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Larval behaviour and settlement cues of a brooding coral reef sponge
Abdul Wahab1, Muhammad Azmi*1, de Nys, Rocky1 & Whalan, Steve1
School of Marine & Tropical Biology, James Cook University, Townsville, Queensland 4811, Australia
muhammad.abdulwahab@jcu.edu.au
1

Patterns of larval release, dispersal and settlement in sponges are poorly understood despite their significance in explaining adult
ecology. Time of release, swimming speeds, phototaxis and vertical migration were quantified for larvae of the dictyoceratid
sponge Coscinoderma matthewsi. The influence of cues associated with biofilms and coral rubble on larval settlement and
metamorphosis was also measured. C. matthewsi is a brooding sponge and releases tufted parenchymellae larvae during the day.
Upon release, larvae (>90%) have no phototactic response, maintaining their position at the water surface for 80 min ± 0 (mean ±
SE) regardless of a light cue (natural daylight) before exhibiting negative phototaxis. At 28 h post-release, the majority of larvae
(94.7% ± 6.1) exposed to light from the surface migrated to the bottom and assumed a demersal phase. Without light, larvae
occupied the surface for up to 28 h post-release (89.3% ± 1.8) before migrating to the bottom. Larvae did not settle gregariously
and began to settle and metamorphose after 28 h post-release without a cue. Settlement and metamorphosis were faster in the
presence of a biofilm (settlement = 15.0% ± 8.7 and metamorphosis = 12.5% ± 9.5 at 28 h post-release), while the addition of
coral rubble accelerated metamorphosis further (settlement = 10.0% ± 4.1 and metamorphosis = 27.5% ± 10.3 at 28 h postrelease) compared to controls (sterile surfaces) (settlement = 0% and metamorphosis = 0% at 28 h post-release). However, both
biofilms and coral rubble decrease total metamorphosis (control = 92.5% ± 4.8, biofilms = 67.5% ± 7.5 and coral rubble = 55.0%
± 13.2) due to mortality after 76 h post-release.

Toxic phytoplankton in the oyster-growing estuaries of New South Wales – latitudinal
diversity, seasonal periodicity and estuary susceptibility
Ajani, Penelope*1, Brett, Steve2, Krogh, Martin3 & Armand, Leanne1
Climate Futures at Macquarie, Department of Biological Sciences, Macquarie University, North Ryde, NSW, 2109, Australia.
Microalgal Services, 308 Tucker Road, Ormond VIC 3204, Australia.
3
Waters and Coastal Science Section, Department of Environment, Climate Change and Water, PO Box A290, Sydney South NSW 1232, Australia
Penelope.Ajani@mq.edu.au
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Biotoxins are poisonous compounds produced by living organisms. Certain species of phytoplankton produce biotoxins which
may accumulate in marine organisms (oysters, mussels, pipis, herbivorous fish etc.) and travel to higher trophic levels affecting
fish, mammals and birds. Ingestion of these toxins by humans through the consumption of seafood products can cause a range of
clinical symptoms from dizziness, nausea and vomiting to extreme neurological illnesses or respiratory failure. These microalgal,
species-specific, occurrences are referred to as harmful algal blooms (HABs) and pose a substantial and increasing risk to human
health and living marine resources (food production, both wild and farmed). Additionally, they impact on tourism and the
recreational use of coastal areas and are thought to be increasing in their frequency and severity worldwide. This paper describes
the results of the first extensive analysis of toxic phytoplankton patterns in Australian waters. Five years of toxic phytoplankton
data collected as part of the New South Wales Shellfish Program (NSW Food Authority) is examined from thirty-one oystergrowing estuaries (77 harvest areas) spanning the Tweed River in the north (28°10’S), to Wonboyn River in the south (37°17’S).
Forty-five potentially toxic taxa are discussed in terms of latitudinal diversity, seasonal periodicity and estuary susceptibility.
Shellfish harvest areas in NSW operate under biotoxin management plans, which can result in harvest area closures under certain
conditions. The implications for biotoxin management in NSW coastal waters are discussed.
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Incidental dolphin capture in a Western Australian trawl fishery: Bycatch reduction
devices no silver bullet
Allen, Simon*1, Jaiteh, Vanessa1, Tyne, Julian1, Kobryn, Halina2, Bejder, Lars1 & Loneragan, Neil1
1
Murdoch University Cetacean Research Unit, Centre for Fish, Fisheries and Aquatic Ecosystem Research, School of Biological Sciences and Biotechnology,
Murdoch University, South St, Murdoch WA 6150
2
School of Environmental Sciences, Murdoch University, South St. Murdoch WA 6150
S.Allen@murdoch.edu.au

An estimated 350 dolphins were incidentally caught between late 2003 and 2009 in the Pilbara trawl fishery, north-western
Australia. Data from skipper logbooks and independent observers were used to assess spatial and temporal patterns of dolphin
bycatch in this fishery. Both datasets indicated that dolphins were caught throughout all four of the fishery management areas
(total area ca. 13,000 km2), across all depths, and all year-round. However, based on a smaller number of trawls, independent
observer records better explained the variation in dolphin bycatch than did the skipper logbooks. The most significant predictors
of dolphin bycatch were: (1) which vessel was fishing, with one of the four vessels catching the greatest proportion of dolphins;
(2) the time of day of fishing activity (corrected for effort, the lowest dolphin capture rate occurred between 00:00 and 05:59
when the least fishing occurred); and (3) whether nets included bycatch reduction devices (BRDs) (there was a 50% reduction
in dolphin bycatch after the introduction of BRDs). Nevertheless, concurrent research using underwater video footage collected
within actively fishing trawl nets indicated that BRDs with bottom-opening escape hatches lead to the under-estimation of
bycatch as some dead dolphins fall out during the trawl and are thus not recorded on deck. These results suggest that spatial or
seasonal adjustments to trawling effort, other than an overall reduction in fishing across the fishery, would be unlikely to reduce
dolphin bycatch rates. Trials of BRDs with top-opening escape hatches, from which air-breathing megafauna might escape,
have been recommended, with both observers and underwater video camera deployments to validate the design’s efficacy.
The vulnerability of this dolphin population to the current level of trawling remains unknown without information on dolphin
abundance and the genetic connectivity of this population with adjacent populations.

Understanding Marine Biodiversity and Population Connectivity in the Arafura Timor
Seas and SE Asia Through International Partnerships in Genetics
Austin, Chris*1, Penny, Shane1, Palmer, Carol1, Francis, Emma1, Cerutti, Florencia1,2, Arisuryanti,
Tuty3, Darusallam, Chelzie4, Fontes, Lourenco5, Gimin, Ricky6, Meekan, Mark2, Rukminasari,
Nita7, Thai, Binh8 & Edyvane, Karen1
Charles Darwin University, Casuarina, Northern Territory 0909, Australia
Australian Institute of Marine Science, PMB No.3, Townsville M.C. Queensland 4810, Australia
3
Faculty of Biology, University of Gadjah Mada, Jogyakarta, Indonesia
4
Eijkman Institute for Molecular Biology, Jakarta, Indonesia
5
Ministry of Agriculture, Forestry and Fisheries, Mandarin, Dili, Timor Leste
6
Department of Fisheries and Marine Sciences, University of Nusa Cendana, Jl. Adisucipto-Penfui, Kupang-NTT 85000, Indonesia
7
Department of Fisheries and Marine Science, Hasanuddin University, Makassar – Indonesia
8
Fisheries College, Dinh Bang, Tu Son, Bac Ninh, Viet Nam
Chris.Austin@cdu.edu.au
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Management and conservation planning in the marine environment requires confident knowledge of biodiversity at different
levels including species discrimination and identification of population isolation and connectivity. DNA barcoding studies of
wide spread marine fin fish, elasmobranch and invertebrate groups is revealing an increasing number of morphologically cryptic
species, especially amongst widespread species. This fragmentation of species previously thought to be broadly distributed also
raises questions concerning the degree of connectivity among populations of marine species and the biological and conservation
consequences of fragmentation and isolation. Understanding the scale of connectivity in the marine environment is essential
for the design of Marine Protected Area and the management of commercial fisheries and aquaculture species in relation to
translocation. Within the semi-enclosed, Arafura and Timor Seas region, shallow, continental shelves, semi-enclosed gulfs, and
sea level changes, have resulted in strong, regional-level connectivity in biodiversity, particularly, in the movements of pelagic
and migratory marine species, including fisheries. This paper provides an overview of a range of regional, collaborative marine
biodiversity and applied genetic studies and partnerships, undertaken over the past 3 years by Charles Darwin University. Several
projects will be described that demonstrate positive outcomes for a range of species through collaborative international research.
Significantly, these collaborative marine genetic studies are fostering and strengthening formal international research and training
partnerships with both, university and research institutes and also, government agencies in the region. This includes, eastern
Indonesia: University of Gadjah Mada (Jogyakarta), University of Nusa Cendana (Kupang), Hasanuddin University (Makassar);
National University of Timor Leste and the Ministry of Agriculture and Fisheries (Timor Leste); the Eijkman Institute for
Molecular Biology (Indonesia); and Na Trang University, Fisheries College, Research Institute for Aquaculture (1,2 and 3) in
Vietnam.
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Including habitats in estimates of utilization distributions for reef fish
Babcock, R.C.*1, Patterson, T.A. 2, Bravington, M.V.2, & Pillans, R.D1.
CSIRO Marine and Atmospheric Research, GPO Box 2583, Brisbane, Qld 4001
CSIRO Marine and Atmospheric Research, Castray Esplanade, Hobart, Australia, 7001
Russ.Babcock@csiro.au
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The estimation of generalised population parameters is a key aspect of population biology and management across a wide range
of contexts. In conservation and fisheries management of reef fish species assessments of spatial usage are often an important part
of the decision making process of conservation zoning. Description of population-level movement based on acoustic tracking
data of tagged fish commonly relies on GIS-based kernel density calculations from short term data sets. This often fails to
consider the role of habitat or individual variation in spatial usage, are sensitive to subjectively derived smoothing parameters
and do not take into account barriers to movement (e.g. land in the case of fish). These aspects potentially result in incorrect
estimates of spatial usage and ultimately flawed spatial management decisions. We use data on the movements of a variety fish
species collected at Ningaloo Reef to examine the application of GIS based methods to an alternative statistical approach which
allows barriers to movement to be included and the role of habitat to be considered in the prediction of the utilisation distribution.
We consider the effects on spatial and fisheries management of reef fish.

Mangrove condition monitoring in Gulf St. Vincent, South Australia - First outcomes
and experiences
Baggalley, Stephanie*1 & Dittmann, Sabine1
School of Biological Sciences, Flinders University, GPO Box 2100, Adelaide SA 5001
Stephanie.baggalley@flinders.edu.au

1

South Australia has some of the most extensive temperate mangrove forests, some of which are located immediately adjacent
to major urban and port centres. A condition monitoring was designed with the ambition to be continued as a community based
monitoring. Using a stratified random sampling design to account for different strata in the mangroves, parameters for mangroves
and associated biota were assessed, together with further environmental observations. Here we present the findings and experiences
from the initial sampling period in late 2010 and early 2011. At five sites with increasing distance from urbanisation, baseline
data were collected and analysed to determine the most effective and efficient protocols for monitoring the ecological health of
mangroves in the Gulf St. Vincent, and establish their current habitat condition. The five study sites had significantly different
densities of macrobenthic (snails, crab burrows) and mangrove parameters (pneumatophores, propagules), as well as tree height
and litter composition on the ground. Canopy cover varied from 40 - 60 % (photo point estimates). In total, 23 parameters were
assessed and given a score, weighted by their presumed contribution to mangrove health. Based on our results, the usefulness of
a score card to differentiate mangroves of different condition is discussed.
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Dynamics of a surface gravity current in a cold-core eddy in the western Tasman Sea
Baird, Mark E.*1, Oke, Peter2, Everett, Jason3, Griffin, David2, Doblin, Martina1, Pender, Lindsay2
& Suthers, Iain3
Plant Functional Biology and Climate Change Cluster, Faculty of Science, University of Technology Sydney, PO Box 123 Broadway, Sydney NSW 2007.
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3
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In October 2009 a cold-core eddy (CCE) developed off Port Stephens on the southeast coast of Australia. The surface mixedlayer of the CCE was ~19°C with a chlorophyll concentration of ~0.7 mg m-3. On the 19 October a ~30 m deep arm of the EAC
flowed over the top (or flooded) the southern half of the eddy. The EAC arm was ~0.6 kg m-3 lighter, and had a surface chlorophyll
concentration <0.4 mg m-3. A sub-surface chlorophyll maximum of up to 1.5 mg m-3 formed at the interface between the flooding
current and the underlying eddy. The physical model of a surface gravity current (SGC), commonly applied to describe estuarine
flows and river discharges, is used to quantify the behaviour of the flooding current. The ~30 m deep SGC entered the eddy
almost perpendicular to the circumference and was deflected by the Earth’s rotation to the left, or radially outwards, relative to
the CCE’s underlying tangential velocity. Interpretation of the relatively coarse-resolution vertical profiles suggests downwelling
at the leading edge (or nose) of the SGC, an oscillation in the depth of the interface between the SGC and the underlying eddy in
the trailing flow and an upstream disturbance in the flow field - all features typical of a gravity current. A simple model of SGCs
flowing on top of mesoscale eddies proposes that SGCs are attracted to the centre of warm-core eddies (WCEs), and repelled
from the centre of CCEs.

Fish and invertebrate assemblages associated with floating macrophytes in surf zones
of sandy beaches
Baring, Ryan*1, Fairweather, Peter1 & Lester, Rebecca1
School of Biological Sciences, Flinders University, GPO Box 2100 Adelaide SA 5001
ryan.baring@flinders.edu.au
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Drifting macrophytes (seagrasses and macroalgae) that have been detached from substrata after storm events or large swells are
a common but variable feature along beach surf zones worldwide. After living plants have been detached from source locations,
they can drift for long periods before arriving on shorelines where they are broken down with subsequent tidal and wave action
and eventually decompose or get buried in the sediment. Fish and invertebrate assemblages associated with attached macrophytes
can be influenced by differences in plant morphology and habitat size. In surf zones of sandy beaches, any differences in
invertebrate and fish assemblages associated with different amounts and types of drifting macrophytes are largely unknown.
To determine whether drifting macrophytes support distinct invertebrate and fish fauna according to macrophyte amount and
type, we investigated the fish and invertebrate fauna associated with macrophytes along beaches in metropolitan Adelaide.
Macrophytes may be an important habitat source for various fish and invertebrates, yet the function of these habitats is not
well understood. Further conservation of nearshore marine habitats should consider the role that drifting macrophytes play in
structuring invertebrate and fish assemblages.
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Australian contributions to the international Census of Marine Life
Bax, Nic*1, et al2
CSIRO Wealth from Oceans National Research Flagship, Hobart, TAS 7001
Many Australian Agencies
nic.bax@csiro.au
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The Census of Marine Life was released in October 2010 after 10 years of research and exploration by 2700 scientists from 80
nations. Australia was well represented in the Census – Dr Ian Poiner chaired the International Scientific Committee. Australian
scientists had leadership roles in censuses of Coral Reef Ecosystems (CReefs), the Antarctic Marine Life (CAML), History of
Marine Animal Populations (HMAP), Barcode of Life (BCOL), Tagging of Pacific Pelagics (TOPP), and the Oceanographic
Biogeographic Information System (OBIS). Over 160 Australian marine scientists were involved with the Census over the 10
years, with prominent contributions to additional censuses including Seamounts (CenSEAM), continental margins (CoMarge),
and synthesis projects. Alan Butler and co-authors produced the Census of Australia’s marine biodiversity, concluding that we
had 33,000 databased species, a further 17,000 collected and awaiting names, and potentially 250,000 species in all (minus
microbes) - the highest reported by any Census group. Many Census communities involving Australian scientists will continue in
new forms. The Ocean Tracking Network incorporates several CoML animal tagging projects. The Global Oceans Biodiversity
Initiative (www.gobi.org) uses Census results and expertise to identify Ecologically and Biologically Significant Areas (EBSAs)
on the High Seas. Six Census projects have combined to form an international deep sea collaboration (INDEEP). The History of
Marine Animal Populations project spawned an entire new field of study integrating social and natural sciences and humanities.
The CReefs project is funded for another year and is planning a new project focused on the development of “life gauges”.
The Australian National Committee and its parent committee (OPSAG) is asking Australian marine scientists how Australia
should respond to a second Census of Marine Life to feed into an international discussion at the 2nd World Marine Biodiversity
Conference. In this talk I briefly overview the Australian science contribution to the Census of Marine Life.

Mud crab size and gender both matter in the competitive world of marine reserves
Beattie, Chris*1, Pitt, Kylie1 & Connolly, Rod1
Australian Rivers Institute – Estuaries and Coasts, and School of Environment, Griffith University, Gold Coast, QLD, 4222
c.beattie@griffith.edu.au
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The abundance, size structure and sex ratio of mud crab (Scylla serrata) populations differ between fished and un-fished (ie.
marine reserves) locations. The size and gender of crabs potentially affects their ability to compete for food resources, with
competition favoring larger male crabs, raising the potential for cascading effects on crab behavior inside marine reserves. The
role of size and gender in structuring the outcomes of competitive interference interactions between mud crabs was tested by
placing crabs in tanks with a competitor of equal, greater or smaller size, and of identical or differing gender. The behaviour of
crabs was recorded for 30 min, and the time spent feeding, avoiding and fighting was compared among the different size and
gender combinations. Crabs of both sexes spent less time feeding and more time avoiding, or in agonistic behaviour, in the
presence of larger male than larger female crabs. Crabs also spent less time feeding and more time in agonistic behaviour in
the presence of equal sized males than equal sized females. Feeding time was lowest for females with larger male competitors
and highest for males with smaller females. Small crabs, and in particular small female crabs,, experience greater costs from
competition in areas with high densities of large male crabs (marine reserves) than high densities of large female crabs (fished
areas).
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Larval fish assemblages and particle back-tracking provide insight into Eastern
Indian Ocean boundary current processes
Beckley, Lynnath E.*1, Holliday, David1, Weller, Evan2, Millar, Natalie1, Olivar, Maria Pilar3, Feng,
Ming2, Slawinski, Dirk2 & Thompson, Peter A.4
School of Environmental Science, Murdoch University, 90 South Street, Murdoch WA 6150
CSIRO Marine and Atmospheric Research, Private Bag 5, Wembley, WA, 6913
3
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4
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Synoptic examination of the Leeuwin Current (LC) system along the Western Australian continental shelf and adjacent ocean
(22°S–34°) during the late austral autumn of 2007 was accompanied by a depth-integrated, bongo-net survey of the associated
larval fish assemblages. The temperature and salinity signature of the LC experienced substantial modification as it flowed
south; surface temperature of the LC decreased by ~5.25°C while surface salinity increased by ~0.72 psu. Comparison of these
empirical data with the Bluelink re-analysis product (based on the hydrodynamic model OFAM) revealed the model to provide
a good representation of the oceanography of the LC system. Larval fishes were highly diverse comprising >200 taxa from 114
neritic and oceanic teleost families. Two-factor PERMANOVA indicated significant structuring of larval fish assemblages both
latitudinally and across isobaths with a significant interaction term. MDS ordination of larval fish assemblages showed clustering
of northern inner shelf stations (22oS - 28oS) with that of a developing meso-scale eddy at the 27oS oceanic station. Results from
particle back-tracking indicated that, in the previous month, this eddy had strong connection with surface shelf waters from as far
north as Northwest Cape at ~22oS. Larval fish assemblages at shelf break and oceanic stations throughout the study area had high
similarity and clustered with inner shelf stations south of 29oS indicative of geostrophic inflow, entrainment of Subtropical Water
and mixing of regional water masses from the continental shelf. Although the particle back-tracking uses passive kernels, and
larvae of marine fishes are known to have complex behavioral and physiological capabilities which can influence their transport,
this study has demonstrated broad-scale advection of planktonic biota, both across the shelf, and alongshore in the Eastern Indian
Ocean.

North West Cape, Exmouth: A hotspot for Indo-Pacific humpback dolphins (Sousa
chinensis) in Western Australia
Bejder, Lars*1, Allen, Simon1, Brown, Alex1, Cagnazzi, Danielle2, Organ, Tamara1 & Parra, Guido3
Murdoch University Cetacean Research Unit, School of Biological Sciences and Biotechnology, Murdoch University, South St, Murdoch WA 6150
Centre for Environmental Management, Central Queensland University, Rockhampton QLD 4702
3
School of Biological Sciences, Flinders University and South Australian Research and Development Institute, PO Box 2023 SA 5606
l.bejder@murdoch.edu.au
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The Indo-Pacific humpback dolphin (Sousa chinensis - ‘Sousa’ hereafter) has been identified as a ”priority concern” for conservation
management in Australia. Currently, no peer-reviewed scientific literature exists on Sousa in Western Australian waters, where
they are listed as a “data deficient” species. This lack of available information hinders rigorous impact assessments, as well as
conservation and management efforts for this coastal species. As part of broader studies estimating genetic connectivity for
three coastal delphinids (Indo-Pacific bottlenose dolphins, Tursiops aduncus; Australian snubfin dolphins, Orcaella heinshoni;
and Sousa) across northwestern Australia, photo-identification images of Sousa groups were obtained off the North West Cape
from Ningaloo Reef to Exmouth, WA (21o56´S, 114o07´E). Preliminary results of the non-dedicated photo-identification efforts
identified fifty-three adult and juvenile Sousa and six calves during 18 days of, or part there-of, survey effort in April 2010 over
ca. ~80 km coastline of the near-shore waters around the Cape. A continued increase in the cumulative discovery curve of photoidentified individuals throughout the short study period indicates that only a subsection of Sousa in the area was identified. The
North West Cape, Exmouth, represents the southwestern limit of the species’ Australian distribution and may be an important
stronghold for Sousa in Western Australia. These initial findings indicate further research into this population of Sousa is urgent
given the recent opening of the Exmouth Gulf to petroleum exploration, coupled with increasing port and tourism activities in
the area.
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Replacement of native with invasive sources of detritus: impacts to estuarine
sediment communities
Bishop, Melanie*1 & Kelaher, Brendan2
Department of Biological Sciences, Macquarie University NSW 2109.
Batemans Marine Park, PO Box 341, Narooma NSW 2315.
melanie.bishop@mq.edu.au
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Biological invasions are increasingly modifying the quality and supply of detrital subsidies to aquatic and terrestrial ecosystems.
Where the invader has very different traits to native species, litter decay rates can be significantly altered, potentially producing
changes in detrital pathways of nutrition that propagate up to consumers. We assessed how the replacement of seagrasses with
the invasive alga Caulerpa taxifolia in highly modified Australian estuaries influences invertebrate consumer communities
of mudflats that are dependent on organic material from submerged aquatic vegetation. Sampling 4 mo after experimental
enrichment of sediments with high (60 g dry weight per 0.25 m2 plot) or low (30g dry weight) loadings of detritus from C.
taxifolia, Posidonia australis, or Zostera capricorni revealed significantly lower abundances of macroinvertebrates in plots
receiving the high loading of C. taxifolia detritus than in any of the other treatments. The mechanism for this decline appeared to
be the induction of sediment hypoxia by decomposition of the highly labile C. taxifolia detritus – an effect that was not replicated
by high loading with more refractory seagrasses. Deep burrowing predators and scavengers were most negatively affected
by the high loading, whereas surface dwelling taxa were unaffected. The effect of C. taxifolia detritus on macroinvertebrates
was, however, density dependent with the lower loading of the non-native increasing macroinvertebrate abundance and species
richness, presumably due to the greater resource availability for detritivores. Our results demonstrate that replacement of native
with invasive detrital sources can have large impacts on detrital pathways of nutrition, and that effects can be non-linear as a
result of tipping-points.

The Western Australian Marine Science Institution [WAMSI] – the first five years
Blake, Steve*1, Rogers, Peter1, & McGowan, Linda1
WAMSI HQ, c/o Botany & Biology Building, MO95, University of Western Australia, Crawley, WA 6009
Steve.Blake@wamsi.org.au

1

Western Australia’s marine ecosystems are facing unprecedented pressures as the population grows and the demands for activities
such as oil and gas extraction, minerals export, fishing, aquaculture, recreation and tourism increase. The scale of new development
activity, coupled with accelerating climate change and climate variability, means the impact on the marine environment is even
less predictable than previously. The Western Australian Marine Science Institution [WAMSI] was established in mid 2006 by a
State Government Major Research Facilities grant to provide an integrating mechanism to undertake strategic, multi-disciplinary
and inter-institutional marine research in WA. Five years later, and as the WAMSI 1 Program draws to a conclusion at the end
of 2011, we review the WAMSI approach and summarise some of the major research findings. Six major programs of research
have been undertaken, spanning 27 major projects and involving 250 scientists from the 16 WAMSI partner organisations. The
science focus areas in WAMSI 1 included:
•

WA shelf and coastal marine ecosystems

•

Climate change processes, predictions and impacts in a warming Indian Ocean;

•

Conserving the marine state: best practice management and underpinning science management and conservation of marine
parks: Ningaloo Marine Park;

•

Sustainable ecosystems for sustainable fisheries;

•

Marine biodiscovery, biotechnology and building the WA Marine Bioresources Library; and

•

Ocean science for offshore and coastal engineering

The benefits and challenges of operating such a large joint-venture across federal and state government agencies and the academic
and industry sectors are discussed, and we use the recent announcement of WAMSI 2 as a “case study” to illustrate the benefits
of such a strategic, integrated and collegiate approach, with particular reference to the Kimberley.
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Mapping and describing phytoplankton dynamics in the Great Barrier Reef lagoonal
waters: towards a regional characterisation.
Blondeau-Patissier, David*1,3, Brando, Vittorio E.1,3, Dekker, Arnold G.1,3, Schroeder, Thomas1,2,
Phinn, Stuart R.3 & Weeks, Scarla J.4
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3
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4
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Phytoplankton dynamics is known to fluctuate largely according to season and location, particularly in coastal ecosystems where
nutrients are often in high concentrations. At the very bottom of the marine food chain, phytoplankton presence and composition
have an effect on all the subsequent trophic levels and ultimately on the ecosystem itself. This is why the mapping of their
distributions and cycles is essential for nearshore resources management. Yet little is known about the temporal frequency and
spatial distribution of algal blooms in the Great Barrier Reef (GBR) waters. The combined use of five years (2006-2010) of
MERIS ocean colour and MODIS SST data allowed us to explore the algal blooms dynamics characterising the GBR. We will
show that an increase in productivity dynamically propagates through the lagoon following the tropical wet season. Also, temporal
and spatial differences in phytoplankton dynamics can be observed in various subregions of the GBR. Processes such as tidal
mixing, bathymetry and most of all, flood events are the main drivers of the phytoplankton biomass and community composition
of the GBR waters: they all have a significant impact on nutrient availability, the main limiting factor for phytoplankton growth in
those waters. By providing more insights into the temporal and spatial dynamics of phytoplankton biomass in this world heritage
classified marine park, the results presented enhance our understanding of this unique ecosystem and will benefit to GBR coastal
managers by highlighting trends and anomalies over time and space.

Near-bottom turbulent mixing in regions of internal wave activity on the Australian
North West Shelf
Bluteau, Cynthia*1, Jones, Nicole L.1 & Ivey, Gregory N.1
School of Environmental Systems Engineering and the UWA Oceans Institute, The University of Western Australia, M015, Crawley, WA 6009
bluteau@sese.uwa.edu.au
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We present field observations from diverse sites on the Australian North-West Shelf, known for its ubiquitous internal wave
activity. The southernmost site, Ningaloo Reef, has the weakest semidiurnal tidal range (1 m) and a steep 2-dimensional
continental slope. Our northernmost site, in the Browse Basin, has complex 3-dimensional topography, and a larger
semidiurnal tidal range (4 m). The third site, offshore of the North-Rankin platform, spans the two extremes and is an internal
wave generation site. These three data sets form part of a project to improve the understanding of turbulent mixing in regions
of internal wave generation, propagation and dissipation. Our measurements include through water column mean velocities and
temperature profiles at multiple locations (depths 75-400 m) to document background forcing and internal wave characteristics.
We also collected high frequency (1-2 Hz) temperature and velocity measurements to quantify turbulent properties in the nearbottom boundary region (1.7 to 30 m above seabed). At all sites, we observed various baroclinic features that coincided with
large turbulent overturning and intensified currents (>6 times the maximum barotropic forcing) within meters of the seabed.
Turbulent kinetic energy dissipation e increased as the seabed was approached with values exceeding 1×10-7 W kg-1 at 1.7
m above the seabed. Estimated turbulent overturning length scales LE and estimated Ozmidov length scales Lo for stratified
turbulence yielded turbulent Froude Fr=(Lo/LE)2/3>1 as the seabed was approached, indicating that the turbulence was shear
dominated, especially below 3.5 m above the seabed. Despite the dominance of shear on turbulence energetics near the seabed,
the use of log law-of-the-wall scaling over-predicts the overturning length scales and mixing. Further away from the seabed,
turbulence is dominated by stratification but estimated turbulent Froude and Reynolds numbers suggests mixing efficiencies
much less than the assumed maximum value of G=0.2 for computing eddy turbulent diffusivity with K r = �ò N 2 . Overall,
internal waves are an important source of mixing on the Australian North-West Shelf.
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Caught between a rock and a hard place: Predation pressure in crevice communities
Bolton, Damon*1, Clark, Graeme1, Coleman, Melinda2 & Johnston, Emma1
1
2

School of BEES, University of New South Wales, SYDNEY, NSW, 2052
Batemans Marine Park, PO Box 341, Narooma, NSW, 2546

Many communities are shaped by predation and levels of predation in marine ecosystems can be modified both by natural physical
variables and through human activities. Predators are constrained on small scales by physical restrictions such as exposure and
crevice width, while human harvesting of higher level predators can modify predation processes on a larger scale. By modifying
predation pressure, human interference will directly and indirectly modify ecosystems. In a factorial experiment, caging was used
to look at the effect of predation on sessile invertebrate communities developing in a range of artificial crevices. Caging reduced
predation pressure on communities (as quantified by underwater videos). However, predation and crevice width interacted such
that communities in small crevices (3 cm) were similar regardless of caging treatment. While the difference between caged
and non-caged or cage control communities were driven predominately by the medium and large crevice communities (10-30
cm). These results confirm that habitat complexity can create variability in predation pressure on small scales. This may act to
increased biodiversity within ecosystems. Identifying how sessile invertebrate communities will respond to altered levels of
predation will enhance conservation efforts in areas of high modification. This could be especially true in ecosystem modified
by human practices.

Victorian saltmarshes and mangroves: typology, inventory, threats, and losses since
European colonization
Boon, Paul*1
Institute for Sustainability & Innovation, Victoria University, PO Box 14428, MCMC, Melbourne VIC 8001
Paul.Boon@vu.edu.au
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We have just completed the first State-wide inventory of the extent and condition of Victorian mangroves and coastal saltmarsh.
High-resolution mapping, based on recent aerial photographs and intensive ground truthing, indicated that there were 192 km2 of
coastal saltmarsh, 52 km2 of mangrove shrubland and 32 km2 of Juncus-dominated estuarine wetland in the State. A comparison
with mid-19th century surveyors’ maps with current distributions indicated that, along certain parts of the coast, up to 50% of
the original area of saltmarsh and mangroves had been lost since European colonization. A new typology was devised to allow
accurate mapping of different types of saltmarsh, and seven new saltmarsh units have been proposed to replace the current –
and flawed – EVC 9 Coastal Saltmarsh Aggregate currently used as the descriptor of coastal saltmarsh in Victoria. Threats and
condition were assessed along the entire Victorian coast, which showed that weed infestations were a greater problem than
usually recognized. Modelling was undertaken to quantify the likely impact of sea-level rise on estuarine wetlands around
Western Port; modelled projections should be interpreted with great care because of the naivety of the modelling. The attitude
of the general community to mangroves and coastal saltmarsh was assessed with focus groups; neither sort of wetland was held
in high regard, and saltmarshes in particular were lowly thought of. The project was undertaken by a consortium of groups,
including the Arthur Rylah Institute, Ecology Australia, Biosis Research, Chris Harty Planning & Environmental Management,
Environmental Geosurveys, Ipsos Eureka, Pathways Bushland & Environment, and Victoria University.
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Inter-annual variability and longer-term changes in the wave climate of Western
Australia between 1970 and 2009
Bosserelle, Cyprien*1, Pattiaratchi, Charitha1 & Haigh, Ivan1
School of Environmental Systems Engineering and The UWA Oceans Institute, The University of Western Australia, 35 Stiring Highway,Crawley WA 6009
Bosserelle@sese.uwa.edu.au
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Quantifying the diversity of wave conditions incident on a coastline is important to understand its resilience to sea-level rise and
possible future changes in wave climate. In this study, a 40 year wave hindcast of the southern Indian Ocean has been created to
assess the inter-annual variability and longer-term changes in the wave climate around Western Australia (WA) between 1970
and 2009. The model was validated against measurements from five wave buoys located along the WA coast. Changes in the
mean annual significant wave height, 90th percentile wave height, peak period and mean wave direction were assessed and the
tracks of all wave events generating wave heights above 7m were digitised and analysed for significant changes. Results show
strong annual and inter-annual variability in the mean significant wave height, the 90th percentile wave height and the number
of large events (Hs>7m) that impact the WA coastline. A significant positive trend in annual mean wave height was found in
the southwest region of WA. This appears to be due to an increase in intensity of the storm belt in the Southern Ocean which
is associated with an increasing positive polarity in the Southern Annular Mode. However, no significant trends were found in
the 90th percentile wave height or the number of large wave events impacting WA. Although, the number of large wave events
increases in the southern Indian Ocean, their potential to track north is reduced as well, therefore balancing the number of large
wave events reaching the WA coast.

Invertebrate fauna of the Hardy Inlet, estuary of the Blackwood River Western
Australia 2008 comparisons with 1976
Brearley, Anne*1
The Oceans Institute, School of Plant Biology, University of Western Australia
Anne.Brearley@uwa.edu.au

1

The Blackwood River-Hardy Inlet system was first to be studied in a systematic manner in 1974-5. At the time river flow in
autumn and winter regularly flushed the system establishing a freshwater ‘winter condition’. The decline of river flow in spring,
progression of the ‘salt wedge’ upstream, and gradual increase in salinity leading to development of a saline ‘summer condition’.
These two states were considered the major features dictating the fauna and biological processes in the Blackwood. Although
the catchment was extensively cleared of native vegetation, salinisation in the upper river catchments was evident and fertilisers
were widely used, the regular runoff from the still largely forested lower catchments ensured that the quality and volume of water
entering the estuary was not a major issue. Almost forty years later rainfall and river flows have decreased, fresh water flushing
is reduced, nutrient concentrations have increased, and algal blooms are more common. Fish stocks particularly black bream
appear to be lower and reports of fish dying more common. Conditions in the Hardy Inlet and catchments of Blackwood and Scott
rivers are viewed with concern. This study of the invertebrate benthos conducted in April 2008 complemented other studies in the
estuary. Sampling areas were similar to those of Wallace and Hodgkin in 1974-5. Common taxa are still present, and in general
the distribution and ecological groupings are similar. Some species are more common and others less abundant, however as only
summary data from 1974-5 are available, changes in abundance are difficult to interpret. Some species found only in the more
saline lower estuary, were in 2008 collected upstream in the main basin. Few species and individuals were present in stratified
riverine areas. These findings indicate that the more salt tolerant species dominate, and stratified conditions and low oxygen may
decrease the abundance of biota potentially influencing estuarine processes. This study also provides a basis for following the
composition and abundance of fauna in the future.
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Carbon budget of an isolated coral reef exposed to large amplitude internal waves
Brinkman, Richard*1, McKinnon, David1, Furnas, Miles1 & Patten, Nicole2
Australian Institute Marine Science, PMB 3, Townsville QLD 4810
University of Western Australia, Crawley, WA 6009
r.brinkman@aims.gov.au
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Scott Reef is an isolated emergent reef system in the Eastern Equatorial Indian Ocean, located on the edge of the continental shelf
offshore from the Kimberley coast of Western Australia. The near-surface oceanic environment surrounding Scott Reef is typical
of the Timor Sea and Eastern Equatorial Indian Ocean, and is characterised by a well mixed surface layer (~ 0–100 m water
depth) of warm (27 – 30ºC) highly transparent water that is deficient in nutrients. Below the surface mixed layer, water
temperature declines to less than 10ºC at 400 m depth. This stable vertical layering of the ocean supports the development of
internal waves that appear as periodic vertical excursions of the thermocline which deliver cool water intrusions into the shallow
lagoonal environment. Based on a measured pelagic primary production, total carbon production in the lagoon is estimated to
be ~288 T C d -1 . In contrast, carbon production in the euphotic zone due to nutrient replenishment through sub-thermocline
intrusions is estimated to be of the order of 6 T C d -1; indicating that daily pelagic production based on nutrient recycling far
exceeds the carbon production supported by the deep water intrusions. At Scott Reef, the carbon fixed by photosynthesis within
the euphotic zone each day is quickly consumed within the upper water column, with measured sedimentation fluxes of
organic carbon generally < 10% of daily production rates. The high respiration rates of pelagic micro-organisms means that
very little pelagic primary production is unconsumed and available for sedimentation from the water column.

Simulation of 3-D hydrodynamics, flood plumes and connectivity on the Great
Barrier Reef
Brinkman*1, Richard, Mike Herzfeld2, Craig Steinberg1, John Andrewartha2
Australian Institute Marine Science, PMB 3, Townsville QLD 4810
CSIRO Wealth from Oceans Flagship, GPO Box 1538, Hobart, Tasmania 7001
r.brinkman@aims.gov.au
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Hydrodynamic models simulate the advection and mixing of water; with respect to the Great Barrier Reef (GBR), these processes
are fundamental in controlling the fate and impact of freshwater, sediment, nutrients and pesticides delivered from catchments
in to the receiving waters of the GBR lagoon. We describe a new high-resolution three-dimensional hydrodynamic model
covering the entire GBR. For this project, the grid nesting strategy involves a 4 km regional grid covering the GBR section of
the continental shelf from QLD/NSW border to the mainland of Papua New Guinea, extending eastwards into the Coral Sea
Territories. Within this regional grid, a finer 1 km resolution model is nested to cover the continental shelf areas. A pilot suite of
nested models has been established and is running in near-real-time (NRT) with model forcing provided by operational global
ocean and atmospheric model products, and river inflows included for a number of real-time gauged rivers.

28

48th Australian Marine Sciences Association Conference 2011

First use of DNA sequencing to link a jellyfish to fish in a digenean life-cycle
Browne, Joanna G.*1,2,3 & Cribb, Thomas H.3
Australian Rivers Institute – Coasts & Estuaries, Griffith University, PMB 50 Gold Coast Mail Centre, QLD 9726
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3
Museum Victoria, GPO Box 666, Melbourne VIC 3001
4
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Jellyfish are consumed by a diverse range of vertebrate predators and this trophic link is exploited by a range of helminth parasites
(especially cestodes and digenean trematodes) that use jellyfish as intermediate hosts. Recent global jellyfish blooms may
indirectly facilitate an increase in rates of parasitism in fish and other vertebrates. However, despite their potential importance,
the parasites of jellyfish are poorly known. Marine digeneans have complex life-cycles with most involving a molluscan 1st
intermediate host, a 2nd intermediate host (e.g. a jellyfish) and a vertebrate definitive host. Digeneans are known from at least
56 jellyfish species, yet the life cycles of only nine digeneans that infect jellyfish are known. This ignorance relates to a lack of
studies (only 12 in the last 30 years) and to the difficulty of identifying the larval stages from jellyfish. Here we report a link
between an adult digenean from two commercially harvested fishes, Seriolella brama and S. punctata, and a metacercaria from
the jellyfish Pseudorhiza haeckeli from Victorian coastal waters. DNA sequencing was used to establish the match. This is the
first partial jellyfish digenean life cycle to be determined using DNA sequencing and the first from the Pacific Ocean.

Quantifying the nitrogen dynamics of a periodically anoxic urban estuary in response
to changing flow regimes using a 3D hydrodynamic-biogeochemical model
Bruce, Louise C.*1, Hipsey, Matthew R.1, Cook, Perran L. M.2
School of Earth and Environment, The University of Western Australia, 35 Stirling Highway, Crawley WA 6009.
Water Studies Centre, Monash University, Victoria 3800.
*
Louise.Bruce@uwa.edu.au
1
2

Estuaries are considered valuable ecological assets as they act as major sinks for catchment nutrients that would otherwise
end up in the ocean leading to nuisance algal blooms. Tidally and seasonally driven salt wedge intrusion in estuaries lead to
transient patterns of hypoxia and anoxia causing dynamic shifts in nutrient pathways. For example, in oxic waters, nitrification
and denitrification coupling occur in the sediments but during periods of anoxia, supply of nitrate to the sediment is low and
denitrification shifts into the water column. Despite major implications to estuarine health, these extremely variant nitrogen cycling
pathways in salt-wedge estuaries have rarely been quantified. In this study we apply a coupled 3D curvilinear hydrodynamicbiogeochemical model to the Yarra River estuary in Melbourne, Victoria. Measured discharge, tidal and meteorological data were
used to simulate the shifting anoxic zone within the estuary over a period of 12 months from July 2009 to June 2010. Alternative
scenarios under both reduced upstream flow-rates and increased sea levels were then modelled to identify potential changes
to the nitrogen dynamics in the estuary under altered climatic conditions. The results of these simulations demonstrate major
implications for estuarine management in response to continuously evolving anthropogenic pressures in a changing climate.
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Marine life of the Kimberley bioregion: past, present and future
Bryce, Clay1, Sampey, Alison1, Fromont, Jane1, Morrison, Sue*1, Marsh, Loisette1, Hosie, Andrew1,
Huisman, John2, Davie, Peter3, Schlacher-Hoenlinger, Monika3, Glasby, Chris4, Willan, Richard4,
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Western Australian Herbarium, Department of Environment and Conservation, Locked Bag 104, Bentley DC WA 6983
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The marine biodiversity of the Kimberley is poorly known. The Western Australian Museum (WAM) commenced its
multidisciplinary marine biodiversity survey program for this region in 1976, with further surveys occurring in the 1980s and
1990s. The vouchered specimens, published and unpublished reports of the WAM, and relevant collections housed in other
museums and herbaria with a tropical interest, constitute the main biodiversity knowledge-base for this marine bioregion. In
2006, the WAM undertook a quantitative, multidisciplinary, marine survey of the north western atolls situated off the Kimberley
continental shelf edge. This was later followed in 2008 by a biodiversity program, titled the Woodside Collection Project–
Kimberley (Woodside 4), which will be finalised in 2011. The intent of this project was to examine the marine biodiversity of the
Kimberley inshore region using both historic survey data (reports and collections) from the WAM and partner institutions, as well
as new survey data from two field expeditions undertaken in 2009 to Adele Island and Montgomery Reef and in 2010 to Cassini
Island and Long Reef. A new biodiversity program, the Woodside Collection Project–Kimberley (Woodside 5), is now underway
with the intent of increasing the scope and resolution of the field data collected during the Woodside 4 field program. Woodside
5 (2011 – 2015) will include four separate surveys to targeted Kimberley coastal reefs and islands, and Browse Island on the
mid-continental shelf, to provide latitudinal and longitudinal gradients of marine biodiversity data for the Kimberley Bioregion.
Here we present an overview of this research to date.

Invasive species performance in marine reserves
Burfeind, Dana*1, Pitt, Kylie1 & Connolly, Rod1
Australian Rivers Institute – Coasts and Estuaries, Griffith University, Gold Coast Campus Qld 4222
d.burfeind@griffith.edu.au
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Conservation of biodiversity is a major aim of marine reserves but invasive species, a major threat to biodiversity globally, are
likely to negatively impact diversity in marine reserves. We systematically searched the literature to determine if marine reserves
influence the performance (e.g. enhance, repel) of invasive species. We examined more than 13 000 papers and found 14 cases
that contained quantitative data on invasive species inside and outside marine reserves. In no cases did reserves repel invasive
species. Of the seven cases where reserves were established prior to the arrival of the invasive species, five had no effect on
the invasive species and two enhanced invasive species. Of the seven cases where reserves were established in areas that had
pre-existing invasive species, three had no effect on the invasive species and four enhanced the invasive species. These results
suggest invasive species are pervasive within marine reserves; greater effort needs to be placed on understanding and managing
for the impacts of invasive species within reserves.
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Does flooding fuel estuarine productivity in the wet-dry tropics?
Burford, Michele*1, Kenyon, Robert2, Webster, Ian3, Whittle, Matthew1 & Curwen, Graeme1
Australian Rivers Institute, Griffith University, Nathan, Queensland 4111
CSIRO Marine and Atmospheric Research, GPO Box 2583, Brisbane 4001
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Flood events typically enhance primary productivity in estuaries via the increased nutrient inputs from land runoff. Our study
examined the effect of two major flood events over two years on nutrient and light availability for phytoplankton biomass
accumulation and productivity in a tropical dryland estuary. This estuary is an important contributor to the commercial banana
prawn fishery in the Gulf of Carpentaria. Chlorophyll a concentrations and phytoplankton productivity rates in the water column
decreased during sustained periods of lower salinity in a 1:50 year flood, with no decrease in light availability or nutrient
concentrations. There was also no evidence of post-flooding stimulation of water column chlorophyll a concentrations. This
contrasts with a number of other studies showing increased nutrient concentrations during flooding and an increase in chlorophyll
a concentrations post-flooding. Calculated nitrogen and phosphorus budgets revealed that the flood-derived nutrient loads from
the catchment were exported into the coastal zone. Most of the nitrogen was dissolved organic nitrogen while phosphorus was
in particulate form. These forms of nitrogen and phosphorus are not readily available for phytoplankton production and are
consistent with a catchment with relatively little human impact.

Occurrence and distribution of blue whales (Balaenoptera musculus) in the Timor
Trough 2007-08
Burton, Chris*1
Western Whale Research, PO Box 1076, Dunsborough WA 6281
cb@it.net.au

1

The occurrence and distribution of cetacean species off southern Timor Leste was examined using dedicated survey data and
incidental sightings. Dedicated surveys for cetaceans were carried out during two geophysical seismic surveys between July
2007 and September 2008 in deep waters of the Timor Trough. During 73 days and 5500 line km, a total of 670 hr of survey effort
data was collected over an estimated 10,000 sq km area, resulting in over 100 on-effort and 60 incidental cetacean sightings.
A low diversity of cetaceans comprising 6 species was reported. Blue whales were by far the most frequently sighted species:
High winter-spring abundance over two successive years in the same area;
Wide spatial distribution, deep (<500m) to very deep (>2500m);
Probable deep water feeding area;
Photographic evidence of residence times at least to 3 days;
Preliminary photo analysis with current databases yields no matches;
Possible breeding area; females with small calves recorded;
Indonesian-Timor deep water habitat is extensive and requires further investigation.
This data is very important for the understanding of southern hemisphere blue whale distribution, and provides the first evidence
of a possible migratory destination area or link to known aggregations within the eastern Indonesian Archipelago for Indian
Ocean blue whales.
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Marine Biodiversity in the Australian Region
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The Census of Marine Life sought regional syntheses of the number of described species, the level of completeness of that
knowledge, the level of taxonomic expertise in each region, and the amount of endemism, number of introductions and threats to
the flora and fauna, for a number of large geographic regions around the world. A regional synthesis was attempted for Australia
using available electronic databases of marine species. It considered the entire Australian marine jurisdictional area, but most
records come from the Exclusive Economic Zone (EEZ) around the continent itself. The counts of species were obtained in 2009
mainly from four primary databases (the Australian Faunal Directory, Codes for Australian Aquatic Biota, Online Zoological
Collections of Australian Museums, and the Australian node of the Ocean Biogeographic Information System), but even these are
an underestimate of described species. For some groups, experts provided estimates of the number of known species not yet in
the major databases. For only some groups could we obtain an (expert opinion) estimate of undiscovered species. The databases
provide patchy information about endemism, levels of threat, and introductions. We concluded that there are about 33,000 marine
species (mainly animals) in the major databases, of which 130 are introduced, 58 listed as threatened and an unknown percentage
endemic. An estimated 17,000 more named species are either known from the Australian EEZ but not in the present databases,
or potentially occur in the EEZ. It was crudely estimated that there may be as many as 250,000 species (known and yet to be
discovered) in the Australian EEZ. Taxonomic expertise in Australia is unevenly distributed across taxa, and declining. The
findings have been published, along with other regional syntheses for CoML, in PLoS ONE 5(8), e11831 (2010).

Multi-scale Analysis of Climate Futures and Rural Livelihood Adaptation Strategies
in Eastern Indonesia
Butler, James*1, Park, Sarah2, Skewes, Timothy3, Kirono, Dewi4 & Bohensky, Erin5
CSIRO Ecosystem Sciences, EcoSciences Precinct, GPO Box 2583, Brisbane, QLD 4001
CSIRO Ecosystem Sciences Gungahlin Homestead, Bellenden Street, Crace, ACT 2911
3
CSIRO Marine and Atmospheric Research, GPO Box 2583, Brisbane, QLD 4001
4
CSIRO Marine and Atmospheric Research, Centre for Australian Weather and Climate Research, PBag No 1, Aspendale, VIC 3195
5
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Eastern Indonesia’s archipelago of islands is potentially highly vulnerable to climate and global change due to their variable
climates, isolation and the disadvantaged socio-economic status of their populations. The majority of livelihoods are highly
dependent on natural resources and ecosystem services, and therefore poverty alleviation and sustainable development are
dependent on the condition and trends of these resources. CSIRO is partnering with AusAID, Indonesian provincial and national
governments, communities and research institutions to analyse potential future development trajectories, effects on livelihoods
and gender-specific adaptation strategies for vulnerable livelihood systems. Methods combine down-scaled climate projections
(to 14 and 8 km2) with scenario planning, terrestrial and marine ecosystem modelling and adaptive capacity assessments at the
provincial and community scale to identify cost-effective adaptation strategies that are robust and flexible to future uncertainty.
The project will also compare island social-ecological systems and the determinants of their responses to future change and
resource constraints in different socio-cultural contexts. Marine-based livelihoods are a key focus of the study, including
subsistence and commercial fisheries, aquaculture and tourism. This paper presents the design and methodology of the project,
and preliminary results.
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Aspects of habitat use of Stenella longirostris and Tursiops aduncus within the Dolphin
Watching zone on the West Coast of Mauritius
Cadinouche, Adele1, Webster, Imogen*2, & Cockcroft, Victor3
Mauritius Marine Conservation Society, c/o Mauritius Underwater Group, Phoenix, Mauritius.
Murdoch University, South Street, Murdoch WA 6150.
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Spinner (Stenella longirostris) and bottlenose dolphins (Tursiops aduncus) are found throughout the tropical and subtropical
waters of the western Indian Ocean. Both use near shore habitats and are therefore susceptible to anthropogenic activities.
As such it is important to determine critical habitats for effective conservation and management of these species. Research
results from the period 7 April 2008 to 11 November 2010 provide data on the habitat use of bottlenose and spinner dolphins
occurring along the south west of Mauritius. A total of 48 boat based surveys resulted in 430h 20min of observation effort of
which 363h 30min (n=33) was with spinner dolphins and 66h 50min (n=12) was with bottlenose dolphins. Spinner dolphins
spend significantly more time (82 %) in the three Bay areas studied, with less time spent along open, reef bordered coasts.
The major activities within Bays were resting and socialising (70-80% of time combined). Outside the Bays the predominant
activity was travelling. Subsequent to October 2008, there was a decrease in the proportion of time spent in the Bays, with a
corresponding increase in travel time. Initial analyses of activity budgets indicate a reduction in resting and socialising after this
time. In comparison, bottlenose dolphins do not appear to use specific areas for particular activities, they are found throughout
the study area, although further surveys may reveal behavioural, or distributional patterning. Data collection will continue in an
effort to determine temporal changes in habitat use and their probable cause. The results of this work will be used as a tool for
conservation and management measures.

Are seagrasses in recovering systems resilient to further nutrient addition?
Cambridge, Marion*1
The Oceans Institute, School of Plant Biology, University of Western Australia, Crawley, WA 6009.
marion.cambridge@plants.uwa.edu.au
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What happens to growth of seagrass in a recovering system if nutrients are added? There is a well-documented global decline
of seagrass meadows but there are also rare cases of recovery after interventions to reduce anthropogenic pressures. Major
seagrass losses occurred during the 1980’s in an estuary, Oyster Harbor and a marine embayment, Princess Royal Harbor on
the southern coast of Western Australia. Following reduction of nutrient loading, seagrasses are now slowly expanding through
natural recruitment, and there has been more than a decade of successful transplantation trials of Posidonia. But what would
be the effect on these recovering systems if nutrient addition occurred again? Would seagrasses show some resilience or would
higher nutrient levels lead to a new cycle of deterioration? We examined growth and morphology of Posidonia australis over
2 years in response to sediment nutrient addition (N, P and N+P) in underwater plots. Addition of N in Oyster Harbor resulted
in negative responses (lower total biomass, shoot number, number of leaves, rhizome and root length), whereas P addition
resulted in positive responses. Plants in Princess Royal Harbor were N–limited and instead, showed small negative responses to
P addition. Root development (total root length, lateral root density, root fineness, specific root length) was also followed over
6 months for autumn/winter and spring/summer in a series of underwater pot experiments located in Oyster Harbor. Although
plants developed large branched root systems, allocation to the root compartment was reduced with N & NP addition. These
studies showed that, in a system close to saturation with N, the main meadow-forming seagrass is likely to be less resilient to
further N loading due to direct inhibition of growth. In the N–limited system, seagrasses proved to be less sensitive to nutrient
addition, and recovery is more likely to be slowed through indirect effects of eutrophication.
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Diseases affecting habitat-forming seaweeds: complex environmental effects on
pathogens and hosts
Campbell, Alexandra H.*1,2, Marzinelli, Ezequiel1,2, Coleman, Melinda A.3 & Steinberg, Peter D.1
1 Centre for Marine Bio-Innovation, School of Biological, Earth and Environmental Sciences, University of New South Wales, Sydney, NSW, Australia, 2052
and the Sydney Institute of Marine Sciences, 22 Chowder Bay Road, Mosman, NSW, Australia, 2088
2 Ecology & Evolution Research Centre, School of Biological, Earth and Environmental Sciences, University of New South Wales, Sydney, NSW, Australia,
2052
3 Batemans Marine Park, cnr Burrawong and Graham streets, Narooma, NSW, Australia, 2546
alexandra.campbell@unsw.edu.au

Disease is emerging as a major factor in the decline of many species worldwide. The impacts of disease are arguably more
severe when habitat-forming organisms are affected, as any negative effects of disease could cascade throughout other levels
of the food web. On temperate rocky reefs, macroalgae are the dominant habitat-formers and evidence of their decline is being
reported worldwide. Often, diseases are implicated in these declines, but this is rarely followed-up or confirmed experimentally.
Here, we present descriptive evidence of disease-like symptoms affecting three habitat-forming seaweeds (Delisea pulchra,
Ecklonia radiata and Phyllospora comosa; the latter two of which are in decline) from the south-eastern Australian coastline,
a global-warming ‘hot-spot’. We also present novel, experimental evidence of the involvement of bacterial pathogens in these
seaweed symptoms and the complex influence of the environment (e.g. temperature, nutrients and light) on these macro-micro
interactions. We also discuss the effects of proximity to urbanised areas on seaweeds and microbial pathogens. Generally, high
temperatures lead to higher incidences of disease-like symptoms in these algae. Additionally, proximity to localised anthropogenic
stressors (e.g. sewage outfalls) also affects the severity of stress and disease phenotypes in monitored macroalgae and can affect
population structure. Understanding the mechanisms behind declines of important ecosystem engineers such as macroalgae is
essential for their conservation and management in warming oceans.

Foraging behaviours of dugong (Dugong dugon) in the West Kimberley: A community
approach
Campbell, Richard*1,5, Quartermaine, Todd*2, Shadforth, Mark*2, McCarthy, Philip2, George,
Kevin2, George, Dwayne2, Sampi, Trevor2, McCarthy, Terry2, Sampi, Nathan2, Oades, Daniel3 &
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Dugong are an important cultural and natural resource for indigenous people across northern Australia. They have been
traditionally hunted and utilised for millennia and Australia is one of the last refuges for this species in the world. They inhabit
nearshore habitats and feed on seagrass, and as such are potentially impacted by natural and anthropogenic activities which affect
seagrass meadows. This project was a collaborative approach between the Bardi-Jawi and Nyul-Nyul indigenous ranger groups
and the Department of Environment & Conservation (DEC) to look for the first time at the movement and diving behaviours of
dugong in the west Kimberley. Eight dugong were captured and tracked using GPS satellite units and a subset deployed with
time-depth recorders. Tagged dugong generally showed strong site fidelity to preferred foraging areas within the capture sites
at Beagle Bay and Pender Bay. There was a strong association between spatial habitat use and diel-tidal cycles. These patterns
reflected the traditional knowledge of dugong behaviour in the area. Some animals displayed large distance movements away
from the capture sites moving over 500 kilometres along nearshore habitats. This study also confirmed that dugong travel
along the sea bottom when undertaking migrations, perhaps along known pathways and bathymetric profiles. A number of
animals utilised areas in close proximity to the proposed industrial site at James Price Point and spatial analysis shows the close
association between core foraging areas and seagrass patches. The community approach and collaboration between indigenous
ranger groups and researchers allowed for “both ways” learning and provided important information on the movement of dugong
through a number of indigenous community’s sea country and their habitat requirements in the west Kimberley region.
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Resilience of temperate reefs
Carnell, Paul*1 & Keough, Mick1
Department of Zoology, The University of Melbourne, Parkville
pcarnell@unimelb.edu.au
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Understanding the resilience of ecosystems has become increasingly important as we seek to determine the impacts of
anthropogenic disturbance and to identify thresholds of ecosystem resilience. We ran a number of experiments on the shallow
reefs of Port Phillip Bay, Victoria. An initial experiment looked at the effects of two different kinds of disturbance (removal
from holdfast or canopy cropping) at two levels (50% or 100% of the plants) on the common kelp Ecklonia radiata. We aimed
to understand how this species responds to varying levels of disturbance and how this influences the rest of the community. A
second experiment looked at areas overgrazed by the native sea urchin Heliocidaris erythrogramma, resulting in so-called sea
urchin ‘barrens’. Urchin barrens associated with this species are not well understood; thus we aimed to determine if the algal
canopy could return if all or half of the sea urchins are removed. Results thus far demonstrate that Ecklonia is very resilient to
canopy removal. The canopy recovered within a few months, with only mild impacts on other species observed. When whole
plants were removed, other species moved in to take advantage of the free space until Ecklonia could recruit back into plots,
which happened relatively quickly. We saw a different story in the case of the sea urchin barrens: here, the time scale taken for
recovery was much longer and was hampered by other environmental factors including sedimentation. Monitoring is ongoing
and there is currently little difference between control plots and those where urchins have been reduced to half the density, but
even full urchin exclusion plots have demonstrated little change. The response of these communities can be both predictable and
surprising, as we try to understand what makes these communities resilient.

Significant variation in spawning frequency of common coral trout, Plectropomus
leopardus, on the Great Barrier Reef
Carter, Alex*1,2,3, Carton, Guy3, Russ, Garry2,3, Tobin, Andrew1, & Williams, Ashley4
Fishing and Fisheries Research Centre, James Cook University, Townsville Qld 4811
ARC Centre of Excellence Coral Reef Studies, Townsville Qld 4811
3
School of Marine and Tropical Biology, James Cook University, Townsville Qld 4811
4
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Obtaining accurate estimates of spawning frequency is fundamental for understanding the reproductive biology of species with
indeterminate fecundity, and vital when calculating annual fecundity. Despite this, spawning frequency is not well quantified
for many tropical fishes, even those subjected to commercial harvesting. We investigated the relationship between spawning
frequency and maternal size and age for the common coral trout Plectropomus leopardus, the most commercially important
finfish on the Great Barrier Reef (GBR). Four GBR regions were sampled (Lizard Island, Townsville, Mackay, Storm Cay), over
four years (1998 – 2001), and compared between fished and protected reefs. Spawning frequency was determined histologically
using the post-ovulatory follicle (POF) method. Of the 2481 coral trout ovaries histologically classed as mature, 23.7% contained
POFs <24 h old, indicating coral trout spawn approximately every 4.22 days. Logistic regression revealed there was no effect of
maternal size or age on spawning frequency. Spawning frequency decreased significantly with increasing latitude. Townsville
and Lizard Island’s mature females spawned every 2.91 and 3.96 days, respectively, compared with every 16.17 and 20.25 days
for Mackay and Storm Cay’s females. Spawning frequency also varied with year, peaking in all regions in 1998 or 1999. Marine
reserve status had a significant but varied effect on spawning frequency. Storm Cay and Lizard Island’s females spawned almost
twice as often on fished than protected reefs. In contrast, Townsville’s protected females spawned twice as often in protected
reefs, and in Mackay’s fished reefs no female spawners were found over the 4 years of sampling while protected females spawned
every 13 days. Given the decreased spawning activity in the southern GBR and extended spawning during all lunar phases in
the central and northern GBR a regional approach to the management of coral trout reproduction, particularly the timing and
duration of spawning closures is considered more appropriate than the current model. The results also highlight the importance
of multi-year studies to determine the extent of annual variation in reproductive parameters.
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Temporal and spatial variation in the distribution and composition of benthic
communities on two intertidal reef platforms in the Pilbara
Carter, Shannon*1, Morse, Peter1 & Hanley, John Russell1
Sinclair Knight Merz, PO Box H615, Perth Western Australia 6001
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The spatial and temporal distribution of intertidal benthic taxa on two intertidal rocky platforms in the Port Walcott region was
investigated over a 12 month period. A combination of randomly placed quadrats along permanent transects laid out between
HAT and LAT were used to survey two intertidal reef platforms. Each quadrat was photographed and the composition and percent
cover of benthic taxa within each quadrat was estimated using random point generation with assigned attributes. Multivariate
statistical analyses were used to investigate to determine changes in community composition and percent cover within and
between different heights on the shore. The results show spatial differences in composition and structure with height on the
shore, and can be explained in part by exposure to air on this arid macrotidal coastline. There were differences in community
composition and percent cover between reefs and within reefs, and community composition and percent cover at some levels
on the shore varied considerably over relatively short time scales. The reef substrate supported turf algae, macroalgae, hard and
soft corals, sponges and bivalves, and the bivalve Brachidontes sp. was common at one reef. The distribution and abundance of
benthic taxa recorded at the two sites are discussed with respect to the environmental factors which may explain the observed
spatial and temporal variability between and within reefs. The implications for the design of monitoring programs for the
detection of anthropogenic impacts are discussed.

Listening to ocean sounds: using underwater acoustics to study marine animals
Cato, Douglas H.*1,2, Dunlop, Rebecca A.3, McCauley, Robert D.4, Noad, Michael J.3, Parnum, Iain
M.4, Savage, Mark1, Gibbs, Susan5, Donnelly, David6, & Blewett, Michelle2.
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3
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Marine animals make extensive use of sound in an environment where vision is usually very limited but where sound travels
to great distances. Their sounds can provide information about their distributions and abundance as well as providing insights
into their behaviour. This requires more than just studying their vocalisations – it also requires knowledge of their acoustic
environment and the way that this affects their use of sound. This paper presents some results of recent experiments illustrating
these themes, including some measurements of the acoustic environment required to interpret the behavioural studies. Beaked
whales are small elusive whales that are rarely seen and little is known of their distributions. Visual surveys are usually ineffective.
Cruises in the Coral Sea in 2008 and 2009 trialled acoustic methods of detecting beaked whales and surveyed an area of more
than 19,000 km2 which included continental shelf, slop and deep water. Large numbers of their distinctive click sounds were
detected in deep water near the continental slope and the steep sides of islands. Humpback whales are very vocal and their use
of sound is an important part of their behaviour. In a series of experiments, we have studied the behaviour and sound production
of migrating humpback whales and tracked their movements using their sounds. As part of this we measured the transmission
loss of the beach side study area to allow us to calculate the source levels (vocal outputs) of the whales from the received levels,
and how these varied with behaviour and background noise. White noise of known source level, filtered in octave bands, was
transmitted using an underwater loudspeaker. Measurements at various distances showed that the transmission loss for the
sloping beach area was a little less than expected for free field transmission (spherical spreading).
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Nurseries and movement patterns of rays at Ningaloo Reef, Western Australia
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Little information is available on the movements and behaviour of rays despite their important ecological role and economic
significance both as a fishery and a tourism resource. Our study provides the first description of the movement patterns and site
fidelity of rays within a coral reef environment in the lagoon of Mangrove Bay at Ningaloo Reef, WA. We focused on the use
of nursery areas and contrasted movement patterns of juveniles with those of adults. We used acoustic telemetry to describe
movement patterns of 22 individuals of eight species that were monitored for 1-21 months. We found that juveniles utilized a
small shallow area (< 1 km2) within Mangrove Bay that was the focus of 60-80% of total activity, although all species and size
classes moved throughout the array and beyond the lagoon to the open reef front. All were present within the array throughout the
period of the study. Adult rays showed larger ranges of movement and primary sites outside the lagoon. Long-term use of coastal
lagoons by juvenile rays suggests that they provide an important habitat for this portion of the life history.

Investigation of nutrient thresholds for ecological regime change in the Vasse-Wonnerup
Estuary in south-Western Australia
Chambers, Jane1, Wilson, Celeste1, Tulbure, Mirela*1 & Clarke, Alan2
Environmental Science, Murdoch University, Murdoch. WA 6150
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J.Chambers@murdoch.edu.au
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Recent literature suggests that the initial concept of two contrasting ecological regimes (macrophyte or phytoplanktondominated) in nutrient-enriched shallow lakes should be extended, based on observations that such systems may be dominated
by free-floating plants, submerged charophytes, submerged angiosperms, green algae or cyanobacteria at different points along
a gradient of eutrophication. The implications of this for management and restoration are that different levels or thresholds of a
controlling variable (such as nutrients) may be necessary to cause a shift in dominance depending on the characteristics of the
dominant taxa. Each of the plant types listed above occur simultaneously in spring in different locations in the Vasse Wonnerup
Estuary. This paper explores the drivers for dominance of different plant communities in these shallow waterbodies, focussing
on potential thresholds (particularly total phosphorus concentrations and N:P ratios), that might explain the efficacy of nutrient
reduction measures, the likelihood of catastrophic loss of macrophytes from the wetlands or guide restoration of macrophytes in
currently phytoplankton-dominated systems.

37

48th Australian Marine Sciences Association Conference 2011

Evaluating the impact that dredging projects may have on the marine environment:
Regulatory framework vs mapping accuracy
Chatfield, Brenton*1, Baxter, Katrina1 & Bivoltsis, Alexia1
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When seeking environmental approvals, proponents are required to provide maps that identify the distribution of benthic habitats,
including benthic primary producer habitat (BPPH). Project footprints (e.g. pipeline corridors and berth and wharf infrastructure)
are then overlaid to identify areas where habitat may be lost or impacted. For dredging projects, dredging footprints and the
outputs from sediment plume modelling are used in conjunction with biologically relevant ‘thresholds’ (e.g. sediment loads,
water turbidity, or light availability) to identify areas where sensitive biota may be impacted or influenced by dredging activity.
This information forms the basis of the environmental impact assessment, with subsequent approvals typically given subject to
a set of Ministerial Conditions, e.g. no more than X ha, or Y% of BPPH shall be lost as a result of the development. However,
throughout the impact assessment process, there appears to be little consideration given to the level of accuracy with which
the distribution of BPPH can be, or has been, mapped. Consequently, it is questionable whether proponents should have any
confidence that compliance with such conditions can be demonstrated. As full coverage maps are generated of the distribution
and composition of benthic habitats across large spatial extents, the level of inaccuracy in the mapping may negate the ability
to accurately quantify whether any loss of BPPH due to the development has occurred. The apparent inconsistencies between
the regulatory framework and the current precision possible for habitat mapping result in uncertainty when trying to evaluate
dredging impacts. Examples of mapping and modelling habitats with varying levels of precision are discussed. Given the
potential financial consequence to proponents for non-compliance with conditions, it is suggested that conditions relating to
allowable loss of BPPH need to be tied back to the ecological significance of the loss for the area and the precision with which
change can be measured.

Predicting the distribution of benthic habitats in the Kimberley for environmental
impact assessments and investigating ecological drivers
Chatfield, Brenton1, Baxter, Katrina*1 & Bivoltsis, Alexia1
Sinclair Knight Merz, PO Box H615, Perth Western Australia 6001
bchatfield@skm.com.au
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Creating inventories of marine resources at the scale and resolution required for environmental impact assessments, monitoring
change, and for developing policy and management strategies is one of the challenges we face for supporting sustainable ocean
management. Understanding the factors that drive the distribution of those same resources is a greater challenge. While direct
observations of the marine environment can provide details of what is present, limited funding for research organisations often
restricts the spatial extent and/or the amount of data that can be investigated. This results in either high resolution information
over small areas, or sparse information over larger areas. While industry typically has significantly larger budgets, full
coverage benthic habitat surveys can still be cost prohibitive. The consequence is uncertainty around what biota is actually
present, and why it may be there. Recently, predictive habitat modelling approaches have been used to produce full coverage,
high resolution maps of the distribution and composition of benthic habitats over a 500 km2 section of the Kimberley near
James Price Point. The approach centres on the collection of high resolution bathymetry data (e.g. LiDAR data) and presence/
absence data for the different substrate and biota present (collected using underwater video systems). Modelling was used
to define the relationships that exist between the observed distribution of the different substrate and biota, and a series of
environmental metrics derived from the bathymetry data (e.g. topographic complexity and characteristics of the seabed in the
local neighbourhood). These relationships provided information on the factors that drive the observed patterns of distribution.
They were also used to predict and map, with quantified accuracy, the distribution of biota types across the entire area for
which bathymetry data existed. The distribution of all modelled biota could be predicted accurately with the exception of
seagrass, which was observed to vary greatly in both space and time.
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Optical properties of marine waters near the Kimberley Coast
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The marine environment off the Kimberly coast is one of the most remote in Australia. Despite this remoteness, commercial
tourism operations and major oil and gas developments are currently being planned. Monitoring and managing this marine
environment is essential to maintain and preserve the biogeochemical status of this ecosystem. Information from biogeochemical
models and remote sensing can help adaptive management of these ecosystems. Lack of baseline environmental data has limited
informed scenario modelling to understand the impact of various development activities on the ecosystem. Biogeophysical
remote sensing algorithms may not work efficiently in this region unless calibrated with regional data. With the objective of
understanding various bio-physical relationships and to improve our ecological and remote sensing modelling capability, we
surveyed the Kimberly marine region during April-May 2010. During this survey we measured various biogeochemical and
optical parameters to understand the nature of the particulate and dissolved substances in the water column and their influence
on underwater light climate and the remote sensing reflectance. Based on preliminary results we present the variability of optical
properties of particulate and dissolved substances and discuss their influence on the underwater light climate and on the optical
remote sensing signal in the Kimberley marine region.

The impact of Black Swan (Cygnus atratus) herbivory on the seagrass Halophila ovalis
in the Lower Swan River estuary
Choney, Gary*1, McMahon, Kathryn1 & Lavery, Paul1
Centre for Marine Ecosystems Research, Edith Cowan University, 270 Joondalup Drive, Perth
Western Australia 6027
1

Waterfowl are often considered significant grazers in temporal lagoons and estuaries. This study investigated some of the
strategies seagrasses use to cope with grazing by black swans (Cygnus atratus) in a temperate, estuarine seagrass ecosystem.
Seagrasses can tolerate grazing through increased growth & utilisation of stored reserves, yet few studies have examined if
these responses are consistent at different times of year. Some terrestrial plants have shown increased reproductive output
and changes in the sex ratio after grazing, yet few studies have investigated the sexual reproductive response of seagrasses
to grazing. This study assessed how the vegetative growth of the seagrass Halophila ovalis responds to grazing at different
times of year, and if grazing effects sexual reproduction. Both an observational approach across a natural grazing gradient and
experimental manipulations (simulated grazing) were used to address these questions. Across the swan-grazing gradient there
were associations with vegetative growth, the nature of which depended on the time of year: seagrass production was greater
in summer with higher grazing pressure, but reduced in winter. Similarly, branching increased in the grazing treatments during
summer (Control - 0.18 branches node-1, Treatment - 0.58 branches node-1), but declined in winter (Control - 0.34 branches node1
, Treatment – 0.08 branches node-1). Across the natural grazing intensity gradient flowering and seed production were positively
associated with grazing, and simulated grazing resulted in increased flowering (Control – 12 %, Treatment – 25%). H.ovalis has
a variety of vegetative growth traits that allow it to tolerate grazing, however, its capacity to respond to grazing is reduced in
winter. This may have important implications for the seagrass habitat if the grazing pressure increases during winter. This is the
first study to demonstrate an increase in flowering in seagrasses following simulated grazing, and may indicate another trait that
allows seagrasses to tolerate grazing.
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One man’s drink is another man’s poison: correlating ecological effects of a contaminant
with background concentrations
Clark, Graeme*1, Dafforn, Katherine1, Marzinelli, Ezequiel1 & Johnston, Emma1
1 Evolution & Ecology Research Centre, University of New South Wales, Sydney 2052 NSW Australia
g.clark@unsw.edu.au

Copper is among the most widespread and toxic pollutants to marine invertebrates, and is increasingly common in coastal waters.
Many studies have demonstrated negative effects of copper on marine invertebrates, but others have shown that some species
(particularly non-indigenous species) in contaminated areas are tolerant to the pollutant and can even benefit from its presence.
Tolerance may result from localized evolution of resistance, or may reflect the selection of resistant genotypes during the transport
phase of introduction (e.g. on hulls of vessels coated in copper anti-foulant). We conducted a large-scale field experiment to test
for effects of copper on the development of sessile invertebrate assemblages at 121 sites, across 7 estuaries in NSW. We also
measured background copper contamination at each site by analysing metal loads in benthic sediments and sediment traps, and
bioaccumulation in experimentally deployed oysters. By correlating experimental effects of copper with background levels of
contamination, we estimated the extent to which localized tolerance to copper mediates its ecological effects.

The Lucinda Jetty Coastal Observatory – an example of a single point observation site
Clementson, Lesley*1, Brando, Vittorio2, Keen, Rex3 & Daniel, Paul2
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3
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The establishment of the Lucinda Jetty Coastal Observatory (LJCO) as part of Australia’s Integrated Marine Observing System
(IMOS) was to provide continuous bio-optical data from a coastal ecosystem which could then be used for calibration and
validation of remote sensing imagery and algorithms for optically complex waters such as the Great Barrier Reef (GBR) lagoonal
waters. An extensive field program was carried out in November 2010 to determine both the spatial and temporal variation at
LJCO, to determine whether the parameters measured continuously at the site were representative of the surrounding local
waters. In situ water samples, to be analysed by laboratory methods, were collected regularly from sites close to the LJCO and at
the LJCO over a 4 day period. These samples provided information on the spatial and temporal variability at LJCO to be related
to the temporal variabilty of the instrumental observations collected at LJCO. Preliminary results indicate that the data collected
at the LJCO is representative of a larger area around the LJCO. In situ sampling completed in November 2010 showed there to
be low variation in the bio-optical parameters measured on both spatial and temporal scales. These results are encouraging for
the value of the site as a calibration and validation facility for current and upcoming ocean color missions.
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Thermal tolerance of two tropical seagrass species and implications for their distribution
in the Great Barrier Reef
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This study assessed the metabolism, growth and survival of two tropical seagrass species at current and future predicted sea
water temperatures (27°C, 30°C and 33°C) under saturating (400 mmol photons m-2 s-1) and limiting light (40 mmol photons
m-2 s-1) and used this information to predict future changes in the distribution of two seagrass species in the Great Barrier Reef
(GBR), Australia. Current summer water temperature in the GBR is 29°C – 30°C and water temperature increases of up to
3°C are predicted in the GBR by 2100 under the IPCC A2 scenario. For Halodule uninervis, temperature elevated to 33°C was
within its physiological optimum temperature range with increased photosynthetic rates (2.3 ´ higher), and net shoot carbon (C)
production (mgC sht-1 d-1; up to 10´ higher) but only at saturating light levels. For Zostera muelleri, 33°C exceeded its optimum
temperature threshold resulting in critical metabolic imbalances: there were large reductions in photosynthesis and increases in
leaf respiration rates leading to net shoot C production that was only marginally positive and large reductions in growth (only 0 –
2% at 33°C compared to 27°C) and biomass (10´ lower at 33°C compared to 27°C) followed. In limiting light, net C production
(neutral to slightly negative), growth and biomass were also reduced. H. uninervis in the GBR exists well within its optimal
temperature range and should continue to thrive into the future under saturating light levels. In contrast, Z. muelleri currently
exists near its upper thermal threshold and future temperature increase is likely to see the contraction of this species from the
northern GBR. This could have ecologically significant ramifications, as Z. muelleri is often the only species able to inhabit
muddy estuarine areas that are critical fisheries habitats.

Controls on morphology and growth history of coral reefs, Australia’s western margin
Collins, Lindsay*1
Curtin University
L.Collins@curtin.edu.au
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The western margin of Australia provides a regional latitudinal and climatic gradient from the macrotidal tropical north to the
microtidal temperate south, modulated by the poleward flowing warm Leeuwin Current. Coral reef systems, discontinuously
developed during the Late Tertiary-Quaternary vary from fringing reefs to isolated reefs which rise from deep-ramp settings.
Quaternary evolution of the reef systems is being documented using regional mapping, seismic imaging, coring and U-series
dating. The well-constrained sea level data from the Houtman Abrolhos carbonate platforms (at 28-29°S) have also been applied
to the less known North West Shelf reefs. The Ningaloo fringing reef at 20-22°S records Holocene and last interglacial phases of
reef growth in a tectonically stable environment. It overlies Tertiary carbonates of the Cape Range, which is flanked by uplifted
Plio-Pleistocene terraces and reefs. Scott Reef (at 14°S) is a macrotidal, isolated reef which overlies a carbonate platform and a
major gas discovery. Seismic profiles reveal a last interglacial (ca. 125,000 year) reef system, but reefs which apparently grew
to sea level are 30 m below present sea level, indicating significant subsidence in the Late Quaternary. Contemporary reefs grew
during the Holocene in the accommodation provided by subsidence and are up to 35 m thick. The Rowley Shoals (15-17°S)
comprise one of the most perfect morphological series of reefs known, and these emergent, annular reefs rise from depths of
200-400 m. Seismic profiles suggest Late Quaternary subsidence has been an important control on reef growth, while differential
subsidence has influenced reef morpho1ogy. Differential geomorphic and physical process settings, seismic stratigraphy, sea
level history, and subsidence are keys to patterns of reef growth which can be seen as responses to these controls.
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Plankton observing in Australia: the Australian Continuous Plankton Recorder
(AusCPR) survey
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Plankton respond rapidly to changes in ocean conditions, making them invaluable indicators of ecosystem health and environmental
change. The largest plankton monitoring program in the world is the Continuous Plankton Recorder (CPR) survey in the North
Atlantic, which has operated since 1931, and has provided unique insight into the response of the pelagic ecosystem to global
change. Additional CPR surveys are in operation in the North Pacific and the Southern Ocean. Here we provide an overview of
the CPR programme, the Australian Continuous Plankton Recorder (AusCPR) survey. AusCPR forms part of a larger Integrated
Marine Observing System (IMOS) that monitors physical, chemical and biological attributes of Australian coastal seas. A focus
of the programme is to understand the dynamics of the two poleward-flowing, warm-water currents that bound the continent,
especially since the East Australian Current has increased in strength by 30% over the past 60 years and is projected to continue
to do so under climate change. AusCPR currently samples regularly along the east and south east coasts of Australia, the east
coat of Tasmania, and across to New Zealand, and in the Southern Ocean during the austral summer. We thus sample 40° of
latitude from the subtropics to polar latitudes, extending to 55° of latitude and into the tropics in the near future. Since mid 2009,
AusCPR has towed 18,700 nautical miles and counted 2,200 samples for 450 zooplankton taxa and 150 phytoplankton taxa.
Preliminary results from AusCPR are shedding new light on plankton abundance, distribution and timing in relation to mesocale
eddy activity, the effect of ephemeral events such as dust storms, and the relationship with mesopelagic fish biomass (measured
acoustically on Tasman Sea transects). Another focus of the study is long term patterns of plankton distribution in relation to
seasonal and geographical influences which may indicate biological responses to warming of the oceans and allow us to predict
how this may flow through to higher trophic levels.

Distribution patterns of New Zealand macroalgae
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Macroalgae are dominant canopy forming taxa, which play an important role in structuring the marine environment for other
organisms. Notably, few species distribution modelling studies have focused on marine macroalgae, even though this group
has several attributes which are favourable for species distribution modelling, i.e. they are sessile organisms and are often well
surveyed. In this study we used the museum data available from the Museum of New Zealand Te Papa Tongarewa to examine
the distribution patterns of two algal groups around the coastline of New Zealand. The algal groups to be examined include
the brown (Orders Fucales and Laminariales) and red (Orders Corallinales Hildenbrandiales, Ceramiales, Bangiales) algae.
Although previous work suggests that wave exposure and habitat type are most important for explaining the distribution of
macroalgae around New Zealand, there are numerous other environmental variables that could play a role in describing the
distribution of macroalgal species. Here, maximum entropy modelling was used to identify the relative contribution of the
twelve environmental variables and for identifying the fitted relationship between the recorded macroalgal observations and the
environmental variables. Based on the fitted relationships macroalgal distributions were predicted around the coastline of New
Zealand.
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Genetic connections and the role of zooxanthellae in deep water corals of the mesophotic
zone at Scott Reef, Western Australia
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The success of reef-building corals is dependent on their obligate association with symbiotic photosynthetic dinoflagellates of
the genus Symbiodinium commonly referred to as zooxanthellae. The ecophysiological characteristics of the symbionts and
their coral host influence the physiological tolerances of reef-building corals to fluctuating environmental conditions. Whilst
adaptation and/or acclimatisation of the symbionts to anthropogenic related changes in seawater temperatures and irradiance in
shallow coral reef habitats are well known, recent attention has focused on understanding biological processes associated with
deep coral reefs of the mesophotic zone (i.e. 30-150 m). This talk will summarise results of three studies that have examined
genetic connections between shallow and deep communities at South Scott Reef, as well as highlighting the role of zooxanthellae
in photoacclimation to low light in the deep lagoon of Scott Reef for two reef building corals. A striking result was the flexibility
in the symbiont associations between the two coral species studied. Pachyseris speciosa hosted mainly the same Symbiodinium
C type similar to C3 irrespective of sampling depth. In contrast, Seriatopora hystrix hosted predominantly Symbiodinium type
D1a* at shallow depths while those in deeper water were dominated by a Symbiodinium C type closely related to C1. These
differences were paralleled by changes in the energy stores of the coral host (determined as the lipid fraction ratio) and oxygen
production and consumption rates of the corals. For example, in S. hystrix, there were non-linear relationships between the
lipid fraction ratio and P/R ratio, and changes in depth with modal peaks at ~23 m coinciding with the same depth as the shift
from clade D to C types. On the basis of the simultaneous increase in the P/R ratio and the decrease in the lipid fraction ratio of
Symbiodinium C harboured by S. hystrix over the same depth range, we conclude that the competitive advantages and metabolic
costs that arise from flexible associations with divergent symbiont types are offset by energetic trade-offs for the coral host.

Creating an Australian coastal and ocean assessment and prediction system
Cresswell, Ian David*1
1

Science Director, Wealth from Oceans National Research Flagship, CSIRO, GPO Box 1538. Hobart TAS 7001

Throughout history Australia has always relied on its oceans and coasts, and this trend is expected to increase throughout this
century. In addition to the ongoing extant major uses of our marine environment, we are also on the cusp of a number of emerging
major coastal and maritime industry opportunities. To deal with the complex environmental, economic and social problems that
lay in front of us Australia needs to develop an enduring, integrated set of assessment and prediction services to guide sustainable
marine and coastal development and conservation. This set of services would build upon Australia’s ongoing investment in
national marine science infrastructure, and would need to grow our existing national and international R&D partnerships. All
governments with responsibilities for Australia’s marine jurisdiction are being called upon to make decisions with long-term
consequences at a rate faster than ever before. To date it has not been possible to consider some of the cumulative effects that
each new decision places on both our natural capital and our built environment. While longstanding strategies and programs for
sustainable use and conservation have been put in place across all jurisdictions it has not always been possible to assess their
effectiveness both individually and in toto. Tools that increase our understanding of the impact of our management measures, and
which then increase our ability to adaptively manage as new information becomes available, are in scope for future development.
Despite limitations in our knowledge base we are also on the cusp of a revolution in new technologies for monitoring and
modelling. This talk will focus on a vision for pulling together Australia’s existing marine and coastal monitoring and modelling
efforts into a new state-of-the-art suite of assessment and prediction services.
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Humpback whale distribution and habitat use in the Nickol Bay region, Western
Australia, a potential resting area.
Cummins, Gabrielle*1, Meeuwig, Jessica2, Hanson, Christine3 & Jenner, Curt4
School of Plant Biology, The University of Western Australia, 35 Stirling Highway, Crawley, WA 6009.
Centre for Marine Futures (Oceans Institute) and School for Animal Biology, The University of Western Australia, 35 Stirling Highway, Crawley, WA 6009.
3
School of Environmental Systems Engineering, The University of Western Australia, 35 Stirling Highway, Crawley, WA 6009.
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Centre for Whale Research Western Australia Inc. PO Box 1622 Fremantle, WA 6959.
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The strong coastal affiliation and wide ranging nature of the humpback whale, Megaptera novaeangliae, makes understanding
this species’ distribution and habitat use patterns within the marine environment critical to their conservation. While global
patterns between humpback whale abundance and environmental parameters are well documented on wintering grounds, little
is known of their habitat use in resting areas and on migratory corridors. Humpback whale breeding stock “D”, the largest
humpback population worldwide, winter off Western Australia (WA), with an annual southward migration from Kimberly
breeding grounds in WA’s northwest to Antarctic Southern Ocean feeding grounds. Major resting areas identified for Group
D’s southward migration include the sheltered embayments of Exmouth Gulf, Shark Bay and Geographe Bay. Nickol Bay,
located north of Karratha on WA’s northwest shelf, is a similar sheltered embayment but has yet to be investigated to establish
if it also is used as a resting area for this species. To assess the importance of Nickol Bay to humpback whales, humpback
distribution, habitat use and behaviour were documented using both aerial surveys (Aug 2009- Aug 2010) and boat surveys (Aug
2010). Humpback whale abundance was higher in a comparatively cooler (22.6-23.6˚C), and shallow (< 40 m) environment,
and depth preferences were consistent through time. The proportions of active, passive and neutral behaviours were similar to
those documented in Exmouth Gulf, suggesting that Nickol Bay may also serve as a humpback whale resting environment. the
strong habitat associations and resting behaviours in the Nickol Bay region highlight this environments potential importance to
humpback whale conservation, a key issue given the rapid industrialisation of the region.

The Indian Ocean Tsunami Warning and Mitigation System
Cunneen, Jane*1
Intergovernmental Oceanographic Commission of UNESCO, IOC-UNESCO Perth Regional Programme Office, PO Box 1370 West Perth WA 6872
j.cunneen@unesco.org

1

The devastating tsunami of 26 December 2004 killed over 230,000 people, displaced more than 1 million people and left a trail
of destruction around the coasts of the Indian Ocean. Although the tsunami took over 2 hours to cross the Bay of Bengal, more
than 50,000 people in India, Sri Lanka, Maldives and East Africa lost their lives. Since then, coastal nations of the Indian Ocean
have made a coordinated effort to build an effective early warning system for the entire region. The Indian Ocean Tsunami
Warning and Mitigation System (IOTWS) is a coordinated network of national systems comprising three key components:
hazard detection and forecasting; threat evaluation and alert dissemination; and community preparedness and response. This
presentation will discuss the development of the IOTWS, highlighting Australia’s role in the region.
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Megafaunal biodiversity in two contrasting submarine canyons on Australia’s southern
continental shelf
Currie, David1 & Sorokin, Shirley*1
South Australian Research and Development Institute – Aquatic Sciences, PO Box Henley Beach SA 5022.
David.Currie@sa.gov.au

1

We examined the composition, distribution and biomass of macro-epibenthic organisms along the central axes of two South
Australian submarine canyons with contrasting topographies. Quantitative samples of epibenthos were collected from five
depth–stratified sites at Du Couedic Canyon and six depth-stratified sites at Bonney Canyon, using a 1m-wide sled that was
towed across the seabed for 500m. One hundred and eighty-four putative species representing 11 phyla were collected. Less than
10% of these taxa could be confidently assigned to existing species and it appears that a large proportion of the canyon fauna
is undescribed. Sessile suspension-feeding organisms dominated samples and collectively comprised over 97% of the biomass
and 77% of the species richness. The most common free-living organisms were echinoderms. Species numbers broadly declined
with increasing depth in both canyons; however species richness was more than twice as high at Du Coudeic Canyon, then it was
at Bonney canyon. Epifaunal biomass was also concentrated inshore in the shallowest depths of both canyons but was over an
order of magnitude higher at du Coudedic Canyon than at Bonney Canyon. Bivariate correlation analysis highlighted a number
of strong abiotic relationships but linkages to species richness and biomass were not consistent between the two canyons. Cluster
analyses of species biomass data revealed a strong environment gradient running perpendicular to the coast in both canyons and
highlighted a progressive shift in species composition. Three station groupings characterised by small groups of species with
narrow distributions were identified on the shelf, upper slope and mid slope. These community groupings were largely explained
by depth and dissolved oxygen concentration. Spatial patterns in epifaunal community structure were broadly consistent with
depth-related discontinuities in waster circulation along Australia’s southern continental margin.

Development of a CoML Node for the Arabian Sea, Sea of Oman and Arabo-Persian
waters region
D’Adamo, Nick1, Samimi-Namin, Kaveh*2, Claereboudt, Michel3
UNESCO Intergovernmental Oceanographic Commission, Perth Regional Programme Office, Level 5, 1100 Hay Street, West Perth, 6005, Western Australia
Iranian National Institute for Oceanography, Tehran, Islamic Republic of Iran
3
Sultan Qaboos University, Muscat, Sultanate of Oman
nick.d’adamo@bom.gov.au
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The Census of Marine Life, and Alfred P Sloan Foundation initiative, celebrated its inaugural 10 year phase in 2010 with many
regional efforts resulting in the consolidation and data-basing of the marine biodiversity of the world’s oceans into OBIS, the
Ocean Biogeographic Information System. This greatly furthered the understanding of what has, does and will live in the oceans.
One such effort focused on the node encompassed by the Arabian Sea, Sea of Oman and the Arabo-Persian waters. The UNESCO
Intergovernmental Oceanographic Commission Perth Regional Programme Office received funds from CoML to manage and
support this objective and assisted with the Node’s development in collaboration with Sultan Qaboos University, Muscat, Oman,
the local focal point for regional coordination and scientific oversight of the work. The region is characterised by features such
as highly spatially and temporally variable oceanographic behaviour (in the vertical and horizontal) across the Node’s domain,
a degree of physical disconnection amongst its sub-regions, rapid shifts in water quality, interesting biodiversity patterns and
endemicity with remote biodiversity influences that derive from adjacent regions such as the Red Sea, Arabian Sea, central and
NE Indian Ocean and coastal waters off central East Africa. Corals are a case in point with some 120 (approx) species occurring
in the waters around Oman, representing 15 out of 17 global families and 44 out of the 111 global genera. 18% of these species
are Indo-Pacific in nature. The node’s development began with a regional workshop (2007) which brought together stakeholders
from Sultanate of Oman, I.R. of Iran, UAE, KSA, Germany, Pakistan, Kuwait, Maldives, Ukraine, USA and Australia. The
biodiversity is being documented into peer reviewed documents and the marine scientific collaboration that was catalysed in the
region is likely to now endure from its formative beginnings under the CoML.

45

48th Australian Marine Sciences Association Conference 2011

UNESCO IOC Perth Office and overview of Global Ocean Observing System (GOOS)
programs in the Indian Ocean
D’Adamo, Nick*1
UNESCO Intergovernmental Oceanographic Commission, Perth Regional Programme Office, Level 5, 1100 Hay Street, West Perth, 6005, Weste Australia
nick.d’adamo@bom.gov.au
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The UNESCO Intergovernmental Oceanographic Commission (IOC) comprises 138 Member States and celebrated its 50th
anniversary in 2010. Australia is a founding member and supports in Perth one of the IOC’s few decentralised offices under the
co-sponsorship of the Western Australian State Government and Australian Government (via the Bureau of Meteorology). The
IOC‘s mission is: “... to promote international cooperation and to coordinate programmes in research, services and capacity
building, in order to learn more about the nature and resources of the ocean and coastal areas and to apply that knowledge for
the improvement of management, sustainable development and protection of the marine environment and the decision-making
process of its Member States”. The UNESCO IOC Perth Office is a regional focal point in this objective, working for the
balanced mutual benefit of its three sponsors at, respectively, State, National and Regional/Global scales. It provides regional
facilitation of the IOC’s global mission, focusing on the oceanic and coastal waters around Australia, including the Indian Ocean,
South East Asian and SW Pacific regions. The IOC (www.ioc-unesco.org) and its Perth Office (www.iocperth.org) will be
overviewed in terms of the marine science programs being coordinated and facilitated in the Indian Ocean and South East Asian
regions including how these align with Western Australian marine science interests. The talk will focus on how these programs
relate to oceanographic and coupled climate processes, ecological studies, ocean forecasting and inherent modelling, and the
theme of capacity building that cuts across all these science areas. The Global Ocean Observing System (www.ioc-goos.org)
will be described, across the spectrum of observing components that are now in place, ranging from satellite based through to
sea surface and undersea measurement systems. The physical and biogeochemical science alliances that provide the energy and
continuity for GOOS in the waters around Western Australia will be introduced, and some of the key pilot projects within these
alliances will be highlighted. This will provide a segue to keynote talks to be given in the AMSA 2011 mini-symposium No 23:
Western Australia and its oceans- the Cascade of Scales.

Bang for buck, the challenge of choosing between chemical and biological monitoring
tools for assessing the health of estuaries.
Dafforn, Katherine A.*1, Simpson, Stuart L.2, Komyakova, Valeriya1, Wong, Chris K.C.3 & Johnston,
Emma L.1
Evolution and Ecology Research Centre, School of Biological, Earth & Environmental Sciences, University of New South Wales, Sydney NSW 2052
CSIRO Land and Water, Locked Bag 2007, Kirrawee NSW 2232
3
Department of Biology, Hong Kong Baptist University, Hong Kong
k.dafforn@unsw.edu.au
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The accurate assessment of ecosystem health requires multiple lines of evidence (LOE) to be collected and analysed to link
exposure with effects. As minimal resources are often allocated to assessments, it is necessary to compare and prioritize methods
that provide strong LOEs, and exclude less effective tools. For seven estuaries that were either relatively unmodified (RUM),
or heavily modified (HM) by urbanization and industrial activities, we surveyed concentrations of heavy metals and PAHs in
benthic sediments, resuspended sediments and deployed oysters, and compared results to benthic assemblages. Estuaries were
divided into zones based on qualitative observations of grain size, wave exposure and flushing, and were further distinguished
by quantitative measurements of water quality (e.g. salinity). Strong positive correlations existed for Cr, Cu, Ni, Mn, Pb and
Zn between benthic and resuspended sediment compartments. However, low resuspended sediment sample masses prevented
analysis of these relationships for PAHs. Copper was the only metal for which useful correlations existed between benthic
sediment and oyster tissue concentrations, but useful correlations existed for several PAHs. For all estuaries, metal and PAH
concentration increased proportionally with increasing of levels of silt and heavily modified estuaries had proportionally more
fines content. In terms of assessing differences in ecosystem health between the HM and RUM estuaries, benthic sediment
and oyster tissue contaminant concentrations appeared equal as LOE, and were strongly correlated with differences in benthic
assemblage composition between HM and RUM estuaries. Estuarine health assessments that combine multiple LOE are expected
to improve detection of broad-scale impacts on ecosystem health; we discuss the costs and benefits of utilizing total PAHs in
place of individual PAHs, and the usefulness of combining copper with total PAHs as a ‘metric’ to characterise the health of HM
and RUM estuaries. The identification of priority LOEs and useful ‘metrics’ will assist in creating sensitive sampling programs
to detect contaminant impacts where resources are limited.
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Biooptical Measurements of New South Wales Coastal Waters and the EAC
Davies, Peter*1, Cherukuru, Nagur2 & Anstee, Janet2
1 NSW Department of Environment, Climate Change and Water, PO Box A290 Sydney South NSW 1232
2 CSIRO Environmental Earth Observation Group, Land and Water, GPO Box 1666, Canberra, ACT, 2601
Peter.davies@environment.nsw.gov.au

The coastal waters of New South Wales are a very complex melange of water masses originating from the EAC, shelf waters,
slope intrusions and riverine inputs. A Southern Surveyor voyage in October 2010 was successful in obtaining measurements
from a variety of these provinces. Water column profiles, underway measurements and discrete water samples collected during the
voyage will provide the most comprehensive bioptical dataset from these waters taken to date. Preliminary analysis of the data
will be presented exploring the biooptical variability of the waters off NSW. The dataset will be used to improve understanding
of uncertainty of ocean colour satellite estimates of water quality parameters for Monitoring Evaluation and Reporting on State
Targets in New South Wales. It will also help understand coastal processes and drivers of productivity along the NSW coast.

Determining the relationship between blue whales and oceanic processes off southern
Sri Lanka
de Vos, Asha*1, Pattiaratchi, Charitha1 & Harcourt, Robert2
The University of Western Australia Oceans Institute/School of Environmental Systems Engineering, 35 Stirling Highway, Crawley WA 6009.
Macquarie University, Graduate School of the Environment, North Ryde, NSW 2109, AUSTRALIA.
asha.devos@lincoln.oxon.org
1
2

The largest animal on the planet, the endangered blue whale (Balaenoptera musculus), is found in Sri Lankan waters. The
populations within the Northern Indian Ocean basin, which may form a separate subspecies, B. m. indica, remain the least known
and understood. Unusually, they are thought not to migrate to higher latitudes for feeding - a characteristic of other populations.
This implies that these tropical waters are sufficiently productive to support their immense energetic demands. Physical oceanic
processes (e.g. upwelling) often drive the distribution of food. Off Sri Lanka, these processes are complicated by a monsoonal
regime with seasonally reversing currents and changing salinities. Using archived model results supplemented by satellite
imagery and field data we attempt to understand how the oceanic processes might influence blue whale populations in this area.
During the first survey from December 2010-February 2011, whale sightings were consistently further offshore than in previous
years. The results suggest that this is due to anomalously high rainfall, a result of the onset of La Niña. The resulting increase
in freshwater outflow may displace the krill on which the blue whales feed. Observations of temperature and salinity show the
influence of the fresher water decreasing away from land. The more saline offshore waters where whales were observed feeding
are possibly the favoured habitat of krill. Through this research we are able to show the influence of the freshwater output from
the Bay of Bengal and local rivers on the blue whales of this region. These results provide a possible explanation for the lack of
inshore whale sightings in the 2010-2011 season, compared with previous years.
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Earth Observing Inland to Marine Ecosystems-Satellite Application Developments
help cross the Boundaries
Dekker, Arnold G.*1, 2, Malthus T.J.M., Blondeau-Patissier, D., Anstee, J.M., & Karpouzli, E.V.
CSIRO Land & Water, Earth Observation Program , Canberra, ACT, PO BOX 1666, 2601
Centre for Spatial Environmental Research, School of Geography, Planning and Environmental Management, The University of Queensland, Brisbane,
Queensland, 4072
Arnold.Dekker@csiro.au
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For oceans and increasingly for coasts optical satellite sensor systems are becoming more operational. For inland waters the
situation is less clear as there are no dedicated inland water earth observing systems available. However, some multi-purpose
satellites such as WorldView-2 with 8 spectral bands and 2 * 2 m pixels are becoming suitable for inland water quality mapping
and monitoring (as well as for vegetation, riparian zone, supra- to intertidal mapping, land-use, cadastral mapping etc.) but the
data needs to be purchased at commercial rates. Despite the lack of dedicated systems, it could now be considered that there
are both sufficient sensors and accurate algorithms to reliably detect, map and monitor trends and anomalies in concentrations
of chlorophyll and cyanobacterial pigments, non-algal suspended matter, coloured dissolved organic matter and the vertical
attenuation of light (as well as transparency and turbidity). However, the sensors themselves vary significantly in spatial and
temporal cover as well as in cost across the inland to coastal to marine domains. To meet the demands for timely and routine
mapping of water quality variables systematically, combinations of images from these varied sensors with differing characteristics
may need to be utilized, raising questions on optimal blending and management of the products to yield most useful and reliable
results. The complexity of these diverse datasets, that include satellite imagery, in situ observations and environmental models,
require objective methods to operationalise environmental monitoring and assessments. An important issue to address is the
operational integration of these sophisticated new information sources into systems to be available to management and policy
makers.

Molecular tools for the detection of marine pests: field trials
Deveney, Marty*, Wiltshire, Kathryn, Tanner, Jason, Giblot-Ducray, Danièle & Bott, Nathan
South Australian Research and Development Institute, PO Box 120, Henley Beach SA
marty.deveney@sa.gov.au

The National System for the Prevention and Management of Marine Pest Incursions requires that 18 priority ports are surveyed
for listed pest species every two years to assess the risks associated with domestic shipping that carries ballast water. These
surveys inform a system that will be used to determine if ships are required to exchange ballast at sea or treat their ballast water
to prevent the spread of marine pests. Traditional surveys developed using The Australian Marine Pest Monitoring Manual
sample organisms and identify them using traditional taxonomy. These surveys are labour intensive, require broad expertise and
are expensive. We have developed DNA-based detection tools for eight of the most important listed marine pests. Surveys using
these tools are quicker, use more readily available expertise and are less expensive than traditional surveys. Here we present the
results of a survey conducted in parallel using both molecular and traditional methods.
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Exposure to riverine plumes in the Great Barrier Reef. Characterisation of water
types through the use of remote sensing and spatial mapping
Devlin, Michelle J*1, McKinna, Lachlan1, & Harkness, Pia1
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Remote sensing imagery has become an important component in our understanding of the extent and distribution of riverine
flood plumes in the Great Barrier Reef. This talk will present the methodology that has been applied for the mapping of flood
plumes and the application of global and region–specific algorithms to estimate concentrations of water quality variables within
and outside flood plumes. The use of satellite imagery to map plumes allows us to define areas of the GBR lagoon at high risk
from land based pollution. The risk assessment is based on estimates of exposure, taking into account the period of inundation
n, the return time of events and concentrations of water quality variables within exposed regions. A suite of tools were employed
to identify risk areas of exposure to nutrient enriched plume waters, including aerial surveillance, satellite remote sensing and
targeted in situ water sampling during and after key flood events. Outputs from the exposure mapping allows us to make informed
decisions regarding which ecosystems are most likely to be exposed on a recurring basis to altered water quality such as high
suspended sediment and/or high nutrient concentrations.
Through the use of ocean colour remote sensing products, we have defined a set of water types that are most commonly present
in plume waters. These water types are: (i) primary, high carrying sediment waters, (ii) secondary, nutrient enriched waters with
high rates of primary production and (iii) tertiary waters, with elevated levels of coloured dissolved and detiral matter likely to
be of a terrigenous source. Definition of water types allows us to incorporate the exposure rankings into an estimate of risk based
on the probability of the water characteristics occurrence. This data will be presented with a focus on water types and extents
from the Queensland floods, 2011.

Understanding the health status of the Murray River estuary: information from
macroinvertebrate studies
Dittmann, Sabine*1, Rolston, Alec2, Roberts, Sally3, Bartley, Kerri3 & Frears, Adrienne4
School of Biological Sciences, Flinders University, GPO Box 2100, Adelaide SA 5001
Coorong, Lower Lakes and Murray Mouth Program, Department for Environment and Natural Resources, GPO Box 1047, Adelaide SA 5001
3
Department for Environment and Natural Resources, Wyngate GPO Box314, Goolwa SA 5214
4
Environmental Water Management, TLM, Department for Water, Level 2 25 Grenfell Street Adelaide SA 5000
sabine.dittmann@flinders.edu.au
1
2

The health of the Coorong, Lower Lakes and Murray Mouth (CLLMM) has been of concern for several decades, following
reduced flow and drought effects on water levels. Macroinvertebrate condition monitoring since 2004 has provided insight
into responses of benthic organisms to the ensuing environmental changes, including the recent recovery from restored flows.
The value of longer term data series has also become apparent during specific intervention monitoring studies, by providing a
background dynamic or trends in macroinvertebrate abundances and community compositions. In addition, observations made
during monitoring indicated further areas of concern, for example about distribution of invasive tubeworms in the Lower Lakes.
Follow-up investigations gave further insight into the tubeworm distribution and tolerances, which was also of use to recommend
release sites for freshwater turtles treated by community groups for tubeworm encrustation. Insight gained from the various
research projects contributed further at science advisory groups for the management of the CLLMM region. Being part of multidisciplinary approaches to analyse changes and condition of the CLLMM region, most macroinvertebrate studies linked in with
habitat and trophic analyses. The talk will reflect on the benefits of continuity in research efforts and linkages between scientists,
managers and community groups.
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Coupling hydrodynamics with larval and reproductive biology to maximise yield and
minimise impact on recruitment of prawns
Dixon, Cameron*1, Middleton, John1, Doubell, Mark1 & Roberts, Shane1
South Australian Research and Development Institute, Aquatic Sciences. Hamra Avenue, West Beach, SA 5024.
cameron.dixon@sa.gov.au
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Spencer Gulf is a large inverse estuary in temperate South Australia (SA) that supports a number of commercial fisheries,
including a demersal trawl fishery for western king prawns, Penaeus (Melicertus) latisulcatus. Unlike their serial spawning
tropical counterparts, P. latisulactus have a limited spawning season in SA that extends through the warmer months of November
to April. Peak spawning activity coincides with high demand and returns to the fisherman during the Christmas period. While
this creates significant financial incentive to maximise catches it is done so at the cost of subsequent recruitment. To enable
optimisation of pre-Christmas harvests, an oceanographic model was coupled with data on larval and reproductive biology. A
high resolution (600 × 600 m, 15 layer) hydrodynamic model of Spencer Gulf was developed using the open source, Regional
Ocean Modelling System (ROMS) software. Two ocean forcing scenarios, i) tidal circulation and ii) time-averaged monthly
climatology (wind stress, heating, evaporation and precipitation) including tides, were selected to identify the dominant physical
and biological mechanisms relative to the transport and dispersal of larvae. A laboratory experiment was conducted to determine
the effect of temperature on the survival and duration of larval life stages at constant temperatures that ranged from 17-25°C.
Larval duration ranged from 12.7 days (at 25°C) to 31.3 days (at 17°C) while larval survival was highest at 25°C (74%) and
lowest at 17°C (36%). Larval data were coupled with hydrodynamic data using the open source Larval Transport Lagrangian
model (LTRANS) code which was originally designed to model oyster larvae transport. The code was modified to address
differences in the behaviour of prawn larvae, in particular vertical migration. Data on abundance, fecundity, size at maturity
and fertilization success were used to determine the initial distribution of P. latisulcatus eggs in the LTRANS model. Successful
settlement to post-larvae was considered when particles reached identified settlement habitats along the Spencer Gulf coastline
as informed by data on larval duration. Scenario studies that incorporated the effects of temperature focussed on the identification
of areas of spawning prawns that had the least likelihood of successful settlement to the post-larval stage.

Aerial surveys to establish baseline distribution and abundance of Hector’s dolphin Cloudy and Clifford Bays, New Zealand
du Fresne, Sam*1 & Mattlin, Rob2
Blue Planet Marine, Amberley Business Centre, 1060 Hay St, West Perth WA 6005
Marine Wildlife Research Ltd, PO Box 3834, Richmond, Nelson 7050 New Zealand
sam@blueplanetmarine.com
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Clifford Bay Marine Farms Ltd is seeking to establish a new marine farm – for green-lipped mussels - in Clifford Bay, on the
east coast of New Zealand. During the consenting phase of this project, concerns were raised about potential impacts on a local
population of the endangered Hector’s dolphins (Cephalorhynchus hectori hectori), residing in Clifford Bay and neighbouring
Cloudy Bay. In order to establish baseline distribution and abundance (for subsequent post-installation monitoring), three years of
aerial surveys were carried out, using distance sampling methods (MRDS). Four surveys per year were carried out, corresponding
approximately with spring, summer, autumn and winter. Distribution patterns differed when compared to other well-studied
Hector’s dolphin populations. In particular, previously observed inshore clustering of animals during summer months was not
apparent, and animals were seen at or near the 100m depth contour throughout all seasons. The maximum observed abundance
during summer months of 951 (95% CI = 573, 1577) was a considerable upwards revision on previous published estimates
(similarly high density was observed in autumn, with a decrease in winter and spring). This difference is discussed in terms of
survey design, and also in view of any potential bias resulting from the field and analytical methods. Finally, implications of these
results will be considered in light of the 2008 declaration of the Clifford and Cloudy Bay Marine Mammal Sanctuary.
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Long and short term effects of extremes in freshwater flow on intertidal biota of a wetdry tropical estuary
Duggan, Melissa*1, Burford, Michele1 & Connolly, Rod2
Australian Rivers Institute, Griffith University Nathan Campus, Queensland 4111
Australian Rivers Institute – Coasts and Estuaries, Griffith University Gold Coast Campus, Queensland 4222
melissa.duggan@griffith.edu.au
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The estuaries of the Gulf of Carpentaria (Northern Australia) experience highly variable flows, from zero flow over much of the
year, to massive freshwater flooding in the wet season. Potential future water harvesting would dampen this variability. Such
changes may affect estuarine ecosystems pre-adapted to variable freshwater flow conditions. We examined the effect of seasonal
flooding on benthic productivity in the estuary of the Norman River, a system with a natural flow regime. We compared the long
and short term effects of one major and one moderate flood event on benthic microalgae and meiofauna of intertidal mudflats.
We focussed on benthic microalgae and meiofauna due to their importance as major food sources for higher trophic levels, their
limited ability to leave the estuary during periods of disturbance, and their rapid reaction to disturbance with little or no lag effect.
Benthic microalgal biomass and meiofaunal abundance decreased to almost zero during the major flood. Recovery of meiofauna
abundance and microphytobenthic biomass began quickly after flood waters began to recede and tidal exchange was restored.
During the moderate flood, the same patterns were detected but the magnitude of the decline was much less. In the dry season
following the major flood, meiofauna abundance was considerably higher than in the preceding dry season, which followed a
moderate flood. This suggests that meiofauna abundance during the dry season may be influenced by flooding in the previous
wet season. In summary, we found that floods are important drivers of primary and secondary productivity on intertidal mudflats.
This is likely to have flow-on effects to food availability for higher trophic levels.

On the capacity of mangroves to respond to climate change and more
Duke, Norman C.*1
University of Queensland, School of Biological Sciences, Brisbane, Queensland, Australia
n.duke@uq.edu.au
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How are mangroves responding to climate change? Do we know? Climates are already changing – so what do we expect to
see? Some suggestions include: 1) greater growth, establishment and increased survival with higher temperatures, ultimately
extending colder latitudinal limits; 2) increased sea levels forcing zone inhabitants upland to relocate with shifting tidal range; 3)
variable pressures forcing expansion or contraction where rainfall might either be increased or decreased, especially at ecotones
across elevation profiles; 4) loss of species affected by greater physical disturbance associated with increased storm activity; and
5) loss of general condition and health, decreasing resilience and regenerative capacity of mangrove habitats forced to respond
rapidly to change. With this talk, we present examples of key processes in action, some show interesting trends and progressive
shifts, but others are more difficult to explain. While it is clear is that mangrove ecosystems are dynamic and changeable, they
are also curiously fragile and prone to degradation and decline. It makes you wonder how they survived for millions of years – or,
more importantly should we be asking, what is so different today?
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Behavioural response studies in large marine mammals
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Behavioural ecology is the study of the variation in animal behaviour due to evolutionary or ecological factors. The behavioural
response study (BRS) is one method used to study particular aspects about the ecology of a species. This experimental design
uses the response of an animal to a stimulus, such as conspecific, heterospecific or anthropogenic noise sources, to determine
the function and /or behavioral effects of this stimulus. In a laboratory setting, various factors can be isolated, removed and
controlled simplifying the analysis of the response of the animal to a stimulus. However, such controlled laboratory experiments
are not possible in large marine mammals and therefore BRSs must be completely field based, dealing with the logistical
complexities and limitations of working at sea with cryptic species. Due to these experimental considerations, as well as the high
cost involved in obtaining an adequate sample size to ensure statistically significant results, there are relatively few published
BRSs in marine mammals compared to terrestrial animals. We conducted experiments on the responses of humpback whales to
artificial ‘tones’ and the playback of conspecific social sounds with multi-resolution observations. Results (using a mixed model
statistical analysis) suggested that humpback whales did respond to both stimuli in terms of a change in travel and dive behaviour.
Many groups tended to move towards the social sound stimulus whilst increasing the time spent in a relatively deep dive. In
contrast, the majority of groups moved away from the tones stimulus and shortened deep dive times. However social (e.g. group
composition, behavioural context) and environmental (e.g. background noise levels) variables all contributed to the response.
This study demonstrates the complexity of behavioural responses to stimuli when using a field study and the need to measure as
many other factors as possible (and generate a large sample size) in order to tease out such complex interactions.

DNA-based diet estimation techniques: From toothed whales to Antarctic fish and
snails
Dunshea, Glenn*1, 2, 3, Casper, Ruth2, 4, Nicholas, Gales2, Hindell, Mark1, Johnstone, Glenn5, Stark,
Jonathon5, Wells, Randall6 & Jarman, Simon2
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For many species trophic interactions are difficult to study because of their cryptic habits and/or the unfavourable characteristics
of samples for traditional diet techniques. DNA-based diet techniques are sensitive, can identify prey to a species level and are
applicable to samples not useful for hard-parts analysis. This talk will discuss basics of DNA-based diet techniques, present
results from some study systems where they have been applied and discuss future work. These techniques have been applied to
scat samples from captive bottlenose dolphins (Tursiops truncatus) fed a known diet and from wild free-ranging individuals.
Results from captive dolphins suggest that prey can be detected within 4-7 hours of feeding and signals persist for at least 1219 hours after last ingestion. After first detection around 60% +/- 12% (mean +/- 95% conf. Int.) of samples are positive for
prey items, which is a lower detection rate than previous studies: reasons for this are discussed. Up to six prey species were
detected in a single sample (range 0-6, mean 3.1 +/- 1.7 (S.D)) and all but one prey species consisting of 2% wet weight of the
total diet were detected across all samples. In free-ranging dolphins, up to 9 prey items were identified in a single sample (range
0-9, mean 3.7 +/- 2.2 (S.D)) and 28 prey operational taxa consisting of 18 species level identifications were identified across all
samples. The results from the free-ranging samples showed a remarkable congruence to diet data gathered from this population
via traditional hard-parts analysis, allowing for the first time a comparison of hard parts analysis from stranded individuals with
data from healthy free-ranging individuals. These techniques have also been applied to some nearshore generalist Antarctic
teleost taxa. At a coarse taxonomic level, preliminary results show some spatial differences in diet within species and some
evidence for niche partitioning between species. This summer an ecosystem scale study was initiated using field collections and
laboratory depurations from a diverse array of taxa representing a broad trophic spread in the Antarctic nearshore ecosystem.
Field results and laboratory strategies using next generation sequencing technologies will be presented and discussed, to illustrate
the potential to upscale these methods using new sequencing technologies.
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Defining and identifying areas worth protecting
Dunstan1, Piers K.*1 & Bax, Nicholas1
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International efforts to define and identify significant areas of biodiversity within national jurisdictions and on the high seas are
using Ecologically and Biologically Significant Areas (EBSAs) as defined by the Convention on Biodiversity (CBD), based on
seven key criteria. These efforts largely fall into two categories; 1) assessing current knowledge and 2) predicting biodiversity.
Assessing the current state of knowledge is an important first step using ever-improving global datasets. For example, the
Global Oceans Biodiversity Initiative (GOBI) and Census of Marine Life on Seamounts (CENSEAM) collaborated to produce
an initial list of EBSAs on the high seas for seamounts based on physical data. Attributes of biodiversity can also be predicted
where survey data are available to re-interpret the physical data, providing a more direct assessment of biodiversity. Analysis
of Rank Abundance Distributions was developed to aid spatial marine planning in Australia. This approach accommodates the
many rarely sampled species typical of marine surveys and identifies regions that have rare combinations of species richness and
evenness. It provides a more validated map of biodiversity attributes than indirect physical measures but requires significantly
more data. We discuss whether there are general patterns in better sampled areas that could be applied to areas with fewer data.

Calibrating and validating bio-optical signals from ocean sensors
Earp, Alan1, Hanson, Christine2, Baird, Mark1, Brando, Vittorio3, Allen, Simon4, Clementson,
Lesley5, Daniel, Paul3, Humphries, Josh6, Parslow, John5, Ralph, Peter1, Strutton, Peter7, Suthers,
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The rapid development of optically-based analyses to quantify and characterise suspended and dissolved materials within the
water column have generated a diverse range of commercial and research sensors that perform optical measurements in water.
A large number of such bio-optical sensors are deployed on fixed and moving platforms (e.g. moorings and gliders) as part of
Australia’s Integrated Marine Observing System (IMOS). However, the value of measuring chlorophyll-a fluorescence, particulate
backscatter, fluorescence of Coloured Dissolved Organic Matter (CDOM) and other parameters has yet to be fully realised due
to uncertainties in the calibration of these sensors and validation of what they are measuring. We are undertaking research to
determine suitable methods for calibration of these sensors before deployment, and protocols to assess their performance during
deployment, so that data quality can be assessed and flagged in metadata records. Several approaches are being tested against
the manufacturer’s specifications. Latex microspheres of known dimension, density and size distribution are being evaluated
for calibrating scattering sensors. Fluorescent dyes such as BasicBlue3, Rhodamine WT Red and Fluorescein are being tested
for fluorescence calibrations, and other reference materials – solid, translucent and liquid - are being assessed and compared for
their suitability for performance checks of CDOM and Chl-a sensors. We are also comparing sensor signals with biological and
chemical analyses of dissolved and particulate matter in NSW continental shelf waters as a means of verifying bio-optical data
collected on gliders, moorings and ships of opportunity. This talk will discuss calibration and validation activities using a range
of sensor configurations for marine science applications.
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Generalisation of marine research outcomes: local to global, static to decadal and
populations to biomes
Edgar, Graham*1
University of Tasmania, Hobart TAS 7005
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Ecological research has developed rapidly over recent decades, shifting from interest in pattern and process within localised areas
to an increasing focus on continental- and global-scale phenomena. Massive increases in computational power have facilitated
progress, with ANOVA-type statistical designs based on answering categorical yes/no questions giving way to randomisation
procedures that can accommodate non-linear relations, interactions, and multiple covariates. In the future, large taxonomic
scales are also likely to assume disproportionate research importance because ecological systems have properties that emerge
radiant only when complete multi-species assemblages are considered. For example, productivity is near constant for different
size classes of benthic animals across communities, and total benthic productivity has a predictable ceiling. These regularities
can be perturbed by human activity, opening up promising research avenues for understanding and predicting human impacts
on the environment. Management interventions that affect marine organisms, such as declaration of marine protected areas,
represent experimental manipulations in ecological space. Relationships with environmental covariates can be predicted, but
accuracy depends on quantity of independent model-training data at broad spatial, temporal and taxonomic scales—an extreme
rarity in practice. For inshore marine systems, data collection at continental or global scales through scientific dive teams proves
prohibitively expensive. Remote-sensing using new technologies may ultimately solve this problem, however, to date, such
technology has a habitat- but not species-level resolution. An alternative remote-sensing strategy is to train enthusiastic and
capable volunteer divers to scientific standards then set them free like Argo floats, popping up widely to generate data for
synoptic mapping of marine environmental condition. The citizen science program Reef Life Survey provides an indication of
this potential, generating data across huge scales for scientists to assess regularities in ecological pattern and process, and for
allowing much more efficient management of threats to marine species and ecosystems.

Discover the AODN: Australia’s interoperable, multi-disciplinary, online Network of
marine and coastal Data Resources
Edwards, Luke*1, Gorringe, Patrick1 & Proctor, Roger1
AODN Development Office, University of Tasmania, Hobart TAS 7005
Wiebke.Ebeling@utas.edu.au
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Australia is a ‘marine nation’ with extensive efforts in marine observation and marine research to improve decision-making
in the nation’s economic and environmental interest. The Australian Ocean Data Network (AODN) was founded to draw
these efforts together, enhance communication between different research sectors, and make ‘Australian marine data, publicly
available’ through an online map interface, the AODN Web Portal. Six major Commonwealth agencies with significant ocean
data responsibilities made up the initial critical mass of ‘Champions’ to contribute data to the AODN. The AODN has therefore
managed to publish marine data sets (and their metadata) that would have otherwise been undiscoverable! One unique data
stream visualised in the AODN Web Portal is real-time underway data from the Research Vessels Aurora Australia and Southern
Surveyor. Given the diversity of data across disciplines, sources, and formats, publishing interoperable data is a challenge to
the technical infrastructure that is based on the Ocean Portal of the Integrated Marine Observing System (IMOS). The AODN
Development Office is liaising with the Technical Committee staff of the AODN’s founding agencies, with data custodians, and
with data users to advance developments of the AODN Web Portal and to provide a user-friendly service to the Australian public.
Another key mission is the promotion of data sharing in the marine community in order to further populate the AODN Web Portal
with data from the Government, private industry, and university sector, as well as from not-for-profit organisations. To this end,
the establishment of a regional node of the AODN in Western Australia has proven instrumental in engaging State Government
to support the AODN long-term. With the culture of data sharing spreading, the AODN finds fit with numerous international
initiatives which ultimately enables us, as a nation, to present our contribution to and get a comprehensive overview of marine
observing and marine research efforts worldwide.
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Partnerships in Marine Biodiversity Research, Conservation & Sustainable
Development in East and West Timor
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The island of Timor, within the semi-enclosed Arafura – Timor Seas (ATS), lies within a region of global oceanographic and
marine biodiversity significance. Timor waters include two of the three main outflow passages of the warm, low salinity,
Indonesian Throughflow (ITF), which is closely coupled to large-scale, climate systems (ENSO, the Australasian Monsoon and
Indian Ocean Dipole). Timor’s waters are also within a region of globally-significant marine biodiversity (ie. the Indo-Malay
Pacific epicentre of tropical biodiversity), with its deepwater trenches, deep, nearshore habitats and upwellings being recognised
as a global hotspot and migratory pathway for many species of marine megafauna (including globally threatened species). With
many coastal communities in Timor (particularly in Timor Leste) also highly dependent on coastal resources, knowledge of
marine biodiversity is critical to underpin future conservation, planning and sustainable use, and regional economic development.
This presentation will outline marine research and training partnerships in Timor, with the Government of Timor Leste, and
the University of Nusa Cendana (Kupang, West Timor). In 2006, the Timor Leste Government funded a major collaborative
program with researchers from Australia (NRETAS, CDU, NT Fisheries, AIMS, ANU) and Timor Leste (MAFF). Six projects
were funded, covering: habitat mapping; Marine Protected Area planning; marine wildlife surveys; ecotourism values; fisheries
development; and catchment practices effects on riverine, estuarine and marine productivity. More recently, partnerships have
begun in West Timor (the University of Nusa Cendana), examining Kupang Bay and Pulau Semau.The presentation will also
cover future partnerships, particularly with respect to recent regional marine conservation initiatives (ie. GEF-funded, Coral
Triangle Initiative and the GEF/UNDP funded Arafura-Timor Seas Ecosystem Action Plan). With the strong regional ecological
connectivity and major trans-boundary challenges in the ATS region, such partnerships will play a crucial role in improving our
understanding of this globally significant marine ecosystem.

Predicted biodiversity patterns of marine fauna on the continental shelf around
Australia
Ellis, Nick*1, Pitcher, C. Roland1, Sharples, Ruth2, Lawrence, Emma3 & Dovers, Elliot3
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Wide-scale maps of biodiversity of Australia’s continental shelf are needed to inform marine planning and conservation. Direct
measurement of biodiversity is difficult due to the challenges of sampling the seabed, but physical variables (eg bathymetry,
sediment and water column properties) are more readily available on a wide scale. A practical approach to mapping biodiversity
is to relate biodiversity at sampled sites to their physical predictors, and use these relationships to predict biodiversity at unsampled locations. However, obtaining the surrogate relationship is challenging because biodiversity information comes from
disparate surveys. We employed a new technique, Gradient Forests, which allows such disparate information to be combined.
Gradient forests calculate for each predictor a monotonic function called the compositional turnover function. Turnover functions
with larger range represent predictors of more biodiversity, and large slopes indicate important environmental thresholds. The
turnover function provides a transformation from environmental space to a ‘biological space’, in which distance denotes difference
in composition. By colouring the first two or three principal components of biological space systematically and using this colour
as a key, one can draw geographic maps of biodiversity, in which similarly coloured areas predict similar composition. Such
maps are useful in gap analysis to prioritize areas for future sampling and in survey design to optimize the placing of sampling
sites. As one of the research outputs of the CERF Marine Biodiversity Hub, we applied this method to four wide-scale regions
on the Australian continental shelf, combining information from fish and invertebrate surveys, to provide maps of biodiversity to
the former DEWHA. This presentation gives details on these data sets, demonstrates the gradient forest analysis, provides results
on the turnover functions and shows biodiversity maps and how they relate to environmental predictors.
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Predicting seagrass distribution based on habitat characteristics: a validated model
for Venice Lagoon
Erftemeijer, Paul*1
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A seagrass habitat model was set up for Venice Lagoon as a tool to predict impacts of human disturbances on the distribution of
seagrass species (Cymodocea nodosa, Zostera marina, Zostera noltii) in the lagoon. The GIS-based model combines speciesspecific threshold values for five environmental parameters (light, salinity, currents, sediment composition, tidal exposure) with
spatial data on these parameters derived from modelling or field measurements. Mapping data on ‘actual’ seagrass distributions
in the lagoon from 1990 and 2002 allowed for validation of model predictions against an independent dataset. Model results for
2002 showed a good match with mapped seagrass distribution in 2002. Goodness-of-fit analysis demonstrated that the model
gave the right prediction for presence or absence of different seagrass species in 83 to 97% of model grid cells. Model validation
was done by comparing model results based on input files for abiotic parameters for 1987 with the actual seagrass distribution
map of 1990. According to the model, increased water transparency between 1987 and 2002 resulted in an increase of 24%
in suitable area for seagrass (all 3 species). Mapping data confirmed significant increase in Cymodocea nodosa and localised
increase in Zostera marina but revealed major decline in Zostera noltii. Potential causes for differences between modelling and
mapping data are discussed.

Coupling and de-coupling of diurnal calcification rates from light, net production, and
carbonate chemistry in a Ningaloo reef community
Falter, James L.*1,2, Lowe, Ryan J.1, Atkinson, Marlin J.3 & Cuet, Pascale4
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Rates of production, calcification, and nutrient uptake were measured in a coral-dominated reef flat community on Ningaloo
Reef in northwestern Australia (22.23°S, 113.83°E) in both winter and summer corresponding to extreme light levels but similar
temperatures. Daily integrated light decreased two-fold from summer to winter while water temperatures were on average 1°C
higher in winter. Rates of daily community gross primary production (P) were 30% lower in winter than in summer (1050 ±110
vs. 1480 ±150 mmol C m-2 d-1) while rates of daily community net calcification (G) were similar between seasons (190 ±10 vs.
180 ±45 mmol CaCO3 m-2 d-1). The average rate of gross nitrogen uptake was not significantly different between summer and
winter (8.5 ±3.8 vs. 7.1 ±3.4 mmol N m-2 d-1) although there was evidence of sporadically high uptake in both seasons. The
modest seasonal differences in P can largely be explained by similar water temperatures while the similar G were due mainly to
differences in light-enhanced calcification between the study periods. Rates of hourly community net calcification (gnet) were
linearly correlated with light in summer whereas gnet was independent of light in winter. gnet was also linearly correlated with
aragonite saturation state in summer but not winter.
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Metagenomic study unveiled the symbiotic life style of microorganisms in Australian
marine sponges
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Symbiosis between microorganisms and multicellular organisms is ubiquitous in nature. Marine sponges harbor extremely high
densities of micro-symbionts, and are unique models to understand the evolution of symbiotic mechanisms. This study aims to
investigate the general adaptive strategies of sponge-associated bacteria and archaea and their relationships with host habitats.
Eighteen microbial metagenomes of six sponges species from the tropical Great Barrier Reef and the temperate Sydney coast
were analysed by shotgun pyrosequencing. Phylogenetic and functional profiles of the metagenomes were constructed and
further compared to those of the planktonic microbiota. Phylogenetic community composition was consistent within replicate
sponges, was distinct from the plankton, and varied between sponge species. However functional profiles showed common traits
for all sponge communities analyzed. These include the abundance of eukaryotic-like proteins, which indicate direct molecular
interactions between symbionts and host. Analyses of key denitrification enzymes showed that sponge-associated bacteria might
convert nitric oxide directly into oxygen, which could subsequently be used by symbionts or the sponge under anoxic conditions.
Phylogenetic analyses of the phage defense based on Clustered Regularly Interspaced Short Palindromic Repeats (CRISPRs)
revealed both shared and specific phage populations in different sponge samples indicating clear local adaptation. In addition,
bacteria from tropical sponges possessed more photosynthesis genes and prophages compared to their temperate counterparts
reflecting the extensive illumination and phage activities of tropical waters. These core features strongly supported the notion
of a symbiotic life style and also highlight the adaptation of microbial symbionts to their sponge host in general or the specific
conditions together under the impact of environmental variation.

Airborne hyperspectral remote sensing in support of monitoring and management of
the Pilbara and Kimberley Regions of WA
Fearns, Peter*1, Klonowski, Wojciech1, Hacker, Jorg2 & Lynch, Mervyn1
1 Remote Sensing and Satellite Research Group, Curtin University, PO Box U1987, Perth WA 6845
2 Airborne Research Australia, Flinders University, PO Box 335, Salisbury South SA 5106
P.Fearns@curtin.edu.au

Monitoring the environmental and physical attributes of coastal regions in the NW and Kimberley regions of WA is challenging
and expensive on research budgets. Further, the ability to survey the large regions involved frequently poses significant challenges
particularly with respect to safety and access. The region, on the one hand, is characterised by quite unique ecosystems that need
to be quantified and protected and, on the other, is under pressure from the development of infrastructure to deliver both offshore
and onshore resources, primarily minerals, gas and petroleum. A present solution to the gathering of significant amounts of high
spatial and spectral resolution observations is to utilise remote sensing methods, including satellite, airborne and ship-based
remote sensing instrumentation. We will review results from a number of campaigns that have been undertaken recently in these
regions in support of environmental management and infrastructure planning by industry. Environmental products produced
by these campaigns included stitched digital airborne photography, hyperspectral radiometry, bathymetry maps, substrate
classification maps, and water column optical properties.
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Coral Algae competition on Glovers Reef Atoll, Belize
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The relative importance of physical and ecological processes in driving macroalgal dynamics is poorly understood. This study
looked at the effects of coral-macroalgal competition on the growth and survival of three common Caribbean coral species
(Porites astreodies, Agaricia agaricites and Colpolphyllia natans). The study looked at two different coral colony sizes and two
common Caribbean macroalgal species (Lobophora variegata and Halimeda opuntia) over one year. Not surprisingly, smaller
colonies were more susceptible to macroalgal competition, bleaching and disease. While the susceptibility of coral colonies to
macroalgae competition remained similar across size classes, striking differences were observed on the interactions between
coral and algal species. When competing with L. variegata, C. natans was the most resistant coral species, while both species
of brooder corals were most affected by the competition with this macroalgae. When competing with H. opuntia there was
not a significant difference between the three coral species of the large colonies; however, A. agaricites small colonies were
significantly more susceptible to the competition than either of the other two coral species. There was no difference between
small colonies of P. astreoides and C. natans. These results are really interesting since they identify one of the main spawners
of the Caribbean, C. natans, as one of the best competitors against L. variegata, one of the most abundant algae on coral reefs.
Fruthermore, they shed light on long-term species specific competition outcomes between corals and macroalgae.

Effects of the Gorgon dredging program on selected aspects of the marine biodiversity
of the Montebello Barrow Island MPA’s
Field, Stuart*1, Shedrawi, George1 & Evans, Richard1
1

Department of Environment and Conservation, Locked Bag 104, BDC, Bentley WA 6983

The Montebello/Barrow islands (MBI) are situated in the Pilbara Offshore marine bioregion (IMCRA, 1997) approximately
1,600km north of Perth. The marine ecosystem of the MBI’s have remained in a relatively undisturbed condition due to the low
human usage and strict management controls on industry activities in the area. In 2004 the Montebello/Barrow Islands Marine
Protected Areas (MBIMPAs), incorporating the Montebello Islands Marine Park, Barrow Island Marine Park and the Barrow
Island Marine Management Area, were gazetted to protect the diverse tropical marine biodiversity that characterise the waters
surrounding these islands. The Gorgon Project (GP), based on Barrow Island, is one of the world’s largest natural gas projects
and the largest single resource project in Australia’s history. The GP includes the construction of a 2.1km marine offloading
facility plus a 2km LNG jetty (totalling 4.1km), and the dredging and disposal of The GP includes a dredging program that will
involve the removal and dumping of ~ 7.6M tonnes of marine sediment over a period of approximately 18 months, which started
in May 2010. The environmental approval for the GP included a number of environmental ‘offsets’, one of which was a total
of $2.5 M over three years to the Department of Environment and Conservation (DEC) to assess the potential impacts of the
dredging on marine biodiversity over the broader scale of the MBIMPAs in areas where modelling of the data suggested there
would be no impact as a result of dredging activities. The Gorgon Dredging Offset Monitoring Evaluation and Reporting Project
(Gorgon MER) provides an opportunity to determine the spatial extent and nature of short term (3yrs) changes in biodiversity
asset condition as a result of the dredging and dumping activities. The Gorgon MER program must therefore also be able to
discern changes in asset condition that are due to natural pressures. The Gorgon MER project is also designed to help inform
future environmental impact assessments of comparable projects. Monitoring of the biodiversity assets of the MBIMPAs will be
continued beyond the life of the Gorgon MER project to determine if there are long term changes in the marine communities as
part of DECs long term marine protected area monitoring, evaluation and reporting program.
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CReefs: Establishing a benchmark for global coral reef diversity
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Coral reefs are the most biologically diverse and threatened marine ecosystems on the planet. Yet, beyond select groups,
particularly corals and fishes, we know very little about what lives on coral reefs, even to an order of magnitude of the number
of species that inhabit them. CReefs, a filed project of the international Census of Marine Life, aimed to establish a benchmark
for global coral reef diversity. The project facilitated taxonomic and biogeographic research of lesser known groups on coral
reefs, filling in major taxanomic gaps with 1200+ new species sampled. Through a combination of the development of methods
for standardized sampling and analysis of coral reef biodiversity and expert elicitation of taxonomist knowledge, we were able
to show remarkably high diversity at small scales as well as estimate overall global diversity for coral reefs. Results confirm the
high biodiversity of coral reefs within the marine environment and highlight the need to broaden research efforts to a much wider
range of coral reef associated taxa.

A laboratory-based approach to determining coral thresholds for dredging impact
assessment
Flores, Florita1, Cooper, Tim1, Abdo, David1, Webster, Nicole1 & Negri, Andrew*1
Australian Institute of Marine Science, PMB 3 Townsville MC 4810
a.negri@aims.gov.au
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Understanding the sediment and turbidity thresholds for corals is critical in undertaking a robust impact assessment of dredging
activities in tropical marine systems. Currently, knowledge on these thresholds for dredging-related sediments is limited. In
this study we developed a dosing facility to test the effects of total suspended solids (TSS) and sedimentation rates on two
offshore coral species: Acropora millepora and Montipora aequituberculata. These two species of coral representing different
morphologies were exposed to six levels of TSS in replicated tanks for 16 weeks, including a 4 week recovery period. Doseresponse relationships were developed to quantify the lethal and sub-lethal thresholds of sedimentation and turbidity for the
corals and cause and effect relationships between the stress and the response were developed. All offshore coral colonies in
control (0 mg l-1 TSS) treatments survived and grew over the 16 week experimental period. The sediment treatments affected
the horizontal foliaceous species (Montipora aequituberculata) more than the upright branching species (Acropora millepora).
The lowest sediment treatments that caused full colony mortality were 30 mg l-1 TSS (25 mg cm-2 day-1) for M. aequituberculata
and 100 mg l-1 TSS (83 mg cm-2 day-1) for A. millepora after 12 weeks. Coral mortality from sediment deposition generally took
longer than 4 weeks. Coral mortality was related to sediment accumulation and tissue necrosis in the corals and the proportion
of tissue death increased in direct proportion to sediment deposition rate. While the sub-lethal indicators such as damage to
photosystem II (Fv/Fm) in the symbionts, biomass, lipid content and growth indicated sub-lethal responses in surviving corals,
the most reliable predictor of coral mortality in this experiment was long-term sediment accumulation on coral tissue.
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The Marine Science Challenge in Timor Leste – Research for Conservation,
Sustainability and Human Development
Fontes, Lourenco*1, Wasson, Robert2, Tirendi, Frank3 & Edyvane, Karen2
Ministry of Agriculture, Forestry and Fisheries, Mandarin, Dili, Timor Leste
Charles Darwin University, Casuarina, Northern Territory 0909, Australia
3
Australian Institute of Marine Science, PMB 3, Townsville, Queensland 4810, Australia
risonlia1@yahoo.com
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The maritime estate of the world’s newest sovereign nation, Timor-Leste, encompasses over 700 km of coastline, within a region
of globally-significant tropical marine biodiversity. Situated in the semi-enclosed Arafura–Timor Seas (ATS), Timor Leste’s waters
also experience high levels of regional connectivity, especially in pelagic fisheries and marine wildlife. Struggling from decades of
occupation and political instability, Timor Leste is also among the 20 poorest countries in the world. With ~94% of coastal communities
highly dependent on coastal resources, sustainable, human development remains a major challenge. Knowledge of Timor Leste’s
marine ecosystems and the impacts of human use - including trans-boundary ecological processes within the ATS region - will be
critical to addressing these major sustainability and development challenges. To this end, the Government of Timor Leste is committed
to its Millenium Development Goals and is actively involved in regional marine science partnerships, including the ‘Coral Triangle
Initiative on Coral Reefs, Fisheries and Food Security’, and the GEF/UNDP funded ‘Arafura Timor Seas Ecosystem Action’ (ATSEA)
project. These partnerships are being implemented mainly through the Arafura Timor Seas Experts Forum (ATSEF), with Timor
Leste accepting in 2010, for the first time, the role of the ATSEF Regional Secretariat. In 2006, the Government of Timor Leste (under
ATSEF) funded a major collaborative, esearch and training program with researchers from Australia (NRETAS, CDU, NT Fisheries,
AIMS, ANU) and Timor Leste (MAFF). In 2010, under the ATSEF ATSEA project, marine researchers from Timor Leste participated
for the first time in a major international marine research and training cruise - on the Indonesian vessel, RV Baruna Jaya VIII, to the
Arafura Sea, Lemola and Timor Sea. A 2nd ATSEA Cruise, on the AIMS RV Solander to the Big Bank Shoals and southern coast of
Timor Leste will occur in July 2011. Other significant ATSEF Timor Leste partnerships include the recent Indonesian Through-Flow
(ITF) deepwater mooring array (part of Australia’s Integrated Marine Observing System) in the Timor and Ombai Strait. In addressing
Timor Leste’s sustainability and development challenges, future partnerships can play a critical role: among many knowledge gaps,
the drivers and limits of coastal fisheries, and the variability and persistence of globally significant aggregations of deepwater, marine
megafauna – will be critical to tackling the challenges of food security and alternative livelihood development. Timor Leste’s waters
will also play a major role in the understanding of the ITF and regional ocean climate change. Timor Leste welcomes and fully
embraces marine science partnerships with its regional neighbours, particularly in the ATS. This paper will present an overview of
existing marine science partnership activities with Timor Leste, and significantly, identify future coastal and marine science priorities,
exploring potential opportunities for regional partnerships.

Rapid seagrass assessment methods as estuarine condition indicators
Forbes, Vanessa*1, Calvert1, Tracy & Stuart, Narah1
1

Department of Water, Government of Western Australia, PO Box K822, Perth 6842

Monitoring seagrass distribution and extent in estuaries is a common component of estuary health assessments used by natural
resource management agencies. In Western Australia, seagrass is a dominant habitat in many estuaries and therefore understanding
distribution, extent and condition of the seagrass is relevant in assessing the health of the estuary. Regular monitoring and
mapping of seagrass habitats as part of estuary health assessments in Western Australia are constrained by the distance between
estuaries and their size (up to 48 km2). Additionally, the seasonality of the seagrass habitats limits assessments to the summer
months. Methods need to be fit for purpose, rapid, and cost-effective.
Wilson Inlet is an artificially opened estuary on the south coast of Western Australia and is dominated by the seagrass Ruppia
megacarpa. As part of the estuary monitoring program, the Department of Water has mapped the distribution and extent of
Ruppia in the Inlet on several occasions. Methods have included labour intensive snorkeller observations and transect surveys
to the use of multi-spectral imaging combined with underwater video ground-truthing. A comparison of methods and results are
presented.
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Dredging and port construction around coral reefs – Overview of PIANC Report 108
(2010)
Foster, Tom1, Smith, Adam2 & Jury, Matt*1
1 DHI Water & Environment (S) Pte. Ltd. 200 Pandan Loop #08-03 Pantech 21, Singapore 128388
2 Great Barrier Reef Marine Park Authority, PO Box 1379, Townsville Qld 4810
mjj@dhi.com.sg

An international working group was established by the PIANC Environmental Committee (Envicom) to develop guidelines for
dredging and port construction near coral reefs. The report was released in late 2010. This presentation will give a brief overview
of the development and contents of the report, with a focus on the recommended management measures. The key measures
recommended in the report are:
-

Impact minimisation during project planning

- Proactive adaptive management during construction
Impact minimisation during planning builds on PIANCs position paper “Working with Nature”, and requires developers to
understand the environment where their project will be situated, via early assessment and study, and what the potential impacts
of their development may be. Approaches to minimise these impacts by working with the natural conditions rather than against
them should then be explored. Some examples will be given. Unlike more traditional approaches to environmental management
of dredging, proactive adaptive management during construction utilises direct monitoring and management of the source of the
impacts (i.e. the dredging or reclamation activities) as well as the receptors. For larger scale projects, daily measurement of the
actual release of fine sediments from dredging or reclamation activities is critical to proactively manage the impacts of a project.
The concept of a spill budget is introduced, which sets a limit on the release of fine sediments, based on a site specific assessment
of the particular dredging activity via detailed numerical modelling. Daily measurements of fine sediment spill from the project
are compared against the spill budget, and used in a hindcast sediment plume model to estimate actual TSS and sedimentation
impacts at all receptors on a daily basis. Exceedence of the spill budget or tolerance limits set for each receptor highlight potential
impacts before they occur. This triggers further investigation and intervention before impacts are realised. Traditional biological
(e.g. corals) and water quality (e.g. turbidity or light) monitoring are still an integral part of the program, but the data are used
to validate and/or update the spill budget and tolerance limits, rather than as operation triggers for environmental management.

WAMMP: Monitoring strategies for active adaptive conservation management of
marine biodiversity in Western Australia
Friedman, Kim*1
1

Department of Environment and Conservation, Locked Bag 104, BDC, Bentley WA 6983

The Department of Environment and Conservation (DEC) is tasked with delivering a world class marine monitoring system
for areas of special biodiversity significance and for threatened marine fauna within Western Australia. The objectives of this
program are to provide:
i

An ongoing assessment of the condition of marine assets, which incorporates a measure of the natural, human and
climate change pressure/s on these assets and of DEC’s management responses, using appropriate indicators;

iii A better understanding of the natural and anthropogenic drivers of asset condition, including ecosystem reference points
that can be used for comparison with altered environments;
ii

An early warning of asset condition change to allow the development and implementation of effective mitigation
measures; and

iv

Information to meet audit requirements to allow measurement by the department and the community of DEC progress
towards ecological performance and visitor access and appreciation goals.

Systematic monitoring of marine parks, reserves and threatened marine fauna offers the opportunity for realising long term
fundamental datasets that are needed to build understanding of ecological processes and increase our ability to provide effective
ecosystem based management (EBM). In this presentation, I will explain how DEC’s Western Australian Marine Monitoring
Program (WAMMP) is establishing such a system to provide evidence for management, and to allow community determination
of DEC’s progress in managing marine biodiversity.
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Deepwater biodiversity off Ningaloo Reef
Fromont, Jane*1, Radford, Ben2, Sampey, Alison1, Marsh, Loisette1, Whisson, Corey1, Hosie,
Andrew1 & Heyward, Andrew2
Department of Aquatic Zoology, Western Australian Museum, Locked Bag 49, Welshpool DC WA 6986
Australian Institute of Marine Science at the University of Western Australia, 35 Stirling Highway, Crawley WA 6009
jane.fromont@museum.wa.gov.au
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Ningaloo reef is the largest fringing reef in Australia and is located within the largest marine park in Western Australia. The
area has significant biological and tourism values and has been identified as a marine biodiversity hotspot based on multi-taxon
centres of endemism. Until this WAMSI funded study was initiated in 2006 the fauna of the deeper regions of the park, between
18 to 144 metres was largely unknown. The Australian Institute of Marine Science in collaboration with the Western Australian
Museum conducted biological surveys of the benthic fauna of these depths along the length of the Park over 3 years. The study
found significant filter-feeder communities comprised largely of sponges which occurred at 126 of the 145 stations sampled.
We identified echinoderms, molluscs and crustaceans collected from these depths with 227 taxa of echinoderms, 236 taxa of
molluscs and 266 taxa of crustaceans being reported so far. Our data indicates that the distributions of these species change
from north to south along the Ningaloo reef tract, with some species only occurring in the north and others only in the south.
These results represent a minimum diversity estimate for these depths at Ningaloo as much work remains to formally describe
new species, particularly the sponges which are largely undescribed. We will also examine species’ distributions in conjunction
with environmental and habitat data. This presentation outlines the marine invertebrate diversity and abundance found during
this study.

Large-scale distribution of pelagic primary production on the North-West and Sahul
Shelves
Furnas, Miles*1
Australian Institute of Marine Science, PMB No. 3, Townsville, Qld. 4810
m.furnas@aims.gov.au

1

An extensive series of size-fractionated primary production measurements by 14C uptake were carried out on the North-West
and Sahul shelves over an 18 year period (1992-2010) giving a broad-scale picture of regional productivity and the contribution
of major functional groups of phytoplankton. Despite the highly oligotrophic state of shelf surface waters, the NWS is quite
productive, indicating active nutrient inputs and cycling. Measured areal production rates ranged between 204 and 8,300 mg C
m-2 d-1 with an overall mean of 1,120 mg C m-2 d-1 (median = 743 mg C m-2 d-1). Seasonal and cross-shelf ranges are similar. The
highest areal production rates were measured on the southern NWS in the vicinity of Northwest Cape where strong longshore
wind stress and bathymetry favour sub-surface upwelling and active vertical mixing. A general inverse relationship was observed
between productivity levels and the relative contribution of picoplankton (< 2 um) to total production. High relative levels of
microplankton (> 10 um – mainly diatoms) production were measured at inshore stations along the length of the NWS. Despite
the nominally oligotrophic conditions in most areas of the NWS, the high relative production appears to due to high regional
levels of insolation and energy dissipation through tidal activity and internal waves. Most of this production appears to be
consumed and metabolised within the water column. Despite greatly differing oceanographic regimes, average production on
the NWS is similar to that measured over a similar latitudinal range in the Great Barrier Reef.

62

48th Australian Marine Sciences Association Conference 2011

Phenotypic, isotopic, genetic and conditional differences between populations of
Fusitriton magellanicus from the Chatham Rise and Bass canyon
Gall, Mailie L.*1, Holmes, Sebastian P.1,2, Lee, Raymond W.3 & Cummings, David O.3
Water & Wildlife Ecology (WWE) Group, School of Natural Sciences, University of Western Sydney, Locked Bag 1797, Penrith, NSW
School of Biological Sciences, University of Sydney, NSW
3
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Differences in the environment in which an organism resides can have a strong effect on phenotype, either through selection or
plasticity. Specimens of the gastropod, Fusitriton magellanicus, were collected from Bass Canyon (Australia) and five different
sites on the Chatham Rise (New Zealand), at variety of spatial scales (50 – 350 km). Using condition indices (DNA:DW,
Protein:DNA, RNA:DNA), stable isotope signatures (C13, N15) and morphology (linear and landmark based), these phenotypic/
physiological measures were compared with the genetic structure/diversity of populations, derived from AFLP’s, to determine if
there were any underlying correlations. Analysis of the data revealed that the stable isotope signatures varied between sites in line
with the condition indices, indicative of differences in trophic supply (environmental conditions) between sites. Correspondingly,
analysis of the morphometric and genetic data revealed difference between populations. However, no relationships were found
between genetic structure, morphology and/or the condition indices/stable isotope signatures. This suggests that although both
phenotypic/physiological and genetic differences exist between populations, the phenotypic/physiological differences derive
from plasticity rather than selection pressures. Furthermore, it is likely that the observed population identities and genetic
diversities derive from oceanographic considerations (current mediated larval supply), rather than anything else.

The vertical current structure in response to sea breezes in south Western Australia
Gallop, Shari L.*1 & Pattiaratchi, Charitha1
1
School of Environmental Systems Engineering / The UWA Oceans Institute, The University of Western Australia, 35 Stirling Highway, MO15, Crawley WA
6009
gallop@sese.uwa.edu.au

Despite significant effects of sea breezes on coastal hydrodynamics around the world, mechanisms of interactions between sea
breeze activity and the vertical structure of current response down the water column are still poorly understood. The strong and
persistent South Western Australia (SWA) sea breeze has been shown to have important implications for suspended particulate
matter (SPM) through wind-driven bed shear stress. Understanding the vertical response of currents to sea breeze is important
because SPM concentrations play a significant role in transfer of pollutants in the water column and influence the ecology of
coastal waters by affecting water clarity and hence primary productivity, bacterial production and biomass, mineralisation and
dissolved oxygen concentrations. The vertical current profile response to sea breeze activity in SWA was quantified from field
data from four coastal sites up to 12 m deep, mostly focusing on representative locations – a coastal embayment (Cockburn
Sound) and on the open coast (Binningup). Vertical current profiles showed a strong response to sea breeze with a rapid increase
in velocity and change in direction. A higher correlation between sea breeze and currents occurred during strong sea breezes
with shorter lag times for bottom current response. A cycle of vertical mixing and weak stratification occurred with stratification
strength related to sea breeze strength. Even with a strong, >14 ms-1 sea breeze, there was still a slight vertical stratification of the
water column of up to 0.5º between 6 m and 10 m below the surface in the 12 m deep water column, compared to weak winds
of less than 5 ms-1 when stratification of up to 1º occurred between these depths. The SWA sea breeze rotates in an anticlockwise
direction daily, mirrored by current rotation that was surface-magnified and was better defined in embayed rather than open coast
waters. Vertical eddy viscosity values estimated using a simple scaling relationship gave reasonable values, providing validation
for calculated lag times of bottom current response to sea breeze.
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Quantification of floating macroalgae using the Scaled Algae Index (SAI)
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Remote Sensing and Satellite Research Group, Curtin University of Technology, GPO Box U1987, Perth, 6845
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Floating algae may be detected from remotely sensed satellite imagery by utilising products such as the normalised difference
vegetation index (NDVI), normalised difference algae index (NDAI) and floating algae index (FAI). Quantifying the spatial
coverage of floating algae requires the use of a scene-wide threshold to isolate and then compute the number of algae pixels.
The issue is that the NDVI, NDAI and to a lesser extent the FAI are sensitive to radiance contributions from atmospheric
aerosols and turbid water. Both of these contributing factors can vary significantly across a satellite’ field-of-view which in
NDVI, NDAI and FAI imagery produces a non-uniform index distribution of ocean and floating algae pixels. Such non-uniform
distributions causes image segmentation problems whereby a scene-wide threshold cannot isolate all the floating algae pixels,
leading to under-estimations in their spatial coverage. In this research, a simple image processing algorithm, termed the Scaled
Algae Index (SAI) is presented that can be applied to either NDVI, NDAI or FAI imagery. The SAI removes the variability of
both ocean and floating algae pixels by scaling each pixel in an index image (i.e. NDVI, NDAI or FAI) by the index value of
the local ocean pixel. This has the effect of scaling ocean pixels to values close to zero and floating algae pixels to low positive
values, i.e. generating uniform index distributions of ocean and floating algae pixels. The SAI has been tested on NDVI and
FAI scenes showing the Entromorpha Prolifera bloom in the southern Yellow Sea, China, for the years of 2008, 2009 and 2010.
Scene-wide histograms of SAI imagery derived from both NDVI and FAI consist of mono-modal peaks with a significant leading
tail. Histogram analyses have shown that the dominant peak consists of ocean pixels whilst floating macroalgae pixels form the
leading tail, indicating that there is sufficient contrast between these two types of pixels to enable segmentation by a scene-wide
threshold. Additionally, two methods have been developed which determine the value of the threshold. Both these methods use
the background ocean distribution from SAI imagery to infer the SAI value of the threshold. The SAI algorithm and threshold
methods presented here can be used to compute accurate estimates of floating macroalgae (and other ocean-based species which
exhibit a red-edge in its above water reflectance spectrum) which will be able to help in accurate detection and quantification of
floating macro-algae.

Recovery of fauna following disturbance in a Amphibolis griffithii seagrass system
Gartner, Adam*1,2, Lavery, Paul2 & McMahon, Kathryn2
Oceanica Consulting Pty Ltd. 353 Cambridge St, Wembley, 6913.
Edith Cowan University, 270 Joondalup Drive, Joondalup 6027, WA
adam.gartner@oceanica.com.au

1
2

This study investigated the capacity of macroinvertebrates and higher trophic order taxa in an Amphibolis griffithii seagrass
meadow to recover following disturbance. Using shade cloths, we experimentally manipulated the amount of light reaching the
seagrass canopy (Control, ambient light; Moderate ~ 84% reduction; and, High ~ 92% reduction) to induce a disturbance (67%
and 73% declines in leaf biomass and 79% and 75% declines in algal epiphyte biomass in the Moderate and High treatments
respectively. The macroinvertebrate assemblage was assessed (density and biomass) immediately after light reductions had been
imposed for three months and then ten months following the removal of light reduction treatments. Following three months
of light reduction, mean total epifauna density in High intensity treatments was significantly lower than in Controls by ~ 71
%, although no difference was detected among Moderate and Controls, or Moderate and High treatments. The results of ABC
curves suggest that the macroinvertebrate assemblage in the High intensity light reduction treatments were likely r-dominated.
Thus although numerically the macroinvertebrate assemblage may have recovered, there were still signs that not all light
reduction treatments returned to a state consistent with the macroinvertebrate assemblage in undisturbed habitat. The ecological
implication is that subsequent disturbances could have a greater effect than on an undisturbed meadow. The capacity for higher
order consumers to withstand reductions in seagrass primary productivity was explored using Ecopath with Ecosim (EwE) and
Loop analysis theoretical frameworks. Most fish taxa (including herbivores, omnivores, invertivores) were predicted to recover
following the removal of light reduction impacts, but this would also depend on the duration and intensity of impact. Piscivores,
appear to be the least likely to recover from server declines in primary productivity, due to their comparatively long generation
time and slow reproductive cycles. This research also highlights the variable capacity of higher order consumers to recover from
repeated disturbances, suggesting taxa with comparatively fast reproductive cycles and short generation time would have greater
success in recovery than taxa with comparatively long generation times and slow reproductive cycles.
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Marine and Fishery Research in East Nusa Tenggara: the Role of the University of
Nusa Cendana
Gimin, Ricky*1
1

Department of Fisheries and Marine Sciences, the University of Nusa Cendana, Jl. Adisucipto-Penfui, Kupang-NTT 85000, Indonesia

Marine and fishery research in the Province of East Nusa Tenggara, Indonesia, has been underway since the 1980s, but the
number of research programs has been relatively few. As a state university with a large number of qualified staff, sufficient
facilities and funding, the University of Nusa Cendana (UNDANA) in Kupang has been established by the Government of
Indonesia to plan and carry out marine and fishery research to deliver meaningful benefits for the nation. Based on existing
research results, UNDANA formulated its future research programs to fill existing knowledge gaps and priorities. The
research plan is presented under UNDANA’s Research Umbrella and Roadmap 2011-2015. Future research topics include
technological and societal aspects of artisanal fishing and their effects on the economy and ecosystems; fish quality control;
water contamination and marine pollution; coastal aquaculture; seaweed resources; and coastal zone and small islands studies—
particularly climate change and environmental challenges that confront coastal ecosystems. In light of the increasing degradation
of marine ecosystems, UNDANA is also expected to contribute in the setting-up of Marine Protected Areas, and to design costeffective systems for reseeding and restocking depleted marine resources. For research funding, UNDANA currently relies
on the Indonesian government budget through Direktorat Pendidikan Tinggi (the Directorate of Higher Education, or DIKTI)
which provides competitive research fundings. Taking into account the wide range of research to be undertaken, UNDANA is
seeking aid to establish cooperation and partnership with other research agencies and universities, nationally and internationally.
Ongoing UNDANA collaborative research includes seaweed resources, in cooperation with three Eastern Indonesian universities
(Pattimura University, Khairun University, and Tual Fisheries Politechnic) and Wageningen University, Netherland, with
funding from the Government of Netherland. Since 2005 UNDANA has also been the coordinating university for the Coral
Reef Management Project (COREMAP, funded by the World Bank), a project involving six East Nusa Tenggara universities
with the focus on rehabilitating and managing coral reefs in Sikka (Flores). More recently, collaborative partnerships are being
actively progressed by UNDANA with regional marine research and training institutions, such as Charles Darwin University
and the Arafura and Timor Sea Research Facility (ATRF) in the Northern Territory, particularly in the area of coastal and marine
conservation, planning and resource management in the Arafura Sea and the Timor Sea.

Strategic assessments required for coastal developments to achieve species conservation
outcomes
Groom, Rachel*1
GHD Pty Ltd, Brisbane Queensland 4000
Rachel.groom@ghd.com

1

Undertaking baseline and impact assessments of marine megafauna for large coastal developments is generally constrained by
project timing and financial means. To undertake an appropriate assessment that fulfils ecological and government requirements,
cross- sectoral relationships are required to maximise value of existing datasets and provide innovative means of achieving these
requirements. Development proponents rely upon State and Commonwealth governments for project approval suggesting that
steps to enhance conservation outcomes also rest with key groups within government. Case studies from north eastern Queensland
highlight deficiencies in the life span of large coastal projects from the Terms of Reference, technical studies, risk assessment
and government conditions imposed on projects such as further studies and biodiversity offsets. Strategic assessments of coastal
developments would inform pre-emptive studies for marine threatened species at the project scale and species ecological scales.
Pre-emptive communication across government, industry, NGO and research groups is required to achieve the desired species
conservation outcomes in line with managing development needs. Research that targets potential threats to coastal marine fauna
species requires planning to inform an understanding of species ecology in the context of projects impacts; this subsequently
should inform the most appropriate management and offset measures.
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Establishing reference conditions for multimetric health indices: the benefits and
challenges of historical data sets
Hallett, Chris*1 & Valesini, Fiona1
1 Centre for Fish and Fisheries Research, School of Biological Sciences and Biotechnology, Murdoch University, South Street, Murdoch WA 6150
c.hallett@murdoch.edu.au

We describe the development and some preliminary results of fish-based, multimetric indices for assessing the ecological health
of nearshore (<1.5 m deep) and offshore (>1.5 m) waters of the Swan Estuary, Western Australia. A suite of fish community
characteristics (metrics) were first selected via a weight of evidence approach, based on their sensitivity to detect inter-annual
change in estuarine condition. Seasonally-adjusted reference conditions for each selected metric were then established for each
region of the Swan Estuary using 30 years of historical fish assemblage data, providing a best available standard against which
the current and future health of the estuary may be assessed. The nearshore data first required standardisation to minimise
the effects of gear-induced biases that were attributable to differences in the characteristics of the seine nets used to sample
the nearshore fish fauna of this system since the mid-1970s. A net selectivity study was thus conducted during two seasons in
two main regions of the estuary, to compare the compositions of fish samples collected using each of the different seine nets
employed historically, i.e. 21.5, 41.5 and 133 m-long seines. The resultant data were subjected to generalised linear modelling
techniques to derive net equivalence factors for quantitatively standardising fish abundance estimates, thereby minimising the
effects of sampling biases. Scoring thresholds determined statistically from the 5th and 95th percentiles of the standardised,
composite nearshore and offshore fish assemblage data sets enabled each metric in each sample to be scored according to the
extent of its deviation from an appropriate, ‘best-available’ reference condition. We focus on some interpretations of preliminary
trends in the resulting index values, to highlight both the benefits of historical data sets and the challenges they present when
constructing reference conditions.

Mapping and estimating areas of mangroves in Port Hedland harbour: evidence of
losses and gains since 1963
Hanley, John Russell*1
Sinclair Knight Merz, PO Box H615, Perth.
jhanley@skm.com.au
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Port Hedland harbour is one of the busiest ports in Australia. The Port is located on a tidal creek system supporting mangroves and
saltmarshes. Expansion of port facilities has led to sequential removal of habitat. Since 2004 the EPA has required assessments of
the amount of mangroves present within a mangrove management unit. Proponents are required to assess the historical (before
development) extent of mangroves and estimate the cumulative losses of mangroves (previous development plus proposed
development). A maximum loss limit of 10% of area applies inside Ports. A review of the previous estimates of historical
coverage and subsequent losses to development is presented. An investigation of the area of mangrove vegetation in 1963 based
on aerial imagery is then compared with a 2008 image. The area estimates based on the 2008 imagery show a marked discrepancy
between how much mangrove is ‘officially’ present and how much is ‘actually’ present. The estimates of historical coverage
are then compared and the amount of loss from sequential development is also reassessed. These estimates are considered to be
reasonably consistent. Evidence is presented to show there have been substantial gains in areas of mangrove since the 1960s and
these gains have naturally offset the losses. These increases in area can be explained by a combination of natural processes and
infrastructure development (particularly causeways). Several assumptions inherent in the EPA process of mangrove assessment
inside management units are queried, including the validity of assuming a fixed area of mangroves at some historical point
in time, and the assumption that all areas of mangroves in the arid intertidal zone are equally important in the provision of
ecological services. Some alternative approaches to the characterisation of mangrove stands in the region for assessment and
management purposes are proposed.
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The Australian Animal Tagging and Monitoring System (AATAMS)
Harcourt, Rob*1, For the AATAMS Scientific Committee
Australian Animal Tagging and Monitoring System, Sydney Institute for Marine Science, Mosman, Sydney, 2088, NSW
robert.harcourt@mq.edu.au
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The Australian Animal Tagging and Monitoring System is a Facility within Australia’s Integrated Marine Observing System.
AATAMS aims to enhance the Australian research community’s ability to detect ecosystem responses to change in the marine
environment by supporting two main streams: (i) acoustic arrays and (ii) biologgers. IMOS is a sustained observing system and
the intention of AATAMS is to monitor over the long-term movements, distribution and migration patterns of marine species. All
AATAMS data are freely available on the IMOS portal through the eMarine Information Infrastructure (eMII: http://imos.aodn.
org.au/webportal/). The specific aims of the acoustic stream are:
• Form a national network and increase collaboration between tracking researchers.
•

Invest in 500+ permanent, strategically located receivers (VR2Ws and VR3s) to form a continental array with existing
infrastructure.

•

Lead the Southern Hemisphere section of the internationally coordinated Marine Animal Tracking program: Ocean Tracking
Network.

•

Act as a central repository for data from collaborating institutes and researchers.

The specific aims of the biologging stream are:
•

Deploy biologgers with high resolution sensors on large marine vertebrates.

•

Enhance collection of oceanographic data in the Southern Ocean and in Australian boundary currents, providing profiles of
temperature and salinity from regions that are difficult to sample by other means (eg beneath winter sea ice and across cross
shelf currents).

• Relate predator movements and behaviour to fine-scale ocean structure and variability.
The AATAMS streams observe marine animals across a range of spatial and temporal scales. Observation of movements and
behaviour of high trophic level species integrates variability in the lower trophic levels and natural and anthropogenic physical
environmental changes within the whole-system approach. Collaborative research efforts with partner institutions and their
contribution of independently collected data to the total data pool suggest that co-investment in AATAMS is a highly attractive
and cost effective approach for sustainable observation of biological and environmental marine systems.

Krill in temperate Australia along the EAC separation Zone.
Harris, Ben*1,2 , Suthers, Iain1,2 , Young, Jock3 , Everett, Jason1,2 & Taylor, Matthew1,2
School of Biological Earth and Environmental Science, University of NSW, Sydney NSW 2052
Sydney Institute of Marine Science, Mosman NSW 2088
3
Centre for Marine and Atmospheric Research, CSIRO, Hobart TAS 7000
b.harris@unsw.edu.au
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Stockton Bight, situated just below the East Australian Current separation zone, has long been seen as an area of high marine
productivity and has been targeted by fisherman and researchers alike. In the spring of 2010 we completed two consecutive
days of sampling in the region comparing the euphausiid community between shelf and oceanic sites during both day and night.
Oblique trawls were vertically stratified from 500m (where possible) to the surface with samples then being processed with the
use of the image analysis software, zooimage. Abiotic oceanographic variables such as temperature, salinity, dissolved oxygen
and light were simultaneously measured and used to compare the samples. Through these samples 24 different euphausiid species
were identified with three dominant species being indentified; Nematoscelis gracilis, Thysanoessa gregaria and Stylocheroin
abbreviatum. Preliminary results show a trend for higher euphausiid densities being found at the deep water sites (off the
shelf) during the day at shallower depths. This is contrary to the perceived attitudes that are largely associated with euphausiid
communities which assume a diel vertical migration with the communities being on the surface during the night and going to the
depths during the day. This data will be used as a basis for further research in the area and help assess the prime parameters for
sampling to make further work more efficient from samples collected across the region from 2008, ’09 ‘10.
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Iron bioavailability to phytoplankton from the Tasman Sea
Hassler, Christel*1, Watson, Roslyn2, Nichols, Carol Mancuso3 & Butler, Edward2
Plant Functional Biology and Climate Change Cluster, University of Technology Sydney, PO Box 123, Broadway NSW 2007.
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* Christel.Hassler@uts.edu.au
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Iron bioavailability was measured on size-fractionated phytoplankton at three locations along a North-South transect across
the Tasman Front (RV Southern Surveyor; Jan.-Feb. 2010; 30.0 °S, 156.0 °E = P1; 39.6 °S, 162.1 °E=P2; 46.2 °S, 159.5
°E=P3). Autotrophic bacteria and pico-eukaryotes (< 2 microns, Bacterio) were distinguished from small eukaryotes (2-10
microns, Sphyto) and large eukaryotes (10 microns, Lphyto).. Phytoplankton biomarker pigments from High Performance
Liquid Chromatography analysis revealed different phytoplankton compositions between sizes and sites. Iron bioavailability was
inferred from iron uptake rate constants (kupt) measured using 55Fe titrations and 20-h bioaccumulation experiments. For each site,
the kupt for the Bacterio size fraction was higher than for the larger eukaryotes, and the kupt for Lphyto and Sphyto was comparable.
However, the kupt was highest at P2 and smallest at P1. These differences in kupt can reflect either variable iron chemistry between
sites or different phytoplankton overall affinity for iron. To investigate this further, the bioavailability of several iron forms were
determined for the size fractionated phytoplankton community present at these sites. Compounds mimicking iron from external
sources were selected; terrestrial input (fulvic acid) and atmospheric input (two Australian desert dusts). In addition, compounds
generated by microorganisms within the water columns, likely affecting iron chemistry and bioavailability, were studied. These
included a simple saccharide, a complex bacterial exopolysaccharide (EPS) and a siderophore. Results demonstrate that the
supply from different iron sources will affect different members of the phytoplankton community, likely resulting in a shift of
the community structure. Atmospheric dust benefited mainly large phytoplankton, whereas EPS benefitted all members of the
community. Not surprisingly, siderophore and fulvic acid tend to decrease iron bioavailability to all members of the phytoplankton
community. The strength of the enhancement of iron bioavailability follows the same order as for the kupt, suggesting that the
difference in kupt likely reflects the difference of biological affinity for iron rather than a difference in iron chemistry.

Post-Montara assessments of nearby shallow reefs and submerged shoals: results from
initial surveys
Hayward, Andrew1, Jones, Ross1, Oliver, Jamie*1, Burns, Kathy2, Radford, Ben1, Colquhoun Jamie1
& Moore, Cordelia1
1
2

Australian Institute of Marine Science, UWA Oceans Institute (M096) 35 Stirling Highway, Crawley WA 6009.
Australian Institute of Marine Science, PMB #3, Townsville m.c., Qld 4811

In response to the Montara oil spill AIMS undertook benthic surveys of emergent reefs, including Ashmore, Cartier and
Seringapatam Reefs, as well as a pilot study on two submerged shoals closer to the well head. The shallow reef studies are one
phase (S6) of a series of independent scientific studies being conducted under an agreement developed by the Department of
Sustainability, Environment, Water, Population and Communities (DSEWPaC) and PTTEP Australasia during the Montara spill
to establish a long-term environmental monitoring program. The AIMS studies, funded by the company, were conducted in April
2010. All findings are released publicly by DSEWPaC. DSWEPaC’s technical advisory group, which included AIMS, provided
advice on the areas of monitoring required and the design and implementation of 11 of the 12 possible studies which have been
triggered to date (which include monitoring any impacts from Montara on fish in the Timor Sea, turtles and sea snakes, and
birdlife). Benthic survey sites were established during the AIMS study at multiple reef edge locations around each of the three
reefs – Ashmore, Cartier and Seringapatam. The condition of the benthic communities was consistent with previous surveys at
Ashmore and Cartier Reefs prior to the Montara incident and no evidence of recent major disturbance was found. This suggests
no catastrophic impacts occurred to the coral communities following the Montara release. In order to determine if there have
been any longer-term sub-lethal impacts, further follow-up surveys are being conducted. A pilot survey of benthic environments
at two submerged shoals, Barracouta and Vulcan, located 55 km and 27 km west and south-west respectively of the Montara
Well Head Platform, was also conducted in April 2010, and analysis of video and still images indicated these shoals support
highly diverse ecosystems. Both shoals supported varying amounts of reef building corals, seagrass and algae, particularly the
calcareous green algae Halimeda spp. Although this was a pilot study, initial results indicated there were no obvious signs of a
major, recent disturbance. Additional surveys of replicated shoals in areas of high and low exposure to the Montara plume are
being conducted to ascertain their current status in relation to the modelled exposure gradient.
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Gravity currents in Shark Bay, Western Australia: implications for scallop larval
dispersal
Hetzel, Yasha*1, Pattiaratchi, C.B.1 & Lowe, R.J.2
1 School of Environmental Systems Engineering/UWA Oceans Institute, University of Western Australia, 35 Stirling Hwy, Crawley WA 6009
2 School of Earth and Environment, University of Western Australia, 35 Stirling Hwy, Crawley WA 6009
hetzel@sese.uwa.edu.au

The success of many marine mollusc species is strongly dependent upon hydrodynamic conditions that retain or transport larvae
to favourable settling grounds. To effectively manage these fisheries, it is therefore essential to understand the dominant physical
processes that control the hydrodynamics in these regions. In Shark Bay, a large inverse estuary in the arid northwest of Western
Australia, the scallop (Amusium balloti) trawl fishery has experienced dramatic inter-annual variability in catch, with actual catch
levels often much lower than predicted by the Department of Fisheries. One explanation for this is that changing physical ocean
conditions, such as currents or temperature, cause recruitment to vary from year-to-year. Understanding of the hydrodynamics
in the trawling grounds, however, has been poor due a lack of available data. Through a combination of field measurements and
numerical modelling we examined the circulation and density (temperature, salinity) structure of Shark Bay during the main
scallop spawning season (April-August). Field measurements confirmed the existence of density-driven bottom currents that
flush water from the bay on a fortnightly timescale. These currents were captured in a hydrodynamic model, for the entire bay.
A passive particle dispersal model was then used to identify vulnerable scallop grounds as well as areas likely to retain larvae.
We found that a hydrodynamic ‘barrier’ existed between the southern and northern regions of the Bay, implying limited larval
connectivity between the two main fishing grounds. These results support the practice of treating the two areas as separate
spawning stocks and will aid in fisheries management decisions.

Response of inshore predators to extreme weather events: Implications of a changing
climate
Heupel, Michelle*1, Knip, Danielle2, Chin, Andrew2, White, Jimmy2, Udyawer, Vinay2, Mapleston,
Amos2, Cappo, Mike3 & Simpfendorfer, Colin2
Australian Institute of Marine Science and James Cook University, Townsville, Queensland, 4811, Australia
Fishing and Fisheries Research Centre, School of Earth and Environmental Sciences, James Cook University, Townsville, Queensland, 4811, Australia
3
Australian Institute of Marine Science, PMB 3 Townsville, Queensland, 4810, Australia
m.heupel@aims.gov.au
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Environmental conditions are widely known to influence the presence and movement patterns of animals, including fish. Extreme
weather events may produce more profound responses than more chronic or gradual changes within a system (i.e. seasonal
temperature changes) and acute events such as tropical storms have previously been shown to cause behavioural changes in sharks
and sea snakes. In the light of climate change scenarios suggesting increased frequency and intensity of tropical storm activity it
is unclear what implications these events will have on coastal populations. Here we report on the response of inshore predators
to two closely spaced tropical storm events: Tropical Cyclone Anthony (Category 2) and Tropical Cyclone Yasi (Category 5)
that made landfall in northern Queensland, Australia within 3 days of each other. Response of inshore species was monitored
via a series of VR2 acoustic receivers in and around Cleveland Bay, Townsville. Response of individuals based on wind speed,
rainfall and barometric pressure were examined in relation to both storm systems. Although responses varied among species and
individuals, movement out of shallow waters was a common response. Individuals were absent from the study site for periods
of one day to one week surrounding the storm events. The implications of increased storm intensity and occurrence in relation
to coastal fish populations must be considered in future consideration of climate change impacts.
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The Integrated Marine Observing System: developing approaches to sustained
observations of marine ecosystems
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Measuring spatial and temporal changes in productivity, distribution and abundance of species is vital for determining their
response to climate change and how anthropogenic activities will impact on natural resources, biodiversity and ecosystem
services. For marine ecosystems, observing natural and anthropogenic change is more difficult for biology than it is for the
physics or chemistry, and it is more difficult for some trophic levels than others. Measuring all trophic levels at the same time
over large areas is not feasible. This conundrum has led to the development of methods that provide sustainable observations
at specific trophic levels that may then be considered individually or synergistically in models of change. IMOS is taking
observations of:
•

marine chemistry and nutrients;

•

lower trophic levels i.e. phytoplankton and zooplankton;

•

mid-trophic levels i.e. fish and squid; and

•

higher trophic levels i.e. apex predators.

An integrated approach is sought whereby measurements ranging from physics and biogeochemistry through lower to higher
trophic levels are undertaken across particular systems, both broad-scale and region-specific.

Impacts of hydrodynamic shifts on coral condition at Ningaloo Reef
Hinrichs, Saskia*1, Waite, Anya1, Patten, Nicole1, Strickland, Daniel1, Oldham, Carolyn1, Feng,
Ming2 & Vafeidis, Athanasios3
School of Environmental Systems Engineering, University of Western Australia, 35 Stirling Hwy, Crawley WA 6009
CSIRO Marine & Atmospheric Research, Underwood Avenue, Floreat WA 6014
3
Institute of Geography, University of Kiel, Ludewig-Meyn-Str. 14, 24098 Kiel, Germany
Hinrichs@sese.uwa.edu.au
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Climate change leading to sea-level rise is likely to induce a reduction in light intensity, as well as changes in ocean current
speed and spatial patterns around coral reefs; shifts in these parameters are likely to strongly impact the nutrition of corals and
subsequently, the health of coral reef communities. To determine the role that local oceanography has on coral health at Ningaloo
Reef, the condition of two dominant coral groups (branching Acropora and plate Acropora) was studied at Ningaloo Reef over a
range of spatial and temporal scales (daily, seasonally, annually). Six stations within six different current regimes were sampled
during three study periods in April 2010, August 2010 and February 2011. At each station, environmental parameters of the water
column (dissolved and particulate nutrients, chlorophyll a, picoplankton, phytoplankton, zooplankton, light, temperature and
current speed) were measured in combination with coral health parameters (zooxanthellae density, coral Chlorophyll a content,
protein content, lipid ratio, RNA/DNA ratio and photosynthetic activity). Preliminary results show significant differences in the
coral health parameters between the two coral groups and between sites. Results also suggest that branching Acropora coral
colonies situated in locations of high current speed had higher densities of zooxanthellae than colonies situated in locations
of relatively lower current speed. This was not the case for tabular Acropora. We hypothesise these differences may be related
to coral morphology. We will discuss which influence the different environmental parameters have on the various coral health
parameters for the branching as well as the tabulate Acropora to determine which environmental parameters might have the
biggest impact on coral health.
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Unmanned Aerial Vehicles: a new technique for surveying marine mammals
Hodgson, Amanda*1
Murdoch University Cetacean Research Unit, Centre for Fish, Fisheries and Aquatic Ecosystem Research, School of Biological Sciences and Biotechnology,
Murdoch University, South St, Murdoch WA 6150
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Aerial surveys of marine mammals are routinely conducted within Australia and internationally to assess and monitor their
habitat use and population status. This information is critical for conserving and managing human impacts on these species. In
Australia, dugongs (dugong dugon) and humpback (Megaptera novaeangliae) whales are the most regularly surveyed using
this method. The datasets produced from dugong aerial surveys have formed the basis of dugong density models that predict
their critical habitat and allows for risk assessments. Aerial surveys have become increasingly used to provide baseline data
and in monitoring to assess the impacts of new developments. However, the surveys are best suited for providing information
over large spatial scales, and there are limitations in the temporal and spatial scale to which these surveys can detect changes in
abundance and distribution of populations. The potential for Unmanned Aerial Vehicles (UAVs) to improve surveys and provide
an alternative technique to assessing marine mammal populations and habitat use is currently being investigated. The first
Australian UAV survey trial was conducted in Shark Bay, Western Australia in September 2010. Insitu Pacific Ltd programmed
a ScanEagle UAV with a digital SLR camera payload to fly a set of transects over a 1.296 km2 area known to be frequented
by dugongs. Dugongs, dolphins, turtles, whales and other marine fauna were successfully identified, and detection of marine
fauna under various environmental conditions and at a range of altitudes was assessed. UAVs have the potential to increase
the accuracy of detection, location and identification of species by providing a permanent, high resolution, visual records of
sightings and an exact GPS position of each animal within an image. This technique eliminates issues related to availability of
experienced observers and fatigue during surveys. UAVs surveys can also be conducted over a smaller spatial scale than manned
surveys as the aircraft can fly lower and maintain more precise flight paths. This means that an area of interest can be surveyed
at high intensity to obtain detailed marine fauna use of the area. Other advantages of UAVs include eliminating human risk and
potentially reducing costs of aerial surveys.
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Exploring Australia’s northern boundary: larval fish and krill assemblages of the
complex Kimberley pelagic ecosystem s
Holliday, David*1, Beckley, Lynnath E. 1 & Sutton, Alicia L. 1
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Coastal and shelf waters off the Kimberley coast, north-western Australia, experience large-amplitude tides (>10 m) which
are considered to be the primary forcing mechanism driving regional circulation and influencing the ecology of the pelagic
ecosystem. This study presents an examination of variability in macro-zooplankton, particularly euphausiid (krill), and larval
fish assemblages, concurrent with the physical oceanography, as part of a collaborative investigation of physical forcing of
productivity on the Kimberley shelf during the austral autumn. Variability was examined at a regional cross-shelf scale and
at temporal scales over tidal cycles (hrs) and a spring-neap cycle (week). Both larval fishes and euphausiid assemblages were
diverse (110 families and 20 species, respectively) and displayed strong cross-shelf patterns. Larval fish assemblages showed
a much greater diversity and abundance in coastal waters. The high abundance of euphausiids in coastal waters was dominated
by larval stages whereas the diversity of adults was highest in outer shelf and oceanic waters. There did not appear to be any
evidence of frontal structures over the shelf or at the shelf break which could explain the observed cross-shelf structuring.
PERMANOVA analyses revealed weak variability between assemblages associated with subsequent tides suggesting minimal
net change in response to transport over a tidal cycle. Furthermore, there was no significant difference in these assemblages
between spring and neap tides. An additional sampling station was occupied for 24 hrs to examine differences over a tidal
cycle. High tide, which corresponded with deeper vertical mixing due to an influx of cooler, less saline water was characterised
by significantly higher concentrations and diversity of larval fishes, particularly the larvae of coastal and reef-dwelling taxa
(e.g. Lutjanidae, Serranidae). Furthermore, the increase in abundance of larvae of oceanic teleost taxa (e.g. Myctophidae)
reflected shoreward transport with the incoming tide. This study contributes new information regarding the ecology of the
Kimberley pelagic ecosystem, specifically macro-zooplankton and larval fishes, which can be used to evaluate future changes to
this ecosystem related to anthropogenic disturbance.

Predicting biogeographic patterns of Southern Ocean and Antarctic zooplankton using
Continuous Plankton Recorder data
Hosie, Graham*1, Mormede, Sophie2, Raymond, Ben1 & Pinkerton, Matt2
1 Australian Antarctic Division, Dept. of Sustainability, Environment, Water, Population and Communities, 203 Channel Highway, Kingston Tas 7050.
2 National Institute of Water and Atmospheric Research Ltd.(NIWA), Private Bag 14-901, Wellington, NewZealand.

Antarctic plankton are expected to be particularly sensitive and vulnerable to climate change. Global warming will not only
cause increase in ocean temperature that could affect plankton but warming will affect sea ice patterns will also affect plankton
distributions. Increased UV levels, ocean acidification, invasive plankton species, pollution and harvesting impacts are also
potential major threats. The synergistic effect of any of these threats working in combination is currently not known. The SCAR
Southern Ocean CPR Survey was established in 1991 by the Australian Antarctic Division to map the spatial-temporal patterns
of zooplankton, and then to use the sensitivity of plankton to environmental change as early warning indicators of the health
of the Southern Ocean. It also serves as reference for other monitoring programs such as CCAMLR’s Ecosystem Monitoring
Program C-EMP and the developing Southern Ocean Observing System (SOOS) and Sentinel programmes. The Survey provides
information on the distribution patterns and abundances of zooplankton species across much of the Southern Ocean at varying
time scales, e.g. monthly, seasonally, annually. A new zooplankton atlas for the Southern Ocean has just been published for the
region south and west of Australia where CPR operations have been most extensive. New modelling methods using Boosted
Regression Trees and Generalised Dissimilarity Modelling now allows us to predict distributions patterns of individual species
or whole plankton assemblages by modelling the relationship of plankton abundances and distributions with various remotely
measured environmental variables. Using the satellite measure data and the modelled environmental/plankton relationships we
can predict plankton patterns in areas poorly sampled. Analysis of patterns by month or season have shown the occurrence of
persistent hot-spots of plankton abundances. The biogeographic analysis will assist in the study of climate change effects on
plankton, predator-prey relationships and the identification of foraging zones, and assist fisheries and conservation management.
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Assessing possible environmental causes behind the reduced colonisation of Western
Rock Lobster puerulus collectors by a wide suite of species
How, Jason 1*, de Lestang, Simon1 & Foster, Shelley2
1 Western Australian Fisheries and Marine Research Laboratories, Department of Fisheries, P.O. Box 20, North Beach WA 6920
2 School of Plant Biology, University of Western Australia 35 Stirling Highway Crawley WA 6009
jason.how@fish.wa.gov.au

In response to the lower than expected puerulus settlement for the western rock lobster (Panulirus cygnus) on the Western
Australian coast during 2008, monitoring of macro invertebrate communities associated with puerulus collectors was initiated.
Anecdotal information suggested that there was a reduction in the colonization of the collectors by other invertebrate species,
namely shrimps and crabs. Five sites spanning over 1000 km of coastline from Coral Bay to Warnbro were examined for each
of two seasons (winter and spring), with two of these sites examined for all four seasons. This allowed for an examination of
the spatial and seasonal variation of the macro invertebrate communities. Overall 157 740 individuals were counted from 55
samples that were processed encompassing 67 taxa. The compositions of the communities were found to vary significantly
both spatially and seasonally, with the main difference occurring between sites located in the tropics/sub-tropics, from those in
temperate locations, attributable to the greater abundance of taxa in the temperate locations compared with the tropics. Spatial
and monthly variation in environmental parameters measured during this study did not correlate well with variation in the
structure of the communities despite clear spatial and temporal differences. The dominant separation of tropical/subtropical
from temperate locations probably indicates the importance of the surrounding habitat with the settlement on the collectors.
Benthic habitat variation has yet to be quantified, but will be the focus of further work. Climate change in the West Australian
coastal zone is predicted to result in increased water temperatures and salinity and less frequent and severe storm events. These
environmental factors were found to significantly influence the abundance of a number of taxa found commonly on the collectors.
These relationships, along with the discovery of some individuals outside of their normal distributional range, such as the tropical
species Strombus mutabilis being found at Dongara, indicates that the monitoring of a range of species on the puerulus collectors
can provide an indication of the localised environment and the impact of climate change.

An Adaptive Management Framework and Conservation Outcomes Hierarchy for
Victoria’s Marine National Parks
Howe, Steffan*1, Carey, Jan2, Pope, Adam3 & Barton, Jan3
1 Research and Management Effectiveness Branch, Parks Victoria, Level 9 / 535 Bourke St, Melbourne, Victoria 3000
2 School of Botany, The University of Melbourne, Parkville, Victoria 3010
3 School of Life and Environmental Sciences, Deakin University, Warrnambool, Victoria 3280
steffan.howe@parks.vic.gov.au

In 2002 a fully protected system of 13 Marine National Parks and 11 Marine Sanctuaries was declared in Victoria. The primary
aim of the system is to protect and conserve representative examples of biodiversity, ecological processes and natural features.
Parks Victoria is now employing an updated Adaptive Management Framework that provides guidance for conservation actions
for the parks and will become a fundamental part of effective conservation management across the park system. Parks Victoria
has also recently developed a Conservation Outcomes Hierarchy that forms a critical part of this Framework. This hierarchy
will be used to help develop clearer and more measurable conservation outcome statements of the desired condition of natural
assets and acceptable levels of threat to those assets. Conservation outcome statements will be applied for natural assets at a
range of scales and timeframes and range from a high level Conservation Vision through to specific targets and acceptable
ranges (thresholds) for key indicators. Marine Natural Assets Reports for the parks have recently been updated in partnership
with Deakin University incorporating the considerable amount of information collected as part of an extensive research and
monitoring program and provide an opportunity to review the key natural assets for which conservation outcomes will be
developed. In addition Parks Victoria, in partnership with the University of Melbourne, will use information collected as part of
the research and monitoring program to develop a series of report cards for reporting on condition of key natural assets, level of
threats to these assets and trends, against the conservation outcomes statements. The report cards, which will be part of a broader
State of the Parks reporting program, will be the first comprehensive health assessment for these MPAs and results will contribute
to prioritisation of management, and further research and monitoring.
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Surrogacy Study of Carnarvon Shelf (Ningaloo) Infauna Data
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This study investigated the surrogacy relationships between marine physical variables and the distribution of marine infauna
species and measures of benthic biodiversity across the continental shelf offshore from Ningaloo Reef, Western Australia. The
three study areas are located at Mandu Creek, Point Cloates and Gnaraloo covering a combined area of 1038 km2. The physical
variables include morphometric variables derived from multibeam bathymetry data, texture measures derived from acoustic
backscatter data, sediment variables from 265 samples, seabed exposure estimates and geomorphic feature types. Together, these
data were used to model total abundance and species richness, and 10 individual infauna species using a Random Forest Decision
Tree. The key findings are:
•

Generally, the surrogacy relationships are stronger at Gnaraloo than at Mandu and Point Cloates. This is likely due to the
fact that Gnaraloo is dominated by soft sediment and Point Cloates and Mandu have larger areas of hard substrates which
preclude infauna.

•

At Gnaraloo, the most important physical surrogates were the sediment variables.

•

At Point Cloates, the most important physical surrogates were the bathymetry-derived parameters including seabed
heterogeneity, morphological position, and slope.

•

At Mandu, the most important physical surrogates were the mixture of the bathymetry- derived parameters including
morphological position and geomorphic features, and the sediment variables including gravel content, and backscatter
derived texture measures.

Seabed exposure was not a useful physical surrogate for the infauna distribution in this study. The likely reasons are not clear, but
could be a function of the grid resolution (150 m) of the hydrodynamic model used to generate the exposure variable relative to
infaunal patterns; or that the infauna species are protected by the sediment from seabed disturbance.Ongoing research is directed
at understanding the role played by those physical variables identified as important surrogates in determining the patterns of
infaunal distribution.

Diversity of polychaetes, and a life time spent studying them
Hutchings, Pat*1
Australian Museum, 6 College Street, Sydney NSW 2010
Pat.hutchings@austmus.gov.au
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Polychaetes (seaworms) are a diverse group with over 20,000 described species, currently classified in over 80 families. They
are predominantly marine and estuarine, although a few are found in freshwater and even in moist terrestrial environments.
Within the marine environment , they are found from the intertidal to abyssal depths and occupy a tremendous range of habitats,
including some highly specialised ones such as carcasses of whales and hydrothermal vents. The morphological diversity of
polychaetes will be revealed together with their tremendous range of reproductive strategies and life styles including pelagic,
encrusting, sedentary and parasitic. So what roles do these polychaetes play in marine ecosystems? These will be explored
using Australian examples wherever possible. Polychaetes have traditionally been classified as Annelids, together with two
other groups, Oligochaetes (earthworms) and Hirundinae (leeches). However, recent work has shown that the Annelida are
not a natural grouping and that the leeches and earthworms are embedded within the polychaetes, together with other groups
such as Echuira, Sipunculans and perhaps the Myzostomidae. However, even this group is not monophyletic and current
studies using both molecular and morphological characters are attempting to resolve the exact placement of this group and its
relationships to other groups of invertebrates. Some of the problems in resolving the placement of this major invertebrate group
and its contribution are, in part, due to the lack of a good fossil record of these largely soft bodies animals, and their antiquity.
Fossils from the Cambrian have been identified as belonging to currently recognised polychaete families. All this explains why
polychaetes are such an interesting group of animals to study and also why so much still needs to be investigated, across a wide
range of disciplines.
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Polychaetes are well represented in Australian waters in a variety of habitats and are often one of the dominant groups of
organisms present in benthic environments both in terms of number of species and individuals. Our knowledge for selective
polychaete families is increasing such that we can begin to look at the distribution patterns around Australia of individual
families. Recent surveys undertaken as part of CReefs has increased our knowledge in tropical areas. Two such families are
the Terebellidae and the Sabellidae which have very different habits, feeding methods and reproductive strategies. Using these
families, various patterns of distribution will be discussed and comments made as to those species with wide distribution patterns
and whether these are valid or not and those with discrete patterns. Finally the presence of introduced species in Australian waters
will be highlighted and the potential taxonomic problems will be discussed.

Sub-Surface Behaviour of Bottlenose Dolphins (Tursiops truncatus) interacting with
Fish Trawl Nets in north-western Australia
Jaiteh, Vanessa*1, Allen, Simon1, Meeuwig, Jessica2 & Loneragan, Neil1
Murdoch University Cetacean Research Unit, Centre for Fish, Fisheries and Aquatic Ecosystem Research, Murdoch University, Murdoch WA 6150
Centre for Marine Futures, Oceans Institute, University of Western Australia, Crawley WA 6009
v.jaiteh@murdoch.edu.au
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Most studies on the interactions between dolphins and trawl fisheries have focused on the opportunistic feeding of dolphins
on discards at the surface. Little is known about sub-surface associations between dolphins and actively fishing trawl nets.
Using underwater video footage recorded inside trawl nets, we evaluated behavioural aspects of interactions between common
bottlenose dolphins (Tursiops truncatus) and trawl nets in the Pilbara trawl fishery. The interaction rates were very high; in 85
hours of footage collected from 36 trawls, dolphins were recorded inside trawl nets during 29 (81%) trawls and outside trawl nets
in 34 (94%) trawls, and for up to 98% and 99% of the trawl duration, respectively. The proportion of foraging behaviours was
significantly higher for dolphins inside the net (54%) than those outside the net (31%), indicating that dolphins were presented
with a concentrated food source inside the net. Dolphins observed outside the net spent time ‘trampolining’ and socialising,
indicating that they were motivated by several factors to approach and interact with trawl nets. Twenty-nine individuals were
identified inside the net, some returning to the net numerous times within each trawl and between different trawls and fishing
trips. Our results suggest that these dolphins are highly motivated to interact with trawl nets and that entering nets may be a
specialised behaviour exhibited only by a subset of trawler-associated dolphins. We conclude that gear modifications, not spatial
or temporal adjustments to fishing effort, have the greatest potential to reduce dolphin bycatch in this fishery.
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Simulation of river flood plumes in the Great Barrier Reef Lagoon
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During flood events a huge amount of freshwater is transported into the Great Barrier Reef Lagoon (GBR) associated with
increased nutrient and sediment levels. Depending on meteorological conditions and global ocean currents flood plumes spread
along the coast or might have the potential to reach the reef. Here we show simulations of flood plumes originating from different
catchments in the GBR lagoon subject to different meteorological and flow conditions exemplified for 2008/9 and this years
flood event. The plumes originating from the two biggest catchments have the most widespread effects. However, for big flood
events the contribution of the other, possibly ungauged catchments can be quite significant. This can be visualized by comparing
simulation results accounting for only the major contributors against results for a larger set of modelled river inputs.

Ecological changes in highly modified estuaries: what to measure?
Johnston, Emma*1, Clark, Graeme1, Simpson, Stuart2, Roach, Anthony3, Edge, Katelyn1, McKinley,
Andrew1, Foster-Thorpe, Cian1, Sun, Melanie1, Ushiama, Shinjiro1, Komyakova, Valeriya1,
Marzinelli, Ezequiel1, Wong, Chris4, Miskiewicz, Tony1, Brown, Mark1, Coleman, Melinda3,
Kelaher, Brendan3, Knott, Nathan3 & Dafforn, Katherine1
Evolution and Ecology Research Centre, University of New South Wales, Sydney, NSW, 2052.
CSIRO Land and Water
3
NSW Dept of Environment, Climate Change and Water
4
Department of Biology, Hong Kong Baptist University
e.johnston@unsw.edu.au
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Estuaries are widely considered the most impacted of all marine habitats, and more than half of Australian estuaries are disturbed
by anthropogenic activities to some degree. Most are subject to combinations of stressors from industry, agriculture, urbanisation
and coastal development, and effects of these stressors can also interact. Identifying processes and interactions that drive impacts
is key to developing targeted and effective management strategies to conserve biodiversity in these systems. Comparisons of
multiple lines of evidence (LOE) are also useful for prioritization of cost-effective assessments of ecosystem health. For seven
estuaries that were either relatively unmodified, or heavily modified by urbanisation and industrial activities, we surveyed
concentrations of heavy metals and PAHs in benthic sediments, resuspended sediments and experimentally deployed oysters. We
simultaneously surveyed ecological communities including fish (larval tows and beach seines), Invertebrates (plates, sediments,
plankton), Bacteria (sediments), and tested several biomarker responses (in Sydney Rock Oysters). Strong negative effects
of increasing contamination were observed for larval fish, sessile invertebrate communities and bacterial communities. Adult
fish and planktonic invertebrates were more variable and less sensitive to contamination while the cellular biomarker of lipid
peroxidation showed no significant differences among estuaries and no relationship with contaminant levels. In terms of assessing
differences in ecosystem health between the heavily modified and relatively modified estuaries, benthic sediment contamination,
sessile invertebrate recruitment, larval fish abundance and bacterial communities appear useful as LOE.
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Internal wave climatology at Ningaloo Reef
Jones, Nicole L.*1, Ivey, Gregory N.1, Brinkman, Richard2 & Lowe, Ryan J.3
UWA Oceans Institute and School of Environmental Systems Engineering, University of Western Australia, M015 35 Stirling Hwy, Crawley WA 6009.
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At Ningaloo Reef, physical processes such as transient upwelling and non-linear internal waves have been identified as possible
mechanisms for the delivery of nutrients from depth to the euphotic zone. We have used six years of acoustic Doppler current
profiler and thermistor string data to examine the characteristics of the internal wave field on the steep slope of Ningaloo. The
internal waves steepened as they propagated inshore, often becoming highly non-linear. The long-time series allowed identification
of both seasonal and inter-annual variation in the internal wave climatology. Internal waves more consistently propagated inshore
during the warmer months when the mixed layer depth was quite shallow. However, during the cooler months, when the water
column was well mixed to depths of around 100 m, highly non-linear internal boluses intermittently transported sub-thermocline
water up the slope. There was noticeable inter-annual variation in both the occurrence and the strength of the internal boluses.

Artificial oxygenation of the Swan River: assessing sediment condition
Kilminster, Kieryn*1, Goss, Zoe1, Evans, Sarah1, Evans, Georgina1, Robb, Malcolm1, Bryant, Lee2,
McGinnis, Daniel F.3,4,5 & Damgaard, Lars6
Department of Water, Government of Western Australia, PO Box K822, Perth 6842.
Civil and Environmental Engineering, 121 Hudson Hall, Duke University, Durham, North Carolina, 27708, USA.
3
IFM-GEOMAR, Leibniz Institute of Marine Sciences, RD2 Marine Biogeochemistry, Kiel, Germany D-24148
4
Southern Danish University, Institute of Biology and Nordic Center for Earth Evolution (NordCee), Odense M, Denmark
5
Greenland Climate Research Centre (Co. Greenland Institute of Natural Resources), Kivioq 2, Box 570, 3900 Nuuk, Greenland
6
Unisense A/S, Tueager 1, DK-8200, Aarhus N, Denmark
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The Department of Water, in partnership with the Swan River Trust, artificially oxygenates the upper Swan Estuary to
alleviate periodic low oxygen events. The Guildford oxygen plant, which was installed in 2008, draws water from the estuary,
supersaturates it with liquid oxygen and returns the estuary through underwater diffusers. This technology allows the successful
oxygenation of a tidally influenced, shallow, warm, and saline/brackish body of water with minimal sediment disturbance. In
early 2010, we evaluated several methods of determining oxygen flux in the vicinity of the oxygen plant to examine the potential
effect of the oxygenation plant on sediment organic matter mineralisation. Oxygen flux was measured by the non-invasive
eddy-correlation method, and determined from sediment oxygen microprofiles (both in-situ and on collected sediment cores).
This study demonstrated the effectiveness of the oxygenation plant in influencing sediment condition, with significantly higher
oxygen uptake by the sediment when the plant was turned on compared to when it was off. Additionally, oxygen penetration
depth into the sediment was quickly reduced once the plant was switched off.
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Dispersal connectivity and reserve selection for marine conservation
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Although larval dispersal is crucial for the persistence of most marine populations, dispersal connectivity between sites is rarely
considered in designing marine protected area networks. In particular the role of structural characteristics (known as topology)
for the network of larval dispersal routes in the conservation of metapopulations has not been addressed. To determine reserve
site configurations that provide highest persistence values with respect to their connectivity characteristics, we model nine
connectivity topological models derived from graph theory in a demographic metapopulation model. We identify reserve site
configurations that provide the highest persistence values for each of the metapopulation connectivity models. Except for the
minimally connected and fully connected populations, we observed two general ‘rules of thumb’ for optimising the mean life
time for all topological models: firstly place the majority of reserves, so that they are neighbours of each other, on the sites where
the number of connections between the populations is highest (hub), secondly when the reserves have occupied the majority
of the vertices in the hub, then select another area of high connectivity and repeat. If there are no suitable hubs remaining then
distribute the remaining reserves to isolated locations optimising contact with non-reserved sites.

A suggested new Process for Environmental Impact Assessments
Kirkman, Hugh*
5a Garden Grove, Seaholme, Vic. 3018.
hughkirkman@ozemail.com.au

The Environmental Assessment Process (EIA) and monitoring procedures used for marine substratum dredging and other
disturbance to marine environments, in many states in Australia, are flawed. Lack of transparency, inability of the public to
prepare scientific and logical arguments, lack of scientific expertise in government departments and conflict of interest combine
to make EIAs in most states biased towards the proponents of the environmental insult. Examples, from three states, of the
conflict of interest between proponents and the EIA are given and an alternative process, one in which the proponent of the
impact is not involved, is suggested. Currently the data generated from an EIA commissioned by the proponent of the potentially
environmentally damaging activity is not available to the public. These data should have metadata attached that is prepared
before the EIA takes place and put into the state’s land information system. If the data are sensitive then it is up to the owners,
(in my suggested case, a state government authority) to allow them to go into the public domain, restrict them or sell them. These
data must be securely archived with a responsible agency. In the future these data may be very valuable taking into consideration
aspects such as biodiversity and marine protected areas. States have some obligations to the Convention on Biological Diversity
(CBD) through the Federal Government and not having these data archived in secure storage seems to go against the CBD.
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Airborne hyperspectral remote sensing in support of mapping the physical and
environmental assets of the Ningaloo Reef
Klonowski, Wojciech*1, Fearns, Peter1 & Lynch, Mervyn1
1
Remote Sensing and Satellite Research Group, Curtin University, PO Box U1987, Perth WA 6845
Wojciech.klonowski@postgrad.curtin.edu.au

The Ningaloo Reef is extensive, covering some 3,200 km2 on the mid-west coast of Western Australia. As a participant in the
Ningaloo Collaborative Cluster the Reef was flown at 3.5 m spatial resolution and hyperspectral data collected over 3 days. In
all, over 1 billion pixels were sampled in 126 spectral bands from 450 – 2600 nm. In addition to the airborne data, an in situ
program was undertaken from a small craft to validate the products derived from the airborne sensor. Products derived from
the hyperspectral observations included shallow water bathymetry out to ~ 20 m depth and a benthic classification was made
using a spectral library of key benthic species developed using a hand-held hyperspectral sensor. These products were compared
with the in situ bathymetry measured close in time to the aircraft overpass using an echosounder on the small craft. An onboard
hyperspectral sensor was used to validate the atmospheric correction of the airborne data. The presentation will overview the
data sets obtained and particularly the bathymetry and the benthic classification.

Using acoustics to understand the biomass, distribution, variability and energetics of
mid-trophic level organisms in ocean ecosystems
Kloser, R.J.*, Ryan, T., Lewis, M., Sutton, C. & Keith, G.
Ocean-basin scale methods of characterising mid-trophic level organisms (meso-zooplanktonic and micronekton communities
~2 to 20 cm length including small fish, crustaceans, squids and gelatinous) would provide valuable inputs to ecosystem-based
fisheries management, marine planning and monitoring impacts of climate change. These mid-trophic level organisms regulate
the primary production involved in biogeochemical cycles (e.g. CO2 fixation) and are forage for top predators (e.g. tunas).
Despite the enormous pelagic realm these organisms occupy and their pivotal role in the functioning of ecosystems linking
biogeochemistry to the distribution and abundance of predators they remain one of the least known components of the ecosystem.
Recent coupled ocean-biogeochemical-population models have identified a gap in knowledge of this area. Ecosystem models
need observations on the distribution and abundance of these micronekton mid-trophic functional groups at shelf and basin scale
to validate predictions, but there are very few observations in southern hemisphere waters. These sparse observations come
from a variety of sampling devices of limited spatial and temporal extent making it difficult to compare biomass estimates or
determine the value of the data as an ecological indicator. The development of a cost effective observation program that provides
both large basin scale distribution and abundance coupled with targeted biological sampling is needed. We outline the progress
in development of acoustic, net and optical methods to meet this challenge.
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Conservation of mudflat biodiversity: an experimental assessment of drivers and
effects on ecosystem services
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Marine protected areas have been shown to have a wide range of ecological benefits. Great efforts are being made to understand
the mechanisms responsible for the observed effects, and potential flow-on effects to the wider ecosystem. The importance of
estuarine mudflats has long been valued and has resulted in their protection at numerous locations along the Australian coast.
Mudflats have a diverse assemblage of invertebrate fauna which are known to play important roles in an array of ecosystem
services such as nutrient cycling, benthic metabolism and trophic cascades in estuaries. Within Jervis Bay Marine Park (NSW)
striking biodiversity changes have been documented in the Currambene Creek Mudflat Sanctuary Zone following protection.
These changes included up to eight-fold increases in several bivalve species shortly after protection, relative to two other reference
mudflats. The cessation of bait pumping for ghost shrimp was suggested as a possible driver of the observed ecological changes.
Here, we present the results of a manipulative experiment within the sanctuary zone to assess bait pumping as a potential driver
for biodiversity change and the influence these biodiversity changes may have on benthic metabolism and nutrient cycling within
this estuarine habitat.

Ningaloo Marine Park: Coral Reef and Coastal Zone Maps achieved with Hyperspectral,
Remotely-Sensed Data
Kobryn, Halina T*1, Wouters, Kristin1, Beckley, Lynnath E.1 & Heege, Thomas2
1 School of Environmental Science, Murdoch University, 90 South St, Murdoch, WA 6150
2 EOMAP GmbH & Co.KG, Sonderflughafen Oberpfaffenhofen, Geb. 319, D-82205 Gilching, Germany
H.Kobryn@murdoch.edu.au

Effective management and monitoring of large marine protected areas requires detailed baseline data about the distribution of
marine habitats. Large areas with complex geomorphology and clear waters, such as Ningaloo Marine Park (NMP) in Western
Australia, naturally lend themselves to the application of optical remote sensing (hyperspectral data) as a means of gathering
information about benthic habitats, bathymetry and adjacent coastal environments. By analysis of HyVista hyperspectral data
(3.5m pixels with 0.4-2.5 Um spectral range), we were able to retrieve very detailed information about Ningaloo Reef (down
to 20m depth). Data products include hierarchical thematic classification with up to 46 benthic cover classes as well as perclass probability and objected-oriented classification which combined benthic classes, depth, slope and aspect. From these we
established that:
•

over 50% of the substrate cover is composed of macro- or turfing algae;

•

hard and soft coral cover makes up only 7% of the study area;

•

52% (875ha) of the coral cover is located within the sanctuary zones;

•

the majority of the corals are a mix of different densities or morphologies of Acropora;

•

within pixels, the majority of the hard coral cover occurs as either very dense cover (>90%) or with a patchy distribution
(20-45%).

Examination of the adjacent coastal areas showed that vegetation cover was highly variable with evidence of anthropogenic
influence through 4WD tracks, erosion and weed invasion. Pastoral leases had the highest track densities (8.1 km per km2)
whereas, in contrast, Cape Range National Park had the lowest track density (0.3 km per km2). Through the use of operational
pre-processing of the data and a semi-automatic image classification approach we created seamless high resolution baseline maps
for 3400km2 of the Ningaloo region which are particularly suitable for ongoing monitoring and management.
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Can Black Corals Unravel the Mysteries of the Deep? A Study of Trace Element
Composition in Antipatharian Skeletons
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The trace element composition of black corals (Cnidaria, Antipatharia) is shown to have significant potential as a proxy for
reconstructing past environmental change in the deep ocean. Black corals from four different sources (three deep-water and one
shallow-water species) were studied with the aim of mapping skeletal element distributions and characterizing a suitable standard
to enable microanalysis by laser ablation inductively coupled plasma mass spectrometry (LA ICP-MS). For accurate analysis
by LA ICP-MS, a matrix-matched standard is needed. As there is no such standard commercially available for proteinaceous
materials at present, we have developed a homogenous standard for LA ICP-MS of black coral. The standard was synthesized
by crushing and reconstituting a fragment of black coral which was calibrated using solution nebulisation inductively coupled
plasma mass spectrometry (SN ICP-MS). We analysed the antipatharian skeletal ultra-structure using an electron microprobe
and LA ICP-MS and produced 2D element maps, which reveal elemental partitioning between the inter-layer zones and the
skeletal matrix. The distribution of nutrient and REDOX-controlled elements give insight into incorporation mechanisms of
trace elements into the antipatharian skeleton, which is crucial to decode any seasonal signals recorded. Elemental composition
and variation analysed by LA ICP-MS on coral cross-sections show that black corals concentrate many metals in their skeletons
from the growth environment. Very high metal enrichments were found in the deep-sea corals; these metals were significantly
lower in the shallow-water sample reflecting its shallow water nutrient depleted environment. The differences in elemental
composition between deep-water and shallow-water black corals suggest that these corals are recording ambient environmental
conditions. Coupled with their longevity and slow growth rates, antipatharians provide a prospective method of extending our
limited available instrumental environmental records.

In vitro effects of noradrenaline on Akoya pearl oyster (Pinctada imbricata) haemocytes
Kuchel, Rhiannon P.*1 & Raftos, David2
Department of Biological Sciences, Macquarie University, North Ryde, NSW, 2109, Australia
Rhiannon.kuchel@mq.edu.au
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Exposure to extreme fluctuations in environmental conditions can lead to physiological stress and up-regulated production
of stress-associated hormones such as noradenaline (NA). Since environmental stressors have been found to have an
immunosuppressive effect in Pinctada imbricata, we investigated the in vitro affects of NA exposure on defensive haemocytes.
Terminal dUTP nick-end labelling technique (TUNEL) was used to detect cells displaying DNA fragmentation within tissue
exposed to NA. DNA breakage was significant at both 3 and 10h when haemocytes were exposed to 10.0 ng NA/µg protein (p
= 0.002, 0.015 respectively). Similarly, Annexin V-FITC staining was evident in cells exposed to 5.0 and 10.0 ng NA/µg protein
at 120 min (p < 0.05). Haemocyte adhesion to glass slides declined significantly when exposed to 10.0 ng NA/µg protein at
90 and 120 min (p = 0.018, 0.31 respectively). A number of morphological and ultrastructural changes were identified using
transmission and scanning electron microscopy, including chromatin and cytoplasmic condensation, the formation of apoptotic
bodies, vacuolization and blebbing. The cytoskeletal morphology of NA exposed haemocytes was investigated using Alexa-fluor
488. In treated cells polymerization of F-actin was observed around the periphery, with reduced pseudopodia formation, F-actin
clumping and blebbing of the membrane. Therefore, it is feasible such enhanced apoptosis in NA-stressed oysters results in a
decline in defensive blood cells populations. This could conceivably promote immunosuppression, which may result in reduced
disease resistance and increase the risk of opportunistic infection.
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Undiscovered diversity of deep-sea serpulid polychaetes
Kupriyanova, Elena*
1 The Australian Museum, 6 College Street, Sydney NSW 2010
Elena.Kupriyanova@austmus.gov.au

Serpulidae are unusual polychaetes that are not restricted to soft sediments, but are sessile epifaunal suspension-feeders
constructing calcareous tubes. Secretion of the tubes makes serpulids important and troublesome members of fouling communities
and thus, best known serpulids are commercially important fouling taxa from shallow-water locations. Serpulidae are also found
in deep-sea environments and in the periphery of bathyal hydrothermal vent communities, however, their species diversity in the
deep sea appears to be insignificant. Zibrowius (1977) listed 15 serpulid species and three decades later, Paterson et al. (2009)
had reported only 26 species from the depths greater than 2000 m world-wide. According to the most recent review by ten Hove
& Kupriyanova (2009), the family comprises 346 nominal described species, that is, the share of reported deep-sea species is
7.5%. Does this figure adequately reflect the situation with diversity of deep-sea serpulids? Here I bring to light unreported and
thus, undiscovered diversity of deep-sea serpulid polychaetes hidden in research collections world-wide that remain unstudied
with many species undescribed. The diversity of abyssal marine organisms remans poorly known not only because of obvious
logistical difficulties with collecting, but also partly due to a lack of taxonomic effort directed towards existing collections.

Seasonal variability of phytoplankton biomass off the south west of Western Australia:
assessment by ocean gliders and in situ sampling
Kuret, Anton*1, Pattiaratchi, Chari1, Hanson, Christine1 & Lourey, Martin2
1 University of Western Australia, 35 Stirling Hwy, Crawley WA 6009.
2 CSIRO Marine and Atmospheric Research, Private Bag no.5, Wembley WA 6913.
kureta01@student.uwa.edu.au

The strength and hydrological conditions of the Leeuwin Current affects the abundance and species distribution of phytoplankton
along the coast of southwest Western Australia. Bio-optical data from Slocum ocean gliders will be used to develop a conceptual
model of this seasonal variation across the Two Rocks transect, north of Perth. Vertical and horizontal structuring of phytoplankton
biomass along this cross-shelf transect will be assessed using the fluorescence of chlorophyll a, a ubiquitous pigment amongst
phytoplankton, and particulate backscatter as a measure of detrital particulate material. In situ water sampling and analyses
along this same transect from an RV Southern Surveyor voyage in August 2010 will then be used to test hypotheses regarding the
formation of the winter bloom. The results of the study will provide baseline datum and methodology for long term monitoring
of phytoplankton biomass in the region.
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Factors influencing the distribution and population of the grazing urchin Echinometra
mathaei within the Ningaloo Marine Park
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Sea urchins can have a significant influence upon the ecological structure of coral reefs through bioerosion of substrata and
also by affecting competition for space. They are important grazers in many marine systems and can cause major ecosystem
changes when their populations reach high levels (generally after a decline in the numbers of their fish predators). However,
the relative importance of the role of sea urchins in influencing the composition and structure of coral reef habitats has rarely
been explored. This study is linked to the CSIRO Wealth from Oceans Ningaloo Collaboration Cluster, Component 1: Habitat
Mapping and Biodiversity. It has so far examined coral reef habitats and macroinvertebrate (particularly urchins) distribution
and abundance within Ningaloo Marine Park. Field sampling has been undertaken at over 100 sites within the Park, focussing
on near shore, lagoonal and back reef areas within Sanctuary zones and adjacent Recreation zones. Data analyses so far indicate
that the distribution of urchins is not affected by the management zones of the park (i.e. no significant evidence has been found of
indirect effects from fishing of urchin predators). However, habitat type has a major influence on urchin distribution, e.g. urchin
populations were higher on nearshore intertidal and sub-tidal reef platforms, lagoonal patch reefs and shallow backreef platforms
than other habitats. In coral reefs in other parts of the world, unusually high urchin populations can indicate overfishing. So far,
this study has found no indication of fishing pressure indirectly affecting urchin densities, which suggests that the current zoning
may be effective. However, further analyses of the data, particularly those from the nearshore sanctuary areas where shore based
fishing activities are allowed, are yet to be completed. If fishing pressure is having an effect, it is likely to be seen in those areas
where urchin abundance is predicted to be highest.

Novel use of infrared technology to test the effect of small scale temperature variability
on early life history processes of an intertidal barnacle
Lathlean, Justin A*1, Ayre, David J.1, & Minchinton, Todd E.1
¹ Institute of Conservation Biology and Environmental Management, University of Wollongong, Keiraville, NSW 2500
*jl887@uowmail.edu.au

For rocky intertidal invertebrates, the transition from the pelagic larval stage to the benthos represents a critical time in their
life-history characterised by high rates of mortality. This mortality has largely been attributed to increased heat and desiccation
stress. However, the majority of studies investigating the role of temperature variability on intertidal invertebrates either
measure temperature variability using single point devices, such as data loggers, or manipulate temperature by shading, which
is confounded by altered UV exposure. Here we assess the use of infrared imaging to not only quantify natural small-scale
substratum temperature variability on rocky intertidal shores, but also test how this variability influences the settlement and
early post-settlement growth and survival of an intertidal barnacle Tesseropora rosea. Infrared images of naturally bare rock
within the mid intertidal zone were taken weekly during a peak settlement period from mid February to late March 2010 at
a single location. We found that natural rock temperatures varied up to 8ºC within a single 20x20cm quadrat and that rock
temperatures did not always vary consistently through time. Concurrent measurements of settlement showed that T. rosea larvae
settle indiscriminately of low tide rock temperatures and that both post-settlement growth and survival decrease with increasing
rock temperatures. These results reveal that small-scale substrate temperature variability within the mid-intertidal zone is more
variable than previously thought and that small areas of rock can act as “hotspots” of early post-settlement growth and mortality.
Since early life history processes are important determinants of adult population structure the effects of small-scale variation in
temperature detected in this study may explain the patchy distributions of invertebrates on many rocky intertidal shores.
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Impact of seagrass wrack accumulations of hydrogen sulfide emissions from sandy
beaches
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The shallow waters of Geographe Bay, Western Australia, support extensive seagrass beds that contribute large amounts of wrack
(detached leaves and stems) to the local beaches, predominantly during winter. Along most of the coast, the wrack collects on the
beaches temporarily before it is removed by storm surges and transported along-shore; in this cycle its temporary accumulation
and decomposition does not unduly affect the people that live close-by. However a proportion of the wrack moving onshore is
permanently trapped by an extensive groyne development. These accumulations, and the management interventions to remove
them, have become major environmental and social issues, impacting severely on the amenity of the area for local residents.
Over a two-year period, we measured the physical, chemical and biological characteristics of the wrack piles, geochemical
conditions in the underlying sand and gas fluxes out of the wrack. The wrack piles are hotspots for organic carbon degradation
with the subsequent production of CO2, CH4 and, the last from the saturated sands underneath wrack piles. In-situ H2S fluxes
were comparable to those recorded in saltmarsh ecosystems, though these are highly variable in time and space. This variability
appears to be related to the age and size of the wrack accumulations, which may affect the supply of DOC to sustain bacterial
decomposition in the beach sand, and the porosity of the accumulations, which affects the diffusion of oxygen into, and H2S out
of, the sands. A laboratory experiment was conducted to elucidate the role of DOC supply and wrack porosity on H2S production.
These results suggested that the effect of seagrass wrack on gas diffusion was insufficient to generate redox conditions suitable
for production of H2S, suggesting that DOC loading is the primary mechanism through which wrack accumulations drive
the production of H2S. The results suggest that maintenance of oxic conditions or the re-distribution of wrack to unsaturated
portions of the beach can manage H2S emissions.

Turbulence measurements in near coastal waters of the Gold Coast, Queensland
Lemckert, Charles*1, Brayshaw, Steven1, Parker, Jenna1, Zier, Jurgen1 & Campbell, Peta1
Griffith School of Engineering, Griffith University, Queensland, 4222
c.lemckert@griffith.edu.au
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Developing a detailed understanding of the mixing dynamics within coastal waters is extremely important for the effective
and efficient design and management of engineering works (such as desalination plant outflow systems) and fisheries, and as a
possible indicator of climate change. While large scale dynamics have received significant attention as a result of their large scale
and relative ease of measuring, ocean turbulence has received significantly less attention, even though it strongly influences the
vertical diffusion rates and energetic mixing processes throughout the coastal zone. To help alleviate this knowledge deficiency
a new free falling profiler, TurboMap-9, is being used to measure turbulent microstructure and CTD (conductivity, temperature
and density) properties initially within the coastal waters of the Gold Coast, Australia. In an initial baseline study of the region
the TurboMap-9 is being deployed at a range of sites in water depths from 20 to 80m (up to 28km offshore). The data collected to
date reveals that a number of mixing processes exist off the Gold Coast with the dominant process observed being internal waves
shoaling (upwelling) and wind induced surface mixing. The turbulence data can also be used to estimate bottom drag coefficients,
which are required for more accurate coastal modelling activities. This unique study has revealed the highly complex 3D nature
of the region and that upwelling indeed plays a major role in water property redistribution and horizontal advection. Further
studies are underway to quantify energy dissipation levels and active vertical diffusion rates within the region.
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Multidisciplinary methods: Sustainable camping along the Ningaloo coastline
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annarlewis@hotmail.com

1

The Ningaloo Marine Park in Western Australia is an increasingly popular coastal camping destination. Multiple management
regimes which differ in road access quality, amenities, price and most controversially regulation, still exist along the remote
coastline. This has prompted the Government to consider relinquishing the Ningaloo coastal strip in a bid to regulate management,
prevent further environmental degradation, and establish tourism ‘nodes’. In response, this study asks: ‘Given the remote
landscape, likely visitor increases and visitor preferences, what is the most appropriate development for coastal camping areas
at Ningaloo?’ Methods comprise both visitor questionnaires and impact assessments of campsites. Results were then compared
across management regimes. Impact assessments compared the type and extent of environmental impact created by visitors at
campsites along the Ningaloo coast. Preliminary results indicate that environmental impacts across management regimes do differ.
Also, higher regulation does not guarantee fewer impacts. It is important to note that comparing campsites is challenging due to
variations in environmental conditions and visitor numbers. The questionnaires determined both resource use (waste production,
water use and energy use) of campers and preferences of campers concerning campsite attributes. Results indicate resource use
varies across management regime, of which campsite amenities are the primary determining factor. Any future infrastructure
should therefore consider resource use requirements between different accommodation types. With regard to camper preferences,
two levels of campsite attribute preferences exist. The first are preferences common to all management areas, which reflect the
remote regions’ wilderness-experience camping style. The second represent differences between management groups, which in
turn identify different groups of campers with different needs and expectations. Due to variations in campsite impacts and camper
preferences across the study area, a uniform rehabilitation and management approach is not recommended.

Recruitment dynamics of Tailor (Pomatomus saltatrix) in Western Australia,
determining the contribution to adult stocks
Lewis, Paul*1, Howard, Amber1, Smith, Kim1 & Brown, Josh1
WA Marine Research Laboratories, Department of Fisheries, P.O. Box 20, NORTH BEACH WA 6920
Paul.Lewis@fish.wa.gov.au

1

This study investigated the recruitment dynamics of tailor in Western Australia (WA) through examining current and historical
datasets and otolith samples to gain insight into the stock structure. Tailor has a worldwide distribution, occurring as separate
populations on the east and west coasts of Australia. In WA, tailor is regarded as a key indicator species for the nearshore suite
of species. Previous genetic and isotopic analyses of otoliths indicated WA tailor possibly form 2 distinct stocks. Throughout its
distribution the species is known to exhibit both migratory and residential behaviour with spawning occurring across the extent
of its range at different times, resulting in at least 2 distinct recruitment cohorts. In the Perth Metropolitan area juvenile tailor
recruitment has been monitored through regular beach seineing and recruit fishing by the Department of Fisheries since 1994.
The study processed juvenile tailor otoliths for microincrements and measured increment widths in adult otoliths. By analysing
the historical recruitment data and relating it to the juvenile growth rate, reproductive and environmental data, the likely source
and factors influencing each cohort were determined. Thus, a number of conclusions are suggested:
• There are similarities of WA tailor reproduction and recruitment to that elsewhere in their worldwide distribution;
•

The 2 primary cohorts are likely spawned from different events in different areas;

•

The annual differences in the northern-spawned cohort is linked to environmental variables, particularly winter winds; and

•

The contribution of the different cohorts to the adult stock can be determined by examining the whole adult otoliths.

The implications of these findings are that recruitment of 0+tailor to the popular Metropolitan recreational tailor fishery is reliant
on both local and remote spawning events. The variability in metropolitan tailor recruitment is determined to a large degree by
the environmental conditions and may not reflect the local stock levels. Importantly, the ability to assign adult tailor to the cohorts
will allow the ongoing contribution of each cohort to the Metropolitan fishery to be determined. Thus, the ongoing monitoring of
tailor recruitment and cohort contributions to the Metropolitan tailor fishery may allow the ability to forecast tailor availability
and relative stock levels for consideration by fishery managers.
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Sea turtles in the Arafura and Timor Seas – management at a regional scale
Limpus, Colin1 & Whiting, Scott*2,3
Department of Environment and Resource Management, Queensland
Previous address - Department of Natural Resources, Environment, the Arts and Sport, PO Box 496, Palmerston, NT, 0830
3
Current address - Department of Environment and Conservation, Kensington, WA
scott.whiting@nt.gov.au
1
2

Six of the world’s seven species of sea turtles occur in the Arafura and Timor Seas. This iconic group of animals have a complex
life-cycle and live in or spend at least part of their life in habitats ranging from sandy beaches, coral and rocky reefs, mangroves,
seagrass flats and open ocean. They are well known for their ability to undertake long distance breeding migrations between
foraging grounds and nesting beaches with such information gathered with a range of techniques including flipper tags, satellite
telemetry and genetics. Evidence presented here clearly shows the connectivity of sea turtles between countries bordering the
Arafura and Timor Seas and reiterates that sea turtle management requires international collaboration. Effective management
at a regional scale will require standardised monitoring of abundance and demographics at key nesting beaches with strategic
monitoring in other key habitats, monitoring of environmental parameters, the identification and mitigation of anthropogenic
threats, community and school education and training of personnel. Many of the monitoring and management techniques shown
here can be low cost and suited to areas with limited resources.

Sediment nutrient fluxes and primary production by microphytobenthos in Perth
coastal waters
Lourey, Martin*1 & McLaughlin, James1
CSIRO Marine & Atmospheric Research, Private Bag 5, Wembley WA 6913
Martin.Lourey@csiro.au

1

Dissolved nutrient levels in Perth coastal waters are generally low but shallow shelf waters support abundant benthic primary
producer communities (seagrass and macroalgae). The source of nutrients that sustains this abundant production is unknown, but
it is possible that tight cycling between organic matter production and remineralisation contributes. Furthermore, communities
such as these that are adapted to low pelagic nutrient concentrations may be particularly susceptible to increased anthropogenic
nutrient loads. We have investigated nutrient recycling in sediments and primary production by microphytobenthos (MPB) in near
shore sediments off Perth and in Cockburn Sound. These data combine to give us an understanding of the importance of sediment
processes in recycling nutrients, associated production by MPB and compares two very different habitats (coastal waters and an
enclosed embayment) in terms of exposure to physical processes, sediment geochemistry and anthropogenic nutrient load. PMax
normalised to biomass (a measure of production efficiency) tends to be higher outside Cockburn Sound than within. Conversely,
respiration in Cockburn Sound was higher than outside the sound presumably reflecting differences in organic carbon load.
This north-south difference in respiration was most evident in the summer reflecting seasonal differences in production and/
or temperature related constraints on microbial activity. The majority of mean sediment nutrient fluxes encountered outside
Cockburn Sound were negative suggesting that consumption of nutrients by MPB out strips supply from the sediments. Positive
nutrient fluxes were more common within the sound. For example, ammonium was universally consumed outside Cockburn
Sound, in both seasons and in both light and dark experimental treatments. Inside the sound, there was pronounced ammonium
release from sediments, particularly in the dark treatments and during summer.
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Keeping up with sea level rise: Processes contributing to stability in intertidal wetlands
Lovelock, Catherine*1 & Cahoon, Don2
1 School of Biological Sciences, University of Queensland, St Lucia QLD 4072.
2 United States Geological Survey, Patuxent Wildlife Research Center, 10300 Baltimore Avenue, BARC-EAST Building #308, Beltsville, Maryland 20705,
USA.
c.lovelock@uq.edu.au

Sea level rise is a threat to the stability of intertidal wetlands if wetland accretion does not match or exceed rates of sea level
rise. Accretion can be due to sedimentation or to biological factors that increase soil volume, such as root growth, but accretion
is negatively affected by subsidence. In South East Queensland, over a wide range of intertidal wetlands, we assess whether
wetlands are keeping pace with sea level rise and if so which processes are responsible for wetlands stability. We also assess
the range of environmental conditions under which wetlands are stable or are likely to be inundated by rising sea levels. We use
models to predict the fate of intertidal wetlands in Moreton Bay, South East Queensland and to indicate how habitats will change
with increases in sea level.

Climatology of Circulation and Temperature Variability off Ningaloo Reef, Western
Australia
Lowe, Ryan*1, Ivey, Greg2, Brinkman, Richard3 & Jones, Nicole2
1 UWA Oceans Institute and School of Earth and Environment, University of Western Australia, M004 35 Stirling Hwy, Crawley 6009
2 UWA Oceans Institute and School of Environmental System Engineering, University of Western Australia, M015 35 Stirling Hwy, Crawley 6009
3 Australian Institute of Marine Science, 35 Stirling Hwy, Crawley 6009.
Ryan.Lowe@uwa.edu.au

The physical oceanographic processes surrounding Ningaloo Reef are highly complex and still poorly understood. The combined
effect of these physical processes (currents, mixing, upwelling, etc.) contribute to the unique ecology of the Ningaloo region, e.g.,
by controlling fluxes of nutrients and by regulating the primary productivity of its shelf waters. To investigate the mechanisms
driving the seasonal shelf circulation and temperature variability off Ningaloo Reef, data was analysed from two long-term
shelf moorings deployed near the NW Cape from 2002-2009. Each mooring consisted of an acoustic Doppler current profiler
(recording through water column current velocities) and an array of thermistors (sampling the vertical temperature structure).
The results revealed that the inner-shelf circulation (<100 m depth) off Ningaloo Reef is, on average, only weakly influenced by
a consistent southward (Leeuwin Current) or northward (‘Ningaloo Current’) flow, i.e., monthly-averaged alongshore current
velocities were ~0.1 m s-1 or less. Instead, the shelf waters were heavily influenced year-round by episodic sub-tidal current
fluctuations (time scale 7-14 days) that were largely driven by local wind events. Results from an EOF analysis showed that
periods of strong and consistent (>2 days) southerly winds led to upwelling on the Ningaloo shelf, and that these events were not
limited to particular seasons. These sub-tidal current fluctuations could explain most of the temperature variability (timescales
<1 month) that influences Ningaloo Reef.
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Oceanographic data collected on the Fremantle-Hobart leg of the Danish Galathea 3
Expedition, Nov/Dec 2006
Lund-Hansen, Lars Chresten1, Nielsen, Morten Holtegaard2 & Cresswell, George*3
Biological Sciences, Aarhus University, 8000 Aarhus, Denmark
Arctic Technology Centre, Technical University of Denmark, 2800 Lyngby, Denmark
3
CMAR, PO Box 1538, Hobart Tas 7001
george.cresswell@csiro.au
1
2

This leg had as its focus the cold water carbonate mounds in the central GAB and the time available for other observations was
limited. However, underway measurements of conductivity, temperature, and oxygen were taken from an intake at 5 m depth
every 30 seconds and averaged every five minutes. Water samples for Chl-a and suspended particulate matter were taken from
the same source; primary production was determined using 14C-incubation. CTD casts were carried out at five locations along
the route, as well as along a transect from the mid-shelf to the continental slope near 128°E. A fluorometer that was regularly
calibrated was attached to the CTD. Nutrient analyses were done on Niskin bottle samples generally from 10, 30, 60, 100,
200, and 400 m water depth. The ship had two hull-mounted Acoustic Doppler Current Profilers (the analysis of the data from
these has proven challenging). We use the various measurements, together with thermal and colour satellite imagery, to discuss
oceanographic features encountered along the ship’s track.

Quality control and preliminary results from the IMOS Australian National Reference
Stations
Lynch, Timothy P.*1, Morello, Elisabetta1, Hughes, David1, Steinberg, Craig2, Feng, Ming3,
Richardson, Anthony J.1, Thompson, Peter1, Bonham, Pru1, Howell, Ben1, Slawinski, Dirk3, James,
Charles4, Middleton, John4, Davies, Claire1 & Rigby, Paul2
1 CSIRO, GPO Box 1538, Hobart Tas 7001
2 Australian Institute of Marine Science, PMB#3, Townsville QLD 4810 and AIMS@JCU
3 CSIRO Marine and Atmospheric Research, Underwood Avenue, Floreat WA 6014
4 SARDI Aquatic Sciences and Flinders University School of Biological Sciences 2 Hamra Ave, West Beach S.A. 5024
tim.lynch@csiro.au

The National Reference Stations (NRS) are nine Australian coastal locations where data streams are collected consistently
over long periods of time. The NRS system is now established with all sites having sensors deployed and with the expanded
monthly or quarterly Biogeochemical (BGC) sampling also commenced. The four central BGC processing labs – Zooplankton,
Phytoplankton, Carbon and Nutrients are operational, with quality control (QC) systems, and are uploading data to the eMII
data centre. From the 172 zooplankton samples analysed from the NRS, there is an increasing proportion of calanoid copepods
along the east coast of Australia. Further, using a combination of NRS and historical samples, we have identified an increase
in the proportion of warm-water copepods over the past 40 yrs. From the 190 pigment samples processed to date dramatic
regional patterns in phytoplankton are emerging. For in situ sensor QC methods are being developed to compare with parameters
measured during BGC sampling as well as against expected climatologies. The continuous sampling provided by sensors at
several depths is allowing for analysis at a wide range of temporal scales with events and seasonal cycles observed. For instance,
a large increase in a sensor proxy for Chlorophyll a observed at the Maria Island NRS was correlated with a temperature spike
indicating a pulse of warm water had quickly changed the water mass from stratified to well mixed. Before mixing occurred
a seemingly diel movement of Chlorophyll a between 20m and 90m was observed. Data on more radical events have also
been captured by the Yongala and North Stradbroke Island NRS, which measured parameters from plumes emerging from
the Burdekin River in the 2008-9, as well as from the recent Brisbane floods. As many NRS have now been instrumented for
over a year, seasonal cycles and interannual variations are being observed. For example, the Kangaroo Island NRS time series
shows winter outflow from the Spencer Gulf as well as summertime upwelling events with periodic cooling and reversal of
haline stratification between winter and summer. The NRS is now an operational, national scale resource which provides multidisciplinary and open access data streams.
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The effects of catchment modification on estuarine tidal wetland ecosystems
Mackenzie, Jock*1, Duke, Norm1 & Lovelock, Catherine1
1 School of Biological Sciences, University of Queensland, St. Lucia. Q 4072

jock.mackenzie@uq.edu.au

Estuarine tidal wetlands, consisting of mangroves and saltmarsh, are located at the receiving end of riverine flows from catchments.
Here these ecosystems both influence, and are influenced by estuarine water quality and estuarine physical processes. Tidal
wetlands are recognized for their role in filtering nutrients, stabilizing sediments, buffering storms and wave action, providing
habitat for aquatic organisms and contributing to coastal food webs. However, like most ecosystems, the capacity of tidal
wetlands to provide these ecosystem services is dependent on their ecological integrity. It is well established that the ecological
integrity of coastal ecosystem such as seagrass and coral reefs is influenced by anthropogenic impacts such as eutrophication and
sedimentation related to catchment and coastal development. The effects of catchment modification on estuarine tidal wetland
ecosystems have not been thoroughly examined at the estuary scale. In order to maintain the important ecosystem services
provided by tidal wetlands it is necessary to understand how altered catchment and coastal land use influences estuarine tidal
wetland ecosystems so that we can manage and moderate our impact appropriately. Here I present the results of an assessment
of tidal wetland structure and condition in estuaries with varying levels of catchment and estuary modification in the BurnettMary Region, South-East Queensland. This assessment provides correlative evidence to suggest that agricultural and urban
intensification, altered hydrology and direct damage to tidal wetlands alters plant community structure, diversity and condition
at the estuary scale with potentially negative consequences for ecosystem function.

Nearshore regional survey of dugongs: first systematic assessment of west Kimberley
coastal dugong population
Malseed, Ben1 , Yuen, Michelle*2 & Shepherd, Barry2
Woodside Energy Ltd., Woodside Plaza, 240 St. Georges Terrace, Perth, WA 6000
RPS, 38 Station Street, Subiaco, WA 6008
ben.malseed@woodside.com.au

1
2

In the Browse Basin, several gas and condensate fields will be developed offshore and include onshore processing facilities at
the proposed Browse Liquefied Natural Gas Precinct, located near James Price Point located on the west coast of the Dampier
Peninsula in the Kimberley. The coastal region is considered to be an important habitat for dugongs, although no historical
abundance estimates exist. In support of an Environmental Impact Assessment for the proposed developments, aerial surveys
were designed to quantify the distribution and abundance of dugongs nearshore to the Dampier Peninsula coast. Aerial surveys
are the most effective method to detect and count dugongs over regional spatial scales. In 2009, two aerial surveys were conducted
(one in June and another in September) using the strip width sampling method and a series of parallel transect lines that covered
a survey area of 1,609 km2. Where applicable, this dataset was supplemented with dugong data from other surveys to provide
a wider geographical context to their distribution. The dugong population estimate from the July survey was 1,774 (95% CI:
1,351-2,195) and from the September survey was 1,708 (95% CI: 1,188-2,205), suggesting a moderate dugong population in
this area during the dry season. Dugongs were distributed along the Dampier Peninsula from Lagrange Bay to Cape Leveque.
The majority of dugongs were observed in water less than 20 m deep, although occasionally sighted further offshore possibly in
transit between foraging areas. The average density along the coast was variable and data demonstrate a dynamic movement in
the region.
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Predicting advection and dispersion in the southern Great Barrier Reef by using
Lagrangian trajectories computed from HF-radar currents
Mantovanelli, Alessandra*1 & Heron, Malcolm L.1
Marine Geophysical Laboratory, James Cook University, Townsville, QLD 4814, Australia
Alessandra.Mantovanelli@gmail.com
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Recently HF-radar systems have been validated as a useful technique to predict trajectories for search and rescue operations,
to determine the destiny of floating spilled oil and pollutants and to study biological connectivity in coastal areas. One of the
biggest advantages of using radar-based trajectories is that tracks of buoyant particles can be calculated in real time for any
starting position within the HF radar domain, which usually has ranges of 50-200 km. The main drawback of radars are the
presence of missing data points which prevent continuous tracking and their coarse spatial resolution (1-10 km) that may leave
small scale processes unresolved. The availability through the IMOS website of real time radar currents for the southern Great
Barrier Reef (GBR) region made possible the calculation of Lagrangian trajectories from the HF radar velocity field. A technique
was developed to filter and interpolate HF radar currents making possible continuously tracked particles on the sea surface up
to 7 days. Radar-based Lagrangian trajectories were good predictors of surface flow circulation when compared with 26 tracks
of surface-drogued drifting buoys. Discrepancies between the two techniques were attributed to instrumental noise, as well as
small scale spatial and temporal variation of the flow. The resultant direction of the surface trajectories were mainly dictated
by the wind, while tides were responsible by the superimposed loops and zigzag movements. These Lagrangian trajectories are
excellent predictors of connectivity between reefs and islands in the southern GBR. Dispersion varied spatially in the studied area
due to the observed spatial variation of the main driving forces of the surface flow. Separation distances between the radar-based
and drifter tracks increased mostly linearly with time but occasionally an abrupt explosive dispersion between the pair of tracks
occurred at some locations and times. This dispersion may be associated with differences in the spatial and temporal averaging
scales of the two techniques but they are more likely linked to the large spatial variability of the oceanographic processes in the
region.

Processes affecting the re-establishment of the habitat-forming alga Phyllospora comosa
in Sydney
Marzinelli, Ezequiel*1,2, Campbell, Alexandra1,2, Coleman, Melinda3 & Steinberg, Peter1
Centre for Marine Bio-innovation, School of Biological, Earth and Environmental Sciences, University of New South Wales, Sydney, NSW 2052 and Sydney
Institute of Marine Science, Chowder Bay Rd, Mosman, NSW 2088
2
Ecology and Evolution Research Centre, School of Biological, Earth and Environmental Sciences, University of New South Wales, Sydney, NSW 2052
3
Batemans Marine Park, Burrawang St, Narooma, NSW 2546
e.marzinelli@unsw.edu.au
1

Degradation of natural habitats as a result of increasing urbanization is a substantial cause of loss of biodiversity. Macro-algae
provide habitat and food to many organisms. These habitats are, however, amongst the most sensitive to environmental change.
The loss of habitat-forming algae along urbanized coastlines is a global issue. To develop successful restoration and conservation
strategies, it is necessary first to determine which ecological processes are being affected. The habitat-forming macro-alga
Phyllospora comosa is distributed along the east coast of Australia from Port Macquarie in NSW to Tasmania, but it is absent
from the Sydney metropolitan region. Evidence suggests, however, that Phyllospora was common and abundant on shallow
subtidal rocky reefs in this region until the 1970’s. Its absence may be related to heavy outfall discharges along the Sydney
metropolitan coast. Despite the significant improvement in water-quality in the last 20 years, Phyllospora has not re-established
in this region. This could be due to lower or no supply or availability of propagules or settlement. Alternatively, it could be due
to smaller or no post-settlement survival of recruits and/or adults. We experimentally transplanted Phyllospora recruits and
adults from the 2 closest populations on the periphery of Sydney to rocky reefs in the Sydney metropolitan region to test these
latter models. The results of this manipulative experiment to determine which processes regulate patterns of distribution of
Phyllospora in urbanized habitats will be discussed and how these relate to conservation and restoration will be identified.
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GOOS/CLIVAR Indian Ocean Panel (IOP)
Masumoto, Yukio*1 &Yu, Weidong2
Japan Agency for Marine-Earth Science and Technology, 3173-25 Showa-machi, Kanazawa-ku, Yokohama 236-0001 JAPAN
First Institute of Oceanography, State Oceanic Administration, 6 Xianxialing Road, Qingdao 266061 CHINA
masumoto@jamstec.go.jp
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Indian Ocean Panel (IOP) is established in 2004, as one of the Global Ocean Observing System in the Indian Ocean (IO-GOOS)
activities and one of the Climate Variability and Predictability (CLIVAR) basin panels. Main aims of IOP are to provide scientific
and technical oversight for implementation of a sustained Indian Ocean observing system (IndOOS), including process studies
with short-term intensive observations, and to coordinate and plan research on the variability of the Indian Ocean and its role in
the climate system. IndOOS is expanding rapidly and data collected are available for public as well as research communities
through a data portal site at http://www.incois.gov.in/Incois/iogoos/home_indoos.jsp. This presentation introduces the IOP
activities and the present status of IndOOS, together with some science highlights emerged from the IndOOS data.

Recent developments in methodology to permit more robust assessments of the impact
of dredging on marine systems
McCafferty, P.B.1, North M.1, Reid B.1,2,3 & Lau S.*1
1
2
3

ChemCentre, Perth, WA
Curtin University, Perth WA
Presenting author

A healthy marine environment is essential for Australia’s current and future prosperity. At the same time, the desire to harness
the mineral and hydrocarbon wealth in Australia’s mining precincts also exists. To develop this mineral wealth it is necessary
to develop new and expand existing port and harbour structures and construct off shore facilities. This will require significant
volumes of marine dredging. The volume of dredging planned or approved for the Western Australian coastline alone is estimated
to be greater than 200 million cubic metres. The guidelines that have been in place since 2009 have been developed to ensure
that the impact that dredging has on the marine ecosystems is minimised. The guidelines have been developed along a decision
tree approach, whereby an assessment of existing information, testing of elutriate and bioavailability toxicity occur along with
sampling and analysis of sediments. Until now there has not been a robust, cost effective mechanism for achieving the reporting
limits required in sediments and dredge spoil material, necessary to comply with these guidelines. This work demonstrates recent
developments in analytical technologies to allow for robust assessment of these matrices.
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Long term trends in pygmy blue whale use of the Perth Canyon via passive acoustics
McCauley, Robert D.*1
Centre for Marine Science and Technology, Curtin University, Perth, WA, 6152
r.mccauley@cmst.curtin.edu.au
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Since 2000 eight sea noise data sets have been recovered from the Perth Canyon, targeted at each years pygmy blue whale season.
This work was supported by the then Department of Environment and Heritage, Defence, Curtin, and since 2008, IMOS. The sea
noise recordings contain myriad noise sources - fish, multiple whale species, vessels and physical sources, but here we target the
vocalisations of pygmy blue whales. Pygmy blue whale’s produce several vocalisations but have a ‘standard’ call type comprising
three sets of fine tones with harmonics, spaced over 120 s and repeated at typically 180-200 s from a call commencing. While the
call varies, the central component lends itself to automated recognition allowing quantification of the number of whales calling
at an instant in time and so across a season. Pygmy blue whales visit the Perth Canyon starting late each year, a small number
visit across November to January, most of these whales are heading for the southern Australian coast or into the Southern Ocean.
In February call rates increase to peak sometime between March and April, when whales are now heading north to pass up the
WA coast. While most calling has ceased by May a few whales regularly pass the Canyon in June or July. The seasonal pattern
of calling individuals using the Perth Canyon varies significantly, in some years whales come and go quickly so multiple sharp
spikes indicative of single animals passing dominate the seasons’ curve, whereas in other years multiple calling whales remain
in the Canyon (in excess of nine singers). These seasonal differences are believed to reflect productivity, if there is sufficient krill
whales remain for several weeks, if not they pass through within 1-2 days. The patterns in seasonal calling suggest individual
whales tie their specific migratory timing to a clock based on the sun and moon, and that pygmy blue whale numbers appear to
be increasing at 4% per annum. This talk will explore the intricacies of how pygmy blue whales use the Perth Canyon and how
this fits with an Australia wide migratory pattern.

The World Ocean Council & the Sustainable Ocean Summit: the global, cross-sectoral
industry leadership alliance for ocean sustainability and stewardship
McClary, Dan*1 & Holthus, Paul2
Marine & Coastal Science Group, Sinclair Knight Merz, Level 11, Durack Centre, 263 Adelaide Terrace, Perth 6001 WA.
World Ocean Council, 3035 Hibiscus Drive, Suite 1, Honolulu, Hawaii 96815 USA.
dmcclary@skm.com.au

1
2

The marine environment is subject to a variety of anthropogenic stressors. Currently management of human effects on the
environment (widely referred to as ‘environmental management’) is driven primarily by governmental regulation or convention.
Unfortunately, this regulation is applied inconsistently or not at all. As the largest users of the sea, ocean industries have the
potential to have the greatest possible positive impact on the marine environment through more effective stewardship. Industry
responses to the challenge of good stewardship have, however, been largely uncoordinated. The World Ocean Council (WOC)
is an international, cross-sectoral industry leadership alliance on “Corporate Ocean Responsibility”. The WOC brings together
the diverse ocean business community to improve ocean science in support of safe and sustainable operations, to educate the
public and stakeholders about the role of responsible companies in addressing environmental concerns, promote more effective
engagement in ocean policy and planning, and develop science-based solutions to cross-cutting environmental challenges that
cannot be solved by one company or industry alone. In this discussion we will focus on the work program being developed by
the WOC and the role that different marine sectors can play in improving environmental outcomes for the seas.
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Manta ray (Manta alfredi) visitation to Ningaloo Reef, WA – The importance of
residence!
McGregor, Frazer*1, Meekan, Mark2, Van Keulen, Mike3 & Waite, Anya4
Murdoch University Research station, Banksia Drive, Coral Bay WA 6701
Australian Institute of Marine Science, UWA Oceans Institute, 35 Stirling Highway, Crawley WA 6009
3
School of Biological Sciences, Murdoch University, 90 South St Murdoch WA 6150
4
UWA Oceans Institute, 35 Stirling Highway, Crawley WA 6009
k.mcgregor@murdoch.edu.au
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The year round visitation to Ningaloo Marine Park (NMP) of the coastal manta ray (Manta alfredi) has been investigated using
the AATAMS acoustic tagging network. A total of 37 individuals were tagged with acoustic ‘pingers’, including 6 with depth
tags. Over 10,000 detections were recorded along the length of the array over a three year period. Visitation patterns match
photographic sighting data and confirm that manta ray visitation to NMP can be grouped into 3 broad categories, seasonal,
roaming and resident. Seasonal aggregations of manta rays at NMP coincide with major reef spawning events which also
attract other large planktivores such as the whaleshark. Roaming individuals largely comprise adult males, whilst true residency
appears to be the domain of large breeding females. These females show strong fidelity to feeding and cleaning sites, where they
interact on occasion with both roaming and seasonal individuals. Their occurrence at numerous small-scale spawning events and
zooplankton blooms throughout their potential range indicates the importance of local knowledge. Such on-site knowledge may
make resident manta rays key regulators of larval recruitment to the reef system and may play an important role in the reduction
of potentially invasive species. The currently un-regulated and growing tourism industry appears to rely heavily on the frequent
visitation to key areas of resident manta rays. Any avoidance of these high tourism areas by resident animals could be detrimental
to both localized reef health and indeed the lucrative tourism industry of NMP. Acoustic tracking is proving invaluable in our
understanding of habitat visitation and manta ray residency within NMP and will assist directly with future management of NMP.

Determining euphotic zone depth within shallow waters of the Great Barrier Reef
using optical remote sensing
McKinna, Lachlan*1, Fearns, Peter1, Weeks, Scarla2, Lee, ZhongPing3, Feldman, Gene4 & Furnas,
Miles5
Remote Sensing and Satellite Research Group, Department of Applied Physics, Curtin University, GPO Box U1987, Perth WA 6845
Centre for Spatial Environmental Research and Coral Reef Ecosystems Lab, University of Queensland, Brisbane QLD 4072
3
Geosystems Research Institute, Mississippi State University, Stennis Space Center, Mississippi 39529 USA
4
Ocean Biology Processing Group, NASA Goddard Space Flight Center, Greenbelt, Maryland 20771 USA
5
Water Quality and Ecosystem Health, Australian Institute of Marine Science, PMB 3, Townsville MC QLD 4810
lachlan.mckinna@curtin.edu.au
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The depth at which photosynthetically available radiation (PAR) reaches 1% of its surface value is referred to as the euphotic
zone depth Zeu. Light penetration is an important environmental parameter for growth of benthic biota, including seagrasses,
algae and corals, in shallow waters of the Great Barrier Reef (GBR). Hence, synoptic scale observations of Zeu from ocean colour
satellites would provide extremely useful information for understanding and monitoring ecosystem health of the GBR. Presently,
algorithms exist for retrieving Zeu using optical remote sensing. However, no operational algorithm is available for optically
shallow waters where benthic reflectance is significant. We present a model for determining Zeu within the optically shallow
waters of the GBR. PlanarRad radiative transfer code has been used to model remote sensing reflectances, Rrs, for varying
combinations of inherent optical properties (IOPs), bottom depths and benthic cover. Modelled Rrs were inverted to retrieve Zeu
based upon the semi-analytical Hyperspectral Optimization Process Exemplar algorithm (HOPE). We discuss the feasibility of
applying this model to current ocean colour sensors and report on the sensitivity of the algorithm to within-pixel variability in
bottom depth and benthic cover.
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Physical forcing of pelagic primary production on the Kimberley Shelf
McLaughlin, James*1, Lourey, Martin1 & Thompson, Peter2
CSIRO Marine and Atmospheric Research, Private Bag 5, Wembley WA 6014
CSIRO Marine and Atmospheric Research, GPO Box 1538, Hobart TAS 7001
James.Mclaughlin@csiro.au
1
2

Due to its remoteness, the biological oceanography of the Kimberley coast has been relatively unstudied. Much of our current
understanding is derived from satellite bio-optical platforms and conceptual biogeochemical modelling, but the mechanisms
that drive biogeochemical cycling in the shallow seas of the Kimberley shelf are not well defined. The effects of extreme tidal
ranges and tropical run-off dynamics likely have a strong influence on nutrient concentrations, light climate and associated rates
of pelagic primary productivity. We investigated shelf scale variations in primary productivity as part of an oceanographic cruise
aboard the RV Southern Surveyor during April/May 2010. The voyage consisted of 3 transects from the coast to ~ 2000m deep
water at approximately a degree of latitude apart. The centre transect from King Sound was repeated twice to sample during
the neap tide and spring tide, and we included 3 stations inside King Sound. Production stations were sampled hourly over a 12
hour period to investigate tidal cycle influences on the biology, chemistry and physics, with 14Carbon production experiments
undertaken with water collected from the first cast at each of these sites. A small volume/short incubation (~1 hour) method was
utilised to investigate photosynthesis-irradiance relationships with response to short time-scale variations in incident irradiance
as might be experienced in a mixing water column. This presentation will highlight our findings from the cruise along the
Kimberley coast with emphasis on the primary production as affected by turbidity, physical forcing and chemistry.

Indicators for monitoring dredging impacts to seagrasses
McMahon, Kathryn*1, Collier, Catherine2 & Lavery, Paul1
Centre for Marine Ecosystems Research, Edith Cowan University, 270 Joondalup Dr, Joondalup WA 6027
James Cook University, Townsville Qld 4811
k.mcmahon@ecu.edu.au
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2

This paper presents a review of potential indicators for monitoring impacts of dredging in seagrasses. As seagrasses often grow
close to coastal infrastructure, and due to their high requirement for light they are highly susceptible to anthropogenic activities
such as dredging. The development of indicators should be based on a good understanding of the pressure-response pathway
i.e. how and when the particular organism responds to particular levels of pressure such as light reduction or sedimentation, be
reliable, reproducible and cost-effective. Ideally the indicators should be sub-lethal, i.e. the seagrass habitat can recover from that
level of stress and this allows management actions to be taken before there is actual loss of habitat. For this review papers were
searched in ISI Web of Science that contained information on the response of any species of seagrass to light and sedimentation
stress. There were few papers that directly aimed to develop indicators, however, based on the results potential indicators
could be postulated. Most papers were based on the genera Zostera (35%), followed by Posidonia (18%), Thalassia (16%)
and Halophila (10%). There were some general patterns in responses to light stress particularly physiological modifications,
followed by morphological adjustments. However, the measures that best capture this response varied between species, often
reflecting different growth forms and life-history strategies. This presentation will summarise the pressure-response pathway of
all seagrass species captured in the review, and propose where possible potential indicators of light and sedimentation stress. In
addition, gaps in understanding will be highlighted.
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Linking land and sea: different pathways for marine subsidies
Mellbrand, Kajsa1, Lavery, Paul2, Hyndes, Glenn*2 & Hambäck, Peter1
1 Department of Botany, Stockholm University, SE-106 91 Stockholm, Sweden
2 Centre for Marine Ecosystems Research, School of Natural Sciences, Edith Cowan University, 270 Joondalup Drive, Joondalup WA 6027, Australia
g.hyndes@ecu.edu.au

Several studies have shown nutrients and energy derived from marine autotrophs to subsidize shore ecosystems, increasing
productivity and affecting food web dynamics and structure. In this study we have examined how the inland reach of such inflow
effects depends on vectors carrying the marine inflow inland and on landscape structure. Through tracking the flow of distinct
stable isotopes of marine and terrestrial autotrophs through grazing and predatory arthropods along a gradient from the shoreline
to inland areas, we examined the roles of arthropod vectors in carrying marine-derived nutrients inland in two very different
shore ecosystems: shore meadows in Sweden with marine inflows of algae and emerging chironomid midges; and sandy beaches
and shore dunes in south-western Australia with marine inflows of algae and seagrass. In a colonisation experiment, we found
that deposited wrack on the beach is quickly colonised by both grazers and predators. However, in both systems we found a larger
inland reach of the marine subsidy than could be accounted for by deposited macrophytes on shores alone, and that dipterans
and spiders potentially functioned as vectors for the inflow. Our results indicate that marine inflows are important for near-shore
terrestrial ecosystems well above the water’s edge, and that this effect is largely due to arthropod vectors (mainly dipterans and
spiders) in both low productivity sandy beach ecosystems at the Indian Ocean coast of Australia, and more productive shore
meadows on the Baltic Sea coast of Sweden.

Indian Ocean Oceanography—a historical perspective
Meyers, Gary*1,2
1 Institute of Marine and Antarctic Studies, University of Tasmania, Private Bag 77, Hobart Tas 7001
2 CSIRO Marine and Atmospheric Research, GPO Box 1538, Hobart Tas 7001
Gary.Meyers@csiro.au

Until recently, systematic, repeated observation of the Indian Ocean was almost non-existent, and development of the Global
Ocean Observing System (GOOS) in the region lagged behind the Pacific and the Atlantic Oceans. What scientific achievements
preceded the initial development of the Indian Ocean Observing System (IndOOS), and what are we doing to sustain it into
the future? This talk will review the science drivers that motivated the development of IndOOS, and will attempt to place the
Indian Ocean drivers in the context of large scale connectivity with the Pacific. There is a dynamical link between the Pacific
trade winds, the equatorial cold tongue and upwelling, Indonesian throughflow, Leeuwin current and structure of the southern
tropical Indian Ocean. This large scale, tropical, Indo-Pacific system experiences variability and change on time scales ranging
from years to decades, which ultimately has an impact on regional climate and coastal ecosystems. The talk will review selected
aspects of the dynamics and time variation of the system, the early history of IndOOS and the multinational planning mechanisms
that aim to sustain it in the future.
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Variation in Macroalgal Herbivory by Fishes across a Coral-Reef Marine Park
Michael, Peter*1, 2, Vergés, Adriana1, 3, Hyndes, Glenn1 & Vanderklift, Mat1, 4
Centre for Marine Ecosystems Research, Edith Cowan University, 270 Joondalup Drive, Joondalup WA 6027
Marine and Coastal Science Group, Sinclair Knight Merz, 263 Adelaide Terrace, Perth WA 6000
3
Sydney Institute of Marine Science, Evolution & Ecology Research Centre, University of New South Wales, Sydney NSW 2056
4
Marine and Atmospheric Research, CSIRO, Private Bag 5, Wembley WA 6913
PJMichael@skm.com.au
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Herbivory is particularly intense in coral reef ecosystems, where herbivorous fishes often play a pivotal role in maintaining the
persistence of a coral-dominated state. However, studies quantifying species-specific rates of macroalgae removal by fishes have,
until now, been spatially constrained to discrete points within expansive coral-reef systems. In this study, we examined local(within-reef, 1 km) and broad-scale (regional, 50-300 km) patterns of macroalgal herbivory spanning across the Ningaloo Reef
in north-west Western Australia. Using remotely filming video cameras, we directly measured the removal rates of transplanted
macroalgal assays (Sargassum myriocystum) and quantified the feeding rates of the fishes responsible for the herbivory observed.
Removal of Sargassum biomass by fishes exhibited significant regional variation, whereas no differences in herbivory were
detected within the local-reef scale. While 23 species were observed biting on the macroalgae, seven fish species (Naso unicornis,
Kyphosus sp., K. vaigiensis, Siganus doliatus, Scarus ghobban, S. schlegeli and initial-phase Scarus sp.) together accounted
for 95% of the bites on the macroalgal assays across the regions. Despite this diverse feeding assemblage, spatial patterns in
herbivory were strongly driven by the feeding of the ‘macroalgal browsers’ N. unicornis, Kyphosus sp. and K. vaigiensis only,
highlighting the functional inability of many other species to rapidly remove macroalgae from the reef. While the reliance
on these three species to perform this crucial reef process may indicate the susceptibility of the system to disturbance, it also
highlights the ability of these species to functionally compensate for one another within a single coral-reef system. Since these
species only comprised 1-7 % of the herbivorous fish biomass across regions, as determined through UVC, our results highlight
the potential difficulties of predicting ecosystem processes based on visual assessments, and also question the link between
species diversity, functional redundancy and the maintenance of critical reef processes.

Evaluation of recreational fishing reefs for enhancing fishing opportunities in Port
Phillip Bay – comparison of monitoring data and boat ramp surveys
Mills, Kade*1,2 & Hamer, Paul1
Department of Primary Industries, Fisheries Research Branch, PO Box 114, Queenscliff VIC 3225.
Deakin University, School of Life and Environmental Sciences, Princess Highway Warrnambool VIC 3280.
kade.mills@dpi.vic.gov.au
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The use of manmade reefs to enhance fishing is not a new idea, but it has recently increased in popularity in Australia as
the number of recreational fishers and the need to provide more fishing opportunities steadily rises. In May 2009 Fisheries
Victoria deployed three artificial reefs (identical in their arrangement) in Port Phillip Bay as a trial to evaluate the implications
of recreational fishing reefs for enhancing fishing opportunities. This project provided an opportunity to sample fish and macroinvertebrate communities before and after the reefs were deployed, and at control sediment and natural reef sites, which is rare.
Evaluation methods involved using baited underwater video, underwater visual census, research anglers and boat ramp surveys.
The results of the biological surveys showed an increase in many fish species at the new reefs including the key recreational
target species, snapper (Chrysophrys auratus). This presentation summarises the key findings of the evaluation program in
relation to the biological, management and social implications of the reefs. The presentation will provide interesting comparison
between the results of biological monitoring activities and surveys of angler usage and attitudes.

96

48th Australian Marine Sciences Association Conference 2011

Distribution patterns of gastropod assemblages in rocky shores: a NaGISA snapshot
and future initiatives
Miloslavich, Patricia*1, Cruz-Motta, Juan José1, Klein, Eduardo1, Iken, Katrin2, Konar, Brenda2,
Weinberger, Vanessa1, Díaz, Juan Manuel3, Bigatti, Gregorio4, Benedetti-Cecchi, Lisandro5, Pohle,
Gerhard6, Shirayama, Yoshihisa7, Mead, Angela8, Palomo, Gabriela9, Ortiz, Manuel10, Gobin,
Judith11, Trott, Tom12, Sardi, Adriana1 & Knowlton, Ann2.
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3
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NaGISA, the nearshore project of the Census of Marine Life, was a collaborative effort aimed at inventorying and monitoring
biodiversity in rocky shores and seagrass beds from the intertidal to the subtidal. By 2010, NaGISA had sampled >250 sites
within 28 countries (from 77.85°S-70.38°N, and 178.59°W-179.31°E). Following the NaGISA standard protocol (www.nagisa.
coml.org), large scale gastropod assemblages from nearshore rocky habitats were studied to:
•

Describe broad scale biodiversity patterns

•

Identify latitudinal pattern of richness and abundance of gastropods and/or regional hotspots

•

Identify environmental and anthropogenic drivers of these assemblages.

Gastropods were sampled from 45 globally-distributed sites within 12 regions (based on Large Marine Ecosystems). A total of
394 gastropod taxa (106 families) were collected. In all regions, assemblages were dominated by few species, herbivores being
the most diverse and abundant group. No latitudinal gradients were evident in relation to species richness or densities across
sampling sites. Highest diversity was found in the Mediterranean and Gulf of Alaska, while highest densities were found at
different latitudes and represented by few species within one genus (e.g. Afrolittorina in the Agulhas Current, Littorina in the
Scotian Shelf, and Zebina in the Gulf of Alaska). Correlation between biodiversity and abundance with the 14 environmental
variables was low (≤0.355). Variables explaining this correlation were incidence of invasive species, inorganic pollution, SST
anomalies, and chlorophyll-a anomalies. Building on NaGISA activities, an established “South American Research Group
on Coastal Ecosystems” (SARCE) is continuing to assess marine diversity and biomass along both coasts of South America.
SARCE aims to study the relationship between biodiversity and ecosystem functioning on rocky shores, the effect of latitudinal
environmental gradients and anthropogenic stressors, and support environmental impact studies in an increasingly developing
region. SARCE looks forward to establish a global working group that will study the patterns of benthic dynamics in coastal
ecosystems by consolidating and comparing results of observations and time series on coastal biodiversity from rocky shores
from around the world, examine the methods used to monitor rocky shore biodiversity, identify new scientific questions, and
make recommendations about future sampling.

Reproductive ecology of Ecklonia radiata
Mohring, Margaret*1, Wernberg, Thomas1 & Kendrick, Gary1
School of Plant Biology, The University of Western Australia, 35 Stirling Highway, Crawley WA 6009
margie.mohring@gmail.com

1

The dominant habitat-forming species on shallow subtidal reefs in temperate Australia is the kelp Ecklonia radiata. Despite
E. radiata’s critical role in the ecological functioning of temperate reef communities, surprisingly little is known about its
reproductive ecology. The exact time when E. radiata plants produce and release spores is currently unknown. Every week
for one year E. radiata plants were treated to induce sporulation, so that the timing of spore production and release could be
determined. Spore production was also quantified over a range of spatial and temporal scales. In order to understand how climate
influences juvenile growth, E. radiata spores collected from a number of different populations were settled on microscope slides
and treated under a range of temperatures. Together these experiments will provide an understanding of the reproductive ecology
of E. radiata and how it is affected by environmental conditions.
97

48th Australian Marine Sciences Association Conference 2011

Assessing primary production variability in the western Tasman Sea: a comparison of
in situ and ocean color estimates
Molina Balari, Ernesto*1, Marrec, Pierre2, Cherukuru, Nagur3, Doblin, Martina1 & Ralph, Peter1
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At present a regional scale understanding of primary production of the Tasman Sea comes only from interpreting global data
sets derived from remotely sensed ocean color, and estimates of physical conditions from global reanalysis products. These
global data sets have typically been assessed in Northern Hemisphere waters and do not make use of in situ observations in
the Tasman Sea, of which until recently there have been few. The water mass properties in the western Tasman Sea are highly
variable, resulting from intrusion of the East Australian Current (EAC) onto the continental shelf, the entrainment of upwelled
and inner-shelf waters and the formation of mesoscale eddies. The western Tasman Sea therefore represents a convergence of
numerous waters masses, each of which has different characteristics of salinity, temperature, dissolved nutrients and mixed
layer depth; factors that influence biological properties such as the distribution and ecology of phytoplankton as well as primary
productivity. This study focuses on the comparison of in situ measurements of primary productivity (PP) with satellite-derived
PP estimates at the time of the spring bloom (October 2010). In situ PP was estimated using both the conventional 14C method and
fast repetition rate fluorometry (FRRF), and the VGPM (Vertical Generalized Production Model) algorithm was used to estimate
PP from MODIS data. The VGPM was chosen to derive PP from satellite measurements due to its extensive validation. The aims
of this paper are to: 1) validate the standard VGPM model for the retrieval of primary production in the Tasman Sea, and 2) test
a specific VGPM parameterization for the western Tasman Sea region.

Testing the influence of survey method for building species distribution models of
marine fishes
Monk, Jacquomo*1, Ierodiaconou, Daniel1, Versace, Vincent L.2, Rattray, Alex1 & Harvey, Euan 3
School of Life & Environmental Sciences, Faculty of Science and Technology, Deakin University P.O. Box 423, Warrnambool, Victoria 3280, Australia
School of Information Systems, Faculty of Business and Law, Deakin University, P.O. Box 423, Warrnambool, Victoria 3280, Australia
3
The UWA Oceans Institute (M470) and School of Plant Biology, Faculty of Natural and Agricultural Science, The University of Western Australia, Crawley
6009 Western Australia.
jacquomo.monk@deakin.edu.au
1
2

Accurate estimates of fish species occurrence are important to any species’ assessments and habitat suitability model. However,
surveys of marine fishes are often biased by method. Surveys of marine fishes are often biased by method. Such bias could
influence the interpretation of any habitat suitability model. With increasing emphasis on non-destructive sampling, underwater
video techniques are commonly used without a thorough understanding of their advantages and disadvantages. This study
compared data collected from baited remote underwater stereo-video systems and towed-video systems to provide occurrence
data to develop habitat suitability models of nine temperate marine fishes. While numerous studies have compared modelling
approaches in terms of model performance (i.e. via AUC or Kappa) the point of this paper was to highlight how very sensiblelooking, well-performing (based on AUC) models can providedifferent predictions of habitat suitability depending on which
dataset is used.
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Statoliths of Cubozoan jellyfishes: their utility to discriminate taxa and elucidate
population ecology
Mooney, Christopher*1 & Kingsford, Michael1
School of Marine and Tropical Biology and ARC Centre of Excellence for Coral Reef Studies, James Cook University, Townsville Qld 4811
christopher.mooney@my.jcu.edu.au
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Knowledge on cubozoan ecology is limited. The use of calcified structures for the purpose of ageing and stock identification
is well established for fishes. Jellyfishes also have calcified structures, cubomedusae have statoliths to orientate their eyes. The
statolith, a hard, crystal-like structure is made of CaSO4; it is the only hard structure in cubomedusae. Statoliths are resilient to
easy deformation thus providing an opportunity for morphometric analyses. The objectives of this study were to:
•

(1) use statolith morphometrics to discriminate taxa; and

•

(2) use elemental signatures in statoliths to test hypotheses concerning movements of cubozoans in and out of estuarine
waters.

Fourier descriptors indicated that different cubozoan taxa had uniquely different statolith shapes and these differences were robust
regardless of size of jellyfishes. This study showed statolith shape can be a useful taxonomic tool in identifying cubomedusae and
assist in the identification of cubozoan stocks. Statolith chemistry combined with daily rings in statoliths allowed us to determine
the sources (i.e. estuarine/ marine) of marine stingers (Chironex fleckeri). Statoliths provide an invaluable source of information
on cubozoan ecology.

Managing the resilience and services of coral reefs in a changing climate
Mumby, Peter*1,2
1
2

Global Change Institute, University of Queensland, St Lucia, QLD 4072
School of Biological Sciences, University of Queensland, St Lucia, QLD 4072

Coral reefs are increasingly being challenged by the outcome of global and local environmental and biological stress. The precise
consequences of these stresses for reef structure and function are difficult to predict, albeit amatter of grave concern. I discuss
recent efforts to consider the complex ways in which global change and local impacts combine to determine the functioning
and resilience of coral reefs. Specifically I ask how fundamental properties of reefs, such as their carbonate budget, are poised
to change over the forthcoming decades and evaluate the opportunities for mitigating such changes both at the local and global
scale.
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Hydrodynamic effects on grazing strength in seagrass ecosystems
Munkes Britta *1, Lavery, Paul1 & Vanderklift, Mat 2
Centre for Marine Ecosystems Research, ECU, 270 Dr., Joondalup WA 6027
CSIRO Marine & Atmospheric Research, Underwood Avenue, Floreat WA 6014
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The loss of marine ecosystems through nutrient pollution is a worldwide problem. Among the factors influencing ecosystem
susceptibility to nutrient enrichment, is the diversity and abundance of herbivores. Recent results draw a contradictory picture
about the role of these grazer communities in different seagrass ecosystems. Our research examines weather other impacts, such
as different hydrodynamic interactions, influences the relevance of mesograzer in ameliorating impacts resulting from nutrient
pollution. To answer this question we conducted field experiments in sheltered and exposed seagrass habitats and in different
seasons. Our results showed that epiphytic biomass could increase strongly with nutrient enrichment, but grazer could control
growth of epiphytic algae on seagrass leaves and prevent negative eutrophication effects. Hydrodynamic conditions and seasonal
effects modified the outcomes between the increase in epiphytic biomass and the control through mesograzer. During autumn
we did not observe any strong effects, neither in the effect of nutrient enrichment nor in the top-down control. In contrast during
summer, nutrient enrichment led to a strong increase in epiphytic biomass in treatments without grazers. At sheltered sites grazer
were able to control epiphytic growth, yet not at exposed sites. Our research provides new insight into processes that modify the
response of epiphytes to eutrophication and the potential grazing effects in ameliorating these effects.

Collecting ground data for remote sensing in mangroves
Murray, Kathy *1, Human, Brett A2, Behn, Graeme1 & Zdunic, Katherine1.
1
Department of Environment and Conservation, Locked bag 104, Bentley Delivery Centre WA 6983; Previously, Western Australian Fisheries and Marine
Research Laboratories, PO Box 20, North Beach WA 6920
Kathy.murry@dec.wa.gov.au

Wading through mangroves and mud is never easy, and is often hampered by large tidal movement, dense vegetation, the risk of
crocodile attack, the accessibility of the most appropriate study site and field costs. Remote sensing methods can have important
roles in the beginning of a field study as well as later, including site selection of homogenous sites. Employing navigation
aids such as PC tablet or a PDA are essential on the ground, for finding the right path to the homogenous site. Remote sensing
provides managers with the means to determine which sites are appropriate to ground truth and to reduce the number of visits to
the field needed to understand the condition of the mangrove vegetation. An important aspect of the collection of ground data
for remote sensing is identifying measurable on ground key habitat characteristics of mangroves that can be strongly correlated
with the variability in satellite imagery. The collection of ground truth canopy cover estimates from regional mangrove areas
in Western Australia in the same season as the imagery capture is essential to develop a robust mangrove index that will give
an indication of mangrove condition over time. Ground truthing canopy cover of homogenous sites is a widely used terrestrial
measurement of vegetation to determine vegetation condition that can successfully be applied to the mangrove environment. In
May 2009 a funded NRM Project (073007) through Department of Fisheries and supported by the Department of Environment
and Conservation (DEC) investigated several methods of measuring canopy cover in the Burrup mangroves. This study aimed
to determine which reading was the most accurate, the easiest to learn and the most time effective. These methods included the
use of a densitometer, a canopy cover key and photographing the canopy to extract the percentage that was not sky. The most
appropriate method was determined by undertaking a regression analysis with spectral values for each homogenous site. The best
regression equations were applied to the satellite image and validated with additional ground truth points to test which canopy
cover measurement performed best. Validation determined that the canopy cover estimated using the canopy cover key and
the eye were the most consistent method. The use of the camera to photograph the canopy also produced good results and had
potential with a refined technique. As a result of this study, current mangrove monitoring programs at the DEC collect canopy
cover measurements using both the canopy cover key and canopy photos estimates as a standard method when ground truthing
satellite imagery.
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Scales of investigation and impact – asking the right sized question for the problem at
hand
Neil, Kerry*1
GHD, 201 Charlotte St, Brisbane Qld 4000.
kerry.neil@ghd.com

1

Port development typically requires dredging of coastal sediments. A number of different legislative assessment and approval
processes exist across Australia through which large scale developments seek permits to proceed. The Terms of Reference against
which investigations are completed vary in their requirements. Typically site specific investigations are required. However, with
developments affecting migratory species, habitat prevalence and connectivity at local, regional and wider spatial scales are site
based investigations sufficient to provide rigorous understanding of potential impacts? And do we have sufficient understanding
of the effect of cumulative impacts to predict how the intertidal and subtidal systems will respond as we change the shape of
Australia’s coastline? Benthic primary producer data from a number of projects in Queensland will be compared and contrasted
to explore these questions against a backdrop of regulatory requirements.

Visual-Eyes: A look at the distribution and total number of photoreceptor cells in the
retina of rare deep-sea sharks
Newman, Amy*1, Marshall, Justin2 & Collin, Shaun1
Neuroecology Group, Animal Biology and Oceans Institute, University of Western Australia, Crawley WA 6009.
Sensory Neurobiology Group, Queensland Brain Institute and the School of Biomedical Sciences, The University of Queensland, St Lucia QLD 4067.
newmaa02@student.uwa.edu.au
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The deep-sea is the largest unexplored frontier on our planet today, and its inaccessibility has resulted in a lack of knowledge
and understanding about the organisms that occupy it. The environmental conditions an animal is exposed to are reflected in
its morphological and physiological adaptations: by investigating eye structure, information on how deep-sea animals perceive
their environment can be discovered. Eyes from seven deep-sea shark species (depth ranges < 2500 m) were removed and fixed
to preserve fine ocular tissue structure. The retina, a multilayered tissue containing the light detecting cells or photoreceptors,
located at the back of the eye was removed. The number and topographic distribution of photoreceptors within the retina of three
specimens from each species was measured. All seven species showed specializations within the retina, attributable to depth
inhabited and foraging/predator avoidance behaviours. One species, Parmaturus bigus known only from one specimen previous
to this study, was found to have a specialization of increased cell density in the temporal region of the retina, likely to enhance
prey detection at low light levels. The highly specialized senses of sharks have allowed them to become apex predators, making
them a fascinating subject for comparative morphology and physiology.
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Protecting coastal saltmarsh under national environment law
Newton, Gina M.*1
Department of Sustainability, Environment, Water, Population and Communities, GPO 787, Canberra, ACT 2601
gina.newton@environment.gov.au
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For the first time, coastal aquatic communities are being assessed for potential listing as threatened ecological communities
(TEC) under Australia’s national environment law, the Environment Protection and Biodiversity Conservation Act (EPBC Act).
First cabs off the rank are The Giant Kelp Forests of the East and South Coasts of Tasmania and the Lower Murray River and
associated wetlands, floodplains and groundwater systems for the junction of the Darling to the sea (including the estuarine
Coorong, and Lower Lakes). In 2010, a nomination for coastal saltmarsh was formally accepted for assessment as Subtropical
and Temperate Coastal Saltmarsh. This ambitious assessment incorporates coastal saltmarsh from across five jurisdictions
(Qld, NSW, Vic, SA, Tas). Saltmarsh area around Australia continues to contract due to a range of threats, for example: infilling, encroachment of mangroves, weed invasion, pollution, etc. Listing of TECs is an important form of ‘whole of system’ or
landscape/seascape-scale and multi-species conservation that recognises the importance of species interactions and connectivity.
In addition to giving national recognition that the biodiversity asset is ‘threatened’, it is a valuable tool for increasing awareness
of valuable ecosystems, habitats and native species under pressure, and of the related ecosystem services they provide. It can also
provide leverage for conservation related funding and initiatives. Listing includes the preparation of a comprehensive, scientific
‘listing advice’ (developed in consultation with technical experts) which provides information on ecological character and
function, biodiversity, threats, and thresholds. The listing advice and an accompanying conservation advice can also contribute to
management decisions to minimise further decline, and/or to promote restoration and sustainable development. This presentation
will overview the national listing process and the challenges of applying the regulated process for the first time this particular
coastal aquatic system.

Predicting effects of sea level rise on eelgrass decomposition: direct and indirect effects
of tidal inundation
Nicastro, Andrea*1 & Bishop, Melanie1
Department of Biological Sciences, Macquarie University, North Ryde NSW 2109,
andrea.nicastro@students.mq.edu.au
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Global change is predicted to have major impacts on decomposition processes. We made use of a tidal elevation gradient to predict
how loss of intertidal habitat due to sea level rise and urbanization will directly, via changes in the decomposition environment,
and indirectly, via changes in leaf traits, influence decay of the south-east Australian seagrass Zostera muelleri. First, we assessed
how the quantity and quality of organic matter produced by Z. muelleri varies across a tidal elevation gradient. Secondly, we
used a litter bag experiment to assess how effects of tidal elevation on leaf traits and decomposition environment interact to
influence decomposition rate. Surveys of three estuaries revealed that the size of seagrass blades and their stiffness generally
increased with depth, and that the carbon and fibre content of blades was greater at subtidal and low intertidal than high intertidal
elevations. Differences in litter quality among tidal elevations were, however, less important than differences in exposure time
in determining litter decomposition. Litter bags incubated in permanently (subtidal), and mostly submerged conditions (low
intertidal) had a faster rate of mass loss than those in the high intertidal, irrespective of litter quality. Nevertheless, differences
among tidal elevations were greater for the intertidal seagrass than the stiffer subtidal Zostera. These results indicate that sea level
rise will affect the quality, quantity and the cycling speed of detrital resources. In areas where intertidal is replaced with subtidal
seagrass, the enhancement of decomposition might induce sediment anoxia if sediments are poorly mixed.
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Biogeochemical assessment of the sediments of Port Phillip Bay using benthic chamber
technology
Nicholson, Geoff*
Port Phillip Bay is an almost land-locked marine embayment of 1950 km2 area. It is located on the central south coast of the
State of Victoria, with the cities of Melbourne (pop. 3,000,000) and Geelong (pop. 200,000) sited on the shores of the Bay.
The catchment of the Bay encompasses forested, agricultural, urban and industrial land and has an area of about 10,000 km2.
The major nutrient loads enter the Bay via riverine transport and sewage treatment facilities. The Yarra River is the major
catchment river, draining approximately 65% of the catchment. More than half of Melbourne’s wastewater, including about 90%
of industrial liquid waste, passes through the Western Treatment Plant (WTP) where treated effluent is discharged directly to the
Bay. Rivers, streams and drains discharge annually from 2000 to 3000 tonnes of N and 500 tonnes of P to the Bay. About 3600
tones of N and 1000 tonnes of P enter the Bay annually in effluent from the WTP. Benthic chamber data behaviour over time
indicates spatial and seasonal effects being major causes of sedimentary nutrient biogeochemistry.

Abundance of bottlenose dolphins (Tursiops sp.) in the western gulf of Shark Bay,
Western Australia
Nicholson, Krista*1, Pollock, Ken1, Krützen, Michael1,2, Allen, Simon1 & Bejder, Lars1
Murdoch University Cetacean Research Unit, School of Biological Sciences and Biotechnology, Murdoch University, 6150 Murdoch
Evolutionary Genetics Group, Anthropological Institute & Museum, University of Zurich, 8057 Zurich Switzerland
k.nicholson@murdoch.edu.au
1
2

We use mark-recapture methods applied to photo-identification data to estimate abundance and survival rate of bottlenose
dolphins (Tursiops sp.) in the western gulf of Shark Bay, Western Australia. The data used for this study was collected as part of
a long-term project assessing factors that drive tool use (foraging with a protective marine sponge over the beak) in bottlenose
dolphins. Boat-based photo-identification surveys on dolphin groups were conducted in each austral winter (April-September)
between 2007 and 2010 along ten transect lines. Each transect line was repeated 25 times in total over the four winters. To
date, a total of 1190 dolphin groups (ca. 55% ‘on transect’ and 45% ‘off transect’) have been photo-identified, resulting in the
identification of >400 individual dolphins. The Robust Design was chosen as the appropriate model to estimate abundance and
survival rate as temporary emigration could be incorporated in the analysis. This study is the first robust abundance estimation
of bottlenose dolphins in part of the western gulf and will serve as a baseline for making future comparisons. This research has
both empirical and applied value, since these results allow us to (1) better estimate the proportion of the population that engages
in tool use and, thus, address questions centred around behavioural ecology, and (2) assess whether or not future increases in
anthropogenic activity may degrade habitat to the extent that population size and behaviour is affected.

103

48th Australian Marine Sciences Association Conference 2011

Measuring behavioural impacts of seismic surveys on humpback whales (Megaptera
novaeangliae)
Noad, Michael*1, Cato, Douglas2,3, Dunlop, Rebecca1 & McCauley, Robert4
Cetacean Ecology and Acoustics Laboratory, School of Veterinary Science, The University of Queensland, Gatton, QLD 4343
University of Sydney Institute of Marine Science, University of Sydney, NSW 2006
3
Marimtime Opertations Division, Defence Science and Technology Organisation, 13 Garden St, Eveleigh, NSW 2015
4
Centre for Marine Science and Technology, Curtin University of Technology, GPO Box U1987 Perth, WA 6845
mnoad@uq.edu.au
1
2

Seismic airguns are devices used to find oil and gas deposits under the seafloor. They produce a loud percussive sound every 10
to 20 seconds usually for extended periods, and there is concern that these sounds may have a negative impact on nearby marine
mammals. Determining the impacts of various industrial activities in the marine environment can be very difficult, particularly
behavioural effects on marine mammals. Marine mammals are mobile and cryptic, being difficult to follow and behaviourally
assess, particularly when not at the surface. In the first year of a four year study we conducted a behavioural response study
(‘BRS’) exposing humpback whales to the sounds of a small (20 cubic inch volume) airgun as they moved through our study site
north of Brisbane. The aim was to record the behavioural responses and determine which factors involved in the interaction are
most strongly correlated with the degree of change (e.g. received level, proximity of the airgun, social behaviour of the whale
group) and whether or not these behavioural changes are likely to have longer term biological effects. The whales were followed
from three different platforms: elevated land stations, small boats and high resolution behavioural tags attached to the whales
(Dtags). During each trial one to three groups of whales were followed and behavioural observations recorded for at least 1h preexposure, then 1h during ‘exposure’, and 1h post-exposure. ‘Exposure’ included one of four treatments: two different tow paths
(east and north) each with either the airgun firing (‘active’) or the airgun towed behind the source vessel but not firing (‘control’).
Acoustic loggers and hydrophone buoys were also deployed to measure the acoustic environment including the acoustic level of
the airgun and the acoustic behaviour of the whales. Overt behavioural responses included whales moving rapidly towards the
source vessel while avoidance reactions were more subtle than expected. Future experiments at this site and offshore north of
Exmouth Gulf will include experiments with larger arrays of airguns including one typical for industry.

Developing a mesocosm approach to detect community responses to pollutants in
estuaries
O’Brien, Allyson*1 & Keough, Mick1
Centre for Aquatic Pollution Identification and Management, Department of Zoology, University of Melbourne, Parkville, Victoria 3010
allyson@unimelb.edu.au

1

Biological stress responses are used as indicators of pollution and environmental condition in marine and estuarine ecosystems.
Development and implementation of techniques that detect stress responses have largely focussed on individual species with
relatively little attention to equivalent responses at the community level of organisational structures. Identifying community
stress responses and linking these to specific pollutants is required to adequately assess environmental condition and implement
monitoring and mitigation measures that embody whole ecosystems. We are developing a mesocosm approach to detect changes
in benthic soft sediment communities in response to pollutants in estuaries. This approach is one of several new technologies
being developed by research groups in the Victorian Centre for Aquatic Pollution Identification and Management to identify
impacts of pollution in aquatic environments. Initial experiments used to trial the approach tested the hypothesis that differences
between benthic fauna abundances and community structure depended on levels of sediment contamination. Mesocosms (30 x
20 x 7cm) containing defaunated sediments with varying levels of contamination were buried in the sediment at four estuarine
sites in Port Phillip Bay and Western Port Bay, Victoria. Replicate mesocosms were sampled over six weeks for heavy metals
concentrations, sediment characteristics, fauna abundance and biomass. The effect of varying levels of metal contamination
on soft sediment benthic fauna communities are explored and the implications for using this approach in rapid assessments of
estuary condition are discussed. Further studies using this approach will focus on specific pollutants and how these relate to
ecological functioning and resilience of estuaries in Victoria.
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Connectivity in coral reef seascapes: are there different effects from neighbouring
seagrass and mangroves?
Olds, Andrew*1, Connolly, Rod1, Pitt, Kylie1 & Maxwell, Paul1
Australian Rivers Institute – Coast and Estuaries, School of Environment, Griffith University, Gold Coast QLD 4222
a.olds@griffith.edu.au
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Coral reef fish depend on reefs, but they also move across habitat boundaries for a variety of reasons, including foraging, seeking
shelter, spawning and dispersal. Mangrove and seagrass habitats are particularly important as juvenile nurseries and foraging
locations, and their position relative to reefs can affect both the demography of reef fish populations and the composition of
reefal assemblages. Surprisingly, we still lack information on whether the effects of this connectivity differ among habitats.
We used an exploratory seascape approach to examine relationships between fish communities, measures of reef condition and
connectivity with mangrove and seagrass habitats in Moreton Bay. Our results suggest a hierarchy in the responses of reef fish to
seascape connectivity, with assemblage composition being primarily distinguished by isolation from mangroves, and secondarily
by proximity to seagrass. Reefs close (< 250 m) to mangroves were characterised by more mangrove- influenced species than
those farther away (> 500 m). Within both levels of connectivity with mangroves, reefs closer to larger seagrass meadows also
supported more seagrass-influenced species. Measures of reef condition (i.e. area and cover) were only important in separating
communities within each of these groups. We demonstrate that mangrove and seagrass habitats can exert different effects on
reef fish assemblages, and suggest that, where other factors remain equal, greatest abundance and diversity might be expected on
reefs with high coral cover and connectivity to both mangroves and seagrasses. These findings have important implications for
the design of marine reserve networks and the management of mobile exploited populations across reef seascapes.

Impact of temperature stress on Acroporidae on Great Barrier Reef survey reefs
Osborne, Kate*1, Maynard, Jeff2 & Sweatman, Hugh1
Australian Institute of Marine Science, Townsville, Private Bag 3, Townsville Qld 4810
Maynard Marine Consulting Inc.
k.osborne@aims.gov.au
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Climate change is expected to impact coral reefs through increasing the frequency and severity of existing stressors, including
cyclones and storms, crown-of-thorns starfish (Acanthaster planci), coral bleaching and disease. Based on regular surveys of
47 reefs by the AIMS long term monitoring project, A. planci and storms affected the largest number of reefs and caused the
largest declines in coral cover on the GBR. However the contribution of coral disease and bleaching to coral losses may have
been underestimated in field studies. To make a more realistic assessment of coral loss associated with stress due to high water
temperature, we assembled a temperature history from environmental monitoring satellites for the 47 survey reefs from 19942010. On average, conditions for coral bleaching occurred at each reef in 3.61 of the 17 years. Only two of the reefs did not
experience bleaching conditions at least once in the period of surveys. This implies that thermal stress is likely to have been
impairing recovery from disturbance in recent years. To test this we examined whether elevated temperatures were associated
with changes in growth rates of fast-growing Acroporidae corals in years where no other disturbances were recorded.
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The effects of bioturbation by stingrays at Ningaloo Reef, Western Australia
O’Shea, Owen*1, 2, Meekan, Mark1 & van Keulen, Mike2
Australian Institute of Marine Science, 35 Stirling Highway, Crawley, Western Australia 6009
Murdoch University, South Street, Western Australia, 6150
o.oshea@aims.gov.au
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2

Stingrays are an important part of the biomass of the fishes in shallow, coastal ecosystems, particularly in inter-reefal areas. In
these habitats they are thought to be keystone species, responsible for modifying physical and biological habitats through their
foraging and predation. However, there have been few attempts to quantify the effects of these animals on benthic environments.
Here, we examine the effects of bioturbation by rays on sand flats of the lagoon of Ningaloo Reef WA. At Mangrove Bay we
surveyed 15, 10x10 m quadrats during August 2009, September 2010 and February 2011. We recorded all pits that could be
identified as due to ray feeding. Of these, 98 were selected randomly to be measured (length, breadth, depth) on a daily basis for
a week. Over the 21 day period, a total of 2.01 cubic m of sediment was excavated by ray pits equating to a wet weight of 1,411.3
kg and 2.42% of the total area sampled. Based on these figures, up to 42% of the soft sediments in our study area would be reworked by stingray feeding to an average depth of 5.16 cm over a year. Within the 15 quadrats, new pits were formed at a rate of
0.41/day and then maintained a clear shape for an average of 1.57 days, after which time they could no longer be measured. All
evidence of the pit was lost after an average of 3.3 d. In addition to the turnover of sediment and removal of prey, pits created
sheltered habitats for a range of organisms, including larval fish, crabs and gastropods. The role of stingrays is compared with
that of other organisms that are seen as important ecosystem engineers in soft-sediment environments such as dugongs, crabs
and callianasiid shrimps.

Cause-Effect pathways in mangrove ecosystems; can they make management easier?
Paling, Eric*1 & Pedretti, Yvette2
Sinclair Knight Merz, Level 7, Durack Centre, 263 Adelaide Terrace, Perth, WA 6001
School of Environmental Science, Murdoch University, Murdoch, WA 6051
EPaling@skm.com.au
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Conventional regulation relies on the modelling of physical systems to connect changes in human activity to the metric of system
performance. Management of complex natural systems also requires models that link patterns of human impact to changes in
the relevant metric of system performance. Unfortunately however, the determination of all but the most simple cause and
effect pathways regarding biological systems, including mangroves, remains largely incomplete. Present research outcomes now
allow us to gain some idea of the pathways often associated with mangrove habitat degradation or loss. Conceptual modelling
illustrates that, while a number of natural factors affect mangroves, anthropogenic impacts can be fairly easily defined. This
allows us to focus our attention when considering activities that may impact upon these ecosystems. This paper will describe
cause/effect pathways applicable to all mangrove systems and the impacts associated with them.
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Modelling sediment biogeochemistry: challenges and opportunities
Paraska, Daniel*1, Hipsey, Matthew R1. & Salmon, S. Ursula1
School of Earth and Environment, The University of Western Australia, 35 Stirling Highway, Crawley WA 6009
parasd02@student.uwa.edu.au

1
*

Marine ecology can be strongly affected by the biogeochemistry of sediments. Chemical interactions across the sediment-water
interface control the cycling of nutrients, the release of toxic contaminants and the amount of oxygen available in the water. Given
the complex set of interdependent chemical and microbial reactions, it is not easy to predict how a change in one component of
the system will affect the other components. Numerical models are therefore useful tools for understanding and unravelling these
processes. The models have advanced over the past two decades as computing power increases and better geochemical sampling
techniques make more field data available for validation. There are now many types of models of sediment early diagenesis that
have various process conceptualisations and numerous parameters that remain poorly characterised. Here we review approaches
and recognise the strengths of different diagenetic models, outline several major challenges for model development, and identify
key parameters that need to be more thoroughly investigated through field and lab experimentation to improve our confidence
in model predictions.

Adult exposure influences offspring response to ocean acidification in oysters
Parker, Laura M.*1, Ross, Pauline M.1, O’Connor, Wayne A.2 & Borysko, Larissa1
School of Natural Sciences, University of Western Sydney, Locked Bag 1797, Penrith South DC 1797, Sydney, New South Wales
Industry and Investment NSW, Port Stephens Fisheries Centre, Taylors Beach
Corresponding authorl: pm.ross@uws.edu.au
1
2

Predicting the impact of elevated CO2 on oceans and their inhabitants although difficult (Pörtner et al. 2004; Dupont 2010;
Hendriks 2010; Durate et al. 2010) is essential in order to anticipate the severity and consequences of future change. Despite the
importance of carry-over effects in the evolutionary history of marine organisms, few studies have considered the links between
life-history stages when determining how marine organisms will respond to elevated CO2, and none have considered the link
between adults and their offspring. This greatly limits our ability to predict whether marine organisms and ecosystems will have
the capacity to adapt to ocean acidification over the next century. Here we exposed adults of wild and selectively bred Sydney
rock oysters, Saccostrea glomerata to elevated CO2 during reproductive conditioning and measured the development, growth and
survival response of the larvae. We found that elevated CO2 had a negative impact on larvae of S. glomerata causing a reduction
in growth, rate of development and survival. Interestingly, however, exposing adults to elevated CO2 during reproductive
conditioning had positive carry-over effects on larvae. Larvae spawned from adults exposed to elevated were larger in size,
developed faster, but had similar survival compared to larvae spawned from adults exposed to ambient CO2. This occurred when
the larvae were reared at both ambient and elevated CO2. Finally, selectively bred larvae of S. glomerata were more resilient to
elevated CO2 than the wild larvae. These results suggest that sensitive marine organisms may have the capacity to acclimate or
adapt to elevated CO2 over the next century.
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Automatic detection of beaked whale echolocation clicks recorded in the Coral Sea
Parnum, Iain M.*1, McCauley, Robert D.1, & Cato, Douglas H.2, 3
Centre for Marine Science and Technology, Curtin University, Perth, WA, 6152
Defence Science and Technology Organisation, 13 Garden Street, Eveleigh, NSW, 2015
3
University of Sydney Institute of Marine Science, NSW 2006
i.parnum@cmst.curtin.edu.au
1
2

Combined visual and acoustic surveys for beaked whales (BWs) were carried out between 15th August and 25th September
2008, and between 8 July and 2 August 2009 in an area of the Coral Sea used for naval exercises. These surveys were part
of a collaborative project between the Universities of Sydney, Queensland, Curtin University and the Defence Science and
Technology Organisation (DSTO) aimed at trialling methods for detecting BWs, and determining their distribution across the
exercise area. The main role of the Centre for Marine Science and Technology (CMST) in this survey was to supply and deploy
high-frequency (HF) noise loggers on drift moorings in selected sites to record beaked whale clicks, carry out preliminary data
analysis and develop methods for automatic beaked whale detection. The results of the HF logger deployments are:
• Two methods for the automatic detection of BW clicks have been developed. One classifying envelop, spectral and cepstral
features using a multivariate normal distribution function, and the other using cross-correlation with a bank of BW and nonBW clicks. Both BW automatic detection methods have a training error of less than 2 %.
•

In 2008 and 2009, 14 HF noise logger deployments recorded 225 hours of underwater noise in the survey area. Using the
automatic detection methods developed in this study, more than 4000 BW clicks were detected from 8 Deployments. Since
large numbers of clicks are produced by a single individual, the actual number of beaked whales may be much less than this.

•

The automatic methods provide substantial improvement on manual methods of detection of beaked whale clicks, since
these are very time consuming, given that the clicks are less than 400 µs duration.

Are Swan River mulloway totally tone deaf or can the ‘great one’ hold a tune?
Parsons, Miles*1, McCauley, Rob1 & Duncan, Alec1
Centre for Marine Science and Technology, Curtin University, GPO Box U1987, Perth WA 6845
M.Parsons@cmst.curtin.edu.au
1

In many species, acoustic features of fish calls have been reported as individually characteristic and often of constant spectral
nature. These characteristics can play an important cue in mate selection, such as a preference for fish emitting calls of lower
frequency (usually implying a bigger fish). Similar to other Sciaenidae, mulloway (Argyrosomus japonicus) emit spawning
associated tonal calls generated by pulses from a vibrating swimbladder. Recordings of mulloway vocalisations were acquired
in the Swan River, Western Australia during summer months, when spawning mulloway are present in large numbers. During
‘long’ calls (11-32 pulses) pulse repetition frequencies (PRFs) often remained comparatively constant at 60 Hz (s.d. 2.6, n =
570). However, some mulloway calls have also shown variations in pressure waveform and spectral content within individual
calls. Waveform amplitude, pulse duration and repetition frequency were analysed and compared to variation in call spectral
content. A positive correlation was observed between variation in call spectral peak frequency and the relative PRF and pressure
wave amplitude of each pulse. Spectral content of localised calls has shown that observed variations were unlikely to be due
to fish movement relative to the hydrophones and almost certainly generated by the fish. A relationship between changes in
sonic muscle tension and acoustic characteristics has been inferred. Swan River mulloway can also emit a second category of
‘short’ calls comprising fewer swimbladder pulses, at elevated PRF (up to 114 Hz) and therefore higher modulation (or ‘carrier’)
frequencies. In such calls the PRF decreased with each repeated pulse (11.15 and 8.60 Hz reduction between the second and third,
and third and fourth pulse sets respectively), suggested to be evidence of fatigue limiting in the sonic muscle. So mulloway can
produce calls of varying pitch, but whether this is a voluntary song or involuntary muscle variation remains to be determined.
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Onshore to offshore gradients in picoplankton in the Kimberley: Environmental
forcing of the microbial food web
Patten, Nicole*1,2,3, Waite, Anya1,2, Mohl, Malene1,2, & Thompson, Peter4
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Picoplankton (cell size class 0.2 – 2 µm), comprising both phototrophic (picophytoplankton) and heterotrophic (bacteria) cells, are
major contributors to biomass and productivity in oligotrophic oceanic system. In nutrient poor ocean waters, picophytoplankton
commonly account for >80% of phytoplankton biomass while bacteria can account for >30% of carbon biomass. The Kimberley
is a region characterized by extreme tides, extensive mixing, high turbidity, high temperatures but low nutrient levels. These
conditions suggest that in Kimberley waters, picoplankton likely constitute a large proportion of biomass and will be responsible
for rapid recycling of nutrients in the Kimberley. Picophytoplankton (Prochlorococcus, Synechococcus, and picoeukaryotes),
heterotrophic bacteria and virus concentrations were investigated during a research cruise in the Kimberley in April 2010.
Samples were collected along 5 onshore to offshore transects, encompassing highly turbid and shallow (~20 m depth) though to
clear, deep ocean water (> 1000 m depth) at various depths throughout photic zone. Picoplankton community composition, as
well as bacteria and virus concentrations, exhibited significant variations over horizontal and vertical spatial scales. Distributions
of picoplankton and viruses were linked to physical and chemical parameters of the water column in an effort to understand the
important factors driving picoplankton dynamics in the Kimberley region.

Surface Current Measurements off Fremantle using HF Radar
Pattiaratchi, Charitha*1
School of Environmental Systems Engineering & UWA Oceans Institute, The University of Western Australia, 35 Stirling Highway, Crawley, WA 6009,
Australia.

1

The use of High-Frequency radar for measuring surface currents on continental shelves has been well established through
development for over 30 years. The West Australian Integrated Marine Observing System (WAIMOS) has access to two HF
Radar systems are operated by the Australian Coastal Ocean radar Network (ACORN): a WERA phased array system with shore
stations located at Leighton Beach and Guilderton and a CODAR Seasonde beam-forming system with shore stations located at
Seabird and Cervantes. These systems cover the coastal region from Cape Peron to Jurien Bay, extending up to 150 km offshore.
The systems provide hourly values of surface currents on a regular grid with spacing of 4-6km. The surface currents measured
by the HF Radar together with coincident sea surface temperature images indicated the presence of several eddies, particularly
within the Perth canyon. Here, a topographically trapped eddy was observed many times and appears to be a quasi-permanent
feature. However this eddy migrates to the north and south of the canyon which leads to either upwelling or downwelling at the
head of the canyon which was confirmed by a current mooring at the 200m contour. The presence of the eddy confirmed previous
numerical modelling of the region which also predicted the presence of the eddy within the canyon.
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Dredge Plume Modelling as a Tool in Ecological Impact Assessments
Pedersen, Claus*1 & Ling, Amy Chu Chu1
1
DHI Water & Environment Sdn. Bhd., 11th Floor Wisma Perindustrian, 88400 Kota Kinabalu, Sabah, Malaysia
clp@dhi.com.my

Sediment plumes generated through dredging (and reclamation) can have significant ecological impacts, e.g. generated through
light attenuation caused by suspended solids and/or smothering of habitats through sedimentation. The potential impacts will
depend on a large number of factors, including but not limited to:
• Scale of project, i.e. dredge volume and duration.
•

Sediment characteristics, e.g. percentage fines, of the material to be dredged.

•

Dredging methodology and associated spill generation.

•

Climatic conditions during dredging and resulting plume dispersion.

•

Proximity to sensitive habitats, e.g. coral reefs and seagrasses which benchmark some of the more sensitive habitats.

Dredge plume modelling is a key tool in quantifying the plume dispersion and derive relevant parameters for an assessment of
the likely ecological impacts.It has to be recognised that there are significant uncertainties involved in dredge plume modelling
at the EIA stage. Typically, the dredge methodology, dredge schedule and likely climatic conditions and sediment spill rates are
not well defined prior to start of dredging, which may result in a large uncertainty on the expected footprint in terms of ecological
impacts at the EIA stage. The paper will discuss key uncertainties in the impact assessment and ways of addressing them at the
EIA stage. Furthermore, the application of modelling as a tool in dredge impact management will be outlined and discussed.

POTBot: A cost effective approach to mapping habitats
Pember, Matthew Barrett*1, de Lestang, Simon1 & Slawinski, Dirk2
Department of Fisheries, Government of Western Australia, PO Box 20, North Beach WA 6920
CSIRO, Marine and Atmospheric Research, Private Bag 5, Wembly WA 6913
Matthew.Pember@fish.wa.gov.au
1
2

Knowledge of the relationships between exploited species and the habitats that support them is critical to effective fisheries
management. However, the acquisition of the spatially explicit habitat information required is expensive. POTBot combines open
source software with inexpensive and readily available hardware in a system capable of providing high resolution, geo-referenced
habitat information. POTBots can be deployed by fishers, with no added cost or interruption to their fishing operation, and the
collated data can provide a map of the benthic habitats fishers operate in across the extent of a fishery. In addition to mapping
habitat, these systems are capable of collecting a range of other important data including spatially specific environmental data
(salinity, water temperature and depth) and the relative abundance / species composition of finfish in that area. This increased
understanding of the way habitats influence the demographics of exploited species and continuous system of monitoring habitat
changes will enhance the capacity of fisheries management to adapt to issues such as climate change. These technologies have
far reaching applications across other areas of marine science.
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Challenges and opportunities of the Arafura and Timor Seas
Poiner, Ian*1
1

Australian Institute of Marine Science, PMB 3, Townville Qld 4810

The Arafura and Timor Seas are central to the big issues facing the region and the world: climate, climate variability, climate
change; sustainable development; economic growth; regional security; eenergy security; food security; and, health and well
being. In contrast to some of the densely populated northern regions of the Arafura Timor Seas, the southern coastal and marine
waters of the Northern Australian Shelf are sparsely populated, with relatively undeveloped catchments. In many parts this has
resulted in ‘near pristine’ tropical coastal-marine ecosystems (Halpern et al. 2008) and globally significant, tropical coastalmarine habitats and biodiversity. These southern waters are also a global stronghold for many species of marine megafauna,
including rare, threatened and endangered marine species (including turtles, dugongs, cetaceans, elasmobranchs). While the
warm-water, Indonesian Throughflow, a warm-water current flowing from the Pacific to the Indian Ocean, crosses the northwestern part of this LME and plays a vital role in driving the world’s climate systems, carrying up to 10,000,000 cubic meters per
second from the Pacific Ocean to the Indian Ocean. These assets are vulnerable to climate change, while biophysical processes
but key to understanding climate. It is a region already confronting major environmental issues (e.g. water, coastal development
and fisheries declines). As a region with resource based (or resource dependent) economies projected to rapidly expand, these
environmental issues are forecast to get worse. Significantly, many of these habitats and species in the NAS LME undergoing
rapid decline globally – particularly in South East Asia. With healthy populations of species, high species biodiversity and
intact coastal, estuarine and marine habitats – the NAS LME likely to become a refuge for many tropical marine species and
increasingly, play a crucial role in maintaining this regional (and global) biodiversity. Governments and industry are hampered
by a lack of actionable knowledge about environmental assets and environmental processes in the tropics and need better access
to data and information for effective decision-making. In this presentation I will discuss the challenges and opportunities around
the Arafura/Timor Seas environment including: industry development on the threshold of rapid acceleration; major public policy
and development decisions that will impact for decades; governments and industry knowledge needs to underpin informed
decision making; new economies and opportunities for tropical nations; and, policy, planning and management based on best
science.

Some design principles for marine mammal impact assessment studies
Pollock, Kenneth H.*1
Centre for Fish, Fisheries and Aquatic Ecosystem Research, School of Biological Sciences and Biotechnology, Murdoch University, South St, Murdoch WA
6150
k.pollock@murdoch.edu.au

1

In Western Australia many marine mammal assessment studies are planned for marine areas likely to be affected by many
kinds of development. I consider the fundamental design issues of such studies from a statistical perspective. Ideally studies
should be designed to collect both before and after data on sites likely to be both heavily and lightly impacted by development
projects (BACI). This leads to general issues of choice of sampling units and their scale. The relative merits of estimation of
relative abundance versus absolute abundance are contrasted. This leads to the need for estimation of a detection process model
consisting of both an availability and a perception component. Some methods of estimating these detection probabilities are
considered for different types of surveys for both aerial and boat observation platforms. I conclude with a discussion of bias and
precision issues.
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An inordinate fondness for amphipods? Testing links between plant feeding and
diversification in the aquatic Crustacea
Poore, Alistair*1, Lowry, Jim2 & Sotka, Erik3
Evolution & Ecology Research Centre, University of New South Wales, Sydney NSW 2052
Crustacea Section, Australian Museum, Sydney NSW 2010
3
Grice Marine Laboratory, College of Charleston, Charleston, SC 29412, USA
a.poore@unsw.edu.au
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Overcoming the challenges associated with feeding on plants is considered a key innovation that has led to the spectacular
evolutionary radiation of herbivorous insects on land. In the ocean, crustaceans are the predominant small herbivores consuming
benthic seagrass and algae, but the role of herbivore phylogeny in determining feeding patterns is rarely examined. Using family
level phylogenies, we determine how often herbivory has arisen among the predominant taxa of small, herbivorous crustaceans
(amphipods and isopods). By contrasting herbivorous families with their sister clades, we will provide the first rigorous test of
whether plant feeding is associated with higher rates of diversification as has been shown for terrestrial insects.

Integrated marine mapping to inform management of the Timor Sea
Przeslawski, Rachel*1, Anderson, Tara1; Heap, Andrew1; Li, Jin1; Nichol, Scott1 & Radke, Lynda1
Geoscience Australia, GPO Box 378, Canberra ACT 2601
rachel.przeslawski@ga.gov.au

1

The Timor Sea is a region of significant petroleum and fishing activity and provides a major trade corridor between northern
Australia and south-east Asia. To inform management of these activities, an interdisciplinary study of the benthic marine
environments of the eastern Timor Sea was undertaken to generate information for guiding future infrastructure development
by the offshore petroleum industry and establishment of marine protected areas. Geoscience Australia, in collaboration with the
Australian Institute of Marine Science and the Museum and Art Gallery of the Northern Territory, undertook two marine research
surveys to investigate and map the spatial linkages and processes between the physical environment and associated biological
communities. The study area was characterised by four geomorphic feature types: plains, terraces, banks, and valleys. Plains
consisted of a relatively flat seafloor with muddy sediments and high infaunal diversity. Valleys were characterised by channels
up to 200 m deep with muddy sand and moderate infaunal and epifaunal diversity. Valley floors are covered by extensive
fields of shallow (<3 m) pockmarks, likely related to the upward migration of gas from deeper sediments. Terraces consisted
of mostly flat seabed mantled by slightly muddy coarse-grained sand and highly variable epibenthic diversity. Banks were the
shallowest features, characterised by coarse sand and rich sponge and octocoral gardens. Geochemical analyses revealed that
sediments of terraces and banks had comparatively higher carbonate and lower terrigenous elements, while banks and plains
had comparatively higher reactive organic matter. Hard corals were recorded from some banks, and Acropora rubble collected
from one of the terraces indicates that deeper features once supported dense coral assemblages, likely during lower sea levels
in the early Holocene. No bathymetric change was detected in a representative channel and terrace system between 2009 and
2010, indicating that banks on the outer shelf were relatively stable between the surveys. However, the sub-bottom profile
data indicate the flanks of some valleys may be subject to slumping and localised erosion over longer time scales. By using
interdisciplinary methods, results from these surveys highlight the geological and biological complexity of the region as well as
identifying potentially unique or significant habitats such as sponge gardens and hard corals. This integrated approach provides
a holistic understanding of the spatial relationships between the physical environments and biological communities at a regional
scale which will be available as a series of maps and reports. This new information allows all stakeholders to assess the wider
environmental significance of their activities and provide a spatial framework for regulation.
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DSS Tool to Facilitate Decision Making of Sediment Impacts on Sensitive Marine
Receptors
Pui, Cuifen*1; Phipatanasuphorn, Veradej1; Xiling, Shen1 & Jury, Matt1
DHI Water & Environment (S) Pte. Ltd., 200 Pandan Loop, Pantech 21, #08-03, Singapore 128388.
pcf@dhi.com.sg.
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A typical approach in marine environmental assessments and monitoring programs is the use of numerical models to predict the
magnitude and duration of sediment impacts resulting from marine dredging works on sensitive marine receptors. Assessment
of predicted or actual impacts may be based on comparison of the model results of the dredging program with known tolerance
limits and locations of key sensitive marine receptors in the study area. The process of combining all of these different sources
of data together for impact assessment is tedious and time-consuming. DHI is developing a Decision Support System (DSS) tool
to facilitate the decision making process. The tool is built from existing software tools (DHI’s MIKE and ESRI’s ArcGIS), and
is designed with the end-user in mind. The tool basically:
• Categorises the sediment concentration results into impact zones, based on established tolerance limits of a given key
receptor type in the study area; and
•

Produces maps integrating the impact zones with other key visual elements, for user-specific scenarios, allowing for
effective communication of anticipated impacts to relevant decision makers and the general public.

As the tolerance limits of sensitive habitats will be different in different areas, and may also be refined in a given area may
over time, the DSS tool is customised to allow the end-user to change the input values. Examples of the tool’s applications are
presented.

The influence of light and tidal exposure on primary production in the tropical seagrass
Zostera capricorni and Halophila ovalis
Petrou, Katherina; Jimenez-Denness, Isabel; Chartrand, Katie; McCormack, Catherine, Rasheed,
Michael & Ralph, Peter*
The growth, survival and depth penetration of seagrass is directly related to light availability, which drives photosynthesis. The
amount of light reaching seagrass beds is highly variable and can be easily disrupted by human activities, such as dredging.
Dredging results in increased turbidity and decreased light penetration to the seagrass beds, invariably influencing overall
productivity and seagrass health. To better understand seagrass light requirements and resilience to environmental stressors
such as dredging requires knowledge on seagrass photophysiology and the impact air exposure during a tidal cycle has on
photosynthesis. Oxygen, fluorescence and bio-optical properties were measured over a tidal cycle in seagrass beds of Zostera
capricorni and Halophila ovalis in Gladstone Harbour to provide insight into the variability in carbon production in intertidal
seagrass meadows. Both species showed an increase in photosynthetic activity with increased irradiance as the tide receded.
However, sensitivity to desiccation was observed during air-exposure with a significant decline in photosynthesis irrespective of
increased light availability. Understanding the complex dynamics of seagrass photosynthesis over a tidal cycle will help in the
mitigation of dredging-related light loss to Gladstone seagrass meadows.
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Predictive habitat mapping of deep water coral reefs using data from multibeam, AUV
auto-classified data and an ecological modelling approach
Radford, Ben*; Pizarro, Oscar; Colquhoun, Jamie; Moore, Cordelia; Williams, Stefan; Jakuba,
Mike; Cooper, Tim; Heyward, Andrew; Sexton, Mike & Burq, Shoaib
Australian Institute for Marine Science
University of Sydney

Historically, the application of remotely sensed data (such as satellite imagery, aerial photography) as a tool for mapping photic
coral reefs environments has largely been limited to areas shallower than 30 meters of water depth because of light availability.
This has changed with the introduction of hydro acoustic mulitbeam sensors that can collect high resolution bathymetry and
autonomous underwater vehicles (AUV) which collect high resolution targeted imagery. Here we demonstrate that when
these two data types can be combined using a) automated image classification and b) ecological modeling. This provides a
technique for spatial modelling and mapping of living coral reef and associated major benthos down to depth of 70 meters. We
demonstrate this method using deeper coral reefs areas from the Scott Reef, Western Australia. This modelling approach involved
a number of stages: (1) collecting and processing of raw hydroacoustic multibeam bathymetry (2) targeted stratified sampling
design, (3) collection of high resolution georeferenced imagery (using an autonomous underwater vehicle), (4) automated
image classification, (5) extensive secondary modelling on primary data, such as bathymetry, to develop spatial surfaces which
are relevant to both the physical and biotic aspects of a site, (6) integrating spatial surfaces and in situ information, (7) the
development of predictive habitat models, and (8) the spatial extension of these predictive models. These steps provide a recipe
to build robust spatially explicit models of reef substrate and major biotic groups. This data-method combination facilitated
development of high accuracy maps of both hard coral distribution and other important biotic groups, were traditional spectral
remote sensing methods would fail.

Ocean Dynamics of the Browse Basin and Scott Reef
Rayson, Matthew*1, Ivey, Gregory1, Jones, Nicole L.1, Meuleners, Michael1, Wake, Geoffrey2 &
Fringer, Oliver3
School of Environmental Systems Engineering and The UWA Oceans Institute, University of Western Australia, 35 Stirling Hwy, Crawley WA 6009.
Woodside Energy Ltd, 240 St Georges Terrace, Perth WA 6000.
3
Environmental Fluid Mechanics and Hydrology Department of Civil Engineering, Stanford University, 473 Via Ortega, Stanford, CA 94305, USA
Corresponding author email: rayson@sese.uwa.edu.au
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We investigated the tidally-driven ocean dynamics on the continental shelf and slope offshore of the Kimberley region using a
combination of field measurements and numerical modelling. At a regional scale, the extremely large barotropic tide interacts
with the complex topography in the Browse Basin, generating internal gravity waves which propagate away from their source
region, dissipating energy and causing mixing in places remote to the generation site. Internal wave generation occurred at a
number of discrete topographic features and the resultant interaction of multiple waves led to a spatially variable internal wave
climate. At a local scale, the tidal flow interacts with topographic features of small horizontal length scale (~O(1) km), such as
Scott Reef, generating highly energetic and nonlinear flow features such as jets, eddies and internal hydraulic jumps. These flow
features created localised regions of enhanced mixing and are therefore likely to be important for the transport and dispersal of
nutrients and other material to biological systems.
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Climate variability of the Great Barrier Reef in relation to the Tropical Pacific
Redondo-Rodriguez, Ana*1, Lough, Janice2 & Weeks, Scarla1
Coral reefs ecosystems lab and Centre for Spatial Environmental Research, University of Queensland, Brisbane Qld 4072
Australian Institute of Marine Science, PMB 3, Townville Qld 4810
* a.rodriguez@uq.edu.au
1

2

Unusual climatic conditions such as elevated water temperatures causing coral bleaching can have a direct impact on ecological
processes of the GBR. Understanding the nature and causes of recent climate variability of the GBR is fundamental to assessing
the impacts of future climate changes on this complex ecosystem. We focus on how the dynamics of the different physical
environmental variables are related to the larger-scale climate variability of the tropical Pacific and the impact of ENSO events
in the GBR region. This study expands upon earlier studies of climatic conditions near the GBR by examining temperature,
pressure, winds and currents for a common 61-year period. This provides the necessary background for considering the nature of
the anomalous climatic conditions that prevail in the GBR region. The results show that while El Niño events directly affect the
atmospheric circulation, they are not necessarily linked with unusually warm SST anomalies along the GBR.

Stable isotopic evidence for trophic groupings and bio-regionalization of predators
and their prey in oceanic waters off eastern Australia
Revill, Andrew T.*1, Young, Jock W. 1 & Leeming, Rhys1
CSIRO Marine and Atmospheric Research, GPO Box 1538 Hobart 7001
Andy.Revill@csiro.au
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Muscle tissue was collected for stable isotope analysis from the main fish predators and their fish and cephalopod prey from
oceanic waters off eastern Australia between 2004 and 2006. Stable isotope analysis of δ15N and δ13C revealed that the species
examined could be divided into three main trophic groups. A “top predator” group consisted mainly of large billfish (Xiphias
gladius and Tetrapturus audax), yellowfin (Thunnus albacares), bigeye (T. obesus) and southern bluefin (T. maccoyii) tunas and
sharks; with mako (Isurus oxyrinchus) the highest. Below this tier was a second group composed of mid-trophic level fishes
including albacore tuna (Thunnus alalunga), lancet fish (Alepisaurus ferox), mahi mahi (Coryphaena hippuris) and ommastrephid
squid. Underlying both groups was a grouping of small fishes including myctophids, small scombrids and nomeids as well as
surface fishes including macrorhamphosids. These groupings were based largely on mean animal size which showed a positive
linear relation to δ15N (r2 = 0.58). Some species showed significant ontogenetic variation in either δ15N (swordfish, lancet
fish, yellowfin and albacore tuna) or δ13C (mako shark). We also noted a consistent latitudinal change in δ15N and δ13C at ~
28 degrees South for the top predator species, particularly albacore and yellowfin tuna. The differences were consistent with a
change from oligotrophic Coral Sea to nutrient rich Tasman Sea waters, delineated by the Tasman front. Given estimated muscle
turnover rates, these differences suggest that predatory fishes may have extended residence time in distinct regions off eastern
Australia and are therefore reliant on different food chains. We have utilised compound specific amino acid isotopes to further
investigate these differences.
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Glider Observations in Storm Bay
Rizwi, Farhan*1, Thompson, Peter1, MacDonald, Lindsay1 & Gregor, Rob1
CSIRO Marine and Atmospheric Research, Castray Esplanade Hobart, TAS 7000
Farhan.Rizwi@csiro.au
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Glider data show high spatial and temporal variability in temperature, salinity, fluorescence, dissolved oxygen and optical
backscatter along sawtooth sections crossing Storm Bay in South East Tasmania. A 200m Slocum glider has been running
regular bi-monthly missions from the mouth of the Derwent River out to the shelf-edge for most of 2010/2011. The glider
provides unprecedented spatially and temporally resolved data that gives unique insights into the various water masses (e.g.
fresh water plumes from rivers and warm/salty offshore water intrusions) and the dynamic nature of the region with periods of
a deep mixed layer to clear evidence of stratification as well as evidence of high biological activity. The spatial and temporal
dynamics of the phytoplankton community were well characterised by the glider with evidence of large scale, deeply mixed
blooms and the development of subsurface chlorophyll a maxima in thin layers. Since Nov. 2010 we have also had a new glider
with additional sensors for CDOM, radiance/irradiance as well as Fluorescence Induction and Relaxation (FIRe) on board which
provide even more information to complement the first glider. This dataset is one of the first of its kind, it is not only compared
and validated against calibration samples and satellite data but will also be part of a data assimilation scheme into the near-real
time 3D hydrodynamic and biogeochemical models of the area.

The challenges of assessing estuarine condition
Robb, Malcolm*1
1

Department of Water WA.

The highly dynamic ecosystems of estuaries create particular challenges to determining condition or health using objective
measures at the appropriate temporal and spatial scale especially in a period of changing climate. Estuary managers seek estuarine
condition measures that are robust, sensitive to change over time but not overly sensitive to ephemeral events, affordable and
repeatable. Both at a State and National scale there is desire to compare among estuaries in a region, for example across the bar
closed estuaries of South Coast WA and across regions, for example comparing WA and Vic bar closed estuaries. The challenge
is great when we wish to compare among estuaries of different types, such as the ICOLLS of NSW to riverine or tidal estuaries
Estuary scientists across Australia have for some years been developing a series of objective measures that when combined
allow a condition assessment to be made. To guide management actions we also need to be able to pick key indicators that allow
progression from a current condition to a desired condition to be measured or sadly the reverse. For the South Coast estuaries
of WA the set of objective measures includes the traditional measures of water quality – nutrients and phytoplankton as well
as measures of sediment nutrient processing and presence and condition of submerged aquatic plants. Measures of sediment
indicators (denitrificaton rate, phosphorus binding, nutrient and carbon fluxes and organic matter) seem to be especially useful
to detecting changes due to eutrophication. Robust and sensitive measures of biotic response such as fish populations are also
sought – a major challenge especially in bar closed estuaries. The specifics of WA approaches to obtain reportable estuary
condition indicators will be outlined to set the context for the short symposium on Health Assessment of Estuaries.
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2011 Queensland floods: immediate biological response to the Fitzroy River Flood
Plume
Robson, Barbara Jane*1, Thompson, Peter2, Matveev, Vlad3, Bonham, Pru2, Joehnk, Klaus1 &
Webster, Ian1
CSIRO Land and Water, Black Mountain, GPO Box 1666, Canberra ACT 2601
CSIRO Marine and Atmospheric Research, GPO Box 1538, Hobart TAS 7001
3
CSIRO Land and Water, Ecosciences Precinct, P.O. Box 2583, Brisbane, Qld 4001
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This year’s flood event in the Fitzroy River was the largest since detailed flow records began in 1964. Almost 30 million
megalitres of water flowed into Keppel Bay between 21 November 2010 and 6 February 2011, with flows peaking at over
13,000 cubic metres per second. These flows and similar flows through other Great Barrier Reef catchments provided a large
influx of sediments, nitrogen and phosphorus to coastal waters, which in turn led to a boost in phytoplankton productivity and
secondary production. A research voyage two weeks after the peak flows past Rockhampton showed the influence of freshwater
had extended at least 80 km north of the mouth of the Fitzroy River and almost as far to the east. Within the region influenced by
the freshwater plume bioassays showed the phytoplankton community was under less physiological stress, possibly due to the
input of nutrients. The receiving waters of Keppel Bay were rich in phosphate and silicate relative to liable nitrogen. Strong tidal
mixing and a rapid response by phytoplankton resulted in the dispersion and consumption of most of the available labile nitrogen
in flood waters. The result was a patchy distribution of phytoplankton with sporadic areas of high biomass dominated by diatoms
and a diverse zooplankton community.

Modelling mangrove and saltmarsh surface elevation dynamics and its application to
forecasting the effects of sea-level rise on coastal wetlands.
Rogers, Kerrylee*1 & Saintilan, Neil1, 2
Rivers and Wetlands Unit, NSW Department of Environment, Climate Change and Water, PO Box A290, Sydney South, NSW, 1232
CSIRO Land and Water, Lucas Heights Science and technology centre, Locked Bag 2007, Kirrawee, NSW, 2232
Kerrylee.rogers@environment.nsw.gov.au
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Mangrove and saltmarsh provide valuable ecosystem services, however greenhouse warming related sea-level rise poses a threat
to these services. As a consequence coastal saltmarsh has been identified as an endangered ecological community in New South
Wales and sea-level rise has been identified as a key threatening process (Threatened Species Conservation Act 1995). Over
the previous five decades moderate rates of sea-level rise have coincided with the invasion of saltmarsh by mangrove. Surface
elevation tables (SETs) were installed in 12 coastal wetlands in southeastern Australia to establish elevation and accretion trends
for comparison with mangrove encroachment of saltmarsh and sea-level rise. SETs confirmed that the elevation response of
wetlands is more complex than accretion alone and elevation changes may also be attributed to below-ground processes that alter
the soil volume such as subsidence/compaction, groundwater volume fluctuations, and below-ground biomass changes. A simple
modelling approach was employed to establish a relationship between the observed rate of mangrove encroachment of saltmarsh
and relative sea-level rise, which incorporates the eustatic component of sea-level rise and changes in the marsh elevation.
Increasing access to high resolution digital elevation models has enhanced our capacity to model the response of mangrove
and saltmarsh to sea-level rise. Preliminary modelling of the projected distribution of mangrove and saltmarsh by 2050 on the
Hunter River estuary, NSW has been undertaken using high resolution digital elevation models and elevation trends. Long-term
datasets of elevation dynamics and improved understanding of the feedback mechanisms influencing wetland elevations will
further enhance our modelling capacity. Site-specific models of mangrove and saltmarsh response to sea-level rise will provide
an indication of wetland vulnerability and resilience and are an important tool for coastal wetland management.
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Searching for a smoking gun: a review of environmental threats and ecosystem health
in the southern metropolitan industrial urban marine embayment of Cockburn Sound,
Perth WA
Rose, Tom*1
Coordinator and Manager, Cockburn Sound Management Council – DEC, PO Box 5161, Rockingham Rockingham WA 6969
tom.rose@dec.wa.gov.au
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Changing the community’s perception and understanding of an ecosystem that has gone through severe degradation and decline
but has recovered in terms of water quality over the last thirty years is extremely difficult. Cockburn Sound became extremely
eutrophic and contaminated during the 1960s and 70s. It lost approximately 80% of its extensive seagrass meadows that once
covered over 4000 ha in the shallows of its 124km2 surface area. A study between 1976-78 indicated nutrient enrichment from
industrial inputs was primarily the cause combined with construction of a circulation restricting causeway and possibly a period
of shallow water scallop dredging. This decline, further industrial development plus localised contaminated areas stimulated
extensive changes to industrial practices and environmental licensing such that it is estimated Cockburn Sound now receives well
less than 5% of the industrial waste it once received. In early 2000 after an extensive southern metropolitan coastal waters research
program (1994) and wide ranging community discussions, the State Government created the Cockburn Sound Management
Council (CSMC). The CSMC is responsible for coordinating environmental monitoring, planning and reporting on a set of
environmental policy values and objectives including that for ecosystem health. It has been recently audited for its environmental
management performance in terms of its Policy responsibilities. Concern over seagrasses was raised. However over the last five
to seven years environmental reporting has generally concluded this valuable system is relatively healthy and in turn, this has
contributed to a growing number of parties to conclude that despite the recent audit report, it is becoming a low priority matter for
environmental management in WA. This paper reviews and discusses the changing pressure - threat regime from 1970s into the
new millennium. It will discuss key monitoring, environmental management, investigations, reporting, changing groundwater
and urban patterns, multiple use and a range of environmental issues that affect this highly popular urbanised recreational and
industrial multiple use marine embayment. In the process, its general ecology as well as the environmental risk posed by a range
of contemporary pressures and threats combined with legacy impacts and threats will be outlined. This will be analysed to see
whether a “smoking gun” can be found or whether the wider ecosystem is facing imminent environmental threat. Lastly, this will
be integrated into examining the question of why such an important and valuable system can become a possibly forgotten corner
of metropolitan Perth.

A bio-physical characterization of water masses off Ningaloo reef in May 2010.
Rossi, Vincent*1, Roughan, Moninya1, Beckley, Lynnath2 & Waite, Anya3
University of New South Wales, Coastal and Regional Oceanography Lab, School of Mathematics and Statistics, Sydney, NSW, 2052 and Sydney Institute of
Marine Science, Mosman, NSW, 2088.
2
School of Environmental Science, Murdoch University, South St, Perth, WA, 6150.
3
University of Western Australia, School of Environmental Systems Engineering, Crawley, WA, 6009.
v.rossi@unsw.edu.au
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Physical, biogeochemical and biological observations were collected onboard the Southern Surveyor offshore Ningaloo Reef,
Western Australia, in May 2010. This multidisciplinary campaign focused on the area between 21 and 23S at the source waters
of the Leeuwin Current, which forms from the merging of several branches coming from the Indian Ocean and the Indonesian
Throughflow. We present here a detailed analysis of the water masses sampled, highlighting the relationship between physical
forcing and the associated biological characteristics. We described the presence of several water masses, while trying to assess
their origins. The complex circulation over the shelf is analysed and showed a high sensitivity to wind events. We estimate the
transport induced by these currents and discuss it in relation to previous studies. The presence of a low salinity / low oxygen /
high nitrate layer is observed at the subsurface. Its origins as well as its biogeochemical significance are briefly discussed. We
finally investigate the physical and biological response to a localized wind driven upwelling event. This descriptive work stands
as a reference for a more exhaustive study of the area by using the complete biological / biogeochemical / physical datasets.
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Giving spatial and temporal context to 70 years of oceanographic observations at Port
Hacking, NSW.
Roughan, Moninya*1,2, Morris, Brad1,2, Doblin, Martina2,3 , Ingleton, Tim2,4 , Pritchard, Tim2,4
Suthers, Iain2,5 & Wood, Julie1,2
1
2
3
4
5

University of New South Wales, Coastal and Regional Oceanography Lab, School of Mathematics and Statistics, Sydney, NSW, 2052.
Sydney Institute of Marine Science, Mosman, NSW 2088.
Climate Change Cluster, University of Technology, Sydney, NSW
NSW, Department of Environment, Climate Change, and Water
University of New South Wales, School of Biological Earth and Environmental Sciences, Sydney, NSW, 2052.

We use two years of ocean timeseries data obtained in coastal waters off Sydney plus a physical circulation model of the NSW
continental shelf to give spatial and temporal context to 70 years of hydrographic sampling and other observations off Port
Hacking. A mooring array has been deployed along a shore-normal line from Bondi through the development of the NSWIMOS program. This, in addition to a point mooring at Port Hacking has provided more than 2 years of timeseries data on the
Sydney shelf. Parameters measured include velocity and temperature, Salinity, Chlorophyll-a fluorescence, dissolved oxygen
and turbidity. We have obtained high resolution observations of velocity and temperature at 4 sites. This data compliments the
70 year time series of physical sampling at the Port Hacking 50m and 100m sites, by providing spatial and temporal context.
With the use of the timeseries data set we can deduce the active physical forcing mechanisms (e.g. EAC Eddy encroachment),
combined with the physical observations we can deduce the biological response to the various forcing events. For the first
time we have a timeseries of optical signals at two sites which is used to give spatial and temporal context to the monthly
phytoplankton record.

The role of ocean dynamics in seagrass seed dispersal and recruitment in Western
Australia
Ruiz Montoya, Leonardo*1,2, Lowe, Ryan1, Van Niel, Kimberly1 & Kendrick, Gary2
School of Earth & Environment, University of Western Australia, M004, 35 Stirling Highway Crawley WA 6009.
School of Plant Biology, University of Western Australia, M470,35 Stirling Highway Crawley WA 6009.
ruizml01@student.uwa.edu.au
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Seagrasses are very important ecosystems providing several ecological services. Compared to work on their reproduction by
vegetative growth, much less is known about seagrass sexual reproduction via seed dispersal, and its importance in maintaining,
consolidating and creating new meadows. This project aims to improve our process understanding of the dynamics of seed
dispersal of three very different species, through quantifying the physical properties of their seeds and incorporating them into
a numerical ocean model of the southwest coast of Australia. This approach will ultimately provide new insight into the role
that seed dispersal plays in seagrass ecology and evolution along this coast. Fruits and seeds of Halophila and Posidonia were
collected in the field during summer and seed properties were measured in the laboratory using a variety of techniques; video
particle tracking a transparent settling tube was used to measure seed settling velocity, while varying flow imposed in a flume
with a sandy bed was used to calculate the critical shear stresses required to suspend the seeds. These among other measured
seed characteristics (e.g., drag coefficient and buoyancy) suggest that Halophila has a limited dispersal capability, whereas
Posidonia seeds have the potential for long distance dispersal, spending their initial stage within a floating fruit. These physical
seed properties are now being incorporated within a numerical circulation model of the Perth coastal region, driven by winds,
tides and surface waves.
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A theodolite tracking study of baleen whales in Geographe Bay, Western Australia
Salgado Kent, Chandra*1, Marley, Sarah1, Bouchet, Phil2 & Nagy, Jared1
Centre for Marine Science and Technology, Curtin University, GPO Box U1987, Perth, Western Australia 6845
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A detailed behavioural study of baleen whales was conducted at Geographe Bay (Western Australia, 115 °E, 33° S) between
November 4th and December 12th, 2010 using theodolite tracking (from an elevation of 52m) to document: (1) whale species
present in Geographe Bay, and (2) how whales use the Bay. Noise was simultaneously logged to capture whale vocalisation
and song during their migration through Geographe Bay to obtain a deeper understanding of the context of whale vocalisations
during migration. While part of Geographe Bay has been earmarked over past years as an integral part of the Southwest Marine
Parks management plan because of its recognised ecological values, little emphasis has been made on its significance as a whale
migratory and resting area. A total of ~110 hours of observation were made over 32 days, with 317 groups of whales sighted
including 309 groups of humpback whales, 7 groups of blue whales, and 1 group of minke whales. Most groups within 2 km of
the observation station were positively confirmed as cow-calf pairs. During the study, 280 vessels were detected. Nine whalevessel interactions where vessels approached to within 50 meters of the whales were recorded as focal follows. During these
focal follows, behavioural changes including cessation of resting were observed upon approach of the vessels. Based on this
study (which only included a third of the humpback whale migration season), it is clear that a large number of various species of
whales at a vulnerable stage of their life histories utilize Geographe Bay – specifically cow-calf pods migrating through protected
waters, and taking a final opportunity to rest and for calves to gain size and strength for increased survivorship during the long
migration to feeding grounds in the Antarctic. While the number of whales using Geographe Bay is growing, so are boat activity
and tourism. Increasing environmental pressures from a growing human population in Australia’s South West highlights the need
for further focus on research and management of resting and migration whales.

Synthesis of marine species data for the Kimberley region
Sampey, Alison*1, Bryce, Clay1, Fromont, Jane1, Morrison, Sue1, Marsh, Loisette1, Hosie, Andrew1,
Huisman, John2, Davie, Peter3, Schlacher-Hoenlinger, Monika3, Glasby, Chris4, Willan, Richard4,
Hutchings, Pat5 & Richards, Zoe5.
Department of Aquatic Zoology, Western Australian Museum, Locked Bag 49, Welshpool DC WA 6986
Western Australian Herbarium, Department of Environment and Conservation, Locked Bag 104, Bentley DC WA 6983
3
Queensland Museum, PO Box 3300, South Brisbane Qld 4101
4
Museum and Art Gallery of the Northern Territory, GPO Box 4646, Darwin NT 0801
5
Australian Museum, 6 College Street, Sydney NSW 2010
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The Kimberley region is currently of great interest due to rapidly expanding development in oil and gas, fishing, aquaculture,
and tourism. It is recognised as a relatively pristine area with a high diversity of habitats and species, but there is very little
published information on the species present in the region. Museums and herbaria are the repositories of species diversity
datasets and house specimens collected over many decades (1880s – present). The Western Australian Museum has led 8 major
biodiversity expeditions (1988-2006) to the Kimberley region, but the species lists generated from these were mostly presented
in unpublished reports and are not readily accessible to managers and researchers who are interested in the biological values
of the region. We considered the Kimberley region to be defined by the following coordinates: SE: 19°S, 121° 34’ E; SW:
19°S, 118° 15’ E; NE: 12°S, 129° E; NW: 12°S, 121° E. This included the Kimberley coastline and the continental shelf edge
atolls of the Sahul Shelf. We collated our institutions’ data on marine plants (seagrasses, mangroves and macroalgae), sponges,
cnidaria (predominately hard corals), free living worms (predominately polychaetes), crustaceans (mainly decapod crustacean
and barnacles), molluscs (predominately macromolluscs > 10 mm), echinoderms, brachiopods, ascidians, bryozoans and fishes
and found > 30,000 specimen records representing ~6000 shallow water (<30 m) marine floral and faunal species now known
from the area. This represents a minimum diversity estimate and much work remains to be done to identify and describe new
species already housed in our collections, as well as to undertake further expeditions to adequately survey the biodiversity of
this region. We have a series of papers in preparation for publication by the end of 2011, where we will provide a review of the
species currently known from the Kimberley from our institutions databases with commentary on the diversity trends, collection
and taxonomic gaps for our respective taxa. Here we present a summary of this research.
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Recruitment frequency has a variable influence on sessile marine communities
Sams, Michael*1 & Keough, Michael1
Department of Zoology, University of Melbourne, Parkville, 3001
m.sams@zoology.unimelb.edu.au
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Variation in patterns of propagule establishment (recruitment) has important effects on population dynamics and the structure
of some communities. Most studies have examined the effects of recruitment variation at a single point in time at the beginning
of community development. Recruitment also varies over time and often the frequency that recruits establish themselves in
habitats differs within and between species. We examined the effects that recruitment frequencies of different species of sessile
invertebrates had on temperate marine communities in two experiments at Williamstown, Australia. Target species entered
communities as either a large single ‘pulse’ of recruits within a two week period, steady input of recruits over a longer time period
(five to six weeks) or were removed as no recruitment controls. The total number of individuals recruiting was held constant
between recruitment treatments. The frequency at which recruits entered communities also had variable effects on community
structure. When the colonial ascidian Botryllus schlosseri entered communities in a single large event or steady recruitment of
the same number of individuals it did not have a strong influence on community structure. The cover of B. schlosseri was higher
in communities that received an initial pulse of recruits, suggesting that recruitment frequency may have important effects on
populations. In a second experiment, botryllid ascidians caused changes in the structure of communities when they recruited
steadily compared to when they recruited in a single recruitment pulse or did not recruit. In contrast recruitment frequency of
didemnid ascidians had little effect, though their presence/absence caused community differences.

Predicted changes in seagrass distribution in Moreton Bay, SE Queensland, as a result
of sea level rise
Saunders, Megan I.*1, Roelfsema, Chris M.2, Lyons, Mitchell2, Phinn, Stuart R.1,2, Dennison,
William C.3, Lovelock, Catherine E.1,4 & Mumby, Peter J.1,4
Global Change Institute, University of Queensland, St Lucia, QLD 4072
Centre for Spatial Environmental Research, School of Geography Planning and Environmental Management, University of Queensland, St Lucia, QLD 4072
3
Center for Environmental Science, University of Maryland, Cambridge, MD, 21613 USA
4
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m.saunders1@uq.edu.au
1
2

Sea level rise (SLR) attributed to climate change is likely to cause significant alterations to the extent and productivity of valuable
coastal marine ecosystems, such as seagrasses. One of the primary limiting factors to seagrass distribution is the availability
of light, which decreases with increasing depth. Therefore, if seagrass communities do not accrete new material at a rate equal
to that of SLR, there will be a reduction in abundance at the deeper end of their extent. To predict how seagrass ecosystems
may change under particular SLR scenarios, knowledge of existing relationships between their distribution and environmental
variables is necessary. We used Moreton Bay, southeast Queensland, as a case study to examine the relationship between light
and seagrass distribution. The bay has strong east-west gradients in water clarity (and therefore light availability to the benthos),
as well as extensive and well-studied seagrass meadows. Estimates of the light attenuation coefficient (Kd) throughout the bay
were obtained from remotely sensed data, and then intersected with high resolution bathymetric data to produce maps of benthic
light intensity. These maps, in combination with published values for the minimum light requirements of two locally dominant
seagrass species (Zostera muelleri, Halophila spp.) were used to create a spatially explicit model of the predicted distribution
of seagrass in Moreton Bay. The model was validated using existing maps of seagrass distributions. The model was then used
to generate distributions of “at risk” seagrass communities due to variations in light intensity caused by: 1) an extensive flood
plume which occurred in January 2011; and 2) under several SLR scenarios. Future work will include adding spatially variable
rates of accretion and subsidence to the model, to examine how variations in the biological response of seagrass communities
may influence ecological outcomes of SLR.
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Phytoplankton size structure and productivity in the Leeuwin Current off Ningaloo
Reef, Western Australia
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Phytoplankton productivity off the coast of Western Australia is potentially an important driver of the food supply of commercially
important species, such as the western rock lobster. In this region, dynamics of the poleward flowing Leeuwin Current play a
critical role in determining nutrient supply and productivity off the continental shelf. Given that the flow of the Leeuwin Current
is strongest in autumn, we conducted an oceanographic research cruise in May 2010 onboard the RV Southern Surveyor, to
quantify spatial patterns of phytoplankton size structure and productivity. Vertical profiles of size-fractionated chlorophyll a
biomass (small < 5 and large cells > 5 µm) and phytoplankton particulate and dissolved production rates were obtained along
a set of 7 transects running perpendicular to Ningaloo Reef, WA (21° to 23°S), with individual stations located along each
transect at the 50 m (inshore), 200 m (midshelf) and 1000 m (offshore) depth contour. In the region immediately offshore and to
the south of Ningaloo Reef, small and large phytoplankton accounted for a proportion of total biomass that was similar to their
shares of productivity. In contrast, in the southernmost latitudes, the relative contribution of large (> 5 µm) phytoplankton to
total chlorophyll a biomass far exceeded their contribution to total particulate production. Overall, our results suggest that small
phytoplankton are the major drivers of carbon assimilation, accounting for approximately 80% of total particulate production, in
the oligotrophic waters off Ningaloo Reef.

Assessment of chlorophyll, turbidity and ecological processes as indicators of estuarine
condition in NSW
Scanes, Peter*1, Coade, Geoff1, deal-Cruz, Jocelyn1 & Porter, Gus1
Coastal Waters Science Unit, NSW Department of Environment, Climate Change and Water, Po Box A290, Sydney South NSW 1232.
Peter.scanes@environment.gov.nsw.au
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If estuaries, and more importantly their catchments, are to be managed effectively then cost effective and meaningful indicators
of estuarine condition are required. In this presentation we look at the results of the past 4 years of state-wide monitoring of
chlorophyll and turbidity in NSW estuaries and test the effectiveness against an independently derived gradient of catchment
disturbance. Catchment disturbance was determined by calculating a ratio of the modeled annual load of nitrogen under
hypothetical natural vegetation and the load produced under current landuse. This process has been applied to all 184 estuaries
in NSW to identify stressed (and reference) estuaries. We have found that chlorophyll and turbidity were greatest in estuaries
with greater amounts of catchment disturbance. We also examine results from preliminary testing of some ecological process
bioassays and explore their usefulness as supplementary indicators of estuary health. These indicators include rates of micro and
macro scavenging (energy flow), rates of algal recruitment and rates of microbial decomposition of seagrass.
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Coastal processes in the Gulf of Lions (Mediterranean Sea): Impact of wind forcing on
hydrodynamic circulation, high resolution modeling
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Many physical processes are involved in the Gulf of Lions hydrodynamics, Mediterranean Sea, exhibiting high spatial and
temporal variability. Their generation is mostly linked to atmospheric conditions and in particular to wind forcing. This
influence on small scale processes and the relevance of high resolution atmospheric forcing for hydrodynamic modeling are
investigated. Firstly, the impact of the local wind forcing on the generation of a mesoscale eddy, previously observed by
HF radars, is evidenced. Several idealised configurations also allow to analyse the role of river discharge, background shelf
circulation and bathymetric effects, through idealised numerical modeling. Then, different atmospheric models are assessed to
drive hydrodynamic modeling in the Gulf of Lions with distinctive spatial and temporal resolutions. Inertial motions, internal
oscillations and mesoscale variability are shown to be accentuated when using high-resolution forcing. The importance of wind
spatial variability is also evidenced, in terms of upwelling system and shelf intrusions.

Origin-dependent responses of temperate sea urchins to near-future ocean acidification
Schlegel, Peter*1, Havenhand, Jon2 & Williamson, Jane1
Department of Biological Sciences – Marine Ecology Group, Macquarie University, Sydney NSW 2109
Department of Marine Ecology, Gothenburg University, S-40530 Goeteborg, Sweden
* peter.schlegel@mq.edu.au
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Rising atmospheric carbon dioxide concentrations are increasingly affecting the oceans by shifting carbonate balance states
and lowering pH levels. Scenarios predict continuing heavy carbon dioxide emissions for the future and thus further impacts on
seawater chemistry. The consequences of this ocean acidification for the marine biosphere are hardly known. Over the past decade
an increasing number of publications has dealt with this topic. To date, most studies on marine organisms were conducted using a
stable pH approach (i.e., seawater pH is kept at a stable level throughout the experiment). Seawater pH in nature, however, may
vary substantially over time and space due to a range of influencing factors, such as photosynthesis and tidal cycles. In order to
realistically investigate future ocean acidification impacts on marine organisms in the laboratory it is important to incorporate
fluctuating pH conditions in experiments. We measured pH over time in two different temperate marine habitats, kelp forests
and sea urchin barrens at two sites in the Greater Sydney area. Kelp forests, which are dominated by large macroalgae, showed
higher diel pH fluctuations, presumably due to increased photosynthesis and respiration, when compared to barrens where
sea urchins graze off macroalgal cover. We investigated acidification impacts on early life history of sea urchins from both
habitats: Holopneustes purpurascens, which is a common member of kelp forest communities, and Heliocidaris erythrogramma
from barrens. We predicted that the species from more variable environments (kelp forest) would be more tolerant to ocean
acidification. Increased carbon dioxide levels and decreased seawater pH resulted in negative impacts on sperm motility and
fertilisation success of H. purpurascens. These data will be compared to equivalent results from H. erythrogramma.
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Australia’s biodiversity hotspots: the sponge gardens at Ningaloo Reef, WA
Schnöberg, Christine Hanna Lydia*1, Fromont, Jane2 & Heyward, Andrew1
Australian Institute of Marine Science, Oceans Institute at The University of Western Australia, 39 Fairway, Crawley, WA 6009
Western Australian Museum, Department of Marine Invertebrates, 49 Kew St., Welshpool, WA 6106
c.schoenberg@aims.gov.au
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Deeper water biodiversity surveys were carried out in Ningaloo Marine Park (NMP), Western Australia, an area that encompasses
2605 km2. Surveys revealed that while much of the area is composed of sandy sediments and rhodolith fields supporting little or
no macro-epibenthos, locally dense and diverse filter feeding communities exist. Dredge samples from these richer habitats were
distinctly governed by demosponges, both in abundance and diversity. A multi-purpose survey conducted by the Commonwealth
Environmental Research Facility in 2008 generated a large sample of sponges that were sorted and processed in 2009. An
identification workshop was held in February 2010 with national and international sponge taxonomists. Over 700 specimens
were processed from northern, central and southern regions of NMP between 20 and 120 m depth, and over 180 different species
were distinguished, many of which appear to be new to science or new records for Western Australia. If only large, biomassdominant species would have been considered, about 90% of the collection would have been ignored, remaining unidentified.
Most specimens in the collection were small individuals of <100 g, but in total and across species they often constituted large
amounts of biomass that occasionally made up about 100 kg of material per 100 m dredge. Adding the present data to previous
results generated by the Western Australian Museum led to greatly enhanced biodiversity values associated with Ningaloo
Marine Park, complementing records attributed to the shallow coral reef environment. The richness of the observed filter feeding
communities adds additional weight to the increasing perception of Australia as a global hotspot for Porifera biodiversity.

Predicting ocean-scale habitat suitability of whale sharks and detecting annual trends
based on tuna-fishery sightings
Sequeira, Ana*1, Mellin, Camille1,2, Rowat, David3, Meekan, Mark G.4 & Bradshaw, Corey J. A.1,5
The Environment Institute and School of Earth & Environmental Sciences, University of Adelaide, South Australia 5005
Australian Institute of Marine Science, PMB No.3, Townsville MC, Townsville, Queensland 4810
3
Marine Conservation Society Seychelles, P.O. Box 384, Victoria, Mahe, Seychelles
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South Australian Research and Development Institute, PO Box 120, Henley Beach, South Australia 5022
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Whale sharks aggregate seasonally at certain coastal locations worldwide but their pelagic distribution patterns over broad spatial
scales remains elusive and a possible migratory behaviour has not yet been described. We developed multivariate distribution
models of seasonally and interannually variant whale shark distribution at the Indian Ocean scale to test the hypothesis that
whale shark use a narrow range of temperatures, are more abundant in productive waters, select sites closer to continents and
shift according to variations of global climatic signals (El Niño-southern oscillation Index and Indian Ocean dipole). We used
opportunistically logged data of whale shark sightings derived from tuna fisheries, a series of satellite image composites for
both ocean colour and sea surface temperature, and indices of global climatic signals as inputs to the models. Results show that
seasonal whale shark habitat suitability in the Indian Ocean depends mainly on temperature - only a narrow range (26 to 30˚C) is
used by whale sharks. We found that whale shark distribution at the Indian Ocean scale shifts with variation in the Indian Ocean
dipole, and that the probability of whale shark occurrence has been decreasing over time with a more accentuated negative slope
in the past 10 years. Our modelling approach can be used to predict the timing of whale shark appearance at any specific site and
to identify the possible locations of mating and breeding areas.
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Coral reef calcification shows higher future vulnerability due to natural CO2 variations
Shaw, Emily*1, McNeil, Ben1 & Tilbrook, Bronte2
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Approximately 50% of anthropogenic carbon dioxide emissions from fossil fuel burning have been absorbed by the ocean, leading
to a decline in oceanic pH. This oceanic acidification causes a decline in carbonate ion concentrations, which is expected to be
particularly detrimental to calcifying marine organisms and ecosystems. Coral reef ecosystems are predicted to be particularly
vulnerable to ocean acidification and future changes to coral reef seawater chemistry and calcification rates have largely been
derived from one-time ship-based observations that sample in deeper waters outside shallow coral reefs. We examined the
diurnal variability of carbonate chemistry on a reef flat in the Great Barrier Reef. We found extremely high natural variability in
carbonate chemistry, with net community dissolution occurring during periods of each day. Calculations of calcium carbonate
production using mean offshore observations underestimated the decline in calcification when compared with calculations that
incorporate observed natural variability. This is due to a chemical buffer factor that causes enhanced decline in daytime calcium
carbonate saturation state. Characterizing natural variability is therefore important to accurately diagnose the onset of key
chemical thresholds that may be experienced as a result of ocean acidification.

Integrating aerial and vessel baseline surveys to support environmental assessments of
the Browse LNG Development
Shepherd, Barry*1 , Malseed, Ben2 & Yuen, Michelle1
RPS, 38 Station Street, Subiaco, WA 6008
Woodside Energy Ltd., Woodside Plaza, 240 St. Georges Terrace, Perth, WA 6000
Barry.shepherd@rpsgroup.com.au
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In support of environmental assessments and management of potential impacts to marine species from proposed LNG
developments, a combination of aerial and vessel surveys was conducted with a focus on James Price Point and extending along
the west Kimberley coast. These techniques were selected to provide adequate baseline information for humpback whales at
this location. From July–October 2009, three aerial surveys collected data to quantify the distribution and relative abundance of
humpback whales: 1) James Price Point Migration Corridor Survey (estimated population passing through the area); 2) Reference
Site Surveys at Gourdon Bay and Pender Bay (reference sites for comparison); and 3) Scott Reef Offshore Survey (baseline data
for potential pipeline route from James Price Point to offshore development). To support aerial data analyses, vessel surveys
collected humpback whale behavioural data, including travel speed and dive patterns. Humpback whale residence time was also
investigated during north- and south-bound migrations. The aerial surveys recorded 1,718 groups of humpback whales (2,337
adults; 210 calves). The vessel surveys recorded 879 groups (1,174 adults; 88 calves). The relative abundance of adult whales
near James Price Point was 0.61 whales per km, significantly lower than 0.97 whales per km at Pender Bay. Focal follow surveys
collected behavioural data on activities of 115 humpback whales. An estimated 9,793 (95% CI: 2,382.1 – 27,343.1) humpback
whales were estimated to pass through the James Price Point Migration Corridor, with the majority of whales located between 8
and 42 km from shore.
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Environmental management of benthic macro-algal communities: is hypothesis testing
an appropriate management tool?
Shiell, Glenn*1 & Amrita, Tara1
Oceanica Consulting Pty Ltd. 353 Cambridge St, Wembley, 6913.
glenn.shiell@oceanica.com.au
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A common misconception among environmental managers is that by simply implementing a Multiple-Before-After-ControlImpact (MBACI) design (i.e. p<0.05 for the BvA*IvC interaction term), adverse effects−should they occur−will be readily
detectable. However, hypothesis testing may be of limited value as a management tool, if (1) the effect size required to detect
an adverse change is unobtainable for a given level of sampling intensity, or (2) the level of replication required to detect an
adverse change is logistically and financially impractical. To date, these two issues have largely been ignored when designing
and implementing environmental monitoring programmes. In this study, baseline macro-algal community data from an
environmental monitoring programme in Perth, were artificially manipulated to determine the ‘effect size’ required to achieve
a significant impact result (BvA*IvC interaction term). Sampling intensity remained fixed to represent the level of replication
most commonly adopted by environmental surveys. Utilizing a classical MBACI design, multiple PERMANOVA simulations
were undertaken comparing manipulated impact data with reference data, over a hypothetical 3-yr period: 2–yrs before impact;
1-yr after impact. Results revealed that the ability to obtain a significant impact result was largely dependent on: (1) the range
of natural variation in the algal community, (2) the level of sampling intensity, (3) the type of similarity measure used, and (4)
the type of transformation used. Relatively sensitive tests were developed by using a 4th root transformation in conjunction with
Gower and Bray-Curtis dissimilarity measures. The study concluded that even with the best intention to implement an MBACI
monitoring programme, the level of replication adopted in most environmental monitoring programmes may not be sufficient to
detect adverse change above and beyond natural variation.

How much does sub-sampling influence biodiversity estimation?
Shimadzu, Hideyasu*1 & Darnell, Ross2
Geoscience Australia, Petroleum and Marine Division, GPO Box 378, Canberra ACT 2601
CSIRO Mathematics, Informatics and Statistics, PO Box 2583 Brisbane QLD 4001
hideyasu.shimadzu@ga.gov.au
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Quantifying marine biodiversity, such as species presence/absence, richness and abundance, is important for key scientific and
resource management questions. Biodiversity can only be directly assessed from biological samples collected on marine surveys,
a difficult task given the time and resources involved. Sub-sampling on surveys is a commonly used technique to reduce the
amount of time and effort for investigating large quantities of biological samples, however it is not immediately clear how subsampling may affect the estimates of biodiversity. This talk quantifies the effect of sub-sampling as attenuation of the species
abundance distribution. Its theoretical description is derived by accounting for the random sampling scheme of finite populations
and is illustrated using sub-sampled data collected by a marine survey undertaken in north Australia. Our results show that
the theory and data are in agreement. This quantification enables the effect of sub-sampling to be incorporated into further
development of models that give more appropriate biodiversity estimates.
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3D kernel utilization distributions as a tool to demonstrate activity space in aquatic
animals
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Tracking data have traditionally been used to define animal movement patterns through two-dimensional kernel utilization
distributions and separate analysis of vertical locations. Here we describe the use of a three-dimensional (3D) kernel utilization
distribution (KUD) to estimate the volumetric space use of individuals based on tracking data. Application of this technique
to European eel (Anguilla anguilla) in Norwegian coastal waters is used to demonstrate the advantages of this approach over
traditional 2D approaches. Changes in 2D and 3D KUDs over time were highly correlated. However, the amount of overlap
in space use based on 3D 50% KUDs were on average 13% lower than 2D estimates, and 3D 95% KUDs were on average
21% lower than 2D estimates. The results of this approach provided more complex, comprehensive representations of animal
movement in three dimensions while producing a metric that can be used for testing hypotheses relating to scientific descriptions
of activity space, habitat use and movement parameters.

Influence of environmental conditions on clonal diversity in seagrass meadows –
Posidonia australis Hooker (Posidoniaceae)
Sinclair, Elizabeth*1, 2, Anthony, Janet1,2, Krauss, Siegy1,2 & Kendrick, Gary1
1 School of Plant Biology, University of Western Australia, Nedlands WA 6009
2 Science Directorate, Botanic Gardens and Parks Authority, West Perth WA 6005
Corresponding author: esinclair@iinet.net.au

Substantial differences occur in the levels of genetic diversity over short distances in clonal species; some populations may be
extensively clonal, thus having very low levels of genetic diversity, while others have much higher levels of diversity and thus
a higher contribution of sexual reproduction. Fine-scale population studies have been limited with allozymes studies, however,
the development and use of polymorphic microsatellite loci in the Australian seagrass, Posidonia australis Hooker, has shown
much higher levels of genetic diversity in some meadows. This study included samples from fourteen P. australis meadows
centred around a natural embayment on the west coast of Australia, which is the subject of restoration activities. Levels of genetic
diversity varied greatly between meadows (G/N = 0.12-0.96) with moderate overall heterozygosity (48.9%) and significant
differentiation among meadows (Fst = 0.109 ± 0.011). Despite the potential for extensive gene flow over these relatively small
distances (~0.5 – 80km) through pollen and seed dispersal, local marine conditions may have a strong impact on the successful
establishment of recruits, and thus impact strongly on local genetic structure within meadows. Understanding the relationship
between local hydrodynamics and levels of genetic diversity, and the causes of meadow decline, will enable predictions about
a meadows’ ability to recover. The use of these parameters will aid in selecting suitable (high genetic diversity) donor sites for
restoration activities.

127

48th Australian Marine Sciences Association Conference 2011

The role and requirements for zinc in temperate, oceanic phytoplankton
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Phytoplankton species have differing requirements for macronutrients and micronutrients in order to maximise growth and adapt
to their environmental conditions. Zinc has been proposed as a limiting, or co-limiting, micronutrient for phytoplankton. In the
Tasman Sea extremely low zinc concentrations were previously reported, increasing the possible limitation of phytoplankton
growth by this element. Here, we present work done with two different species, a diatom, Nitzschia Closterium and the
coccolithopid Emiliania Huxleyi cultured in different low zinc concentration (Zn2+ = 1.5 x 10-12 M and Zn2+ = 1.5 x 10-14 M)
mimicking conditions found in the coastal and the pelagic Tasman Sea. Growth rate and phytoplankton physiology under
these different conditions were analysed. To monitor phytoplankton health and productivity during the culturing experiments,
fundamental parameters, such as cell counts, Chla concentration and Fv/Fm ratio were obtained. In addition, three sets of
experiments were conducted. A short term uptake experiments (4-24 h) in presence of radiolabelled zinc and carbon (65Zn
and 14C) were performed to explore the effect of growth conditions on zinc bioavailability and the zinc biological transport
pathway at play. The study of zinc biological uptake in the presence of 5 different inhibitors, known to block different specific
metabolic functions, helps to interpret the role of zinc cellular metabolism as well as its uptake pathways. Cells were exposed
for a maximum of 4h (to avoid high levels of mortality).The window of zinc bioavailability is known to be regulated by a highaffinity zinc transport system under replete and deplete zinc conditions. The bioavailability of variable free zinc concentration
was determined using a strong ligand (NTA) at different concentrations, while the zinc concentration was held constant. The
outcomes of these studies will be determined whether phytoplankton from the Tasman Sea could be limited at the free zinc
concentrations found in the field and assess its impact for phytoplankton biology and zinc bioavailability.

Exploring the angular response curves of multibeam backscatter for seabed habitat
mapping
Siwabessy, P.1 Justy W.*1, Daniell, James1, Huang, Zhi1, Heap, Andrew D. 1 & Brooke, Brendan1
Geoscience Australia, GPO Box 378, Canberra, ACT 2601, Australia
justy.siwabessy@ga.gov.au
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Multibeam sonars provide co-located high-resolution bathymetry and acoustic backscatter data over a swath of the seafloor.
Not only does backscatter response vary with incidence angles but it also changes with different seabed habitat types as well.
The resulting imagery depicts spatial changes in the morphological and physical characteristics of the seabed that many use to
relate to other dataset such as biology and sediment data for seabed habitat classification purposes. As a co-custodian of national
bathymetry data, Geoscience Australia holds massive volumes of multibeam data from various systems including comprehensive
collection from its own SIMRAD EM3002D multibeam sonar system. Consequently, Geoscience Australia is researching the
application of acoustic backscatter data for seabed habitat mapping to assist with deriving an inventory of seabed habitats for
Australia’s marine jurisdiction. We present a procedure and a technique developed for our SIMRAD EM3002D multibeam sonar
system to derive meaningful angular backscatter response curves. The ultimate goal of this excersie is to try to make use of the
angular backscatter response curve that many believe is unique and is an intrinsic property of the seafloor for seabed habitat
classification purposes. Adopting the technique intially developed by the Centre for Marine Science and Technology at Curtin
University of Technology, Geoscience Australia has further improved these techniques to suits its own sonar system. Issues
surrounding the production of the angular backscatter response curves and their solutions will be discussed. We also present
results derived from multibeam data acquired in the Joseph Bonaparte Gulf, NT and from the Carnarvon Shelf (Point Cloates),
WA from aboard AIMS Research Vessel Solander. This includes potential use of the angular backscatter response curves for
seabed classification and results from a simple analysis using the Kolmogrov-Smirnov goodness of fit.
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Integrated Assessments of Coastal Marine Assets for Adaptation Planning in East
Indonesia ojects
Skewes, Timothy1, Lyne, Vincent*1 & Butler, James2
1 CSIRO Marine and Atmospheric Research, GPO Box 2583, Brisbane, QLD 4001
2 CSIRO Sustainable Ecosystems, 41 Boggo Road, Dutton Park, QLD 4102
tim.skewes@csiro.au

To facilitate adaptation planning in Nusa Tengara Barat Province in east Indonesia, we identify and assessed the status of, and
threats to, coastal and marine ecosystem assets, such as fisheries and high biodiversity areas. This analysis is based on a hierarchical
characterisation of ecological systems, which informs descriptions of the processes that sustain or threaten ecosystem assets,
including terrestrial influences and climate change impacts. Information products from the assessment, such as impact scenarios,
are then used in participatory frameworks for natural resource planning that achieves a balance between sustainable production,
maintenance of livelihoods and effective conservation. The models and concepts were based on qualitative approaches and expert
knowledge, as well as widely available mapping data. The use of more quantitative models is not appropriate in this context due
to the general lack of adequate data and modelling expertise in the region. The formulation of these generic methods and the
participatory frameworks that they will feed into are part of a long term process that will ultimately build the capacity of local
government planners and managers in east Indonesia to adapt to future threats such as climate change and population growth.

Marine benthic and pelagic habitat modelling applied in baseline surveys and impact
assessments for marine infrastructure projects
Skov, Henrik1, Middelboe, Anne Lise1, Heinänen & Stefan1, Rasmussen, Erik Kock1 & Larsen,
Jørgen Erik*1
1 DHI – Group, Agern Allé 5, 2970 Hørsholm,
jln@dhigroup.com

In connection with major marine infrastructure projects in the North Sea and Kattegat was statistical predictive habitat modelling
of pelagic and benthic habitats used to improve the spatial and temporal resolution of baseline studies and increase the reliability
of quantitative impact assessments. The habitat modelling methods included:GAM (Generalized Additive Modelling) for baseline
mapping and impact assessment of benthic flora (angiosperms and macro algae) communities. Partial least square and spatial
modelling for baseline mapping and impact assessment of marine mammals and water birds.Both methods included statistical
analysis of observation data and output data from high resolution hydrographic (MIKE 3d) and ecological models (EcoLab).The
statistical analysis resulted in identification of key predictive physical, chemical and biological variables for habitat suitability
for the target species or communities. The pelagic and benthic habitat models reflected the link between the spatial/ temporal
variability of the selected species or communities and the spatial/ temporal variability in the pelagic and benthic hydrographic
and biological states and events: i.e. up-welling zones, salinity fronts and areas with potential high benthic production. Results
show that habitat modelling can provide robust baseline conditions and basis for solid impact assessment in relatively short time
and even in areas where observation data is sparse. Integration of traditional survey methodologies with habitat modelling can
consequently increase the cost effectiveness of EIA processes without jeopardizing scientific solidity.
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Sustained Monitoring in the Timor Passage and Ombia Strait: Components of the
Indonesian Throughflow
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The Timor Passage and the Indonesian seas are the only major low-latitude connection in the global oceans. This connection
permits the transfer of Pacific waters into the Indian Ocean, known as the Indonesian Throughflow (ITF). The ITF actually
consists of several filaments of flow that occupy different depth levels and weave their way through the complex island geometry
comprised of broad shallow shelves and deep basins. Direct estimates (2004-2006) of the transport of the Indonesian Throughflow
from current meters in all major passages found a total mean transport of -2.6 Sv (1Sv=106 m3 s-1) in Lombok Strait (i.e. toward
the Indian Ocean), -4.9 Sv in Ombai Strait and -7.5 Sv in Timor Passage. The transport in Timor Passage is nearly twice as large
as historical estimates, and represents half of the –15 Sv full-depth Indonesian Throughflow transport that enters the Indian
Ocean. In June 2011 two long term current and property (temperature and salinity) moorings in the deep Timor Passage and one
mooring in Ombia Strait were deployed. These moorings are a component of the Australian Integrated Marine Observing System
(IMOS). The moorings in the Timor Passage extend the northern Australian continental shelf array such that we will now monitor
the complete transport between Australia and Timor. The mooring array will be deployed for 18 months intervals and data will
be freely available from the IMOS data portal.

A new complementary survey design for estimating shore-based recreational fishing
catch and effort
Smallwood, Claire*1, Pollock, Kenneth1, Wise, Brent1, Hall, Norman1 & Gaughan, Dan1
Department of Fisheries, 39 Northside Drive, Hillarys Western Australia 6025
claire.smallwood@fish.wa.gov.au
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Understanding the level of catch and effort from recreational fishing is essential for sustainable fisheries management. However,
obtaining robust estimates of recreational fishing can be complex and expensive, as it occurs over diffuse spatial and temporal
scales. Complementary survey designs are one option for increasing the accuracy of estimates, and a study was conducted
adjacent to the Perth Metropolitan area from April – June 2010 to test a new design incorporating maximum count aerial surveys,
roving interview surveys and remote cameras. Cameras ascertained the proportion of shore-based fishing activity across a
24-hr day and highlighted a maximum peak from 2 – 6 pm. Aerial surveys identified a heterogeneous spatial distribution of
shore-based fishers along the coastline, with the highest densities on groynes and jetties. Roving creel surveys yielded 1,194
interviews with parties actively undertaking shore-based fishing. Results were combined to estimate total fishing effort for the
Perth Metropolitan area at 196,430 fisher hours (SE± 8,662). The total retained catch for all species was 327,414 fish (SE±
33,107), of which Australian herring (Arripis georgianus) was the dominant species. Each survey technique had different costs,
benefits and limitations. Cameras have great potential for ascertaining within-day variability of fishing activity, including fishing
at night, which is rarely obtained in surveys. However, there are high costs associated with data analysis. Aerial surveys were
effective at rapidly collecting data on the spatial distribution of fishers, but were unable to supply information for calculating
catch rate. Although expensive to operate, roving creel surveys were the only method from which catch rate could be calculated.
The findings generate a better understanding of the potential exploitation levels of nearshore fish stocks in the Perth Metropolitan
area. Lessons learned from this new complementary approach can also be applied elsewhere to increase the ability to provide
robust estimates of recreational shore-based fishing.
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Marine Biodiversity in the 21st Century: Making Ocean Life Count
Snelgrove, Paul V.R.*1
1
Ocean Sciences Centre and Biology Department, Memorial University of Newfoundland, St. John’s NL Canada A1C 5S7
psnelgro@mun.ca

The immense and opaque Planet Ocean supports one of the largest and poorest known species pools on Earth. The decade long
Census of Marine Life program banded together a global network of over 2600 scientists from 80+ nations around the world,
who engaged in over 500 research cruises across jurisdictional and disciplinary boundaries to learn what lives in the ocean, what
lived in the ocean, and what will live in the future ocean. Census scientists discovered over 1500 new species and counting,
scattered from the intertidal to the deep ocean and spanning microbes to fishes, but more importantly advanced our understanding
of distribution, diversity and abundance of global ocean life. This novel collaboration utilized technologies from DNA barcoding
that provides definitive identifications of even cryptic species, to sonar techniques that rapidly image schools of fish the size of
Manhattan, to electronic tags on animals that log oceanographic data for remote regions, tell us where animals move, and how
they see the ocean. The amalgamation of over 28 million+ data records from thousands of year ago to recent efforts encompasses
all ocean habitats and shows blind spots in our taxonomic and biogeographic knowledge. We now know much more about what
lives in the oceans, where they live, and why they live there. Importantly, we are better positioned to place this knowledge in the
context of what has been lost, what we stand to lose, and identifying priorities for marine biodiversity research in the next decade.

Partnering science and policy for sustainable oceans: The Canadian Healthy Oceans
Network
Snelgrove, Paul*1, Archambault, Philippe2, Juniper, Kim3, Lawton, Peter4, Metaxas, Anna5,
McKindsey, Chris6, Pepin, Pierre7, & Tunnicliffe, Verena3
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The Census of Marine Life provided a framework for collaborative research in marine biodiversity that helped launch the
Canadian Healthy Oceans Network (CHONe), a national research program that is uniting researchers to provide new insights into
marine biodiversity and provide scientific guidelines for policy in ocean conservation and sustainable use. CHONe represents a
potential model for national academic and government partnership to advance biodiversity research structured around interlinking
themes. We will present examples of research projects from three themes of Marine Biodiversity, which links functional and
species diversity to habitat complexity, Ecosystem Function, which links biodiversity to ecosystem processes, and Population
Connectivity, which links population structure to spatial planning. We will also discuss how to integrate outcomes from these
themes to identify approaches to bridge science and policy, and communicate these results to the complex user groups who
ultimately influence policy application.
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The trophic ecology of four co-occurring species of reef sharks determined through
stable isotope analysis and telemetry
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Identifying the trophic role an animal plays within an ecosystem is central to understanding larger processes of community
dynamics and is useful in designing effective management and conservation strategies. We determined the trophic level of four
species of reef sharks known to occur at Ningaloo Reef (Carcharhinus melanopterus [n=53], Carcharhinus amblyrhynchos
[n=10], Triaenodon obesus [n=4], and Negaprion acutidens [n=4]) through analysis of stable isotopes δ15N and δ13C. Of
these 71 individuals, we also monitored 34 sharks with acoustic telemetry for long-term (> 1 yr) patterns of site fidelity and
residency to Coral Bay. Overall, the mean δ13C values for each species were similar, and were between -10.9 and -11.8 ‰,
suggesting a foodweb dependency on coastal producers. Classification and regression tree analysis identified an effect of species
on δ15N, which separated C. amblyrhynchos and C. melanopterus from N. acutidens and T. obesus. For C. amblyrhynchos and
C. melanopterus, two further splits divided animals into size classes, with smaller sharks having on average lower δ15N than
larger animals, indicating that δ15N increases with size for these two species. Juvenile C. melanopterus, juvenile N. acutidens,
and adult T. obesus had trophic levels of 3.4, juvenile C. amblyrhynchos had a trophic level of 3.8, and C. melanopterus and C.
amblyrhynchos had respective trophic levels of 3.7 and four. Our trophic level estimates corroborate previous studies that have
established trophic levels for these species using traditional stomach content analysis. No difference in isotopic composition was
found between sharks that were residents (> 50% of days detected by acoustic array at Coral Bay), and non-residents. These
findings are consistent with most studies of reef sharks to date, which have shown restricted home-ranges, possibly leading to
little variation in isotopic compositions. High δ13C composition in reef sharks, coupled with long-term residency behaviour,
suggests that coastal marine parks might be effective conservation measures for this threatened predatory guild.

Seasonal Forecasting to Support the Management of Wild Fisheries and Aquaculture
in Australia
Spillman, Claire*1, Hobday, Alistair2, Hartog, Jason2, Alves, Oscar1 & Hudson, Debbie1
Centre for Australian Weather and Climate Research (CAWCR), Bureau of Meteorology, Melbourne, VIC 3001
CSIRO Marine and Atmospheric Research, Hobart, TAS 7000
c.spillman@bom.gov.au
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Seasonal forecasting has great scope for use in marine applications, particularly those with a management focus. Seasonal
forecasts from dynamical ocean-atmosphere models of high risk conditions in marine ecosystems can be very useful tools for
managers, allowing for proactive management responses. The Australian Bureau of Meteorology’s seasonal forecast model
POAMA currently produces operational real-time forecasts of sea surface temperatures for Australia. These forecasts are used
in the management of multi-species long-line fisheries on the east coast of Australia. Southern bluefin tuna (SBT) are a quotamanaged species in the eastern Australian longline fishery, and there is a management need to reduce non-quota capture of
this species. Ocean forecasts are combined with a statistical habitat model to produce experimental habitat maps for fisheries
authorities to use in regulating fishing effort. Similarly, POAMA forecasts around Tasmania, Australia, are utilised by managers
of salmon aquaculture farms, with information used to manage feed composition, stocking densities and freshwater bathing, all
of which enhance farm production in a variable climate. Warm summers can significantly impact farm production via an increase
in operational expenses and impacts on fish condition, mortality and recovery potential, while cool winters slow salmonid
growth. Advance warning of suboptimal conditions allows for proactive management responses and helps maintain industry
profitability in an uncertain environment. Improved management of marine resources, with the assistance of such forecast tools,
is also likely to enhance their resilience and adaptive capacity under climate change.
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The environmental impacts of a sewage outfall at Davis Station, Antarctica
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In early 2010 a comprehensive marine environmental impact assessment of a sewage outfall (untreated) was done at Davis
Station in East Antarctica. The goal was to provide information to managers to support the planned installation of new sewage
treatment facilities, and ensure that the up-grade meets standards set by national legislation and international commitments and
lives up to the expectation of very high levels of environmental stewardship of Australian activities in Antarctica. The project had
three aims; 1) Describe the nature and extent of impacts to the marine environment; 2) Assess the hydrodynamic characteristics
of the nearshore marine environment to determine dilution/dispersal of sewage effluent; 3) Determine the toxicity of sewage
effluent as the basis for recommendations on adequate dilution and dispersal for discharge. Thirty sites were surveyed for a
range of ecological characteristics including sediment chemistry (nutrients, metals, other contaminants), sewage biomarkers,
microbiological impacts, infaunal and epibiotic communities. The marine environment around Davis is highly heterogeneous
with a range of habitat types, sediment properties and exposure to waves, winds and sea ice. Hydrodynamic conditions were
investigated with dye tracers/flourimetry and sewage toxicity was tested in laboratory toxicity tests using local invertebrates
species. In summary there was found to be some minor chemical contamination of marine sediments (Cu, Pb, Sn, Zn, As,
PDBEs), evidence of faecal sterol biomarkers (24-ethylcoprostanol) and microbial indicators of sewage (E. coli). Of particular
concern was the detection of the presence of E. coli in marine invertebrates, Abatus and Laternula, and the discovery of the
transfer of antibiotic resistance mechanisms in E. coli isolated from Laternula. There were no impacts detected in infaunal and
epibiotic communities. Toxicity testing indicated that sewage was toxic at concentrations of 3%. Preliminary histopathological
analysis of fish (Trematomus bernacchi) tissue indicated alteration in liver and gill tissues of fish caught near the outfall. A range
of treatment options have been recommended ranging from no treatment to world best practice tertiary treatment to eliminate the
potential for genetic pollution.

Current Observations from the Continental Shelves of the Arafura and Timor Seas
Steinberg, Craig*1, Rigby, Paul1, McAllister, Felicity1, Williams, David1, Spagnol, Simon1,
Brinkman, Richard1 & Jones, Nicole2
Australian Institute of Marine Science, PMB#3, Townsville QLD 4810
School of Environmental Systems Engineering and The UWA Oceans Institute, University of Western Australia, Crawley, WA 6009
C.Steinberg@aims.gov.au

1
2

The southern region of the Arafura and Timor Seas are comprised of extensive continental shelves and encompass a region of rich
oceanographic complexity. The region is bordered to the north by the path of the Indonesian Throughflow (ITF) and a seasonal
boundary current known as the Holloway Current occupies the outer shelf. Macro-tides and strong but seasonally-variable
heating and atmospheric forcing from both the monsoonal and trade winds create a highly energetic environment on the shelf.
In June 2010 a long-term shelf mooring array was established by the Integrated Marine Observing System (IMOS) to monitor
the boundary currents and oceanographic environment in this region. The array was extended in June 2011 to include deep
water moorings in the Timor Trough to monitor the ITF. The region is bounded to the north by the Darwin National Reference
Station and another mooring array will soon be deployed in the Kimberley region to the south, improving the coverage of the
observing system. The mooring arrays are maintained by AIMS and funded by the Western Australian node of the Integrated
Marine Observing System (WAIMOS) through the Northern Australian sub-facility of the Australian National Mooring Network.
All data is made publicly available through the IMOS data portal. Preliminary analysis of the initial 6 months of data from the
northern shelf mooring array reveal a transition from well-mixed shelf waters in winter to a thermally stratified water column,
resulting from spring-time warming. Internal tides were then able to propagate into the shallower shelf water; the internal tide
was modulated by the spring-neap tidal cycle.
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An unusually severe presentation of dolphin poxvirus in bottlenose dolphins (Tursiops
aduncus) within the Swan-Canning Estuary
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In 2009 two adult female bottlenose dolphins were found dead within the Swan-Canning Estuary. Both dolphins had severe
ulcerative skin lesions covering over 70% of their skin surface area. Histological analyses identified viral inclusion bodies
characteristic of poxvirus within these skin lesions. The severity and extent of the lesions were deemed to have caused terminal
debilitation in the two dolphins. Infection with dolphin poxvirus is usually characterised by one to several mild skin lesions
in juveniles that regress with time. Poxvirus infection has never been documented as the cause of death in adult dolphins;
furthermore the severe skin lesions observed in the two dolphins mark a novel presentation of dolphin poxvirus infection. The
definitive mechanisms by which the characteristic poxvirus lesions may have progressed to the unusually severe lesions is
currently unknown but possible factors may include: the presence of a poxvirus strain possessing greater virulence; and/or the
potentially immunosuppressive effects associated with living in a heavily utilised and inherently stressful estuarine environment.
Dolphins are recognised as biosentinels for coastal and estuarine ecosystems, and atypical disease presentations such as this may
be indicative of the environmental conditions of systems like the Swan-Canning Estuary.

Biogeochemical and bio-optical properties of the 2011 floods in Moreton Bay, Queensland
Steven Andy*1, Carlin Geoff1, Cherukeru, Nagur1, Ford, Phillip1, Forcey, Karl1, Fry, Gary1, Gregor,
Rob1, MacDonald, Lindsay1, Oubelkheir, Kadija1, Ralph, Peter2 & Rizwi, Farhan1
CSIRO, Wealth from Oceans Flagship, Ecosciences Precinct, PO Box 2583, Brisbane QLD 4001
University Technology of Sydney, Plant Functional Biology and Climate Change Cluster (C3), PO Box 123 Broadway NSW 2007
andy.steven@csiro.au
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Coastal habitats along the Queensland coast are regularly exposed to pulsed river discharges associated with cyclones and
tropical depressions; however the scale and continuity of flooding occurring in Queensland over later December 2010 and
through January 2011 has not been seen for a very long time and is off a magnitude that is beyond our present capability to
predict the likely consequences to coastal ecosystems such as the Great Barrier Reef, Great Sandy Strait and Moreton Bay.
As soon as practicable multi-institutional campaigns were quickly mounted to sample these flood plumes and continued for
several months thereafter in order to assess the biogeochemical and ecological consequences. These campaigns comprised
repeat surveys of stations for a range of biogeochemical, bio-optical and ecological parameters, deployments of gliders to profile
the three dimensional structure of these plumes offshore, establishment of continuous in situ monitoring of key parameters and
ongoing assessments of seagrass response. This presentation will overview some of the key biogeochemical and bio-optical
results from these studies and comment on how these measurements provide insight into the resilience of these ecosystems and
better constrain receiving environment models and coastal ocean colour products.

134

48th Australian Marine Sciences Association Conference 2011

The Census of Antarctic Marine Life: A platform for the future
Stoddart, Michael*
The Census of Antarctic Marine Life (CAML) was a five-year international project, serving as a major project for the International
Polar Year 2007-2009, and the southernmost field program for the Census of Marine Life (CoML) 2000-2010. Over 300 scientists
from 30 nations participated in CAML and field-work was conducted on 19 research voyages. CAML worked to establish new
partnerships in Antarctic research, such as through the establishment of a Latin American program bringing together researchers
from the 6 South American countries with active Antarctic programs. All CAML’s data are available through the Scientific
Committee on Antarctic Research’s Marine Biodiversity Information Network (www.scarmarbin.be). Over 140 datasets with
over 1 million distribution records and 8000 valid species have been compiled, together with 15,000 barcodes from 1500 species.
SCAR’s Marine Biodiversity Information Network is evolving into the Antarctic Biodiversity Information facility ANTABIF,
that will become the primary Antarctic biodiversity portal. Full results of the CAML’ work are found in DSR II vol 58 (2011),
and a forthcoming special volume of the Journal of Antarctic Science. CAML’s main findings include:
•

a single Antarctic bio-region surrounding the whole of the Antarctic continent

•

no evidence of introduced species from any part of Antarctica

•

faunal diversity is high with many samples revealing large numbers of undescribed species – particularly from deep waters

•

molecular studies revealed few truly circum-Antarctic species were identified, with notable exceptions

•

evidence of high speciation and endemism

•

there was much evidence of cryptic speciation

•

a comprehensive description of the fauna of Admiralty Bay, King George Island, in which marine research has continued for
30 years, stands as a CAML benchmark against which future change can be measured

CAML was able to visit areas of the Southern Ocean which had never been studied before due to their being covered by ice shelves.
As might be expected, pelagic colonisation occurs more quickly than benthic colonisation. Such studies help understanding of
how the high-latitude Southern Ocean responds to catastrophic environmental change, such as might be induced by climate
change. Scientific integration and co-ordination of CAML’s activities was made possible through the financial generosity of the
Alfred P Sloan Foundation, New York. Ship-time, amounting to many millions of dollars, was provided by National Antarctic
Programs and their research funding agencies.

Zooplankton Communities in Australia: a comparison between east and west coasts
Strzelecki, Joanna*1, Gusmao, Felipe2 & Richardson, Anthony J.2
CSIRO Marine and Atmospheric Research, Private Bag No 5, Wembley, WA 6913
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Zooplankton is numerous, diverse and important in biogeochemical cycles. It responds quickly to environmental changes
making it a good indicator of water masses, pollution and climate change. We compare biomass, diversity, size structure, growth,
feeding and physical structuring of zooplankton communities off the west and east coasts of Australia. Waters off both coasts
are oligotrophic and influenced by the East Australian Current in the east and the Leeuwin Current in the west. Zooplankton
biomass off both coasts is low compared with other areas globally and highest in the Northwest Shelf, with this increase in
productivity potentially related to cyclone activity enhancing mixing in this area. Australian waters are mainly dominated by small
copepods, with intermittent large blooms of gelatinous zooplankton (salps, doliolids, pyrosomes), implying that connectivity to
fish productivity is relatively inefficient compared with cooler regions. Copepod diversity is high with >120 copepod species
identified off the North West Shelf but declining further south. Copepods feed mostly on heterotrophic dinoflagellates and
small flagellates including cryptophytes, haptophytes and prymnesiophytes. Zooplankton production measured enzymatically is
higher inshore than offshore. Local oceanographic processes such as eddies are production hotspots. We use this understanding
of zooplankton ecology to estimate the impact of climate change on zooplankton through the general warming of the ocean, the
predicted strengthening of East Australian Current, and the small weakening of Leeuwin Current. We highlight research gaps and
fruitful pathways for future research.
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Fingerprinting bacterial communities in estuarine sediments: identifying potential
bioindicators of estuarine health
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In heavily polluted estuarine sediments, there is need to identify more sensitive bioindicators of ecosystem health. Shifts in
bacterial community structure have been reported in response to anthropogenic contaminant loading. This study investigated
the response of estuarine sediment bacterial communities to anthropogenic contaminants using a combination of Automated
Ribosomal Intergenic Spacer Analysis (ARISA) and 454 ribosomal tag-pryosequencing. Sediments were collected from five
sites in both inner and outer zones of three heavily modified and three relatively unmodified estuaries in NSW representing
a gradient of contamination. Through forward-selection multivariate ordination techniques and boosted regression tree
analysis, we found that shifts in both bacterial community composition and diversity showed strong association to the level of
contamination present in sediments. In particular, bacterial communities were most sensitive to increased siltation and heavy
metals Cu and Pb. From taxonomic identifications, it was determined that finer sediments supported an increase in classes
Deltaproteobacteria, Alphaproteobacteria, Acidobacteria Group, unclassified groups, Anaerolineae (Chloroflexi) and decreases
in Gammaproteobacteria, Cyanobacteria, Actinobacteria, Alphaproteobacteria and Sphingobacteriains. Fine sediments
in heavily modified estuaries that were most subject to the influence of contaminants revealed dramatic increases in classes
Deltaproteobacteria, unclassified groups, Verrucomicrobiae while all other classes decreased in abundance. While the data
remains correlative, there is a strong suggestion that anthropogenic contaminants are driving shifts in bacterial community
composition and reducing the diversity of these communities. Bacterial communities may be comparatively more sensitive
to contamination than the well-studied macrofauna of benthic marine systems. This makes them ideal organisms for use as
bioindicators in highly complex natural systems such as estuaries.

Horizontal and vertical distribution of euphausiids associated with a meso-scale eddy
of the Leeuwin Current
Sutton, Alicia*1, Beckley, Lynnath E. 1 & Holliday, David1
School of Environmental Science, Murdoch University, 90 South Street, Murdoch Western Australia 6150
alicia_393@hotmail.com
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Krill (Crustacea: Euphausiacea) is an important component of zooplankton and euphausiids have been studied in many ocean
currents and upwelling systems around the world. Off the south west of Australia, euphausiid assemblages were investigated
within and around a developing warm core anticyclonic eddy. Twenty two species of euphausiids were recorded, of which two were
new records for Western Australia, and several others had southward range extensions. Euphausia recurva (28%), Stylocheiron
carinatum (22%) and Pseudeuphausia latifrons (13%) were the most dominant species across the eddy field. Euphausia recurva
and S. carinatum were found across most depth ranges, whilst P. latifrons was found in shallower waters and distinguished shelf
stations from eddy perimeter/ meander, eddy centre and oceanic stations. The euphausiid assemblage around the perimeter of the
eddy was not significantly different from the eddy centre assemblage, highlighting the strong mixing effect of the anticylconic
eddy. Strong vertical distribution patterns were largely driven by calyptopis and furcilia larval stages, with higher concentrations
of these larval stages in the upper 80 m of the water column. High concentrations of euphausiids were often located within the
mixed layer and in proximity to the deep chlorophyll maximum. Of the environmental variables tested, temperature and, in turn,
salinity and dissolved oxygen, and larval fish concentrations were most correlated with euphausiid assemblages. Chlorophyll a
and water column depth were weakly correlated with euphausiid assemblages. Tracking water masses over time using surfacedrifter buoys, enabled repeated sampling of euphausiid assemblages, and species composition and proportions of larval stages
were found to vary over time. This is the first study to investigate euphausiids within a developing eddy off the south-west coast
of Australia.
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Review on marine research in Arafura Sea, with special notes on prospective mariculture
of marine coastal resources
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Arafura Sea is an important fishing ground in Indonesia due to its abundant marine and fishery resources. For the last three
decades, its marine resources, especially fishes and shrimps, have been fully exploited. Nowadays its resources seem to be
declined. In addition, fishery industry in Arafura Sea is also faced the problem of illegal, unregulated and unreported (IUU)
fishing. This condition probably happen because of many fishing vessels operated in this area with a little control. For sustainable
use of marine resources in Arafura Sea, we have to understand the potency of this resource. Therefore marine research should be
taken. Research in marine resources of Arafura Sea has been conducted since early the 1900’s including oceanographic, marine
biology and fishery, however at the present, this research should be conducted to update these resources information related to
events of global warming and climate change. Moreover, research is also purposed to marine coastal resources, such as seaweed,
trochus and green snail, which they could be developed through mariculture. These marine coastal resources are prospective
assets for local people living at the coastal area of small islands in Arafura Sea, because these resources are highly demand for
domestic and international markets. So, the marine and fishery resources in Arafura Sea are not only utilized through the capture
fishery but also by using the mariculture system. These two exploitation approaches require good management strategies.

Seasonal variability in lagoon-ocean exchange at Ningaloo Reef, WA
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The growth and productivity of benthic communities living within coral reefs, is largely influenced by water motion and its
seasonality. This study has investigated the seasonal nearshore circulation within Ningaloo Reef, WA, including the variability in
reef-lagoon flushing rates. The shallow coral dominated reef flats at Ningaloo (hr ∼1-2 m depth) from 1 to 6 km offshore and are
separated from the coast by somewhat deeper lagoons (hL ∼2-5 m deep). The study focused specifically on the Sandy Bay region
(an ∼5 km section of Ningaloo Reef) having a morphology typical of many parts of Ningaloo Reef, with a simple configuration of
shore‐parallel reef sections broken by channels. Previous studies of Sandy Bay have focused on field observations and numerical
modelling of hydrodynamics for a 6 week period in April-May 2006. The flushing time of lagoon (volume of water in lagoon
normalized by the flow exchanged between the lagoon and ocean) has been predicted for this period to be ~6 hours. Long term
records of wind/waves shows strong seasonality between winter (large swells) and summer (persistent sea breeze). Thus a
coupled wave-circulation model, validated for the April-May period, was extended to two different seasons and flushing times
were computed for July (large swell season) and November (strong sea breeze season) of 2006. Although wind speed varied
significantly between the two seasons (~30% higher in November), the flushing time responded much more strongly to wave
height, which increased in average by about 15% in July. The flushing of the reef-lagoon system clearly responded to the change
in wave climate (~20%) highlighting the important role that wave climate plays in controlling flushing of Ningaloo on seasonal
and longer-term timescales.
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Seasonal Dynamics, Productivity and Resilience of Tropical Deepwater Seagrasses and
their Implications for Port Developments
Taylor, Helen*1, McKenna, Skye1 & Rasheed, Michael1
Fisheries Queensland, Department of Employment, Economic Development and Innovation, PO Box 5396, Cairns QLD 4870.
Helen.Taylor@deedi.qld.gov.au

1

A research and monitoring program was established to examine the potential impacts of a large scale port expansion on a tropical
deepwater seagrass community between February 2008 and June 2010. The aim of the monitoring program was to fill gaps in
our understanding of the dynamics of tropical deepwater seagrass habitats, while manipulative experiments aimed to determine
their roles in fisheries productivity and their resilience and capacity for recovery from disturbance associated with the proposed
developments. Results of the study revealed seagrasses were highly dynamic, changing as a function of season, but also highly
influenced by extreme weather events during the life of the study. The productivity and resultant biomass of seagrasses reached
a maximum in the late dry season, a trend consistent with observations of seagrasses throughout Queensland. Results also find
seagrass meadows at Abbot Point to be highly productive, producing 237g of carbon per m2 per day. Although this is roughly
half the productivity of seagrass meadows on reef platforms such as the Torres Strait, this net productivity compares highly
with many productive marine and terrestrial ecosystems worldwide. Seagrasses were found to have some levels of resilience to
stress, however this varied with species and community type and will be dependent in the future upon the continued availability
of seed reserves. Species such as Halophila spinulosa were found to have a high capacity for recovery through the use of
seed reserves in the sediment, however shallow near shore species such as Halodule uninervis failed to recover quickly from
simulated disturbance, relying on asexual propagation. Implications of the study for managing impacts to deepwater seagrass
communities in response to proposed port developments are discussed.

A report card for monitoring the condition of hard coral communities over steep
environmental gradients
Thompson, Angus*1, Schaffelke, Britta1 & Davidson, Johnston1
Australian Institute of Marine Science, Private Mail Bag 3, Townsville Qld 4810
a.thompson@aims.gov.au

1

Coral reef communities vary naturally in response to environmental variables such as turbidity, nutrients loads and hydrodynamic
setting. Clear relationships between community composition and environmental setting are, however, obscured by the complexity
of the processes shaping these communities, e.g. presence of a large number of rare species at some sites, stochasticity in
recruitment and differences in disturbance history. This complexity makes it difficult to assess and report the condition of
coral reef communities based on composition or abundance alone, as there is no defined “expected” condition against which to
compare current observations. We present a condition assessment that is based on the underlying assumption that a healthy hard
coral community will show resilience to disturbances by recovering lost cover (e.g. after disturbance) through the recruitment
and growth of new colonies or the re-growth of surviving colonies. The assessment is based on five attributes of the benthic
communities, which can be considered as indicators for community resilience. Each attribute is scored on a three point scale
based on simple decision rules, and these attribute scores are summarised to an overall reef score. The reef scores are aggregated
per geographic region to return a single score that is colour-coded to provide an efficient and readily accessible overview of
community status to a range of users. Importantly, this assessment allows communities that vary considerably in composition to
be considered within a uniform framework. The reef or regional scores can be used to compare condition among sites or, perhaps
more appropriately, as the basis for monitoring changes in condition through time.
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The Kimberley: some pieces of the puzzle
Thompson, Peter1*, Bonham, Pru1, Lourey, Martin2, McLaughlin, James2, Strzelecki, Joanna2,
Weller, Evan2, Beckley, Lynnath3, Holliday, David3, Patten, Nicole4, Waite, Anya4, Paul, Daniel5, &
Cherukuru, Nagur5
1 CSIRO Marine and Atmospheric Research, GPO Box 1538, Hobart TAS 7001
2
CSIRO Marine and Atmospheric Research, Private Bag 5, Wembley WA, 6913
3
School of Environmental Science, Murdoch University, South Street, Murdoch, WA, 6150, Australia
4
School of Environmental Systems Engineering, University of Western Australia, 35 Stirling Highway, Crawley, WA 6009, Australia
5
CSIRO Land and Water, Black Mountain, GPO Box 1666, Canberra ACT 2601
Peter.A.Thompson@csiro.au

On the eastern edge of the Indian Ocean, downstream from the Indonesian Through-Flow, with some of the largest tides in the
world and in the wet tropics; the Kimberley region has a myriad of factors that influence its ecology. The region has become the
centre of Australia’s booming mineral, oil and gas industries; yet the functioning of its pelagic ecosystem is virtually unstudied.
Satellite observations indicate massive blooms of coccolithophorids with their potential to significantly exacerbate ocean
acidification. Sporadic observations suggest widespread blooms of Trichodesmium possibly representing the largest single input
of new nitrogen into a nitrogen limited ecosystem. The pelagic primary production supports a diverse food web consisting of a
range of zooplankton and fish species. The region has valuable aquaculture activities, fisheries and a large migratory community
of marine birds and mammals. During a 2010 research voyage we examined many aspects of the marine ecology within this
ecosystem. The research was focused on describing the benthic and pelagic communities, measuring the fluxes of nitrogen and
carbon while seeking to understand the processes that determine the region’s primary production. Considerable emphasis was
placed upon observing physical processes that inject nutrients into the euphotic zone to stimulate primary production or enhance
nutrient cycling such as the tides, internal waves and terrestrial inputs. A suite of measurements were made to improve our
ability to use remote sensing to observe and manage this remote environment. An overview of the cruise, its objectives and some
examples of the results will be presented. These will be placed in the context of regional ecology and the challenges for Australia
in terms of managing this relatively pristine ecosystem.

Comparative eutrophic status of southwest WA estuaries
Thomson, Catherine*1 & Forbes, Vanessa1
1

Department of Water, Government of Western Australia, PO Box K822, Perth 6842.

A comparison and ranking of estuarine ecosystem health on a state and national scale which can also be incorporated into an
international comparative review is an important step necessary to establish the extent of the eutrophication problem in Australia.
In addition this would facilitate the distribution of resources to maximise the ability to improve situations which show signs of
degradation, to ensure those systems that are currently in good condition are maintained as such and most importantly to design
a scoring/ranking system which is robust, meaningful and easily communicated to track change in eutrophic status. A pressurestate-response model which uses quantitative and semi-quantitative components has been applied to over 150 widely different
US estuaries and several European, Asian estuaries and Moreton Bay, Queensland. The model, known as ASSETS (Assessment
of Estuarine Trophic Status) and developed by National Oceanic and Atmospheric Administration, is currently being tested for
its suitability for Western Australian scenarios. Case studies of a number of south west estuaries will be demonstrated. The
estuaries examined extend from the Swan- Canning in Perth to Stokes Inlet, 65km west of Esperance. These estuaries are all
micro-tidal, wave-dominated estuaries which vary from permanently open to partially and permanently closed. The strengths
and weaknesses of ASSETS in the south-Western Australian context will be discussed.
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Dynamics of tidally-driven circulation in a topographically-complex macrotidal coastal
system: the Kimberley, Western Australia
Tian, Lei*1, Jones, Nicole L.1, Lowe, Ryan J.2, Brinkman, Richard3, Williams, David K.4 & Ivey,
Gregory N.1
The UWA Oceans Institute and School of Environmental Systems Engineering, University of Western Australia, 35 Stirling HWY, Perth WA 6009
The UWA Oceans Institute and School of Earth and Environment, University of Western Australia, 35 Stirling HWY, Perth WA 6009
3
Australian Institute of Marine Science, PMB No 3. Townsville Mail Centre, QLD 4810
4
Australian Institute of Marine Science, Arafura Timor Research Facility, PO Box 41775, Casuarina NT 0811
tian@sese.uwa.edu.au
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2

The central Kimberley coast is characterised by complex topography, including reefs, islands and headlands and experiences
a tidal range of up to 12 m. In shallow coastal waters the interaction of tidal currents with topographic features generates
secondary flows. The secondary circulations provide a direct transport mechanism for carrying material across the streamlines
of the tidal flow and hence significantly influence the distribution of dissolved and particulate material such as larvae, sediment
and nutrients. We report on the first detailed hydrodynamic study of the regional circulation and local mixing processes along
the central Kimberley coast, undertaken in January 2011. We investigated the influence of island groups on the circulation of
the Montgomery Reef/ Collier Bay region. The regional circulation was measured using a series of moored current meters, tide
gauges and conductivity/temperature sensors. We resolved the spatial structure of the current field in the lee of the Kingfisher/
Melomys Island group during flood tide by transecting for several 8 hour periods with vessel-mounted acoustic Doppler current
profilers. A series of large and small eddies formed in the lee of the island group, advecting away and dissipating as the tide
ebbed. Large river outflows during the experiment resulted in both horizontal and vertical salinity gradients, influencing both the
regional circulation and the structure of the eddies.

Mangrove resilience to human modification and natural disturbance
Toki, Beth*1
BMT WBM, Level 8, 200 Creek Street, Brisbane, 4000.
beth.toki@bmtwbm.com.au

1

Ecological monitoring of the response of mangroves to controlled human modification (e.g. canopy lifting, coppicing) has been
undertaken since 2007. The recent major flood event in the Brisbane River presented a unique opportunity to also examine
the comparative influence of this large scale natural disturbance with that due to anthropogenic disturbance. The monitoring
program quantitatively assessed mangrove litter fall, recruitment and flower production. Visual observations were made of
changes in mangrove composition, physical structure and general health. The inhabitant benthic macrofauna community was
also surveyed. Monitoring of these attributes has been undertaken at various treatments (i.e. no treatment, canopy lifting only,
canopy lifting plus coppicing) for approximately four years prior to the flood event in January 2011. The least intense level
of human modification (canopy lifting only) had no detectable impact on the mangrove community, aside from changes in
the physical structure of the canopy. Substantial direct effects were observed in response to the most intense level of human
modification (canopy lifting plus coppicing), such as mortality of many Aegiceras corniculatum; a reduction in understorey
biomass; and reduced structural complexity. With respect to the influence of the 2011 flood, preliminary results suggest that the
mangroves initially displayed widespread symptoms of stress such as death of the leaves that had been inundated and many of the
smaller mangroves that were fully inundated for a significant period did not survive, particularly new recruits and those subject
to the cumulative effects of both flood and intense human modification. One month after the flood, larger mangroves that were
not fully inundated were beginning to display signs of regrowth on lower damaged branches, while the upper branches of many
Avicennia marina were in full flower, as would normally be expected for that time of year. Ongoing monitoring will provide
further insight into post-flood recovery.
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Using photographs to explain visitors’ attachment to the southern Ningaloo coast
Tonge, Joanna*1, Beckley, Lynnath E.1, Moore, Susan A.1 & Ryan, Maria2
School of Environmental Science, Murdoch University, South St, Murdoch WA 6150
School of Business, University of Notre Dame, PO Box 1225, Fremantle WA 6959
j.tonge@murdoch.edu.au
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2

A recent human-usage survey of the Ningaloo Marine Park identified a significant percentage of repeat usage (55%) among
visitors. Given the considerable time and effort required to get to this remote Park, why do these visitors continually return? One
theory explored through this study was the concept of place attachment - the forming of bonds with a physical setting. Given the
complex nature of this concept, the qualitative research method of photo-elicitation was employed. Visitors across three study
sites along the southern section of the Ningaloo coast were asked to take photographs to indicate why they liked to visit the area.
In subsequent interviews these were then used as a basis to help explain and explore their attachment. During a four week period,
coinciding with peak visitation, 30 participants took greater than 200 photographs and provided over 15 hours of interview
recordings. Documentation of photographic content as well as thematic analysis of the interview transcripts identified a number
of key factors contributing to visitors’ place attachment. These included enjoyment of the physical environment, especially the
unique land and seascapes, the warm climate and that the environment facilitated participation in desired recreational activities.
There were also opportunities for social interactions among families, friends and acquaintances specific to the study sites. It
was also found to be an emotionally complete experience as the challenges of planning for, and getting to, the remote location
rewarded with enjoyable holidays. This study provides information to managers about the relationships visitors have with the
Ningaloo environment. Specifically it is not just the biophysical aspects of the Park, but social interactions and rewards are also
important to visitors.

Behaviour of the western rock lobster to commercial traps
Toon, Natalie* & Loneragan, Neil
Centre for Fish and Fisheries, Murdoch University, 90 South Street, Murdoch WA 6150
Natalie_toon@hotmail.com

Video observations were made of the behavioural interactions of Panulirus cygnus with commercial traps in the laboratory
and under commercial fishing conditions. The laboratory observations investigated the influence of temperature and moonlight
intensity on the lobster behaviour. However, presented here are the results from in situ observations of the western rock lobster
with a baited commercial trap. Video recordings were analysed from deployments of the trap in the shallow waters at North
Island (5 nights) and Pelsaert group (7 nights) within the Houtman Abrohlos Islands between April and May 2008 and Jurien Bay
in March 2009 (4 nights). Lobsters were observed to predominately interact with the traps between dusk and dawn, with fewer
trap interactions occurring after midnight. Entry and feeding activity at the trap remained consistent throughout the night. Low
catch rates and observations of lobsters occurred at Jurien Bay, potentially as a result of lower water temperatures and higher
surge. Only a small number of P. cygnus were retained in the trap compared with the number of interactions observed on top
and to the sides of the trap. Lobsters were seen entering and exiting the trap throughout the night at all locations in this study.
Fewer than 15 % of the lobsters entering the traps were retained at the Houtman Abrolhos locations. Only 30 % of the lobsters
that approached the side of the trap at Pelsaert group continued to further investigate the trap. The behaviour of P. cygnus at
the traps varied greatly among nights, indicating that the behaviour of lobsters is highly variable. The behaviour of lobster was
influenced by the presence of octopus in traps as no P. cygnus entered traps containing octopus. Octopus, however, appeared to
be attracted to and entered the traps due to the bait and shelter rather than the presence of P. cygnus. The use of video in this study
has developed a better understanding of gear efficiency and the interactions of P. cygnus with baited traps.
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Diverse case-studies, common themes: outcomes of HMAP in Asia and Australia
Tull, Malcolm1, Christensen, Joseph1 & Acebes, Jo Marie*1
Murdoch Business School, Murdoch University, South Street, Murdoch W.A. 6150
M.Tull@murdoch.edu.au
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This presentation will review the outcomes of research activities undertaken through the History of Marine Animal Populations
(HMAP) research initiative in Asia and Australia. HMAP Asia, which is based at Murdoch University, is one of the 16 HMAP
sub-projects, and comprises historical case-studies of commercial, artisanal and recreational fisheries of the Indo-Pacific (South
Asia, South-East Asia, South-West Pacific and Australia) region. The common themes that have emerged from these case-studies,
which range from the ecological and socio-economic impacts of the transformation of small-scale fisheries in the twentieth
century to the potential for over-fished populations to recover under appropriate management arrangements, will be reviewed.
The presentation will also identify and elaborate upon possible lessons for fisheries management policy-making across the region.

Relationships between Fish and Benthic Macroinvertebrate Faunas and Habitat Types
in Broke Inlet, Western Australia
Tweedley, James*1, Valesini, Fiona1, Hoeksema, Steeg1 & Potter, Ian1
1 Centre for Fish and Fisheries Research, Murdoch University, South Street, Murdoch, Perth Western Australia,
J.Tweedley@Murdoch.edu.au

Critical to the understanding of estuarine ecosystems is a rigorous classification of their habitats and an assessment of the extent
to which the distribution of key faunal assemblages are related to those habitats. This study relates a fully quantitative abiotic
classification of the nearshore habitats within Broke Inlet, a ‘near pristine’ seasonally-open estuary in south-western Australia,
to the fish and benthic macroinvertebrate communities present at those habitat types in each season for two years and one year,
respectively. The eleven habitat types, which differed in their suite of enduring abiotic variables, including those reflecting the
vicinity of marine and freshwater sources, exposure to wave activity and substratum type, were found to contain significantly
different fish faunas in seven of the eight seasons sampled. Furthermore, the pattern of relative differences among habitat types,
as exhibited by the ichthyofauna, statistically matched that among the suite of enduring abiotic variables used to distinguish those
habitats in almost all seasons. However, while the benthic macroinvertebrate faunal composition differed among habitats in all
four seasons, those differences were only significantly correlated with those among the abiotic characteristics of habitat types
in one of those seasons. These results therefore demonstrate that the enduring abiotic classification scheme produced for Broke
Inlet provides a sound basis for predicting the ichthyofauna, but not the benthic macroinvertebrate fauna, likely to be found at
any location within the estuary.
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Development and demise of a fringing coral reef during Holocene environmental
change, eastern Ningaloo Reef, Western Australia
Twiggs, Emily*1 & Collins, Lindsay1
Department of Applied Geology, Curtin University of Technology, GPO Box U1987, Perth, WA 6845
emily.twiggs@postgrad.curtin.edu.au, emilytwiggs@hotmail.com
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Reefs lining the western Exmouth Gulf, located at the northern limit of the 300 km long Ningaloo Reef in Western Australia,
represent modern incipient coral reefs and veneers of non-reef-building coral/algal communities on exposed Pleistocene or ‘giveup’ Holocene reef surfaces. Acquisition of sixteen cores alongside U-series TIMS dates were used to confirm the nature of the
Pleistocene foundation and characterise Holocene reef development. Three calcretised Pleistocene units were identified as 1) the
Last Interglacial (MIS 5e) reef directly underlying Holocene units, 2) a mid-Pleistocene (MIS 7?) bioclastic conglomerate unit,
and 3) a Pleistocene alluvial fanglomerate. Eight Holocene reef facies (total thickness of 1.8–5.3 m) included coral framework
facies (domal, arborescent, mixed, tabulate and encrusting) and detrital facies (carbonate sand, skeletal rubble and alluvial fan
deposits). Holocene ages range from 7.93 to 5.8 ka BP with vertical accretion ranging from 1.46 to 9.88 mm/year (avg. 4.11
mm/year). Highest rates of accretion and thickest accumulation occurred in the most seaward and deepest cores composed of
massive coral framestone and coralline algal crusts. A six stage Holocene chronology is proposed, including 1) coastal inundation
from 8 to 8.5 ka BP, 2) initiation ‘start-up’ from 8 to 7.5 ka BP, 3) rapid growth ‘catch-up’ and back-step from 7.5 to 7 ka BP,
4) rapid aggradational growth ‘catch-up’ from 7 to 6.5 ka BP, 5) reef decline ‘give-up’ and detrital buildup from 6.5 to 5.8 ka
BP, and 6) detrital buildup and progradation from 5.8 ka BP to present. Changes in reef facies and the ultimate demise of the
Holocene reef probably involved a combination of increased sea-level, coastal flooding and erosion during the mid-Holocene
highstand, with associated increase in sedimentation, turbidity and decline in water quality; burial by sediment buildup during the
mid-Holocene highstand and detrital progradation during the mid- to late-Holocene regression; and, the introduction of alluvial
sediment during cyclones and other severe storms to an already stressed community. Modern communities have thus shifted from
coral-dominated to bored macroalgal pavements. This study shows that integration of reef development processes with response
to environmental change can be used to assess future pressures on coral reef ecosystems globally.

Toward an Ecolab Model for detection of Temperature, Light and Sediment Impacts
on Coral Biomass
Ulstrup, Karin*1, Erichsen A2 & Chiffings A1
1
2

DHI Water & Environment, Level 2/83 Havelock St, West Perth WA 6872
DHI Water & Environment, Agern Alle 5, Hørsholm 2970, Denmark

Tropical reef-building corals (Scleractinia) provide goods and services for maintenance of ecosystem health and biodiversity.
However, changes in coral health such as those resulting from temperature increases, light attenuation and sedimentation are
mostly determined empirically making predictions of impact difficult. DHI’s ECO Lab allows coupling of hydrodynamics,
sediment transport and deposition as well as water quality impacts on ecological processes. A new ECO Lab template for corals is
now available for impact assessment and management purposes and here we will present initial results from Singapore. The ECO
Lab template presented is proposed to explain changes in coral biomass as a function of short-term disturbances from elevated
temperature and/or suspended sediments. The model includes autotrophic and heterotrophic production, respiration, as well as
mucus and excretion release. These processes are forced by information on irradiance, temperature, concentration of suspended
sediments and sedimentation rates. The model appeared successful at reproducing the observed changes to coral biomass
following extensive dredging and reclamation projects in Singapore. The model setup can be expanded and further customised to
solve a variety of management problems on coral reefs including predictions of a range of sub-lethal coral indicators of impact to
changes in for example water chemistry and presence of pollutants. As such, this model is potentially a strong tool for decision
makers and managers to predict impact of environmental disturbances on corals, and to actively manage coastal construction
activities and discharges to mitigate these impacts.
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Larval dispersal and conservation of corals and reef fish at the isolated atolls of
northwest Australia
Underwood, Jim*1, Gilmour, James1 & Travers, Mike1
1

Australian Institute of Marine Science, Western Australia 6009

The geographical isolation of the coral atolls of northwest Australia has provided a fruitful natural arena for developing our
understanding of dispersal patterns and how these patterns influence population persistence and recovery. Here, we present
results from spatial analyses of genetic variation together with ecological and oceanographic studies, to assess dispersal in two
species of hard corals and four species of coral-reef fish at Scott Reef and its neighbouring offshore reefs of the Rowley Shoals.
Genetic data reveal a significant discontinuity between the two systems in all species. Furthermore, satellite tracked drifters
and oceanographic models indicated a low (<1%) probability of physical transport between systems of larvae with life spans
of less than two months. These results show that few larvae regularly disperse between systems and survive to reproductive
age. Strong genetic structuring among reefs within systems, and even between reef patches, was also detected for the two
corals. Additionally, significant and temporally stable genetic structure was detected between reefs in a damselfish, albeit more
subtle than the corals. Together with a strong stock-recruitment relationship in corals and in situ measurements of coral larval
development and local water currents, these results indicate that local production dominates recruitment at the reef or reef patch
scale in many species. Thus, recovery of coral reef communities after disturbance is unlikely to be driven by input of new recruits
produced from outside each system over time scales that are relevant to management. Furthermore, because corals appear to have
the most localised dispersal of the species studied so far, spatial conservation strategies that enhance replenishment of the corals
at the individual reef scale should also benefit other organisms that disperse more widely, as long as connectivity between the
replicate healthy populations is maintained within each atoll system to buffer against disturbance.

Interactive effects of climate change and terrestrial runoff on symbiont bearing benthic
foraminifera from the Great Barrier Reef
Uthicke, Sven*1; Reymond, Claire2, Schmidt, Christiane3, & Vogel, Nikolas1
Australian Institute of Marine Science, PMB No. 3, Townsville MC
Centre for Marine Studies, ARC Centre of Excellence for Coral Reef Studies, University of Queensland, Brisbane, Queensland 4072
3
Institute of Geosciences, University of Tuebingen, Sigwartstr. 10, 72076 Tuebingen, Germany
suthicke@aims.gov.au
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2

A recent model (Wooldridge 2009) suggested vulnerability of corals to climate change may be ameliorated by reducing local
stressors (e.g. nutrient runoff). Our aim was to use benthic symbiont-bearing foraminifera as model organisms to test the validity of
this hypothesis for symbiont-host systems other than corals. We used the common coral reef foraminifera Marginopora vertebralis
(bearing dinoflagellate symbionts) and Amphistegina radiata (diatom symbionts) in manipulative field and aquaria experiments
to test their vulnerability to increased temperatures and increased inorganic nitrogen availability, and how these stressors
interacted. Both species were susceptible to changes in water temperatures 1-3 °C above current mean summer temperatures
in the central section of the Great Barrier Reef. Increased temperatures significantly reduced chlorophyll concentrations and
resulted in macroscopically visible paling of the specimens, suggested an expulsion of symbionts similar to that observed in coral
bleaching. In addition, both foraminiferal species had lower photosynthetic yields at higher temperatures. Laboratory studies
showed that oxygen production in M. vertebralis immediately decreased upon exposure to elevated temperature, accompanied
by an increase in respiration. Thus, at temperatures > 30 °C this species cannot derive a net carbon gain (P/R ratio < 1) from
its symbionts. Experimental nitrate addition significantly reduced growth and increased mortality in M. vertebralis, however,
no effect was observed in A. radiata. In contrast, field surveys and transplant experiments revealed that both species were less
abundant and had reduced growth rates on inshore reefs exposed to terrestrial runoff. Water quality variables explained 69%
of the variance in growth for A. radiata in a multiple regression analyses; increased concentrations of dissolved nitrogen were
associated with reduced growth. In summary, both species were vulnerable to temperature increases and additional stress by
increased nutrient availability was demonstrated for both species in the field and for M. vertebralis also in the laboratory. We
conclude that improved local management of terrestrial runoff would ameliorate the effects of global stressors such as climate
change related temperature increases for coral reef foraminifera and suggest foraminifera as useful model system for detailed
process studies of the interactions of environmental stressors.
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Classifying estuarine habitats and predicting their fish faunas – tools for managers and
ecologists
Valesini, Fiona*1, Hourston, Mathew2, Wildsmith, Michelle3, Coen, Natasha, Tweedley, James,
Hallett, Chris, Linke, Thea & Potter, Ian
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3
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f.valesini@murdoch.edu.au
1
2

This presentation will focus on a quantitative scheme for classifying nearshore habitat types and predicting their fish faunas,
which has been developed for a range of estuaries in south-western Australia that differ widely in their geographical and
geomorphological characteristics. This scheme provides a reliable framework for managers and ecologists to (i) investigate
relationships between habitat types and faunal composition at local to regional scales and under different geographic and estuarytype scenarios, (ii) establish benchmarks against which the impact of future environmental change can be assessed and (iii) predict
the habitat type and characteristic fauna of any nearshore site of interest within those systems. The habitat classification scheme
has been based on the use of enduring environmental criteria that can be easily measured in GIS from mapped data sources
such as satellite imagery and bathymetric charts, and has employed novel applications of relatively new multivariate routines.
The results of this classification scheme, and the relationships between the derived habitat types and their fish assemblages, will
be presented for five estuaries across south-western Australia, namely the permanently open Swan-Canning and Peel-Harvey
estuaries, the seasonally-open Broke and Wilson inlets and the normally-closed Wellstead Estuary. Questions regarding the
importance of geographical location and estuary type in structuring habitat types and their fish faunas will also be addressed.

Application of numerical models on the Australian North West Shelf
Van Gastel, Paul*1 & Meuleners, Mike1
DHI Water & Environment, 83 Havelock Street, West Perth 6005 WA.
pvg@dhigroup.com

1

There is an idiom ”horses for courses” which refers to a person suited for one job may not be suited for another job no matter
how good he or she was at their former job. I want to apply this idiom to two marine modelling tools, ROMS and DHI’s Mike3
model, that are designed to solve the same physical problem. Using a deterministic approach we first need to define the physical
problem and develop a set of mathematical expressions. Finally we establish a numerical approach to solve these expressions.
The caveat to all this is that there are many different numerical approaches that all come with an error estimate and these errors
tend to compound into a error we call “numerical diffusion”. In this presentation we present two numerical model studies
undertaken on the Australian North West Shelf. The three-dimensional hydrostatic ROMS was used to understand the generation
and propagation dynamics of internal waves. DHI’s MIKE3 classic was used to simulate the hydrodynamic conditions in the area
around Scott Reef. We examine their differences and discuss their applicability.
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Habitats and Biodiversity of Ningaloo Reef lagoon
van Keulen, Mike1*, Langdon, Mark W.1, Fromont, Jane2 & Schlacher, Monika3
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Surveys were undertaken of key invertebrate and plant groups in lagoon areas throughout the Ningaloo Marine Park, focussing
on identifying and quantifying soft corals, sponges, echinoderms (urchins and sea cucumbers) and seagrasses; this information
was linked to the underlying habitat structure in the Ningaloo Reef lagoons, used in a parallel habitat mapping project based on
hyperspectral aerial photography. The biodiversity surveys conducted throughout the Ningaloo Reef system have shown that there
are clear differences in the lagoon systems in different parts of the Marine Park, with clear biogeographic separation of sponges,
soft corals and seagrasses. This has important implications for the distribution and abundance of many animals, including some
of commercial importance. The northern section of the Marine Park (north of Point Cloates) is more strongly tropical than the
southern section, which has many temperate species present. There are also several locations within the Ningaloo Reef system
that are quite unique and don’t necessarily match the surrounding lagoon environment. Examples include Coral Bay, Bateman
Bay and the Point Cloates region. These observations will be important in the management of the Ningaloo Marine Park; the
northern and southern sections of the Marine Park may need to be managed differently. Surveying biological groups over the
whole Marine Park is difficult and time consuming; further sampling in more locations and at different times of year are required
to build on the findings of our study. There are clear seasonal differences in primary productivity in the lagoons, which likely
drive significant community-wide changes throughout the year. These seasonal variations will also affect the validity of the
habitat maps, which were based on imagery collected at only one time of year. Seasonal sampling will improve the reliability of
the habitat maps and also give a better understanding of how the Ningaloo system operates.

Variation in d13C and d15N of kelp Ecklonia radiata can be explained by geographical
patterns in light availability and individual patterns of growth a
Vanderklift, Mat*1 & Bearham, Doug1
CSIRO Wealth from Oceans Flagship. Private Bag 5, Wembley, WA, 6913.
mat.vanderklift@csiro.au

1

Variation in stable isotope ratios can increase uncertainty in the outcomes of mixing models, but can also provide important
insights into biology and ecology. We measured d13C and d15N of >250 individual kelps (from 19 locations in Marmion Lagoon);
each kelp was also tagged and measured for growth. The range in measurements encompassed up to 9.7‰ for d13C and 5.3‰ for
d15N. A significant proportion of this variation could be explained from the geographical location where kelps were collected, and
this was strongly correlated with the amount of light (measured as illuminance) at the seafloor. Both d13C and d15N were strongly
correlated with measurements of growth of individual kelps, and these correlations remained significant once geographical
variation had been taken into account, indicating that much of the ‘unexplained’ variation was due to differences among individual
kelps that could be predicted from growth. If there is a list of items in your abstract, please use bullet indents.
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How Frequency, Timing and Composition of Detrital Pulses Influences Benthic
Macrofauna
Verhoeven, Mirella*1 & Bishop, Melanie1
Department of Biological Science and Climate Futures, Macquarie University, North Ryde NSW 2109.
mirella.verhoeven@mq.edu.au
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Sediment communities of estuaries are nutritionally subsidised by detrital resources that are derived from neighbouring habitats
and transported across habitat boundaries. These subsidies often arrive in pulses; the timing, frequency and composition of
which are driven by the production of donor species and local transport processes. However, coastal development and climate
change are altering the nature of detrital pulses arriving on estuarine mudflats. The changes to the arrival of these cross-boundary
subsidies may shift soft sediment communities and their important ecological functions which include provision of food to higher
trophic levels, bioturbation of the sediment and nutrient cycling. A field experiment assessed the response of the benthic infaunal
community to manipulation of the frequency, volume and order of arrival of two commonly observed detrital inputs, Posidonia
australis and Zostera muelleri, to the intertidal zone.

Expanding the scope of spatial distribution studies on crabs in the unvegetated intertidal
zone of tropical estuaries with photography
Vermeiren, Peter*1 & Sheaves, Marcus1
1
Coastal and Estuary Ecosystems Research Group, James Cook University, Townsville QLD 4811
Peter.Vermeiren@jcu.edu.au

Current methods to sample spatial distribution patterns of crab assemblages occupying the unvegetated lower intertidal zone of
tropical estuaries, such as pitfall trapping and handcatch, are time consuming and labour intensive. Therefore, spatial distribution
studies on these crabs generally have limited scope, meaning their distributions cannot be reliably incorporated in ecological
models or monitoring applications. Nonetheless, these crabs, primarily species of Ocypodidae and Grapsidae, are ecologically
significant with high abundances, pivotal roles in food webs and significant roles as ecosystem engineers. Our study tested
the merit of photography as a rapid technique to delineate ecological meaningful assemblages of crabs in the unvegetated
lower intertidal zone. This involved taking photographs of this zone from a slow moving boat maintained at a distance that did
not disturb the crabs. After standardisation of the area photographed, the faunal assemblages in each of the photographs were
determined. The distribution and relative abundance of the majority of intertidal crabs could be adequately represented, however,
small, cryptic crabs was underrepresented compared to traditional sampling methods such as pitfall trapping or hand catch.
Nonetheless, the species that could be sampled with the photographic technique served as indicator species, delinating habitat
units occupied by specific species assemblages. Photography has the potential to rapidly produce extensive data on crab spatial
distributions on unvegetated banks, and thus to quickly extend our spatial understanding of these assemblages, as long as the
methods limitations are acknowledged and accounted for.
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Socio-economic and Community Benefits from Shark-diving Tourism in Palau: a
Sustainable Use of Reef Shark Populations
Vianna, Gabriel MS*1,2,3, Meekan, Mark G.2, Pannell, David J.4, Marsh, Sally P.4 & Meeuwig,
Jessica J.1,3
School of Animal Biology, The University of Western Australia, 35 Stirling Hwy, Crawley WA 6009.
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Arguments for conservation of sharks based on their role in the maintenance of healthy marine ecosystems have failed to halt
the worldwide decline in populations. Instead, the value of sharks as a fishery commodity has severely reduced the abundance
of these animals. Conservation may be assisted by the development of an alternative approach that emphasizes the economic
value of sharks as a non-harvested resource. Our study quantifies the value of a tourism industry based on shark diving. Using
data collected from surveys, as well as government statistics, we show that shark diving is a major contributor to the economy
of Palau, generating approximately US$18 million per year and accounting for 8% of the gross domestic product of the country.
Annually, shark diving was responsible for the disbursement of US$1.2 million in salaries to the local community, and generated
US$1.5 million in taxes to the government. A reef shark in Palau was estimated to generate, on average, US$179,000 per year
and have a lifetime value of US$1.9 million in tourism dollars. A fishery targeting the same sharks that are interacting with divers
would obtain a maximum of US$10,800, or 0.00006% of the life-time value of these animals as a non-consumptive resource.
The annual income of a fisher from selling fish for consumption by shark divers was estimated to be 84% higher than the oneoff value that the fisher would obtain from selling the meat and fins of the same sharks to the fishing industry. In general, sharks
have conservative life-history traits of slow growth, late ages at maturity and low rates of reproduction and therefore, populations
cannot withstand high rates of harvest and when depleted take many years to recover. Shark diving provides an attractive
economic alternative to shark fishing, with distribution of revenues benefiting several sectors of the economy, stimulating the
development and generating high revenues to the government, while ensuring the ecological sustainability of shark populations.

Post-nesting movements of flatback (Natator depressus) and green turtles (Chelonia
mydas) from a northern Western Australian rookery
Waayers, David*1 & Smith, Leanne1
RPS Environment, 38 Station Street, Subiaco, WA 6008
David.Waayers@rpsgroup.com.au

1

The post-nesting movements of flatback turtles (Natator depressus) and green turtles (Chelonia mydas) from a northern Western
Australian rookery were studied for one year, using satellite telemetry. Eleven flatback and eleven green turtles were tracked
from their nesting beach at West Island in the Lacepede Island Group to probable foraging areas offshore from Western Australia,
the Northern Territory and Queensland. The majority of flatback turtles travelled to the same location in the Timor Sea, with
the exception of two turtles that remained nearby the Lacepede Island Group and one turtle that travelled 3000 km to Thursday
Island; the furthest known migration for a flatback turtle. Green turtle post-nesting movements were more variable. The eleven
tracked green turtles migrated to nine different probable foraging areas with six turtles travelling to the north-east and three
turtles migrating in a south-westerly direction. The maximum migration distance for green turtles was 2600 km, to the Gulf of
Carpentaria. Foraging areas do not appear to be shared by the two species.
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Marine Science Development and Cooperation in the Arafura and Timor Seas - a
regional and Timor Leste Perspective
Wagey, Tonny*1, Wasson, Merrilyn2, Poiner, Ian3, Fontes, Lourenco*, Borges4, Kusnendhar E.5 &
Edyvane, Karen2
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The waters of the tropical and semi-enclosed Arafura and Timor Seas (ATS) are shared by Indonesia, Timor-Leste, Papua New
Guinea (PNG) and Australia. The Arafura and Timor Seas are defined as a ‘semi-enclosed seas’ under Article 122 of the 1982
United Nations Convention on the Law of the Sea (UNCLOS). Significantly, UNCLOS also places a responsibility and an
obligation on countries bordering enclosed and semi-enclosed seas to cooperate in resource management, the protection of the
marine environment and marine scientific research (Article 123). ATS waters have strong, regional connectivity and a high
productivity that sustains both small- and large-scale fisheries, including several high-value, ‘shared’, trans-boundary fish stocks,
that provide livelihoods for millions of people in the region. Despite this, the ATS region faces significant challenges from
lack of information and ecosystem-level understanding and also, from major trans-boundary threats and management issues in
the region. This paper outlines these major marine trans-boundary threats and issues, along with cooperative marine research
programs and progress towards regional marine management. This includes the establishment in 2003 of the Arafura Timor
Seas Experts Forum (ATSEF) to assist sustainable use and development, and poverty alleviation for the region. Importantly,
ATSEF represents the only tri-national, cooperative forum in the region focussed specifically on addressing trans-boundary
issues and regional cooperative ecosystem-based management of the ATS. Recently, PNG has indicated its interest in joining
ATSEF. In 2009, cooperative science and regional marine management in the ATS received a major boost with the funding of
ATSEF’s Arafura Timor Seas Ecosystem Action (or ATSEA) program funded by the GEF/UNDP International Waters program
(US$8.7M, including co-financing) (2009-2013). The objective of the ATSEA program is to ensure the integrated, cooperative,
sustainable, ecosystem-based management of the living coastal and marine resources of the Arafura and Timor seas. To-date,
ATSEF and ATSEA cooperative marine science activities in the ATS include: a range of coastal and marine science, conservation
and planning projects in the waters of Timor Leste; a joint oceanographic and fisheries research cruise aboard the Indonesian
vessel, the RV Barunya Jaya VIII (May 2010); a proposed cruise to the Big Bank Shoals and southern coast of Timor Leste
aboard the AIMS RV Solander (July 2011); and the establishment of the IMOS ITF array in the Timor Sea and Ombai Strait.
In the face of the major trans-boundary challenges in the ATS region, marine science collaboration and regional partnerships,
particularly through regional forums such as ATSEF (and the ATSEA project), will play a crucial role in helping to improve our
understanding and cooperative management of this globally significant marine ecosystem.

The Biogeochemistry of the forming Leeuwin Current off Ningaloo
Waite, Anya M.*1, Tilbrook, Bronte2,3, Akl, John2, Thompson, Peter A.2, Rossi, Vincent4,1, &
Roughan, Moninya4
The Oceans Institute, M047 University of Western Australia, Crawley 6009 WA Australia
CSIRO Wealth from Oceans National Research Flagship, Hobart 7001 Tasmania Australia
3
Antarctic Climate and Ecosystems CRC, Hobart 7001 Tasmania Australia
4
University of New South Wales, Coastal and Regional Oceanography Lab, School of Mathematics and Statistics, Sydney, NSW 2052 Australia
Anya.Waite@uwa.edu.au
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Here we investigate the biogeochemistry of vertically interleaving water masses meeting in the Eastern Indian Ocean off the
Northwest of Australia and adjacent to Ningaloo Reef, as these coalesce to form the anomalous eastern boundary current off
Western Australia, the Leeuwin Current. These water masses have been shown directly to impact the ecological function of
Ningaloo Reef and other iconic coastal habitats downstream. In particular, we investigate the alignment of dissolved oxygen and
nitrate profiles with ocean carbonate chemistry in three dimensions on and off the continental shelf. We speculate on the origins
and impacts of these signatures including the implications for ocean acidification. These are the first measurements of their kind
in this region.
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The Biological Oceanography of Western Rock Lobster Larvae
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We examine in detail, for the first time, the biological oceanographic mechanisms affecting nutrition, growth and survival of larvae of
the Western Rock Lobster while they undergo their planktonic phyllosoma phase in the Eastern Indian Ocean. The Western Rock Lobster
is the most valuable single-species fishery in Australia, representing about 20% of the total value of Australia’s fisheries. Variability in
settlement of puerulus stage and catch of adults has been shown to be highly correlated with the strength of the Leeuwin Current (in
turn impacted by El Nino events) and westerly wind conditions. The below-average puerulus settlement for five years, including the
two lowest on record, triggered a profound re-examination of mechanisms driving year class strength of larval settlement, since such
fluctuations can pose a serious risk to a sustainable rock lobster industry. Here we present outcomes from the first research voyage
(July 2010) of a 3-year study of the biological oceanography of the Western Rock Lobster larvae. We present a new understanding
of the feeding of late-stage phyllosoma in the wild, and describe its oceanographic context. We show evidence that the phyllosoma
have a preference for key prey with specific nutritional attributes, and suggest that this is directly related to the need to accumulate
substantial nutritional reserves before they can metamorphose into the puerulus stage, cross the continental shelf, and settle to form the
next generation of fishable adult lobsters. We propose that the autumn phytoplankton bloom within the Leeuwin Current, as identified
by satellite ocean colour, is a key food resource driving production of healthy phyllosoma, and thus a strong year class. We speculate
that the “Abrolhos Front” is a seasonally important feature supporting shoreward fluxes of phyllosoma. Our study directly addresses the
hypothesis that productivity of the oceanic planktonic ecosystem offshore is a critical variable driving phyllosoma health and therefore
recruitment success. These water masses have been shown directly to impact the ecological function of Ningaloo Reef and other iconic
coastal habitats downstream. In particular, we investigate the alignment of dissolved oxygen and nitrate profiles with ocean carbonate
chemistry in three dimensions on and off the continental shelf. We speculate on the origins and impacts of these signatures including
the implications for ocean acidification. These are the first measurements of their kind in this region.

Dense water formation and cross-shelf exchange on the Rottnest Continental Shelf in
south-western Australia
Welhena, Thisara*1, Pattiaratchi, Charitha1 & Feng, Ming2
The University of Western Australia, Crawley, Western Australia; welhena@sese.uwa.edu.au
CSIRO Marine & Atmospheric Research, Floreat, Western Australia
Welhena@sese.uwa.edu.au
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Cross shelf exchange has been identified as one of the significant nearshore process in the Rottnest Continental Shelf (RCS) of Perth,
Western Australia. Which has a direct implication on marine biodiversity, sediment transport and seasonal variations of nearshore water
properties. After repeated shallow water glider observations over a twelve months period of the shallow depths of the RCS, it was found
out that there is a formation dense water masses towards the shallow depths of the RCS. Analysis of these glider data over, it has been
found out that formation of dense water masses are taking place all the times of the year with varying degrees of intensity. Based on the
salinity, temperature and density of the nearshore waters, it can be explained, this is caused by the increase in salinity due to evaporation
in summer while due to cooling in winter. Segmentation of dense water masses at shallower depths forms a cross-shelf density gradient,
thus forcing the denser water to cascade along the sea bed as a density current towards offshore. It has been estimated these currents are
of 0.01-0.02 ms-1, which is similar to those measured in other similar regions. Though the conditions are favourable for forming dense
water masses in summer, strong wind mixing depletes the cross-shelf density gradients thus weakening density currents. However,
compared to the summer, wind has a less effect on mixing in autumn and winter. Also water undergoes cooling, which contributes to
further increase in density. Hence during autumn and early winter conditions are ideal for strengthening the cross-shelf density currents
and cascading dense water. This study highlights that dense water cascading is one of the key component of the cross-shelf exchange in
the RCS, even under the influence of strong boundary currents.
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Cross-shelf changes in fish assemblage structure over a 500 metre depth gradient on
the lower west coast of Australia
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Stephen J.2
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We investigated changes in the composition and biomass of demersal fish assemblages over a 500 metre depth gradient at ca
32˚ S on the temperate, lower west coast of Australia. Fish assemblages were sampled using Baited Remote Underwater stereoVideo Systems (stereo-BRUVS) from nearshore (ca 5 metres) waters across the continental shelf, including an offshore island
(Rottnest Island), to a submarine canyon (Rottnest Canyon) on the continental slope (ca 500 m). Statistical analysis showed
distinctive fish assemblages between continental shelf and slope habitats, with depth extensions realised for some shelf species.
Species richness was greatest in the inshore rocky reef habitats. We discuss changes in the biomass, mean length and composition
of the demersal fish assemblage.

Monitoring for Introduced Marine Pests for the Gorgon LNG Project arch
Wells, Fred*1
1

URS Australia Pty Ltd, Level 3, 20 Terrace Road, East Perth WA 6004

Chevron Australia Pty Ltd is constructing a major gas processing plant at Barrow Island, WA. Along with the widely known
terrestrial environmental values of Barrow Island there are also substantial marine environmental values. Chevron has adopted
an extensive, proactive program to protect the Barrow Island marine environment from introduced marine pest species (IMP),
including mechanisms to prevent their arrival, a monitoring program to detect any IMP that do arrive and action plans should
a pest species be detected. A monitoring strategy based on the national IMP monitoring protocols has been developed for
Barrow Island. Remote Operated Vehicle (ROV) transects are made at six monthly intervals at a combination of sites within and
outside operational areas. The ROV surveys are supplemented by beam trawl sampling of biota and sediment cores for toxic
dinoflagellate cysts in sandy areas. Quarterly monitoring occurs at five sites along the east coast of Barrow Island, using shoreline
visual searches, settlement plates and sediment cores. A similar quarterly sampling program has been established at the major
supply bases at Henderson, south of Perth, and Dampier to provide early warning should an IMP be detected in either locality.
The combination of prevention, monitoring and response is a cutting edge response to prevent the introduction of IMP to Barrow
Island waters. No IMP species were detected at Barrow Island in 2010.
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SIBER: Sustained Indian Ocean Biogeochemical and Ecosystem Research
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SIBER (Sustained Indian Ocean Biogeochemistry and Ecosystem Research) is an emergent international program cosponsored
by IMBER (Integrated Marine Biogeochemistry and Ecosystem Research) and IOGOOS (Indian Ocean Global Ocean Observing
System) that is aimed at advancing our understanding of biogeochemical cycles and ecosystem dynamics in the Indian Ocean.
Although there have been significant advances in our ability to describe and model the oceanic environment, the Indian Ocean
remains substantially under-sampled in both space and time, especially compared to the Atlantic and Pacific Oceans. The
overarching goal of the SIBER program is to motivate and coordinate international interest in Indian Ocean research in order to
fill in our knowledge gaps and address the major outstanding scientific questions. SIBER is structuring its research around six
major scientific themes, each focusing on a specific set of scientific issues that require attention. Theme 1 focuses on boundary
current dynamics, interactions and impacts on biogeochemical cycles and ecosystem dynamics in the Indian Ocean. Theme
2 considers the unique dynamics of the equatorial zone, southern tropics and Indonesian Throughflow and their impacts on
ecological processes and biogeochemical cycling. Theme 3 contrasts physical, biogeochemical and ecological processes between
the Arabian Sea and the Bay of Bengal. Theme 4 considers controls and fates of phytoplankton and benthic production in the
Indian Ocean. Theme 5 addresses climate change and anthropogenic impacts on the Indian Ocean and its marginal seas and
theme 6 considers the role of higher trophic levels in ecological processes and biogeochemical cycles. All of these scientific
themes are relevant to the overarching goals of IMBER. In this presentation we overview the SIBER objectives and provide some
specific research examples that illustrate their practical implementation.

Biotic resistance to the invasive oyster Crassostrea gigas is not presently weakened by
oyster disease
Wilkie, Emma* 1, Bishop, Melanie1, O’Connor, Wayne2 & McPherson, Ross3
Department of Biological Sciences, Faculty of Science, Macquarie University NSW 2109
NSW Department of Primary Industries, Fisheries Research Institute, Taylors Beach NSW 2316
3
Environment Division, Hornsby Shire Council, Hornsby NSW 2077
Emma.wilkie@mq.edu.au
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Emerging diseases and invasive species represent two of the greatest threats to marine biodiversity, yet their cumulative effects
are rarely considered. Where emerging diseases weaken biotic defences that limit the success of invaders, impacts of invaders
on native communities may increase. In Australia, the Sydney rock oyster Saccostrea glomerata is increasingly threatened by
outbreaks of QX-oyster disease caused by a haplospridian parasite, Marteilia sydneyi. QX-disease reduces fitness and increases
mortality among wild S. glomerata, which might allow the non-native and QX-resistant Crassostrea gigas to out-compete and
displace native oysters on rocky shores, potentially causing large cascading effects on associated invertebrates and fish. We
tested this hypothesis in areas immediately adjacent to those where QX disease currently causes up to 90% mortality among
cultured oysters. We found that despite impacts on aquaculture, apparent rates of mortality of adjacent wild S. glomerata were
much lower, and abundances of C. gigas were generally low. Nevertheless at one site were S. glomerata abundance was low, C.
gigas was abundant. Our results indicate that QX disease is not presently reducing biotic resistance of east Australian systems
to C. gigas. However, the spread of existing or new aquatic diseases might weaken the longer term biotic resistance to invasive
marine species.
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Coastal Dynamics in previously unchartered waters of the Arafura Timor Seas
Williams, David K.*1, Brinkman, Richard M.1, Tian, Lei2 & Jones, Nicole2
1
2
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Much of the estuarine and coastal waters of the Australian coast of the Arafura and Timor Seas remain inadequately or unsurveyed.
This includes information on bathymetry, tides and currents as well as benthic types and sediment and nutrient transport. Some
opportunistic collaborations have provided the means to map and describe some of these areas. A mixture of areas have now
been surveyed for bathymetry, tide levels and tidal currents resulting in the production of fine scale models of hydrodynamics,
sediment transport and flushing characteristics of bays, tidal inlets, estuaries and coastal wetlands. The region where the surveys
have been undertaken includes a mix of meso and macro tides with ranges from 4 to 9 metres. Transects with Acoustic Doppler
Current Profilers (ADCP) have revealed a complex array of currents and eddy circulations that influence both sediment and
nutrient transport. Hydrodynamics have a major influence on the geomorphology of the region and these processes have now
been described at a fundamental level. This has enabled some coastal industries such as aquaculture to design systems that have
a greater chance of success as well as minimising their impact. The challenge remains in utilising further opportunities, such as
the Integrated Marine Observation System, to integrate both broad and fine scale modelling for a more complete description of
coastal processes in the Arafura Timor Seas region.

Spatial distribution of larval black bream (Acanthopagrus butcheri, Sparidae: Munro
1949) in relation to the physico-chemical structure of a drought stricken estuarine
lagoon system
Williams, J.1*, Hindell, J. S.2, Swearer, S. E.1 & Jenkins, G. P.1,3
Department of Zoology, University of Melbourne, Parkville, 3010, Victoria, Australia
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Many estuaries around the world are experiencing prolonged drought resulting in significant decreases in freshwater input.
Although previous research has found a link between freshwater flows and strong year classes of commercially caught estuarine
fish and crustaceans, the causal link between flows and recruitment is still unclear. Many of these species utilise estuaries as
spawning and larval habitats. Freshwater flow plays an important role in estuarine productivity and the timing and amount of flow
could impact larval distribution and survival. This study focussed on the eggs and larvae of a commercially and recreationally
significant fishery species black bream, Acanthopagrus butcheri. Black bream have a long pelagic larval stage estimated to be
40-60 days and are exposed to the naturally high variability of the physico-chemical structure of the estuary. We surveyed 23
sites over two spawning seasons in the Gippsland Lakes and found that although fish spawned in both the lake and river estuarine
reaches, more than 99% of larvae were collected in the rivers and in particular the upper sections towards the salt front. Fine
scale sampling in the Mitchell River revealed that there was a distinct spatial coupling between larval distribution and high prey
abundances with the salt front. The results from this study indicate that the salt front forms an important habitat for larval black
bream that is under threat from drought and anthropogenic impacts decreasing freshwater input into estuaries.
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Seagrass wrack degradation: Temporal and spatial variations in degradation rates of
Posidonia sinuosa and the associated processes
Willison, C.*1, Lavery, P.1 & McMahon, K.1
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Seagrass wrack accumulates in a variety of coastal habitats, potentially providing an important trophic subsidy. Biological,
chemical and physical processes degrade wrack, facilitating its entry into detrital food webs or remineralisation. The amount
of wrack accumulating is affected by export rates and degradation processes, which may vary significantly throughout the year
and among different habitats. In situations where export is disrupted, (e.g.: when structures interfere with long-shore currents),
degradation becomes the major means through which wrack is eventually removed, emphasising the importance of understanding
degradation dynamics in coastal ecosystems. While many studies have examined degradation of algal wrack, little is understood
about the dynamics of seagrass wrack degradation, and what has been studied is largely confined to beach ecosystems, ignoring
sub-tidal habitats. This study aimed to determine seagrass wrack degradation rates, specifically investigating how rates vary
among beach, surf, unvegetated and vegetated seagrass habitats, and at two seasonally different times of the year. Additionally,
it aimed to investigate associations between degradation rates and processes involved, including wave energy, temperature,
macroinvertebrate grazing and bacterial decay. In-situ litterbag experiments were conducted for sixteen weeks in the summer
and winter of 2009/2010. Permutational Analysis of Variance (PERMANOVA) indicated degradation rates varied significantly
(p>0.05) between summer and winter and among habitats, however this was site-dependent. Biomass loss was greatest in
the surf zone (94.28%; 99.73% summer and winter respectively), followed by vegetated (59.30%; 87.41%), unvegetated
(47.74%; 79.55%) and was lowest on beaches (27.66%; 62.99%).
Preliminary regression analysis suggests there was no
significant association between degradation rates and macroinvertebrate or bacteria abundance, however the significantly higher
degradation rates observed in the surf zone and across winter suggest wave energy may be more important for biomass loss.
These findings may have profound impact on management approaches in areas where wrack on beaches is simply removed.
Options for increasing degradation include promoting movement of wrack between beach and surf habitats, where wrack can
remain available for remineralisation and be incorporated into detrital food webs.

Assessing risks and impacts of the invasive alga Caulerpa taxifolia in South Australia
Wiltshire, Kathryn*1, Rowling, Keith1,2, Fernandes, Milena1,3, Collings, Greg1, Tanner, Jason1 &
Deveney, Marty1
South Australian Research and Development Institute, PO Box 120, Henley Beach SA
PIRSA Fisheries and Aquaculture, GPO Box 1625, Adelaide SA
3
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The invasive alga Caulerpa taxifolia has colonised large areas of coastline in the Mediterranean, several estuaries in New South
Wales, and the Port River-Barker Inlet system near Adelaide, South Australia (SA), which connects to Gulf St Vincent. Negative
impacts of Caulerpa taxifolia invasions have been widely reported but some studies show conflicting results, and the applicability
of overseas and interstate studies to the SA situation was questionable, so we assessed environmental risk to determine the likely
extent of spread and resulting impacts of Caulerpa taxifolia in SA. This involved investigations into environmental tolerances of
the alga, particularly with regard to light and nutrients, mapping the spread and distribution of the alga over several years, and
determining impacts on faunal assemblages and sediment characteristics. Caulerpa taxifolia colonised areas of previously bare
substrate in the Port River-Barker inlet system and has so far failed to establish in areas of adjacent seagrass. The alga grew at
low light levels and in low nutrient water from the Gulf St Vincent, but grew more rapidly in nutrient-rich Port River water. The
spatial risk assessment suggested areas most at risk of Caulerpa taxifolia invasion are those with sustained nutrient pollution, and
the alga appears most likely to colonise areas of seagrass already degraded by diminished water quality. Caulerpa taxifolia beds
were found to not be depauperate of fauna, but supported a different assemblage from that in seagrass, and substrates under beds
of the alga also differed from those under seagrass. These results suggest that Caulerpa taxifolia is unlikely to provide the same
ecosystem services as seagrass species in SA, with important ecological impacts if seagrass beds are lost and replaced by the
alga. Sound coastal management practices, however, should serve as an important safeguard against further spread of the alga.
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An integrated statewide survey of recreational boat fishing in Western Australia - how
to survey more than 20,000 km of coastline
Wise, Brent1, Gaughan, Dan1, Pollock, Ken1, Hall, Norm1, Ryan, Karina1, Thomson, Adrian1 &
Jackson, Gary*1
1 Western Australian Fisheries and Marine Research Laboratories, Department of Fisheries, PO Box 20, North Beach WA 6920
Brent.Wise@fish.wa.gov.au

The development of a broad spatial approach to research and management is assisting with the implementation of Integrated
Fisheries Management (IFM) and regional marine planning more generally in Western Australia. The aim of IFM is to ensure fish
resources are managed sustainably and catch shares allocated equitably amongst recreational and commercial fishers within the
broad context of Ecologically Sustainable Development. The challenge presented by the state’s extensive coastline is magnified
by increasing population size and rapid development in the northern regions in particular. Both factors are increasing levels of
recreational fishing effort and the distribution of that effort. Previous strategies for collecting ongoing information on recreational
fishing activity have involved a number of survey techniques including creel and telephone surveys. However such approaches
are only applicable at the smaller (bioregional) scale or where recreational fishing licences exist (i.e. abalone, rock lobster,
marron and freshwater finfish). The recent introduction of the Recreational Fishing from Boat Licence (RFBL) has made it
possible for research to identify boat anglers to participate in an integrated statewide recreational fishing survey. The objective
of the survey is to estimate the total recreational catch (both retained and released) taken by boat-based recreational fishers in
all bioregions. Complementary components of the survey that is now underway include: a phone survey based on a random
selection of RFBL holders who will complete logbooks of their fishing activities over a 12-month period; a boat ramp survey to
provide biological information and validation of catch information; and video cameras monitoring launches and retrievals 24/7
to validate effort levels.

Seaglider deployments off Western Australia
Woo, Mun*1, Pattiaratchi, Charitha1, Hanson, Christine1 & Hollings, Ben1
School of Environmental Systems Engineering, The University of Western Australia, 35 Stirling Highway, Crawley, WA 6009, Australia.
mun.woo@uwa.edu.au

1

The National Facility for Ocean Gliders (ANFOG) was established as part of the Integrated Marine Observation System (IMOS)
for Australia. Of its fleet of 12 ocean gliders, 10 are Seagliders, which are a breed of autonomous underwater vehicles designed
to carry a suite of instruments (to measure conductivity, temperature, dissolved oxygen, fluorescence, turbidity and coloured
dissolved organic matter) to a maximum depth of 1000km, surveying the ocean for a continuous period of up to 6 months at a
time. This paper highlights deployments which have been successfully completed off Western Australia between November 2009
and December 2010. Analyses of the data using ANFOG-developed glider data visualization software demonstrate the use of
seagliders in studying the Leeuwin Current at various stages of its flow, i.e. from its earlier stages at Ningaloo, through its journey
along the Western Australia coast where it encountered eddy systems off Kalbarri and the geological structure of Perth Canyon.
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The origin and variability of cold water events observed off Sydney, NSW
Wood, Julie*1, Roughan, Moninya1,2 & Morris, Brad1,2
1 Coastal and Regional Oceanography Lab, School of Mathematics and Statistics, UNSW, Sydney NSW 2052
2 Sydney Institute of Marine Science, Mosman NSW 2088
Julie.Wood@student.unsw.edu.au

Physical processes such as intrusions of the East Australia Current (EAC), it’s eddies and wind stress influence the continental
shelf off Sydney, NSW. These processes can force isotherms to uplift leading to observations of lower temperature for a period
of time. Water column temperature data from a near shore mooring off Bondi, Sydney, collected between May 2006 and June
2010 show, that while a seasonal cycle in temperature is observed, there can be large fluctuation from the average for a particular
month. These anomalies occur more often in summer (where there can be dramatic shifts in the temperature) than in winter.
Some of these anomalies in temperature may be attributed to cold water events driven by the presence of offshore eddies and/or
the influence of the wind. Using high passed filtered, near surface temperature data, we have identified ten such events between
August 2006 and April 2010 where cold water anomalies have occurred. Using current data from the mooring, wind data from
an onshore site at Kurnell, Sydney and satellite sea surface temperature and current data, we visually assessed each event to
determine the dominate forcing mechanism; either an eddy/EAC intrusion and/or wind stress. Seven events were caused by the
EAC or it’s eddies, two by upwelling favourable wind and one by a combination of the wind and an eddy. The events were of
varying duration from 1 day up to 12 days and both warm core and cold core eddy were able to force cold water events. Results
for six of the events found between August 2008 and April 2010 were augmented with data from two additional moorings (NSW
IMOS) in an array with the original mooring. Results show that each event is unique and depend on the strength and duration of
the forcing mechanism and, in the case of eddies, the proximity to the coast.

Dynamics of the summer shelf circulation and transient upwelling off Ningaloo Reef
Xu, Jingtao*1,4, Lowe, Ryan2,4, Ivey, Greg1,4, Jones, Nicole1,4, Pattiaratchi, Charitha1,4 & Brinkman,
Richard3
School of Environmental System Engineering, University of Western Australia, 35 Stirling HwY, Crawley 6009.
School of Earth and Environment, University of Western Australia, 35 Stirling Hwy, Crawley 6009.
3
Australian Institute of Marine Science, 35 Stirling Hwy, Crawley 6009.
4
The UWA Oceans Institute, 35 Stirling Hwy, Crawley 6009.
xu@sese.uwa.edu.au
1
2

The regional circulation off Ningaloo Reef in NW Australia is forced by complex interactions between the southward flowing
Leeuwin Current (LC) and episodic wind-driven currents that frequently reverse the flow towards the north. These northward
wind-driven currents are upwelling-favourable, which combined with Ningaloo’s narrow shelf, makes it one of the few places
along Western Australia that is thought to periodically experience coastal upwelling (especially in summer months when
southerly winds are strongest). To investigate the summer circulation and upwelling dynamics along Ningaloo, a major field
study was conducted that was combined with 3D ocean modelling. The field study between Nov 2009-Jan 2010 consisted of
four mooring deployed across the shelf, with each mooring consisting of an ADCPs (measuring current profiles) and thermistor
array (measuring the vertical temperature structure). The ocean modelling was based on the Regional Ocean Modeling System
(ROMS), and relied on the nesting of two ROMS sub-models: 1) a coarse ROMS model of the entire NW of Australia forced by
output from a global ocean circulation model (HYCOM) and 2) a fine-scale ROMS model (500 m resolution) nested within the
course ROMS model. This double nesting approach was found to significantly improve model skill, by including the mesoscale
ocean dynamics (e.g., eddies) that at times can strongly influence the local shelf circulation around Ningaloo. Results from the
field study revealed several northward flow reversals in the shelf circulation that could mostly (but not entirely) be explained
by strong southerly wind events. These wind-driven northward flows led to a gradual cooling of the water column adjacent to
Ningaloo, initially cooling at the bottom then and gradually extending over the full water column. The fine-scale ROMS model
was able to skilfully reproduce both the shelf circulation and temperature variability observed during the study period. These
cooling events were found to be associated with a combination upwelling and the advection of cooler water from the south.
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Loss and recovery of a monospecific Halophila ovalis seagrass meadow in Singapore –
responses to shading
Yaakub, Siti M.*1,2, Chen, Eugene1, Todd, Peter A.1,2 & Erftemeijer, Paul L.A.2,3
Department of Biological Sciences, National University of Singapore, Blk S1, 14 Science Drive 4, Singapore 117543
Singapore-Delft Water Alliance, National University of Singapore, Blk E1, 1 Engineering Drive 2, Singapore 117576
3
Deltares (formerly Delft Hydraulics), P.O. Box 177, 2600 MH Delft, The Netherlands
sitimy@nus.edu.sg
1
2

Coastal development and maritime and port activities have affected turbidity in Singapore waters, resulting in high rates of
sedimentation and a reduction in light availability to critical marine habitats such as seagrass meadows. This study is the first
in Singapore to examine the effects of reduced light on seagrass and subsequent recovery after shading. Two monospecific
beds of Halophila ovalis at Pasir Ris (PR) and Tanah Merah (TM) were experimentally shaded in the field for a period of three
months (December 2009 - March 2010), simulating two light regimes; medium (~40% SI) and high (~20% SI) to determine
photophysiological and growth responses under shaded conditions in comparison with controls. Shoot density of H. ovalis
decreased with increased shading intensity at the TM site while there was 100% mortality for both medium and high shading
treatments at PR after 3 months. Leaves of H. ovalis at TM showed a certain degree of plasticity in response to reduced light,
with significant differences in the mean leaf lengths, length to width ratios and surface areas between treatments. Significant
differences in the maximum quantum yield of PSII (Fv/Fm) were detected between the high and medium shading and control plots
at the TM site while total chlorophyll content (Chl a+b) was highest in the plants undergoing medium shading. These findings
indicate that H. ovalis can adapt temporarily to light reduction through morphological and phyto-physiological acclimation
but will experience mortality when the intensity and duration of shading exceed levels that they can tolerate. Post-shading
monitoring showed rapid recovery within the first three months with no significant differences between treatments and all plots
having more than 50% seagrass cover per 0.0625m2.

Modelling calcification in coral reef systems using a coupled physical-biogeochemical
approach
Zhang, Zhenlin*1, 2, Falter, James1, 2, 3, Lowe, Ryan1, 2 & Ivey, Greg2, 4
School of Earth and Environment, The University of Western Australia, 35 Stirling Highway, Crawley, Perth WA 6009
The UWA Oceans Institute, The University of Western Australia, 35 Stirling Highway, Crawley, Perth WA 6009
3
ARC Centre of excellence for Coral Reef Studies, James Cook University, Townsville QLD 4811
4
School of Environmental Systems Engineering, The University of Western Australia, 35 Stirling Highway, Crawley, Perth WA 6009.
zhangz04@student.uwa.edu.au
1
2

The declining growth of coral reefs due to increased thermal stress and ocean acidification has become a wide-spread concern
among scientists, managers, and policy-makers. Corals and other reef calcifiers build their skeleton from calcium carbonate via
calcification, a process which causes a reduction in the total alkalinity ( ) of ambient seawater relative to source waters offshore.
Consequently, observed declines in seawater alkalinity (
) can be used in conjunction with estimates of water residence
times ( ) to calculate calcification rates at the community and system scales. While crude versions of such calculations have
been performed many times in many reef systems, the major challenge at present is to accurately resolve , a variable which
is strongly dependent on the hydrodynamic processes driving circulation in real coral reef systems. In this study, we used a
coupled physical-biogeochemical numerical model to simulate both
and of the Coral Bay reef-lagoon system located in
the heart of the Ningaloo Reef Tract. While was calculated entirely from the hydrodynamic model alone,
was modelled
as a non-conservative tracer based on light-calcification relationships derived from a control volume experiment conducted on
the adjacent reef flat. Results showed that the coupled model was capable of reproducing the observed spatial variability of
and that both
and varied strongly as a function of wave forcing. This new modelling approach provides us with a means
for accurately estimating calcification rates for entire reef systems based on observed gradients in
and thus provide a new and
powerful tool for coral reef monitoring.
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Survival, growth and morphological development of post-settlement Coscinoderma
matthewsi
Abdul Wahab, Muhammad Azmi *1, de Nys, Rocky & Whalan, Steve
School of Marine & Tropical Biology, James Cook University, Townsville, Queensland 4811, Australia
muhammad.abdulwahab@jcu.edu.au

1

A comprehensive knowledge of post-settlement processes is crucial in understanding and managing populations of marine
benthic invertebrates such as sponges (Phylum Porifera). Initial metamorphic success and subsequent survival of Coscinoderma
matthewsi (Dictyoceratida) juveniles, grown at settlement densities of 0.1, 0.2, 0.5 and 1 cm-2 over a period of eight months,
were quantified. A 3-dimensional (3D) volume rendering method was also developed to assess volumes of juvenile sponges
providing accurate measurements of post-settlement growth. The accuracy of using surface area (2D) as a measure of growth was
subsequently assessed. Metamorphic success and juvenile survival of C. matthewsi was not significantly different between density
treatments. More than 90 % metamorphosis was achieved at settlement, with juvenile mean survivorship reaching 17.5 % ± 3.2
(mean ± SE) after eight months post-settlement. Mean growth from volume measurements (3-dimensional) after seven months
was double (190 %) that of growth determined from surface area (2-dimensional) measurements (85 %), demonstrating an underestimation of growth when the 2D method was used. Sponge volumetric growth was also supported by highly developed juvenile
morphology. This study demonstrates the significance of post-settlement processes in influencing adult population distribution
and also highlights the importance of using volume as a measurement for species adopting vertical growth.

Eighties Flashbacks: The invertebrate communities on temperate artificial reefs
nearly three decades later
Cameron, Shea1*, Dittmann, Sabine1, Fairweather, Peter1 & Butler, Alan2
School of Biological Sciences, Flinders University, GPO Box 2100, Adelaide SA 5001
CSIRO Marine and Atmospheric Research, PO Box 1538, Hobart Tas 7001
shea.cameron@flinders.edu.au
1
2

In 1984, following the success of another reef program in the 1970s the South Australian Fisheries Department along with local
councils planned a series of artificial reefs constructed from different materials for Gulf St Vincent, Spencer Gulf, Eyre Peninsula
and Kangaroo Island. The majority of these reefs were tyre module (TMU) reefs constructed from modules made up of 28 tires
lashed together with polyester tape. The others consisted of vessels opportunistically acquired for disposal. The reefs off the
metropolitan coast were found to have attracted the target fish species leading to increased catch rates. What is not known is
the composition of the invertebrate communities that have since settled onto these reefs. Temperate invertebrate communities
worked on previously in Gulf St Vincent have long succession patterns, sometimes exceeding decades. This study seeks to
determine spatial variation in the settlement of marine invertebrates on artificial reefs, decades after their deployment. Vertical
and horizontal surfaces are further differentiated to take any variations with shading into account. The survey is to be completed
by May 2011. Based on photo-quadrats and additional scraping for further identification, differences in the fouling community
with substrate type and location of the artificial reef will be analysed. The poster will further explore relationships between
structural complexity and diversity of fouling communities.
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Effect of iron limitation on the physiology and iron bioavailability of two Antarctic
phytoplankton
Hassler, Christel*1, Clementson, Lesley2, Petrou, Katherina1 & Butler, Edward2
Plant Functional Biology and Climate Change Cluster, University of Technology Sydney, PO Box 123, Broadway NSW 2007.
Marine and Atmospheric Research, CSIRO, Castray Esplanade, Hobart Tas 7000.
Christel.Hassler@uts.edu.au

1
2

The diatom Chaetoceros sp. and the haptophyte Phaeocystis sp. were sequentially acclimated from high to low iron in synthetic
seawater. In this media, iron was buffered with EDTA and the concentration of labile iron (Fe’) was calculated to be 4 nM and 4
pM in the high and low iron media (MINEQL+, ver. 4.5), respectively. Both cultures were then maintained in natural seawater
from the Polar Frontal Zone (54.0°S 145.9°E). Iron limitation resulted in a 1.2- to 1.4-fold decrease in cell size as well as
maximum quantum yield. Under iron limitation, a decreased growth rate was only observed for Chaetoceros sp. (from 0.40 to
0.28 d-1). Phaeocyctis sp. maintained a constant growth rate (0.22 d-1), but iron limitation affected the size of the colonies from
500 µm in high-iron media to 30 µm and 60 % solitary cells in iron-limited media. Iron limitation also decreased cellular Chl a,
as well as other pigments being used as biomarkers and photo-protective pigments. Decreased tolerance to high light under iron
limitation was also observed using rapid light curves. Iron limitation also affected the intracellular metal composition, revealing
interesting questions on trace metal interactions. For both strains, iron internalisation constants revealed a 2- to 3-fold faster
iron uptake in iron-replete conditions, consistent with the use of “low”-affinity iron uptake transport system. This observation
was confirmed for Chaetoceros sp. by the use of ortho-vanadate, a specific inhibitor of P-ATPase used in primary transport
system, with a 60 % and 95 % inhibition of iron uptake under iron-replete and limited situations, respectively. The induction
of high affinity transport systems resulted in a greater ability to take up organic iron. The iron bioavailability in presence of
organic ligands was measured in synthetic seawater using iron uptake in the presence of increasing ligand concentrations. The
organic ligands selected represent ligands likely to be present in seawater; saccharides, porphyrin and siderophores. These
results demonstrated that iron limitation affects phytoplankton at multiple levels, likely resulting from a balance between energy
dedicated to growth, light acquisition and iron uptake.

Spatial and temporal distribution of copepod diversity and abundance in the Gulf of
Carpentaria, northern Australia
Rothlisberg, Peter*4, Greenwood, Jack2, McKinnon, Dave3, Richardson, Anthony4,5 & Othman,
Ross1
Department of Zoology, Universiti Kebangsaan, 43600 Bangi, Selangor, Malaysia
School of Biological Sciences, University of Queensland, Brisbane, Queensland, 4072
3
Australian Institute of Marine Science, P.M.B. No. 3, Townsville M.C., Queensland 4810 4CSIRO Marine & Atmospheric Research, GPO Box 2583,
Queensland, 4001
5
School of Mathematics & Physics, University of Queensland, St Lucia, Queensland, 4077
peter.rothlisberg@csiro.au
1
2

The Gulf of Carpentaria is a large, shallow tropical basin (85% of the area <60 m depth) enclosed on three sides by northern
Australia and bounded in the north by the Arafura Sea and the island of Papua New Guinea. We investigated copepod diversity
and abundance in relation to key environmental variables and water masses. Plankton samples were collected by oblique tows
(mesh size of 142 μm) at 23 stations during 10 cruises between August 1975 and May 1977. Copepod abundance was relatively
low and typical of oligotrophic tropical regions globally. A total of 102 copepods species was identified: 68 species belonging
to the Calanoida; 30 to the Cyclopoida; and 4 to the Harpacticoida. Of these, 13 species were new to science and all species
collected in this study represent new records of copepods for the Gulf region. The faunal composition is typically warm-water
neritic, and similar to that of the Indo-Malay Archipelago. Multivariate principal coordinate ordination of the stations identified
three typical assemblages: inshore; intermediate; and offshore. The coastal assemblage was consistent in both the wet and
dry seasons. During the dry season more stations had offshore assemblages. During the wet season, the number of stations
with an intermediate assemblage doubled and extended into the southern Gulf. Each assemblage had a suite of characteristic
environmental conditions defined by depth, temperature, salinity and silicate. This work represents the first systematic sampling
and description of copepod abundance and diversity in northern Australia.
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Predictive Habitat Modelling of Indo-Pacific Bottlenose Dolphins (Tursiops aduncus)
in South West Australia.
Sprogis, Kate*1, Ken Pollock1, Halina Kobryn1, David Johnston2, Randall Wells3 and Lars Bejder1
Cetacean Research Unit, Murdoch University, Perth 6150
Duke Marine Lab, Duke University, North Carolina 28516
3
Sarasota Dolphin Research Program, Mote Marine Laboratory, Florida 34236
K.Sprogis@murdoch.edu.au
1
2

Animals prefer to use an area based on its physical environment (e.g., depth, slope, sea surface temperature, habitat type), food
availability, protection from predators, suitability as a breeding or calving ground and lack of anthropogenic pressures. Detecting
these critical areas and explaining the factors that influence habitat use and movements are important for conservation and
management efforts of a species. Habitat modelling is a powerful tool for predicting distribution patterns and understanding the
ecological and physical factors that determine these distributions. Several different modelling techniques are available. Models
that are commonly used for marine mammal species include hypothesis testing, maximum entropy, multivariate statistical
modeling and multivariate ordination and classification. In this study, the Indo-Pacific bottlenose dolphin (Tursiops aduncus)
is used as a model species to investigate which habitat models perform best. Over the past four years research on abundance,
distribution, social structure, foraging ecology and conservation genetics has been conducted on the study population in Bunbury,
South West Australia. This project will continue to collect data for an additional three years using the same established techniques.
The study area will be expanded to now cover an area of 475km2, extending offshore to 9.3 km. Greater coverage of the benthic
habitat type and complexity will be recorded through an increased number of transect routes and validation points of the current
habitat classifications (drop down camera ground truthing). Other relationships with dolphin distributions will also be considered
for additional variables, for example, sea surface temperature, prey distribution and vessel density.

Response of small bodied fish to habitat reconnection in the Murray River Estuary
Silvester, Luke*1,2, Dittmann, Sabine1 & Beyer, Kathleen2
School of Biological Sciences, Flinders University, GPO Box 2100, Adelaide, SA 5001
Inland Waters and Catchment Ecology Program, SARDI Aquatic Sciences, PO Box 120, Henley Beach, SA 5022
silv0034@flinders.edu.au
1
2

Estuaries are a dynamic interface between freshwater, marine and terrestrial ecosystems. Over time, the Murray River estuary
has been heavily regulated resulting in environmentally distinct habitats, up- and downstream of a series of barrages. This habitat
fragmentation threatened the ecological integrity of the ecosystem, affecting fish assemblage structure and abundance. Following
recent floods the barrages were reopened in September 2010 allowing the river to flow into the sea. The aim of this study was to
evaluate the effects of reconnection of adjacent habitats on the fish community in the estuary. To assess the temporal and spatial
changes in the fish community structure on either side of two barrages (Goolwa and Mundoo), fish were collected once a month
using a seine net at eight locations between August 2010 and January 2011. Abundances, distributions and size frequencies of
fishes were assessed to determine fish community structure and recruitment. The results show temporal and spatial variability in
the fish assemblage structure with a general increase in diversity and abundance of fish species. The results will be discussed in
light of their implications for the management of fragmented habitats and estuarine fish communities.
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Indo-Pacific Bottlenose Dolphins (Tursiops aduncus) in the Swan-Canning Estuary
(Perth, WA): ecology, status, and future research.
Chabanne, Delphine*1, Finn, Hugh1, Salgado, Chandra2, Nam Lo, Hong2, Moiler, Kim2, & Bejder,
Lars1
Murdoch University Cetacean Research Unit, Murdoch University, Murdoch WA 6150
Centre for Marine Science and Technology, Curtin University, Perth WA 6845
delphine.chabanne@gmail.com
1
2

From October 2001 to June 2003 we photo-identified 35 Indo-Pacific bottlenose dolphins (Tursiops aduncus) within the SwanCanning Estuary in Perth, Western Australia (n = 223 survey days). Analyses of occupancy, ranging, and association patterns
identified two main groupings: (a) transient - dolphins sighted less than six times generally near the estuary mouth (n = 13,
37.1%) and (b) resident - dolphins consistently observed (n > 23 sightings) throughout the estuary and in association with each
other (n = 18, 51.4%). The current status of dolphins in the estuary is not known. Low-level monitoring (n = 17 survey days)
in 2008-9 re-sighted nine (50%) of the 2001-3 residents, while the carcasses of two (11.1%) were recovered in 2006 and 2009,
one (5.6%) was presumed dead in 2002, and the status of the other six (33.3%) is not known. The deaths of six dolphins within
the estuary in 2009 raised concerns about the long-term conservation of dolphins in the estuary and emphasised the need for
new research. As part of a broader study of dolphins in the metropolitan waters of Perth, from June 2011 we will be conducting
systematic boat-based surveys using belt transects coupled with individual focal follows within the estuary and adjacent coastal
waters. This research has several objectives: (1) estimate dolphin abundance across the study area using photo-identification
and mark-recapture methods; (2) determine residency and ranging patterns for individuals in order to better understand site
fidelity and population structure; (3) determine habitat use patterns through habitat modelling; and (4) collect behavioural,
environmental, and epidemiological data related to interactions with human activities and dolphin health (e.g. entanglements,
epidermal diseases).

Effects of zinc on biofilms on intertidal and subtidal habitats
Mayer-Pinto*, M1,2, Coleman, R.A., Underwood, A.J. & Tolhurst, T.3
1
Centre for Research on Ecological Impacts of Coastal Cities, School of Biological Sciences, Marine Ecology Laboratories A11, University of Sydney, NSW
2006, Australia.
2
RPS/Marine Monitoring Program, Level 2, Colin St. West Perth, WA 6162
3
School of Environmental Sciences, University of East Anglia, Norwich, NR4 7TJ:
mariana.mayer@sydney.edu.au

Biofilm assemblages are sensitive to changes in environmental conditions. Thus, the physiology and composition of biofilm
can reflect the local environmental conditions of a substratum. Little is known, however, about the effects of contaminants
on biofilms. It is believed that effects of contaminants throughout trophic webs depend on their specific effects on the
characteristics of the biofilms. Impacts of contaminants on assemblages are often investigated in laboratories or in meso-cosms
to reduce extraneous variables. Such experiments are rarely representative of effects of contaminants under natural conditions.
Studies done in real field situations, with enough power to detect impacts, are necessary to develop a better understanding
of the effects of contaminants on ecological processes. Coastal and estuarine environments have long received metals from
industrial and mining wastes. Input of these metals into natural habitats from human activity can cause disturbances to the
environment. Using a new technique to experimentally deliver contaminants to micro-algal assemblages, we tested hypotheses
about the effects of zinc on biofilm. We used settlement panels in subtidal and intertidal habitats. Panels were sampled after
1 and 3 months of submersion. Control panels deployed for one month in each habitat had significantly greater amounts of
biofilm than those exposed to zinc. After three months of deployment, results varied with location. The observed effects on
the biofilm did not cause, however, significant changes on fouling assemblages developed in the panels. Temporal and spatial
variation need to be considered to develop successful management and conservation strategies.
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Investigating the occurrence and range of introduced marine species in South
Australia.
Wiltshire, Kathryn*1 & Deveney, Marty1
South Australian Research and Development Institute, PO Box 120, Henley Beach SA
Kathryn.Wiltshire@sa.gov.au
1

Knowledge of the distribution of introduced marine species is important for understanding when a new incursion or range
expansion has occurred, for managing existing infestations of pests, assessing risks and ensuring accurate communication and
reporting. Information on the distribution of introduced marine species is SA was lacking, with no list of introduced marine
species compiled since 1998, that list including several unverified records and a paucity of specific spatial data. To address
these issues we collated records of introduced marine species from SA, attempted to verify the occurrence and range of these
species in SA, and built a GIS-linked database of these records. We found over 100 species reported as being “introduced” or
“cryptogenic” in SA, 99 of which were investigated further. Not all reported species were confirmed to occur in SA, with 7
records being particularly doubtful, and not all introductions appear to have resulted in establishment. Of the 99 investigated,
we regarded 22 introduced and 34 cryptogenic species as established or recently recorded in SA, including 9 species on the
National System trigger list. The GIS-linked database was used to map records of these trigger list species and to produce lists
of introduced marine species occurrences for various SA regions, further aiding management and informing future research
directions.

What is the role of habitat complexity and heterogeneity in determining native and
non-indigenous invertebrate diversity?
Smith, Rachel S.*1, Clark, Graeme F.1, & Johnston, Emma L.1
Evolution and Ecology Research Centre, University of New South Wales, Sydney 2052
Rssmith218@gmail.com

1

The number and diversity of niches available in an area is likely to influence community composition, including the probability
of invader success. One way to manipulate niche availability is to alter habitat structure, which is comprised of 3 main
elements: heterogeneity, complexity and scale. This study aimed to parse out the separate roles of these elements in developing
subtidal sessile marine invertebrate communities. We manipulated complexity by changing the abundance of two features
of the substrate (grooves and recesses), and manipulated heterogeneity by changing the identity and diversity of features
present (grooves or recesses, grooves and recesses, no grooves or recesses). We predicted that habitats with more structure
would lead to more diverse and abundant assemblages, since these environments should contain more niches to be occupied.
Heterogeneity was predicted to be the dominant factor increasing assemblage diversity because increasing the number of
habitat features may create more diverse niches than simply increasing the abundance of one structural element. Further, we
expected that structured habitats would have lower ratios of non-native species in comparison to less-structured habitats. If
the settlement of robust non-natives is not limited by niche availability to the same extent as natives, then increased niche
opportunity should increase the likelihood that native species will be successful. We assessed the recruitment of species over
short and long time periods to observe the effects of complexity and heterogeneity on both initial colonization and community
development. We predicted that effects of habitat structure would be stronger over short time scales, prior to the onset of
competitive exclusion.

167

48th Australian Marine Sciences Association Conference 2011

Tidying the house – increased native invertebrate recruitment in the presence of a
native oyster
Baba, Joseph*1, Dafforn, Katherine & Johnston, Emma
Evolution and Ecology Centre, School of Biological, Earth and Environmental Sciences, University of New South Wales, Sydney, New South Wales 2052,
Australia
j.baba@unsw.edu.au
1

Estuaries are among the most disturbed aquatic ecosystems from anthropogenic activities, and their resident native species are
under increasing threat. Industrial activities can reduce water quality through increased levels of pollution and resuspension
of sediments with negative consequences for native species assemblages. It is therefore important for ecologists to develop
strategies for restoring impacted estuaries. The use of filter feeders as a tool to reduce sediment and pollution loads in the water
is an unexplored possibility. Here, we conducted manipulative field experiments to determine the potential for the Sydney Rock
Oyster Saccostrea glomerata to improve water quality and enhance recruitment of native sessile invertebrates in the heavily
industrialised Port Kembla, NSW, Australia. Live oysters were attached to backing panels around settlement plates with the
appropriate procedural controls. Where live S. Glomerata oysters was present, there was an increased abundance of native
sessile species. Preliminary results indicate that the presence S. Glomerata can improve small scale water quality to make the
environment more suitable for native species. Future experiments are now underway to examine if the oysters are improving
water quality of if they are preying on larval recruits. Large oyster bed restoration has potential to offer water cleaning services
for polluted areas.

Reproduction cycle of sand dollar, Peronella lesueuri, in Cockburn Sound, Western
Australia
Yeo, Sharon*1
School of Biological Sciences & Biotechnology, Murdoch University, Murdoch WA 6150
s.yeo@murdoch.edu.au
1

Using histological methods, the reproductive cycle of Peronella lesueuri in Cockburn Sound, Western Australia was studied to
determine the periodicity as well as the degree of gametogenic synchrony. The gametogenic cycle consists of 3 main phases:
Growth - when gonads accumulate nutritive material for gametogenesis, Maturation – when gametogenesis and spawning occur,
and Spent – when nutritive phagocytes reabsorb relict gametes and gonads are either devoid of gametes or only contain relict
gametes and/or gametocytes. Data from the first year of a two-year study is being presented. From histological photographs,
five gametogenic stages have been identified in both sexes, although stages were not distinct in all cases. Males were classed into
stages qualitatively and females were staged according to the proportions of oocyte stages within the gonads. The data suggest
an annual reproductive cycle with spawning taking place during late summer and autumn. The data also indicate that both sexes
are in gametogenic synchrony with spent stage occurring from June to October (Winter – Spring).
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Multidisciplinary approaches to rapid marine baseline assessments in developing
nations.
Connelly, Shirley*
shirley.connelly@hydrobiology.biz

The provision of rigorous and informative marine ecological investigations in remote locations with limited time, access and
budget can be challenging and rewording. This presentation provides multiple examples of marine baseline ecological assessments
over a range of habitats and locations from the Philippines, Papua New Guinea and the Congo to Cameroon. It provides an
insight into the challenges of designing informative research programs to assess the baseline conditions and sensitivities in
remote marine habitats under often difficult developing nation conditions. Included is discussion on the use of international
versus Australian guidelines and making compromises within the limitations mentioned above. When a client asks for a baseline
assessment of an unknown pristine tropical marine system with over 200 km of complex coastline, a range of habitats that need
mapping and a species list of all benthic flora and fauna, crustaceans, fish and megafauna… three weeks and a limited budget to
do it… the compromises start.

Alliance formation by male Indo-Pacific humpback dolphins of north-western
Australia.
Allen, Simon*1, Cagnazzi, Daniele2, Krützen, Michael3, Bejder, Lars1 & Parra, Guido4
Murdoch University Cetacean Research Unit, School of Biological Sciences and Biotechnology, Murdoch University, South St, Murdoch WA 6150
Centre for Environmental Management, Central Queensland University, Rockhampton QLD 4702
3
Evolutionary Genetics Group, Anthropological Institute and Museum, University of Zurich, Winterthurerstr.190, 8057 Zurich, Switzerland
4
School of Biological Sciences, Flinders University and South Australian Research and Development Institute, PO Box 2023 SA 5606
S.Allen@murdoch.edu.au
1
2

Indo-Pacific humpback dolphins (Sousa chinensis – ‘Sousa’ hereafter) are found in shallow, near-shore waters of the northern
Australian coastline, reefs and islands. Their social structure has been described only superficially, but appears characterized by
a fission-fusion grouping pattern, similar to that of several other coastal delphinids. Sexual segregation has not been reported.
We conducted boat-based photo-identification, biopsy sampling and behavioural surveys of tropical delphinids between
Coral Bay and Broome from April to July, 2010. Here, we provide preliminary evidence that male Sousa in north-western
Australia form allied pairs. Firstly, there was a high proportion of large, scarred pairs found in close proximity and engaged in
coordinated behaviours that we tentatively assigned as males based on physical appearance. These preliminary classifications
were later proven to be correct by genetic sexing. Secondly, we documented both aggressive and affiliative display behaviours by
individuals within putatively allied pairs toward other conspecifics. Thirdly, we recorded instances of object-carrying (a possible
socio-sexual display) by individuals within pairs of adult male Sousa around adult female Sousa, as well synchronous behaviour
between suspected male allies in social settings. These findings suggest an as yet unrecognized level of social complexity in this
species. They also highlight what little is known of the social ecology of two tropical delphinid species (Indo-Pacific humpback
and Australian snubfin dolphins, Orcaella heinsohni) that inhabit the rapidly developing coastline of north-western Australia.
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Movement of whale sharks at Ningaloo Reef
Anderson, Douglas*
The whale shark Rhincodon typus is the largest fish in the world. They aggregate in the Ningaloo area from March through to May
although some individuals have been observed during times that are well out of the recognised season. The project will investigate
the return frequency of individual whale sharks to Ningaloo and their spatial distribution within this system. It will determine if
the physical oceanographic features and processes such as sea surface temperature, chlorophyll a, current strength (focusing on
the Leeuwin Current), sea level, wind shear and water depth may be influencing the movement and distribution of whale sharks at
Ningaloo Reef. The influence of El Nino/La Nina events on the distribution of whale sharks at Ningaloo will also be investigated.
Whale shark data from the last 5 years will be examined which includes 1) data on time and location of interactions with whale
sharks, from tour boats, collected as part of licensing requirements for the Department of Environment and Conservation, 2)
data collected from video and photographs of whale sharks from tour boats and 3) observations made by ECOCEAN staff and
EARTHWATCH staff. The whale shark sighting data will be analysed in conjunction with the oceanographic data using spatial
data analysis tools (GIS), correlation, regression and multivariate analyses which will be undertaken to determine if any of the
oceanographic variables have a significant influence on the distribution of whale sharks at Ningaloo Reef. The oceanographic
data will be obtained from the National Oceanic and Atmospheric Administration (NOAA), the Bureau of Meteorology (BOM),
the Integrated Marine Observing System (IMOS) database and the Australian Institute of Marine Science (AIMS). The analyses
will be done based on specific time periods. Monthly and weekly sighting data and oceanographic data will be compared and
any patterns will be tested for significance. This study intends to uncover some of the secrets of the movement and distribution
patterns of whale sharks at Ningaloo Reef.

Does species diversity of mangroves affect assemblage composition and abundance of
juvenile nekton?
Natin, Patricia*1 & Lee, Shing Yip1
1
Australian Rivers Institute – Coasts and Estuaries, and School of Environment, Griffith University Gold Coast, Southport, Queensland 4222
p.natin@griffith.edu.au

Mangroves are accorded high ecological importance due to their role as feeding and nursery area of commercially important
nekton, but how assemblage composition of juvenile nekton is influenced by mangrove forest structure is poorly understood.
We use ‘Simulated Aquatic Microhabitats’ (SAMs) to test the hypothesis that mixture of tree species in a mangrove forest
will produce organic matter and biogenic structures that would promote the abundance of juveniles of fish and crustaceans. A
preliminary study was done at Tallebudgera Creek, southeast Queensland in three different habitats with different mangrove plant
compositions (mixed stands of Rhizophora stylosa (RS) and Avicennia marina (AM), and pure stands of the two species). The
bare sandflats adjacent to the mangrove stands were also sampled. Despite the mean values were widely separated, the abundance
of juvenile fish and crustaceans sampled by the SAMs were highly variable within sites. No significant difference in the juvenile
fish and crustacean abundance was recorded between mangrove forests, nor was there any significant difference between each
type of forest and its adjacent sandflat. Future sampling effort would need to be increased to cater for this variability. In the
mixed RS and AM forest, mean sediment percentage of total organic matter was 6.8±2.7 % and its adjacent sandflat (0.9±0.3
%), followed by pure stand of AM forest (1.8±0.9 % forest, 0.8±0.2 % sandflat) and pure stand of RS forest (1.7±0.4 % forest,
0.6±0.2 % sandflat). However, percentage of total organic matter was only significantly higher in mixed RS and AM forest (F=
12.872, p= 0.07) compared to other forests.
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Diet of New Zealand fur seals (Arctocephalus forsteri) on Rottnest Island based on
analysis of scats and regurgitates.
Hara, Ana*1
School of Animal Biology, University of Western Australia, 35 Stirling Highway, Crawley WA 6009.
haraa01@student.uwa.edu.au
1

The diet of New Zealand fur seals Arctocephalus forsteri was investigated using analysis of hard part remains in scats and
regurgitates collected from Cathedral Rocks, Rottnest Island. The present study identified 16 fish and 5 cephalopod taxa of prey
and revealed that cephalopods, in particular Southern Calamari (Sepioteuthis australis), constitute the main component of the
diet. Other important items are Arrow Squid (Nototodarus gouldi), Octopus (Octopus sp.), Beaked Salmon (Gonorynchus greyi)
and Whiting (Sillago sp.). The seasonal variation was largely driven by the consumption of Southern Calamari, low in Autumn
and peaking in Winter (5.5kg and 76.9kg respectively). The results indicate that the seals are consuming mainly shallow-water
species, contrasting with previous studies conducted in New Zealand, Tasmania and South Australia, where schooling pelagic
fish (particularly myctophids) were frequent and abundant. New Zealand fur seals are generalist feeders, and the plasticity in
diet, diving behaviour and foraging strategies is likely to reflect the variations in prey availability. These differences are expected
to be accentuated when comparing the southern populations with the west coast of Western Australia, which represents the
western and northern extreme of the their distribution. The population of New Zealand fur seals is expanding and can have
significant impacts on the marine ecosystem, particularly on its target prey stocks. We are now only beginning to understand how
this increase is unfolding in Western Australia.

Carbon preservation in seagrass meadow ecosystems
Jamaludin, Mohammad Rozaimi *1, 2 & Lavery, Paul1
School of Natural Sciences, Faculty of Computing, Health and Science, Edith Cowan University, 270 Joondalup Drive, Joondalup, Western Australia 6027,
Australia
2
School of Environmental and Natural Resource Sciences, Faculty of Science and Technology, Universiti Kebangsaan Malaysia, 43600 UKM Bangi, Selangor,
Malaysia.
m.jamaludin@ecu.edu.au
1

Interest in the oceanic domain as a major global carbon sink had long been of interest to various quarters. Only recently, this
interest had been heightened from the realization that mitigating increased concentration of atmospheric carbon dioxide by the
oceans is compromised from losses of marine natural resources that sequesters the carbon. This is especially true of seagrass
meadows which have had drastic areal losses over the years. It makes it a particular concern because seagrasses can capture
carbon in their sediments over long time scales. However, knowledge into this preservation of carbon is mainly from work on the
seagrass Posidonia oceanica from the Mediterranean. Information on whether there are similar carbon preservation potentials by
other seagrass species from distinctive meadows is thus needed. This paper outlines the setting for my PhD study to address this
gap in knowledge. The study will investigate: total carbon captured in seagrass meadows; sources of the carbon; and the age of
the carbon in the sedimentary environment. Other factors that will be explored in relation to carbon capture are: effect of seagrass
species; the type of carbon found in seagrass sediments; and the influence of meadow location on the amount of carbon found
between different types of seagrass depositional environments. It is predicted there will be differences in amounts of carbon
preserved in different meadows due to species or location.

171

48th Australian Marine Sciences Association Conference 2011

Behaviour of free-ranging common dolphins (Delphinus delphis) in Gulf St Vincent,
South Australia
Filby, Nicole 1,3*, Bossley, Mike2 & Stockin, Karen3
Marine Ecology Research Group, School of Ecology and Sustainability, Victoria Univeristy, P.O. Box 14428 (St. Albans Campus), Melbourne, Victoria
Whale and Dolphin Conservation Society, PO Box 720, Port Adelaide Business Centre, Port Adelaide, South Australia
3
Coastal-Marine Research Group, Institute of Natural Sciences, Massey University, Private Bag 102 904, North Shore MSC, New Zealand
nicole.filby@live.vu.edu.au
1
2

Here we present the first data describing the behaviour of common dolphins (Delphinus delphis) in Australian waters. Behavioural
data were collected from 109 independent dolphin groups during boat-based surveys conducted in Gulf St Vincent, South Australia
between September 2005 and May 2008. Activity budgets are used to assess the effects of diel, season, depth, sea surface
temperature, group size and composition on behaviour for common dolphins. Additionally, the presence/absence of flesh-footed
shearwaters (Puffinus carneipes) and bottlenose dolphins (Tursiops spp.) is examined in relation to dolphin behaviour. Forage
(33.9%) and rest (2.8%) were the most and least frequently observed behaviors, respectively. Travel (33.0%), social (20.2%)
and mill (10.1%) accounted for the remainder of the activity budget. Behaviour did not vary seasonally, although travelling
and milling groups were recorded most during the austral spring and autumn, respectively, with foraging most prevalent during
the austral summer. Diurnal differences were detected with foraging (59.5%) and socializing (31.8%) groups most frequently
observed between 10.00 – 11.59 and travelling groups (38.9%) most frequent between 08.00 – 09.59. Behaviour did not vary
with water depth, SST, group size or group size, although varied significantly between single and multi-species groups. Foraging
was more frequent in multi-species groups, with 78.4% of all foraging behaviour observed for common dolphins occurring in
the presence of other species. Associations were most frequently observed with flesh-footed shearwaters which were present for
29.4% of common dolphin encounters. Behaviour varied significantly during shearwater associations with 62.2% of foraging
groups occurring in the presence of shearwaters. Resting, milling or socializing was rarely observed in the presence of any
associated species, indicating the primary mechanism for association is likely prey-related.

The Use of a Seasonal Dynamical Model in the Prediction and Management of Coral
Bleaching Risk
Spillman, Claire*1, Alves, Oscar1 & Hudson, Debbie1
Centre for Australian Weather and Climate Research (CAWCR), Bureau of Meteorology, Melbourne, VIC 3001
c.spillman@bom.gov.au

1

Sea surface temperature (SST) is now recognised as the primary cause of mass coral bleaching events. Coral bleaching occurs
during times of stress, particularly when sea surface temperatures exceed the tolerance level of the coral colony. Real-time
seasonal forecasts for coral bleaching risk on the Great Barrier Reef (GBR) are currently produced operationally using the
Bureau of Meteorology’s coupled ocean-atmosphere model POAMA. The model has been shown to have skill both in the GBR
and across the tropical oceans several months into the future. These forecasts provide an early warning of potential bleaching risk
prior to summer, which allows reef managers to both focus monitoring programs and implement strategies to minimise bleaching
damage, as well brief government and stakeholders. Prior warning of bleaching conditions also allows for the monitoring of
bleaching onset and evolution of the event, thus expanding our current knowledge of reef resilience to extreme conditions. Under
climate change, it is expected that the severity and frequency of bleaching will increase on the world’s coral reefs, and thus an
improved understanding and management of these sensitive ecosystems is imperative.
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The influence of marine benthic habitat data on systematic conservation planning:
Rottnest Island as a case study
Davis, Ben W.*1, Beckley, Lynnath E.1 & Kobryn, Halina T.1
School of Environmental Science, Murdoch University, 90 South Street, Murdoch WA 6150
bwdavis@iinet.net.au
1

In order to achieve conservation targets while minimising the economic and societal impacts of the conservation area, systematic
conservation planning algorithms, such as MARXAN, are now a preferred solution for designing Marine Protected Areas
(MPAs). While MARXAN is widely used for marine conservation planning, there has been little research into the effects that
the quality of benthic habitat data have on the spatial outcome of the process. This study investigates the effects that data sets
at different thematic and spatial resolutions have on the design and efficiency of a MPA at Rottnest Island, Western Australia.
Rottnest Island is surrounded by relatively shallow water and seagrass, Ecklonia, Sargassum, algal turf, rocky platforms and sand
comprise the dominant habitat types. Benthic habitat data derived from three sensors, namely airborne Geoscan multispectral,
Quickbird satellite multispectral and airborne Hyvista hyperspectral were used. Spatial resolution varied from 2.4 m to 5 m
pixels. In combination with bathymetry, prominent biodiversity features and human usage patterns, the influence on planning
outcomes on the three habitat datasets are compared. This work is of relevance as much of Australia’s coastal waters require
conservation efforts, and the necessary procurement of benthic habitat data sets are an expensive component of MPA planning.

Quantifying the efficacy of a spatio-temporal management intervention on humandolphin interactions in Hawai’i
Tyne, Julian*1, Pollock, Ken1, Johnston, Dave1,2 & Bejder, Lars1,2
Murdoch University Cetacean Research Unit, School of Biological Sciences and Biotechnology, Murdoch University, 6150 Murdoch.
Division of Marine Science and Conservation, Duke University, North Carolina
j.tyne@murdoch.edu.au
1
2

Hawaiian spinner dolphins (Stenella longirostris) have predictable daily movement patterns, foraging offshore at night and
returning to inshore sheltered bays to rest during daytime. This set movement pattern may render them particularly vulnerable to
disturbance because of their reliance on the limited availability of sheltered waters to rest, socialise and avoid predators. The extent
and rapid growth of tourism targeting spinner dolphins in their resting habitat in Hawai’i have raised concerns about the potential
negative impacts. One proposed management intervention to reduce the number and intensity of human-dolphin interactions is to
implement time-area closures. To measure the effectiveness of this mitigation approach a Before-After-Control-Impact (BACI)
design is being employed to asses the local abundance, distribution and behaviour of spinner dolphins in five resting bays before
and after the implementation of time-area closures. Specifically, the National Oceanic and Atmospheric Administration, are
introducing time-area closures in resting bays off the Big Island of Hawaii, but not implemented until a full year of pre-closure
data has been collected. Since September 2010 systematic boat based dolphin photographic identification surveys have been
carried out each month and in each bay on consecutive days – following Pollock’s Robust Design. The objectives of this design
are to (1) quantify the abundance of the spinner dolphin population across the study area (2) determine movement patterns of
spinner dolphins between bays (3) determine spinner dolphin habitat use in resting bays (4) quantify spinner dolphin exposure to
human activities within resting bays and outside resting bays; and lastly (5) to determine the effectiveness of time-area closures
as a mitigation approach to human-dolphin interactions.
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Monitoring interactions between marine wildlife and commercial tour-vessels in
Shark Bay, Western Australia.
Hunt, Helen*1, Kobryn, Halina 1 & Bejder, Lars2
School of Environmental Science, Murdoch University, 90 South St, Murdoch, WA 6150
Murdoch University Cetacean Research Unit, School of Biological Science, Murdoch University, 90 South St, Murdoch, WA 6150
helenah222@gmail.com

1
2

There has been rapid expansion of marine-based tourism worldwide, particularly those focusing on close-up encounters with
wild cetaceans. Given the nature of this tourism- such that specific cetacean communities are repeatedly sought for prolonged,
close-up encounters- there exists a potential for harmful consequences for targeted animals. Within the Shark Bay Marine
Park, Western Australia, research has identified both short-term changes in behaviour as well as long-term declines in relative
abundance of bottlenose dolphins (Tursiops sp). Here commercial vessel-based dolphin watching began in Red Cliff Bay,
Monkey Mia in 1993, with one tour operator, and a subsequent operator in 1998. Research outcomes led to a ministerial decision
to reduce the number of licensed tour operators from two to one, within a 6km radius of Monkey Mia. Licenses, managed by the
Department of Environment and Conservation, include spatial and temporal constraints for area of operation and the placement
of a “black box” on the vessels. The ‘black boxes’ allow for the quantification of vessel movement, license compliance and rate
of wildlife interactions. The “black box” data consists of GPS data collected over four years, at one minute intervals, along with
additional information, e.g. travel speed, encounter and duration rates with marine fauna (dolphins, dugongs and turtles), and
tour operator license boundaries. The ‘Black Box’ data is being used to address both applied and empirical questions. These
include documenting: (1) the spatial and temporal footprint and compliance of tour operators; and (2) the spatial and temporal
distribution of marine wildlife. This research will help test the efficacy of recent management intervention to reduce vessel-based
interactions with dolphins.

Perceptions of hazards, marine protected area importance and management within
Tasmania, Australia.
Trenouth, Amy*1,2, Harte, Cher1, Paterson de Heer, Chloe1,2, Dewan, Kanwaljeet 1, Grage, Anna1,2,
Primo, Carmen1 & Campbell, Marnie L.1,2
National Centre for Marine Conservation and Resource Sustainability, Australian Maritime College, Locked Bag 1370, Newnham Tas 7250
Central Queensland University, PO Box 1319, Gladstone QLD 4680
a.trenouth@cqu.edu.au
1
2

Marine and coastal protected areas (MCPAs) are a key conservation strategy implemented globally to reduce impacts in these
environments. The involvement of stakeholders in the design and management of MCPAs is considered integral to MCPA
success. As such, knowledge of how stakeholders perceive the risks of hazards and their perception of management importance
should be an integral management and planning component of MCPAs. This study aimed to explore the relationship between
stakeholder perceptions of the importance and management of MCPAs with regards to a selection of natural and anthropogenic
environmental hazards. Data was gathered using a questionnaire that was implemented by face to face interviews that were
conducted over a four day sampling period at two locations: Strahan and St. Helens, Tasmania. Sewerage and ship groundings
were perceived as the most important hazards when considering MCPAs in Tasmania. These perceptions were significantly
correlated with the management and importance of MCPAs, and with the hazards. Our outcomes have the potential to enhance
Tasmanian MCPA management and thus improve success of management goals, if it is afforded sufficient weight in management
planning and decisions.
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Great Barrier Reef and Coral Sea
Beaman, Robin J.*
School of Earth and Environmental Sciences, James Cook University, PO Box 6811, Cairns QLD 4870.
robin.beaman@jcu.edu.au

The problem: A high-resolution digital elevation model (DEM) is a vital dataset required to accurately simulate water mixing
and current flow within a whole-of-Great Barrier Reef (GBR) scale hydrodynamic model. The finer-scale detail of the undersea
landscape underpins the ability of the hydrodynamic model to resolve the effects of coral reefs and inter-reefal passages on
water circulation. There is also a critical lack of information about the location and spatial extent of deep-water ecosystems and
habitats in the GBR and Coral Sea. Therefore, key seabed geomorphic features remain largely hidden from view and outside
of effective management. The solution: Project 3DGBR has developed a new high-resolution DEM for the GBR and adjoining
Coral Sea at a grid pixel resolution of 0.001-arc degree (~100 m). The geographic coverage ranges from latitude 10° to 29°
South, longitude 142° to 160° East. Including the Queensland hinterland, the new grid represents an area of about 3,000,000
km2. The project utilised the latest data sourced from ship-based multibeam and singlebeam echo sounder surveys, airborne lidar
bathymetry surveys, and satellite remotely sensed imagery. The new grid is called gbr100 and is a significant improvement on
current bathymetry grids

The ‘marine heat wave’ off Western Australia in summer 2010/2011: fish morality
events and species range extensions.
Pearce, Alan1,3*, Feng, Ming 2, Jackson, Gary 1 & Lenanton, Rod 1
WA Fisheries & Marine Research Laboratories, PO Box 20, North Beach WA 6920
CSIRO Marine and Atmospheric Research, Private Bag 5, Wembley WA 6913
3
Curtin University, Kent St, Bentley WA 6845
alan.pearce@fish.wa.gov.au
1
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Towards the end of 2010, evidence began to emerge of unusually warm waters along the Western Australian coastline. By
February 2011 it was clear that a significant warming event was taking place, with early, mostly anecdotal, reports identifying
fish mortality events along the west coast and tropical species being observed beyond their normal southerly range. Both largescale satellite-derived surface temperatures and local temperature logger measurements showed that temperatures were >3°C
above the normal summer averages in some regions, and the term ‘marine heat wave’ was coined to describe the unprecedented
nature of the warming. It was associated with an extremely strong La Nina event and (depending on how it is defined) a record
strong Leeuwin Current for this time of year. Ocean temperature measurements from a variety of sources with different temporal
and spatial resolution have revealed the development, progression and decay of the warm waters. A summary of some of the
initial biological consequences has been prepared. However as more data from established ongoing research and monitoring
programmes becomes available, more detailed accounts of the biological consequences of this significant warming event are
likely to be forthcoming.

Modelling the potential transport of tropical fish larvae in the Leeuwin Current
Pearce, Alan*1, Slawinski, Dirk 2, Feng, Ming 2, Hutchins, Barry 3 & Fearns, Peter 1
Curtin University, GPO Box U1987, Perth, WA 6845.
CSIRO Marine and Atmospheric Research, Private Bag 5, Wembley, WA 6913.
3
Western Australian Museum, 49 Kew Street, Welshpool, WA 6106.
alanpearce@iinet.net.au
1
2

Application of an individual-based particle tracking model to the migration of tropical fish larvae along the continental shelf
between the Houtman Abrolhos Islands and Rottnest Island (Western Australia) has shown that there is potential for the southwards
advection of passive particles/larvae in the Leeuwin Current system throughout the year. However, seasonal variations in the
prevailing wind field result in corresponding seasonal changes in the surface current flow (both alongshore and cross-shelf) on
the continental shelf, leading to a pulse of modelled particles arriving at Rottnest Island during the autumn months. This matches,
within a month, the observed April/May peak in annual recruitment of 2 species of damselfish (Abudefduf sexfasciatus and A.
vaigiensis), at the time when the Leeuwin Current is strengthening. It is assumed that the larvae are in the uppermost 20 m of
the water column and that there are no vertical diurnal movements. Because of limitations in our knowledge of the swimming
ability, choice of swimming direction and habitat selection of larval fish, as well as the inability of the model to reproduce the
small-scale circulation around Rottnest Island, the swimming capacity of the late-stage larval fish is not specifically included;
they are considered as potential settlers once they have reached within 20 km of the Island. The observed inter-annual variability
in recruitment is not as well matched by the model as is the seasonal pattern, but this is almost certainly due to uncertainties in
biological factors such as spawning strength, food and predation en route, which are not known.
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The anatomy of a flooding warm-core eddy
Roughan, Moninya1,2, Macdonald, Helen*1, Baird, Mark3 & Wilkin, John4
Coastal and Regional Oceanography Lab, School of Mathematics and Statistics, UNSW, Sydney NSW 2052
Sydney Institute of Marine Science, Mosman NSW 2088
3
Climate Change Cluster, UTS, Sydney NSW 2007
4
Rutgers, the State University of New Jersey, USA.
helen@student.unsw.edu.au
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An approximately 3km resolution version of the Regional Ocean Modelling System (ROMS) is configured for the coast off
south-east Australia. This model is used to produce ocean state estimates coinciding with the formation of a warm-core eddy
in 2008. Datasets from recent cruises and deployments contain temperature and salinity data from this eddy and are used to
assess the model. It was found that the model can reasonably reproduce this eddy. The model is then used to further investigate
processes within this eddy. Particle paths, a variety of tracers and streamlines are used to investigate the structure and evolution
within the eddy. The eddy becomes flooded with East Australian Current (EAC) waters, forcing some of the original core down
10-90 m. During this flooding process, the shape of the eddy (as defined by streamlines) changes so that, in the vertical, the eddy
appears bulb shaped instead of the classical bowl shape. Water is expelled from the eddy at 200 m depth and upwells on the side
of the eddy. There is also uplift in the EAC waters as water is drawn up to replace the flooding water. This flooding represents a
significant sink of EAC waters which impacts on heat and energy budgets within the EAC and the Tasman sea as well as having
implications for biological processes.

Nutrient dynamics on the continental shelf: a comparative study between the East
Australian Current and the Leeuwin Current.
Rossi, Vincent*1, Morris, Brad1, Roughan, Moninya1, Kotta, Jonne2, Thompson, Peter3 & Waite,
Anya4
University of New South Wales, Coastal and Regional Oceanography Lab, School of Mathematics and Statistics, Sydney, NSW, 2052 and Sydney Institute of
Marine Science, Mosman, NSW, 2088.
2
Estonian Marine Institute, Tallinn, 12618, ESTONIA.
3
Marine & Atmospheric Research, CSIRO, Hobart, TAS, 7001.
4
University of Western Australia, School of Environmental Systems Engineering, Crawley, WA, 6009.
v.rossi@unsw.edu.au
1

Biological productivity in coastal areas depends mainly on the available pool of dissolved nutrients. Understanding the nutrient
dynamics and variability on the continental shelves around Australia is of tremendous importance to estimate the biomass of all
trophic levels, going from the primary producers to the exploited fish stocks. In this comparative work, we tried to perform a
nutrient budget inside a 3D box on the shelf of the East and West coast of Australia. Although being under the influence of two
different oceanographic forcing regimes, namely the East Australian Current and the Leeuwin current, it appears that nutrients
dynamics are governed by similar processes. As a first approach, we considered three main components. The pelagic planktonic
compartment is studied as a whole, being mainly responsible for an uptake of nutrient by phytoplankton and a remineralisation
by the microbial loop. We also took into account the benthic compartment (essentially composed of algae, corals, bryozoans,
etc...). Finally, we considered the fuelling of the box by the physical circulation, that is simplified to an alongshore in and outflow,
as well as an input from below by localized upwelling processes. Terrestrial inputs are neglected here since they were very low
during our period of study, but might be considered in another season. Preliminary results showed that benthic communities
have a non negligible role in this balance. They tend to act as a consumer, although they can also release some nutrients under
particular environmental conditions. Input from upwelling processes are significant but not always the dominant processes to
explain the increase in biological production. We finally discussed similarities and discrepancies between the functioning of both
coastal areas around Australia.
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The response of natural phytoplankton communities to iron from different sources.
Norman, Louiza *1, Schoemann, Veronique 2, Doblin, Martina 1, Watson, Roslyn 3, Clementson,
Lesley 3 & Hassler, Christel 1.
Plant Functional Biology and Climate Change Cluster, University of Technology Sydney, PO Box 123, Broadway NSW 2007.
Royal Netherlands Institute for Sea Research. Postbus 59, AB Den Burg 1790, Netherlands.
3
Marine and Atmospheric Research, CSIRO, Castray Esplanade, Hobart TAS 7000.
Louisa.Norman@student.uts.edu.au
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2

A 4 day mesocosm experiment was undertaken to investigate how iron from different sources affects iron chemistry, and resident
phytoplankton communities. Water was collected at the chlorophyll maximum (Cmax) from two sites in the Tasman Sea, a
northern site (P1, 30.0 °S, 156.0 °E, Cmax 100m), and a southern site in the Subantarctic zone (P3, 46.2 °S, 159.5 °E, Cmax
25m). Water was unamended (control) or enriched with inorganic iron (III) at a concentration of 2 nM which had equilibrated
with fulvic acid (SRFA, [100mg L-1]) to represent terrestrial input, exopolysaccharides (EPS, [0.8 nM]) isolated from an Antarctic
bacterium, and the siderophore desferrioxamine B (DFB, [15 nM]), both of which were representative of autochthonous biological
sources. Another treatment contained inorganic iron only, and a further treatment contained atmospheric dust collected from the
2009 Brisbane dust storm ([0.5 mg L-1]). Each treatment was set up in duplicate in 4L-polycarbonate bottles. Further treatments
with FA, EPS, DFB and dust in 0.2µm filtered water were also set up to differentiate between abiotic and biotic influences on
iron chemistry and organic material. The bottles were incubated on deck at the temperature and light intensity measured at the
Cmax. After 4 days incubation, samples were taken for analysis of humic-like substances, dissolved nutrients, dissolved iron
(DFe), iron chemical speciation, pigments (to infer phytoplankton biomass and community composition), picoplankton (small
eukaryotes and cyanobacteria), bacteria, Fv/Fm (photophysiology), and PI curves (to determine effect on primary productivity
and 14C uptake). Site P1 had an original community dominated by cyanobacteria, whereas P3 was dominated by haptophytes.
Little response was observed from the samples to which SRFA and DFB had been added, however EPS and dust treatments
induced increased phytoplankton biomass and a shift in communities. At P1, both treatments initiated an increase in haptophytes
and a suppression of cyanobacteria and tropical species, whereas at P3 an increase in diatoms and decrease in haptophytes was
observed in the samples to which dust was added. Results indicate that both iron source and the original community are important
factors to consider for the prediction of the impact of iron input to the phytoplankton community.

Climate Change and Australian Seabirds
Chambers , Lynda E*.1, Congdon, Bradley C.2, Dunlop, Nic3, Dann, Peter4, Woehler, Eric J.5 &
Devney, Carol6
Centre for Australian Weather and Climate Research, Bureau of Meteorology, GPO Box 1289, Melbourne, Vic 3001 Australia.
Marine and Tropical Biology, James Cook University, Cairns, Qld 4870 Australia.
3
Conservation Council (WA), 2 Delhi Street, West Perth, WA 6005 Australia.
4
Research Department, Phillip Island Nature Park, PO Box 97, Cowes, Vic 3922 Australia.
5
School of Zoology, University of Tasmania, Sandy Bay, Tas 7005 Australia.
6
AIMS@JCU, Marine and Tropical Biology, James Cook University, Cairns, Qld 4870 Australia.
L.Chambers@bom.gov.au
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In the Australian region climatic variation and change have been shown to impact marine species, including seabirds, often
with profound consequences. Many seabirds are apex predators and changes in climate have driven changes in distribution and
breeding success, southward range movement and altered phenologies. However, for many seabirds and regions, there is limited
information on prey distributions and biology, foraging and movement patterns, and the ability of species to alter prey species
or life-cycle timing; making generalisations about climate change impacts and adaptive capacity difficult. This paper reviews
available literature to assess the vulnerability of Australian seabirds to climate variation and change and to identify which species
and ecosystems may be more resilient to future climate warming. We conclude that not all Australian seabirds are likely to be
affected in similar ways and that localised assessments of resilience or adaptive capacity may be required. However, general
adaptation options can be employed, including managing breeding habitats to increase resilience to climate change, reducing
non-climatic threats to improve the likelihood of autonomous adaptation and reducing anthropogenic resource competition.
Research and monitoring of key species is required, including determining which species and systems are most vulnerable to
climate change, where generalisations about impacts and adaptation can be made, and which species are appropriate indicators
of climatic impacts on higher trophic level predators.
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Present-day variability in Great Barrier Reef carbonate chemistry and implications
for future ocean acidification
Shaw, Emily*1, McNeil, Ben1 & Tilbrook, Bronte2
Climate Change Research Centre, The University of New South Wales, Sydney NSW
CSIRO Wealth from Oceans National Flagship, PO Box 1538, Hobart Tas 7001
e.shaw@student.unsw.edu.au
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The ocean has absorbed approximately half of the anthropogenic carbon dioxide emissions from fossil fuel burning and cement
manufacture. When carbon dioxide dissolves in water it forms carbonic acid, leading to ocean acidification, where the acidity
of the surface ocean has increased by 30% since industrialization. The chemical changes associated with ocean acidification
have been shown to reduce the ability of calcifying marine organisms to produce calcium carbonate. Coral reef ecosystems
are therefore predicted to be particularly vulnerable to ocean acidification as a result of decreased calcification and increased
dissolution, where reef erosion could dominate in future high CO2 conditions. At calcium carbonate saturation states below a
value of 1, direct dissolution of calcium carbonate can occur. However this key chemical threshold has not previously been
predicted to occur in coral reefs in the tropics and subtropics. Here we report the in situ diurnal variability of seawater carbonate
conditions for Lady Elliot Island reef flat, Great Barrier Reef. Extremely high natural variations were found, that when coupled
with continued increases in atmospheric CO2, will lead to corrosive conditions for aragonite (the mineral secreted by corals) by
the latter part of this century. This daily exposure to corrosive waters may directly threaten the structure of coral reef ecosystems.

Identifying priority marine and coastal investment for Gippsland, Victoria.
Dommisse, Michaela*1,2, Horsnell, Tara 1, Shane Boladeras1
WorleyParsons , 333 Collins Street, Melbourne Victoria
Monash University, Department of geography and Environmental Science, Clayton campus, Melbourne Victoria
Michaela.dommisse@worleyparsons.com
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2

The Gippsland coast remains in a largely natural state, being characterised by diverse natural environments, including important
habitat for flora and fauna species protected by national parks, reserves and public foreshore land. However as pressure on the
area increases due to increased population and catchment changes, Victorian catchment managers are now required to include
coastal and marine environments into their next generation Catchment Management Strategies (RCS). WorleyParsons have
been commissioned to develop a method to prioritise coastal and marine environments of the Gippsland coast for whole of
catchment management. In this project, the coast is defined by a series of adjacent polygons or discrete habitats that are split by
their characteristic geology and coastal vegetation classes modelled for the 1750’s (pre – european settlement). Marine polygons
are bounded by the 3nm offshore state jurisdiction and grouped according to their underlying substrate structure and biological
assemblages derived from LiDAR data. Each polygon is assigned a priority value based on the count of environmental, social
and economic values that can be attributed to the polygon. These include for example, the number of shorebird nesting sites,
presence of commercial fisheries and aboriginal artefacts. The data is displayed and analysed in a GIS format which supports
both quantitative and expert identification of key values. The outcomes of this project will support the allocation of funding
to the marine and coastal landscape in the next generation of RCS and the methodology will be applied at the broader policy
landscape. It is a good example of where science can inform policy.

Australia’s Integrated Marine Observing System (IMOS) - meeting the needs of the
marine and climate research community.
Moltmann, Tim*1, Proctor, Roger1, Hill, Katy1 & McGowen, Marian1
Integrated Marine Observing System, University of Tasmania, Private Bag 110, Hobart, Tas, 7001
Tim.Moltmann@imos.org.au
1

Australia’s Integrated Marine Observing System (IMOS) was established in 2007 under the National Collaborative Research
Infrastructure Strategy (NCRIS), with initial funding of $50M and co-investment of $44M from partners. It has successfully
deployed a range of observing equipment in the oceans around Australia, making all of the data freely and openly available
through the IMOS Ocean Portal (http://imos.aodn.org.au/webportal) for the benefit of Australian marine and climate science
as a whole. With the injection of an additional $52M from the Education Investment Fund (EIF) in 2009, and up to $66M in
further co-investment, IMOS will be extended out to mid-2013 and enhance its monitoring in the Southern Ocean and northern
Australian waters. IMOS will be able to deliver a greater range of ocean data, to more stakeholders, for longer. IMOS is designed
to be a fully-integrated, national system, observing at ocean-basin and regional scales, and covering physical, chemical and
biological variables. IMOS Facilities, operated by ten different institutions within the National Innovation System, are funded
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to deploy equipment and deliver data streams for use by the entire Australian marine and climate science community and its
international collaborators. IMOS observations are guided by science planning undertaken collaboratively across the Australian
marine and climate science community. This is a large, diverse, dispersed community, and it makes sense to develop the science
planning through a series of integrated Nodes – a ‘Bluewater and Climate’ Node focused on the open ocean, and five ‘Regional
Nodes’ covering the continental shelf and coastal seas of Western Australia, Queensland, New South Wales, Southern Australia and
Tasmania. Leaders of the Nodes come together to form a national steering committee that oversees the whole process, and Node
science plans are subjected to international peer review on a rolling basis to ensure the planned science is world-class. There are five
major research themes that unify IMOS science plans and related observations: Multi-decadal ocean change, Climate variability,
Major boundary currents, Continental shelf processes, and Biological responses.

OzCoasts 2011
Radke, Lynda*1 & OzCoasts collaborators1234
Marine and Coastal Environment Group and Geohazards and Earth Monitoring Division, Geoscience Australia, Canberra, ACT
Department of Climate Change and Energy Efficiency, Canberra ACT
3
Australian Rivers Institute, Griffith University, Nathan Qld 4111
4
NSW Department of Environment, Climate Change and Water, Sydney, NSW.
ga@ozcoasts.org.au
1
2

The OzCoasts web-based database and information system draws together a diverse range of data and information on Australia’s
coasts and its estuaries. Maps, images, reports and data can be downloaded and there are tools to assist with coastal science,
monitoring, management and policy. The content is arranged into seven inter-linked modules: Search Data, Conceptual Models,
Coastal Indicators, Habitat Mapping, Natural Resource Management, Landform and Stability Maps and Climate Change. The
Climate Change module is the newest feature of the website and was developed in partnership with the Australian Government
Department of Climate Change and Energy Efficiency. The module provides information and tools to help communicate the
risks of sea-level rise and other potential impacts of climate change on coastal areas. It includes a series of sea level rise maps
covering Perth, Melbourne, Sydney, the NSW central coast and South-East Queensland. These maps show low-lying vulnerable
areas for low (0.5m), medium (0.8m) and high (1.1m) sea level rise scenarios, for the period around 2100. The maps illustrate
the type of event that could be expected to occur at least once a year – and possibly more frequently – by the year 2100. The
elevation data underlying the maps can be accessed through the NEDF web portal hosted by Geoscience Australia, the first online
data-access system of its type offered by government in Australia. OzCoasts will also soon deliver the Coastal Eutrophication
Risk Assessment Tool (CERAT) for the NSW Department of Environment, Climate Change and Water, and the Australian
Riverscape Classification Service (AURICL) for the Tropical Rivers and Coastal Knowledge (TRaCK) consortium. CERAT
will help identify and prioritise land use planning decisions to protect and preserve the health of NSW estuaries. AURICL has a
northern tropical focus, and is a dynamic and flexible system for classifying catchments and their rivers based on the similarity,
or dissimilarity, of a wide range of parameters.

Spatial and temporal variability of multimetric health index scores: implications for
management
Hallett, Chris*1 & Valesini, Fiona1
1
Centre for Fish and Fisheries Research, School of Biological Sciences and Biotechnology, Murdoch University, South Street, Murdoch WA 6150
c.hallett@murdoch.edu.au

Assessments of estuarine health status using multimetric biotic indices should consider the variability of index scores. Index
variability not only affects the precision and reliability of health status assessments, but may also provide a signal of impaired
health. We examine aspects of the variability associated with scores for a fish-based, multimetric health index for the Swan
Estuary, Western Australia. The reliability of the nearshore (waters <1.5 m deep) and offshore (>1.5 m deep) indices developed
for this system was evaluated by quantifying the variability of index scores among replicate sites, between seasons and between
consecutive years. Bootstrap resampling techniques were also used to determine the effects of random sampling variation on
the precision of index scores. The far greater inter-seasonal and inter-annual variability observed among offshore than nearshore
index scores may provide evidence that the deeper waters of the estuary are in poorer health than the shallower waters, most
notably in the upper reaches of this system. Although the inter-annual variability of index scores was relatively high, health status
classifications were fairly robust to these changes and can thus be considered reliable. Overall, validation of the indices developed
during this study demonstrated that their spatial and temporal variability was comparable to that of existing multimetric indices
employed in the USA and Europe, and that classification of the health status of the estuary was fairly robust, despite the effects
of both natural spatio-temporal variability and sampling error on index scores. The consistently lower spatial variability of both
nearshore and offshore index scores recorded in summer and autumn indicates that, dependent upon an appropriate examination
of intra-seasonal index variability, these seasons represent a suitable index period for future monitoring of the ecological health
of the Swan Estuary.
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Ernest Hodgkin’s SWANLAND — Estuaries of South-western Australia
Brearley, Anne*1
School of Plant Biology, University of Western Australia, Crawley, Western Australia 6009
Anne.Brearley@uwa.edu.au
1

This poster illustrates features of the estuaries of south-west Australia, across 2,000 km of coastline spanning the Indian and
Southern Oceans, an area described as ‘Swanland’ derived from ‘Swan River Settlement’ named after the Black Swans of
the region. These estuaries are driven by intermittent river flows resulting in salinity regimes that persist for months, and
extensive sand bar development. Freshwater enters only for short periods with winter river flows and a saline summer state
develops as a salt wedge moves upstream driven by small diurnal tides and changes in atmospheric pressure. This results
in a marked stratification and anoxia of the bottom waters, conditions unfavourable for invertebrate and fish communities.
Anoxia also leads to the release of sediment nutrients that fuel algal blooms. There is an increase in the upstream movement
of marine waters into the riverine reaches due to declining rainfall, water diversions and manipulated bar openings and this
has led to increased algal blooms in many systems. In other estuaries, bar formation is so extensive the entrance channels
close when river flow is low, and the body of the estuary may remain isolated from the sea for months or even years gradually
becoming hypersaline or drying out completely. These features are central to the evolution of the estuaries and profoundly
affect processes and ecology. In compiling and writing the book ‘Ernest Hodgkin’s SWANLAND’, I synthesised the current
knowledge of estuarine science in south-western Australia providing an overview of the estuary forms and evolution, estuarine
processes and biota. It was prepared to celebrate the memory of Ernest Hodgkin, Western Australia’s pioneering estuarine
scientist. He established a Trust for Estuary Education and Research before his death in 1998 to stimulate informed interest in
the estuaries of south Western Australia, and a background for informed and critical interest in environmental debate.

Travelling Through Time: Microalgal Diversity in New South Wales, Australia.
Ajani, Penelope*1, Armand, Leanne1 & Murray, Shauna2
Climate Futures at Macquarie, Department of Biological Sciences, Macquarie University, North Ryde, NSW, 2109, Australia.
School of Biotechnology and Biomolecular Sciences, University of New South Wales, NSW 2052 Australia.
Penelope.Ajani@mq.edu.au
1
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With over half a century of physical and chemical data from south-eastern coastal waters of Australia now under review,
climate-related trends in water chemistry, temperature and physical circulation are emerging, with consequences predicted for
phytoplankton ecology. This PhD study aims to investigate the spatial and temporal patterns of phytoplankton along the New
South Wales coastline in light of these climate-related variations. Changes in species composition and abundance, frequency
and type of reported microalgal blooms, tropical species incidence and duration, timing of spring bloom onset, climate
change indicator species and the presence and enumeration of toxic/nuisance taxa will be investigated in light of associated
physicochemical data. Toxic phytoplankton data collected from thirty oyster-growing estuaries will also be investigated for
spatial trends in toxic episodes. One of the most troubling genera in these waters, Pseudo-nitzschia (producer of domoic acid),
will be examined for molecular analysis/genetics with the aim of resolving the taxonomy of this group within Australia.
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Seagrass wrack degradation: The effects of wrack diversity and macroinvertebrates
on degradation rates in south Western Australia.
Willison, Candace, *1, Lavery, Paul1 & McMahon, Kathryn1
Centre for Marine Ecosystems Research, Edith Cowan University, 270 Joondalup Drive, Joondalup, Western Australia 6027.
c.willison@ecu.edu.au
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Very little is understood about degradation dynamics in marine habitats and what is known centres heavily around single species
degradation of algal wrack. How fast wrack degrades has significant implications for nutrient recycling and energy transfer
through trophic levels. Litter diversity is identified as a potential factor affecting degradation rates in terrestrial literature,
however whether or not increasing diversity results in additive or non-additive degradation is debatable. To date, only one study
has addressed the effects of increasing seagrass wrack diversity on degradation rates, and despite the fact that seagrasses and
algae often occur together, no studies have been conducted to assess the effects of mixing these wrack types. Increasing diversity
may affect degradation directly by altering the chemical environment, or indirectly by changing the decomposer communities
present. Alternatively, it has been suggested that the presence of macroinvertebrates can significantly affect degradation through
increased leaf fragmentation and faecal production increasing bacteria numbers, however there is limited evidence to suggest
macroinvertebrates graze directly on seagrasses. A sub-tidal litterbag and caging experiment was conducted to investigate
how the presence of fauna and wrack diversity affects degradation rates of seagrass. Regardless of the wrack diversity tested,
biomass loss was significantly greater where fauna access was restricted (p<0.05). Mixing seagrass and algae appeared to have
an inhibiting effect on seagrass degradation. Degradation rates of seagrass were significantly higher when seagrass wrack was
dominant (13.76% to 31.41% biomass loss) compared to the algae dominated treatments (10.67% to 22.68% biomass loss).
However, for total biomass loss, degradation was significantly higher in the mixed composition treatments (21.71% to 39.06%
biomass loss) indicating that where algae are available it will be the first component to degrade. This work has highlighted that
fauna are not important for seagrass wrack degradation in these habitats and increasing diversity does not enhance degradation
of seagrass. The faster degradation where fauna were reduced could be due to increased bacterial degradation through an effect
of reduced grazing on bacteria cells by macroinvertebrates.

What are the effects of sub-sampling in marine surveys for biodiversity estimation?
Darnell, Ross1 & Shimadzu, Hideyasu *2
CSIRO Mathematics, Informatics and Statistics, PO Box 2583 Brisbane QLD 4001
Geoscience Australia, Petroleum and Marine Division, GPO Box 378, Canberra ACT 2601
Ross.Darnell@csiro.au
1
2

Quantifying biodiversity is an important topic of ecological research and this requires surveys with relatively expansive and
dense geological coverage. Given the limited time and resources, sub-sampling is a commonly used technique in marine
surveys as an effective way to cope with such large amount of survey samples. However, it is unclear what kind of variability
the sub-sampling process may introduce into the course of statistical inference. This talk reports on the results of an empirical
study that takes a causal model approach to examine the effect of sub-sampling on a measure of biodiversity, species presence/
absence using odds ratios. The results show presence estimates are underestimated when sub-samples are taken.
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Digitise this! A quick and easy remote sensing method to monitor the daily extent of
dredge plumes
Evans, Richard*1, Murray, Kathy1, Shedrawi, George1 & Field, Stuart1
Department of Environment and Conservation, 17 Dick Perry Avenue, Kesington 6151, WA.
Richard.Evans@dec.wa.gov.au
1

To complement in-situ biological monitoring of coral reef communities and physical monitoring of the Barrow Island dredge
plume the visual interpretation of daily MODIS imagery was seen as a quick, relatively accurate and easy method to gain an
understanding of not only the daily extent of the plume but also the cumulative impact of the temporal plume. This method has the
potential to highlight areas most affected by the dredge plume and to gain a better understanding of the impact this environmental
change has on monitored sites of high biological significance. Although the preference is to find a remote sensing method that
semi-automates the process of extracting the plume boundaries, in this case it was more important to get a timely and inexpensive
understanding of the plume impact. It was identified that consistently separating the dredge plume from shallow bottom features
was something that the eye could achieve better than an automatic algorithm. Rather than go through the costly process of
atmospheric correction, calibrating and thresholding each daily image. The area of the expected plume impact represented with
MODIS imagery was relatively small. Therefore, a digitized visual interpretation of the plume in MODIS imagery was a time
efficient option. Only focusing on one region allowed the interpreter to quickly become familiar with natural benthic features
in the imagery, under different weather conditions and at times influenced by dredge plume and non dredge plume conditions.
Higher resolution imagery such as Landsat 7 ETM+, and ALOS AVNIR -2 were also used to compare interpretation. Digitised
plume boundaries were stored with strict naming and file structure so QA of the interpretation could also be done quickly and
the interpretation could be defendable. Plume definition is also an important aspect to consider. Digitizing rules were set up and
tested by comparing the resulting plume boundaries of different people.

The direct and indirect effects of stimulated, calcarenite-based dredge material on
eggs and larvae of pink snapper Pagrus auratus.
Partridge, Gavin*1
Challenger Institute of Technology
gavin.partridge@challenger.wa.edu.au

1

The direct and indirect effects of a simulated, calcarenite-based dredge material on eggs and larvae of pink snapper Pagrus auratus
were assessed. Direct effects were assessed by measuring hatch rate or survival of eggs and pre-feeding larvae, respectively, over
a range of concentrations and exposure durations. Exposure of eggs to suspended solids concentrations up to 10000 mg L-1 for
24 hours did not affect egg buoyancy or hatch rate, despite sediment adherence occurring at the two highest concentrations tested.
Newly hatched larvae, whose mouths were still closed, were relatively tolerant of suspended solids, with a 12 h LC50 of 2020
mg L-1 and a first observable effect concentration of 150 mg L-1. Once the larvae’s mouths opened, tolerance was significantly
reduced, with a 12 hour LC50 of 157 mg L-1 and a first observable effect concentration of 4 mg L-1. Tolerance of larvae to
suspended solids was found to be negatively correlated with suspended solids concentration and exposure time, with exposure
durations of 6 hours or less being significantly less detrimental than those of 9 hours or more. Indirect effects to larvae were
assessed by measuring ingestion of copepod nauplii by 10 and 15 days post hatch (DPH) larvae at sediment concentrations from
0 to 200 mg L-1 in 50 mg L-1 increments over 4 hours. Ingestion was not significantly affected by sediment for 10 DPH larvae,
however by 15 DPH, sediment was found to have a far greater impact on ingestion, with larvae in all sediment treatments eating
significantly fewer copepods than those in the control.
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The influence of global change stressors on microbial biofilm structure, and potential
consequences for the settlement of marine macro-organisms.
Childs, Samantha*1,2, Kendrick, Gary1, Smale, Dan1 & Sutton, David1,2
Oceans Institute, University of Western Australia, 35 Stirling Highway, Crawley WA 6009
School of Biomedical, Biomolecular and Chemical Sciences, University of Western Australia, Nedlands WA 6009
childs01@student.uwa.edu.au
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2

One of the many predicted consequences of anthropogenic climate change includes increased frequency and duration of shortterm extreme thermal events, or heatwaves. Evidence of the detrimental consequences to marine communities of prolonged heat
exposure has been documented from the North American and European heatwaves at the end of the last century and earlier this
century respectively. Furthermore is has been demonstrated that the microbial biofilm, consisting primarily of bacteria, diatoms
and organic matter, influences the settlement of marine invertebrates and macro algae and consequently has a structuring role
on marine communities. Here, the effects of short-term thermal events- in conjunction with other stressors such as salinity and
nutrient levels on the structure and complexity of marine biofilms on hard surfaces will be examined. Subsequently, this project
will investigate the effects of biofilm composition and structure on the settlement of macro0organisms, through both field and
laboratory approaches. To date, the development of naturally occurring marine biofilms has been assessed at two contrasting
study sites using microbial methods such as Flow Cytometry and DGGE. Current work involves manipulations of temperature,
nutrients and salinity to determine environmental drivers of marine biofilm structure. By conducting research as both the micro
and macro-organism scale, this project will cross boundaries to address a pressing knowledge gap in marine ecology.

The colour of Great Barrier Reef Lagoon waters and “water quality”: Approaches in
regional Remote Sensing Algorithm development.
Slivkoff, Matthew*1,2, McKinna, Lachlan1,2, Furnas, Miles2 & Lynch, Merv1
Remote Sensing and Satellite Research Group, Curtin University, GPO Box U1987, Perth WA 6845
Australian Institute of Marine Science, PMB No. 3, Townsville MC Queensland 4810
matt@insitumarineoptics.com
1
2

A dataset was collected in both coastal and offshore waters in the vicinity of the Great Barrier Reef to relate the Inherent Optical
Properties of water constituents to the commonly-measured water quality parameters; Chlorophyll-a, Total Suspended Solids and
Dissolved Organic Carbon. With this knowledge, above-water radiometric measurements such as those made by satellite may
be inverted to estimate valuable water quality information in the region over synoptic scales. This presentation compares and
describes a few different approaches for inverting Remote Sensing Reflectance measurements to yield water quality parameters
of Great Barrier Reef waters.
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Sponge biodiversity in Australia’s north
Przeslawski, Rachel*1 & Glasby, Belinda2
Geoscience Australia, GPO Box 378, Canberra ACT 2601
Museum and Art Gallery of the Northern Territory, GPO Box 4646, Darwin NT 0801
rachel.przeslawski@ga.gov.au
1
2

Sponges represent one of the major habitat-forming taxa on the seafloor, providing structure to otherwise flat environments. As
such, their distribution can be an indicator of overall biodiversity. Geoscience Australia, in collaboration with the Australian
Institute of Marine Science and the Museum and Art Gallery of the Northern Territory, recently conducted two surveys to the
Joseph Bonaparte Gulf to map and investigate the relationships between physical environments and biological communities,
including the collection of biological specimens such as sponges. This region is a focus for infrastructure development by
the offshore petroleum industry, as well as for the establishment of marine protected areas. As such, an understanding of the
biodiversity in the Gulf will help guide marine resource management. Sponges represented the highest biomass and richness
recorded of all taxa, with over 150 species from 41 families currently identified. These include several new species and records
for the area of Northern Australia. Most widespread species were comparatively large (Xestospongia tesudinaria, Ianthella
flabelliformis), with many crytofauna such as brittlestars and decapods inhabiting these specimens. Major geomorphic features
were identified, including banks, terraces, plains, and valleys. The highest species richness and biomass were recorded from
banks, although some terraces were home to rich sponge gardens. Sponge diversity was correlated to epifaunal diversity of other
taxa, highlighting the importance of sponges as habitat for a range of animals in northern Australia. As such, sponges are one of
the key surrogate taxa for biodiversity assessments in the region, and a knowledge of their spatial distribution and relationship to
environmental factors is crucial for informed marine management.

Internal tides in the Timor Sea and on the Australian North West Shelf
Kelly, Samuel. M*.1, Jones, Nicole L.1, Ivey, G. N.1, Brinkman, Richard M.2 & Lowe, Ryan J.3
Oceans Institute and School of Environmental Systems Engineering, University of Western Australia, M015 35 Stirling Hwy, Crawley WA 6009.
Australian Institute of Marine Science, PMB No. 3, Townsville Mail Centre Q 4810.
3
Oceans Institute and School of Earth and Environment, University of Western Australia, M004 35 Stirling Hwy, Crawley WA 6009.
samuel.kelly@uwa.edu.au
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2

As part of the Integrated Marine Observing System (IMOS), four moorings were recently deployed near 128 E along a 400km line extending from the 500-m isobath of the Timor Sea to the 50-m isobath of the Australian North West Shelf. Here, we
analyze six-months of data from these moorings, which reveal spatially and temporally-intermittent internal tides. In particular,
the observations indicate that the phases and amplitudes of internal tides are affected by the spring/neap cycle of surface-tide
forcing, background stratification, and episodic mesoscale events. To explain these dependencies, we conduct several numerical
simulations of regional internal-tide generation with varying surface tides and stratification. Our results show that even idealized
models of internal-tide generation produce remarkably complex wavefields, which contain similarities to those observed.
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Abundance and distribution of Indo-Pacific bottlenose dolphins at the Southern
Seawater Desalination Plant, Binningup, Western Australia.
Buchanan, Valissa*1, Pollock, Ken1, Smith, Holly1 & Bejder, Lars1
Murdoch University Cetacean Research Unit, School of Biological Sciences and Biotechnology, Murdoch University, Murdoch WA 6150
v.buchanan@murdoch.edu.au

1

Water shortage is becoming more evident in Australia. In response, water desalination plants are being proposed and constructed
at numerous locations along the Australian coastline. The Water Corporation (principle supplier of water, wastewater and drainage
services in Western Australia) is constructing a seawater desalination plant near Binningup, Western Australia. The long-term
impact of discharged hyper-saline water on wildlife in the near-shore marine environment is as yet unknown. Here, we report on
a two-year, intensive research program, initiated by the Water Corporation, aimed at obtaining baseline estimates of abundance
and residency patterns of Indo-Pacific bottlenose dolphins (Tursiops aduncus) prior to the commencement of hyper-saline water
discharge. The study area extends 3nm offshore, 9.5nm to the south and 19nm to the north of the discharge site. To date, fortytwo boat-based surveys covering the complete study area have been carried out. Using standard photo-identification methods, we
have identified 256 individual dolphins within 186 dolphin groups in the study area. Our field protocols of intensive systematic
sampling provide even temporal and spatial effort across the two year study period. This in turn will allow accurate abundance
and emigration rate estimates to be calculated, for the local dolphin population, using Pollock’s Robust Design. The results will
provide a baseline dataset for future comparisons to evaluate the possible long-term impacts of hyper-saline water discharge on
the local marine wildlife. The pro-active approach by the Water Corporation to obtain a pre “impact” dataset of an appropriate
temporal scale is commendable and serves as an ideal template for the design of a rigorous impact assessment study.

Use of the Robust Design model to estimate abundance and demographic parameters
for a coastal bottlenose dolphin (Tursiops aduncus) population
Smith, Holly1, Pollock, Ken1, Waples, Kelly2, Bradley, Stuart1, Bejder, Lars*1
Murdoch University Cetacean Research Unit, Centre for Fish and Fisheries Research, Murdoch University, South Street, Perth WA 6150
Marine Science Program, Department of Environment and Conservation, Bentley Delivery Centre, Locked Bag 104, Perth WA 6953
h.smith@murdoch.edu.au
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2

As delphinid populations become increasingly under threat we rely on our capacity to produce accurate estimates of abundance
and distribution with which to make management decisions. Many studies have favoured population models where the underlying
model assumptions of population closure may be violated due to the movements and biology of the species. This study applied the
Robust Design and used photo-identification as a capture-recapture method for estimating abundance, demographic parameters
and temporary emigration of an Indo-Pacific bottlenose dolphin (Tursiops aduncus) population between 2007 and 2009. Surveys
were conducted along pre-determined transect lines over a 120 km2 study area and occurred year-round through all austral
seasons. The model with Markovian temporary emigration was favoured with all other parameters (survival, capture probability
and emigration time) varying. Abundance estimates varied seasonally with a low of 65 (± SE 8.53, 95% CI: 54 to 90) in winter
2007 and a high of 139 (± SE 3.41, 95% CI: 134 to148) in autumn 2009. The overall survival estimate was 0.985 (± SE 0.006,
95% CI: 0.964 to 0.994). The abundance estimates provide a baseline for monitoring this population and should be used to
parameterise future population viability analyses. These methods set a precedent for abundance estimation of dolphins using
a systematic approach with intensive and consistent survey effort year round. The findings show that temporary emigration of
individual dolphins from an area can result in different estimates of dolphin abundance seasonally. These modelling techniques
could be applicable to population studies of coastal delphinids elsewhere. Given the current rate of coastal development in
Western Australia this approach is highly relevant to Environmental Impact Assessment for evaluating impacts on coastal dolphin
populations.
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Sounds of the sea - the role of sound production in sea urchins
Soars, Natalie*1, Byrne, Maria1 & Cato, Doug2,3
School of Biological sciences, University of Sydney, NSW 2006
University of Sydney Institute of Marine science, University of Sydney, NSW 2006.
3
Defence Science and Technology Organisation, Eveleigh, NSW 2015.
natalie.soars@sydney.edu.au
1
2

Underwater sound recordings were made of endemic Sydney sea urchins in captivity, including the ecologically important
habitat modifying urchin Centrostephanus rodgersii. Samples were made over a number of 24h periods and the diurnal pattern
and acoustic characteristics were then examined. A variety of sounds were produced, observations indicated that the predominant
component of the sound was produced by scraping of the Aristotles’ lantern feeding apparatus on the rocky substrate. This sound
was most common at dawn and dusk and reached 17 kHz, the maximum frequency of our system, with a minimum of 1.5 kHz
and a peak frequency of 5.4 kHz. Recordings of urchins in captivity were compared with sampled recordings made in Sydney
Harbour in close proximity to large numbers of these urchins in order to determine their contribution to ambient sea noise. The
presence of large numbers of sea urchins along the coast of NSW suggests that these animals could be a significant contributor
to ambient underwater sound. Ambient underwater sound is a significant cue for the navigation of settlement stage fish and
invertebrates.

De-noising underwater acoustic data
Gavrilov, Alexander*1
Centre for Marine Science and Technology, Curtin University of Technology, GPO Box U1987, Perth WA 6845, Australia
A.Gavrilov@cmst.curtin.edu.au
1

Underwater acoustic recordings of ambient sea noise are frequently distorted by laud clutter noises which are of no interest for
researchers. Such noises can be of mechanical origin, for example, resulting from knocking of acoustic mooring’s parts. Some
noise sources of biological origin, such as shrimp snapping in the vicinity, can also be a problem for analysing remote sources
of noise in the ocean. Impulsive or spiky noises, e.g. from mechanical knocking and snapping shrimp, are broadband and
therefore cannot be filtered out using conventional filtering in the frequency domain. Two different methods for detection and
removal of spiky noise are considered in this talk. The performance of both methods is tested using sea noise data recorded in
Geographe Bay. The method based on an AR model of the signal waveform is shown to be much more effective in signal despiking than the other one based on the amplitude threshold.
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Collection of baseline data on humpback whale (Megaptera novaeangliae) health and
causes of mortality for long-term monitoring in Western Australia
Holyoake, Carly*1, Stephens, Nahiid1, Coughran, Douglas2, Bejder, Lars3 & Warren, Kristin1
School of Veterinary and Biomedical Sciences, Murdoch University, Murdoch, WA, 6150
Nature Protection Branch, Department of Environment and Conservation, Locked Bag 104, Bentley Delivery Centre, WA, 6983
3
Murdoch University Cetacean Research Unit, School of Biological Sciences & Biotechnology, Murdoch University, Murdoch, WA 6150
C.Holyoake@murdoch.edu.au
1
2

In 2009, an unprecedented number of humpback whales (Megaptera novaenangliae) (n=46) were found dead or dying on WA
beaches. This compares to an average of less than five humpback whales each year in the preceding two decades. Speculation
on causes of increased marine mammal mortalities usually focuses on starvation, disease or anthropogenic impacts, or some
synergistic combination of these. The current situation is that very little is known about the health of the WA humpbacks in terms
of their nutritional status, disease or level of adverse human interactions. We propose to aid in the investigation into increased
mortalities by conducting opportunistic post-mortem examinations over a five year period. The project aims to:
• identify and characterise factors associated with humpback whale strandings and;
• determine baseline and epidemiological information on disease levels and the nutritional status of stranded humpback
whales.
The data and archived tissues collected will provide an invaluable baseline, thus allowing for the early detection of adverse
impacts from natural and anthropogenic pressures and retrospective assessment for the incidence of currently unidentified or
poorly-described pathogens.

The response of fish to petroleum seismic surveys - ear damage, caged and wild fish
behaviour and long term monitoring of fish chorusing activity after seismic.
Salgado Kent, Chandra*1 & McCauley, Robert1
Centre for Marine Science and Technology, Curtin University, Perth, WA, 6152
c.salgado@cmst.curtin.edu.au
1

Experiments in Fremantle showed hearing damage in caged pink snapper (Pagrus auratus) by approaches to 5-10 m range with
a single 20 cui air gun (2003, J. Acoust. Soc. Am. 113(1):638-642) with correlating shifts in behaviour (2008, Bioacoustics
17:205-207) strongly suggestive of compromised hearing resulting form the exposure. Further experiments on fish ear damage
with respect to seismic were conducted in the Timor Sea in 2006 with caged snapper (Pristipomoides multidens), passed at 221327 m with a 3090 cui seismic array and in 2007 at Scott Reef with caged snapper (Lutjanis kasmira) passed with a 2055 cui
seismic array at 45-74 m. While fish exposed to the large sources showed small amounts of sensory epithelia damage this was
low and barely above damage levels observed in control fish. Reasons for the disparity in fish ear damage produced between the
short range single air gun and the longer range multiple air gun sources are explored. The behaviour of caged fish passed with
a seismic source appears to be correlated to cage size, with smaller cages inhibiting behavioural responses. Sonar transects run
perpendicular to a 2055 cui seismic pass in Scott Reef showed evidence of persistent individual fish and school avoidance out to
200-400 m. A seismic survey run inside Scott Reef lagoon which had historically monitored regular evening fish chorus present,
produced small aberrations in fish chorusing behaviour but did not appear to alter fish vocal activity over a 24 month post-seismic
period.
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The passage of Pygmy blue, humpback, Bryde’s and minke whales across the
Kimberley based on passive acoustic records.
McCauley, Robert*1 & Gavrilov, Alexander1
Centre for Marine Science and Technology, Curtin University, Perth, WA, 6152
r.mccauley@cmst.curtin.edu.au
1

Since 2003 > 30 sea noise logger sets have been made across the Kimberley with the majority of these supported by Woodside
Energy and located in or near Scott Reef. The noise loggers have detected: humpback; minke (Antarctic and dwarf sub-species);
pygmy blue; and Bryde’s whales; regular fish choruses; unknown biological sources; vessels; exploration drilling; seismic survey
signals; and illegal dynamite fishing inside Scott Reef. The peak humpback season around Scott Reef was late Jun to early Oct
but longer inshore, from Jun to Nov and peaking in Aug to Sep. Compared with inshore measures, humpback calling rates were
low at Scott Reef. Comparison of humpback whale singing periods along the WA coast suggest many humpbacks do not reach
the Kimberley. Dwarf minke whales calls were common. At Scott Reef outside detection bounds were across May to Sep each
year (128 days) although most calling (90% of) occurred over across late Jun to early Sep (44 days). On a regional scale it appears
dwarf minke’s migrate north and south having a protracted season over late Mar to late Sep off the north end of the Monte Bello
Islands and a shorter season at Scott Reef. Like humpbacks, it is probable not all dwarf minke whales migrate to the Kimberley
region. Antarctic minke whale calls were detected in low numbers outside Scott Reef emulating the timing pattern seen for dwarf
minke whales. Pygmy blue whales passed by Scott Reef twice per year, south bound in Oct to Dec and potentially into Jan the
following year, with peak passage in Nov, and north bound over mid Apr to early Aug. Pygmy blue whales commonly visited
the rim of Scott Reef. The estimated number of pygmy blue whales passing Scott Reef increased over the 2007-2009 northbound
seasons with 95-225 pygmy blue whales passing in 2009. Signals believed produced by Bryde’s whales were detected in high
numbers offshore and rarely inshore. Around Scott Reef Bryde’s whales were present year round in low numbers, possibly with a
peak in calling across Apr to May. Bryde’s whale signals have been heard from Exmouth to north of Darwin with similar patterns
and no clear seasonality in presence at any site.
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