised to transport delegates to the Dinner from the Ningaloo Centre from 6pm until 6:30pm (last bus). A bus will
then transport delegates back to their accommodations from 10:30 pm until approx. 11pm (last bus).
Awards for best student oral and poster presentations will be presented at the Awards Dinner, with prizes kindly provided
by Diversity Journal, Scuba Pro, Orpheus Island Research Station, Lizard Island Research Station, Heron Island Research
Station, Kimberley Marine Research Station and One Tree Island Research Station. Winners of the ACRS 2018 Terry Walker,
Danielle Simmonds and ACRS Research student awards, as well as the Conference photo competition winners, will also be
announced on the evening.
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Workshops & Excursions

Tuesday 15th May – The ARC Centre of Excellence for Coral Reef Studies National Student Mentoring Day for graduate students will be held at the Ningaloo Centre. The focus of the workshop is to develop student’s coral identification skills, and
includes a field snorkelling trip to Turquoise Bay. The workshop will be hosted by Dr Thomas Bridge and Dr Verena Schoepf.
Whale Shark Excursion – The ACRS has organised discounted guided whale shark excursions for delegates. This is a full
day boat trip from 7am till 4pm, with transfers to and from your accommodation. The excursion includes snorkelling gear
(masks, fins, wetsuit and sunscreen) and a gourmet lunch, snacks and refreshments. Bookings for these excursions can be
made when registering for the conference online.
Friday 18th and Saturday 19th May – Further whale shark excursions will be held on these two days for delegates. This is a
full day boat trip from 7am till 4pm, with transfers to and from your accommodation. The excursions includes snorkelling
gear (masks, fins, wetsuit and sunscreen) and a gourmet lunch, snacks and refreshments. Bookings for these excursions can
be made when registering for the conference online.

The Venue

The Ningaloo Centre is located on the corner of Murat Road and Truscott Crescent near to the Central Business District of
Exmouth close to shopping and dining options. The Conference area has a main foyer where registrations and catering
will be provided, and access to a landscaped courtyard and grassed area for fresh air. Catering during the conference will
include tea and coffee on arrival, morning and afternoon tea, and stand-up lunches (plates are not provided). Delegates
may bring a lunch box/container if they would like, and we do ask if everyone can please bring a water bottle and keep cup.

Speaker and Poster Presenter Information

Please arrive at your session at least 5 min before it begins to meet the chair. You will be able to load your presentation on
the first morning from 7:30-9:00 am, Wednesday May 16th. Presentations can also be loaded during the first 15 minutes of
each break during the conference. Please load your presentation in the break before the session prior to your own session
at the VERY LATEST. So, if you are speaking after lunch, please load by morning tea that day. Presentation time slots are 15
minutes, please plan to speak 12-13 minutes giving time for questions following. At the end of each session, all speakers
will be asked to come to the front for a discussion.
If you are presenting a poster, please arrive at the Ningaloo Centre with plenty of time before the opening on Wednesday
May 16th to hang your poster. Posters will be on display throughout the conference. At 5pm on Wednesday 16th May there
will be a poster session with drinks and canapés. This will be a good opportunity to stand by your poster and discuss your
work.

The Conference App

All abstracts for the 2018 Conference will be made available on the conference app Eventbase Technology, Inc. ACRS will
email out delegates when the app is online, however, you may download the app beforehand: Eventbase inc. The app allows delegates to access the schedule (sessions, keynotes, etc), speaker abstracts, and venue information.

Student Travel Awards

The ACRS provides assistance to student members to attend the conference. This year 30 students were awarded an ACRS
travel award. We would also like to take this opportunity to thank the student recipients for their participation in running
the conference.

photo by Victor Huertes
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Carbon Footprint

The ACRS makes every effort to reduce the carbon footprint of their conferences. As with previous years, we have made all
our information available electronically including the call for papers, registration, travel award applications, photo competition entry and information on workshops. This program is printed on recycled stock and we provide a full list of abstracts
on our conference app. No print materials are handed out to delegates from sponsors but these can be picked up from
the ACRS booth during the conference. Our meal choices for catering are considered with our carbon footprint in mind.
Additionally, no disposables will be used during the catering and water stations will be provided. As such it would be wise
to bring a water bottle and keep cup. We encourage those of you who have not done so already to offset your flights to the
conference as well. Please remember that Exmouth and Coral Bay are proud to be ‘plastic bag free’ towns – so bring your
green bags from home.

Exmouth

Exmouth is a small remote tourist town on the tip of the North West Cape, along the East Indian Ocean. The area offers a
unique “Range to Reef” experience, which is all a part of the World Heritage listed “The Ningaloo Coast”. There is a diverse
range of marine and intertidal habitats including reef, lagoon, rocky shores, sandy beaches, mangroves and more. The most
prominent is the fringing Ningaloo Reef, which is a tropical-temperate meeting zone and is one of the longest near-shore
reefs in the world. An estimated 300 to 500 whale sharks aggregate annually in the area which coincides with seasonal
increases in productivity and mass coral spawning events.
Cape Range National Park is an arid ecosystems and sits on the east coast of the North West Cape forming spectacular
landscapes and seascapes. The range is an extensive karst system and network of underground caves and water courses.
The Exmouth Gulf is also a rich marine environment and an important nursery for humpback whales, dugong and turtles.
Sites of interest in the area include Turquoise Bay, Yardie Creek (Cape Range), Navy Pier Exmouth (good snorkelling site),
Jurabi Turtle Centre and of course ample beaches and reefs for swimming, snorkelling and diving.
Exmouth town offers a variety of dining options from restaurants, cafes, take-away and even breweries. The best place to
find a full list of options is on the Ningaloo Visitor Centre website: http://www.visitningaloo.com.au/things-to-see-do/eating-out-in-exmouth. The main shopping area is Ross Street Shopping Mall with two supermarkets, newsagency, chemist,
bakery, laundry, gift stores, cafes and more. Please also remember that Exmouth and Coral Bay are proud to be ‘plastic bag
free’ towns – so bring your green bags from home.
The ACRS Conference would not be possible without the dedication and drive of its committee members. We thank them,
as well as all ACRS Councillors, for their efforts in bringing this event together.

Again the ACRS Council welcome you and hope you enjoy the 91st Conference.

Froth
Ningaloo Centre

Mantarays
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Program Overview
Tuesday 15th May
8:00 - 17:30		
18:00-20:30		

Student Mentoring Day and Coral ID Workshop
Welcome Function at Froth Craft Microbrewery

Wednesday 16th May
07:30 - 09:00		
09:00 - 09:30		
09:30 - 10:00		
10:00 - 10:45		
10:45 - 12:15		
12:15 - 13:25		
13:25 - 13:55		
14:00 - 15:00		
15:00 - 15:30		
15:30 - 16:30		
16:30 - 17:00		
17:00 - 19:00		
19:00 - onward

Registration open at Ningaloo Centre
Welcome to Country and Opening Address
Keynote address: Professor Daniel Pauly
Morning tea
Concurrent sessions
Lunch
Keynote address: Professor Jessica Meeuwig
Concurrent sessions
Afternoon tea
Concurrent sessions
Keynote address: Professor Graeme Cumming
BHP/CSIRO Ningaloo Outlook Program poster session
Public Event: details to come

Thursday 17th May
08:00 - 08:45		
08:45 - 09:15		
09:15 - 09:45		
09:45 - 10:30		
10:30 - 12:30		
12:30 - 13:25		
13:25 - 13:55		
14:00 - 15:15		
15:15 - 15:45		
15:45 - 17:00		
18:30 - 18:50		
19:00 - 22:30		

Registration open at Ningaloo Centre
Keynote address: Associate Prof Tracy Ainsworth
Annual General Meeting
Morning tea
Concurrent sessions
Lunch
Keynote address: Dr Shaun Wilson
Concurrent sessions
Afternoon tea
Concurrent sessions
Buses leave Ninglaoo Centre for dinner
Conference Awards Dinner at Mantarays Resort

photo by Ciemon Caballes
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Molecular and physiological
acclimatisation of high latitude corals
during the 2015-2016 El Niño thermal
anomaly.

DRAFT PROGRAM

Mesophotic reefs as refugia: Depth-related
patterns in coral recruitment across a
shallow to mesophotic gradient.

* Samantha Goyen, Emma Camp, Lisa
Fujise, Alicia Lloyd, Matthew Nitschke,
Peter J Ralph, and David J Suggett

* Simone Booker and Brian Jones

Decadal sea surface temperature
reconstructions from the Cayman Islands; A
170-year record

Joe Turner, Damian P. Thomson, Anna K.
Cresswell, Melanie Trapon, and Russell C.
Babcock

Negligible effect of competition on coral
colony growth.

10-year trends in coral assemblages at
northern Ningaloo Reef reveal dramatically
different responses in reef flat and reef slope
habitats.

Patterns in early life history of sessile
invertebrates and algae across a depth
gradient at Ningaloo Reef, Western
Australia.

Melanie Trapon, Damian P Thomson,
Michael DE Haywood, Anna K Cresswell,
Russ C Babcock, and Joseph A Turner

* Mariana Álvarez-Noriega, Andrew H.
Baird, Maria Dornelas, Joshua S. Madin,
and Sean R. Connolly

Damian Thomson, Haywood MDE, Trapon
M, Cresswell A, Bessey C, Babcock RC,
Vanderklift MA, Pillans R, and Boschetti F

Settlement and early life history of reef
organisms

Conservation biology, ecology and
genetics of coral reef organisms

Morning tea

Coral reef resilience in a changing world –
adaptation, acclimation and recovery

*student presentation considered for awards

11:00

10:45

10:00-10:45

Keynote address – Prof Daniel Pauly: Two Ways of Introducing Gill-Oxygen Limitation Theory (GOLT)

Community Centre - West

9:30-10:00

Registration opens and presentation loading

Travelling gallery

Welcome to country and opening address

Community Centre - East

9:00-9:30

7:30-9:00

Time

Wednesday May 16th 2018
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*student presentation considered for awards

DRAFT PROGRAM

Keynote address – Prof Jessica Meeuwig: Groundhog day in Australian Marine Parks –counting fish in offshore marine parks
to improve protection

All session presenters to attend

Population genetic approaches to reef
restoration.

13:25-13:55

Discussion

Miniature athletes: Swimming
performance and oxygen uptake of coral
reef fishes throughout their larval phase.

* Adam Downie, Peter Cowman, Mark
McCormick, and Jodie Rummer

Multi-stage process during substrate
attachment of Acropora fragments.

* Brett Lewis and Luke Nothdurft

Predicting coral reef recovery potential by
quantifying meso- to micro-scale
recruitment bottlenecks.

Christopher Doropoulos, Luis A GómezLemos, Kinam Salee, Jan Tebben, Mark
van Koningsveld, and Russell C Babcock

Kate Quigley

The reef restoration and adaptation
program.

Petra Lundgren

Predicting benthic functional group
abundance in the inter-reef seabed habitat
of the Great Barrier Reef.

Renata Ferrari, Joy Smith, Mathieu
Mongin, Roland Picher, and Katharina
Fabricius

Coral health and disease at four sites in
Timor-Leste before and after the 20162017 global bleaching event.

* Catherine Kim, Ove Hoegh-Guldberg,
and Sophie Dove

Lunch

Responses of butterflyfishes to long-term
changes in coral cover at Lizard Island,
northern Great Barrier Reef.

Morgan Pratchett, Andrew Hoey,
Cassandra Thompson, Michael Berumen,
Shane Blowes, and Sam Matthews

The Great Barrier Reef Legacy 'Search for
the Super Corals' Expedition.

Dean Miler, Taylor Simpkins, and John
Rumney

The Holocene "Turn on" of the Great
Barrier Reef: Reef Growth Under
Environmental Stress?

* Kelsey Sanborn, Madhavi A. Patterson,
Jody M. Webster, Susan Warner, Gregory E.
Webb, Juan Carlos Braga, Luke Nothdurft,
Richard Murphy, Marc Humblet, Belinda
Dechnik, and Jian-xin Zhao

Coral reefs and the constancy of change in
an increasingly wobbly world.

James Gilmour

12:15-13:25

12:00

11:45

11:30

11:15
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Ciemon Frank Caballes, Jilly Wheeler,
Vanessa Messmer, Cassandra Thompson,
and Morgan Pratchett

Conservation biology, ecology and
genetics of coral reef organisms
(continued)

Declining abundance of coral reef fish in
a world-heritage-listed marine park.
Discussion
All session presenters to attend

Coral calcification in a changing world and
the interactive dynamics of pH, DIC and Ca
up-regulation.

Discussion

All session presenters to attend – discussion
on presentation so far

DRAFT PROGRAM

Mat Vanderklift, Russ Babcock, Fabio
Boschetti, Mick Haywood, Richard
Pillans, Shane Richards, and Damian
Thomson

Movement of coral reef associated fish
and sharks at Ningaloo Reef: Residence,
home range and habitat requirements for
key fish functional groups on Ningaloo
Reef.

Richard Pillans, Russ Babcock, Wayne
Rochester, Mat Vanderklift, Mick
Haywood, and Damian Thompson

Malcolm McCulloch, Steeve Comeau,
Chris Cornwall, Thomas Decarlo, Juan
Pablo D’Olivo, Michael Holcomb, and
Claire Ross

Hydrodynamic response to regional marine
cloud brightening as a coral bleaching
mitigation method.

Daniel Harrison

Key biological traits of fisheries-targeted
coral species and implications for
Impact of repeated bleaching events on coral management.
recovery in a turbid environment.

Richard Evans, Shaun K. Wilson, Nicole
Ryan, Rebecca Fisher, Russ Babcock, David
Blakeway, Francois Dufois, Peter Fearns,
Ryan Lowe, Jim Stoddardt, and Damian
Thomson

*student presentation considered for awards

14:45

14:30

14:15

14:00

Coral reef resilience in a changing world –
adaptation, acclimation and recovery
(continued)

The effects of suspended sediment on coral
reef fish assemblages and feeding guilds of
northwest Australia

Molly Moustaka, Tim J. Langlois, Dianne
McLean, Todd Bond, Rebecca Fisher,
Peter Fearns, Passang Dorji, and Richard
D. Evans

Bio-physical features of a coral reef fish
aggregation site.

* Eric Fisher, Mark I McCormick, John H
Choat, and Mike Cappo

Contrary to common believes interactions
of marine threats are not inherent to threat
combinations

* Vanessa Haller and Michael Bode

Trophic interactions and food web
dynamics
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A new tree for an old problem: Resolving
wrasses relationships - phylogeny and
biogeography of Coris and Old World
Halichoeres lineages (Family Labridae).
Discussion
All session presenters to attend

The acclimatisation capacity of naturally
heat-resistant corals: will long-term
exposure to warmer/cooler temperatures
improve/lower their heat tolerance?

Terry Hughes et al.

Ecological memory modifies the impact of
back-to-back coral bleaching.

DRAFT PROGRAM

Peter Cowman, O. Selma Klanten, and
David R. Bellwood

Verena Schoepf, Steven A. Carrion,
Malcolm T. McCulloch

Genetic signatures through space, time
and multiple disturbances in a ubiquitous
brooding coral.

* Laura Puk, John Dwyer, and Peter
Mumby

Jim Underwood, Zoe T Richards,
Karen J Miller, Marji L Puotinen, and
James P Gilmour

Luke Thomas

Differential rates of recovery and the
resilience of reef corals to recurrent
bleaching.

Is warm food more nutritious? The effect
of increasing temperature on speciesspecific growth and palatability of tropical
macroalgae.

Biodiversity and systematics of deepwater Acropora in the western Pacific

Anemonefish accelerate bleaching recovery
of host sea anemones.

All session presenters to attend

Discussion

Metabolic interactions between an
aggressive bioeroding sponge and its
endosymbiotic dinoflagellates revealed
through novel technologies.

* Michelle Achlatis, Mathieu Pernice,
Kathryn Green, Paul Guagliardo, Ove
Hoegh-Guldberg, and Sophie Dove

Where macroalgae hide: Reduced
herbivore access to microhabitats provides
refuge for the brown macroalga Lobophora

* Alexia Graba-Landry, Marie
Magnusson, Zoe Loffler, Eva McClure,
Morgan Pratchett, and Andrew Hoey

Thomas Bridge, Ed Roberts, Sage
Fitzgerald, Peter Cowman, and Andrew
Baird

* Sophie Pryor, Ross Hill, Danielle L
Dixson, Nicola J Fraser, Brendan P Kelaher,
and Anna Scott

Trophic interactions and food web
dynamics (continued)

Evolution, speciation and hybridisation
of coral reef organisms

Afternoon tea

Coral reef resilience in a changing world –
adaptation, acclimation and recovery
(continued)

*student presentation considered for awards

16:15

16:00

15:45

15:30

15:00-15:30
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DRAFT PROGRAM

BHP/CSIRO Ningaloo Outlook Program Poster Session

Keynote address – Prof Graeme Cumming: Spatial resilience, scale, and spatial subsidies in coral reef ecosystems and socialecological systems

*student presentation considered for awards

17:00 - onward

16:30-17:00
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Ningaloo Marine Park: integrating
terrestrial and marine management in a
World Heritage Area.
Nicola Browne, Mick O'Leary, Ryan
Lowe

Warming over three generations in a coral
reef fish: how does temperature change
across generations affect plasticity?

* Shannon McMahon, P. Munday, and J.
Donelson

DRAFT PROGRAM

Modelling reef carbonate production with
low-lying island stability under sea level

Peter Barnes

Jennifer Donelson and Giverny Rodgers

Michael Cuttler, Jeff Hansen, and Ryan
Lowe

Coral reef carbonate sediment metabolism
in a high CO2 world and the role of
sediment topography.

* Coulson Lantz, Bradley D. Eyre, and
Kai G. Schulz

Net bioerosion and accretion in the Great
Barrier Reef: a 10 to 20 year experimental
study of coral blocks on Lizard Reef.

Monitoring for a purpose: a strategic
program for monitoring coral reef
communities throughout Western
Australia’s marine reserves.

Acquired tolerance of reef-building corals to
future climates.

* Madhavi Anne Patterson, Pat
Hutchings, Jody M. Webster, Zsanett
Szilagyi, Willem Renema, and Veronique
Chazottes

Thomas Holmes, Kim Friedman,
Michael Rule, Kevin Bancroft, George
Shedrawi, Shaun Wilson, and Alan
Kendrick

* Jose Montalvo, Line Bay, Madeleine van
Oppen, Philip Munday, Nicole Webster, and
Manuel Aranda

*student presentation considered for awards

11:00

10:45

10:30

Physical processes on coral reefs

Management and monitoring of reefs:
from social to biological considerations

Morning tea

Community Centre - West

Coral reef resilience in a changing world –
adaptation, acclimation and recovery
(continued)

Annual General Meeting

9:15-9:45

9:45-10:30

Travelling gallery
Registration and presentation loading

Keynote address – Associate Prof Tracy Ainsworth

Community Centre - East

8:45-9:15

8:00-9:45

Time

Thursday May 17th 2018
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Lunch

Behavioural and physiological impacts of
flash photography on benthic fishes.

* Maarten De Brauwer, Luke M.
Gordon, Tanika C. Shalders, Benjamin J.
Saunders, Michael Archer, Euan S.
Harvey, Shaun P. Collin, Julian C.
Partridge, and Jennifer L. McIlwain

Biodiversity of non-coral mesophotic
invertebrates in the Ningaloo Marine
Park: patterns, drivers and protection.

Muhammad Abdul Wahab, Ben
Radford, Jane Fromont, Andrew Hosie,
Karen Miller, and Andrew Heyward

Investigating the effect of recreational
fishing using 30 years of data from
Ningaloo Marine Park, a meta-analysis.

All session presenters to attend

Discussion

Disturbance history, long term trajectories
and the influence of localised
hydrodynamics on coral reef resistance and
recovery at Ningaloo Reef Western
Australia.

George Shedrawi, Conrad W. Speed, Kim
J. Friedman, James Falter, Ryan Lowe,
Chris Simpson, Morgan S. Pratchett,
Thomas H. Holmes, Kevin Bancroft,
Shaun K. Wilson, and Zhenlin Zhan

Response of a fringing reef coastline to the
direct impact of a tropical cyclone

DRAFT PROGRAM

Keynote address – Dr Shaun Wilson: Tropical macroalgal meadows: an important fish habitat?

All session presenters to attend

Discussion

The effects of diel CO2 cycles and elevated
temperature on reef fish physiology.

* Taryn Laubenstein, Jodie L. Rummer,
Michael D. Jarrold, and Philip L. Munday

Exposure to constant and fluctuating
elevated pCO2 affects metabolic
performance of two species of damselfishes.

* Anna Cresswell, SK Wilson, TJ
Langlois, J Claudet, R Stuart-Smith, D
Thomson, M Depczynski, CJ Fulton, M
Vanderklift, MDE Haywood, M Westera,
AJ Cheal, DL McLean, B Fitzpatrick, P
Tinkler, RC Babcock, T Ayling, A
Ayling, RD Pillans, M Renton, CB
Smallwood, and TH Holmes

* Kelly Hannan, Philip L. Munday, and
Jodie L. Rummer

*student presentation considered for awards

13:25-13:55

12:15-13:25

11:45

11:30

11:15

rise and increased cyclone severity in the
Pilbara, Western Australia.

The effects of elevated CO2 and food
availability on the behaviour of a coral reef
fish
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Healthy vs degraded habitats: How will the
gill microbiome in newly settled fishes
respond?

* Leteisha Prescott, Tracy Ainsworth,
Bridie J. M. Allan, Mark McCormick, Jodie
L. Rummer

The weakest link– Cumulative effects of
heavy fuel oil and UV radiation across
multiple life stages of coral.

* Mikaela Nordborg, Diane Brinkman, and
Andrew Negri

Natural events responsible for heavy metal
accumulation in turbid-reef Porites colonies,
Exmouth Gulf.

Mick O'Leary, Nicola Browne, Hedwig
Krawczyk, Jennifer McIlwain, and Jens
Zinke

DRAFT PROGRAM

Local on-ground management actions for
coral reef conservation: being responsive
to changing needs in a changing world.

Nicole Hitchcock and Darren Larcombe

Using full a subsets statistical approach
to understand drivers of coral
communities across broad spatial scales.

Rebecca Fisher

Automatic classification of benthic
habitats using deep learning.

Mathew Wyatt

Interactive effects of elevated ammonium
and phosphate on calcification,
photobiology and tissue properties of the
symbiotic coral Acropora intermedia.

* Rene van der Zande, Yannick Mulders,
Dorothea Bender, Sophie Dove, and Ove
Hoegh-Guldberg

Recovery capacity and physiology of
Kimberley corals after unprecedented
bleaching.

* E. Maria U. Jung, Malcolm T.
McCulloch, and Verena Schoepf

Exposure to elevated sea-surface
temperatures below the bleaching
threshold impairs coral recovery and
regeneration following injury.

Josh Bonesso, Tracy Ainsworth, and Bill
Leggat

Present and future Porites cylindrica coral
calcification under increased ocean
warming and acidification.

Principles, practice and possibilities:
using drones for coral reef research.

Effects of water quality on coral recovery:
spatial predictions across the GBR.

Matheus A Mello-Athayde, Sophie Dove,
Selina Ward, and Ove Hoegh-Guldberg:

Karen Joyce, Stephanie Duce, Susannah
Leahy, Javier Leon, and Stefan Maier

Yves-Marie Bozec, Karlo Hock, Nicholas
Wolff, Mark Baird, Kenneth Anthony, and
Peter Mumby

*student presentation considered for awards

14:45

14:30

14:15

14:00

Coral physiology and reef photosynthesis

Management and monitoring of reefs:
from social to biological considerations
(continued)

Anthropogenic impacts, disturbance events
and water quality effects on coral reef
organisms
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Management and monitoring of reefs:
from social to biological considerations
(continued)

Mary Bonin

Carolina Castro-Sanguino, Manuel
Gonzalez-Rivero, David Callaghan, Marji
Puotinen, Alberto Rodriguez-Ramirez,
Sebastian Lopez-Marcano, and Ove HoeghGuldberg

All session presenters to attend

All session presenters to attend
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Discussion

The expanded crown-of-thorns starfish
control program.

Discussion

*student presentation considered for awards

16:15

Linking impacts of cyclone-generated waves
to fine-scale changes in coral community
structure.

Comparing the state of Great Barrier
Reef tourism before and after the 20162017 mass coral bleaching events

Coral-based reconstruction of river runoff
dynamics that influence the nearshore reefs
of Miri in northwest Borneo.

16:00

Matt Curnock, Nadine Marshall,
Margaret Gooch, Bruce Taylor, and
Genevieve Williams

Hedwig Krawczyk, Christina Brown, Ulrich
Struck, Michael O’Leary, Nicola Browne,
Jennifer McIlwain, and Jens Zinke

15:45

Monitoring co-managed marine areas: a
comparison of qualitative and
quantitative methods.

Jennie Mallela

Fiona Webster, Pippa Cohen, Sione
What’s in a bite? Microtopography and coral Malimali, Mele Tautai, Karen Vidler,
Sione Mailau, Lavinia Vaipuna, and
reef development.
Viliami Fontagiatau

Anthropogenic impacts, disturbance events
and water quality effects on coral reef
organisms (continued)

Afternoon tea

15:30

15:00-15:30

All session presenters to attend

Discussion

Mixed-species shoaling as a behavioural
mechanism facilitating the survival of
coral reef fishes in temperate regions.

* Kai Paijmans, Marian Wong, and David
Booth

Ecology of high latitude coral assemblages
in Western Australia.

* Chenae Tuckett, Thibaut de Bettignies,
Richard Evans, Thomas Wernberg

40 years of change in coral assemblage
structure in a climate change hotspot.

Andrew Baird, Toni Mizerek, Osmar
Luiz, Joshua Madin, Brigitte Sommer,
Francesca Benzoni, and Danwei Huang

Tropicalisation: the southern migration
of coral reef organisms
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Posters
Kevin Bancroft, George Shedrawi
Seawater temperature disturbances in recent time.
* Sahira Bell, Brinkley Davies
Evaluation of marine plastic deposition and distribution within a remote World Heritage Area.
* Christopher A. Brunner, Mia O. Hoogenboom, Sven Uthicke, Andrew P. Negri
Cumulative impacts of sedimentation and climate change on Acropora millepora recruits.
* Ramona Brunner, Aurelie Moya, Ira Cooke, Andrew P. Negri, David J. Miller
Which receptors are responsible for coral settlement?
* Sara Godinez, Jane Williamson, Troy Gaston, Vincent Raoult
Spatial variability in the δ15N signatures of a symbiotic coral: insights into nitrogen recycling within
the symbiotic system.
* Mila Grinblat, Yossi Loya, Ira Cooke, Peter Cowman, David Miller
Surprising reproductive flexibility in the stony coral Fungia fungites on the Great Barrier Reef.
* Rucha Karkarey, Mayuresh Gangal, Stella James, Al Badush, Teresa Alcoverro, Rohan Arthur
Using behavioural shifts to evaluate the success of conservation strategies - lessons from a oncepristine fish spawning aggregation.
Jennifer Loder, Gemma Francis, Susie Bedford, Peter Barnes
Building a reef citizen science program for Ningaloo Reef.
Luke Loudon, Tahlia Newnhman, Harry Wellington, Josh Bumbak, Mick O'Leary, Nicola Browne:
Long term monitoring of reef structure through high resolution multi-decadal aerial imagery.
Kate Quigley
Transgenerational inheritance of shuffled symbiont communities in the coral Montipora digitata.
Zoe Richards, Oliver Berry, Jim Underwood, James Gilmour, Kathryn McMahon, Udhi Hernawan, Glenn
Moore, Michael Travers, Joey DiBattista, Richard Evans
Going with the flow: genomic insights into ecological connectivity in the Kimberley.
* Cyrielle Rigal, Malcolm T. McCulloch, Verena Schoepf
Physiology of heat-resistant intertidal and heat-sensitive subtidal of Kimberley corals one year after a
bleaching event.
Tanika Shalders, Ben Saunders, Scott Bennett, Jack Parker, Euan Harvey
Climate-mediated changes to the distribution and density of reef fishes in south-western Australia.
* Carrie Sims, Eugenia M. Sampayo, Margaret M. Mayfield, Nataly Gutierrez-Isaza, John M Pandolfi
Density and diversity effects on coral larvae settlement and short-term survival.
* Zsanett Szilagyi, Jody M. Webster, Kinga Hips, Madhavi A. Patterson, Matthew Foley, Juan C. Braga,
Marc Humblet, Yusuke Yokoyama:
Volumetric calculation of microbialites using 3D visual analysis of CT scanned IODP Expedition
325 (Great Barrier Reef) fossil coral reef cores.
Marie Taylor, Gavin Singleton
Reef Education to Sea Country connections: Innovation of co- learning for a sustainable future.
Si Tuan Vo, Xuan Dat Mai, Son Lam Ho, Quang Huy Lai, Van Than Doan:
Non-synchronous coral spawning in Nha Trang bay, Vietnam (the western South China Sea).

6
*student presentation considered for awards

DRAFT PROGRAM

KEYNOTE SPEAKERS
Tropical macroalgal meadows: an important fish habitat?
Shaun Wilson
Marine Science Program, Department of Biodiversity, Conservation and Attractions, WA
shaun.wilson@dbca.wa.gov.au
Abstract
Coral reefs often occur in close proximity to seagrass meadows or mangrove forests and much
research has focused on the links among these systems. Less attention has however been
afforded to the positive links between coral reefs and seaweed beds, particularly the importance
of macroalgae as habitat for coral reefs fish. This talk will identify which reef fish also associate
with seaweed beds and assess the importance of macroalgae as habitat for these fish. The talk
will examine how fish associations with macroalgae vary ontogenetically and interspecifically,
and how seasonal shifts in the canopy structure of macroalgal beds influence local fish
abundance. Annual surveys of fish and macroalgal beds over the past nine years at Ningaloo
also provide an insight into how local-scale variations in habitat quality interact with large-scale
climatic conditions (Southern Oscillation Index, SOI) to shape fish abundance, improving our
understanding of long term fluctuations in fish numbers and a basis for predicting future
population levels.
Biography
Shaun Wilson received his PhD in marine ecology from James Cook University in 2001 and
has held research positions at James Cook and Newcastle University (UK). He is currently a
principal scientist at the Department of Biodiversity, Conservation and Attractions, Western
Australia, where he undertakes research to improve management of the state’s network of
marine parks and threatened marine fauna. He has more than 20 years of research experience
on coral reefs and has published over 100 peer reviewed papers. Much of his work is based on
field studies and long-term monitoring programs that examine the effects of habitat disturbance
and fishing on coral reefs. His collaborative studies with colleagues from around the globe have
improved understanding of the effects of climate change and fishing on coral reefs and provided
a basis for assessing the effectiveness of different management practices for alleviating these
pressures.

Two Ways of Introducing Gill-Oxygen Limitation Theory
(GOLT)
Daniel Pauly
The University of British Colombia; Sea Around Us; Institute for the
Oceans and Fisheries & Department of Zoology
d.pauly@oceans.ubc.ca
Abstract
One of the expected responses of marine fishes to ocean warming is decrease in body size, as
supported by evidence from empirical data and theoretical modelling. The theoretical
underpinning for fish shrinking is that the oxygen supply to large fish size cannot be met by
their gills, whose surface area cannot keep up with the oxygen demand by their threedimensional bodies. Although this logic has been recently challenged, it will be shown, in the
context of Gill-Oxygen Limitation Theory (GOLT) that gills, because they must retain the
properties of open surfaces, cannot avoid being limiting for fish growth. Also, besides
explaining (1) the growth patterns of fish, a wide range of biological features of fish and other
water-breathing organisms can be understood only when gill area limitation is used as an
explanation, including (2) the decline of food conversion efficiency with size; (3) the size at
which they reproduce; (4) the phenomenon known as ‘abortive maturation’; (5) why the fish
of a given species are larger at the cold end of their distribution ranges; (6) why fish move into
deeper/colder waters when they grow bigger; (7) why the growth and food conversion
efficiency of farmed fish declines when oxygen supply is reduced; (8) why fish perform
temperature-driven seasonal migrations (9) why global warming induces poleward migrations;
(10) why the flesh of tuna that have fought for a long time at the end of a fishing line becomes
inedible; (11) why the otoliths of fish and the statoliths of invertebrates form clear daily rings
in larvae and juveniles, but in adults; (12) many other phenomena that are never ben
elucidated before, or even perceived as requiring an explanation. The GOLT thus appears to
have the potential of a powerful theory capable of acceleration progress in marine biology and
limnology and the corresponding applied discipline, i.e., fishery science and aquaculture.
Biography
Daniel Pauly is a French citizen who completed his high school and university studies in
Germany; his doctorate (1979) and habilitation (1985) are in Fisheries Biology, from the
University of Kiel. After many years at the International Center for Living Aquatic Resources
Management (ICLARM), in Manila, Philippines, Daniel Pauly became in 1994 Professor at
the Fisheries Centre of the University of British Columbia, Vancouver, Canada, of which he
was the Director for 5 years (Nov. ’03-Oct. ’08). Since 1999, he is also Principal Investigator
of the Sea Around Us Project (see www.seaaroundus.org), funded for 15 years by the Pew
Charitable Trusts, Philadelphia (currently by the Paul G. Allen Family Foundation), and
devoted to studying, documenting and promoting policies to mitigate the impact of fisheries
on the world’s marine ecosystems.
Daniel Pauly has supervised a large number of Master and PhD students in the Philippines,
Germany, and British Columbia. The concepts, methods and software which Daniel Pauly (co)developed, documented in over 1000 scientific and general-interest publications, are used
throughout the world, not least as a result of his teaching a multitude of courses, and
supervising students in four languages on five continents.

Spatial resilience, scale, and spatial subsidies in coral reef
ecosystems and social-ecological systems
Graeme Cumming
James Cook University, Townsville QLD
graeme.cumming@jcu.edu.au
Abstract
The resilience of coral reef ecosystems is strongly dependent on a set of highly complex,
spatially structured pattern-process dynamics. Marine organisms both create and respond to
seascape structure across a range of scales, while meeting their fundamental energetic and
reproductive needs at one or more scales that are strongly but not inevitably linked to their
trophic level. At the same time, marine habitats are differentially connected across scales and
in geographic space by flows of propagules, nutrients, pollutants, and organisms.
How can we better understand this complexity? Ecology has an illustrious history of
modelling spatial dynamics and spatial subsidies, but linkage of this body of spatial research
with trophic dynamics and food web theory only really began in the mid-1990s. More
recently, the rise of network theory has driven new analytical tools but these have not been
rigorously integrated with either preceding analyses (e.g., metapopulation models) or
hierarchical perspectives (e.g., trophic cascades). For example, classical predator-prey
metapopulation models show that differential dispersal can cause alternate stable states, but
this perspective is ignored in most ecological network analyses. After introducing some
conceptual tools, I will argue that the concept of the heterarchy can be used to connect
hierarchical and network-focused perspectives, in turn leading to clearer hypothesis-testing in
ecology and potentially offering improved heuristics for management. Finally, I will use
national-level economic data and some nifty modelling to demonstrate that the global
economic system currently has two alternative attractors; that like coral reefs, the richer
countries of the world are heavily dependent on spatial subsidies; and that without structural
change, the global economic system in its current form is unsustainable. Understandings of
scale, system structure, and spatial dynamics thus lie at the heart of understanding both
ecological and social-ecological sustainability and resilience.
Biography
Graeme comes from Harare, Zimbabwe, where he went to Saint George’s College. He studied
Zoology and Entomology to the honours level at Rhodes University in Grahamstown, South
Africa. He then moved to Oxford University, on a Rhodes Scholarship. While at New College,
Oxford, Graeme completed his doctorate on ‘The Evolutionary Ecology of African Ticks’
under the supervision of Sarah Randolph and David Rogers. From Oxford he moved to the
University of Wisconsin-Madison, funded by a D. H. Smith Postdoctoral Fellowship from The
Nature Conservancy (TNC). In Madison he worked with TNC and Steve Carpenter at the
Center for Limnology on applying species-based models to management and conservationrelated problems in freshwater systems. After two years as a postdoc, he was hired as an
Assistant Professor in the Department of Wildlife Ecology and Conservation at the University
of Florida. Graeme returned to Africa at the end of 2005 and occupied the Pola Pasvolsky
Chair in Conservation Biology at the University of Cape Town until end June 2015, when he
moved to his current position. Graeme has a wide range of interests, centering around
understanding spatial aspects of ecology and the relevance of broad-scale pattern-process
dynamics for ecosystem (and social-ecological system) function and resilience. He is also
interested in the applications of landscape ecology and complexity theory to conservation and
the sustainable management of natural resources.

Groundhog day in Australian Marine Parks –counting
fish in offshore marine parks to improve protection
Jessica Meeuwig
Centre for Marine Futures School of Biological Sciences
& UWA Oceans Institute; University of Western Australia
jessica.meeuwig@uwa.edu.au
Abstract
Groundhog Day is a 1993 film that encapsulates “been there, done that, oh no, not again”. It
has been over 50 years since the father of marine parks, Dr. Bill Ballantine, put forward his
arguments on why areas closed to exploitation, or marine parks, would deliver benefits in the
nearshore. Since then, researchers have demonstrated that highly protected areas increase
diversity, abundance and biomass. These highly protected areas support fisheries through
spillover and increased recruitment, they increase resilience to bleaching, flooding, and
climate invaders. Clear evidence also indicates that partial protection is both more expensive
to implement than full protection and does not deliver comparable benefits.
In 2018, the research community is facing a groundhog moment as Australia roles out a
network of inadequate marine protected areas plagued by a lack of representation and
undermined by a #fakescience argument that partial protection works. The bulk of these
marine parks is pelagic and this groundhog moment means that the research community will
need to yet again demonstrate the benefits of protection, particularly important given global
declines in ocean wildlife. A first step is to develop the needed baselines on the pelagic
wildlife within these habitats. Building on a half century of shallow-water marine park
research, our challenge is to deliver the evidence on how protection matters in the offshore.
Biography
Jessica Meeuwig is a marine ecologist focused on understanding the ecology of reef and openocean shark and fish assemblages and the way in which their status reflects anthropogenic
impacts and management responses. Key to my lab’s vision is a multidisciplinary approach
to marine conservation centred on a diverse repertoire of field and analysis techniques,
from baited remote underwater video systems (BRUVS), to acoustic and satellite tagging,
trophic analyses, behavioural studies, or predictive model buidling, e.g. of the influence of
ocean bathymetry on pelagic species. Our scope is international, with ongoing programs in
Australia, the Chagos Archipelago and New Caledonia.

Can we meet the challenge of marine heatwaves and climate
extremes?
Tracy Ainsworth
University of New South Wales, Sydney; Centre of Marine BioInnovation
tracy.ainsworth@unsw.edu.au
Abstract
In 2016 analysis of past thermal stress events revealed that trajectories by which sea surface
temperatures increase have conferred tolerance in corals to bleaching level temperature stress.
However that same work also predicted that as temperatures become more extreme those
protections are lost and mortality, as a result of severe temperature stress, increases. In 2017
we undertook a study of severe bleaching conditions and found that heatwave induced
mortality is a physiologically different process to bleaching, which results in immediate rapid
mortality and coral decay. By undertaking a meta-analysis of bleaching research from the past
four decades we have also found that our understanding of heat-induced mortality is limited to
only relatively few studies and we need to begin to differentiate coral bleaching and heatinduced mortality as distinct thermally induced events, linked to a changing climate. With this
comes new challenges, and a new perspective on how society can predict and respond to
severe climate events. But the time has come to ask ourselves, can we meet the challenge of
severe climate change, and if so, how?
Biography
I am an Associate Professor and Scientia Fellow at The University of New South Wales
within the School of Biological, Earth and Environmental Sciences, where I study the impact
of climate change on marine organisms, in particular to corals and coral reefs. My research
aims to determine how host-microbe-environment interactions influence organism physiology,
adaptation and acclimation, and ecosystem state. I have held an Australian Research Council
Australian Post Doctoral Fellowship (APD 2008- 2011) and Super Science Fellowship (2011
– 2014) at James Cook University, ARC Centre of Excellence for Coral Reef Studies where I
was also an Principal Research Fellow (2015-2017). Prior to which I received my PhD at the
University of Queensland where my research investigated links between stress and disease in
corals (Dean’s List 2008) and during my Master of Science I undertook research
characterising invertebrate immune function and investigating the potential for disease biomarkers in commercially important marine invertebrates. I first developed an interest in
animal health and disease in marine ecosystems through studying marine patho-biology during
my Bachelor of Science at James Cook University.
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Biodiversity of non-coral mesophotic invertebrates in the Ningaloo Marine Park:
patterns, drivers and protection
Abdul Wahab, Muhammad
Australian Institute of Marine Science, WA
m.abdulwahab@aims.gov.au
Ben Radford, Jane Fromont, Andrew Hosie, Karen Miller, Andrew Heyward
Relatively little is known of factors that influence community composition and distribution of
non-coral benthic taxa on tropical reefs, particularly at mesophotic depths (30–150m). This
study quantified the diversity of mesophotic taxa within the phyla Porifera, Arthropoda,
Echinodermata and Mollusca in the Ningaloo Marine Park (NMP), and assessed the role of
environmental factors towards biogeography. Benthic sled sampling at 145 stations along the
entire NMP (260 km of coastline) from the Muiron Islands to Red Bluff (18–144 m depths)
recovered 830 unique taxa, with arthropods having the highest species richness (264 taxa),
followed by molluscs (233), echinoderms (180) and sponges (153). Multivariate assessments
of the biotic data against 28 explanatory environmental variables, including those derived
from singlebeam surveys, found latitude and depth to be significant in explaining variation in
biodiversity; and separated communities into eleven distinct groups by habitat features
(combinations of latitude and depth). The largest distinction in communities was found
between sites to the north and south of Coral Bay, with depth having varying degrees of
influence between the two regions. The majority of taxa (>60%) were restricted to a single
latitudinal-depth profile. In contrast, <1% of taxa were widely distributed across latitudes and
depths. Comparisons of benthic communities between four pairs of sanctuary and nonsanctuary areas within the marine park (e.g. adjacent general use areas) revealed varying
levels of protection of mesophotic invertebrate diversity, suggesting future assessments on the
effectiveness of sanctuary areas for the region should focus on deep as well as shallow
communities.
Metabolic interactions between an aggressive bioeroding sponge and its endosymbiotic
dinoflagellates revealed through novel technologies
Achlatis, Michelle *
School of Biological Sciences and Global Change Institute University of Queensland,
Australian Research Council Centre of Excellence for Coral Reef Studies
m.achlatis@uq.edu.au
Mathieu Pernice, Kathryn Green, Paul Guagliardo, Ove Hoegh-Guldberg, Sophie Dove
Coral-excavating sponges are a major group of CaCO3 bioeroders on present-day reefs, and
they are thought to be “winners” under future projections. Amongst these sponges, some of
the most aggressive and destructive to corals and CaCO3 frameworks host intracellular
dinoflagellates of the genus Symbiodinium, but almost nothing is known about the metabolic
partnership of this symbiosis. Here, we report on the use of a novel technology to study
nutrient assimilation and transfer at the individual cell level in the intact symbiosis between

the bioeroding sponge Cliona orientalis and its endosymbiotic dinoflagellates. Combining
isotopic labelling with transmission electron microscopy and nanoscale secondary ion mass
spectrometry (NanoSIMS), we were able to visualize autotrophic and heterotrophic
metabolism in the sponge. The autotrophic tracers 13C-bicarbonate and 15N-ammonium were
rapidly assimilated by the photosynthetic Symbiodinium cells and translocated to the hosting
sponge cells within 6 hours, and to nearby tissue within 3 days. On the other hand, 13C- and
15N-enriched dissolved organic matter entered the holobiont through heterotrophic filter
feeding and was reciprocally shared with Symbiodinium cells, possibly in the form of host
nitrogenous waste. Importantly, this experiment also elucidated that the sponge filter-feeding
cells are capable of directly taking up dissolved organic matter, a role that has been most
commonly attributed to the prokaryotic communities of sponges. Our findings strongly
support metabolic integration between sponge and Symbiodinium, shedding light on the
ecological advantage of photosymbiotic bioeroding sponges in marine habitats.
Negligible effect of competition on coral colony growth
Álvarez-Noriega, Mariana *
James Cook University, ARC Centre of Excellence for Coral Reef Studies
mariana.alvareznoriega@my.jcu.edu.au
Andrew H. Baird, Maria Dornelas, Joshua S. Madin, Sean R. Connolly
Competition is an important determinant of assemblage structure and population regulation. In
corals, most studies testing for an effect of competition on demographic traits have been
experimental. To more realistically assess the role of competition on coral traits, multispecies
studies in the wild are required. We use 5 years of data that includes 11 coral species on the
reef crest at Lizard Island to quantify the effect of competition on growth. Additionally, we
test whether species differ in their susceptibility to direct-contact and overtopping
competition, and whether species from some morphological groups are more likely to compete
with one another than with species from other morphological groups. We also investigate the
relationships between competitive ability and three key traits: growth rate, mechanical
stability and fecundity. We found a negligible effect of competition on growth. Acropora
species consistently won overtopping encounters but lost in direct-contact encounters. In
contrast, the massive Goniastrea spp. were poor at overtopping but generally won directcontact encounters. Only tabular colonies were disproportionally more likely to compete
against one another than with other morphologies. This propensity increases intraspecific
relative to interspecific competition, a phenomenon that can promote coexistence if present
among dominant competitors. Good competitors grew more quickly and had higher fecundity
but were less mechanically stable, implying a trade-off between performance during
disturbance vs. performance in the absence of disturbance. Competition among adults is less
likely to influence community dynamics than previously thought.
40 years of change in coral assemblage structure in a climate change hotspot
Baird, Andrew
James Cook University, Townsville QLD
andrew.baird@jcu.edu.au

Toni Mizerek, Osmar Luiz, Joshua Madin, Brigitte Sommer, Francesca Benzoni, Danwei
Huang
Climate change is driving often dramatic changes in the structure of ecological communities.
For example, rising sea temperatures are causing temperate marine assemblage to become
more tropical in many parts of the world. Here, we repeated historical surveys in the Solitary
Island in northern NSW to document how coral assemblage structure has changed over a
forty-year interval. The percent cover of most common coral taxa has changed very little since
the 1990s. Indeed, sub-tropical species have become more common at most sites. Similarly,
turnover in species composition does not support a tropicalisation of these coral assemblages.
Nonetheless, there have been small but ubiquitous declines in total coral cover and cover of
the genus Acropora spp. at most sites since the 1970s. We concluded that there has been little
change in the assemblage structure of corals in the Solitary Islands, despite considerable
increase in mean sea surface temperature. This result is in contrast to a dramatic
tropicalisation of high latitude coral assemblages in the northern hemisphere, and ongoing
changes in fish and seaweed assemblages in eastern and western Australia. These results
suggest that factors other than climate, such as lack of suitable settlement cues, also influence
the spread of coral species into the subtropics of eastern Australia.
Ningaloo Marine Park: integrating terrestrial and marine management in a World
Heritage Area
Barnes, Peter
Western Australian Department of Biodiversity, Conservation and Attractions
peter.barnes@dbca.wa.gov.au
Gazetted in 1987, Ningaloo is one of the two oldest marine parks in Western Australia’s
marine reserve network. The ease of accessibility to Ningaloo’s coral reef, reliability of
marine megafauna including whale shark aggregations, fishing, diving, beaches and coastal
camping have made Ningaloo Marine Park both an iconic travel destination and conservation
flagship for WA. The attractiveness of Ningaloo has also seen visitation increase dramatically
in recent years. While increased visitation provides opportunities for visitor experience,
engagement and the WA economy, it also creates challenges for conservation. As part of the
Ningaloo Coast World Heritage Area, Ningaloo Marine Park is adjoined by coastal reserves
(Cape Range National Park, Jurabi and Bundegi Coastal Parks) and proposed coastal reserves
for much of its 260 km length. A diverse and diffuse array of boat ramps, day use sites and
coastal camping opportunities provide direct access to the Marine Park for many 100s of
thousands of visits each year. As primary managers of the World Heritage Area, WA’s
Department of Biodiversity, Conservation and Attractions utilises an integrated management
approach between the marine and terrestrial reserves. Management of adjoining terrestrial
reserves provides opportunities to manage direct impacts on the marine park by both engaging
visitors (e.g. through signage, camp host programs, compliance, visitor centres, school holiday
programmes) and managing the location and volume of access to the marine park (e.g.
managing the capacity, placement and design of campgrounds, carparks, access tracks, boat
launching areas and kayak trails) to provide visitor experiences and protect sensitive habitats.

Exposure to elevated sea-surface temperatures below the bleaching threshold impairs
coral recovery and regeneration following injury
Bonesso, Josh
School of Earth, Environmental and Biological Sciences, Queensland University of
Technology
joshua.bonesso@qut.edu.au
Tracy Ainsworth, Bill Leggat
Elevated sea surface temperatures are linked to an increase in the frequency and severity of
bleaching events due to temperatures exceeding corals’ upper thermal limits. The temperatures
at which a breakdown of the coral-Symbiodinium endosymbiosis (coral bleaching) occurs are
referred to as the upper thermal limits for the coral species. This breakdown results in a
reduction of corals’ nutritional uptake, growth, and tissue integrity. Periods of elevated sea
surface temperature, thermal stress and coral bleaching are also linked to an increase in
disease susceptibility and frequency of storm events which cause injury and physical damage
to corals. In this study we determine the capacity of corals to regenerate and recover from
injuries (removal of apical polyps) sustained during periods of elevated sea surface
temperatures which result in coral stress responses, but which do not result in coral bleaching
(i.e., sub-bleaching thermal stress events). In doing so, GFP fluorescence, skeletal
calcification and expression profiles of heat-shock (HSP70/HSP90) and antioxidant (Catalase)
response genes were investigated in the coral Acropora aspera exposed to ambient (26°C) and
elevated (32°C) SST conditions over a 12 day period. Significant reduction in GFP
fluorescence, skeletal calcification/extension and branch regrowth at the site of injury were
found in corals maintained at an elevated SST of 32°C compared to corals maintained at
ambient 26°C. These results show that periods of sustained increased sea surface temperatures
below the corals’ bleaching threshold, but above long-term summertime averages, impair
coral recovery from damage, regardless of the onset or occurrence of coral bleaching.
The expanded crown-of-thorns starfish control program WAITING for more info
(authors etc)
Bonin, Mary
Great Barrier Reef Marine Park Authority
mary.bonin@gbrmpa.gov.au
In the Great Barrier Reef Blueprint for Resilience, ramping up control of crown-of-thorns
starfish (COTS) was identified as one of four critical on-ground actions to improve the
capacity of coral reefs to resist and recover from disturbance. The Australian Government has
recently committed increased funding to expand the COTS control program. This provides the
resources for increased vessels and trained crews to protect coral at ecologically and
economically valuable reefs in the Great Barrier Reef Marine Park. This talk will describe the
plans for the expanded control program, including its objectives and geographic scope. It will
also report on the data that enables adaptive decision-making, and the science that informs this
management response.

Decadal sea surface temperature reconstructions from the Cayman Islands; A 170-year
record
Booker, Simone *
University of Alberta, Canada
sdbooker@ualberta.ca
Brian Jones
Analysis of four large coral heads (Orbicella annularis, and Montastrea cavernosa) from
Grand Cayman and Cayman Brac (central Caribbean), collected at a water depth of 20 m,
record continuous growth from 1846 to 2014. Computer tomographic scans and X-Ray
images of these corals show differing growth band patterns that divide the corals into Group
A, with one scale of banding that reflect bi-annual growth periods, and Group B, which have
smaller, sub-seasonal growth patterns superimposed on the bi-annual growth bands. Stable
oxygen isotope records from these corals indicate that the Sea Surface Temperatures (SST)
between 1843 and 2014 varied from 25 to 34°C. This record includes two warm (W1- 1843 to
1921; W2- 1989 to 2014) phases and one cool (C1- 1921 to 1989) phase. The warm phases
are consistent with proposed overall global warming that has occurred in the Caribbean region
since 1850 and W2, with a temperature increase of 2.5°C relative to the previous cool phase,
which highlights the rapid rise in SST over the last 30 years. Within W2, five bleaching
events are recorded by initially low temperatures that are followed by a drastic temperature
increase. The overall average cooling of ~1°C between 1843 and 2014 and the cool phase
(C1) are inconsistent with the general global warming trend that has been postulated since
1850. Such deviations from the general warming trends probably reflect local changes around
the Cayman Islands that are, as yet, difficult to establish from other types of data.
Effects of water quality on coral recovery: spatial predictions across the GBR
Bozec, Yves-Marie
School of Biological Sciences & ARC Centre of Excellence for Coral Reef Studies, University
of Queensland
y.bozec@uq.edu.au
Pulse events of terrestrial runoffs lead to elevated concentrations of suspended sediments
(SSC) that can affect the success of coral reproduction and larval settlement. Yet, because
coral reproduction operates at daily scales in a fast changing environment, reproduction
success likely depends on the unfortunate alignment of coral spawning with rainfall events.
Moreover, coral larvae disperse over large distances so that impacts of sediments loads may
also affect distant reefs that are not exposed to terrestrial inputs. This challenges the
evaluation of impacts of water quality on coral demographics and recovery. Here, we quantify
the potential impact of sediment loads on coral reproduction and dispersal across the GBR.
We used the eReefs hydrodynamic and biochemical models (4km resolution) to extract daily
estimates of surface SSC following recent (2011-2016) events of coral spawning. We thus
inferred the success of coral reproduction at a reef-by-reef scale (1,312 reefs) from empirical
dose-response curves between coral fertilization and SSC, and further evaluated the potential
for larval settlement by combining reproduction success with larval dispersal predicted by
year-specific connectivity matrices. Results produce spatial estimates of the potential for coral
dispersal and settlement across the GBR. They support a comprehensive model of coral

populations for the GBR, which integrates coral demographics, larval connectivity, nutrientdriven dynamics of the crown-of-thorns starfish (COTS), and realistic regimes of bleaching
and cyclones. This GBR model is fully spatially-realistic and allows evaluating coral health
and recovery ability for a range of scenarios, including climate change, water quality
management and COTS control.
Biodiversity and systematics of deep-water Acropora in the western Pacific
Bridge, Tom
Queensland Museum and ARC Centre of Excellence for Coral Reef Studies, James Cook
University
tom.bridge@qm.qld.gov.au
Ed Roberts, Sage Fitzgerald, Peter Cowman, Andrew Baird
Recent advances in molecular techniques have revolutionized understanding of the evolution
and systematics of the Scleractinia, and revealed that the morphological characters
traditionally used to delineate clades are not homologous. However, the majority of
Scleractinian species remain unstudied phylogenetically, and most research that has occurred
has been based on relatively few genetic markers. Consequently, phylogenetic relationships
and associated homologous characters remain poorly-known for many clades. The genus
Acropora is the most abundant and diverse clade on Indo-Pacific coral reefs, occurring in
virtually every reef habitat. Molecular techniques have thus far provided limited insight into
species boundaries within Acropora, attributed primarily to extensive hybridisation within the
genus. However, new molecular techniques targeting large numbers of loci, such as target
enrichment of ultraconserved elements (UCEs), combined with reanalysis of a wide range of
quantitative morphological characters, could provide new insights into species boundaries
within the group. Here, we present data on specimens of the unique subset of Acropora
restricted to mesophotic depths from two locations in the western Pacific: Kimbe Bay, Papua
New Guinea, and Pohnpei, Micronesia. We find that morphological characters of several
nominal species overlap strongly, likely because these characters vary more strongly with
depth than among species. However, molecular analyses could provide valuable insights into
morphological features indicative of different molecular clades. These findings have important
implications for understanding speciation in the genus Acropora.
Modelling reef carbonate production with low-lying island stability under sea level rise
and increased cyclone severity in the Pilbara, Western Australia
Browne, Nicola
Curtin University, WA
nicola.browne@curtin.edu.au
Mick O'Leary, Ryan Lowe
Reef islands rely on carbonate sediment delivery from surrounding reefs for their continued
stability and growth. In recent years, there has been an increase in reef scale assessments of
carbonate production, but current understanding on carbonate sediment delivery rates and
volumes from reefs to islands is poor. As such, tools for evaluating reef island stability and

developing strategies that conserve island biological, economic or social values, particularly in
the face of rising seas and increased storm severities, are inadequate. To address this
knowledge gap, we need to identify and quantify reef ecological and physical parameters
central to island stability. Reefs and reef islands in the Pilbara provide the appropriate setting
for developing relationships between reef ecology and island geomorphology. From a 2015
field visit, we concluded that these islands were carbonate-dominated, high islands (<20 m)
with a stable core but dynamic sub tidal sand movement around the island perimeter.
Terrestrial and bathymetric LiDAR for 33 Pilbara islands suggest that the islands have eroded
since the Holocene. Yet imagery from the 1940’s indicates recent stabilisation. We are
developing a data driven model that incorporates reef accretionary history, carbonate sediment
production and transport to assess if recent island stabilisation represents a longer-term trend,
identify drivers of stabilisation, and assess if this trend will continue under future climate
change.
Key biological traits of fisheries-targeted coral species and implications for management
Caballes, Ceimon
ARC Centre of Excellence for Coral Reef Studies and UCA Research - Ultra Coral Australia
ciemon.caballes@my.jcu.edu.au
Jilly Wheeler, Vanessa Messmer, Cassandra Thompson, Morgan Pratchett
Australia’s aquarium industries are high-value, small-scale fisheries that rely on exporting
CITES-listed corals for profitability and viability. The commercial harvest of scleractinian
corals from Australian reefs has risen consistently over the past decade, with annual yields
doubling from 14 tonnes in 2006-2007 to 29 tonnes in 2016-2017, to meet the increasing
demand for live specialty corals from aquarium hobbyists worldwide. This fishery is generally
considered sustainable; however, a significant portion of the targeted species remain largely
understudied, with critical knowledge gaps relating to species-specific life history and
biological traits. Additionally, a significant proportion of the target species are harvested from
turbid nearshore waters, where there are no ongoing research and monitoring. These key
knowledge gaps limit the ability of fisheries managers and industry partners to make informed
decisions and management strategies. Regulatory policies, particularly those involving size
and harvest limits, should be guided by catch trends and species-specific biological traits such
as size at sexual maturity, sexuality, reproductive mode, and growth rates. Here, we present
these key traits for the following fishery-targeted corals species: Micromussa lordhowensis,
Homophyllia australis, Trachyphyllia geoffroyi, Catalaphyllia jardinei, Duncanopsammia
axifuga, and Euphyllia glabrescens. We will also discuss the implications of these results for
the management of coral fisheries in Australia, especially in light of unprecedented reef
degradation following the recent mass bleaching events.
Monitoring of river plume sediments using MODIS in the Miri-Sibuti Coral Reef
National Park, Borneo
Cartwright, Paula *
Curtin University, WA
paula.cartwright@student.curtin.edu.au

Coral reefs provide vital ecosystem services to millions of people but are under threat from
anthropogenic impacts such as climate change and terrestrial-run off. Marine protected areas
encompassing coral reefs require strong stewardship to protect these vital resources,
particularly in developing tropical regions where increasing human development is often at
conflict with environmental outcomes. One difficulty faced by management is finding the
tools to monitor over adequate spatial and temporal scales. Remote sensing satellites offer a
solution to this and are becoming a common method of monitoring impacts to sensitive marine
areas. To provide accurate information from satellite data requires localised in-situ sampling
to first determine the optical properties of a regional water-body. A study of the Baram River
flood plume in the Miri-Sibuti Coral Reef National Park, Borneo, was undertaken to develop a
regional algorithm capable of retrieving total suspended matter (TSM) information from
remotely sensed data. The algorithm was then applied to MODIS satellite imagery from 2017
to reveal directional change in plume dynamics and analyse how environmental variables
influence TSM impacting the coral reefs. Light data from the coral reefs show a correlation
with the March-April monsoon wind directional change which is forcing the sediment plume
toward the reefs and reducing light availability. It is therefore recommended that these months
require the most consideration when monitoring land use change that increases river sediment
output.
Linking impacts of cyclone-generated waves to fine-scale changes in coral community
structure
Castro-Sanguino, Carolina
Global Change Institute, University of Queensland
cc.sanguino@uq.net.au
Manuel Gonzalez-Rivero, David Callaghan, Marji Puotinen, Alberto Rodriguez-Ramirez,
Sebastian Lopez-Marcano, Ove, Hoegh-Guldberg
Cyclones are responsible for a large proportion of coral cover decline worldwide. While our
understanding of how cyclones impact on reefs has increased, damage to reefs cannot be
prevented and its assessment is challenging because not all reefs are equally vulnerable.
Understanding the drivers influencing the distribution of reef damage at a fine spatial scale
can help identifying the most vulnerable areas to prioritize management. Here, we assess the
fine-scale changes in benthic cover along nearly 800 km of the northern GBR before and after
the passing of the Category 5 cyclone ITA on April 2014. Using the Simulating Waves
Nearshore wave model (SWAN), we show that the energy of cyclone-generated waves (wave
power), was a good predictor of coral cover change. However, spatial patterns of coral losses
were highly heterogeneous in response to wave exposure but coral community structure and
the reef location help to explain the variance in the response. Overall, inner and mid-shelf
reefs where more affected than outer reefs. Greatest losses of coral cover (~ 20% on average)
occurred in the relatively sheltered inshore reefs where wave power was nearly 5-fold weaker
than that registered in outer reefs. Changes were explained by the community type dominating
each reef prior to the cyclone. Because local stressors affecting inshore reefs may exacerbate
reef degradation, our results stress the need of considering fine-scale drivers of coral damage,
as well as local attributes of reefs, to enhance predictions of the vulnerability of reefs to
cyclones and improve local management actions.

A new tree for an old problem: Resolving wrasses relationships - phylogeny and
biogeography of Coris and Old World Halichoeres lineages (Family Labridae).
Cowman, Peter
ARC Centre of Excellence for Coral Reef Studies, James Cook University
peter.cowman@jcu.edu.au
O. Selma Klanten, David Bellwood
The family Labridae (wrasses and parrotfishes) is the seventh largest family of ray-finned
fishes, with over 630 species in 88 valid genera. It is the classic ‘reef fish’ family and is
consistently in the top five families in terms of species richness and local abundances on coral
reefs around the world. Labrids have been the focus of much research addressing questions
about ecology, evolution and biogeography. All have benefited from family-level
phylogenetic hypotheses. Although the family remains incompletely sampled in phylogenetic
reconstructions, incremental progress over the last 15 years has led to phylogenies
representing all major lineages (tribes), 84% of genera, and ~50% of valid species. Several
genera appear to be non-monophyletic in several phylogenetic trees. Nevertheless, there have
been few attempts to resolve the conflicting taxonomy with current phylogenetic topologies.
Here, we examine new sequence data from two nuclear genes (Rag2, S7) and two
mitochondrial markers (12S, 16S), alongside published sequence data for two of the largest
non-monophyletic genera: Halichoeres and Coris. We explore this new phylogenetic
hypothesis and propose new generic delineations that may provide a robust taxonomy for
these lineages. We also explore the biogeographic history of Coris and the Old-World
Halichoeres clades used a fossil calibrated chronogram. A complete and resolved phylogeny
for any taxa is critically important to understand its evolutionary origins and its phylogenetic
diversity across assemblages. We provide a stepping stone on the path to a fully resolved tree
of life for wrasses, one of the most diverse families of coral reef fishes.
Investigating the effect of recreational fishing using 30 years of data from Ningaloo
Marine Park, a meta-analysis
Cresswell, Anna *
University of Western Australia
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Sean Wilson, Timothy Langlois, Joachim Claudet, Rick Stuart-Smith, Damien Thomson,
Martial Depczynski, Christopher Fulton, Mat Vanderklift, Mick Haywood, Mark Westera,
Alistair Cheal, Dianne McLean, Ben Fitzpatrick, Paul Tinkler, Russ Babcock, Tony Ayling,
Avril Ayling, Richard Pillans, Michael Renton, Claire Smallwood, Tom Holmes.
No-take marine reserves (NTRs) are increasingly implemented for biodiversity conservation,
and in particular are predicted to increase the abundance and size composition of targeted fish
species. However, large-scale temporal and spatial datasets to investigate these predictions are
rare. A network of eight NTRs, where fishing is prohibited, was first established as part of the
Ningaloo Marine Park in 1987. In 2005 the area of NTRs was increased by 34%, to cover 895
km2 spread across 18 separate NTRs. Since 1987, multiple studies have collected data on fish
assemblages, using a variety of survey methodologies. We collated the raw data from these

studies to allow a 30 year (1987–2017) meta-analysis of differences in key targeted fish
species inside to outside the NTRs, accounting for differences between methodologies. Our
analysis found higher abundance and biomass of emperors, Lethrinidae, inside the NTRs, in
contrast with the ‘control’ fish group, Scaridae (parrotfish) which are not typically targeted in
the region and showed no response to fishing. In particular, the abundance and biomass of the
most highly recreationally targeted species in the region, the spangled emperor, Lethrinus
nebulosus, was consistently greater inside the NTRs. Larger reserves showed a larger effect
and the type of reef habitat also strongly influenced the effect size. We demonstrate the
benefits of a meta-analysis approach for combining disparate survey data and investigating the
effects of fishing, but also discuss the limitations and the important, though often absent, role
of consistent monitoring data for more fully quantifying long-term implications of
management.
Comparing the state of Great Barrier Reef tourism before and after the 2016-2017 mass
coral bleaching events
Curnock, Matt
CSIRO Land and Water, Townsville, QLD
matt.curnock@csiro.au
Nadine Marshall, Margaret Gooch, Bruce Taylor, Genevieve Williams
Recent mass coral bleaching events in the Great Barrier Reef (GBR) have received
international media attention and have prompted a new interventionist management paradigm
to protect coral reefs from the existential threat posed by climate change. Concurrently,
significant effort has been invested in protecting the GBR’s reputation of ‘superlative natural
beauty’, to help sustain its $5.7B tourism industry. But to what extent have perceptions of the
GBR’s health and appeal changed among tourists and tourism operators, and is this affecting
tourism visitation? In this study we compare survey data from >4500 domestic and
international tourists and >100 marine tourism operators in the GBR region, collected in mid2013 and again in mid-2017, as part of the Social and Economic Long-Term Monitoring
Program (SELTMP). Among tourists, we identify significant differences in their ratings of the
quality of reef activities, such as snorkelling and scuba diving, as well as their assessments of
the GBR’s aesthetic beauty. While tourism operators remained optimistic about the future of
their business in the GBR, their trust in institutions providing GBR-related information has
fallen. We discuss these and other key findings in the context of the latest tourist visitation
trends and other emerging industry patterns.
Response of a fringing reef coastline to the direct impact of a tropical cyclone
Cuttler, Michael
Oceans Graduate School and UWA Oceans Institute, ARC Centre of Excellence for Coral
Reef Studies, University of Western Australia
michael.cuttler@uwa.edu.au
Jeff Hansen, Ryan Lowe

Tropical cyclones generate extreme hazards along coastlines, often leading to losses of life
and property. Although coral reefs exist in cyclone-prone regions globally, few studies have
measured the hydrodynamic conditions and morphological responses of reef-fringed
coastlines to tropical cyclones. Here we examine the impact of Tropical Cyclone Olwyn on a
section of Australia’s largest fringing reef (Ningaloo Reef) using in situ wave and water level
observations, topographic surveys, and numerical modeling. Despite forereef significant wave
heights reaching 6 m and local winds of 140 km hr-1, average beach volume change was only
-3 m3 m-1. The results indicate that this erosion was due to locally-generated wind waves
within the lagoon rather than the offshore waves that were dissipated on the reef crest. A
comparison of these volume changes to observations of tropical cyclone impacts along
exposed sandy beaches quantitatively demonstrates the substantial coastal protection reefs can
provide against extreme storms.
Behavioural and physiological impacts of flash photography on benthic fishes
De Brauwer, Maarten *
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Millions of people take animal pictures during wildlife interactions, yet the impacts of
photographer behaviour and photographic flashes on animals are poorly understood. We
investigated the physiological and behavioural impacts of photographer behaviour and
photographic flashes on 14 benthic fish species that are important for scuba diving tourism
and aquarium displays. We ran a field study to test effects of photography on fish behaviour,
and two laboratory studies that tested effects of photographic flashes on seahorse behaviour,
and ocular and retinal anatomy. Our study showed that effects of photographic flashes are
negligible and do not have stronger impacts than stress caused solely by human presence.
Photographic flashes did not cause changes in gross ocular and retinal anatomy of seahorses
and did not alter feeding success. Physical manipulation of animals by photographing scuba
divers, however, elicited strong stress responses. This study provides important new
information to help develop efficient management strategies that reduce environmental
impacts of wildlife tourism.
Warming over three generations in a coral reef fish: how does temperature change
across generations affect plasticity?
Donelson, Jennifer
ARC CoE for Coral Reef Studies, James Cook University
jennifer.donelson@my.jcu.edu.au
Giverny Rodgers
Predicting the impacts of environmental change to biological systems relies on an
understanding of the ability for species to acclimate to the projected environmental change
through phenotypic plasticity. Determining the effects of projected warming on individual

performance is made more complex by the potential for environmental conditions experienced
in previous and current generations to independently affect phenotypic responses to
environmental temperatures. We used a model coral reef fish to investigate the influence of
thermal conditions on performance when warming was experienced by the current, parent or
grandparent generation. We found that more gradual warming over generations resulted in
greater plasticity allowing developmental plasticity to occur on top of transgenerational
plasticity. We also found that the thermal conditions in which reproduction occurred
interacted with thermal history to effect the phenotype of offspring produced.
Predicting coral reef recovery potential by quantifying meso- to micro-scale recruitment
bottlenecks
Doropoulos, Christopher
CSIRO, Oceans and Atmosphere, Brisbane QLD
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Severely disturbed populations require the recruitment of new individuals for maintenance and
recovery. For many plants and animals, this involves (a) the passive dispersal of tiny
propagules followed by (b) specific cues to induce settlement into particular microhabitats that
(c) optimise post-settlement growth and survival. Each phase can be considered a
demographic bottleneck to recruitment and involve ecological and environmental interactions
that influence success. Here, we combine field, laboratory and modelling approaches to test
the recovery of the habitat forming Acropora, the most abundant reef building coral, using
Exmouth Gulf and Ningaloo Reef in Australia’s north-west as a model system. This region
has recently been subjected to multiple cyclone and thermal stress events with many reefs in
historically coral-depauperate states. Reefs in the west and northern end of the system are
fully open to propagule supply, but recruitment limited by extremely low post-settlement
survival due to competitive interactions with turf algae and smothering by sediment. In
contrast, recruitment appears limited by supply in the southern 2/3 of the Gulf, with negligible
effects of space availability on settlement, or competition and predation on the success of
newly-settled and juvenile corals. Most surprisingly, extreme temperatures, low light, and
terrigenous sediment input did not reduce the growth and survival of coral recruits in the
southern Gulf. Ultimately, all areas are predicted to have long recovery periods due to
inherently low recruitment, but the quantification of how recruitment bottlenecks vary
spatially can be used to advise management the best policies to optimise restoration.
Miniature athletes: Swimming performance and oxygen uptake of coral reef fishes
throughout their larval phase
Downie, Adam *
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Animal ‘athletes’ represent species that function at a higher capacity than average performing
species, for any given metric of performance (e.g., sprint speeds or endurance swimming).
Tropical reef fishes offer a unique perspective on athleticism, as their larvae are capable of
fast swimming relative to their size (8 to > 20 body lengths sec-1, species specific), especially
when compared to the larvae of most other fish species (<5 body lengths sec-1 for most
temperate fish species’ larvae). However, it is still generally unknown for most reef fish
species how they physiologically support this performance. Measuring performance traits,
such as oxygen uptake over ontogeny, which has not been previously determined for reef fish
larvae, will assist in answering this question. Using swimming respirometry techniques, we
will present how swimming performance (UCrit) and oxygen consumption rates (e.g. ṀO2,
aerobic scope) of spiny chromis (Acanthochromis polyacanthus) and cinnamon anemonefish
(Amphiprion melanopus) develop throughout their larval phases. Early results on laboratoryreared offspring show that A. polyacanthus are swimming at high speeds (>10 body lengths
sec-1) during their early life history and are taking up oxygen at rates higher than other fish
species during exercise. Our findings support a highly detailed overview of how swimming
performance and its related costs develop throughout ontogeny of coral reef fishes.
Additionally, this research will further our understanding of the developmental patterns and
physiological mechanisms supporting growth and performance of vertebrates during their
early life history.
Impact of repeated bleaching events on coral recovery in a turbid environment
Evans, Richard
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Coral reefs face both local and global threats. In some areas, climate change predictions
suggest that the return period of threats such as thermal bleaching or severe cyclones is
decreasing, making impacts more profound and interrupting recovery processes. Corals living
in marginal environments may feel these effects more profoundly as they exacerbate existing
stresses. Coastal coral communities of the west Pilbara Region (Exmouth Gulf to the Mary
Anne Islands) of Western Australia exist in relatively shallow (<20m) turbid environments
and are thus very exposed to thermal heating and the increase in suspended sediments from
cyclone disturbance. Daily mean turbidity already ranges between 1 – 6 NTU and can reach
levels in excess of 80 NTU for considerable periods as a result of cyclones and runoff from
seasonal rainfall events. During the La Nina cycle of 2011-2014, the west Pilbara coast
experienced consecutive summers of heat stress and repeated bleaching events for corals.
Coral cover on reefs declined from levels commonly at 45% (ranging from 30% - 70%) in
2009 down to 5% (range 0.1% to 13%) by 2014 within monitored areas. We present data on
the impact of these repeated bleaching events and the concurrent effect on larval supply,
abundance of juveniles and recovery rates of corals across a natural gradient in suspended
sediment concentration.
Predicting benthic functional group abundance in the inter-reef seabed habitat of the
Great Barrier Reef
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The Great Barrier Reef (GBR) is the world’s longest barrier reef and represents a unique
World Heritage Area of national and international importance. Yet, very little is known about
the benthic biota of its inter-reef seabed region. The GBR Seabed Biodiversity Project mapped
habitats and their associated biodiversity across 210,000 km2 of the GBR’s inter-reef seabed
area, generating a unique dataset on the abundance and diversity of benthic mobile and sessile
biota. We used multivariate and univariate generalized linear models to investigate the
relationship between 14 environmental variables and the abundance of 16 functional groups of
benthic biota. Mud was strongly and negatively related to the abundance of all benthic groups.
Geographical positioning along and across the coast were always related to the abundance of
benthic functional groups and multivariate abundance, with higher abundance north than south
and offshore than inshore. Bathymetry was also an important predictor, usually with higher
abundance with decreasing depth. Temperature was not an important predictor for multivariate
abundance, but significantly influenced the abundance of most of the functional groups
negatively. Models explained between 25 – 35% of the variance in the abundance of all
functional groups. Mud was consistently the strongest predictor of benthic abundance,
highlighting its negative effects on benthic biota. Because mud increases with sediment runoff, these results have implications for coastal erosion and related water quality targets,
highlighting an impact on the diversity and abundance of benthic biota of the GBR that had
not yet been detected.
Bio-physical features of a coral reef fish aggregation site
Fisher, Eric *
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Reef channels are well known fish aggregation sites. Reef channels within coral reefs dissect
outer reef slopes of a coral reef and form a direct conduit between the protected waters of a
coral lagoon and open oceanic water. Tidal currents were the principle physical driver
underlying fish forming aggregations. The present study illustrates the hydrodynamic patterns
of a reef channel within a patch reef in the northern section of the Great Barrier Reef marine
park. Movement of water through the channel was bidirectional and tidal driven. The study
also examined the temporal occurrence of 10 species of coral reef fish from five families at a
fish aggregation site at the mouth of the channel. These included predators of small fish
(Carangidae and Lutjanidae), predators of benthic invertebrates (Carangidae, Haemulidae and
Lethrinids), planktivores (Acanthuridae), egg predators (Lutjanidae) and omnivores
(Acanthurids). The six-year study comprised 1357 visual counts involving 402,370 fish. Total
fish abundance (raw counts) and species richness in relation to the environmental covariates
were examined. These predictors include tidal state, seawater surface temperature, lunar and
seasonal periodicity. To illustrate the multivariate response of the multispecies abundance data
in relation to the environmental predictors, multivariate regression trees and Dufrêne-

Legendre indicator species were used. Multivariate regression trees illustrated that flood tides
were the principle driver underlying the occurrence of all 10 species regardless of their trophic
classification and produced distinct seasonal assemblages, indicative of fishes aggregating to
forage and reproduce.
Using a full subsets statistical approach to understand drivers of coral communities
across broad spatial scales
Fisher, Rebecca
Australian Institute of Marine Science, WA
r.fisher@aims.gov.au
Understanding and predicting future patterns of tropical reef corals across broad scales in
response to pressures such as climate change depends on the processes driving spatio-temporal
change in coral reef ecosystems. Determining which spatial drivers are important predictors of
coral communities is challenging using conventional statistical methods. Ecologists are often
unsure what variables may be relevant and there may be a broad range of candidate predictors
that can show high levels of collinearity which can render multiple regression techniques
meaningless. In addition there is also uncertainty in how such variables should be summarized
for use in ecological models. Here I describe a full subsets modelling procedure for exploring
a set of potentially collinear predictors and determining which variables are the strongest
predictors. The approach is illustrated using a recently published analysis based on data across
19 degrees of latitude from Western Australia and the South-eastern Indian Ocean which
investigated how environmental conditions and disturbances structure coral communities at
broad spatial scales.
Coral reefs and the constancy of change in an increasingly wobbly world
Gilmour, James
Australian Institute of Marine Science WA
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Coral reefs are rapidly degrading. The causes and consequences of the degradation are often
understood, at least by researchers, yet they continue. Many researchers are now wondering
how to focus their efforts to better conserve coral reefs. For Western Australian reefs, part of
our renewed focus is on providing unequivocal evidence of the scale of degradation, on
attributing change to specific causes and demographic processes, and on projecting the
outcomes of future disturbance regimes. Within that context, I present long-term dynamics of
remote atoll-systems and attribute their spatial and temporal variation to: background
conditions, natural and human disturbances, and coral life histories. Community dynamics and
population demography are then combined to project the outcomes of more severe cyclones
and temperature anomalies. Finally, I consider ways to communicate the results of our
research to different stakeholders, ranging from researchers to the general public.
Molecular and physiological acclimatisation of high latitude corals during the 2015-2016
El Niño thermal anomaly
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The 2016 El Niño thermal stress event resulted in a third global mass coral bleaching event,
reaching as far south as Sydney Harbour (~34oS), where ~45% of corals at studied sites
bleached. Southern high latitude reefs (where waters are generally cooler) have been
considered as potential coral refugia as oceans continue to warm. However, this requires that
corals have a broad capacity to acclimatise to the relatively extreme environmental conditions
where heat stress events are predicted to increase in frequency and severity into the future.
How such acclimatisation can be realised through “genetic reprogramming” (of the coral
microbiome and/or coral host) versus physiological plasticity is largely unknown. Populations
of the geographically cosmopolitan Plesiastrea versipora and southerly-restricted
Coscinaraea mcneilli were examined across two harbour sites during the 2016 thermal stress
event, where SSTs reached >2oC above the long-term summer maxima. Associated 16S
rRNA-based bacterial diversity was highly variable across host species and with coral
bleaching. Parallel experiments were conducted to examine for differences in metabolic
performance (growth, photosynthesis, respiration and calcification) that accompanied the
microbiome trends. Both species displayed very different metabolic responses and bleaching
susceptibilities under elevated temperatures. We interpret these data to show the molecular
and physiological properties dictating bleaching and recovery mechanisms of temperate corals
for the first time.
Is warm food more nutritious? The effect of increasing temperature on species-specific
growth and palatability of tropical macroalgae
Graba-Landry, Alexia *
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Ocean warming is one of the greatest threats facing coral reefs, and is predicted to cause a
shift within algae-fish interactions. This is important as herbivorous fishes play a pivotal role
in structuring coral reef communities by regulating algal biomass. The consumption of algae is
determined in part by its palatability to herbivores. Factors that have been reported to
influence an alga's palatability include its growth, nutritional quality, and physical toughness.
However, some of these processes are energetically costly, and could have major implications
for the palatability for algae grown under increased temperature. Here we investigated the
effect of increasing temperature on the growth, physical toughness, nutrition, and
susceptibility to grazing of three co-occurring brown macroalgae: Sargassum cristaefolium
(two morphs: rigid and foliose), Sargassum swartzii, and Sargassum polycystum. Individual
thalli of all species were incubated for three weeks at three different temperatures (27°C, 29°C
and 31°C) reflective of summer minimum, mean and maximum temperatures experienced on
the Great Barrier Reef.

Generally, Sargassum species fared better at 27 °C than at elevated temperatures, though there
was some variability among species and metrics. Increased temperature decreased growth in
all species, reduced physical toughness in S. cristaefolium, and reduced nitrogen in S.
polycystum but increased nitrogen in S. cristaefolium (rigid). Herbivore preference was
variable, depending on herbivore and algal species. This study provides evidence that
increasing temperatures are not only detrimental to the physiology of macroalgae, and that
these changes may be detectable by herbivores but the interaction between herbivore and
algae may be complex and difficult to predict.
Contrary to common believes interactions of marine threats are not inherent to threat
combinations
Haller, Vanessa *
ARC Centre of Excellence for Coral Reef Studies, James Cook University, and
AIMS@JCU, Australian Institute of Marine Science, QLD, Australia
Vanessa.Haller@gmx.net
Michael Bode
Species and ecosystems usually face more than one threat. Although the effects (E) of
multiple threats can be linearly cumulative (i.e., E(A&B) = E(A)+E(B)), their interacting
effects can also be subadditive (E(A&B) < (E(A)+E(B)) or superadditive (E(A&B) >
E(A)+E(B)), and this interactive behavior has important management consequences. Here, we
explore the conditions causing these interactions using population dynamic.
Specifically, we investigate interactions between multiple threats in theoretical population
models (logistic growth, beverton-holt and ricker). We assume that a threat impacts a
population by reducing one or more processes influencing that population, for example,
habitat destruction can reduce the carrying capacity of reef fishes. Analysis and simulations
are used to identify the conditions under which the threats on populations display super- or
subadditive behavior.
The single population model has shown that even in a simple system superadditivity as well as
subadditivity occur for the same threats at different intensities. Interactions within the growth
rate are crucial to produce superadditive behavior. Generally, the more intense the threats on
the growth rate the more superadditivity occurs. Further, we found conditions that can directly
indicate the additivity based solely on the relationship of the parameters affected and the
equilibrium population size (convex=subadditive, concave=superadditive). Overall, the study
reveals the unsuitability of considering threat interactions as inherent to a threat combination
and gives recommendations for further studies on threats.
Exposure to constant and fluctuating elevated pCO2 affects metabolic performance of
two species of damselfishes
Hannan, Kelly *
James Cook University, Townsville QLD
kelly.hannan@my.jcu.edu.au
Philip L. Munday, Jodie L. Rummer

The pH of the oceans is changing at unprecedented rates due to increasing carbon dioxide
(CO2) emissions, a third of which is absorbed by the oceans. Additionally, coastal and
shallow water habitats experience natural fluctuations in partial pressures of CO2 (pCO2)
temporally and spatially. Some of the current diel fluctuations already exceed predicted mean
end-of-century CO2 levels. Though these fluctuations are well known, the majority of ocean
acidification research is performed on constant pCO2 levels. Thus, there is a lack of
knowledge on how these daily fluctuations of pCO2 affect coral reef fishes. This study aims to
compare the physiological effects of short-term constant pCO2 exposure (ambient: 500µatm
and high: 1,100µatm) with exposure to fluctuating pCO2 levels (increasing: 500-1,100µatm
and decreasing: 1,100-500µatm) meant to represent an extreme daily CO2 cycle on a coral
reef. We used two damselfish species, Acanthochromis polyacanthus and Amblyglyphidodon
curacao, and tested metabolic performance (using a swimming respirometer) while fish were
resting and during swimming tests under the aforementioned pCO2 treatments. There were
species-specific differences in the response to fluctuating and constant exposures to pCO2.
The A. polyacanthus exhibited a higher metabolic cost of constant exposures compared to
fluctuating exposures, whereas, A. curacao appear unaffected regardless of pCO2 treatment.
This is one of the first studies to measure physiological performance consequences to fishes
exposed to fluctuating pCO2 compared to constant levels. Furthermore, our findings will help
in predicting the effects of ocean acidification on coral reef fish populations.
hydrodynamic response to regional marine cloud brightening as a coral bleaching mitigation
method
Hydrodynamic response to regional marine cloud brightening as a coral bleaching
mitigation method
Harrison, Daniel
University of Sydney
daniel.harrison@sydney.edu.au
Marine cloud brightening has been suggested as an intervention which could potentially
mitigate bleaching of heat stressed coral reefs. The proposal is that providing additional cloud
condensation nuclei (CCN) in the form of nano sized salt crystals derived from evaporated sea
water droplets to the marine boundary layer will increase the reflectivity of low lying marine
stratocumulus clouds. By increasing the cloud albedo, incoming shortwave solar radiation
reaching the sea surface is reduced, with the integrative effect that over some days to months
ocean mixed layer temperatures are lowered compared to otherwise.
The response of the Great Barrier Reef hydrodynamic heat flux budget to scenarios of various
intensities and scales of imposed cloud brightening is considered using the CSIRO developed
eReefs GBR4 (4km grid) ocean model. Reduction to the shortwave radiation input term is
partially offset by reductions in longwave radiation, sensible heat flux, and latent heat flux
loss terms, resulting in net cooling. The reduction in sea surface temperatures achieved is
found to depend on the amount of suitable cloud cover (the first and second indirect aerosol
effect), concentration and reflectivity of aerosols (the direct aerosol effect) and is a function of
the amount of time a given water parcel spends under ‘brightened cloud’. Thus, there are
regional and inter-annual differences in the response to cloud brightening. A significant, and
nonlinear determinant of the amount of cooling achieved is the scale and location of
application, as this sets the residence time of ocean surface waters under the brightened cloud.

Local on-ground management actions for coral reef conservation: being responsive to
changing needs in a changing world
Hitchcock, Nicole
Queensland Parks and Wildlife Service
nicole.hitchcock@des.qld.gov.au
Darren Larcombe
It is easy for Marine Park Rangers managing the Great Barrier Reef World Heritage Area
(GBRWHA) to feel despondent in the face of the big challenges to reef health: climate
change; water quality issues; and the increasing frequency and intensity of tropical cyclones.
On-ground, practical conservation actions at a local scale, however, can help boost local reef
resilience and increase local stewardship of coral reefs. Within the GBRWHA, these
management actions include: enforcing Marine Park zoning (particularly no-take) provisions;
identifying and controlling outbreaks of Crown of Thorns Starfish (COTS); and minimising
anchor damage from vessels on coral reefs at high visitation locations. Following severe
Tropical Cyclone Debbie tracking through the Whitsundays in March 2017, it was identified
that many previously popular and high visitation locations had been reduced to <1% live coral
cover. Other nearby locations however had been spared the same level of destruction. Given
the high volume of boating and anchoring occurring in the Whitsundays, it became vital to
minimise local impacts to reefs from anchoring practices by protecting what was remaining,
assisting with recovery and enabling sustainable low impact access for visitors and tourism
operators. This presentation will focus on the Queensland Parks and Wildlife Service’s
expansion of the Reef Protection Program (a network of public moorings and no-anchoring
areas) in the Whitsundays area following severe Tropical Cyclone Debbie in 2017.
Monitoring for a purpose: a strategic program for monitoring coral reef communities
Holmes, Thomas
WA Department of Biodiversity, Conservation and Attractions
thomas.holmes@dbca.wa.gov.au
Kim Friedman, Michael Rule, Kevin Bancroft, George Shedrawi, Shaun Wilson, Alan
Kendrick
Appropriately designed and implemented long-term monitoring programs provide the basis for
the effective management of ecological systems. Operating under a ‘Condition-PressureResponse’ (CPR) framework, monitoring forms a key component of adaptive management by
providing knowledge to assess management effectiveness and refine practices through time.
The Department of Biodiversity, Conservation and Attractions (DBCA) uses such a process to
underpin its strategies for conserving biodiversity and ecosystem services on coral reef
communities across Western Australia's marine reserve network. Standardised methods are
used to collect relevant indicators of condition for key ecological values as well as the natural
and anthropogenic pressures that act on them. Following an initial design and implementation
period, robust information is now being fed back to managers and policy makers through
regular audits and reporting. The process has documented the variable effects of acute (e.g.
thermal stress, cyclonic events) and chronic (e.g. extractive fishing, coral predators) pressures
throughout the central and north-west as well as providing information on the role of regional

climate cycles on community dynamics. Most notably, the monitoring timeframe
encompassed a period of unprecedented thermal stress throughout the Gascoyne (2011),
Pilbara (2012-2013) and Kimberley (2016) which has resulted in major declines in the
condition of shallow water coral communities throughout many parts of the region. As the
links between ecological condition and pressures continue to strengthen through time,
DBCA’s marine monitoring program will enable the evaluation of current management
practices.
Ecological memory modifies the impact of back-to-back coral bleaching
Hughes, Terry
ARC Centre of Excellence for Coral Reef Studies
terry.hughes@jcu.edu.au
12 Co-authors
Climate change is radically altering the frequency, intensity and spatial scale of severe
weather events, such as heatwaves, droughts, floods and fires. As the time interval shrinks
between recurrent shocks, the responses of ecosystems to new disturbance regimes are
increasingly likely to be contingent on the history of recent extreme events. Here we show the
emergence of ecological memory during unprecedented back-to-back bleaching of corals
along the 2300 km length of the Great Barrier Reef in 2016 and 2017, where the impacts and
geographic patterns of the second severe heatwave were contingent on the first. Our results
underscore the need to understand the interactions among sequences of climate-driven events,
and highlight the strengthening and cumulative impacts of novel disturbance regimes on
vulnerable ecosystems.
Principles, practice and possibilities: using drones for coral reef research
Joyce, Karen
James Cook University, Townsville QLD
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Stephanie Duce, Susannah Leahy, Javier Leon, Stefan Maier
With many possible applications, the number of people using, and wanting to use, remotely
piloted aircraft systems (RPAS or drones) for coral reef research is increasing exponentially.
However, successfully using drones for data collection and mapping is often preceded by
hours of researching drone capabilities and functionality followed by numerous limitedsuccess flights as users tailor their approach to data collection through trial and error. Working
over water can be particularly complex and the published research using drones rarely
documents the methodology and practical information in sufficient detail to allow others, with
no little remote pilot experience, to replicate them, or to learn from their mistakes. This can be
frustrating and expensive, particularly when working in remote locations where the window of
access is small. The aim of this presentation is to show examples of how drones can be used
for coral reef studies and provide a practical guide to drone based data acquisition
considerations. We hope to minimize the amount of trial and error required to obtain high
quality, map-ready data by outlining the principles and practice of data collection using

drones, particularly in marine environments. Importantly, our recommendations are grounded
in remote sensing and photogrammetry theory so that data collected are appropriate for
making measurements and conducting quantitative data analysis.
Recovery capacity and physiology of Kimberley corals after unprecedented bleaching
Jung, E Maria U *
University of Bremen, The University of Western and ARC Centre of Excellence for Coral
Reef Studies Australia
mariajung89@t-online.de
Malcolm T McCulloch, Verena Schoepf
Ocean warming is one of the major threats to coral reefs today and leads to global mass
bleaching events of increasing severity and frequency. In 2016, a marine heatwave caused
unprecedented bleaching in the extreme macrotidal Kimberley region in northwest Australia.
We report both recovery and the extent of coral mortality six months after the peak bleaching
as well as the physiological mechanisms underlying both heat tolerance and recovery capacity
of these corals. Coral cover and health from both heat-tolerant intertidal (IT) and heatsensitive subtidal (ST) environments were investigated via photo-quadrat analyses. Samples of
Acropora aspera were collected during and after the bleaching event and assessed for
symbiont density, chlorophyll a and energy reserves (lipid, protein and carbohydrate). Despite
being exposed to similar heat stress during peak bleaching (~4.6 degree heating weeks),
bleaching was more severe in the subtidal than intertidal. Furthermore, ST corals had a much
lower recovery capacity with 71% mortality whereas 91% of IT corals were visibly healthy
after six months of recovery. Analyses of symbiont dynamics confirmed visually observed
differences in bleaching susceptibility and severity. Only bleached IT corals catabolized
energy reserves during bleaching, demonstrating that maintaining energy reserves during
bleaching cannot guarantee survival. This suggests that other factors influenced the low
recovery capacity of ST corals. However, the fast recovery of IT corals gives hope for reef
habitats that suffered from extensive mortality during the 2016 bleaching event in the
Kimberley. These findings demonstrate that corals from extreme temperature environments
can provide important insights into the mechanisms underlying coral heat tolerance.
Coral health and disease at four sites in Timor-Leste before and after the 2016-2017
global bleaching event
Kim, Catherine *
University of Queensland
c.kim@uq.edu.au
Ove Hoegh-Guldberg, Sophie Dove
Timor-Leste is the newest member state of the Coral Triangle newly independent in 2002.
Here we aim to assess correlations between coral health and terrestrially derived nutrient
inputs and assess potential impacts of the 2016-2017 global bleaching event in the capital
area. Coral health belt transects were conducted at four sites around the capital of Dili at 5
and 10 m depth in Nov 2015 and June 2017 in addition to two nutrient assays and the

deployment of temperature loggers. Coral cover ranged from 4.80 ±3.49% and 58.18 ±3.49%
and the prevalence of disease was low with White Syndrome present (1.9 ±0.9%) at the only
site dominated by tabulate Acroporids. The nutrient assays were characteristic of open ocean
values versus terrestrial input, but higher nutrients present at depth in the channel site may be
indicative of upwelling. There were changes in coral cover between survey points, however,
these are likely due to the lack of permanent transects versus bleaching mortality. Although,
the Coral Reef Watch Timor-Leste (CRWTL) regional virtual station shows a maximum of
5.79 degree heating weeks indicative of 30-40% bleaching between the surveys, the in situ
temperature logger data was significantly lower during the austral summer (Jan-Mar) which
points to CRWTL bleaching products overestimating the bleaching potential in this particular
region. Timor-Leste’s geographic location within the Indonesian ThroughFlow could be a
protective factor from ocean warming with the upwelling of cooler waters, however, this
further highlights the need to address and minimize human impacts especially in the face of
development.
Coral-based reconstruction of river runoff dynamics that influence the nearshore reefs
of Miri in northwest Borneo
Krawczyk, Hedwig
Freie Universität Berlin
Hedi_K@web.de
Christina Brown, Ulrich Struck, Michael O’Leary, Nicola Browne, Jennifer McIlwain, Jens
Zinke
Anthropogenic and climate-induced changes in sediment load entering the coastal realm are of
enormous concern in understanding the impacts to nearshore marine environments. The
Maritime Continent which includes many tropical insular states in Southeast Asia has
experienced rapid urbanization during the past 40 years accompanied by accelerated
deforestation. Furthermore, extreme climate events of global importance like the El Niño
conditions in 1997–1998 led to unprecedented drought and strong wild fires causing dramatic
forest loss across the region. We reconstruct the spatio-temporal dynamics of sea surface
temperature, light availability and oxygen isotopic composition of seawater based on paired
stable isotope (oxygen, carbon) and Sr/Ca measurements on coral cores obtained from three
understudied reefs adjacent to Miri, northwest Borneo. Our results reveal distinct seasonality
in skeletal oxygen and carbon isotopes reflecting the combined effects of sea surface
temperature, river runoff and light intensity. Low δ13C levels indicate reduced photosynthetic
activity of corals during the wet season when turbidity peaks. Seasonal changes in
geochemistry were confirmed by a simultaneous ecological study of the same reefs that
revealed bio-erosion rates differed from the dry to wet season. There was a substantial
inshore/offshore gradient in hard coral cover and biodiversity, with greatest sedimentation,
particularly of fine particles, at the inshore reefs. The increased land-derived sediments (and
associated nutrients) are most likely the key driver of the small-scale temporal changes on
Miri’s reefs which displayed adaptive mechanisms against low light.
Coral reef carbonate sediment metabolism in a high CO2 world and the role of sediment
topography

Lantz, Coulson *
Southern Cross University
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Bradley D Eyre, Kai G Schulz
The decline in surface ocean pH due to ocean acidification (OA) will decrease the saturation
state of calcium carbonate (CaCO3) ions in coral reef seawater, thereby impeding calcification
and accelerating dissolution of CaCO3. As a result, infiltration of this acidified seawater into
the porewater of coral reef carbonate sediments will likely shift the balance in sediment
calcification and dissolution (Gnet) towards a state of net dissolution. The magnitude of this
effect will depend on the sediment’s surface topography, as the interaction between flow and
topography (i.e., surface ripples) establishes pressure gradients that can result in a 50-fold
increase in sediment-water solute exchange relative to a flat sandbed. To date, however, no
studies have considered the influence of surface topography on the OA-dissolution interaction
in coral reef carbonate sediments. Here, we present data on the interactive effect between coral
reef sediment topography (flat and rippled sandbed) and projected OA conditions (elevated
pCO2 of 1000 µatm and 1300 µatm). Under these simulated OA conditions, the balance in
sediment gross primary production and respiration (GPP/R) did not differ from control
treatments but both OA treatments did significantly decrease sediment Gnet. This effect was
further amplified under the presence of surface ripples, which increased the rate of porewater
exchange and the associated rate of carbonate sediment dissolution by 18 to 41% under a
pCO2 of 1000 and 1300 µatm, respectively, when compared to flat sediments. These data
show that OA will enhance coral reef carbonate sediment dissolution and the magnitude of
this effect will depend on the topography of the sediment.
The effects of diel CO2 cycles and elevated temperature on reef fish physiology
Laubenstein, Taryn D *
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Jodie L Rummer, Michael D Jarrold, Philip L Munday
Elevated CO2 levels projected for the end of the century have been shown to have negative
effects on ecologically important physiological functions in reef fishes. The majority of ocean
acidification studies have employed stable CO2 treatments in their experiments, based on
projections for the open ocean. However, fish on coral reefs experience natural diel
fluctuations in CO2. Importantly, these diel cycles have been shown to minimize the negative
impacts of elevated CO2 on reef fish behavior. However, it is not currently known how CO2
fluctuations could alter physiological responses of coral reef fishes. The primary aim of this
study was to determine the effect of CO2 fluctuations on the physiological performance of a
coral reef fish. Ocean acidification is not happening in isolation, and the effects of warming in
combination with elevated CO2 could have complex interactions on fish physiology. Thus, we
also incorporated elevated temperature in our experiment. We reared spiny damselfish from
hatching to 10 weeks in one of five CO2/temperature treatments: control, stable elevated CO2,
fluctuating elevated CO2, stable elevated CO2 with elevated temperature, and fluctuating
elevated CO2 with elevated temperature. At 10 weeks, we calculated the aerobic scope of the
juvenile fish, or their capacity for aerobic activity after accounting for basic maintenance.

Aerobic scope has been shown to change under predicted climate change conditions, leaving
fish with an altered capacity for functions like growth, development, and reproduction. Ours is
the first experiment to determine whether CO2 fluctuations might mitigate or exacerbate the
effects of CO2 and temperature on reef fish physiology.
Multi-stage process during substrate attachment of Acropora fragments
Lewis, Brett *
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Current restoration management depend on nursery cultivated coral for relocation onto
degraded reefs. Robust attachment of these colonies is critical for successful restoration. This
project investigated the physical process of substrate attachment over a 28 day period. Via HD
time-lapse microscopy we observed the coral tissue/substrate interface and recorded changes
in the physiology and skeletal growth of the coral fragment using scanning electron
microscopy and confocal and stereo fluorescence microscopy. These aquarium based
experiments established the timing of a multi-stage process that led to substrate attachment
including immune response, lappet development and skeletal accretion. Mesenterial filaments
facilitate and maintain a thickened mucus shield. High densities of epitheliomuscular cells
trigger the development of a mobile proto-lappet, and eventually a lappet appendage in the
epidermal tissue. The lappet consists of a thickened rippled surface, a lappet cavity for costae
accretion. This facilitates mobility for pulsing, attachment, and lateral migration at the
substrate surface. Any tissue in contact with the substrate that does not develop into the lappet
undergoes autolysis executed by the mesenterial filaments, which transitions the surface body
wall into a calicoblastic layer capable of skeletal accretion. The timeframe for these stages
have the potential to inform reef restoration efforts that utilise coral fragments for recolonising
substrates.
The reef restoration and adaptation program
Lundgren, Petra
Great Barrier Reef Foundation; RRAP program partners
plundgren@barrierreef.org
The Reef Restoration and Adaptation program is a large, multi-institutional research and
development program that aims to generate step-change around concepts to help Great Barrier
Reef adapt, resist, repair and recover from future impacts of climate change.
The challenges facing the reef are complex and interconnected, requiring new approaches and
innovation. To address these intricacies, the program brings together a diverse group of
organisations and individuals along with non-traditional partners from outside the marine
space, including engineers, project designers, bio-materials experts, economists and
innovation specialists. The program is a partnership between AIMS, CSIRO, James Cook
University, University of Queensland, Queensland University of Technology, the Great
Barrier Reef Marine Park Authority and the Great Barrier Reef Foundation. The long-term
program goals can be summarised as follows:

1. Design possible intervention techniques, targeting whole of reef benefits under increased
seawater temperature futures.
2. Develop a government investment case factoring benefits, costs and risk.
3. Understand and factor social perspectives into the program.
What’s in a bite? Microtopography and coral reef development
Mallela, Jennie
Australian National University
jennie.mallela@anu.edu.au
The health and function of coral reefs is dependent on the ability of reef building organisms to
form large, complex three dimensional structures that continue to grow and evolve over time.
The demise of reef health globally has caused significant declines in architectural complexity
at the large, reef-scape scale. Interestingly, the role of micro-structure, typically created by
feeding activities, in facilitating future reef development and reef accretion has received little
attention. In this study, experimental substrates, with and without fish feeding scrapes “microcrevices”, were deployed at One Tree Island. This study assessed how the presence or absence
of micro-crevices promoted recruitment by key reef building organisms (e.g. coral and
encrusters), and their subsequent development at a micro (mm) and macro (cm) scale.
Substrates were sampled after 11 and 34 months to assess whether recruitment by sclerobionts
and long-term reef building processes on different micro-topographies lead to convergent or
divergent reef building communities over time. Findings indicate that reef builders
preferentially recruit to micro-grooves when they are present. Interestingly, in shallow lagoon
reef sites characterised by shoals of small parrotfish and low urchin abundance, flat substrates
were also successfully recruited to. A significant reduction in reef growth (calcification) over
time was observed on upwards facing, flat substrates, no significant change was observed on
experiments with micro-topography. In conclusion, micro-topography is an important
settlement niche for healthy, resilient reefs characterised by successful recruitment and active
reef accretion.
Coral calcification in a changing World and the interactive dynamics of pH, DIC and Ca
up-regulation
McCulloch, Malcolm
The University of Western Australia and ARC Centre of Excellence for Coral Reef Studies
Malcolm.McCulloch@uwa.edu.au
Steeve Comeau, Chris Cornwall, Thomas Decarlo, Juan Pablo D’Olivo, Michael Holcomb,
Claire Ross
The ongoing viability of many tropical reef systems is in question, with symbiont-bearing
shallow-water corals facing the combined challenge of both global warming and ocean
acidification from rapidly rising levels of CO2. Critical to the viability of reef-building corals
is their ability to extract dissolved inorganic carbon (DIC) from seawater and efficiently
convert it into calcium carbonate, the major constituent of their skeletons. Here using newly
developed geochemical skeletal proxies (11/1B and B/Ca) we show that Porites corals from
natural reef environments exhibit a close (r2 ~ 0.9) antithetic relationship between DIC

(dissolved inorganic carbon) and pH of the corals’ calcifying fluid (cf). The highest DICcf
(~x3.2 seawater) is found during summer, consistent with thermal/light-enhancement of
metabolically (zooxanthellae) derived carbon, while the highest pHcf (~8.5) occurs in winter
during periods of low DICcf (~x2 seawater). These opposing changes in DICcf , pHcf together
Ca modulation via Ca2+ ATPase pumping determined using newly developed Raman
spectroscopy, are shown to maintain oversaturated but stable levels of carbonate saturation
(omega ~x5 seawater), the key parameter controlling coral calcification. These findings are in
marked contrast to artificial experiments and show that pHcf up-regulation occurs largely
independent of changes in seawater carbonate chemistry, and hence ocean acidification, but is
highly vulnerable to thermally induced stress from global warming.
The effects of elevated CO2 and food availability on the behaviour of a coral reef fish
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The appropriate behavioural response to predation risk is critical to survival. Similarly,
behaving appropriately to social situations is equally important for survival and reproduction
in socially complex species. Yet these various types of behavioural responses can be subjected
to trade-offs and can be altered by environmental conditions, including elevated CO2. End of
century climate change projections indicate that we will see shifts in food supply and rising
CO2 in our oceans yet, how the availability of energetic resources may influence reef fish
behaviour in an elevated CO2 environment is unknown. We tested the effects of food ration
on antipredator behaviour, social hierarchy, and growth at ambient and elevated CO2 in
juvenile Amphiprion percula. In addition, juveniles were from parents held at either ambient
or elevated CO2 as parental exposure can influence phenotypic response in offspring. We
found that while elevated CO2 had a strong effect on antipredator behaviour, food ration had a
relatively small effect, with low and high ration fish displaying similar behaviour. In contrast,
the behaviourally regulated size structures of these fish were not affected by CO2 during
development. While CO2 level and food ration altered the growth, and therefore size, of
individuals they still maintained the size hierarchy. Parental exposure to elevated CO2
mitigated the effect of CO2 on the growth of their offspring, but not the behavioural effects.
These findings highlight the complexity of projecting the effects of future ocean change
without a direct understanding of how energetic resources and multi-generational exposure to
stressors interact.
Present and future Porites cylindrica coral calcification under increased ocean warming
and acidification
Mello-Athayde, Matheus A
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Previous research suggests that Porites cylindrica is relatively tolerant to ocean warming and
acidification. This project aims to improve our understanding of how the COP21 Paris
(RCP2.6) agreement target levels of temperature (+1 oC) and ocean acidification (+100ppm
pCO2) will affect P. cylindrica calcification and production relative to present day (PD)
values. Coral branches collected from the reef flat and the reef slope were exposed to
increased temperature and pCO2 over 3 months in both winter and summer. Given the
different light conditions at these two origins, light (reef flat, reef slope) was included as an
additional experimental factor. Samples were acclimated to four different water treatments
(PD temperature/PD pCO2; PD temperature/RCP2.6 pCO2; RCP2.6 temperature/PD pCO2;
RCP2.6 temperature/RCP2.6 pCO2). Calcification rates were determined as percent change in
buoyant weight (BW) and as extension rates (linear and surface area). Results showed that
reef slope corals increased BW more than reef flat corals irrespective of the season analysed.
Season was significant with BW increasing twice as fast in the summer compared to the
winter. In summer, BW changes for coral exposed to PD temperature and PD pCO2 under reef
flat light level tended to be lower than rates observed under other treatments. Volume changes,
in addition to linear extension rates, will be presented together with tissue properties to enable
a discussion of the trade-offs associated with this corals ability to calcify in an average non-El
Nino year associated with our meeting the emission reductions required by the Paris
agreement.
The Great Barrier Reef Legacy 'Search for the Super Corals' Expedition
Simpkins, Taylor
Great Barrier Reef Legacy
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Dean Miller, John Rumney
In November 2017, GBR Legacy, a not for profit organisation, successfully provided free
access for 10 scientific teams to the far north Great Barrier Reef. Over the course of a 21 day
expedition, coral reef researchers provided an overall reef health assessment, mapped reefs of
the far north, and conducted in field observations and collected specimens of the Super Corals
that had survived the two largest bleaching events on record (2016-17). In addition to the
AIMS and UTS collection of Super Corals for further examination of fecundity, resilience,
and holobiont community, UQ, AIMS, and USC scientists collaboratively mapped 30.8 km of
reef via in-water imagery and 12 square km of reef via drone survey. Great Barrier Reef
Legacy’s mission is to not only provide free access to the reef for scientists, but also to be a
platform for education and media outreach. While on the M.Y. Flying Fish, Dr. Dean Miller &
John Rumney (Founders of GBRL), with onboard scientists, live broadcasted findings to
ABC, and had a daily live feed of wildlife sighting and benthic surveys available for the
public. Our aim is to provide crucial access to the Great Barrier Reef for researchers and
innovators, educators and communicators so we can be a floating laboratory, interactive and
immersive classroom, and a multi media powerhouse to effect change.
Acquired tolerance of reef-building corals to future climates
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Genetic adaptation is often assumed to be too slow to be relevant to the pace of current
environmental change, but short-term experiments have revealed that corals can respond
adaptively to environmental stressors through non-genetic processes within their life span (i.e.,
acclimation). Acquired tolerance by genetic, epigenetic and symbiont-driven mechanisms is a
potentially important acclimation pathway for corals to overcome rapid environmental change
predicted for this century, however, the drivers and mechanisms of this process are currently
not well understood. For example, the development of acquired tolerance to future
environmental conditions may be confined to specific developmental stages and may carry a
metabolic cost resulting in trade offs between growth and survival. To test these hypotheses,
larvae and juveniles of the coral Acropora loripes were grown and maintained under three
projected scenarios of temperature and pCO2 from the stage of gamete fertilization. Acute
heat tolerance of larvae, juvenile growth and survival, and the establishment of symbiosis
were examined. The acute stress experiments revealed that coral larvae rapidly acquire
tolerance, with individuals reared under the most extreme condition surviving longer and in
higher numbers than larvae reared under control conditions. A similar pattern was found for
juvenile growth and survival. Further analyses will examine symbiotic associations, gene
expression and DNA methylation profiles to investigate the molecular mechanisms
underpinning acquired tolerance. These results highlight substantial capacity for the
acquisition of tolerance in the early life stages of this coral species, and are relevant for
understanding coral resilience in a warming future.
The effects of suspended sediment on coral reef fish assemblages and feeding guilds of
northwest Australia
Moustaka, Molly
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This study investigated the influence of environmental drivers on coral reef fish assemblages
and fine-scale habitat composition over a cross-shelf turbidity gradient in the nearshore
Pilbara region of Western Australia. The responses of all feeding guilds were analysed to
identify functional groups vulnerable to elevations in turbidity and sedimentation. This study
is the first of its kind to utilise both remotely-sensed and in-situ turbidity data to characterise
the general turbidity regime and magnitude of stochastic events. Underwater visual census
was used to sample the fish assemblage and quantify habitat composition and complexity at 16
sites across the turbidity gradient. Generalised additive mixed models were used to explore the
relationships between broad-scale environmental variables (including suspended sediment),
fine-scale habitat variables, and fish assemblage metrics. Species richness declined with
increasing levels of turbidity. This study also identified two key functional groups of fish that
are vulnerable to elevated suspended sediment loads. Planktivorous omnivores and

herbivorous scrapers decreased in abundance at high turbidity sites. Total biomass of
herbivorous scrapers was lower at turbid sites, whilst the biomass of planktivorous omnivores
was not related to any of the predictor variables. Changes in the abundance, biomass, and
behaviour of these functional groups can have severe consequences for the resilience and
recovery of coral reefs. The direct effects of elevated suspended sediment on various
functional groups of fish needs to be considered when designing management plans for
anthropogenic activities that will influence the suspended sediments.
The weakest link – Cumulative effects of heavy fuel oil and UV radiation across multiple
life stages of coral
Nordborg, Mikaela *
James Cook University and Australian Institute of Marine Science
mikaela.nordborg@my.jcu.edu.au
Diane Brinkman, Andrew Negri
Petroleum hydrocarbon oils can severely impact marine ecosystems, especially in regions
frequently receiving high amounts of ultraviolet radiation (UVR), such as tropical coral reefs.
UVR can more than double the toxicity of dissolved petroleum hydrocarbons and contributes
to preventing critical life stage transitions at very low concentrations. While some information
on the sensitivity of several life stages of coral to petroleum hydrocarbons are available,
differences in methodology, pollutant, species and life stage studied prevents direct
assessments of relative hazards. Additionally, only a handful of previous studies have included
UVR co-exposure despite its influence on toxicity and prevalence on shallow-water reefs.
Here we present a unique comparison of the effects of heavy fuel oil (HFO) on key life stages
of the coral Acropora millepora, and highlight the importance of UVR as a co-factor when
studying petroleum toxicity to tropical coral reef organisms. The toxicity of HFO was tested
through chronic exposures of each life stage in the presence and absence of UVR. The
sensitivity of life stages varied substantially with impacts observed for multiple life stages at
concentrations lower than or similar to those previously reported from the field following
accidental spills. HFO exposure in the presence of UVR could both prevent or delay the
natural recovery of reefs following mortality events and exert additional pressure on juvenile
and adult coral populations. Further, this study confirms that UVR, when ecologically
relevant, should be included in experimental designs and risk assessments to ensure the
potential impacts of petroleum hydrocarbons are not underestimated.
Natural events responsible for heavy metal accumulation in turbid-reef Porites colonies,
Exmouth Gulf
O'Leary, Mick
Curtin University, WA
mick.oleary@curtin.edu.au
Nicola Browne, Hedwig Krawczyk, Jennifer McIlwain, Jens Zinke
In November 2017, Porites coral cores were collected from nearshore, turbid reef sites in the
Exmouth Gulf. This area is relatively free from anthropogenic impacts such as coastal

development, dredging and extraction activities. The cores provide a temporal record of
temperature, salinity and trace metals. Pre-2017 trace metal concentrations were uniformly
low, however in early 2017, concentrations of arsenic, barium, bromine, copper and zinc
increased to levels considered toxic for marine invertebrates. Closer examination revealed a
3-5 mm olive coloured band directly beneath the coral tissue layer composed of organic matter
but no silicates. Satellite imagery from late January shows highly turbid waters over the study
area, which were not associated with nearby fluvial discharge. We propose heavy rains (<50
mm.day-1) over the coastal algal salt flats, combined with king tides and strong easterly winds
(<60 km.hr-1) resulted in rapid runoff of algal material known to accumulate heavy metals.
We argue the Porites colonies took up this material through heterotrophic feeding and
concentrated heavy metals within the coral tissue. At toxic levels, coral tissue expelled the
metals into the underlying skeletal matrix, fuelling the rapid growth of cyanobacteria that live
directly under the coral tissue resulting in the olive band formation. To the best of our
knowledge, this type of deposit and the mechanisms that lead to it, have not been previously
documented.
Mixed-species shoaling as a behavioural mechanism facilitating the survival of coral reef
fishes in temperate regions
Paijmans, Kai *
University of Wollongong
kp094@uowmail.edu.au
Marian Wong, David Booth
Tropical fishes recruiting to temperate regions outside of their native range (hereafter termed
vagrants) provide an exciting opportunity to investigate novel behavioural interactions
between tropical and temperate species and how these will be impacted by climate change.
For gregarious vagrants, a lack of conspecific recruits in temperate locations likely imposes
significant limitations on growth and survival due to the inability to form large shoals. For
some vagrant species this key cost may be overcome via the formation of mixed-species
shoals with native heterospecifics. Each year, small numbers of larval Abudefduf vaigiensis
(Sergeant major damselfish) are transported southwards from the Coral Sea and settle in
sheltered embayment’s of temperate south-eastern Australia. To evaluate the extent to which
mixed-species shoaling behaviour facilitates the growth and survival of vagrant A. vaigiensis,
I have quantified the occurrence of mixed-species shoaling behaviour using repeated
underwater visual surveys at six sites along the south-eastern coastline of Australia and
modelled the influence of key environmental factors, namely water temperature and habitat
type, on shoaling behaviour. Results revealed that 68% of shoals containing A. vaigiensis also
contained heterospecifics. In addition, A. vaigiensis form larger shoals with more species in
open water habitats than in reef associated habitats. Therefore, the formation of mixed-species
shoals is a common behaviour displayed by vagrant A. vaigiensis, and I hypothesise that the
formation of mixed-species shoals likely facilitates predation avoidance and access to open
water foraging areas via increasing shoal size. These findings provide support for the
importance of mixed-species shoaling behaviour for the persistence.
Net bioerosion and accretion in the Great Barrier Reef: a 10 to 20 year experimental
study of coral blocks on Lizard Reef

Patterson, Madhavi Anne *
University of Sydney
madhavi.patterson@sydney.edu.au
Pat Hutchings, Jody M Webster, Zsanett Szilagyi, Willem Renema, Veronique Chazottes
Modern day coral reef systems are controlled by processes of accretion and erosion that
modify and destroy reef architecture. An increasing amount of dead coral substrate is
becoming available due to events such as back-to-back coral bleaching and Crown of Thorn
outbreaks, which may shift the balance towards processes of erosion. An important component
of this is bioerosion, the degradation of substrate via biologic activity. Conversely processes
of accretion via the growth of corals and coralline algae settling on dead substrate build new
living substrate. This study investigates the net changes in erosion and accretion from 32
experimental coral blocks placed in 6 different zones around Lizard Reef for a period of 10 to
20 years - the longest study of its kind in the GBR. The distinct hydrodynamic settings, water
depth and environmental conditions of each zone allows us to explore its effect on erosion and
accretion. Morphometric analysis of trace bioerosion holes (i.e. sponges, worms, bivalves)
from 3D visualisations of MicroCT scans are paired with preserved organism identification
counts to uncover the history of accretion and bioerosion of the coral blocks. We find the
biggest contributors to bioerosion are external surface grazers, and that bioerosion appears to
be influenced by reef zone (i.e. reef flat vs. lagoon) with rates decreasing with longer exposure
periods. This study provides unique information for interpreting bioeroder communities and
their rates of bioerosion in both modern and fossil reef systems, with important applications
for understanding reef response during future climate change.
Movement of coral reef associated fish and sharks at Ningaloo Reef: Residence, home
range and habitat requirements for key fish functional groups on Ningaloo Reef
Pillans, Richard
CSIRO, WA
Richard.Pillans@csiro.au
Russ Babcock, Wayne Rochester, Mat Vanderklift, Mick Haywood, Damian Thompson
No take Marine Protected Areas are used increasingly in Australian Coral Reefs to counteract
the effects of overfishing and maintain ecosystem function and reef resilience. Within
Ningaloo Reef, no take areas comprise over 33% of Australia’s largest fringing coral reef,
however, despite their widespread use there remains very little data on the long term
movement patterns, habitat requirements and scale of habitat use for the majority of reef fish
and sharks. To obtain data on movement, habitat use and residency of reef fish and sharks, we
tagged individuals from species within the following families: Lethrinidae (invertivore,
piscivore), Labridae (invertivore), Kyphosidae (herbivore), Scaridae (herbivore/detritivore),
Carangidae (piscivore), Serranidae (piscivore) and Carcharhinidae (piscivore). A total of 331
individuals from 14 species were tagged. Home range, residence index and habitat use were
calculated using acoustic detections of individuals monitored by an array of 60 acoustic
receivers extending from the shoreline to the reef slope. We explored the relationship between
trophic group and home range size, residence index and habitat use to determine whether the
sizes of current sanctuary zones are adequate. The range of movement behaviours in the

species studied suggests that while small <10 km2 sanctuary zones may offer protection to
patch reef associated herbivores, invertivores and some piscivores (e.g. Serranidae), larger
more mobile species such as Lethrinidae (invertivore, piscivore), Carangidae (piscivore), reef
sharks and lemon sharks (piscivores) have low residence and move at scales greater than
average MPA size. Patterns of habitat-use overlap between and among groups and the
implications for maintaining reef resilience will be discussed.
Responses of butterflyfishes to long-term changes in coral cover at Lizard Island,
northern Great Barrier Reef
Pratchett, Morgan
ARC Centre of Excellence for Coral Reef Studies and James Cook University
morgan.pratchett@jcu.edu.au
Andrew Hoey, Cassandra Thompson, Michael Berumen, Shane Blowes, Sam Matthews
Coral reefs in the northern Great Barrier Reef have been subject to a series of major
disturbances in the last few decades, including recurrent outbreaks of crown-of-thorns starfish,
cyclones and mass coral bleaching. In this talk, I will present long-term changes in coral and
butterflyfish assemblages, based on systematic surveys conducted every few years since 1995.
During each survey, corals and butterflyfishes were surveyed in four zones (flat, crest, slope
and base) at each of four locations (North Reef, Washing Machine, Lizard Head, and South
Island). Coral cover has fluctuated throughout this period, with greatest changes occurring on
the reef crest. However, coral cover was at an all-time low during the latest survey in 2017.
Not surprisingly, the abundance and diversity of butterflyfish are currently very low. Most
notably, many of the 19 species of butterflyfishes that have been recorded in previous surveys
were not recorded during surveys in 2017. Interspecific variation in responses of
butterflyfishes is largely explained based on their specific dietary requirements, including
proportional consumption of corals and degree of dietary specialisation. However, severe
coral depletion is shown to have far-reaching effects and there no "winners", at least not
among Chaetodon butterflyfishes.
Healthy vs degraded habitats: How will the gill microbiome in newly settled fishes
respond?
Prescott, Leteisha *
James Cook University, Townsville QLD
leteisha.prescott@my.jcu.edu.au
Tracy Ainsworth, Bridie JM Allan, Mark McCormick, Jodie L Rummer
Coral reefs represent one of the most diverse ecosystems globally but today are experiencing
some of the greatest anthropogenic impacts. The Great Barrier Reef, for example, endured
mass-bleaching events in 2016-17 as a result of human-induced climate change, which
degraded much of the existing coral habitat. The death of coral creates habitat for macro-algae
species, which can lead to an increase in bacterial and viral pathogens. We question whether
this transition from healthy to dead coral habitat increases the susceptibility of resident fishes
to disease. Fish gills exhibit unique bacterial communities that can act as a first line defence

against diseases and pathogens, but it is unknown how this important community may be
affected by habitat-borne pathogens. We investigated how the gill microbial communities of
five tropical coral reef fishes (from 3 families: Pomacentridae, Serranidae, and Lethrinidae)
responded to three habitat scenarios: a) healthy live coral, b) dead algae-covered coral, and c)
ambient seawater. Newly-settled juveniles were chosen for the study because this life stage
represents a crucial phase in the development of the gill and associated physiological
mechanisms as they transition to a stage where they are suited for life on the reef. After 10
days of exposure, gill biopsies and microbial analyses were performed. Linking habitat
degradation with the types and levels of pathogens found on the gills of several species of
coral reef fishes will help define baseline levels and characteristics of gill pathogens. This
knowledge can ultimately lead to a better, mechanistic understanding of how coral reef fish
communities are affected by habitat degradation.
Anemonefish accelerate bleaching recovery of host sea anemones
Pryor, Sophie *
Southern Cross University
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Ross Hill, Danielle L Dixson, Nicola J Fraser, Brendan P Kelaher, Anna Scott
In tropical and sub-tropical reef ecosystems, anemonefishes, their host sea anemones and
photosynthetic algae (Symbiodinium) form a tripatriate symbiosis. The anemoneSymbiodinium association can breakdown during high temperature events, resulting in
bleaching. We hypothesised that anemonefish may facilitate bleaching recovery of their hosts,
as they augment host nutrition by providing heterotrophic food in the form of excreted waste.
To investigate this, we monitored 48 bubble-tip sea anemones (Entacmea quadricolor) for 106
days, with chlorophyll content, symbiont density, host colour and photosynthetic efficiency
sampled as proxies for health. Half of these anemones were thermally bleached before the
experiment, and the others remained unbleached. These were then randomly assigned among
three treatments: with a pair of anemonefish (Amphiprion akindynos), without fish (control),
or without fish, but with fish food added that was not directly accessible by the anemone
(procedural control). Symbiont density, host colour and photosynthetic efficiency for the
bleached fish treatment showed full recovery after 106 days, whereas the bleached controls
and procedural controls did not. Similarly, chlorophyll content was approximately three times
higher in the bleached fish treatment than the bleached controls by the end of the experiment.
Our results suggest that sea anemones with anemonefish may have a distinct ecological
advantage, and highlight the need to include interactive relationships between organisms in
climate change research.
Where macroalgae hide: Reduced herbivore access to microhabitats provides refuge for
the brown macroalga Lobophora
Puk, Laura *
University of Queensland
l.puk@uq.edu.au
John Dwyer, Peter Mumby

Coral reefs are structured by microhabitats which create distinct benthic communities and
provide protection to coral larvae from predation. However, shelter from grazing in
microhabitats can also foster the development of macroalgae, such as the brown alga
Lobophora. Lobophora is known to reduce coral recruitment and survival, and it can spread
rapidly and dominate reefs. Microhabitats may play a key role in this process by excluding
grazing fish species that otherwise control its abundance. Here, we use measurements of 450
microhabitats in Palau (including orientation, surface shape, crevice measurements, biota
present) and analyse their accessibility to 5 different grazing fish groups according to their
species-specific morphometrics. We report (1) which microhabitats support the spread of
Lobophora, (2) how Lobophora is likely to be controlled by grazing pressure, and (3) which
fish species drive its potential control. The best predictor of Lobophora occurrence was
crevice width, with the alga's likelihood of occurrence showing a steep increase below 15-20
mm width. Lobophora's likelihood decreased from 50% to 20% with increasing grazing
pressure. Parrotfishes were found to have the strongest influence on the occurrence of
Lobophora. Additional experiments will provide insights on whether the survival and growth
of Lobophora is higher in microhabitats below the identified width threshold and highlight the
level of Lobophora control by key fish species. Understanding where harmful macroalgae,
such as Lobophora, are nurtured and which fish groups are able to control them is critical for
predicting and managing future outbreaks on coral reefs worldwide.
Population genetic approaches to reef restoration
Quigley, Kate
Australian Institute of Marine Sciences
katemarie.quigley@my.jcu.edu.au
Coral reefs are among the most diverse ecosystems on earth and provide numerous ecological,
economic, and cultural benefits. However, the rate and extent of reef degradation from climate
change is accelerating and testing the feasibility of intervention and restoration management
of corals reefs is now being considered worldwide. One method to potentially increase thermal
tolerance involves Assisted Gene Flow (AGF); the intentional translocation of warm-adapted
or selectively bred individuals (or their genes) to facilitate adaptation to anticipated local
conditions. The intended result of AGF methods would be the enhancement of temperature
tolerance into the genomic background of the corals from cool water environments, thereby
preparing those populations for further climate warming. However, there are many gaps in our
understanding of the full extent of the potential, impacts and trade-offs associated with AGF.
In this opinion piece, we review the current state of knowledge surrounding AGF, examine the
evidence for its potential success and place it in the context of restoration of scleractinian
corals on the Great Barrier Reef.
The Holocene "Turn on" of the Great Barrier Reef: Reef Growth Under Environmental
Stress?
Sanborn, Kelsey L.*
University of Sydney
kelsey.sanborn@sydney.edu.au
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Twelve recently drilled cores on One Tree Reef in the Capricorn Group, southern Great
Barrier Reef (GBR), allow us to examine in unprecedented detail the nature and timing of the
initiation, or "turn on", of the Holocene reef. Nine of these cores reach the HolocenePleistocene boundary and were recovered in three closely spaced transects from different
geomorphic and hydrodynamic settings (i.e. the windward and leeward margins, and lagoonal
patch reefs). Paleoenvironmental interpretations of reef facies are presented based on a multiproxy approach; newly developed paleoecological assemblages using coral and algal
taxonomy are integrated with sedimentological analysis and mineralogy based on petrologic
and hyperspectral analysis. The facies data are paired with 90 new Uranium-Thorium coral
ages dating back to 8.795 ± 0.037 ka, suggesting coral growth initiated soon after the flooding
of the antecedent substrate. High-resolution geochronology allows for detailed analysis of the
rates of reef accretion, and statistical comparison between the early-initiating reef
communities and later growth. Early Holocene coral framework compositions are dominated
by more turbidity-resistant taxa, with kaolinite present in some cores, providing insight into
the environmental conditions at that time. These results are compared to previously drilled
cores on additional reefs in the northern and central GBR to better understand early Holocene
reef development over larger spatial scales.
The acclimatisation capacity of naturally heat-resistant corals: will long-term exposure
to warmer/cooler temperatures improve/lower their heat tolerance?
Schoepf, Verena
University of Western Australia and ARC Centre of Excellence for Coral Reef Studies
verena.schoepf@uwa.edu.au
Steven A Carrion and Malcolm T McCulloch
Coral reefs are increasingly threatened by recurrent mass bleaching events but it is poorly
understood whether corals have the capacity to acclimatise to ongoing climate change.
Naturally heat-resistant coral populations, such as corals from the macrotidal Kimberley
region, can provide critically needed insights into the adaptive capacity of corals and the limits
of coral heat tolerance. We conducted a long-term mesocosm experiment where the coral
Acropora aspera was exposed to (1) seasonal Kimberley, (2) seasonal Kimberley +1°C or (3)
4°C cooler temperatures for 9 months. To explore the role of temperature variability in
promoting (de-)acclimatisation, all three temperature regimes were crossed with two
variability levels (constant temperatures or a 4°C diurnal variability). After 9 months, a 13-day
heat stress test was conducted to assess how (de-)acclimatisation affected heat tolerance.
Measurements of photochemical efficiency, photosynthesis, respiration and calcification rates
showed that corals were able to maintain their heat tolerance despite de-acclimatisation to 4°C
cooler temperatures and cold stress-induced bleaching during winter. However, their capacity
to acclimatise to 1°C warmer than normal temperatures was limited. Furthermore, 4°C diurnal
temperature variability negatively affected heat tolerance in all treatments. Our findings
suggest that adaptation to their extreme temperature environment limits the capacity of
naturally heat-resistant corals to acclimatise to climate change. However, their ability to
maintain heat tolerance at much cooler temperatures has important implications for pro-active
management approaches such as assisted translocation.

Disturbance history, long term trajectories and the influence of localised hydrodynamics
on coral reef resistance and recovery at Ningaloo Reef Western Australia.
Shedrawi, George
WA Department of Biodiversity, Conservation and Attractions
george.shedrawi@dbca.wa.gov.au
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Natural disturbances influence coral communities by altering the abundance and composition
of reef taxa. Long term monitoring across the Ningaloo reef show spatial differences in
response to these disturbances and have highlighted areas that persist through time or show
variation in levels of decline and/or recovery. Water-flow over coral colonies can modulate
the effects of disturbances and long-term ecological observations are essential for relating
changes in community structure to their hydrodynamic setting. Particularly important are
studies that provide empirical support to identify reefs that offer some form of refugia, or
otherwise contain stress-tolerant communities. Here, we examine over two and a half decades
of spatially stratified data and numerous disturbance events including mass bleaching, anoxia,
and cyclones within Ningaloo Reef. Coral Bay was also used to examine the influence of
hydrodynamics on reef resistance and recovery. We find that coral communities in habitats
with long water residence times exhibited high mortality after multiple disturbance events as
well as a change in dominant taxa after recovery. In contrast, coral communities exposed to
short water residence times were more stable. Recovery rates following a disturbance event
was more rapid for coral communities with longer as opposed to shorter water residence
times. The results show how the local hydrodynamic regime is a key attribute influencing the
resilience of coral communities at time scales relevant to reef growth and recovery. The ability
to identify reefs capable of buffering coral communities from the pervasiveness of climate
driven disturbances could offer environmental managers a new tool to help preserve coral reef
health at spatial scales relevant to marine parks.
Differential rates of recovery and the resilience of reef corals to recurrent bleaching
Thomas, Luke
Australian Institute of Marine Science and The University of Western Australia
luke.thomas@uwa.edu.au
Understanding rates of recovery to environmental perturbations is becoming increasingly
critical as climate change progresses and alters disturbance regimes. While the recovery of
coral reef ecosystems from severe coral bleaching can take decades, the individual coral
colony can recover on much faster time-scales. This rapid mechanism, however, is limited in
effect when summer after summer imposes bleaching conditions. If bleaching events begin to
occur annually in the coming decades, rates of disturbance may soon outpace the capacity of
some important reef-building coral species to recover, resulting in dramatic shifts in
community composition and reef function. Here we show using transcriptome-wide gene
expression data that corals with rapid physiological recovery trajectories exhibit elevated
resilience to recurrent natural bleaching events. Using tissue samples from two species of reefbuilding Acropora corals collected at four time-points spanning more than a year of recovery,

the data show that rates of recovery following a warm-water event vary considerably between
congeners and suggest that a generalizable pattern of recovery at the genus level may overlook
interspecific differences in physiology that ultimately drive differential mortality following
subsequent stress events.
10-year trends in coral assemblages at northern Ningaloo Reef reveal dramatically
different responses in reef flat and reef slope habitats
Thomson, Damian
CSIRO, WA
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Considerable research on coral reefs has documented declines in the total percentage cover of
hard corals due to anthropogenic pressures. However, monitoring total coral cover alone
provides little insight into changes in the taxonomic or functional composition of coral
assemblages. We conducted a temporal assessment of coral assemblages at Ningaloo Reef on
the reef flat and reef slope over a 10-year period (2006 – 2016). Using Multivariate AutoRegressive State-Space modeling, we assessed the rate and direction of change within coral
genera and functional groups. We found significant differences in the trends in coral
assemblages on the reef flat and the reef slope. On the reef flat both dominant (Acropora) and
non-dominant coral genera (Favia) decreased over the 10-year period (10% and 8% per year
respectively) and total coral cover declined from 31% ± 1.40% in 2006 to 22% ± 0.52% in
2016. In contrast, on the reef slope, some non-dominant genera increased (Turbinaria,
Echinopora, Favia, Porites; all > 10% per year) while others decreased (Goniastrea, Favites,
Platygyra; all > 10% per year) and total hard coral cover decreased from 24% ± 1.02% to 21%
± 0.32%. Changes in functional groups also differed between the two habitats. Weedy,
competitive and generalist corals all decreased on the reef flat (14%, 10% and 10% per year
respectively) while only weedy corals decreased on the reef slope (5% per year). We suggest
future monitoring should incorporate observations from both reef flat and reef slope habitats,
and analyse both at a taxonomic and a functional level, to better understand the response of
coral assemblages in different habitats to future environmental change
Patterns in early life history of sessile invertebrates and algae across a depth gradient at
Ningaloo Reef, Western Australia.
Trapon, Melanie L
CSIRO, WA
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Turner
Although coral reef research has expanded into deeper waters (>30 m) in recent years, little is
currently known about patterns in the recruitment of benthic organisms at these depths.
Settlement tiles have been widely used for quantifying patterns in the recruitment of algae,

corals and other invertebrates in shallow waters (<20m) and can provide important insights
into ecological patterns in early life-history of sessile assemblages. Here, we quantify patterns
in the abundance of seven major groups (corals, crustose coralline algae (CCA), ascidians,
bryozoans, polychaetes, turf, and red algae) on the top and bottom side of recruitment tiles
deployed at depths of approximately 3, 8, 25, and 40m at Ningaloo Reef. On the bottom side
of the tiles, CCA and red algae were most abundant at 3 and 8m, while ascidians and
bryozoans were most abundant at 8 and 25m. At 40m, there was very low abundance of all
invertebrate groups. The top side of the tiles were dominated by coralline algae and turf algae
across all depths and the abundance of CCA peaked at 25m. Positive associations were
observed between coral recruits and CCA and red algae, particularly on the bottom sides at 3
and 8m and the top sides at 25m where coral recruit densities were highest. Negative
associations between the presence of coral recruits and ascidians and bryozoans were observed
across all depths, which is consistent with studies in other locations. These results add to our
limited understanding on early settlers’ interactions and provide an overview on early benthic
assemblages up to 45m.
Ecology of high latitude coral assemblages in Western Australia
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High latitude areas are gaining more attention as potential areas of climate refuge, however
high latitudes already host a range of taxa which are considered tropical by biogeographical
expectations. Scleractinian corals for example persist at high latitudes in non-reef building
assemblages on seaweed dominated reefs. Here, we extend our understanding of high latitude
corals by quantifying their abundance and diversity within Western Australian (Kalbarri Hamelin Bay; 27.7 - 34.2 °S) and by investigating the environmental drivers of assembly
structure. In addition, we looked at coral recruitment by deploying settlement tiles and the
reproductive biology of three common species through histological analysis. Coral
assemblages were largely dominated by massive and encrusting forms of the Merulinidae,
Acroporidae and Turbinaria families with the single most abundant species being Plesiastrea
versipora. Coral abundance and diversity did not decline linearly with increasing latitude as
expected and the most significant spatial scale in partitioning assemblages was regions.
Correspondingly, regional scale variables (light and temperature), as well as temperature
variation were the strongest predictors of assembly structure. Coral recruitment totaled 50
recruits over 14 sites and three years. Corals were reproductively active at all sampling times
but mature gametes were prevalent in March (T1), and between October - February (T9 -T13).
This information provides a concise overview of high latitude coral ecology in Western
Australia and suggests that despite the alleviation of cold stress by ongoing global warming
other environmental drivers may moderate the suitability of high latitude refugia.
Mesophotic reefs as refugia: Depth-related patterns in coral recruitment across a
shallow to mesophotic gradient.
Turner, Joe
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There is currently very limited information around the spatial patterns of coral recruitment at
mesophotic depths globally. This study investigated depth related differences in coral
recruitment patterns from shallow (~3 m) to mesophotic depths (~40 m) at Ningaloo Reef.
Using a new deployment method we found the abundance of coral recruits varied significantly
with depth, and was highest at 25 m. The size of coral recruits also changed significantly with
depth, with larger recruits observed in shallower areas (3 m and 8 m) than deep areas. We
found distinct changes in recruit densities and recruit assemblages on tile surfaces with depth.
Overall counts of recruits were low, averaging less than five per tile, with minimal recruitment
at the deepest sites. Moderate, but significant, correlations between recruit numbers and hard
coral cover were observed. This suggests that recruits from corals at different depths are not
redistributed randomly and that variations in larval-supply, potentially coupled with larval
behaviour and local-scale influences, limit exchange of larvae between depths and locations.
This is consistent with genetic studies in other locations that show limited exchange between
shallow and mesophotic reefs suggesting limited potential for mesophotic reefs to act as a
source of larvae for impacted shallow reefs.
Genetic signatures through space, time and multiple disturbances in a ubiquitous
brooding coral
Underwood, Jim
Australian Institute of Marine Science, WA
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Safeguarding the future of coral reefs requires preserving their potential for adaptation to
warmer waters. Currently, we do not know how much genetic diversity is available for this
evolutionary resilience in reef-building corals, and how such diversity responds to severe
disturbance. Here, to gain insight into these resilience mechanisms in a brooding hard coral,
Seriatopora hystrix, we tracked genetic signatures through time as local populations
responded to major disturbances. We also empirically assessed whether populations on the
inshore coast and the offshore atolls of northwest Australia exchange migrants and genes, and
placed these regional patterns in the context of even broader scale genetic structure across
tropical Australia. Large genetic differences were detected between the east versus west coasts
of Australia. Within northwest Australia, geographic differentiation dominated genetic
structure over multiple scales. However, three sympatric lineages were revealed at the largest
offshore reef system (Scott Reef). Similar to the differences observed among putative species
in eastern Australia, these lineages were associated with different levels of wave exposure.
Local genetic structure within the Scott Reef system was relatively stable over ten years, but
temporal differences were observed that reflected small but important genetic changes over a
few generations during recovery after severe bleaching. These results highlight the importance
of self-recruitment together with occasional longer distance connectivity for the persistence of
a metapopulation across spatially and temporally variable environments. Our
multidimensional research provides a foundational

Interactive effects of elevated ammonium and phosphate on calcification, photobiology
and tissue properties of the symbiotic coral Acropora intermedia
van der Zande, Rene *
The University of Queensland
r.vanderzande@uq.edu.au
Yannick Mulders, Dorothea Bender, Sophie Dove, Ove Hoegh-Guldberg
Tropical symbiotic corals are adapted to life in oligotrophic environments. Under
eutrophication, the removal of bottom-up control of nutrients, particularly inorganic nitrogen
and phosphorus, negatively influences coral physiology. However, nitrogen and phosphorus
seem to differentially impact the coral holobiont. Additionally, exposure to natural, episodic
doses of inorganic nutrients might not impact coral physiology as negatively as nutrients from
anthropogenic sources. In this study, we exposed nubbins of Acropora intermedia to four
different treatments of elevated nutrients over 7 weeks. In an orthogonal design, the individual
and interactive effects of permanently (press) elevated ammonium (14 µmol L-1) and
phosphate (10 µmol L-1) were determined for coral properties commonly associated with
coral health and survival. An additional press vs pulse treatment compared the effect of
episodic (2 x 30 min d-1) pulses of 14 µmol L-1 ammonium and 10 µmol L-1 phosphate
against the press treatment. Elevated ammonium negatively influenced calcification rates
regardless of the level of phosphate, whereas elevated phosphate reduced photosynthesis and
surface area extension irrespective of ammonium. When combined, these nutrients
synergistically further reduced the above parameters. Interestingly, corals fared much better
under episodic nutrient pulses: calcification, P:R ratios, tissue lipid concentration and surface
area extension were significantly enhanced compared to the press treatment. This study shows
that press doses of ammonium and phosphate have synergistic, negative influences on metrics
of coral viability and competitive ability, and that contrary to most previous conclusions,
corals clearly profit from certain scenarios of elevated nutrients.
Declining abundance of coral reef fish in a world-heritage-listed marine park
Vanderklift, Mat
CSIRO, WA
mat.vanderklift@csiro.au
Russell C Babcock, Fabio Boschetti, Mick Haywood, Richard Pillans, Shane Richards,
Damian Thomson
One of the most robust metrics for assessing the effectiveness of protected areas is quantifying
temporal trends in the abundance of species they are designed to protect. We surveyed fish in
and adjacent to a Sanctuary Zone (SZ: where all forms of fishing are prohibited) in the
tropical, World Heritage-listed, Ningaloo Marine Park during a 10-year period. We also
quantified the relative percentage cover of major benthic habitat categories (living hard coral,
algae, non-living substrate). There were more individuals and greater biomass of many fish
taxa in the SZ than the adjacent Recreation Zone (RZ: where fishing is allowed) in most years
surveyed. However, there was an overall decrease in both SZ and RZ in abundance of some
families of fish by 10-16% per year, included those targeted (emperors) and not targeted

(wrasses and butterflyfish) by fishers. Counts and biomass of the most abundant species of
emperor (Lethrinus atkinsoni), wrasse (Coris aygula) and butterflyfish (Chaetodon plebeius)
also declined significantly (declines from 12-15% per year). There was evidence for a
concomitant decline in the percentage cover of living coral (6% per year). Some of these
declines might be caused by influences that are outside the direct control of park managers
(e.g. declines in coral cover are a plausible explanation for the declining abundance of
butterflyfish) others might be possible to arrest with targeted management actions (for
example, declines in the abundance of emperors). In order to achieve their goals, protected
areas should be designed to incorporate knowledge about the biology and ecology of the taxa
they are designed to protect. In some cases, protected areas are
Monitoring co-managed marine areas: a comparison of qualitative and quantitative
methods
Webster, Fiona
Department of Primary Industries and Regional Development WA
fiona.webster@dpird.wa.gov.au
Pippa Cohen, Sione Malimali, Mele Tautai, Karen Vidler, Sione Mailau, Lavinia Vaipuna,
Viliami Fontagiatau
Community based and co-management approaches are increasingly used strategies for marine
conservation and sustainable management. However, our understanding of the effectiveness
of co-management on marine resources and socio economic conditions is relatively limited,
often due to insufficient resources to support comprehensive and longitudinal quantitative
monitoring. Qualitative indicators based on perceptions of resource users are often presented
as a cost effective alternative to understanding the status and changes in resource and socio
economic conditions – however, there are some concerns about accuracy. This study examines
changes in resource status and socio economic conditions since the inception of comanagement on an island in the Kingdom of Tonga, using both quantitative and qualitative
data. Qualitative indicators were obtained from structured interviews with fishermen to gather
their perceptions of change in marine resources and management performance. These data
were compared with quantitative catch landing data that had been collected by community
members over a five year period. Fishers reported improved socio economic conditions, a
greater sense of stewardship, active involvement in management and the effective exclusion of
‘’outside’ fishers since the inception of co-management. Fishers also perceived catches to be
improving however the quantitative data indicated that catches were either stable or declining.
The different trends indicated by qualitative and quantitative data would lead to different
management actions and long term consequences. The trade-offs between qualitative and
quantitative data collection programs in terms of accuracy, participation and cost need to be
considered before initiating any monitoring program.
Automatic classification of benthic habitats using deep learning
Wyatt, Mathew
Australian Institute of Marine Science, WA
m.wyatt@aims.gov.au

Mapping and monitoring of benthic habitat dynamics on coral reefs is critical for timely and
effective management. This is routinely accomplished using human classified underwater
imagery from divers, Autonomous Underwater Vehicles (AUVs), Remotely Operated
Vehicles (ROVs) and towed imagery systems. Traditionally, an ecologist will manually label
the habitat types so this data can be used for key tasks such as mapping habitats and
estimating benthic cover and change. However, human classification is both time and resource
intensive so is often the rate limiting step in any mapping or monitoring exercise. This issue
is coupled with the ubiquity of modern cameras in conjunction with new capture platforms
leading to a dramatic increase in the amount of imagery collected for analysis. This flood of
imagery now overwhelms the capacity of most environmental agencies to analyse through
manual approaches alone. The field of computer vision has made attempts at solving the
automated analysis problem through the use of machine learning and feature extraction
methods such as Scale Invariant Feature Transforms (SIFT) and Local Binary Patterns
(LBPs). These shallow learning methods have shown some promise, but have not been able to
reach the near human level accuracy required for substantial automation. More recently, deep
convolutional neural networks (deep learning) have been shown to surpass human level
accuracy on computer vision benchmark datasets, and have shown great promise for the use in
coral reef systems. In this talk we will present results from a recent multi year study on the
oceanic shoals of western Australia, and demonstrate near human accuracies for measuring
benthic habitats from towed video systems using automated classification from deep networks.
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Seawater temperature disturbances in recent time
Bancroft, Kevin
Department of Biodiversity, Conservation and Attractions, Government of Western Australia
kevin.bancroft@dbca.wa.gov.au
George Shedrawi
Seawater temperature is an important driver of ecological health, particularly for coral reef,
seagrass and mangrove communities. In recent time, seawater temperature has been implicit
in disturbances causing thermal stress and subsequent mortality in some of these communities.
Throughout Western Australia, the Department of Biodiversity, Conservation and Attractions
has established 47 in situ seawater temperature monitoring sites in its representative system of
marine reserves that extend from the Ngari Capes in the South to the Northern Kimberley. At
32 of the sites, in situ data has been combined with satellite remotely-sensed sea surface
temperature to obtain site specific information (modelled in situ seawater temperature-mIST)
in real time. Average annual mIST varies from 19°C in Flinders Bay in the South (34°S) to
29°C at the Rowley Shoals in the tropics (17°S). However, anomalous events have driven
changes to the seawater temperature in temperate waters in WA, where record high daily
average temperatures have been associated with La Nina events in 2010/11 and 2012/13,
causing coral mortality at the Montebello Islands (31.5°C) and Ningaloo (30.5°C), and
seagrass loss in Shark Bay (30°C). Conversely, increased temperatures in tropical waters
were associated with an El Niño event in 2016/17 and mortality of coral reef communities in
the Kimberley, (31.7°C). Our modelling of in situ seawater temperatures over the last decade
demonstrate the differing effects that ENSO extremes have on the tropical and temperate areas
of WA and the value of having an extensive monitoring network across the state.
Evaluation of marine plastic deposition and distribution within a remote World Heritage
Area
Bell, Sahira *
University of Western Australia
sahira.bell@research.uwa.edu.au
Brinkley Davies
The inexpensive and durable nature of plastics means a large quantity of waste is generated
globally every year; so much so that in 2010 it was estimated that the tonnage of generated
waste was almost equal to the weight of plastic produced by the world that same year. Plastics
durable nature means they are not biodegradable but can be broken down into smaller pieces
(<5mm referred to as microplastics). Larger plastic debris have been shown to impact marine
organisms, however microplastics are also proving to be a pervasive threat to the marine
environment, particularly to those ecosystems supporting high biodiversity. Whilst
microplastic debris has been gaining attention in the scientific community, standardised
methods and long-term debris accumulation data sets are lacking, especially for remote marine
environments. In the face of this contemporary threat, the Balu Blue Foundation has

endeavoured to introduce Ningaloo’s first plastic research and monitoring program. Our
objective is to evaluate the type and abundance of plastic debris found along the remote
Ningaloo coast, assess the distribution across the North West Cape, and address the physical
processes facilitating their accumulation. In order to do so we will explore many avenues
through the use of both scientist (plastic distribution and accumulation analysis) and citizen
run programs (monitored beach clean-ups and reporting).
Cumulative impacts of sedimentation and climate change on Acropora millepora recruits
Brunner, Christopher A. *
Australian Institute of Marine Science, Townsville QLD
c.brunner@aims.gov.au
Mia O. Hoogenboom, Sven Uthicke, Andrew P. Negri
Worldwide, coral reefs are threatened by anthropogenic influences including declines in water
quality due to land-runoff and associated sedimentation which parallels the expansion of
coastal industries. While the effects of sedimentation on adult coral colonies has been
relatively well studied, comparatively less is known about their more vulnerable pre- and postsettlement life stages, as well as the cumulative effects of declining water quality and climate
change. In this study, the resistance of Acropora millepora recruits to sedimentation was
tested for the first time under climate scenarios which are expected to occur during the next
100 years (elevated temperatures and pCO2). During exposure to different climate scenarios,
coral larvae and recruits were periodically exposed to different sediment concentrations (0, 5,
10, 20, 40, 80 mg/cm²) to simulate major sedimentation events during larval development, as
well as after settlement of recruits. The results indicate a strong combined effect of climate
and sedimentation with strongest effects in the climate resembling the end of this century
(+1.2°C; 8-degree heating weeks). Larvae development under these conditions showed a
reduced survivability and decreased settlement rates. Coral recruits that experienced
sedimentation one or two months after settlement demonstrated likewise elevated mortality in
higher climate and sedimentation scenarios. These results may support the development of
climate-adjusted water quality management guidelines which will help to enhance coral
replenishment on reefs in the future.
Which receptors are responsible for coral settlement?
Brunner, Ramona *
James Cook University, Townsville QLD
ramona.brunner@my.jcu.edu.au
Aurelie Moya, Ira Cooke, Andrew P. Negri, David J. Miller
Coral recruitment is vital for reefs to recover from destructive events like coral bleaching,
cyclones and crown-of-thorns starfish outbreaks. Successful recruitment depends on multiple
factors such as the ability of larvae to find a habitat, which is suitable for survival after
metamorphosis. Searching for an appropriate spot, the larvae are guided by different
environmental factors such as light, depth, reef sounds and molecular cues sequestered by reef
organisms. While most research on coral larvae settlement in the last three decades has

focussed on the identification of natural settlement cues, the cellular structures that coral
larvae possess to sense these cues are still unknown. Based on studies on other marine
invertebrates, it is hypothesised that transmembrane receptors are responsible for sensing
environmental cues indicating suitable settlement substrates. Therefore, this study investigates
(1) the different types of receptors expressed in Acropora millepora larvae and (2) their
respective location using transcriptomics and in situ hybridisation. Moreover, receptors
potentially responsible for settlement will be expressed in mammalian cells to (3) identify
their respective ligands cues with a receptor-ligand binding assay (second messenger assay),
so that the (4) function of the receptor can be investigated in a larval settlement assay.
Advancement in the identification of the receptors responsible for settlement and their
respective ligands would serve as starting point to unveil molecular mechanisms of settlement
and metamorphosis in coral larvae.
Spatial variability in the δ15N signatures of a symbiotic coral: insights into nitrogen
recycling within the symbiotic system
Godinez, Sara *
Macquarie University, Sydney
sara.go.espi@gmail.com
Jane Williamson, Troy Gaston, Vincent Raoult
Benthic primary producers such as corals and macroalgae have recently been used as
bioindicators of nitrogen (N) concentrations in the environment through the use of isotopic
δ15N signatures. As corals use N for their daily requirements and growth, shifts in δ15N have
recently been used to provide important records of anthropogenic N inputs and N cycling over
various spatial and temporal scales. It is well known that corals hold a strict symbiotic
relationship with zooxanthellae where both obtain nutritional benefits from each other through
nutrient recycling. However, availability of N in the environment and water depth can
influence N recycling, which may impact the δ15N signatures of corals and zooxanthellae.
This project analyses δ15N isotope ratios of a symbiotic coral and co-occurring macroalgae
and epiphytes over a depth gradient to assess variations of δ15N within these benthic
organisms in a representative tropical bay in Vanuatu. Additionally, small-scale variations in
δ15N in relation to two anthropogenic pollutants will be analysed in these organisms to assess
whether such pollutants influence the N recycling pathways. We hypothesise that more
perturbed corals will show a greater divergence between δ15N signatures in tissues of coral
and zooxanthellae than less perturbed individuals. We also hypothesise that δ15N signatures
of other primary producers (algal, epiphytes) will be similar to those of the zooxanthellae in
more perturbed areas where N is readily available. This study provides baseline data of δ15N
cycling in coral reefs that may be helpful for future conservation of these highly diverse
ecosystems.
Surprising reproductive flexibility in the stony coral Fungia fungites on the Great
Barrier Reef
Grinblat, Mila *
James Cook University College of Public Health, Medical & Vet Sciences and ARC Centre of
Excellence for Coral Reef Studies

mila.grinblat@my.jcu.edu.au
Yossi Loya, Ira Cooke, Peter Cowman, David Miller
Fungia fungites is a solitary, free-living stony coral. Although the most prevalent reproductive
mode amongst corals is hermaphroditic broadcast spawning, fungiids are known to display
different reproductive patterns, including gonochoric broadcast spawning, brooding and
sequential hermaphroditism. Annual, bidirectional sex change has been observed in various
fungiid species, suggesting further reproductive complexities in these corals. For example, F.
fungites was recorded brooding in Okinawa, Japan and broadcast spawning on the Great
Barrier Reef (GBR). In the present study, we recorded the reproductive strategy of F. fungites
around Orpheus and Pelorus Islands located in the inner reef of the central GBR. Previous
studies on the GBR have documented spawning for this species over two months, however,
our observations and histological analyses revealed a considerably longer spawning season.
After the full moon of November 2017 spawning occurred monthly, until February 2018.
Surprisingly, F. fungites exhibited a mixed reproductive mode, with female individuals
releasing either unfertilized oocytes, embryos in an early developmental stage or swimming
planulae. Most astonishingly, planulae, embryos and oocytes were sometimes simultaneously
released from an individual polyp. The distinction between female and male individuals was
also questionable, as some polyps released different-sex gametes on different nights. This
reproductive flexibility is likely to provide selective advantages and thus contribute to the high
resilience of fungiids in the face of environmental challenges.
Using behavioural shifts to evaluate the success of conservation strategies - lessons from
a once-pristine fish spawning aggregation
Karkarey, Rucha *
Nature Conservation Foundation, Mysore, India
rucha@ncf-india.org
Mayuresh Gangal, Stella James, Al Badush, Teresa Alcoverro, Rohan Arthur
Conserving long-lived predatory fish with complex life-histories is often a challenge,
especially in regions of high human densities. The success of conservation strategies is
typically measured with metrics like compliance and species population trends, while changes
in animal behaviours is rarely used as an index. We tracked density and mating behaviours in
a high-density spawning aggregation of the squaretail grouper (Plectropomus areolatus) in the
Lakshadweep archipelago over a six-year period (2011-2017), through the onset of a
commercial reef fishery (2013) and the establishment of a seasonal fishing closure (2014).
Despite high compliance with the closure, there was a dramatic decline in population density,
a sharp shift in size-structure and the loss of a density-dependent alternate reproductive tactic
(ART) from the aggregation. Changes in the mating system were observed when population
density declined by less than 10% of ‘unfished’ densities, but most interestingly, this change
was observed two years before a significant 70% drop in overall aggregation densities. This
precipitous population decline can be attributed to the corresponding growth of commercial
reef fishing during non-aggregation periods, which is targeting smaller individuals (<40 cm
length). It appears that along with seasonal closures, protecting this spawning aggregation
would require additional and direct regulation of threatened size-classes to ensure both the
numerical and behavioural integrity of the population is maintained. Our study highlights the

use of behaviour as an indicator of anthropogenic disturbances in wild populations and
stresses the need to incorporate behavioural metrics while designing and evaluating effective
conservation strategies.
Building a reef citizen science program for Ningaloo Reef
Loder, Jennifer
Reef Check Australia
jenn@reefcheckaustralia.org
Gemma Francis, Susie Bedford, Peter Barnes
Reef Check Australia (RCA) has a legacy of citizen science activities, having coordinated and
trained volunteers to undertake reef health surveys across Queensland since 2001. RCA seeks
to empower communities to actively engage in reef stewardship through robust reef health
monitoring, and then applying that information to support community understanding and
positive local action. In 2013, RCA began working with local partners to trial and develop a
citizen science program adapted for the unique Ningaloo Reef environment. Citizen science
has been identified as an approach to complement government and other research monitoring
activities to increase the spatial and temporal data that can contribute to the protection and
further understanding of Ningaloo Reef. RCA’s rigorous volunteer training and survey
framework offers an opportunity to synergise with and collaborate with government and
academic research programs, while also maximising economic and educational value through
partnerships with the tourism industry, schools and community groups. This presentation will
discuss the evolution, benefits and challenges of co-developing a locally-relevant grassroots
citizen science initiative. It will present short case studies on site selection, methods
adaptation, program frameworks, and the next steps in the development of the program.
Long Term Monitoring of Reef Structure through High Resolution Multi-Decadal Aerial
Imagery
Loudon, Luke
Curtin University, WA
18348594@student.curtin.edu.au
Tahlia Newnhman, Harry Wellington, Josh Bumbak, Mick O'Leary, Nicola Browne
Despite the rapid decline in ecological health and stability of coral reefs globally, only a low
number of long-term monitoring programs exist, many of which may be spatially and/or
temporally restricted. Here we investigate the novel approach of using high resolution
historical aerial imagery to identify multi-decadal changes in reef structure within a nearshore
reef system located at Coral Bay, Western Australia. In recent decades, Bill’s Bay in Coral
Bay has been subject to increasing tourism, as well as extreme natural disturbances such as
bleaching, outbreaks of pest species and mass coral and fish mortality from anoxic events.
Unsupervised classification using ISO cluster analysis of nine aerial images between 1949 and
2017 suggest that reef structure in Bill’s Bay has recovered and even surpassed predisturbance levels. The availability of suitable hard substrate appeared to be a precursor for
increased reef structure in the face of further extreme disturbance events. Furthermore, the

shutdown of northward sediment transport, through inward expansion of the outer reef and
development of the Monks head boat ramp, may provide greater protection for increased coral
growth. The present study provides a pre-disturbance baseline of reef structure at Bill’s Bay
and an understanding of the extent to which degradation and recovery of reef structure has
occurred over the past eight decades at Bill’s Bay.
Transgenerational inheritance of shuffled symbiont communities in the coral Montipora
digitata
Quigley, Kate
Australian Institute of Marine Sciences, Townsville QLD
katemarie.quigley@my.jcu.edu.au
Adult organisms may “prime” their offspring for environmental change through a number of
genetic and non-genetic mechanisms, termed parental effects. Some coral species can alter
their thermal tolerance by shuffling the proportions of Symbiodinium types within their
endosymbiotic communities, but it is unclear if this plasticity can be transferred to offspring in
corals that have maternal symbiont transmission. We evaluated symbiont community
composition in tagged colonies of Montipora digitata from Orpheus Island, Australia, over
two successive annual spawning seasons, the second of which overlapped with the 2016 mass
coral bleaching event on the Great Barrier Reef. We applied amplicon sequencing of the ITS2
locus to samples of four families (parent colonies and 10-12 eggs per family) to characterize
their potential for symbiont shuffling and to determine if shuffled abundances were preserved
in gametes. Symbiont cell densities and photochemical efficiencies of the symbionts’
photosystem II differed significantly among adults in 2016, suggesting differential responses
to increased temperatures. Although abundances of the dominant symbiont haplotype, a
representative of clade C15, did not differ among families or over time, low-abundance
(“background”) ITS2 types differed more among years (2015 vs. 2016) than between life
stages (parent vs. offspring). Results indicate that background symbiont shuffling can occur in
a canonically ‘stable’ symbiosis, and that such plastic changes to the symbiont community are
heritable. To our knowledge, this is the first evidence that shuffled Symbiodinium
communities can be inherited by early life-history stages and supports the hypothesis that
plastic changes in microbial communities may serve as a mechanism of rapid coral
acclimation.
Going with the flow: genomic insights into ecological connectivity in the Kimberley
Richards, Zoe
Curtin University, WA
zoe.richards@curtin.edu.au
Oliver Berry, Jim Underwood, James Gilmour, Kathryn McMahon, Udhi Hernawan, Glenn
Moore, Michael Travers, Joey Di Battista, Richard Evans
The inshore Kimberley of north-western Australia is a place of environmental extremes.
Featuring the world’s largest tropical tides (>11m), this remote region is the least scientifically
understood part of the Australian coast. Importantly however, the region hosts expansive oil
and gas reserves, and the exploration and exploitation of these resources presents risks to both

species and habitats. To manage these risks, and to implement sustainable harvest strategies
and effective marine reserves, it is important to have a good understanding of ecological
connectivity because connectivity underpins population maintenance and recovery after
disturbance. Here we explore how the Kimberley’s unique hydrodynamic regime influences
connectivity in a suite of model organisms. Conceivably, the fast-flowing tidally-driven
currents and complex bathymetry could enhance dispersal, but equally, the currents could act
as disruptive barriers. We use microsatellite and genotype-by-sequencing approaches to
examine connectivity across a complex seascape of islands (spanning 100 km) nested within a
broader regional sampling design. Analyzing over 5,000 samples from seven organisms with a
spectrum of dispersive capacities (two scleractinian corals, two reef fish, two seagrasses and
one species of mollusc), this multi-institutional collaborative study is the first of its kind to
examine multi-species patterns of connectivity in Western Australia. The results highlight
commonalities and disparities in patterns of connectivity among taxa that represent a range of
trophic levels and life histories. Overall, the findings provide a valuable foundation for
managing marine resources in this ecologically and economically important region.
Physiology of heat-resistant intertidal and heat-sensitive subtidal Kimberley corals one
year after a bleaching event
Rigal, Cyrielle *
University of South Britany, France & ARC Centre of Excellence for Coral Reef Studies,
University of Western Australia
rigalcyrielle@sfr.fr
Malcolm T. McCulloch and Verena Schoepf
Since the 1980s, mass coral bleaching events due to global warming have increased in
frequency and intensity. However, heat-resistant coral populations have recently been
identified in extreme temperature environments, such as the macrotidal Kimberley region in
NW Australia. Although these corals were impacted by the 2015-16 global bleaching event,
heat-resistant intertidal corals recovered rapidly whereas the more heat-sensitive subtidal
corals suffered extensive mortality. Here we compare the physiology of intertidal and subtidal
corals one year after the 2016 bleaching event to understand how this disturbance affected the
physiology of the surviving corals. Acropora aspera corals were collected in April 2017 to
analyse symbiont density, chlorophyll a and c2 concentration, tissue biomass and energy
reserves (proteins, carbohydrates and lipids). Intertidal corals had higher symbiont density but
lower chlorophyll a concentration per cell than subtidal corals. In an extreme temperature
environment, high chlorophyll concentrations may be a disadvantage for the coral and induce
symbiont loss, thus reducing overall heat resistance. In contrast, tissue biomass did not differ
significantly between intertidal and subtidal corals. Coral energy reserve analyses are
currently underway, but preliminary results show that protein concentration was similar in
intertidal and subtidal corals. These findings demonstrate that the surviving subtidal corals
may be physiologically similar to the heat-resistant intertidal corals, which could result in
increased heat tolerance of subtidal coral populations to continued ocean warming.
Climate-mediated changes to the distribution and density of reef fishes in south-western
Australia

Shalders, Tanika
Curtin University, WA
tanika.shalders@graduate.curtin.edu.au
Ben Saunders, Scott Bennett, Jack Parker, Euan Harvey
Climate change and associated increased water temperatures pose a substantial threat for the
future of marine ecosystems. Temperate Australia is a global biodiversity hotspot which has
experienced ocean warming rates two to four times faster than the global average. To better
understand the effects of these temperature changes on marine fish distributions and densities,
we investigated fish assemblages across 2000 km of temperate coastline in south-western
Australia. Diver-operated stereo-video were used to determine if the distribution and density
of four Pomacentrid species (Parma occidentalis, P. mccullochi, P. victoriae and
Pomacentrus milleri) and their biotic habitat changed between 2006 and 2015, a time period
characterised by gradual warming trends and an extreme marine heatwave. Surveys showed
that the density of warm-water Pomacentrids P. milleri and P. occidentalis increased, while
cool-water P. victoriae and intermediate species P. mccullochi showed no changes in density.
In northern, warmer waters, the density of habitat forming algal species such as Ecklonia
radiata decreased, while turf algae species increased. In general, 2015 was characterised by a
shift toward non-canopy algae habitats when compared to 2006. The changes in fish
assemblages observed during this study are likely to have been caused by a combination of
increased temperatures and changes in habitat-forming algal species. These changes along the
West Australian coast provide a unique insight into the nature of species’ response to a
changing climate and highlight the importance of understanding the dynamic relationship
between, competition, changing habitats, and warming temperatures.
Density and diversity effects on coral larvae settlement and short-term survival
Sims, Carrie *
University of Queensland
c.sims@uq.edu.au
Eugenia M. Sampayo, Margaret M. Mayfield, Nataly Gutierrez-Isaza, John M Pandolfi.
The field of community ecology has predominantly been built upon theoretical and empirical
advances in terrestrial systems, with its relevance to other systems comparatively little tested.
Community ecology of coral reef systems is no exception, with many questions still
unanswered related to the mechanisms and processes that regulate coral community diversity
and structure. A number of studies tackling this gap indicated a lack of evidence for
competitive interactions in structuring coral communities; however, this research primarily
focused on interactions among adults. Recent investigations have indicated that densitydependent species interactions among coral recruits and proximity to established conspecific
adults may be important in driving community diversity and structure. This also highlights the
importance of potential differences in niche requirements or competitive processes that exist
between adult and earlier life stages, as niche differences that look minimal in adults could be
more important at earlier stages where less is known. In this study we investigated whether
coral recruitment (settlement and short-term survival) is negatively density-dependent and if
the presence of a conspecific adult alters the response for six coral species. Furthermore, if
coral recruitment is negatively density-dependent then an increase in diversity of coral larvae

should lead to a decrease in mortality. Therefore, we asked does increasing the diversity at a
set density increase the survivorship among settling coral larvae? The outcomes of this
research will provide context for the importance of species interactions in driving coral
recruitment success, coral community structure and diversity.
Volumetric calculation of microbialites using 3D visual analysis of CT scanned IODP
Expedition 325 (Great Barrier Reef) fossil coral reef cores
Madhavi A. Patterson (Szilagyi, Zsanett *)
University of Sydney, Eotvos Lorand University, Hungary
zsan.szilagyi@gmail.com
Jody M. Webster, Kinga Hips, Matthew Foley, Juan C. Braga, Marc Humblet, Yusuke
Yokoyama
Microbialites are organosedimentary deposits formed by benthic microbial communities via
detrital grain trapping and binding and/or mineral precipitation to form solid structures.
Despite being common components in reefs, the role of microbial crusts in framework
development and preservation in reef systems is poorly understood in comparison to corals
and coralline algae. Fossil coral reef cores were collected as part of IODP program Expedition
325 from the fossil GBR that grew between 30 to 10 ka. These cores are well described and
dated, representing a unique opportunity to better understand the factors that control the
spatio-temporal distribution of reefal microbialites. The cores were CT scanned at the Koichi
core centre (Japan) to create 3D visualisations of the microbialites. Four core sections were
selected from two different transects and were analyzed using AVIZO 9.4 software. During
the analysis, we segmented and calculated the volume of microbialites, coral-coralline algae,
rubble and sediment. We compared our results to previous unpublished observations that
calculated the surface area percentage as a measure of microbialite abundance. This allowed
us to assess the accuracy of our 3D technique to the previous 2D methodology. We conclude
that the two techniques present slight differences in the percentage of microbialite within the
cores. Generally, the difference varies between 3-15 % (average is 9.45 %), however, these
differences most likely derive from using different classification methods for microbialites
and the identification of pieces (rubble) as microbialite. Therefore we found that within the
bounds of uncertainty, the 2D methodology represents a robust and efficient approach to
quantify microbialites in reef cores.
Reef Education to Sea Country connections: Innovation of co- learning for a sustainable
future.
Taylor, Marie, Singleton, Gavin
reefed@reefmagiccruises.com
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Reef Magic Education specialise in place-based learning on the Great Barrier Reef;
connecting people, sea country and learning. Projects allow for students, their teachers, preservice teachers, academics, science undergraduates, marine biologists, researchers and sea

country rangers to work together, allowing for participatory action and the sharing of stories.
Engaging youth and particularly indigenous youth is the objective of using the Great Barrier
Reef as an immersive education experience, showcasing the natural and cultural assets as a
key aspect of an innovate tourism strategy, sharing local education, training and career
pathways. Reef education is run by marine biologists, providing transport, food and drink with
stinger suits, wetsuits and snorkelling gear. All citizen science resources are included. Off
shore reef education can be logistically difficult and challenging, however, partnerships
between tourism, universities, Traditional Owners and local stakeholders, promoting the
importance of productive education relationships, has allowed for the innovation of colearning on the Great Barrier Reef. Concern about the effects of climate change, the loss of
Indigenous values and connections to the Great Barrier Reef and the recent mass bleaching
events in 2016 and 2017, has presented the question of how we can best contribute to the
custodianship of the Great Barrier Reef, promoting inclusive and sustainable communities.
The reef education programs highlight the social, cultural, environmental and economic
benefits of the reef landscape, encouraging students and teachers to look at the larger entity of
the reef as an extension of their community.
Non-synchronous coral spawning in Nha Trang bay, Vietnam (the western South China
Sea)
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Nha Trang Bay is located in the south-central waters of Vietnam and is considered part of the
most diverse region within the western South China Sea. According to oceanographic studies,
this coastal area is not influenced by a cold-water mass from the north in winter but subjected
to summer upwelling. Specimens for the study on reproductive state of 5 species were
collected at Hon Mieu island (12°11'37.31"N and 109°14'1.82"E) during 2015 – 2016. Mature
eggs were observed inside coral colonies in March 2015 for Acropora florida and A. robusta,
in April for Dipsastraea pallida, in May for Diploastrea heliopora, and in May-June for
Merulina ampliata. More detailed study on the reproductive state of two Acropora species
showed differences even within the same genus. Almost all colonies (77.5%) of A. florida
collected before and after the March 2016 full moon included mature eggs (n=40). Meanwhile
only 14 % of colonies of A. robusta had mature eggs at the same time (n=64). Half a month
after this full moon, mature eggs remained in 17% of A. florida colonies (n=6) and 33% of A.
robusta colonies (n=9). The study was continued in early 2018 in Nha Trang Bay in order to
contribute to addressing the question if there exists non-synchronous or synchronous coral
spawning in the South China Sea.

